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[57] . ABSTRACT 

A space suit is provided having improved torso and mum 
movement. The space suit includes a canted rotaryjoint near 
the middle of the torso. said rotary joint being set at an angle 
of about 30° to horizontal and tilting upwardly from the front. 
The space suit also preferably includes a double bellows for 
improved waist action. - -» 

" 5 Claims, 9 Drawing Figures 
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SPACE SUIT HAVING IMPROVED WAIST AND TORSO 
MOVEMENT 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 
Space suit. 
2. Description of the Prior Art 
The closest known prior art is U.S. Pat. No. 3,405,406, 

dated Oct. I5, 1968 of the present inventor. That patent 
describes a space suit of superior construction and in FIGS. 16 
and 17 of said patent the structure which permits bending at 
the waist is shown. This includes a bellows which allows max 
imum frontal bending with less bending to the rear and slight 
bending to ‘either side. The torso, shown in FIGS. 1 and 2, was 
in?exible and consisted of hard material with means to attach 
the top and bottom portions of the space suit together. 
Although said structure was a substantial improvement over 

the prior art and satisfactory for many purposes, the torso 
structure allowed only movements in which the shoulders 
were kept parallel with the ground, thus eliminating or making 
difficult many natural bending motions in which one shoulder 
drops while the other may rise slightly, such as in picking an 
article from the ground with one hand. The use of the single 
bellows in the waist resulted in only a single pivot point for the 
suit, which does not conform very well to the‘natural curva 
ture of the spine which tends to bend or pivot at a number of 
points. 

In accordance with the present invention, these disad 
vantages are obviated by providing a canted rotating joint at 
about the middle of the torso, said joint being set at an angle of 
about 30° to the horizontal with the low point of the rotary 
joint to the front of the wearer. 
A double bellows arrangement may also'be provided which 

provides a more natural back movement. Although the rotary 
joint can be used in space suits of other designs, it is particu 
larly advantageous when combined with the double bellows, 
since in this manner many bending, stooping and relaxing mo 
tions are possible which would be difficult or strained in a suit 
of more conventional design. 

SUMMARY OF THE INVENTION 

The space suit shown in the previous patent of the present 
inventor namely U.S. Pat. No. 3,405,406, provides for bend 
ing at the waist through a single bellows arrangement which 
somewhat restricts the motion of the wearer. Since there is 
only one pivot point, the suit does not conform well to a nor 
mal wearer since the human spine tends to bend and pivot at a 
number of points. Further, since there was limited side move 
ment, many stooping motions wherein one would normally 
bring one shoulder lower than the other become awkward. 
By providing a canted rotating joint set at an angle of about 

30° in the present suit, many torso motions are facilitated 
since if the wearer twists in one direction, that particular 
shoulder is automatically raised somewhat which conforms 
with a normal body movement. Another advantage of the ro 
tary joint is that it provides a metal ring so that a circular 
fastening can be combined with the rotary joint, making it 
easy to don the suit and take it off as well as facilitating the 
fabrication of the suit. 

Preferably combined with the rotary joint is a double bel 
lows arrangement and, although the rotary joint can be used 
without the double bellows, the use of the two together is 
highly advantageous. The bellow‘s joints are preferably of the 
constant volume type as is hereinafter described in detail so 
that a minimum amount of effort is used either to bend or to 
straighten up. 

Thus, the operation of the double bellows and bearing is 
similar in principle to the operation of the bellows described in 
the above identi?ed patent, but the placement is such that the 
range of movements allowed by the suit is increased as is the 
comfort of the wearer. By providing two pivot points at the 
waist instead of one, the suit is made more ?exible and more 
closely approximates the curvature of the back. The use of the 

20 

25 

30 

35 

40 

45 

50 

55 

60 

2 
torso bearing results in a suit in which the wearer may make 
lateral chest movements and other motions requiring relative 
movement of the shoulders. The angle of the bearing is not 
critical within certain limits and it can vary from about 25° to 
35° and preferably is about 30°. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side view of a suit embodying the present inven 
tion. 

FIG. 2 is a front view of the suit shown in FIG. I. 
FIG. 3 is a sectional view on the line 3—-3 of FIG. 1. 
FIG. 4 is an enlarged side view, partly in section, of the torso 

portion of the suit. 
FIG. 5 is a section on the line 5—5 of FIG. 4. 
FIG. 6 is an enlarged side view of the joint structure for the 

double bellows. 
FIG. 7 is an enlarged section on the line 7-7 of FIG. 2, 

showing the structure of the rotating joint and attaching as 
sembly. 

FIG. 8 is a partial front view showing the manner in which 
the suit permits one shoulder to rise as the torso is turned, thus 
following a natural body movement. 

FIG. 9 is a perspective view showing the manner in which 
the suit permits a bending movement with‘ one hand lower 
than the other as in picking up an object off the ground. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to the drawings by reference characters, 
there is shown a space suit having an upper torso portion 
generally designated 10 and a lower torso portion generally 
designated 12 joined together by a rotary joint and torso 
disconnect assembly 14. The space suit includes a pelvic sec 
tion generally designated 16 which includes an upper bellows 
section 18 and a lower bellows section 20 joined together by 
an intermediate portion 22. As is shown in the drawings, the 
space suit also includes the usual arm and leg sections but 
these form no part of the present invention and are included 
only for the sake of completeness. Therefore, they are not 
described in detail. _ 
The crux of the present invention involves the use of a ro 

tary bearing vwhich is canted to connect the upper and lower 
torso portions. The exact angle of the cant is not critical but 
good results have been obtained wherein the angle is about 
30° to the horizon when the suit is in an upright position and 
generally speaking one can vary this angle from about 25° to 
about 35° while maintaining maximum efficiency. Even 
greater departures from the 30° angle can be made with some 
loss of ?exibility in the suit. ‘ 

Preferably, the torso disconnect assembly is connected 
directly to one half of the rotary bearing since this facilitates 
manufacture and also decreases the number of connections 
which must be made between the material of the suit and the 
material of the bearing and/or disconnect joint in comparison 
with fabricating the two units separately. 
The exact structure of the rotary joint is quite similar to that 

described in the above identi?ed U.S. Pat. No. 3,405,406 and 
is shown in detail in FIG. 7 together with the disconnect 
mechanisms. Assembly 14 consists of three main parts name 

. ly, the rotating seal structure 24, an upper disconnect section 
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26 and a lower disconnect section 28. 
The rotary bearing structure 24 includes a metal inner race 

30, a metal outer race 32 and a plurality of metal balls 34. The 
outer race 32 is held in an outer ring support 36 while the 
inner race is fastened to a similar support 38. The outer sup 
port 36 is attached to a ring 40 which forms part of the con 
nection assembly and is described in detail later. The inner 
support is provided with a threadably mounted retainer 42 and 
the inner support is bonded to the body material 44A of the 
upper torso portion of the suit by suitable means such as an 
epoxy resin. The outer support 36 has attached thereto a ring 
46 of a suitable material, such as an inert plastic, while a cor 
responding wiping seal 48 of a similar plastic is held between 
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the inner race 30 and the retaining member 38. In assembling 
the device, O-rings as at- 50 and 52 are employed to make a 
?uidtight connection. It, will be seen that since the pressure 
side of the suit is to the left in FIG. 7, the pressure will tend to 
cause the wiper seal 48 to bear against the ring 46, allowing 
turning movement yet providing a substantially gastight seal. 
As was previously mentioned, it is preferable to fabricate 

the canted, rotating bearing and disconnect as a single unit so 
that only two connections need to be made to the body materi 
al of the suit. The disconnect illustrated is of the locking cam 
type wherein rotating one portion a few degrees, as is illus 
trated diagrammatically in FIG. 3, locks or unlocks the con 
nection. The exact mechanism forms no part of the present in 
vention and is therefore not described in great detail. Thus, 
the member 40, which was previously described in conjunc 
tion with the outer race assembly, has downwardly extending 
portion 54, having a peripheral notch 56 therein. The lower 
portion 28 of the disconnect meshes outside the depending 
portion 54'and has a sliding key 58 with a locking pin 60, the 
key engaging in the ledge 56 and holding the portions 
together. A gasket 62 is provided which is attached to the 
lower portion of the disconnect ring and engages the 
downwardly extending portion 54 of the upper portion of the 
disconnect ring. The shape of the gasket is such that an in 
crease pressure from the inside of the suit, i.e., from the left in 
FIG. 7, tends to force the gasket further into position and in 
creases the effectiveness of the seal. The lower portion of the 
member 28 is fastened to the body material 448 in any suita 
ble manner as by the use of an epoxy resin. 

It can be seen that the canted rotating bearing provides for a 
rotating torso motion and at the same time as the torso is 
rotated, the shoulder portion is raised on that side towards 
which the wearer faces, as is shown in FIG. 8, producing a very 
natural movement. 

Preferably, the canted rotating joint is combined with a dou 
ble bellows for the pelvic portion of the suit and this is shown 
in detail in FIGS. 4 through 6. Each of the bellows of the 
present suit is provided with connecting links and these each 
consist of a relatively short end link section rigidly connected 
to respective solid portions of the suit with a midlink provided 
with pivot members on each end thereof, linking the two end 
links. In this way, a constant volume joint is provided so that 
the bellows are stable in either the de?ected or unde?ected 
positions. Thus the wearer is not required to do any work 
against air pressure in either straightening or bending the 
joint. However, there is some natural spring force in the bel 
lows and this can be offset by the proper selection of the per 
centage of midlink length as is well known to those skilled in 
the art. 
The upper link generally designated 64 has an enlarged 

shoulder portion 66 and a flat link portion 70. The shoulder 
portion 66 is attached to the material 448 of the suit by suita 
ble means such as the screws 68 or it can also be attached by 
means of an epoxy cement or a combination of the two. The 
?at link portion 70 extends downwardly from the shoulder and 
has a suitable hole for receiving the pivot pin 72 which con 
nects it to the upper midlink 74. The center link 76 has a 
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similar shoulder and has line section 78 extending upwardly 
and link section 80 extending downwardly. The shoulder is at 
tached to the midpelvic section 44C of the suit. The bottom 
link member 82 is a similar structure and is pivoted to the bot 
tom midlink 84 and attached to the bottom pelvic section 44D 
of the suit. It will be seen that the top attachment shoulder is 
arranged vertically while the bottom shoulder is arranged 
horizontally but this is merely a matter of design and both at 
tachment members could be horizontal or vertical or their 
positions could be reversed. The bellows 86 and 88 are 
fabricated of metal and attached to the adjacent body sections 
by suitable adhesive. 
The action of the links can be seen in detail in FIG. 4 where 

the solid lines show the suit erect and the ‘dot dash lines shows 
the suit in a bending movement. As can be seen, by the use of 
the double bellows each of_ which has the midlink arran e 
ment, there actually four pivot points as the wearer ben s. 
Thus, the action of the human spine is duplicated quite closely 
producing a much more natural action and allowing greater 
freedom of motion. 

This action is also shown in FIG. 9 where the wearer is 
bending over as if to pick an object off the ground with the 
right hand. Here the double bellows has allowed a natural 
bending motion while at the same time the canted rotary joint 
has permitted the wearer to lower his right shoulder by twist 
ing his torso to the left, producing a very natural movement. 

Certain details of construction have been omitted from the 
description of the present suitsince these are the same as dis 
closed in US. Pat. No. 3,405,406 and reference is made to 
said patent for any details not disclosed herein. 

' Although the present invention is shown as applied to a hard 
suit,.this is for illustrative purposes only and it will be obvious 
to those skilled in the art that the invention is equally applica 
ble to soft space suits. 

It is believed apparent that a space suit has been provided 
having increased ease of fabrication as well as providing 
greater comfort and freedom of movement to the wearer. 

I claim: - 

I. In a space suit having a torso portion the improvement 
comprising a divided torso having an upper torso portion, a 
lower torso portion, and a rotary joint joining said upper and 
lower torso portions, the plane of the joint being canted with 
the lowest portion of the joint to the front of the wearer. 

2. The structure of claim 1 wherein the joint is canted at an 
angle of from 25° to 35° from horizontal when the wearer of 
the suit is in a vertical position. 

3. The structure of claim 2 wherein the angle is about 30°. 
4. The structure of claim 1 wherein the rotary joint includes 

rotating cam disconnect means whereby the upper and lower 
torso portions etc. 

5. The structure of claim 1 wherein the lower torso portion 
of the space suit is further divided into a midpelvic section and 
a bottom pelvic section with a ?rst bellows means connecting 
the lower torso portion with the midpelvic section and with a 
second bellows means connecting the midpelvic section with 
the bottom pelvic section. 
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