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INTRODUUTION

Mool the objeetiven for the  eshni
uitlimntlon  of  axtesterrestrind  posmrees will
dopend ugn  the perfornmnes enpubitity of
mn wnder the envivommital eoplitlons on
the Junne sirfues,  Any dieislon of man saw
n eeiiven it of peessity consider whint lie
will bo voquived to do, D this g e s
viewed ne the primary Integeator pecforming
tiomwe Tapethionm for whieh thero be no sabstitute.
Mhown integeator fmetione fall ander the ne
teepeatation, . Judgment, sl decistonmnking
veyn vl (o kenp w climed lioj hstwesn mnn
ad eodpanent,

Phin pupror e predieated upon the nesmption
that the Intital Al sulwaliin hnve complated
the  prollmineey  explosation  and - geologlonl
mirvey of putin of the hinne surfaes snd have
‘dentifiod o good wite for n permanent bise
listallntion for oxplolting extentesrestelnl roe
soureen,  The thuespan zw the aetivithes de.
serihed mny beglie In 1670 to 1078 and extend
over & pechnd of 10 yeurs,  This hypothetivnl
e will ho ined to descelbe the role of man an
o vonovites ned to highlight hin avens of activity,

Ackiowledgment In innde to the membem of
the Worklng Clioup on Kxtratezrestrinl Re.
woiiteen whe contelbuted techndenl papom to

e Proverdings of he Mourth Annival Meeting,

which peovided much useful nfosmation for
defining the role of man on the Moo, snd to
the Guddacd Npave Flight Oenter for coplen of
Orbiter photographs of the lunae sutfuce and
for advanced date of Junae soll annlysis feom
Murveyor VI,

PROGRAM AREAS OF INTEREST

In conntdering the resoiiveefuliions of tiun In
she explultation of luee resmirees, 18 major
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progeans arean of Dnterest cun i Identifled
where man's performmnes enpubility enn e
vloutly oleflumd »m the bmain of kunown Enrth
tevhinology  (table 1), Kneh of thewn nrean
ennt Do Bdontitiedd with wn anthelpated work
lovel.  Metabnlle work tovels may ha consbil-
ormd to b ow follows: lght work caprevents
KON b LMD Dbtssfhie; snendernte work, 1INN) (o
IR B0¢u/he; mud homvy work, SN0 Bon/he op
more, Maty subublvisionm of the taike winl
muely reapoetive tusk prerforiianee enpablilly
can b peasdietmd, A eonpdate deseription can
he uhu‘nml by detalled finethonnl tusk annly-
win, A dowerlption of the weagie of tissn arens
of intorent will awaint fn obtaicing o potspective
of the extent of man ww o tosohigen and hin
pertuemmies capubliity o viaelions tanks,

Tamm 4, iProgram Areas of Interont

Aroy, Work tovel

Eaploring Light-maderate
Survoyling Light-tisdvinte
Erporlmenting Light=smodoraty
Minlng Moderatuhoavy
Tunueling Mudoratishonvy
Peovoming Lighit-modorate
Wnoavating Moadordto-livavy
Bulldive Modorate-tionvy
Farmin Lightemodorate
I!‘nlomlrng Modvrateehonvy
Hntding Tght-modorate
Launehing Lightemodoralo
Physioal conditioning Muodorute

Maying Light-modornte
Malntaining Light-moderte

Exploring

'The ares of exploring le considered 10 be o
continuows  witlvity, because wmunt has never
"
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stoppenl exploring Earth.  He alll conthune to
nenreh for shilitional iyar rommireon thnt will
I pwnppitinl by onking o Haad lunat base e
wolfnufflelont nn wcienee sl tochnobgy can
minke 31, 10 be wemsinedd (hint oomt of the ex-
plodhigg will by conbuctosd from o pover-typm
vehlele with w wellcontalned Sifsanpyurt nyn-
tein, Mortie will b oonductod  from  this
velilele by spncnsnbtod men.  The aveeall wirk
Invel fur thi netivitiom will b light 0o osilor-
mte,  The highest loved of wctivity will wenr
whiles they nee etimblng orater wulle minl linnr

nionntalim,
Narveying

Mirveylug bn an setivity ecamnting to this nite
uyord and eoteietion, 10 will sl b e
quivad fn support of lunie mupping activition,
Thin tunle nren will probmbly vegnles the full
thine of ut lowat two op thems men,  Bome sy
veyig will probibly deiie eomeusiently with
exploring setivithm of other liome aeoun, Pl
work lovel will bin light to moderate,

Krperlinenting

Experimenting Is another activity thnt will
overr ae fong o man I on the Mous, 16 will
ontend avposs ull selentifle arens as mnin woeks
fusther knowledge amil nolvew  problenm of
living, working, and ojperating :equlrmmt in
the lunar enviconment. All aclentifle knowle
olige that will be obtalned alunt the Moon I
vonnldored emantinl to muccenstul exploration
of other planeta ba the solar system. Work
lovel in ‘mﬁwmhm experiments ontalde ife-
support sheltem will not exvesd tight to mad.
erate metabolle sotivity,

Mining

Once proper miners! tesotircon are located,
wan's perfortimnce in initial minlng operations
mny tequire moderate ta heavy work levels.
It mny be Jsmlbln.' howevar, by proper man.
equipnent dealgn, with sutomation and smmote
coitrol of varlous typos of mining eguipment,
to reduce the work level from heavy work to
light or moderate. it in estimatod that ap-

proximately 30 percent of man's time will be
spent in lifesnuspport enbn; while the rest of the
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thne witl be inmvidvad in surface tasks such ae
hending o deill hole for Ilaating; wdjuating,
sorviciing, sl imalntaluitg minlg squipment ;
sl rorevoring drill corem fur analysis.  Lagging
may bo s stamdard aetivity of ol drilling
nperathons in supgnet of geopdiyadcal atislion of

the luner erust.
Taanoling

Tunneliog was connhiderad o potentisl part
of thros hase setbvitinn 1t mny e necessnry
I winbug aperathom i order to explalt »
pacilentue vedn of high-grwde nilnerats,  Tun-
nollng Inte n erator wall uy be required 10
pravido protection for exyogenle storsgn ianka,
Lowntly, tunietlng binto n cintor wall muy he o
more semombes! et of connteneting well-
protected fn-ssnppmet whelters,  As In trun for
mdnlingg ooperntliesm, the wark lavel for initinl
tunneling  operations  nmy b moderata  to
hoavy,  Aguin this will depend to o Inrge degro
gron thw eepulpiment design,

Precossing

The processing of ore snd ite reduction to
unable prodietn encompuss o lorge tivnber of
militanks thet will raquire man to operate in
the external lunur environment. Many of the
witivitin can be identifled an belng st the
loentlon of wurfove mining eguipment, sock
crushem, and the ure<cimveylng syntainm where
sorviee and mnintenance netivities will be
required to maintain o stendy flow of wre into
the provessing favllity. Onee the vre has been
graded, the exteactin procoms may take place
fn o nemmivacuum by use of & lurge nolar fusnuce
of In o speclal pressurined bullding or frac-
donating unit,

Exeuvating

Varlous types of excavating activitien are
vonsidored fundumental to all lunar bullding
comstruction,  Many concepts have been pro-
posed mich ua surfave sholters, buried structures,
and structuten installed in tunnels made In
crator walls, In this analysis it Is sssuined that
many permanent structures will require excava-
ton In order to obtain o firm foundation for
bulldlsigs. The type of excavating considered
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requiren sohiclon rolated ta present budldoxers
and easthinovers,  In some lnstances, surfaee
mdndug sgulpeient might he ased (o prejues
commtruetlon sitew,  Annther typs of regulred
exeavation is ditehing, which will be prisnddly
for the puepuse of burylng power enbles ronning
from cemvtely heentesd powerpinnte,  Man will
pretforin thienn tanhn B snech the seme msoner
wn bin diwn on Knrth, The work level will
eatige from light activity while driviig ta
munlstate activity whils perforining eqalprment

malntenanen,
Dullding

tnltin) blldiug consteuethm wan considerad
to he prinmrily on ssspiohly task.  Peeflabrica-
thon of varlous typen of bulidings on Barth is
eonwiderad the snent fensible means of estublish-
ingt the fultinl hase cupubllity,  Ersction of theve
strinetires was connlderad oin s modulae convept.
In &)l probubility the hase lsyout will evelve
feon sealo mnaiels on Kagth with esch step well
planned In wivisnce, Eventually, the base
should resch o copabllity of wanufacturing
widitionsl bulldings from lunar ninterials e
well ws interplanetary exploration vehicles and
othey supporting equipment. The work level
will ho ninderate to heavy when munouler
elfect in required in alinement and jolning tasks,

Parming

As the capabllitien of the lunar baso ave
extended, farming will become an esseritinl
activity. A farm and fond-processing fuciliiy
will probably begin in a thdule separate from
the mals life-support shelter. 1t will initinlly
provide staple vegetables to eipplement the
baslo food supp w.  As the hase grown in sixe,
the farmiig facility will gredually grow until
it reachon the level of » balanced closed eoulogy.
At this point, selected animals will he ralsed
witiin the complex for dietary proteln. The
work level will range from light to moderate.
No lunarsurface  activities nre  visualized
for this ares except for external bullding
malntenance,

Unleading

This activity Is amociated with unloading
ligatie mupply vehicles. The aperation may

inkthalls conmint of placing sn anlosding ramy
in geesitioons monsd prostlingg ¢ mapapely enneodoibem fronn
the velidele. Eventually the Jaunch «ite will
have mohite servive tawam thint will edies the
turnaconidl thne for eupply vehileles conshier-
ably. The worklmd for man can sange fram
light to hensy andt will depond ngov .o 1ype of
wtppoert vehibelo eqguignsent and its maltipiarse

capahility.
Hauling

Numerons  hmnling  activithex  will  mve
thraughont the entite bave from the Iaunch
complox, Neveral typen of personnsl  wmnl
equipinent curriers will be required.  Muove-
mert of ore from mining siten to provessing
fucitities Wil dopeved ugun the multiplivity of
miining opesaiions,  Hanliug el erecting nn-
meroits comsamleation antennes sround  the
crater ehim will bo requirad to provide maximuin
coverage fur exploration and landing and lnunch
control.  Mpeciulised experimental instramen-
tution will probably be placed ut preselocted
sites for geophiysical studies on & continuing

hanis,
Launching

The Isunching of logistic vehivles and oven-
tually manned interplanciary exploration ve
hivles will certainly be oite of the major facility
reiquirements for o permanent lunar base,  Up
te the thme that the service towem and landing
puds are constructed, the major launch wpers-
tion In viewed an primarily o refucling activity,
Lter enpabllity will include maintensnce and
rhevkout of entire vehicles much as Iy accom-
pilshed at Cape Kennedy todsy. When the
full cupability of the launch complex in attained,
lmmnl'metufy vehicles will he aseembled und
lawiwhed to explore the wolsr aystem further.

Physical Conditioning
Long periodn of living in o 1/0 g environment
reprecent an unknown in human physiological
adaptation. The greatest physivlogical area of
cunceen in centered sround the body muscle and
eardiovescular system. Mainteriance of budy
muscle tone by a prescribed serion of physlcal

oxsrcisen will probably be necessary at least
three timen & week for all lunar-base permonnel.




Playtag

Varioun types of Hght vecrention shonld ha
provided as & meann of relaxation, All work
and o play will eventuslly moke stuggish men,
An wo fenrne morn ghand. the prodonged effeets
of lunar geavity, a reeventlonsl program will
ovolve that will provide buly eonditioning as
well m reloxation, Owmes and compatitive
aprtn mmny evolva that sre peenling to the 1/
lunay gravity.

Msintenanee

Malntnining and repuitling epipent Is con-
widered to ba the secoud Inrget aren of
activity in the entire lutisr-hase  operation,
The bimse complex is visualined nx growing vis
the “bootstrappiug” technlque hagloning with
the fnltinl landing of equipmont, 16 will be
almolutely essentiel, in the interentn of self-
sufficioncy and mintmum logistical sappore, for
the lunat-hass persmmel to develop the capue
biliey for maintainebility, Initially, equipment
may hava to be serviced and malntained in o
vecimn by space-suited mechunies, 1t may
be goml design: philsophy to consider replace-
ment of major moduler components; the
modular units could be roplaced and takon into
o« small pressurized shelter for mulntensnes and
repalr.  Maintenance of full-size vehicles inside
a pressurized facility will be an enrly objective
in cunstruetion the base complex. ‘The urgant-
gation of » fabrication facility should consider
the requirements of répairing existing equip-
ment as well an the manufacture of replacement
parts and new equipment nwemblien, Main-
tenatice logs and component failure identifica-
tion for sl lunar equipment items throughout
the program for lunar exploitation will be
esentinl in planning for maximom self-suffici-
oncy. Spacesult workload will be moderate
and muintenance workload in the shelter will
be light to moderate.

OPERATIONAL LUNAR BASE

Concept

A concept for & fully operationul linar base
is shown in figure 1. The site chosen for
this base is roprementative of numerous lunar
craters nbserved on Orbiter photographs. The
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crater an shown s approximately 20 miles
acrose and about 2600 feet desp. The min-
eraly in this area ars hwated in acconsible nur-
face depimits along the walls of the crater.
Thin minlng site cantaton minerals with abun-
dant quantitien of oxygen, magneuinm, alumi
num, nilieane, aud ‘ron.  Previous core analyses
have indiceated that the mineral dejusits sxtend
to B0 metern or more lnte the crater wall, T4
In sconiunleal to connlder axtensive papluitation
of these lunar resourren by wse of surface
mining techubpuim, A study of this facility will
indicate the following types of instalintions and
equipment eraited hy man:

(1) Living sheltern

(3) Puwerplanis

(3) Landing pad»

(4) Equipment shedw

(8) Launch control center

(0) Surfuce venicles and support equipment

(7) Mining squipment

(8) Cryogenic storage tanks

(9) Processing plant

(10) Communleation and radar antsiinan

(11) Launch towers and aquipment

(13) Farming shelter and equipment

{13) Telencopes

(14) Maintensnce shop

(18) Fabrication plant

(16) Recreation ares

(17) Renearch latioratory

(18) Sewage and waste disposal plant

Note that the units ate modulsrized, for
growth and flexibility. As a result of integrated
futictions] planning, s stepwise programed
incréase in lunar-tinse capability can occur.

In figure 2, the site in shown during the initial

stagen of consteuction.

General Construction Tauks
Site Preparation

After the landing of the first logistic vehicles,
civil engineers will begin the specific activities
in preparation of the site:

(1) Surveying.—~The entire crater will be
aurveyed and the location of each permaneit
facility marked out.

(3) Mupping.—Concurrent with the survey-
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Fiauas 2.—Concept of lunar base site during initial stages of construction (caploring and surveylng).

ing activity, majs will be prepared to facilitate
bullding construction. These imaps will include
pertinent data describing terrain composition
and gevlogical structure for the site of each
major facility.

(3) Euxcavating andfor tunneling.—Some ex-
cavating mey be requited to provide o level

site for each building; this will depend upon
the nature and depth of lunar soil. Excavating
or tunneling may be required for protection of
cryogenic - torage tanks because the frequency
of meteor fall on the lunar surface is unknown.

(4) Hauling.—The movement of equipment
of all types from logistic vehicles to all parts




of the lunyr base is considered to he a rontianous
sotivity. Multipurpose vehiclea will be re-
quired so that maximam flexibility can be
nhtained.

(8) Driling and Masting.—Although these
activitien ave primarily associated with mining
operations, some drilling and blsating may he
raquirsd in the preparation of building founde-
tions and acress randn.

Assenbly and Eraction of Pullding Forme

In the foreground of figure 3, two space-
suited workmen are shown fastening an anclior
cable on the research laboratory located on
the crater rim,  In the backgronnd various

© ansomn’ ivities can be neen. In the fore-
Krow n crater floor ran be seen the
mim pport shelter. Thin unit has
been . i frown eight prefabricated units.
The ud,. .t farming doms is provided with

shutters to control solar energy for optimal

photosynthesis. Tho cryogenic tanke of life-

support gases are being buried by the bulldoxer
to the right of the main building. In the
center of the crater is located the beginning
construction of the launch and lsnding complex.
Ous supply vehicle is seen being unloaded
while another is landing. A thind pad bs
unoccupied. A centrally located service tower
is boing essembled in the launch complex.
Note the vehicles with telescoping erection
devices supporting major structure during
jolning and mating activities. To the right
are located thres maintenance sheds. These
have been erected froin nine prefabricated unit
modules. Specific task areas for building
construction will include:

() Lifing or erotng

or erec

(3) Bolting and joining

(4) Welding

(8) Cutting

(6) Plastic spraying
Plastic spraying to achieve pressuri... joint
integrity is considersd s feasible lightweight
technique for sealing these pressurized wunits
once physical joining is completed. The plas-
tics industry has the capability of developing
« technique for spraying plastics in a vacuum,

EXTRATERREATRIAL RESOQUNCES

Powerplaint Asseinbly

The power supply for thin lunar base i
visualize§ as coming from three ble
sources: solar, nuclear, and geothermal. The
initial power dant will probably be a nuclesr
unit or unita, As the bose capability grows,
these will he augmented by batteries of solar
cella to generate power during the lunar day.
It may be necossary to locate a nuclear power
plant adjacent to each mujor facility, In any
event, all power vables will be laid in under-
ground ditches for maximum protection. This
wili require that at least one of the multipurpose
vehicles have a unit attachment, much like
s ditcher for Inying drain tile, that will dig
ditches 3 to 4 feet doap.

Exploitation of lunar geothermal power baned
upon the increasing evidence for voleanie
activity on the Moon provides o fertile ares
in whith man can exercise his resourcefulness
in the hostile lunar énvironment. It will be
assumed for this discussion that a geothermal
deposit has been identified and will bs exploited.
This wus accomplished during the initial sur-
veying and mapping for the bass complex and
is the result of gevophysical analysis of the
lunassurface strats within the crater. The
first plans call for drilling and capping o test
well in order to determine the content of the
goothernial fluid and to establish the “in-the-
well” pressure. This phase of the operation
is viewed as a two-man job. Once this task
is accomplished, the operating pressure of the
goothermal fluid will be utilized as a power
source ‘o drill o largér end deeper well. It
is assumed that processing equipment will be
provided to recover all essential minerals and
gases from the geothermal fluid. At this
point in the exploitation of lunar geothermal
power, the operational feasibility should be
established, Further expansion will depend
upon lunar base demands and the nature of
the geothermal fluid.

Service Area and Support Equioment

The equipment and misinténance aree for
the lunar base is shown on the right in figure 3.
The small units are among the first permanent
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Fieuns 3.—Concept of lunar base site during construction.

facilities established. Initially, only two units
comprised a small workshop where equipment
components were maintained and repaired,
while the other served as a life-support shelter
until the main shelter was completed. Grad-
ually, the facility grew to nine prefabricated
moduler units. The workshop would then
provide service and maintenance for all heavy
work equipment such as bulldozers, drills,
cranes, trucks, rovers, and service and mainte-
nance space suits, This facility may contain a
small concrete-processing plant. The power
supply for the lunar vehicles will be provided
by fuel cells. The water produced by these
fuel cells wouild be removed from storage tanks
on each véhicle and stored in the service ares
for use by the base complex.

Life-Support Station

The main life-support station will contain the
following activity areas:

(1) Emergency safety areas.—Such areas will
be provided to isolate modules in the event one
is penetrated by a meteor.

(2) Living quarters will combine the recre-
ation area, sleeping area, rest area, and food
preparation and dining areas. It is possible
that each major facility will also contain a
smaller lifesupport station for use of each
respective work crew.

(3) Adjacent to the living quarters will be a
hospital and dispensary.

(4) Communications will be a very important
function for work integration throughout the
lunar base. It is visualized that the main life-
support station will contain a central work site
control center. Eventually this will become
the base operating contrel center.

MINING AND PROCESSING OPERATIONS
ON THE MOON

Ezxploitation of lunar mineral resources will
be in progress concurrently with the activities
which have just bean described. Figure 4
shows a concept for open-pit mining of minerals
located on the crater rim. The mining vehicles
shown are multipurpose units containing life-
support cabs. The vehicles perform the inte-
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Frouas ¢.—Concept of open-pit mining for minerals located on crater rim.

grated functions of drilline and loosening the
ore, grading and conveying it into a crusher,
and then loading the orc ifito & transport
carrier. The ore-processing facility can be
seen on the left side of figure 4. Othier mining-
site tasks not shown in the figure that may be
required are outlined as tollows:
(1) Drili rigs:

(a) Setup and axsembly

() Drill monitoring

(¢) Qeological survey

(d) Drill core recovery

(¢) logging and data recovery

() Blast preparation

(9) Blasting

(2) Additional mining support or excavating
oquipment:

(@) Bulldogers

(%) Scoop shovels or diggers

(¢) Earthmovers

(@) Conveyor belts and/or buckets

(¢) Rock cnishers

() Mineral hoppers
(@ Trucks and trailers

From time to time, ore samples for mineral
assay will be collacted at the mining site to
assure that mining operations are concentrated
on the highest grude are depusits, A space-
suited geclogist is shown in the right corner of
the figure performing this task.

After the ore has been mined, it is transported
tv the processing and extraction facility.
Figure 8 shows a processing and extraction
facility primarily concerned with the recovery
of oxygen and hydrogen for use as rocket engine
fuel and life support. Other types of extrae-
tion processes will be required to reduce ore to
basie minerals wuch as iron, aluminum, and
magnesium.  Extraction of gases from minerals
wan considered to be a process similar to that
wsed by thie ol industry to fractionate petroleum.
The gas mixture ia collected in the storage
tanks, which muy be either fixed or mobile,
The space-suited workmen seen in the fore-



ground may be completing the connections of
a high-presaure ganline leading to o cryogenio
facility where the gas is liquefied and stored in
underground  storage  tanks. The portable
tanks seen may be used for the purpose of
cullecting precipitates and sublimates, which
will be reduced by other extraction processes
to useful niinerals.  An operation of this type
will require three to four men.

When the mining and mineral extraction
capubilition reach a lovel where pure metals
are availablé, then a fabrication facility for the
manufacture of all typen of equipment will be
required. Such a facllity s shown tn Rgure 0.
The activity emphasised in thia figure ia the
fabrication dnd assembly of rocket vehicles for
further ncientific exploration of the solar system.
n addition to thix important activity, the

.’u’.
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F EXTRACTION SITE.

Frovan 8.—=Cd oept of extraction site.

fabrication facility will be capable of manu«
facturing new prewsurized sholtors wa well s
replacement components for base equipment.
In many trespects, the manufucturing facility
might be considered wn a aupermodel shop,
because mahy new equipment itemmn could be
unesof-nkind apecialepurpone unita.  Thisis the
last atep in maximising the seltwufficioncy of
the lunar base complex.

CONCLUDING REMARKS

In conducting the analysia of all activities
that man will psefarmi on the Moon, no task
conld be found that could nut be performed by
the proper man-equijiment relationshipe, This
can be assured by extenaive planning and sound
engineering design of equipment. As a sum-
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Frovan 8.--Ooianpt of fitirication plant,

mary of manequipment requiremeonts, six major
arean converned with the wafety of man in the
lunar environment are:

(1) Npace sufta

(2) Life mpport

(®) Touls, vehicles, und support equipment

4) Rudiation warning system

(8) Integgrated communications:

(@) Waork frequencies
(5 Emergency freguoncien

(6) Performance capabilicy

In the next 20 years, spice sulte will evolve
intw  well-engineered functional units  with
integrated life-nupport iystemn having o mini.
mum of N hours’ eapabllity.  Man will readily
adapt o the working enviconment wing thin
equipment.

Tools, vehicles, aud support equipment will
e inltislly dealgtned to maximice thelr utility
on the lunsr durface. Yeot, kitowlung man, he
will ind mentn of ualng them effectively for
ppromen fur which they were nnt intended, so
that he can wevomplish nwbum  misslon
offoctivoness,  Man's inhorent sbllity to im-
peov. o spot solutions for the wuexpected s
man's groatest attribute.

The luner ressarch laburatuey shown on the
ceator i In figure 1 I conjunction with

Earth-based observatories will have the primary
responsibility of operating and maintalning o

ation warning system, This warning system
will be keyed lute the integrated communioa-
tlons network. Through amigned emergency
freguencion, nll buse pemonnel will be informed
of anticipated fncvensen in tadintion lovels that
may tequive tomporary censntion of extornal
base operations,

An ntegrated communioations network in
conuldered essontiul to uafe lunar-surface opera.
tona.  In addition to emergencies mentioned
above, all major work parties should be monl-
tored in the base central control. Ae man
extends exploration activitien over the lunar
surface, communication with these exploring
parties may bo maintained fiat vin Earth
relay snd later by lunar-orbiting communication
watellites. It in viewalixed that man will
service and msintain thewe satellites by wervice
vehiclen launched from and returned to the
lunnsebase complox,

What ia meant by performance capabllity?
Thin in & term that tieans different things to
oach sclontific discipline, When applied to
wan, it mears the capabllity of acoumplishing
the genernl pecformance functionn of walkluyg,
running, jumping, olimbing, standing, driving,
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TanLn 3.—Space-Suis Performance Capability
Itange of mavement, d Man ¢ it
Joint ayatem ‘?1::::1\0 ) ",,--.! B— om "?,-,..., .;. wa{'..' S
o Proaasnt Future Preaont Future
Shovider... . e 1% 1en 1) 490 ]
Elbow... .. . . ‘ o 140 14 140 ) V]
Wrist. ... . .. 134 185 140 .78 5 ()
Walst-hip.. Ceum . ] 110 1 “w %0
Koo . e L. . 188 130 1) 10 ]
Ankle... . . .. . an 20 an ) 1
Nuited metabolio
Unsuited m,'ﬂwﬁ‘." )
Tk .0&%’ e me s o < s
Prosont Futuro
Manding. ... .- . . ... 440 800 400
Walking slow. . ..... . 000 1300 1000
Walkingfamt. .. .. .ooo e 100 1600 1300
Amembling. .- ... . ... ... ) 1000 000

e e e = . [ ——

and flying, and the specific performance func-
tions of—
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then be applied In space-sult deslgn, in work-
space layout, and providing sccessibility for

Reaching Pulling squipment repalr and maintenance. We have
Grasping Pushing obtalned such data for » man-spacesult
Holding Turning systemi by establishing an overall performance
Transferring Tnapeoting level for the use of the equipment design.

Opening Probing Many of the taske that have been dizeumsed
Connecting Nqueesing will require extruvehicular performance by
laocking Nighting man. Table 3 summarises the preseut spuce-
Stowing sult performunce capability for buth range of

in any combination. When man is considered
as & twwonree in the accomplishinent of a miselon,
all his taskn and equipment relationships can be
detalled in & functionsl task analysls. Thee
data ore then useful in establishing man-

uipment requirements for use aa deslpgn
citerla. Deponding upon the detail required,
each tank can be raduced to u range of mation
fur sach e of maw's joliate, Such data can

motion and metabulle cost of wuited perform.
ance. These data leid credibliity tn the
outhnates outlined for man as o resoures on the
Moon. On the basls of huprovements i
preanurised perforimmice achleved in the laat
2 yoatw, it In predicted that the nude range of
motion for all sult joints with falrly low furee
lovels aud meotabolie et will be susomplished
in the next 8 year.
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