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1 ;

This invention relates to an inflatable suit and
more especially to g suit for use in conditions of
high altitudes where the air density and pressure
are low.

Flight at high altitudes, especially in the strato-
sphere region, beginning at approximately 22,000
feet and extending upwardly, has many advan-
tages for civil and. military aviation; but such
flight has been limited, heretofore, by mechanical
problems in the construction of the aircraft and
by physiological problems for the crews and pas-
sengers. The use of an inflatable suit solves or
aids in solving both of the said problems although
primarily concerned with the physiological con-
sideration involved as exemplified by lung alveolar
oxygen pressure, acroembolism or “bends,” and
body gas expansion. Furthermore, the use of an
inflatable suit obviates the necessity of a pres-
surized cabin or chamber with its associated me-
chanical problems and weight addition to the
aircraft with the corresponding reduction in per-
formance characteristics of said aircraft. How-
ever, the problem is encountered of providing
effective joints giving the desired degree of free-
dom, ease, and flexibility of movement by the
wearer, this problem arising because of the in-
herent rigidity of the hollow members comprising

the suit, which rigidity is caused by surface ten-

sion stresses established as a result of the inflation
pressure therein.

An object of this invention is to provide a
durable, light-weight, flexible-walled, inflatable
suit having movable joints whereby maximum
freedom of movement may he had by the wearer
notwithstanding the stiffening of the walls by
their distention from an internal pressure which
exceeds that of the outer atmosphere, which in-
ternal pressure is necessary or desirable in con-
ditions of high altitude, actual or simulated.

Another object of the invention is to provide
a flexible joint construction suitable for an in-
flatable suit whereby maximum free movement of
adjacent portions of said suit may be obtained
with a minimum of effort.

A further object is fo provide a movable joint
with maximum turning or bending movement
having simplicity of construction and providing
for convenience of manufacture and assembly.

More specific objects are to provide a detachable
movable joint capable of free movement ang of
withstanding internal pressure with negligible air
leakage, and to provide a joint wherein the forces
due to internal pressure which restrict movement
of said joint are eounter-bslanced or neutralized
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joint to desired positions and to maintain said
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positions readily.
Further objects of the invention are to provide
a balanced flexible joint for forward and rear-

" ward swinging movement of adjacent portions of

an inflatable suit and to provide a joint for un-

_restricted turning or rotating movement of said

portions of the suit.

These and other objects and advantages of the
invention will be apparent from the following
description.

In the accompanying drawings, which form ga
part of this specification, and in which like nu-
merals are employed to designate like parts
throughout the same,

Fig. 1 is g side view of an inflatable suit showing
joints constructed in accordance with and em-
bodying the invention.

Fig. 2 is a front elevation of an arm portion of
an inflatable suit showing a modified construction
of a movable shoulder joint and g movable elbow
joint, parts being shown in section.

Fig. 3 is a side elevation -of one of the flexible
joints of Fig. 1, which Fig, 3 is a view of either

the elbow joint of Fig, 1 omitting the associated
rotatable joint shown therein, or the knee joing
of Fig. 1.

Figs. 4 and b are a section taken along the line
4—14 of Fig. 1, parts being separated for the pur-
pose of illustration.

Fig. 6 is a section taken along line 6—8§ of
Fig. 4.

Fig. 7 is a view like Fig. 3 but showing the joint
when swung forwardly to a right angle position,
as shown in- full lines, from its straight position,
the latter being indicated in breken lines.

Fig. 8 is a section taken along line 8—8 of
Fig. 7.

Pig. 9 is a section taken along line 9—8 of Fig.
3 showing the flexible reinforcing means for the
flexible joint.

Fig. 10is a section taken along line 10-—10 of
Pig. 4, and

Fig, 11 is a seectional view taken along the line
ti—1i1 of Fig. 1.

There are a number of characteristics and fune-
tions which an inflatable suit should desirably
possess and be capable of performing to meet the
requirements of extended, safe and satisfactory
service in high altitudes by aircraft crews and
others.

Such service may be exemplified by the pilot’s
operation of a commercial sub-stratosphere air-
liner or a military airplane wherein extensive
flexibility and freedom of terso and/or limb move-
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ment is desirable to manipulate rapidly and con-
veniently the airplane controls and appurtenances
with minimum human energy expenditure and
maximum safety of flight.

The phenomenon that an inflated tubular ele-
ment possesses great inherent rigidity due to sur-~
face tension stresses and resists effectively bend-
ing and flexure thereof, has made extremely dif-
ficult the successful .solution of the problem of
providing movable joints for an inflatable suit
having maximum freedom of movement with
‘minimum human energy expenditure,

The invention provides means for obtaining the

desired maximum freedom and flexibility of move=
ment of adjacent portions of the inflatable suit;
whether said movement be turning or hending or
both in combination. The invention.. provides
also for a rotatable joint- with sealing means
readily capable of assembly and disassembly.
Further, the invention provides for free and bal-
anced relative forward and rearward swinging
movement of adjacent portions of the inflatable
suit by means of a flexible joint having a hollow
element with outwardly bulged wall portions in
the direction of said movement, the bulged por-
tions changing in shape with variation in angu-
larity of position of the adjacent portions.

It is desirable that pressure within the suit
be maintained at a value such that the pressure
upon the enclosed body of a wearer will corre~
spond to an atmospheric pressure existing at a
desired lower altitude so that objectionable physi-
ological effects on the wearer are avoided; hence
the suit including the joints should function satis-
factorily under an appreciable range of pressures
existing between the inside thereof and the out-
sidedatmosphere of high altitudes, actual or simu-
lated. -

In the illustrative embodiment of Figs. 1 and 3
to 11 provision is made for attaining these and
other ends. Fig. 1 shows an inflatable suit {5 in~
cluding joints permitting maximum freedom of
movement by the wearer notwithstanding the
stiffening of wall portions of said suit due to an
internal pressure -exceeding the outer -pressure.
The suit 15 includes a torso covering portion {8,
sleeve or arm covering portions 17T and 18, and
pants or leg covering portions {9 and 20, the walls
of .said portions being made from a suitable, im-
pervious, flexible wall material,  preferably -a
woven fabric having a resilient rubber impregna-
tion or coating. A shoulder joint 23, an elbow
joint 24, and a knee joint 25 attach movably the
several portions of the suit and permit extensive
freedom of movement by the wearer. All seams
joining said portions are sealed to prevent air
leakage and to withstand pressure. Aviation type
boots 21 protect the wearer’s feet encased in the
leg portion 20 against the extreme cold of the
stratosphere region. A helmet 22 of suitable
shape having provision for vision is attached to
the torso portion 16 to complete the enclosure of
the wearer’s body. - Air under pressure is admitted
into the suit through a suitable connection 26 and
is exhausted to the atmosphere through a valve
member 27 adjacent to the knee joint.

. 'The joint illustrated in Fig. 3 may be used, for
example, as an elbow joint-24 or as a knee joint
25. - As hereinabove discussed, if the limb cover-
ing were provided simply as a tube of flexible ma~
terial, the stiffness of the same resulting from in-
flation thereof would render bending, as at the
knee or elbow, exceedingly difficult, although the
flexibility of the material permits some give or
distortion under twisting stresses which give is

4
beneficial especially in the limb portions. In ac-
cordance with the invention, there is provided a

" number of constructional features which cooper-
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ate to produce the result of maximuim ease of flex-
ure throughout a wide range. The stiffness and
resistance to bending existing in the inflated flex-
ible covering may be overcome in part by chang-
ing the shape of the covering at the joint topro-
vide an inwardly or an outwardly extending
pulged portion, so that the continuity of covering
stiffness is interrupted. The bag-like structure 24
and 25 of ocutwardly bulged shape provides this
result, whereby the upper 17 and {9 and the lower
18-and 20 portions of the limb covering, them-
selves possessing considerakle stiffness against
bending by virtue of their inflated condition, are

" . permitted to tilt with relation to the bulged por-
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tion somewhat in the manner, for example, in
which & valve stem on an inflated tire inner tube
is capable of tilting about the region of the inner
tube where the stem joing it despite the infiated
condition of the tube. -

It is desirable, however, to pfovide for more ex-
tended freedom of movement of the limb beyond
the limited range thus permitted. To this end
there is provided means for restraining separating
movement of the upper {71 and {9 and the lower
{8 and 29 portions of the limb covering so as to
relieve in a large measure the flexible material
of the bag-like structure of stresses in its surface
in the longitudinal direction of the covering;
hence its flexibility is appreciably increased which
facilitates the bending action throughout a much
wider range.

T have found that maximum flexibility of the
joint and ease of movement throughout an ex-
tremely wide range is made possible by restrain-
ing means including link elements 40 and 4{ of a
stiff or rigid nature pivoted at its ends to the lower
covering portion {8 and 28 and to the upper cov-
ering portion 7 and 18. Preferably a link 40 and
41 is provided at each side of the bag-like struc-
ture for maximum stability during the bending
movement through a large angle. Furthermore,
it is desirable that the outwardly bulged wall por-
tions 42 and 43 of the bag-like structure 24 and
25 have in section a substantially $-like curvature
44 and 45 in the region of their margins contigu-
ous ‘with the upper and lower covering portions
whereby a smooth overlapping folding of the wall
portions over the covering portions occurs when
the joint is bent.. This prevents effectively ob-
jectionable restriction of free movement due to
jamming of the bulged wall portions between the
upper and the lower limb covering portions. Flat
sidewall portions 46 and 47 interconnecting the
bulged wall portions 82 and 43 of the bag-like
structure 24 and 25 further assist in providing a
joint having maximum flexure and freedom of
movement by promoting the aforesaid overlapping
foiding and the corresponding changes in shape
of said bulged portions. The flattened sidewall
portions have the advantage of restricting bulg-
ing of the bag in the sidewise directions of the
joint, which resisting action promotes orderly
bulging and folding of the bag in the desired di-
rections of joint flexure, and further has the re-
sult of minimizing interference of the sides of the
inflated bag with the links 49 and 41, which links
may slide easily upon such sidewall portions as
may be necessary to accommodate the swinging
movement through a large angle of flexure of the
joint.

A joint having these constructional features
has the additional advantage of balanced bending
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mavement. Thie wearey of the suit may hend the
joint; easily to a desired angular position and may
maintain satd angular pesition without centing-
ously exerting foree for such purpose. Thete is
virtuaHy no tendency of the joint to change posi-
tion naturslly and it retaing an angular position
until additional force is applied thereto:

Pigs. 3, 7 and 8 illystrate the above-mentioned
construetional features, the overlapping felding
action of the outwardly bhulged wall portions 42
and 43 and eorresponding changes in shape of the
latter; and the sliding aetion of the sidewalls 46
and 41 past the rigid link elements 40 and a4t
Preferably the bag-like structure 24 and 25 may
be: made Using four pieces of flexible material of
suitable pattern to pxowde the form shewn, these
pieces, being assembled, fox example, by cement=
ing orsewing or both.  Furthermore a reinforcing
clement. 48 and 49 as shown by Fig. 9 may be at-
tached in a like manner to the sidewall portions
46 and. 41 of the structure for providing further
stiffness and to strengthen said portions. The
ends of said structure-are adhered by means of
rubber cement or -gtherwise suitably secured in
overlapping relation, to the upper {71 and 19 and
the lower 48 and 20 limb covering portions, the
overlapped section of the ends and the covering
partions heing held securely clamped hetween in-
ner ring elements 86 and §f having an outer re-
cessed face 56 and flat clamping bands 52 and 53
having fastening means 54 and. 53, the bands reg-
istering with said recessed face. Qppositely dis-
posed stud elements 87 to §0 having a shoulder
and a threaded end portion are secured to the

bands 52 and 53, for example, by spot welding, -

and provide means, for hingedly connecting the
rigid link elements 40 and 4f having flattened
ends 62 to 65 with openings therein to the joint.
The links are retained on the studs by a suitable
lock nut 6i engaging with the threaded end por-
tion of the studs, but are pivoted freely on the
shoulder portion thereof.

When swinging the joint through an appxe—
ciable range of movement, as shown by Figs. Ki
and 8, the bulged wall portion 43 in the direction
of swinging is overlapped and folded smoothly
over the upper 7 and 19 and the lower {8 and 29
limb covering portions without jamming there-
between, whereas the other bulged. wall portion
42 of the bag-like structure changes to an elon-
gated curved shape. The small amount of sliding
action of the sidewall portions 46 and 4%, which
occurs opposite to the direction of swinging and
past the rigid link elements 49 and &}, decreases
somewhat the size of the bulged wall portion 43
between the limb covering portions and increases
the space within the elengated curved shape por-
tion 42, which prevents binding upon the limb
of the wearer. Inasmuch as the rigid link ele-
ments 80 and 4¢ are hingedly connected through
the stud -elements §7 to 50 to the flat clamping
bands 52 and 58, which unite the bag-like struc-
ture to the respective limb covering portions, the
limb ecovering peortions assume freely various
angular pesitions with respeet to each other and
with respéct to the link elements.
the bulged wall portions 42 and 43 réesume their
original form and the sidewall poriions 4§ and
47:slide back totheir normal position when swing-
ing the joint back to its Qﬂig’inal ‘position, which
may be illustrated by Fig. 3

An arm covering pertion of the inflatable suxt
{8 is shown by Figs. 4:and 5 having embodiments
of the joints 238 and 24 which enable the wearer
to. have wide ranges:of arm movement with mini-

Conversely -
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6
mum buman energy expenditure, even to the ex-
tent of permitting the wearer to. move his arm
to. positions in haek of his neck. In the shoulder
joint: fllustrated by Figs. 4 and 10, the torso cov-
ering 6 may be adhered and sealed to the exterior
surface of an annular ring element 18 by means
of rubber cement and secured firmly in place
thereto by a.suitable clamping band or strap Ti,
the annular ring element having an inwardly
extending flange to provide for a bearing race
element 72. In a like manner the upper arm
covering (T may be secured by means of g strap:
T4 and by cementing to an annular element 13
neving an outwardly extending flange to provide
for a bearing race element 15 in juxtaposition
with the cther bearing element 72. The annular
elemments 18 and T3 are maintained in assembled
relationship by means of a metal snap ring re-
tainer 18 seating in an annular recess 1T in the
interior surface of the element 79 adjacent to the
bearing element 15 and by means of a rubber seal-
ing ring 1§ having a metal insert 79 which, as
shown in Fig. 10 for example, limits movement
of the element 73 including the bearing race ele-

, ment. 18 toward the sealing ring 18, the sealing

ring having a face contiguous with the retainer
16 and having an inwardly extending flange por-
tion contiguous with the flange portion of the
annular element 13 to provide for an air seal.
The lower portion of the upper arm covering
it may be attached, as shown by Figs. 4, 6 and
11, to an annular sleeve element 89 by means of
anh adhesive and a clamping band 82, the element
having an outwardly extending flange to provide
for a bearing race element 8!{. Another bearing
race element 83 in juxtaposition with the afore-
said race element 8f has a downwardly depend-
ing extension 84 formed to partially embrace the
other race element 81 to restrain separating
movement, of the race elements, and has an out-
wardly extending flange portion 85 having a plu-
rality of spaced-apart slots 85 in the periphery
thereof. A lock ring 87 is retained in position
adjacent the exterior face of the bearing element

. 83 by means of an overlapping flange portion 88

of the element 83 and is movable freely relative
to the latter. The lock ring 87 has likewise a
plurality of spaced-apart slots 89, which may be
positioned in register with the bearing slots 88,
when the ring is in an unlocked position, gs shown
by Figs. 4 and 6. A suitable fastening device may
be provided to retain the ring 87 in a locked po-
sition thereby limiting movement of the bearing
race elements 81 and 83 toward a sealing ring 99,

. the bearing element &1 being restrained also by

the extension 88, and a dependent tab 90 may
be utilized for turning the lock ring as required
for locking purposes.

As hereinabove discussed the flexible joint 24

, may be attached to the lower arm covering por-

tion 18 and to an annular structure $5, as iltus-
trated by Figs. 5 and 11, the structure being used
in liew of the inner ring element 59 to provide for
movable joinder of the joint 24 with the upper
arm covering f1. The structure 85 has g flange
portion 88, which embraces the bearing race ele-
ments 81 and 83, and has spaced-apart projection
elements 97, which register with the slots 86 and
83 of the lock ring 87 and the bearing element
23, each of the projection elements having a re-

“cess 88 for engagement with the lock ring 81. A -

rubber sealing ring 89, which is seated in an an-
nular recess {68 in the flange portion 96 and re-
tained in place by a flat lock ring 181, has an
inclined portion- {82, which contacts the surface
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of the bearing element 8{ to provide for an air
seal. A sleeve element 183 may be secured to the
inner surface of the annular structure 95 for over-
lapping engagement with the member 80 thereby
promoting better alignment when assembling the
rotatable joint members 88 and 95 together.
When attaching the flexible joint 24 and the

lower arm covering 18& to the upper arm covering
{71, the sleeve element (03 is inserted into the
annular element 88 opening and the projection
elements 97 register with and extend through the
slots 86 gnd 88 of the lock ring 81 and the bearing
element 83. The lock ring is turned by means of
the tab 98 to engage with the recesses 88 of the
projection elements 87 and is locked in place,
thereby efiectively joining the flexible joint and
the arm covering portions and providing for rela-
tive rotating movement of the latter without ap-
preciable air leakage or pressure decrease within
the suit.

Fig. 2 shows a portion of an inflatable suit hav-

ing a rotatable shoulder joint 30 and a movable
elbow joint 3{, which permits movement of the
arm of the wearer to the various positions that
may be desirable in the use of the suit. The torso
portion I8 adjacent the shoulder-arm body joint
38 is detachably secured to a rotatable annulaxr
structure 32, which is like the structure shown
by Fig. 10, by a suitable adhesive and a clamping
band means (see T{ in Fig. 10). Similarly a
. sleeve portion {17, which may have a flexible ex-
tensible bellows section 33 to assist in providing
additional freedom of arm movement, the folds
33a of the bellows being joined by reinforcing
patches 33b, 33b at opposite sides of the hellows
as shown in Fig. 10 so that extension of the sleeve
portion {7 under inflation is prevented yet flexure
is permitted, is secured to the structure 32 and
to a rotatable annular structure 34, which is a
part of the elbow joint 3{. Spaced-apart rotat-
able annular structures 34 and 35, each of which
is like the structure shown by Fig. 10, and a flex-
ible wall sleeve element 36 comprise the elbow
- joint, which serves to interconnect the upper arm
portion {7 to the lower arm portion 18 whereby
relative swinging and turning movement between
said portions may be obtained. The structure 34
is perpendicular to the longitudinal axis of the
sleeve portion {7, whereas the other annular
structure 3% may be disposed preferably at an
angle of 45 degrees thereto, thus providing for 90
degrees bending action of the arm at the elbow
due to relative rotational movement of the por-
tions. The element 3§ connecting the structures
34 and 25, when under internal pressure and in
a surface stressed condition, functions substan-
tially as a rigid spacing means.

Normal use of the inflatable suit requires fre-
quently the raising and lowering of the arm in
combination with bending of the elbow of the
wearer. In operation under such a condition the
arm covering portions {7 and 18 may be freely
raised or lowered by means of relative rotation
between the portions {7 and i8 and the torso
covering portion 1§ through the turning move-
ment of the annular member 32 shoulder joint,
and elbow bending is permitted through relative
rotational movement of the annular structures
34 and 3% of the elbow joint 3f{ with respect to
each other gnd to the arm portions 17 and 8.

Variations may be made- without departing
from the scope of the invention as'it is defined
in the following claims.

I claim:

1. An inflatable high-altitude suit including a
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torso portion and a limb portion for maintaining
the wearer under air pressure substantially
greater than the surrounding air pressure while
providing free flexible movement of the limb of
the wearer, said portions comprising a torso cov-
ering of flexible wall material, a limb covering
of flexible wall material including a flexible joint
intermediate the length of said limb covering to
provide for forward and rearward bending there-
of, and an annular rotatable joint interconnect-
ing said torso covering and said limb covering
providing unlimited relative rotating movement
between said coverings, said annular rotatable
joint comprising a bearing including a pair of
ring structures having opposed bearing faces and
interposed anti-friction elements providing full-
circle relative movement of said faces and includ-
ing sealing means, whereby extensive and sub-
stantially free flexible movement of the limb por-
tion relative to the torso portion is facilitated by
the free rotation of said annular rotatable joint
together with the bending of said flexible joint
and the give of said flexible wall material.

2. An inflatable high-altitude suit including a
torsp portion and an arm portion for maintain-
ing the wearer under air pressure substantially
greater than the surrounding air pressure while
providing free flexible movement of an arm of
the wearer, said portions comprising a torso cov-
ering of flexible wall material, an arm covering
of flexible wall material including a bellows joint
having an end portion adjacent said torso cover-
ing and a flexibie joint intermediate the length
of said arm covering to provide for forward and
rearward bending thereof, and gn annular rotat-
able joint interconnecting said torso covering and
said arm covering providing unlimited relative
rotating movement between said coverings, said
annular rotatable joint comprising a bearing in-
cluding a pair of ring structures having opposed
bearing faces and interposed anti~-friction ele-
ments providing full-circle relative movement of
said faces and including sealing means, whereby
extensive ‘and substantially free flexible move-
ment of the arm portion relative to the torso
portion is facilitated by the free rotation of said
annular rotatable joint together with the bending

- of said- bellows joint and said flexible joint and
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the give of said flexible wall material.

3. An inflatable high-altitude suit including a
torso portion and an arm portion for maintain-
ing the wearer under air pressure substantially
greater than the surrounding air pressure while
providing free flexible movement of an arm of
the wearer, said portions comprising a torso cov-
ering of flexible wall material, an arm covering
of flexible wall material including a bellows joint
having an end portion adjacent said torso cover-
ing and an elbow joint comprising a pair of ring
structures in intersecting planes and having rela-
tively rotatable means for attaching said elbow
joint to said arm covering and providing relative
angular and unlimited rotating movement be-
tween portions of said arm covering, and an an-
nular rotatable joint interconnecting said torso
covering and said arm covering providing unlim-
ited relative rotating movement between said
coverings, said annular rotatable joint compris-
ing a bearing including a pair of ring elements
having opposed bearing faces and interposed
anti-friction elements providing full-circle rela-
tive movement of said faces and including seal-
ing means, whereby extensive and substantially
free flexible movement of the arm portion rela-
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tive to the tofse portion is facilitated by the free
rotation of said annular rotatable joint together
with the bending of said bellows joint and the
relative angular and unlimited rotating move-
ment between portions of said arm covering st
the region of said elbow joint and the give of said
flexible wall material.

4, In an inflatable high-altitude suit for main-
taining the wearer under air pressure substan-
tially greater than the surrounding air pressure,
a portion for incasing a part of the body of the
wearer and having a joint therein for relative
swinging movement of adjacent parts of said por-
tion forwardly and rearwardly, said portion com-
prising a covering having a bag-like element of
flexible wall material intermediate the length of
and initegral with said covering to provide for the
relative swinging movement of said adjacent
parts of said portion, said element having oppo-
sitely dispoesed front and back wall portions of
outwatdly bulged forim in the direction of forward
and rearward swinging -movement and having
sidewall poftions relatively less outwardly bulged
as compared to the first said wall portions, said
sidewall portions extending longitudinally along
side regiohs of said element coeXtensive with said
front and back wall portions and between and
interconnecting the front and back wall portions
and including restraining mearis at said sidewall
portions interconnecting and restraining longi-
tudinal separating movement of said adjacent
parts of said portion and restraining the rela-
tively less bulged sidewall portions from outward
bulging t6 promote movement of said adjacent
parts of said portion in said direction by flexure
of the first said wall portions while lateral com-
pactness of said element is maintained under in-
flation of the suit and element.

5. In an inflatable high-altitude suit for main-
taining the wearer under air pressure substan-
tially greater than the surrounding air pressure,
8 limb receiving portion having a joint therein
for relative swinging movement of adjacent parts
of said portion forwardly and rearwardly, said
portion ceiiprising a limb covering having a bag-
like element of flexible wall material intermediate
the length of and integral with said limb cover-
ing to provide for the relative swinging move-
ment of said adjacent parts of said portion, said
element having oppositely disposed front and
Back wall portions of outwardly bulged form in
the direction of forward and rearward swinging
movement and having relatively flat sidewall por-
tions extending longitudinally along side regions
of said elément coextensive with said front and
back wall portions and between and interconnect-
ing the first said wall portions and including re-
straifning meéans at said sidewall portions inter-
connecting and restraining longitudinal separat-
ing movement of said adjacent parts of said limb
portion and restraining said relatively flat side-
wall portions from outward bulging to promote
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‘movement of said parts of the limb portion in said

direction by flexure of the first said wall portions
while lateral compactness of said element is
maintained under inflation of the suit and ele-
ment.

6. An inflatable high-altitude suif including a
torso portion and an arm portion for maintain-
ing the wearer under air pressure substantially
greater than the surrounding air pressure while
providing free natural shoulder and elbow flex-
ing movements of the arm of the wearer, said
portions comprising a torso covering of flexible
wall material, an arm covering of flexible wall

65

70
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material including o flekible €lbow joing mter-
mediate the length of said arm covering to pro=
vide for forward and rearward swinging move=
m2=nt of parts of said arm covering connected by
said joint, and an annular rotatable joint inters
connecting said torso covering and said arm cov-
ering at the shoulder providing unlimited rela=
tive rotating movement between the coverings,
said annular rotatable joint comprising a bearing
including a pair of ring structures having op-
posed bearing faces and interposed anti-friction
elements providing full-circle relative movement
of said faces and including séaling means, and
said flexible elbow joint coimprising a bag-like
member comprising flexible matetrial having sub-
stantial fullhess in front and back portions oppo-
site each other in the direction of forward and
rearward swinging movement to provide a for-
wardly projecting bulge in the front portion and
a rearwardly projecting bulge in the back por-
tion; said bag-like member having sidewall por-
tions comprising said flexible material eXtend-
ing Iongitudinally along side regions of said meni-
ber coextensive with the front and back bulged
portions and between and interconnecting said
front and back bulged portions, and medns being
provided to restrain said sidewall portions to sub~
stantially less bulged extent than said front and
back bulged portions throughout the longitudi-
nal extent of said flexible joint to promote swing-
ing movement of said parts of the arm covering
in said direction by flexure of said front and back
bulged portions while Iateral compactness of said
flexiblé joint is maintained under inflation of thé
suit and flexible joint. ‘

7. A flexible joint for connecting adjacent parts
of an inflatable high-altitude suit for maintain=-
ing the wearer under air pressure substantially
greater than the surrounding air pressure while
providing for swinging movement of one of said
parts forwardly and rearwardly relative to the
other part, said joint comiprising a bag-like mem=
ber comprising flexible material having substan-
tial fullness in front and back portions opposite
each other in the direction of forward and rear-
ward swinging movement to provide a forwardly
projecting bulge in the front portion and a reéar=
wardly projecting bulge in the back portion, said
bag-like member having sidewall portions com-
prising said flexible material extending longitudi-~
nally along side regions of said member coex=
tensive with tlie front and back bulged portions
and between and interconnecting said front and
back bulged portions, and means being provided
to restrain said sidewall portions to substantially
less bulged extent than said front and back bulged
portions throughout the longitudinal extent of
said joint to promote swinging movement of said
parts in said direction by flexure of said front
and back bulged portions while lateral compact-
ness of the joint is maintained under inflation
of the suit and joint.

8. A flexible joint as defined in claim 7 in which
said bag-like member has open ends and in which
said front and back bulged portions each con-
sists of a reach of said flexible material extend-
ing from one of said ends to the other end and
of greater length than the distance between said
ends, said reach being arranged in a manner to
be distended outwardly in a single continuous
bulge between said ends.

9. A flexible joint for connecting adjacent
parts of an inflatable high-altitude suit for main-
taining the wearer under air pressure substan-
tially greater than the surrounding air pressure
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while providing for swinging movement of one
of said parts forwardly and rearwardly relative
t0.the other part, said joint comprising a bag-
like member. comprising flexible material having
substantial fullness in front and back portions
opposite each other in the direction of forward
and rearward swinging movement to provide a
forwardly projecting bulge in the front portion
and a rearwardly projecting bulge in the back
portion, said bag-like member having sidewall
portions comprising said flexible material of les-
ser fullness than the bulged portions and ex-
tending longitudinally along side regions of said
member coextensive with the front and back
bulged: portions and between and interconnect-
ing said front and back bulged portions, and
means additional to said flexible material com-
prising elements mounted longitudinally along
said joint in close proximity to said sidewall por-
tions throughout their longitudinal extent for
limiting longitudinal separating movement of
said parts of the suit and restraining said side-
wall portions to substantially less' outwardly
bulged extent than said front and back bulged

portions throughout the longitudinal extent of

said joint to promote swinging movement of said
parts of the suit in said direction by flexure of
said front and back bulged portions while lateral
compactness of the- joint is maintained under
inflation of the suit and joint.

10. A flexible joint for connecting adjacent
parts of an inflatable high-altitude suit for main-
taining the wearer under air pressure substan-
tially greater than the surrounding air pressure
while providing for swinging movement of one
of said parts forwardly and rearwardly relative
to the other part, said joint comprising a flexible
bag-like structure having open ends and iront
and back wall portions opposite each other in
the direction of forward and rearward swinging
movement, said front wall portion being of for-
wardly projecting bulged form and said back wall
portion being of rearwardly projecting bulged
form, said bag-like structure having sidewall por-
tions extending longitudinally along side regions
of said structure coextensive with the front and
back bulges and between and interconnecting said
front and back wall portions, said sidewall por-
tions being relatively flat and including means
substantially restraining said sidewall portions
against outward bulging as compared to said
bulged form of said front and back wall portions
throughout the longitudinal extent of said struc-
ture, and connecting means comprising elements
mounted longitudinally along said joint in close
proximity to said sidewall portiohs throughout
their longitudinal extent for limiting longitudinal
separating movement of said parts of the suit
and additionally restraining said sidewall por-
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tions to substantially less outwardly bulged ex-
tent than said front and back wall portions
throughout the longitudinal extent of said joint
to promote swinging movement of said parts of
the suit in said direction by flexure of the bulged
front and back wall portions while lateral com-
pactness of the joint is maintained under infla-
tion of the suit and joint.

11, A flexible joint as defined in eclaim 10{in
which said elements of said connecting means
hingedly connected to said parts of the suit 'at
positions intermediate said front and back wall

‘portions of said bag-like structure,

12. A flexible joint as defined in claim 10 in
which said connecting means includes a pair of
ring means at said ends of said bag-like structure
for connecting said ends to said parts of the suit,
one of said ring means comprising a rotatable
structure to provide for relative turning move-
ment between said bag-like structure and the
adjacent part of the suit, and in which said front
and back wall portions of :the bag-like structure
each consists of a reach of flexible material ex-
tending from one of said ring means to the other
ring means and of greater-length than the dis-
tance between said pair of ring means, said reach
having marginal portions at each said ring means
arranged in reversely curved overlapping rela-
tion with each said ring means providing for
overlapping folding of said reach at said mar-
ginal portions during said swinging movement
and said reach being arranged in a manner to
be distended outwardly in a single continuous
bulge between said marginal portions.

CARROLL P. KRUPP.
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