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3,270, 441
REDUCED GRAVITY SIMULATOR
Donald E. Hewes, MNewport News, and Amog A,
Spady, Jr., Hampton, Va., assignors to the Usiied Stafes
of America as represenied by the Adminisirator of the
Jational Aeronautics and Spane Adminisiration
Filéd Aug. 26, 1963, Ser. No. 304,745
14 Clmms. (CL 35—-29)

- The invention described herein may be manufactured
and used by or for the Goverrment of the United States
of America for governmental purpcses without the pay-
ment of any royalties thereon or therefor.

This invention relatés generally to a teduced gravity
simulzfor system,. and more particularly to a practical

system for simulating reduced zand zero-gravifational
fields, such as will be encountered in space stations and
various celestial bodies, for determining the effects on
the self-locomotive capabilities of man when subjected
to a gravitational field less than that of the Earth for a
sustained period of time:

One of the primary unknowns of future space explara-
tion is belizved o be the effect of sustained - zero gravity
or weightlessness experienced by the explorers dusing
orbital fiight sbout the Edrth and in certasin phases of
interplanetary travel. In addition, the knowledge that
the Moon has a reduced gravitational field equal approxi-
mately ene-sixth to that of the Earth, and the knowledge

that reduced gravity, as well as zéro gravity or weight-.

less conditions, for sustained periods of time will be ex-

pgncnud by explorers during spzee exploration, creates

a definite need for a suitable reduced gravity simulation
technique for studies on Earth of man’s ability to per-
form needed self-Jocemotive tasks during interplansiary
exploration. ILack of a suitzble device for simulating
the lunar gravity is considered to be a mzjor cause of
the current lack of information on the ability of the pro-
posed lonar explorers to perforfn various self-locomotive
tasks such as walking, running, and jumping.

Upon the successful completion of the presently planned
initial lunar landing, it is expected that the asironzuts
will leave their vehicle to make scientific measurements,
1o explore the lunar featires, such as known craters and
possible caves, 1o inspect their vehicle, and to prepare it
for the return lnp {o Earth. Tt is also anticipated that
“subsequent missions will require astronauts to'erect lunar
bases with permanent housing facilities for future ex-
plorers. Because the lunar emvironment is considerably
different from that of Earth, the explorers will have 1o ad-
just their accustomed mmhods of seif-locomotion to that
i of the lunar gravitational environment in order {0 accom-
plish the mission objectives.

In addition to the low gravitational field of the lunar
surface, another condition which may present problems
in self- 20 omotion on the lunar surface is the require-
ment of wearing space suils whenever venturing out of
the Spacecr: =it or lunar base due to the lack of an atmos-
phere and the need for protection from lunar lempera-
tures and possible micrometeor znd solar radiation show-

ers. The presently available tvpes of space suils thet will
provide this required protection sre guite bulky and cume
bersome znd Ob\’iOUS}}' irnpose some limitation on the
self-focomotion capabi}izies of the explorers under Farth
gravity. Thus, the geed also exits for a system whereby
the seif- Iowmgme abiiity of futsrc :z?erpianatary space
suit gtiired explorers can be cbserved under sustaived re~
duced gravitational conditions, .

Dased on these needs, the present invention of a new
type reduced gravitational simulation system and tech-
‘migue has ?\ae*z developed. As a result of the present
invention, it can now be predicted that when man arrives

" on the Moon, he not only will definitely be able to walk
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and run on the Moon’s sarface and be able to jump ver-
tical distances of 12 to 14 feet without sustaining injury
in falls from these distances, he also will have litile dif-
ficulty in climbing slopes, stairs, ladders and the like,;

as well as having Litle difficulty in performing other man-

val tasks whilé unencumbered with a space suit. Addi-
licnal tesis can be made 1o estzblish his capabilities while
wearing various types of space suits.

Previous techniques used 1o simnulate reduced and zero-
gravitational conditions include water immersion of the
test subject where the buoyant forces of the water op-
pose the gravitational force to produce an approximate
condition of weightlessness. This technique has the ob-

vious disadvantages of requiring special underwater

breathing equipment, being limited to only a very ap-
prosimate simulation of weightlessness, and of produc-
ing extrancous forces on the subject due to the undesir-
able mass and viscous effects of ihe water, that restrict
the movement of the test subjec

Another simiulation of weightlessness has been by the
use of an airplané flying a }\:pierian ballistic trajectory
or a slightly modified one to produce centrifugal forces
which directly oppose gravitztional force and thereby
produce any desired condition of weightlessness or near
weightlessness. This technique has the disadvantages of
producing the desired test ¢ondition for enly a short pe-

riod of time, and of providing a very limited space in

which the subject can move. In addition, an airplane
flying this {rajectory is subject to disturbing forces, due
to atmospheric turbulence and during the entry and ter-
minzl maneuvers to the trajectory, as well as being rel-
atively expensive, in time and money, {o operate.

The most recent studies of weightlessness and zero-
gravitational effects on a test subject in this couniry have
been observed during the orbital fiights of the Mercury
capsule.  Although this expepsive study has provided

"invaluable information as io the effect of zero-gravita-

tional conditions or weighilessness on an astronaut for
a reasonable period of time, it nevertheless has been im-
possible under this program to observe or fest the self-
locomotive capabilities of the astronaut due to the lim-
ited passenger compartment sizz in the Mercury capsule.
In addition, tests upder fractional gravitation conditlions
obviously could pot be conducted under this program.
An additional system embodyving a veriical cable sus-
pension wherein the test subject is partially supported
by a cable or series of overhead cables which produce
vertical forces opposing the gravitational foree 10 produce
any desired condition of weightlessness or near weightless-
ness has also been employed in some test procedures.
This technique hus the obvious disadvantages of appiving
the opposing force at only limited points on the body
so that some external members of the body aie not sub-
jected. to the simulated zravity condiions, of requiring
a somewhat complicated mec i setup fo accom-
modate the space requirements for the subject’s move-
ments, and of limiting the number of fasis thar can be
performed due to the interference of the overhead cables.
The limitations of these prior simulation techniques has

led to the development of the present invention which

minimizes the disudvantiages of the prior ant simulation
technigues while wtilizing  the advantazeous features
therein.

Accordingly, it is an object of the present invention
to provide a new znd improved reduced gravitational
simulator for a test subject capable of operation for
indefinite periods of time.

Another object of the instant invention is the provi-

sion of a -new and improved reduced gravity simulator
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capable of accorately simﬁ)ating~gravimi§0nai fields less
than that of the Earth.
A further object of the present inventicn is the provi-
sion of z reduced gravity simulator for testing the sel-
 maneuversbility of a test subject under reduced gravita-

‘tional conditions.
Still another object of the instant invention is a novel

o

method of simulating sravitational fields Jess than. that ~

of the Earth for testing the Jocomotion capabz!;iles of a
test subject when wearing space suits or like cqunment
Another object of the present invention is a method of
simulating the lunar gravi t'mom} field on a test subject
on Earth by cffectively canceling five-sixths of the Earnth’s
“gravitational force acting on the fest subject.

An additional object of the present invention is a
reduced gravity simulator providing esseniially unlimited
duration of the test condition with mequate space for
test subject movement.

According to the present jnvention, the fpregoing and
other objects are attained by providing a system for sup-
porting the individual externzi body members or groups
of members of a test subject with apparatus w hich permits
movement of each body member in only one plane, that
is, the plane parallel to the body's plane of symmetry,
and then incliving the- test subject with respect to the
vertical gravity vector so that the component of the
gravity vector in the plane of movement is equzl to. the
desired magnitude of the simulated reduced gravity. The
basis for this technique js the observation that most
of man’s self-locomotive fests are performed with the
body members moving in essentiaily parallel planes and
the physical principle that the motion of a body moving
along a plane inclined to the local gravity is aifected by
only the component of the gravity clined with the plane.

Thus, in the present invention a cable suspension
system in which the test sibject is supported by a series
of body connections located at the head, upper torse, the
buttocks, the calf of each leg and, when desired, each
forearm just below the elbow, is employed to support
the test subject at a desired inclination. The body sup-
ports, in turn, are suspended from an overhead. m)}ley
unit by a series of cables and a lightweight crossbar.
The function of the crosso.. - *o support the several
cables so that the subject can move the individual body
members freely with respect to each other, The trolley

unit s cohveniently mounted on a stationary overhead

monorail track which runs parallel 1o an inclined walk-
way used to simulate the surface of the body exhibiting
a reduced gravitatiopal field, such for example, the sur-
face of the Moon or the floor of a rotating space station.
The trolley unit is thus movable along the monorail by
any conventional means in such manner that the cable
system remains directly over the test subject as he moves
along the walkway so as to climinate the drag of the
trolley unit on the subject.

Inclination of the test subject and consequently the
magnitude of the reduced gravitational force simulaied,
is determined by the displacement of the walkway from
directly beneath the trolley unit. The condition of zero
eravity would be simulated i the subject is horizontal
10 Earth and the walkway is vertical and exactly beneath
the trolley wnit. This zero gravity condition would be
due to absolute support of the test subject by the cable
system.  To produce the sguivalent of the lunar gravity,
or one-sixth G, an anzle of about 80.5 degrees from the
wertical is required for the Inclined test subject, as will
be further explained hereinafter.

A more complete appr jon of the invention and
many of the attendant advantages thereof will be readily
apparent as the same becomes beiter undérsidod by

reference to the following detailed description when con-.

sidered in connection with the accompanying drawings
wherein:

FIG. 1is a <Lhemaiac vepresentation of the reduced
gravity simulator according to the présent invention em-
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ploying a cable support sysiem and inclined walkway for
the fest sub}cct .

FiG.2Zisa perspuchve wiew of n test subject Hivstrating
the slings and individual supports for individual body
components when suspended in the cable suspension re-
duced gravity simulator as shown in FIG. 1,

FIG. 3 is another view of test subject illustrating
specialized supports for individual body components.

FIG. 4 is a schematic repxeaematnon of the geometric-
reianonshxps for the cable suspension system of the re-
duced gravity simulator according to the present inven-
tion.

FIG.-5is a gr 'apinc repr"sematson of cable ang‘e and
walkway displacement required for different graviiy ratios
and varymv cable lengths.

FiG. 6 is a graphic representation of the affect an in-

-creasing cable length has on the gravify gradient for vari-

ous gravity ratios.

Referring now more particularly {o the drawings, wherc—
in like reference numerals designate identical parts
throughout the séveral views, and more particularly to
FIG. 1, there is shown a reduced gravity simulator 10

. employing a cable suspension system geunerally desipgnated

o
L1

60

‘buttoc

by the reference numeral 11. Cable suspension system
11 is in connection at one end to a niovable trolley unit
25 with the other end of the cable suspension system lead-
ing to a plurality of body harness support members, gen-
erally designated by reference numeral 35, for supporting
a test subject 13. A walkway structure 45 is provided
along a plane parallel with and angularly displaced with
respect to a vertical plane passing through the plane of
movement of trolley unit 25. Walkway structure 45 is
provided with an inclined walkway surface 46 for test
subject I3 to traverse, as will be further explained herein-
after. .

Trolley 25 js disposed on a monorail track 27 and is
adapted to move along track 25 by any conventional
means, such for example under the influence of a sepa-
rate operator 31, or through the use of conventional .
servo-mechanism, ds test subject 13 executes movement
ina plane along inclined walkway surface 46. Track
27 is fixedly attached in conventional manner to fixed-
accessible overhead structure 28 in such manner as to
permit ummpeded maovement of trolley 25 thereon.

Cable suspension systemn 11 includes primary support
cable 12 connected at opposite ends thereof to opposite’
ends of trolley 25 and connected intermediate the ends
thereof to an'eve 15 secured o a voke 17. The opposite
ends of yoke 17 are attached in conventional manner to
a lightweight crossbar 19. A plurality of secondary sus-
pension cables, generally designated by reference numeral
21, extend from crossbar 19 and are connecled in a con-
ventional manner to harness-type 1individual bedy sup-
ports 35.

Referring now to FIG. 2 and FIG. 3, among the md:-
vidual body supports to which secondary suspension cables
21 lead, is a protective helmet 36 strapped beneath the
chin of test subject 13 for protection and support of the
head. It is apparent that helmet 36 will bear against one
side of the head of fest subject 13 in such manner as to
reqmre the use of adequate conventional shock absorb-
ing material, such for example, a heavy foam rubber liner.

Torso sug pa;i of test mbgest 13 is provided by a chest
sling 37 positicned beneath the amzpzt of the 1est subject,
and ip s’mo 38 passing essentially around the hip and
s of subject 13, The ends of sling 37 are secured
in a conventional manner to a pair of lightweight rods, cne
of which is shown in FIG., 2 and desigpated by reference
numeral 39, and the other of which is designated by rzf-
erence numeral 41 and illustrated in FIG. 3. Rods 39
and 41 serve to attach sling 37 to secondary suspens‘m:
cables 21. .Hip sling 38 Is also provided with 2 pair of
rods 42 and 43 as shown in FIGS. 2 and 3, respectively,
to_connect hip sling 38 to the secondary suspension cables
21, :
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As is apparent from FIGS. 2 and 3, the invention as

“described s designed for test subjeot 13 1o be positioned

in the reduced gravity simulator with the lelt side of the
body thereof adjacent the Earth’s surface, although it is
apparent that the system could obviously be designed in
such a manner that the positions of the cxtremities of the
test subject could be reversed:” :

Still referring to FIG. 2, the lowermost or left arm of
test subject 13 is supported by arm sling 47 which is con-
nected to sef‘ondary <uspens;o.1 cables 21 in a conventional
manner. Also secured fo secoudary suspension cables 21
is a hand grasp rod 59 posatmned in such snanner as to
be readily grasped by the uppermost or right hand of fest
subject 13 fo provide selective support for this arm when
desired during the test phase of the reduced gravity simu-
lator system. As shown in FIG. 1, arm sling 60 may be
emp]oyed for the right arm of test subject 13 in lien of
rod 59 when so desired..

_The uppermost or right Jeg of test subject 13 is sup-
ported by seccondary suspension cables 21 in a like manner
by leg sling 49. Referring now more particularly to-FIG,
3, the sapport for the Jeft or lowermos! leg of test subject
13 is provided by rod 55 and iis attached strap 53, Strap
53 is tightly laced or otherwise conventionally secured
about the calf of test subject ¥3. Rod 55 is dngularly

bent to pass behind ‘est subject 13 to aveid obstructing
test subject movement while also bent to permif attach-
ment to secondary suspension cables 21 at a point directly
abeve strap 3.

The individual siings and straps mal\mg up harness
structure 35 may be formed of any conventional high ten-
sile strength material, such for example canvas, or the
like, and the individual cables may be of uny conventional
small diamzfer high tensile strength material,

As is apparent from the above description, test subject
13 when suspended as described is free to walk, run, jump,
crawl as well as catch er lift loads of various size, shape
of bulk that may be positioned in hic path of movement
along walkway surface 46. In handling these loads, for
example, the loads could be suspended from the same
trolley unit 25 or an additional unil by another cable
system so as to bg subjecied to the same gravity condi-
tion as test subject 3. Walkway surface 46 also may be
equipped with ladders, slopes or any other simulated lanar
or other surface or space station features, not shown, in
addition to or in leu of stairs 61, for individual spec:al-
ized tests for test subject 13, when so desired. As is also
apperent from the above description, fiarness structiire
35 is not required to be of spécific dimensions for differ-
ent size lest subjects and due to the simplicity of construe-
tion thereof the svstem is rcadily adaptable for use by
various size individuals alone, as well as when ﬂqmpped
with space suits, rocket jump packs or other pieces of
cquw“nent to cw}uale their reffozmance for effectiveness,
within the feachings of the present invention.

Referring now back te FIG. 1, the practical limits
for the horizontal distance to be covered by walkway
structure 45 and frack 27 are indicated only by the practi-

cal condiiions such as the size of the available room or

. facility for carrving out the test. It is apparent, how-
ever, that the vertical disiance a person i§ capable of
- reaciing in a jump on the Moon may be assumed {o be
‘equal to the ratio of the Earth gravity o lunar gravity,
times the distznce the subject is able to reach on the
Earth gravity. Tests have shown that a person Is capable
of jumping an average of aboui 20 fo 22 inthes from
bis standing pesition on Earth, consequently provisions
must be made in the simulation equipment for at least
six times this vertical distance, or at least ten to twelve
feet. Additionally, walking or running being the primary
test to be tndertaken in this s:mu}ator, houzonf 2] dis-
tances of several hundred feet for walkwav siructare 45
and track 27 are desirable to permit adequate time for
ihe test subject to dccelerate to a running pace and to
decelerste 1o a standstill.  Based on the assumed maxi-
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mum running speed of fwenty feet-per-second, the mini-
mum distance lo undergo an adeguate running lest would
be dbont ofie hundred and fifty feet for walkway strug-
ture 45 and track 27.

“The lengths of the various cables 12, 17, and 21 are
adjusted so that test subject 13 can stand with a normal,
crect posture oninclined walkway surface 46, The use
of the multiple cables 21 permit body members 10.move
freely in essentially paraliel planes as mentioned herein-
before. Cables 12 znd 21 are made as long as if is pos-
sible 10 design the system to minimize the slight out-of-
plane movement that is generated as the cabks pivot
about the fixed attachment points thereof at éross-bar
19. The trolley 25 on track 27 permits the whole sus-
pension system to be moved by test operator 31, or other
mechanism, so that the cables remain essentially directly
overhead as the test subject moves back and forth along

~walkway surface 46 to thereby eliminate any fore and

aft drag on the subject.

Inclination of test subject 13, as mentioned herein-
before, is facilitated by displacing walkway structure 45
angularly with respect to a vertical plane passing through
the parallel track 27. The required distance for this dis-
placement may be calibrated as a function of the magni-
tude of the simulated gravity in terms of the gravity ratio,
ie,, the ratio of simulated gravity “g” to Earth gravity
“G” for different suspension cable lengths. In addition,
as illustrated in FIG. 6, the gravity gradient in terms of
change of gravity tatio per foot elevation varies with the
length of the suspension cable system 11, This gradient,
which is experienced by the test subject 13 as he leaps
from walkway surface 46 or changes his apparent eleva-
tion by climbing steps 61 or the like, is produced by the
changing angle of the suspension cable system 11 whose
attachment point is fixed In the one diréction by trolley
25. Thus, by using cable lengths of fifty feet or greater,
the gradient can be effectively minimized.

The vafiables to be considered when determining walk-
way displacement and gravity gradients for a particular
system are illusirated in FIG. 4, wherein it is evident that
the inclinaifon anzle # between the suspension cable and
the vertical required to produce a given simulated gravxty
acting on the test subject standing on walkway 45 is given
by the following equation:

g=Gsin g
or
g=sin"1 <i>=sin“‘ N
H
when N is the ratio of the desired simulated erauty “g”

to the Earth gravity “G.” TFrom this expression, it 1s
readily apparent that a one-sixth Earth gravity, or lunar
gravity, would be obtained when ¢ is 9.5 degrees to there- .

by position test subject 80.5 degrees to the vertical of the -

Farth gravity vector. The displacement “Ny" of the
walkway, measured parailel to the floor required to pro-
duce the necessary cable angle, is given by the following
equation: ; . i
hy=L sin §—h cos ¢ (2}

where L is the suspension cable length taken from the
upper cable attachment point to the fest subject’s center
of gravity and “A” is the distance between the subject’s
center of gravity and soles of his feet. For purposss of
iflustration, the value of “i” may be taken to be equal 1o
3.5 feet. Combining Equations 1 and 2, the equation for

“k” in terms of W is: )
ho=LN—F cos {sin—! N)- 3

Curves showing the variations of 9 and “Ny” with the

gravity ratio N as expressed by these equations are illus-

trated in FIG. 5. .
Referring now back to FIG. 4, the gravity component

€ s

g” acting on the test subject is seen toincrease by. an
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amount Ag as the tuiwject is displaced Trony the waikway'

by an amount Ah durifg a jump or while climibing steps
61, or the like, due to thé change A# in the cable angle,
- according to the following relationship:

(8+4¢)=G sin (9+40) )
where the value of Ad is found as follows:
Af==sin~! (%)
or
. Ah
sin Aﬁ~—L— 5)
The value of Ag is obtained by subtracting Equation 1

from Equation 5:
’ Ag;—:G [sin (6-+A8—sin 8]

or A '

, A9=G [sin 6 cos Aftsin A6 cos #—sin 4] (6)
"If it is assumed that Af is small, then sin A8~# and.cos

A8~:1 and Equations 5 and 6 can be combined and simpli-

ﬁed to yield the following:

Ag= G——- cos 8

L
or .
AN_cosé ,
2k L . : (7)
where k ’

Curves showin g the variation of the gravity of the gradient
factor with cable length f_or different values of the gravity
ratio N are shown in FIG, 6. As is apparent from FIG.
6, the gravity gradient factor is minimized when the cable
length is at a maximum with Jengths of at least fifty feet
being desirable.
Corrections for jumping heights
Tnasmuch as a cable suspension system of the present

invention produces an increase in the simulated gravity as |

the height of the iest subject above walkway 45 is in-

creased, it is necessary to apply corrections to the meas-

ured jumping heights obtained by the test subject in order
1o determine the actual heights that would be obtained
under conditions of constant. acceleration. Equations for
applying these corrections are readily available, as is ap-
parent to those skilled in the art.

Average maximum heights of 8 to 9 feet were attained
by different test subjects when Jumpmﬂ from walkway 45
* in the presently described reduced gravity simulator. Ap-
plication of height corrections to account for the gravity
gradient produced by the iest apparatus showed that
heights of 12 to 14 feet could thus be achieved under con-
ditions of constant lunar gravity. These maximem heights
would be expected to vary when the test subject is at-
tired in a bulky space suit. In addition, the individual
test subjects observed in the reduced gravity simulator de-
scribed the sensation of walking and running along walk-
way surface 46 a5 compambie, to that of trying to qun or
xzs& on 2 highly polished fioor or ive. This observation
ndicates that the use of high friction producing sole ma-
ﬂsrmi for thz footwear of lunar explorers would probably
" be essential since the low foot traction would be recog-
nized as a safely Hazard making it difficalt for the ex-
plorer to shift h§s position rapidly to aveid being struck
by moving or falling objecis or o gain sure footing of

~ hiand holds while in & precarious position. -

Another interesting observation noted by each test sub-
ject when attempting to walk up steps 61 (FIG. 1) to
landing 62 revealed that, although there was no serious
probiem in climbing the stairs under the condition of lunar

Janding 62, a vertical: distance of .about four feet,
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S
fzr'wiiy, it was far simpler and regnired Tess concentra-
tion, merely to jump from the walkway surface 46 io
This
test suggests the pos_ubzhty that the normsally accepted
riser and tread dimensions for stairaays should be ultered
for use in the design of lunar base housing,

Itisthus seen. that the present invention au%mng vafious”
aid inexpgnsive cable suspénsion equxpmem for the in~
clined phme technigue of reduczd gravity simulation is

'px actical and useful aﬂparﬁm“ for familiarizing lunar
mission persenne] with their capabilities and sensations
while ynder the difluence of lunar gravity. Since this
systerd can provide essentially uhlimited duration of the
orming nxost of the
modes of self-locomotion, the evaluation of the various
forms of man's seli-locomotion including the range in
duration Ymits of man’s walking and running on the lunar
surface, as well as his ability fo carry various amounts -
of equipment or londs car wdcqua*ely be pr»dided and
observed prior to undertaking of ihe actual lunar mission.
Also, it is obvious that this system may be employed as.
an 2id in design and development of practical space suits
for lunar exploration as well as in the design and develop-
ment of lunar base housing 4nd space station features,

Obviously, many modifications and variations of the
above invention aré possible in the “ght of the above
teachings. For example, the test subiecl could be sup-
ported by an articulated support ficme which is pro-
vided with air bearing feet so that the frame could slide
freely over the floor of a special yoom. This special
room: could then be tilted so that the floor is inclined to
the desired angle with one wall therzof being painted fo
represent the walking surface. The floor of this room
could be covered with a mirrored surface so as to give
an illusion of standing in the middle of the walking sur-
face, the subject’s reflected imuage not being seen by the
subject hecause of his restricted fickd of vision. Thus, by
tilting this specially equipped voom at ‘an angle of 9.5
degrees, the test subject ¢ould be positioned 80.5 degrees
to the vertical and simulation of the lunar gravity would
be achieved for the individual test subject. An addition-
al embodiment or modification of the present invention
would be the use of a cable suspension system but with-
out the trolley and track system described herein. In this
modification the cable system would be attached to a

- fixed overhend suspension point through a suifable unit.

so that the cable could rotate at the attachment point and -
2 cireular inclined walkway being employed in lien of
walkway structure 45. The radius of the circular walk-
way for a given cable length in this modification would
obviously determine the magnitude of the simulated grav-
ity, with maximum cable length minimizing the problems
caused by the curvature of the walkway. Also another ap-
parent modification in each of the above described ar-
rangements would be the substitution, or addition of, a
treadmill device for the fixed walkway in each arrange-
ment.

In nddition to the uses described herein for the present
invention, it will be readily apparent to those skiiled in
the art that this invention could find obvious utility in
design and study of landing gears and locomotive devices
for Tunar vehicles and other spacecralt, and could possibly
find commercial uiility &3 en amusersent dévice for recrea-
tion and in amusement parks,

In view of these and other obvious modifications and
variations apparent to those skilled in the art, it is 10 be |
understood that within the scope of the appended claims
the invention described herein may be practiced others
wise than as specifically claimed herein.

What js claimed as new ahd desired to be secured D?
Leiters Patent of the United Stztes is:

1. An zpparatus for simulating 2 reduced gravity con-
dition for a test subject, comprising: an_inclined walk-
way of predetermined length, a track pdraﬂel to and
pesitivned angularly a distunce above said walkway, a




:irriny movable
ing. from said trolley, said
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ui’lt: system including,;.

a primary cable -extending from said trolley,

a lightweight crmsbar connected fo said. primary
cable,

a plurality of scconddry cabks connccted m and ex-

. dending from said crossbar, support means for the
test subject connected to said cable system,

said support means including a plurality of individual
body engaging supports for various portions of the
fest subject’s body with each individual member
thereef being secured to individual members of said
secandary cables, and said support means being so

" constructed and arranged as 1o permit planar self-
Jocomotive movement of the test subject along said
inclined walkway to thereby test his actions and re-
actions to reduced gravity conditions,

2. Apparatus for simulating a reduced gravity con-

dmon for a test subject comprising?

a horizontal track positioned on a fixed overhead struc-
‘ture,

a trolley movable along said track,

a primary cable extending from beneath said trolley,
a lightweight crossbar connccied io the end of said
primary cable, :

a plurality of sccondary cables connected 10 and ex-
tending from said crossbar,

support means for a test subject connected to each of
said secondury cables,

a horizontal walkway traversible by the fest subject
and inclined with respect to the vertical gravity
vecter of Earth so that the component of the gravity

" vector in the plune of subject movement along said
walkway is equil 1o the desired magnitude of the
simulated reduced gravity,

said support means being so constructed and arranged
as 1o permit planar locomotion of the test subject
along said walkway when supported \hereby

3. A system for simulating one-sixth grany condi-

“ficn for a test sub;ect comprising:

an inclined walkway of predetermined length,

a track parallel 1o and angularly positipned a distance
above said walkway,

a trolley movable along said track,

a primary cable extending from said trolley,

a liﬂhtwcight crossbar copnected {o the end of said
. primary cable,

a plurality of secondary Lables connected fo and ex-
tending from said crossbar,

a plurality.-of supports for the fest subject connecled
individually 1o said secondary cables,

said supports and cables being so constructed and
arranged as {o effectively support five-sixths of the

weight of said test subject and permit movement of

1he test subject along ‘said walkway under a simu-
lated one-sixth gravitational effect.

4. A rcduced gravxty s»mu}ator for a test subject

comprising:

an mclmud plane walkway fer the test subject,
a fixed track being perallel fo and disposed angularly
a vertical distance from said inclined walkway,

a mcwabk trojley disposed upon said fixed track,

suspension means for partizl Iy supporting the weight
of said fest subject,

suid suspension means mmkmmﬂ a plurzlity of elements
o enuapge the exireimities, torso, and head of said
test subject, :

each of suid elements being connected to individual

cables;
said individual eable being attached to a orossbar a
distance from szid test subject,
yoLe connected to znd extending from said crossbzr,
a pfimary cable leading from said yoke and secured
10 opposite ends of said movable trotley,
whereby said fest subject while in partially supported
condition” may- perform locoraotive tasks along the

afong said track, a-cable system extend-
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p!fmc of said walkway under simulated zeduccd
g,r'wti;ximn.i} conditions. Ll

5. A reduced gravity sinuvlator, comprising: 5o ,

a trolley adapted to move along an overhead. track

a cable system sccured to smd trolley and movabiv‘
therewith,

said cable sysiem terminating in a barness structure,

said harness structure being so constructed and ar-
ranged as {o support the cmrem.h»s, torso, and head .
of an occupant,
a walkway surface so positioned as to permit occupant
movement thereon by the harnessed occupant,

said walkway surface being on 2n inclined plane rela-.
tive to the Earth’s surface and at a selected distance
from dircctly beneath said irolley whereby,

a portion of the occupant’s weight will be supported
by the cable system with the remaining portion
thereof supported by the inclined walkway 1o there-
by simulate a reduced r'ravmtxonal effect on move-
ment by said oc¢cupant, )

6. A reduced gravity sxmu]ator for a test subject,

compnsmg.

an inclined plane walkway for the test subject so con-
structed and arranged to simulate a surface gravi-
tational field less than that of the Earth's surface,

cable means for partially supporting the weight of said
test subject so as to nullify a portion of thé normal
vertical gravity vector,

a plurality of elements to engage the head, torso, and
extremities of said test subject, said plurality of
eleinents each being connected to one end of said
cable means, : :

means for securing the other end of said cable means
anpularly a distance above said walkway,

whereby said test subject while in partially supported
condition may perform locomotive tasks along the
plane of said walkway uader simulated reduced
gravitational conditions.

7. A reduced gravity simulator as in claim 6 wherein

clements inciude: .

a protective helment adapied to be strapped beneath
the chin of the test subject,

a first body sling positionzble beneath an armpit of
the iest subject and atiached at opposite ends there-
of to said cable means,

a second body sling positionable about the hip and
buttocks of the test subject and attachéd at opposite
ends thereof to said cable means, )

a leg stra> adapted to be tightly secured atound the
calf of one leg of the test fubject,

an angular rod in conaection at cne end thereof with
said leg strap and connzcied at the other end there-
of to said cable means,

a leg sling positionable 2bout the calf of the other leg

 of the test sub;ev‘,

said leg sling being attacbed at
to said cable means, and

opposite ends theréof

“supporis for the arms of the test subject aléo in con-

nection with said cable means.

8. A reduced gravity sim ?z‘or as in claim 7

L}ue'

an arm sling positionsble amw‘ one forearm of tbe
test subject,

satd” arpi sling being in connection at opposite ends
J:”“(:sf to s2id cable rmeans, and

means providing selective stppoit ‘for the o'her arm

. of the test subject. :

9. A reduce

g

wherein

3

cravity simulstor as in claim 3 wherein

said means providing selective support for the other anm -

70 of the fest subject inciudes:

o

a hand grasp rod secure i at opposite ends theres” to
said cable means and so construcied and arras zed
as to be selectively zrasped by the lest subject to
provide surnoﬁ for said other ann.

18. A reduced gravity simulator as in ¢laim 7 wherein
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said supports for the arms are arm slings positionable
abont cach forearm of the test subject.

11. A system for use in combination with a test sub-
ject on Earth to simulate a gravity condition for said test
*-.subject less than one G, comprising:

fixed track means for supporting a movable troliey,

a trolley movable along said track means, ’

body engaging support means for.a ftest subject,

cable means secured at one end ihereof fo said bedy
engaging support means, ~ ‘

the other end of said cable means being securad to
said trolley, :

said trolley being vertically spaced from said body
engaging means at a predetermined angle thereto,

a walking structure. for said test subject disposed ad-
jacent said body support means, : :

. said walkway structure being parallel with and dis-
placed sngularly with respect to a ‘vertical plane
passing through the plane of movement of said
trolley, . " ‘

an inclined surface on said walkway structure as to
permit movement thereon by said test subject when

said test subject is supported by said support means,,

said trolley being simultaneously movable along said

track means when said test subject moves along said

inclined walkway,

12. A reduced gravity simulator comprising: -

means for supporiing a test subject in a nearly hori-
zontal attitude, said means being connected at one
end to an overhead trolley and track system,

an inclined walkway positioned paralle]l with said track
system adapted 1o be traversed by said test subject,

said means for supporting the test subject permitfing
the individual appendages of the test subject to be
moved freely in essentialiy parallel planes to there-
by permit substantiaily normal self-locomotive move-
ment along said inclined walkway,

said inclined walkway being displaced a predetermined
distance from directly beneath said track system in
such manner that only a bortion of said test subject’s
weight is -directed onto said inclined walkway with
the remaining portion thercof being supported by
said support means. _ _

13. A reduced gravity simulator as in c¢laim 12 where-
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in said inclined walkway is at such an angle with respect
to the vertical gravity vector so that the component of
the pravity vector of a fest subject in the plage of move-
ment thereajong is substantiadly equal to one-sixth Earth
gravity to. thereby simulate the gravitational condition
anticipated on the luuar surface; .

14, A reduced gravity simulator for testing the self-
locometive. capabilities of a test subject when sutjected

‘{6 a gravitational conditiofr less than that of the Earth,

comprising: . ) .
a support system including individuil and" separate
means for supporting the individual éktremities, head”
" and torso of a test subject,
means for inclining the test subject in a predetermined
inclinafion piane with respect to the vertical gravity
vector,
means permitting sclf-locomotion of the test subject
and including the individual extremities thereof in
essentially parallel planes normal to the inclination
platie of the test subject when inclined, and
means permitting simultaneous movement of said
support system along a plane parallel to sad fest
subject as said fest subject moves along said irclined
plane, whereby the component of the gravity vector
in the plane of subject movement is equal 1> the
desired magnitude of a simulated reduyced gravity.
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