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This paper is o summary presentation of some of the work accomplished by the Missile
and Space Division of the General Electrie Co, during tho past 18 months, Particular smpha-
#is is placed upon its possible significance with reapect to man's capabilities and limitations
when he first attempts to walk on tho Junar surface.

Ae a supplement to the basie analytical approach toward determining tho problems
whith man will encounter when ho makes this firat Junar walk, the General Eleotrie Co,
has doveloped underwater simulation techniques which provide insight into some of the
specific probloms to be expected and potential means to resolve or ameliorate such problems,
The underwater simulation techniques are based upon tho crew performance of simulated
mission tasks ir a paftial-gravity or scro-gravity condition when a spesially designed back.
pack is used to provide life support and space-sult pressurization and to maintsin constant
volmne displacement of the underwater subject. The backpack also provides recorded
messurements of key blophysical parameters.

A simuldted lunar traverse was made over an 80-foot coutse on the bottom of the bay at
the General Electric Co. Underwater Test Faellity. Two different subjects in pressurised
space suits in & simulated }-gravity conditin were used. Both subjects demonstrated
their inability to walk purposefully under these corditions. The addition of a walking
stafl as a mobility aid made traverse of the simulated lunar terrain possible though still

diffisult.

INTRODUCTION

When man first lends upon the Moon and
leaves his spacecraft to explore the lunar
surface, he will be faced with many conditions
never before experienced. One of the most
significant of these new conditions will be the
reduced gravity field on the lunar surface.
Because of the smaller size of the Moon with
respect to the Earth, the gravity field at the
lunar surface is only 0.168 of that field present
at the Earth’s surface. Thus a man’s weight
on the surface of the Muon will be approxi-
mately one-sixth of his weight on Earth., This
is also true for his spacecraft and for all of the
3uipment and experiments which he brought

th him,

This apparent reduction in weight on the
Moon as compared with similar weights on
Earth has led to many interesting speculations
as to man’s potential physical capabilities on
the lunar surface. in general, it has been

assumed that since man developed his muscles
in an Earth environment he would be capable
of a greatly increased physical performance
on the Muon where his weight would be much
less than that which he normally experienced
on Earth,

Since man is so adaptable to new situations
and environments, it is quite possible that he
will eventually move across the lunar surface
in great leaping strides, but it appeurs likely
that he will first have to learn to walk. The
reasons for this become apparent when one
considers the physical parameters involved.
Although a man’s weight appears to be less on
the surface of the Moon, his absolute mass
hes not changed. Thus, if we consider a man
who is trying to move in a horizontal line on
the lunar surface, it will raquire just as much
force to start, etop, or turn at 4 given rate as
it did on Earth. Simiiarly, the momentum he
will develop (and the velocity, since his mass
is constant) is a function of the force times the
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time applied, or the total impulse, Thus, if
he jumped straight up, he would leave the
surfuce at a velocity similar to that on Earth,
but, beenuse of the lower gravity on the
Moon, he would go mueh higher and would
remain in the air mueh longer than he would
on Earth.  This timing change is one of the
fuctors which will make it diffienlt at first for
an astronant to walk on the Moon,

When o man walks on the Earth, he not only
leans forward but also rocks from side to
side ns he swings one leg after the other and
shifts his weight from one to the other. The
combination of these movements, properly
timed in a coordinated sequence, takes a
while to learn. Tt is reasonable to assume that,
if the time constants varied significantly, as
they would if the man were trying to walk
on the lunar surfuce instend of on Earth,
man may, and probably will, have difficulty
when he first tries to walk on the Moon.

The above analogy is a greutly oversimplified
case, but 't serves n useful purpese by high-
lighting & particular part of the total problem
which may be a potential source of trouble
when man fimt tries to walk on the Moon.
There are obviously many such potential
troubie¢ sources involved in the physieal loco-
motion of a space-suited astronaut over the
lunar surface and his performance of all the
varied man/machine tasks involved in space
voyage and lunar exploration and eéxperiment
activities,

Crew/system peérformance in manned space
systems under partial-gravity and zero-gravi'
conditions can be investigated using an ur..er-
water simulation technique. It provides one
of the more useful and cost-effective methods
of empirically answering fundamental questions
related to human performarnce dnd the de-
velopment of equipment needed to optimize
man’s performance in space.

FACILITIES

In order for the General Electric Co. to
ont into operation a facility to accommodate
large existing struet m (such as the Saturn
N-IVB  workshop) on u timely sconomic
basin, it was imperative that a natural site
be welected. High capital expenditures and
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long leadtimes riled out the possibility of
construeting o large tank facility, Further-
more, a natural site was desired which wonld
provide n relatively unlimited growth
possibility,

Mandatory requirements for the facility were:

(1) Adeguate space for whole task simulation
which would aceept a minimum 88-foot-long
by 22-foot-dinmeter structure with growth
possibilities,

(2) Clear water for ease of vision and to
fucilitate underwater photography.

(3) Calm wator to fucilitate surface opera-
tions and to minimize underwater currents and
disturbances,

(4) Warm water (minimum 78° F) to permit
vear-tonnd operations  with efficiency and
comfort,

(5) Ready access to aerospace and industry
centers and to support services. .

After a éaveful review of available locations,
Buck Island, the site of a former U.S. Navy
UDT training area near St. Thomas, V.I., was
chosen. Buck Island provides a cove approxi-
mately 700 feet in diameter with a sandy
bottom. The cove is sheltered on the lee side
of the island from the predictable easterly trude
winds. The water is warm and clear through-
out the year, and sufficient light is available for
good underwater photography. The maximum
tidal variation is less than 1 foot. The Buck
Island site is sufficiently remote from St.
Thomas to discourage curiosity seekers but
still not so far away as to cause operational
problems,

The underwatér test area of the General
Electric Co. is located within a sheltered cove
of approximately 10 acres on the western side
of Buck Island. This island is located 4 miles
off the south coast of St. Thomas, the most
populous of the Virgin Islands, and near the
entrance to the harbor of Charlotte Amalie,
the largest city in the islands.

As shown in figure 1, the water depth in the
primary simulation ares s 28 to 20 feet and
there are additional tewt arvas surveyed in the
15- and 20foot ranges. The cove floor in
these testing areas in compumed of white vand.
It is quite level unil relatively free of rocks
and marine life. Water temperature ix & rela-
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Fraung 1.-~8chematic diagram of the General Eleotrie
Co, underwater test facility at Buck Island, V.I,
A, 28-foot test aren; M, 20-foot test area; €, 15-foot
test aren.

tively constant /8% to 82° F. Underwater
visibility approaches 100 feet permitting de-
tailed underwater photography without the
need of artificial light under most conditions.

An operations building has been constructed
on the foundation of an old concrete pier
approximately 300 feet from the primary
underwater test area. This structure, with
dimensions of 12 by 20 feet, contains the
nionitoring, recording, diving, and medical
equipments, general office spare, and comfort
facilities. A covered uecens deck extends
aroud three sides of the building with a hoat
dock attached to the went wside facing the
testing areus. A platfonn extends into the
water from the divh o permit ready avcess
to the water fin lnal emt peronne] and pres-
puresuited 1t The building is
lighted atd wir cotnlitonet ant draws its power
frotn 1w 3l e o' o geteraiom loeated
oh the podf

A hiensonial hmers ation platform bvated 40
feet fron the priary inmlation aren perniits
ditect viewing of temt operations and provides
for wbove-auter photography throgh its six
Pleaiglns witubows located helow the waterline.
A sufety work platforin was installed over the
primery simulution sres.  Figure 2 shows the

rubijen tx
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Co. underwater test

Fravre 2,—General  Eleotrie
fucility site.

relutive locations of the operations building, the
observation platform, and the primary test area.

Bouts are available as réquired to transport
personnel and equipment to and from the site,
A close working relationship hus been estab-
lished with a local machine shop which is capable
of providing speedy fubrication of experimental
hardware,

Continuous communications are maintained
with the main island of St. Thomas through
leased radiotelephone lines provided through
the Virgin Islands Communications Corpora-
tion. Onsite communications are provided by
walkie-talkie units us required.

Although present experimental plans do not
require the use of extensive quantities of clussi-
fied material, arrangements have been made for
the protection and safeguarding of any such
material that may be required. Arrangements
have been mude for storage of clussified items
ut the U.S. Const Guard Station, Charlotte
Aralie, St. Thomas,

UNIQUE SUPFORT EQUIPMENT

The changes in lung volumes when a diver
inhales and exhales result in chunges in his
totul water displacement and hence in his buoy-
ancy. In order to maintain u constant partial-
gravity simulation and, even more important, to
maintain a neutral buoyancy to simulate zero-
gravity conditions, it was necessary to develop
a compensutory breathing apparatus to elim-
inate these changes.
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The General Electric backpack shown in fig-
ure 3 was developed for this use. In addition,
it also provides the following funetions:

(1) Closed respiratory system with ecarbon
dioxide removal and antomatic replacement of
oxygen consumed,

(2) Space-suit, pressurization nt selected pres-
sures from 0 to 4 psig shove ambient,

(3) Sensing und recording of physiologien!
datn such an—

Electrocardiogram
Respiratory rate
Kespirntory volume
Oxyjgen consumption
Deep body temperature

The cloved respiratory systom has three ma-
jor advantages over an open-type system:

(1) It eliminates bubbles,
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Fiaune 3.—General Eleotric Co. neutral buoyancy
and life-support backpack for underwater simulation
of zero-gravity conditions.
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(2) It eliminates the eyelic rise and fall of
the test subject ns a result of inspiration and
expiration.

(3) 1t provides n larger test time hetween
bottle changes, since only the axygen consumed
metabolically need he enrried,

Physiological duta recorded in the hackpack
provides a vasis for estimating the energy out-
put required to necomplish a given task, The
duta to he tuken include respirntion rate, tidul
volume, body tempernture, electrocardiogram,
and oxygen cosumption; of these, axygen con-
sumption is considered to be of primary im-
portance, The signals from these physiologi-
cal transducers are recorded directly on u
Gemini-type biomedicul tupe recorder which
is incorporated into the backpack.

The backpack incorporated a system for
pressurizing the space suit so that tests could
be conducted with a pressure-suited subject.
A water pressurization system was selected for
space-suit use in underwater simulation for
the following reasons:

(1) An air-pressurizad suit must be brought
to neutral buoyancy by distributing waeights
over the suit surface, These weights (of the
order of 100 to 200 pounds, depending on the
subject and suit size) are difficult to instull so
that the test subject is truly neutrally buoyant
in any orientation and impose a sefety hazard
should the suit lose its pressure.

(2) Air leaks from air-pressurized suits cause
distracting bubbles and provide orientation
cues to the test subject.

(3) If the test subject, in water, works in
an inverted position (head down) in an air-
pressurized suit, he will experience the same
effect as if he were hanging by his feet on land
because the air pressurization level is constant
throughout the suit.

(4) Changes of depth will ¢ause variations
in en air-pressurized suit delta pressure and
will require the addition or venting of air from
the suit.

ORBITAL WORKSHOP SIMULATION

Operation of the presently conceived Apollo
Applications Program (AAP) orbital workshop
requires extetided and complex astronaut per-
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formance after orbit insertion,  The astronauts’
tasks will include passivation of the Saturn
S-IVR spent stage, transfer of equipment
from its Iaunch loeation through an airlock
and into the spent-stage hydrogen tank, and
erection and operation of this  equipment,
Tmplicit in these tasks are basie requirements
for electrieal, hydranlic, and mechanical con-
nection;  operation  of  contrals,  hatches,
fasteners, and  restraint  systems; and  the
controlled tinnsport of lurge pieces of eguipment.
throngh relutively long distanees and Inrge
volumes,

The tests conducted by General Eleetrie Clo,
in the winter of 1966-67 were primarily ex-
ploratory and attempted to develop guidelines
for crew performance and equipment design.
They did identify busic problems, either of a
human: or an equipment performance nuture,
which need further understanding und which
must therefore be simuluted more completely
in the future. The exploratory tests conducted
included the following:

(1) Hydrogen tank cover removal

(2) Installation and evaluation of mobility
aids

(3) Transfer of large bulky equipment
(4) Erection of an experiment console
(5) Erection of primary partitions

At the time these tests were heing planned, the
AAP orbital workshop configuration in orbit
was similur to that shown in figure 4. A
cutaway of this configuration model is shown
in figure 6.  An underwater teat strueture with
this configuration was built of aluminum rings
and sereen wire, in full seale, and implanted at
the Buck Island test facility, Mounted on a
supporting hed which rests directly on the level
sundy cove bottom, the underwnter test
structure (fig. 6) is a full-seale peometrice
duplicate of the—

(1) Saturn S-IVB spent stage

(2) Equipment section (forward of the LLH,
tank)

(3) Adapter section (to the SLA panel joint)

{4) Airlock and docking adapter

(8) Pertinent task equipment and mobility
aids

Measuring 22 feet in diameter by 52 fest in
overull length, the simulator shell is o skeleton

F.ouns 4.—AAP orbital workshop (late 1066 orbital configuration).
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Fiaers 3—Cataway viow of the AAP orbital woarkshop (19680 orbital configuration).

Froune 6.—Underwater simulation mockup of the AAP orbital workshop as used by General Eleetris Co. in
1066-67 tests,

framework of aluminum rings and stiffeners
covéred with n 4- by 4d-inch grid of wire mesh
protected from corrosion by u high-visibility,
yellow-plastic-buse marine puint. Total weight
is 7500 pounds. The open design was dictated
by the nature of the work, which requited
muximum exposure for photographic records,
test direction, ubservation by safety divers,

solar illuminution, and minimum resistance to
water motion in the event of turbulence.
The task simulations were planned around the
actual tasks which will have to be performed
in order to pussivate the Suturn S-IVB spent
swige and to neti ite and inhabit the orbital
workshop after it i in otbit. Specific tasks
were devised uround the equipment involved.
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Saturn S-IVE Spent Stage

The hydrogen tank, enclosing a volume in
excess of 10 000 ft?, constitutes a major portion
of the structure, Included in this item are the
three largest internal items which would help
or hinder test subject zetivity within this
chamber:

(1) A 34-foot-long piopellant utilization
probe

(2) An LH, vent pipe

(3) Six 23-inch-diameter helium
spheres

Also included for use in attaching mobility aids,
compartmentizing partitions, and consoles are
the 112 NASA-type equipment attachment
fittings preinstalled in the liquid hydrogen tank
of this S-IVB.

In the compound curvature area, where the
LH; and liquid-oxygen tanks join, are four
boattai’ extensions on which are mounted hard-
ware simulating:

(1) Chilldown pump

(2) LH; feed line and antivortex screen

(3) LHj, chill return

(4) LH; fill line and diffuser

As part of the experimental task sequence,
these units must bé sealed before final prés-
surization and habitation in the spent-stage
LH, tank,

storage

Airlock

The airlock is basically a tunnel connecting
the Apollo command module to the S-IVB
spent stage (SA 209 configuration). This unit
measures 65 inches in diameter by 16% feet
long, and follows the design originslly proposed
by McDonnell Aircraft Co.

Mobility Aids and Task Equipment

The mobility aids provided were, in general,
polypropylene rope with quick-¢onnecting clips
located at predetermined intervals. Poly-
propylené, being less dense than water, tended
to overcome the clip weight and thus effectively
made these aids neutrally buoyant to transport
to their positions.

In addition, a three-section telescoping rod
was constructed to traverse the distance bétween
the forward-dome manhole and the closest
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attachmenit peints, After it is extended to its
15-foot length, it is locked in position, und a
clip mounted at, the forwnrd end secures it to
one of the equipment attachment fittings,

The console was simulatdd by a skelaton
framework of aluminum to minimize drag,
polyurethane was bonded to the inside of the
framework to provide neutral huoyanecy, and
u Plexiglus nphere of approprinte size was
suspended within the framework and allowed
to fill with water to provide the necessary
mass equivalent,

For tasks such as fastening the console and
removing the chilldown pump, appropriate
tools ure provided, including blade- or socket-
type drivers, a ratchet wrench, cam-nctuated
sealing plugs, blind flanges, and aumerous other
items. Several types of tethers are provided
to determine their usefulness. These included
wrist or waist attachment loops and Velero
loop and pile on the tool belt. An equipment
storage container was also provided.

The Saturn S-IVB stage was chosen as a
basi¢ simulation tool when the Buck I:land
program was first conceived. The rationale
behind this decision was twofold: (1) by using
the S-IVB, whole task simulaiion of o large
structure could be demonstrated for the first
time; and (2) realistic operations and task
ground rules concerning an establizked ongoing
space project could be provided The require-
ments for crew operations in the S-IVB orbital
workshop are far more complex than those
established for space missions to date. For
the first time, the astronaut is required to
perform assembly, erection, checkout, and
maintenance and repair tasks which will have
long-range applications to the future develop-
ment of the U.S. space-flight program.

In order to prepare the S-IVB spent-stage
hydrogeén tank for shirtsleeve occupstion, a
passivation sequence must be accomplished
which includes the sealing of potential feak
points at the common bulkhead. The astronaut
must translate from the airlock down into the
hydrogen tank and thence to the LH, chill
pump inlet. The top portion of the pump
inlet. must be removed and replaced with a
blind flange whick is bolted in place. The
astronaut must then translate to the fuel feed




Yine, romove the autivortes screen, st inatall
an expidnble plug fn the feadline oppoing.
e rnnt then transtnte to the LAl ohil? return
line, instali an expandable  phye, aid then
trnantnte to the Lty S0 Hne nod ditfuser, unbole
the diffuser, audd insert an expamdable plag in
the #ll lne, aud then veturn to the nirdeik,
The task In aceomplished with the astroimat
in n pressuee sobt and with the wee of ordinary
Tmittondn,

The clomentol tank wtops and thues to
complote ave showy in table 1,

Tanes 1, - -Stage Pasvivation Task Resulta

! Monsuged | Veojootent
©timven for | Ges fop
siinwlated | netual
-tk min | tank, ity

At e 4 a e amous e aly

Nuhtank

Tanort plag in 100, fovdbine, |
aotwnte and look handle. .. . w3 \
Nealing cover over opeting in |
antivortex seveon and seeure l
with S norewa. ... . . Laaee A 3
Translnto to L ohill wiumm . N ¥
Remaye expandablo plug from
stowagy sonininer.. . ‘ A 1.3
Teomort oxpandably plag in L4 ! !
ohill roturn, actuate handle, i
andlock. . ... ... i
Tranelate to L, A Hne and
difmor. . A o
Romove 4 holts holding
diffancr in position. ... ... . R} b
Romove diffuser and plaeo in
stowago contalwer... ... .. i ) A
Romove expandatlo plug from
stowhge packege. .. ... ... o} 1.4
Tusort expandablo plie into
fill tine, wetuate hendle, and :
OO e - oeeine e o ! |
Translate to alrlock via mobile
ftyald.... . .. - ¥ LA

_‘I‘uu_sl task thime,

4.8 10

The following conclusions were derived from
obwervations of subjects, safety divem, aiud the
tewt conduetor:

(1) The tark elements proved to be guite
repotitionn and, an & result, borlng.

BXTRATERRRATAIAL RRROVRCHS

(D Reactionlean power tinds oe  anlinary
pwer tonke wonld have ent down the thue
nesdedd o perform the tueks bue eonld i nis
way ho constdersd wanlatory.

(3 Nowe forin of quivk- fnaes tathee nystem
in wandntory at sach work site.

(4) Fixed mobility atids ate voquivod for por-
sonnel trannfor,

(M The tank vian arvvmplished with reason.
able eane and vesultent i dittle Intignd,  Acvens
to all fastenim wan adequnte.

) Properly deslgued taol and - equipment
pentrainta wined contatner are mandatory,

(7 Projected time to conisplote task in orbit
withe ot aslng power toole is 70 minutes,  The
une of power tools to remove the 48 holts an
the antivortex sereen enver would probably out
this time tn 42 minuten,  (The slmulator hnd
unly six holta.)

(N Optiuum transintional veloelty appeared
to he on the arder of 1 ft/nee or leas,

LUNAR.SURFACE TRAVERSE

An andorwater simubation of & lanarsetace
traverns wan accomplished at the Buok Inland
test facility In carly 1007, An 8Ofootdong
course wiks welocted at the huttom of the bay
which included varjows degveen of  surlace
rongghuees, slupa, wnd toxture sich as lght b
encountered on the Moon,  fn addition, the
voume tneluded o fixed ladder which the astre-

it muat asoend and descond an & pact of the

coutwe to sininlate hin exit and reentrarve to
the Lunar Exeursion Modwia,  The situlated
lunar traverwe taak included moving 80 feet
uver the different types of surface, sllmbing up
the Indder and desconding ugain, and return
tu the starting gzz&a&;

The teat subjects wote ballasted by the
addition of lead welghta tu simulate the 1/0 g
on the Moon. Thin wan wecomplished by
welghing them, fully equipped, in air, then
welghing them again {inmersed in the sea, snd
uddln? welghts to thelr hatnesa until the 1/6 g
negative buoyancy was achieved.

The two primary teat subjeots used for thess
tosts wero & test pllot and an athleto. Both
weve experienced seuba divers and both had had
extensive previous expevience in underwater
simulation both with and without the backpack,
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The lunavtravems tank wan firms porfurmed
usiig the bmekprek But no wpace aals,  The
teat subjeotn wers sultnbly weightod,  Uinider
thens condithonw, the test siibjents were ahle )
tenverwe the eoume without undue difffenlty.

The lunaraeaveme task wis then atteimpied
with the tent subjectn usiug the state-ol-theart
spren sl proasuviamd with watee th 4,7 i
and the hackpack, ne shuwn in fignee 7. The
tewt wtibjectn wors balluatad 1o aehieve n negea-
tivo mayaney of 1/0 g,

Nutprisingly, when the astrinants teied to
walk o the bottom of the by in the presaicined
spiee andt, they fell over to the sble,  Nelthey
tont wulifort wan able to matniaiin his bmbunes
ol walk porponefully in this fully suited 1/ o
corlithn,  ‘TPhe pl‘"“blﬂll appeared (0 be o
strong tendeney of the subijects t overeonten)
when they were shifting woight fivm one leg 10
the uther in order to ho:o the iext step,  Finn-
pered by the tesintanve of the pressucised spuee.
skt jolntw, the tet wubjects wore unable to
maintain the fine postitional contral and musen.
lar coondiuntion nevennary to walk purponetully
under thesn conditions, partlenlarly upgrade,
The diffonlty in vining tn o prmnrlm\ Kpnve
wilt wfter o fall presonted another problem aves,

1t won found that the 'we of & walking staft
provided the test subjects with a mabitity atd
wihich dii make it posaible for them to traveme
tha lunwe conmo and petum, ‘The average
thue to traveme the coume, elimdb and descond
the lndder, and retuen to the starting point wan
¢ minutew and 48 reeonds,  Than the averuge

Frovng 7.--Blmniated linar traverse,

\'plo'wlt,'r Wi appristimately 0.0 ffese, we 18
wph,

Both teat subjecta fuvmd walking nmanen fin
Limmparsl by the veduved downwand visihility
i thee wpnes w10 wos Qiflenlt for n sudjeet
to ik down 4t his awn fest and wen the nest
lavn whees n Gt would be planted.  Thin
sownliedd i nonte stuinbling over siuall odjects
whieh wonlld bornmily he avoided.

e sednead-genvity stdathn reilied in
n kel decreane of presgine hetween  the
towd mlijert's dnmta and the geond sneface,
Thin was expeeted, aid 1t il the expertend
veanlt of m‘nvh.y the tracthin by rabiving
fdethon Stween the ot and the grosnd.
Mumilar experienes wan hed during 1,0 ¢ Kop-
ferinn fllghte, At £/ 2, the lower Hindt for ane-
fave teacthon for walklug bn appronched.  This
may be compuared to the farling one gein when
e telew too walk an deo,  The tent nubjects did
wotlen thin effet  duritg the  lnnarsteavere
slinuintlon,  The esleetold trivemo path in-
vinded » long wlspse of approximately 10° which
they coverad: huwever, o ddunthigh houbder
wan @ ubject to ho avolded enther than sure
mwunted,

One of the shenitleant factom noted duving
the simulntion was the tendeiey of the test
stdifect to overshoot his targot it he tried to
ey, Thin i not surprising i one consldeiw
that the test anhtm’\a appirent musd, cavwd
by hin backpack, hin spuce nuit, the prewsupinne
tion water fn kis spmee sult, and the hallast. in
much higher than that he is wed to normally
and hie teaotion v much leen then novmel,
Connequently, when he does get up to reason-
uhle npeed, ho finds it difieult to stop agaln.

Althowggh buth test subjeots were In excellent
physieal condition, they both found the luiar-
traverne task to be very tidug, OF vouiwe,
thin phywieal tiving wan partially due to the
exertionn {n donnbig the equipmont, cheoking
it vut, and getting remdy to parfurm the task,

CONCLUDING REMARKS

The lunar-traverse task wan performed to
investigate the underwater shimulntion tech-
nigues fur mwatronant mubllity under lunae
gravity condithonm, Tt proved to be o useful
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ted du Ddghobightiong  preotentint troable  wyemns
when an wetponmnt it dpdes 10 wall o the
Mo, B0 hins wbibel i the sndessonnding of

hin plhyedend proabibism in o way thit can sobion
e mvhilon el oy olently. ‘Pl ysulta nediboved
cloarly initleate that the astyonmit mny s
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to ot wome rolentnbig befurn e ean walk on
the Muon with nuy oo The tet wilijocts
iy shndwdion tnek copsdilobml the wilking
sl 0o e pwenlntory sobbily wid,  Nadojos-
v emnpurbeeny 1o 400 oplorian fighite wos
stnted o b omepllon.






