


an must rise above the earth — to the top of the
atmosphere and beyond — for only thus will
he fully understand the world in which he live

Socrates 500 B.C.
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Foreword

A unique role that man plays in the United States
space program began when Astronaut Edward H. White i
left the protective environment of his Gemini IV
spacecraft cabin and ventured into deep space. His ex-
cursion — to perform a special set of procedures in a new
and hostile environment — marked the start of the unique
science of Extravehicular Activity (EVA).

Gemini missions proved EVA to be a viable technique
for performing orthtal mission operations outside the
spacecraft crew compartment. Then, as Gemini evolved
into Apollo, and Apolio into Skylab, EVA mission objec-
tives pushed the science and art of EVA to their limit.
New, more sophisticated concepts and methods were
perfected, extending man’s capability to obtain produc-
tive scientific return from the space environment. And, of
course, Skylab demonstrated the application of EVA tech-
niques to unscheduled maintenance and repair opera-
tions — salvaging the program ang inspinng its partici-
pants to new heights of accomplishment. Because of this
past success and usefulness, EVA capability has been
baselined into the Space Shuttle program.

The National Aeronautics and Space Administration
(NASA), in its Shuttie Orbiter program, is currently prepar-
ing to deliver to ortit payloads that may vary considerably
in design and purpose. The payload may be a laporatory
housing single biological cells or housing several scien-
tist astronauts. It may be an entire astronomy observatory
or a “"small” component of a mammoth solar power sta-
tion. EVA can provide sensible, reliable and cost-effec-
tive servicing operations for these payloans because EVA
gives the payload designer the options of orbital equip-
ment maintenance, repair and replacement without the
need to return the payload to Earth or, in the worst case, to
abandon it as useless space junk. Having EVA capahility
can help maximize tre scientific return of each riission.

This brochure 1s meant to we a stimulus to the payioad
community by providing an insight into the opportunities
of EVA sufficient to establish EVA as a primary des:gn
consideration.
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EVA Provisions

Tne term BEVA, as applied todhe Space Stutlie i
cludes all actvibes for which crewmenibers don they
space suls and e support systerms and thenext the O
hiter cabun into deep space 1o petdorm operations mtemal
o external o the Cargd Bay volume,

Further, EVA falls inip three basic calagonies

® Fanned — EVA panned prot to launch in oer o
complete g mission obiective

® Unscheduled ~— EVA not planned. byl requited 1o
achieyve payload opetalion sutcess o advance pverall
rssIon accomphshments.

® Contingency — EVA required to effect the sale returmn
of all crewmembers,

Each Orbiter mission will provide the equiprment and
consumables requred o three two-rman EVA operations,
each lasting a maximum of B howrs. Two of the EVAS will
be available for pavioad pperations and the third retained
for Orbiter contingency EVA Additional EVAs may be ad-
ded with the additional consumabies and egquipmen!
weights aliotted o the appropnate navioay in prowding
this capability the Shutlle program assumes all costs of
the development and purchase of the Shultle EVA
systemns provisions, EVA support equipmient and EVA
tramng of crewmembers. The costs atinbulable t©
payicads for any supplemental EVA capabihity will be
guite nominal compared to those assumed by NASA for
baseline eguipment developrment and orew operational
fraiming

Essential to EVA operations are the lollowing Orbiter
components and equipment

Flight Deck — The Fiight Deck s the upper cabin compart:
ment, pressunized 10 sea level 1 Contams tight and pavicad
systerms controls. displays and monilonng devices a5 well ag
the Remote Manouiator System controls, displays and alt view-
ing windows. The all windows enable all bl 3 meters (010 of
the Cargo Bay adicent 1o the cabin bulkhead o e seen
allowing out-the-window vewing of EVA operations

Mid Deck - The Mid Deck 15 the iower cabun companment,
pressunized o sea level I oontains the crew hang quartens a0
Stowage volumes 1o cabir oo EVA suppot sguipment The
enttance tothe Anlock and exit to the Came Bay aré also o
caled here




Airlock — The Anrlock provides the means of transter from the
shirfisieeve environment of the cabm o the vacuum etvion-
ment of space and contains the pressurizabion and
depressunzation systems necessary to effect such a ransition
The Aulock 1s rermovable and can be mstalled in one of three
chfferent Orbitter focations, depending upon the payload Camed.
The baselined Ariock location 15 inside e Mud Deck comparnt-
ment, allowing maximum use of Cargo Bay volume, However i
gy 3180 he wlaed 180" and posthoned in the Largo Bay, still
attached 1o the alt cably bulkhead. For a habilable payioad
mission such as Spacelal the Arlock may be positioned on top
of a2 pressunized lunnel device which Connects the cabin with
the pressyrized pavicad. The Airlock hag two D-shaped hatches
and provides a siowage volume for the crew Extavehiculat
Sobility Unit equipment when not in use.

Cargo Bay— The Cargo Bay is the unpressurized mud part of
the fuselage between the cabin att bulkhead and the forward
ulkhead of the ermpennage. The manmum usablé payicad en-
velope mthe bay s 46 m 15 K indismeler by 183 m BO
in length. Tre Carge Bay doors extend the tutl length ol the bay
and ae sphit along the centeriing inlo two hinged sections.
Adequate Cargo Bay hghting fodutes will be provided ot
payload exiemal diumination

Handrails and Handholds — Handiaig and handholds,

portatie and lived, are provided 1o fackitale zero-g crew mioves

mem wittin the Orbnter Flight and Wid Decks, in the Aiock and
penphery of the Carge Bay

Extravehicular Mobility Unit - The Expavehicular
Mobility Unit consists of a self-conlained (no umbilicals) hte
support syster and an anthropormorphic pressure garreent with
therna! and mictometesrod protection 1 provies 4 breathung
Cenvionment ab a pressure of 4 pounds peesguarg inch absoiite
and mcorporates prowsions forontermal houd cooling, Com
mumications squipment. special EVA helmel viser protection,
crew comion devices and exlernal restaint and letherng it
tings The umit and associated ie-supporting Consumables pro-
Ve e g Bonogr normiral BYAC @i g subsenuent rechage
caparulily for addibonal BEVAs,

Communications — The Orbiter provides ulttatugh He-
quency duples communications from Flight Deck crewmen:
bers 1o EVA crewmembers and between the latter. S-band ang
Ku-band channels will be used for "2 10-ground” communica:
hons between all Uibiter crewrmpmbers and the appnpaate
groung contol centers and for pavicad dala tansmsson o
ground Both voice and data car he relayed 1o ground by the
Tacking and Data Helay Satelite System. a network of ad
vanced commurucahons satelliles that will replace many ol the
Uhandover slations regiited duang previous rgams







4§ THEREMOTE MANIPULATOR
SVYSTEM is available to assist EVA
crewmembers in the transport and
positioning of large payload
components during the orbital
assembly process and provides a
ready transiation path between
Orbiter and payload.

EVA Aids

To ensure maximum EVA capabilities, the following support equipment
will be available for each Shuttie mission:

Remote Manipulator System

The Remote Manipulator System consists of a large external arm which, in con-
junction with certain payload supportinc equipment, 1s capable of deploying.
retneving and operating on payloads weighing as much as 65,000 !bs. The system
1s an electromechanical device, 15.2 meters (50 ft) long, having shoulder, elbow
and wnist joints along with an end effector The manipulator is cor * o''ed from the
aft crew station on the Flight Deck through direct vision complemanted by a closed
circuit television system with cameras mounted on the manipulator arm and in the
Cargo Bay. The Shuttie Orbiter has baselined one Remote Manipulator System
mounted on the left side longeron of the Cargo Bay.

Duning non-EVA periods, the Remote Manipulator System can remove payloads
from the Cargo Bay and deploy themn in a stabilized condition by the use of special
guideways and retention devices. Stabilized payloads can also be retrieved for
return-to-Earth or on-orbit servicing. Unique payload servicing requirements,
however, may require the addition of payload-provided., special purpose end effec-
tors.

When used to assist the EVA crewmembers, the Remote Manipulator System
may perform one or more of the following useful functions.

@ |t can effect multiple transfers of equipment between the EVA work area and the
replacement equipment stowage area.

@ Equipped with handrails, 1t can be used by the EVA crewmember as a transia-
tion path to remote areas on the payload or Orbiter that require servicing

@ The attached hights can be used to supply additional lighting at the work area,
and the attached closed circut TV camera can 2:d in payload inspection tasks
and in task coordination with the other Orbiter crewmembers and with the
ground

Tools, Restraints, Ancillary Equipment

To perform equipment maintenance, reparr and replacement, the EVA
crewmember requires certain tools, tethers, restraints and portable workstations

A standard otf-the-shelf tool set will be available for use n supporting EVA
payload operations These tools will be kept in the NASA ground inventory and
Hlown as required for each payload Any payload-unigue tools required will be fur-
nished by the payload user A primary design goal, however, wili be to design the
payload components to be cost effective by allowing standz'? ''ASA-supnlied
hand tools to be used tor the'r servicing

The portable workstation will be the crewmember's restra.n .g piat‘orm while
performing EVA tasks and wili provide foot restraints, stowage for * ais, tethers, a
portable light and other anciliary eguipment The workstation may attach directly to
the payload, to +  Drbiter structure or even to the Remote Manipulator System in
supporting varnious EVA tasks Designers requinng EVA workstaticrs for their
payloads will either build their own workstations per NASA specifications, or make
use of any existing portable workstation(s) that is part of the NASA Orbiter baseline
support equipment inventory
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<« MANNED MANEUVERING UNIT
OPERATIONS in the near vicinity of the
Orbiter aliow a close-up inspection of
payload components which are beyond
the envelope of the Cargo Bay and
reach of the Romote Manipulator
System.

Handrails, crew restraints and adequate highting will be available to the EVA
crew to traverse safely to and from the workstation and payload. However, crew
mobility and restraint provisions designed onto ot into the payload as well as
any special external or internal payload lighting fixtures must be payload pro-
vided and self sufficient.

The payload designer i1s encouraged to purchase and use standard, NASA-
specified "universal” or “multimission” EVA support hardware where possible
in order to minunize EVA crew training, operational requirements and cost.

Manned Maneuvering Unit

With the Manned Maneuvering Unit, a propulsive backpack device, an EVA
crewmember can reach areas beyond the Cargo Bay he could not reach other
wise. The umit, a modular device stowed in the Cargo Bay and readily attached
to the Extravehicular Mobility Unit, can be donned, doffed and setviced by a
single crewmember as needed dunng an EVA period

Since the Manned Maneuvening Unit has a six-degree-of-freedom control
authonty, an automatic attitude-hold capability and electnical outlets for such
ancillary equipment as power tools, a portable light, cameras and instrument
monitoning devices, the unit 1s quite versatile and adaptable to many payload
task requirements.

Moreover, since the unit need not be secured to the Orbiter by tethers or
other restraining devices, the crewmember can use 1t to "'tHly” unencumbered to
berthed or free-flying spacecraft work areas, transport cargo of moderate size
such as might be required for spacecraft servicing on orbit and retrieve smatl,
free-flying payloads which may be sensitive to Orbiter thruster perturbation and
contamination (the unit’'s own low-thrust, dry, cold gas nmitrogen propellant
causes minimal disturbance with no adverse contamination). in future applica-
tions, such as in-space assembly of large structures, the EVA crewmember can
use the unit to easily position himseif for supervising and inspecting automated
techniques or manual assemioly When the Manned Maneuvering Unit ts flown
to support payloads, its weight and volume wilt be allotted to payloads

EARLY MANNED MANEUVERING UNIT CONCEPTS
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EVA Capabilities

Given adequate restraints, working volume ard compatible man-
machine interfaces, the EVA crewmembers can duplicate almost any
task designed for manned operation on the ground.

The following typical EVA tasks demonstrate the range of EVA oppor-
tunities available to the payload designer

@ Inspection, photography and possible manual overnde of vehicle
and payload systems, mechanisms and components

® Installation, removal or transfer of film cassettes, matenal samples,
protective covers, instrumentation and launch or entry tie-downs

@ Operation of equipment, including tools, cameras and cleaning
devices

® Cieaning of optical surfaces

@ Connection, disconnection and storage of tluid and electrical umbili-
cals

@® Repair, replacement, calibration and inspection of modular equip-
ment and instrumentation on the spacecraft or payloads

® Deployruent, retraction and repositioning of antennas, booms and
solar panels

@ Attachment and release of crew and equipr "t restraints

@ Performance ot experiments

@ Cargo transter

These EVA applications can demechanize the operational task and
thereby reduce design romplexity (automation), simphty testing and
quality assurance programs, lower manufactunng costs and improve the
probability of task success

Shuttie EVA Timeline

EVA uperations (6 hrg maximum) Post EVA
Shuttle program provides Payload options (1 5 hrs)
Two 6-hour {(max), 1 or 2 maen @ Additional EVA consumables

EVAS per flight
' EVA crow trainng

- Remote Manipulator Bystem @ Speciel Remote Mampuletor
EVA support System end eflectors

@ Right specific EVA crgw training

- Oz prebreathing (3 hrs)

Support equipment (toels.
reetramts, lights, TV, etc.)

@ Specisl suppert equipment

3 Manned Maneuvertng Unit




Skylab EVA

Mission Success:

The Skylab BEVA operations exemphiy
sorfe of the possibililies for Shutlle payioad
EVAs. On Skylab, 6 EVAs consisting.of 29
man-hours of oulside-the-vehicle operations
were planned (o satisty obyectives for relrieval
and replenishment of solar astronomy ilm
data and patticle sample cosection devices.
However, the loss of a meteorod shield, the
loss of one solar afray panel and the jamming
of the remamimng aray panet on the Ordal
Workshop resulted 1n a total of 10 EVAs in-
volving 82.5 man-hours. During the 10 EVAs,

-all planned prefaunch objectives were com-
‘pleted. Further, 13 in-flight repair tasks and
18 %addilional mission objectives were
accomplished. As the adjacent tables iHus-
trate. these EVA tasks vaned o complexly as
well as in their contribution 1o overall mission
SUCCRSS,




EVA Ingenuity

ADDITIONAL SKYLAB EVA
OBJECTIVES ACCOMPLISHED

Installation and Retrieval

Apolio Telescope Mount film packs

“Bail sunshade matenal sample
WMiccometente particle collection devios
Magnelosoheric particle collection ged e
“Parasol” sunshade matenial samples
Twir-pole' sunshade matenal Jamples
Tharmal control coaling and shield male
samples

® Cosmic ray experiment Jatector module

JeusE e

Hetrieval Only

# Alrlock module meleccid couer ser
® /Aooiio Telescope Wount cover phiie
® EVA compnunications cug ard

Ohther

® Jlrisnhend expenmellt cpeabions

® Uovel Kohoulek contamihion measue it
s phtdographic docurmamtalon

# Comp! Kohoutek far-ulliivicldl photograghis
atialysis

® 160 moton pichue Jholog

® 35 still photography

# Edension of Apollo Telesc pe Bount cerier
Bonm

® Pur wmrperalute Saterns using &
digin e eter

BCIENTIST - ASTRONAUT OWER K. GARRIONY,
Shylab 3 stience pilot, I8 seen performing EVA at
the Apolio Telesoope Mount of the Exyial ~ace
siption cluster. Garriott had just depluyed the
Skylab Particle Collection Esporiment or tne of the
Boulo Telesoope Mount solar pansls. Earlier during
the wams EV A hobad assivied inihe depioyment ol
the “twin-pole” supshode. i




EVA Payvioad
Systems Dot

Automated Payload
Systems Design




EVA Cost
Effectiveness

An ar. ysis recently completed by NASA on Shuttie
EVA opportunmities established that cost-eftective, pro-
grammatic benehits do result from the use of EVA in
payload systems design. This study considered the
following categones of EVA operations: planned routine,
planned mainlernance and unschedued mallunchion
{temedhal). Design and operations costs of a representa-
tve sampiing of automated Shutlie baseline payloads
were compared with the costs of the same payloads
when designed lor EVA pperations. The EVA-onented
concepts developed in the study were denved rom the
baseline concepls and maintained mission and program
obiectives as well as basic conligurations. The approach
permitted isolation of cost sawing factors associated
specifically with incorporatior. of EVA into a vanely of
payload desygns and operations.

The techrique of feeding the EVA design dala intoa
special design, development and produchion computer
program and the exirapolation of this technique over the
curtent Shuttie payivad fratfic mode! resulted in a net sav-
ings potential of millions of dollars for NASA and United
States civilian payloads for planned routine EVA opera-
tions

Further. designing planned mainienance EVA
capabiity o the same representative payloads and
then extrapolating over all payloads and users, resulted in
additional multi-mullion dollar savings due o elimination
of aulomated servicing equipment.

And las! but far from least. the component malfunction
potential tor each of these representative pavioads was
amalyzed and compared with projected Shuttle EVA
remedial capabilities: through the same exlrapolation
process, this acalysis, when applied over the entire
payload spectium, resulted in a turther reaping of dollars
saved through the use of unscheduled EVA

These study resulls can only add credibility 1o a lact
demonstrated empirically by NASA duning previous space
ventures: EVA properly designed into a payload system
can contubute significantly to mission succe. s~ and
save valuabie science dollars for the user as well




EVA Crew Training

Efficiency — The Name Of The Game

The Space Shuttie operational launch schedule will place new and
arcduous demands on the NASA crew traming program. During each of
the years 1965 and 1966, NASA launched tive Gemini spacecralt Al the
peak of the lunar suface exploration in 1969, there were four
Saturn/Apolio launches. At the peak of the Space Shuttie operational
program (1984-88), NASA anticipates launching as many as 80 flights a
year. To support this flight schedule, NASA must be able lo produce an
Orbiter Hight crew sach week qualitied for specific mission objectives.
Obwviousty, this will require an efficient, well disciplined training pro-
gram — one that allows a crewmember to accumulate a wide vanety of
initial skills and then apply them over a broad spectium of Orbiter and
payload system mission objectives.

Crewmember Responsibilities

Space Shuttle crewmembers will be trained 10 accept the lotlowing
areas of responsibilty for specific mission support,

& Commander—wili be in commang of the flight and be responsible for the
overall Orbiter operations, personnel and vehicle salely

# Pllot — will be second i commang of the overall space vehicle operations
and be equivalent 1o the Commander in proficiency He will be the second
crewmember Tor EVA operations.

& Mission Specialist — will be prolicient 1 payload and eapenment
operations with a knowledge of Orbiter and payload systems He will be the
pume ciewmernber for EVA operations.

# Paylosd Specislist — will be proficient i the payload and expeniment
operations and te responsible tor the attainnient of thew objectives.

Training Methodology

NASA’s EVA crew traming program will be categorized as follows:

& Advenced training—one-lime-only raining required to develog inilial
crewmember expertise i using the Shuttle Exravehicuiar Mobility Unit, the
Orbiter EVA-related systemns and the physical skills required 1o operate
these syslems.

§ Flight specific training - taining reguied 1o enable accomphishment
ot specific payicad EVA operational objectives This traming lakes place
after the crewmermber has been assigned 1o 'a spechic thaht

& Recurring training —lraning for the crewmember who has previously
Hlown a sirmiar mussion and required {o regan of mainlain knowiedge o
flight specihic EVA systerns. tasks and physical skills

Cevelopment of required crewmember EVA skills in the “advanced” ang
“Hhght specihic’ traming categones begins in the classioom. The classroom
session may address such subjects as EVA operations and training philosophy,
procedural techniques of payload system operalions. s goal 15 1o achieve g
tevel of knowledge thal 1s prerequisie 10 lear ng operational skiils

EVA pperational skills are developed and perfected in a vanety of vehicular
mockups and training faciliies at the Johnson Space Center Using these the
crew becomes larmibar with the EVA woring environment and s able o




develop payload operations techmques. ethcient use of the EVA support equip-
ment and crew procedures tasks required to do the payload EVA job Training
devices employed in this operational skili development may include the full-
size Orbiter “one-g" mockup, the Orbiter ungerwater neutral buoyancy (zero-g)
trainer, the altitude chamber, the Extravehicular Mobility Unit/Awrlock trainer
and the vanous Remote Manipulatc, System and Manned Maneuvenng Umit
part- and full-task simulators

Supplier and User Training Responsibilities

To achieve flight crew readiness for any given payload EVA mission
requires, from the conception of EVA requirements to the actual in-fhight
achievement of the payload objectives, a coordinated Shuttie pro-
gram/payload user effort. To this end, the Shuttle program accepts the
following responsibihties for crew training in EVA payload operations:

@ To provide the training required to prepare a crewman to perform EVA in a
deep space environment in support of planned, unscheduled or contingency
payload operations.

@ To provide the Orbiter one-g. neutrai buoyancy. Extravehicular Mobihity
Unit/Airlock, Remote Manipulator System and Manned Maneuvenng Unit
trainers

® To provide a standard complement of basic Orbiter traiming hardware, 1 e..
handtools, tethers, workstations, foot restraints, handrails, etc

® To provide the detailed cre'v procedures required to support each training
exercise

In turn, the Shuttle program will require the payload user to accept the
following responsibihities.

@ To provide the initial set of payload system oper.iing procedures to serve as
the basis for detailed crew procedures development

@ To provide payload-spectfic training articles that have a direct EVA interface.
Depending upon the EVA task requirements, one-g and neutral buoyancy
training articles could be required The hdehty will be suitable to the task.
more critical crew interface tasks will require igher tidehty training articles

® To provide specralpayload handling and support tools and equipment not in
the standard NASA inventory

@ To provide specral Remote Manipulator System end effectors required for
payload EVA support

@ To provide payload requirements for a Manned Maneuvenng Unit

Dollars and Sense

At this point the Shuttie “user” should recognize several potential
monetary advantages of a payload system designed and built around
established EVA operationa! guideiines. First, an EVA system can allow
significant design simphfications saving doliars otherwise needed tor
automation Consequently, spectalized crew training in complex hard-
ware 1s reduced, mimimizing or eliminating “'flight specific” traiming re-
quirements. Also, as a result of therr “"advanced” tra:ning, which is free
to the user, Orbiter crewmembers assigned to a specific payload mis-
sion will be able to accomplhish many standardized EVA tasks. By using
as many of these standardized EVA tasks as possible in the design of
his system, the user can save additional training dollars

15



A Payload EVA Mission Profile

Space Telescope

Program Features

Even on the clearest of days and nights, the almospheric envelope encasing the Earth significantly degrades
astonomical gosenvation. In attempts {0 gaze through 11, the astronomer hinds the sight distorted and bilurred,

The Space telescope, 10 be orbited in the early 1980's, will ransport the astronomer’s vision beyond the Earth's
hazy shroud, estabiishing an orbital observatory position about 270 nautical miles above its surface.

From there, the telescope will be a0l 10 penetrate deep space. even 1o the outer fringes of the universe, With-
out the encumbrance of an almncohenc vell, astronomers will be able 1o do the following:

@ Study wo newly Jiscoven 3 very powerful and very controversial deep space radio energy sources — quasars and pulsars
@ Locate and study biac i s — collapsed former slars having extremely powerful gravitational helds

@ Evaluate the process  tar formation

@ Nonitor atmospn o and surface phenomena of the planets within our own solar system — ncluding the Earth

@ Frovde new * notheses on the ongm and the destiny of the universe

A diftrac’  n-imited telescope system with a 2.4 meter ciameter primary murror. the Space Telescope 1s com-
prised of wee major assemblies: The Optical Telescope Assembly containing the aperture and lens mechanisms.,
the S litic Insuments packages containing indwadual expenment electronics and oplics and the Support
Sy-em Module providing the ~tiilude control and data-handiing and transmission devices. Pnmary electrical
power for the assemblies 1s Liovided by solar panels, complemented by bafteries for dark-side Earth orbital opera-
tions. The Space Telest pe 1s being designed for a 15-year opetational lifetime, which will include periodic on-
orbit servicing 2nd - aintenance through EVA and occasional retrieval and deorbit for ground returbishment




EVA Mission Operations

EVA will be used It penodic replasement of e-limited or matfuncioning cormponents and for updating ohin-
strurment packaces 10 curren’ siate-of-the-art equipment with concurent visual inspection of suspecied probiem
arens

A wruca omital servicing EVA mission would consistiol the ioliowing segments:

& Lanron erdenis oy capture o The Shattle Ddider e launched Trom Kennany Qm”ﬂ{ sster SOl i inred 5,

chwieed oot g teatal adnstrent atde o adE g

statinrkseping e plescipn it E/‘a«ﬂ@*f‘ uliiing m* Bt

0 fieraid sodles e b 4
Symezm l‘«ﬁndmn mmwnemg ansj Scmnnta nﬁ*mmfﬂ’& srEsiuing ge rmwet} fearn g ﬁma @ Tws&zwe ppigremen %am::,
are then ungiowed and insered The Payioad Specarint morions and soodinales these actvibes o e alt crow slghon o0
e Ehighs Deck gingwisual, TV and pane dispiay duls When EVA sperabons iy e fus! day a0 Compleled, e cron
the suppor Srupment el gns o and enters e Avinck The EVA temvinales i irock momesiazannn The % sy akvh
i iy Faivd
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|  ONEMAN'S LIFETIME—e canves
chronology of man's aerospace
inventiveness spanning the last seven
decades

Pursuit

Man has only begun to realize his achievement poten-
tial 1n meeting the scientific and environmental
challenges above his planet Extravehicular Activity has
been shown to be one eftective means of capitalizing on
this potential Other methcds _re available to meet ex-
periment task objectives Automated techniques and solo
Remote Manipulator System utilization are viable means
of meeting specific payload orbital operations require-
ments But, as in the case of EVA, each method has :ts
limitations, operationa!l constraints and relative cost-
effectiveness The payload designer must be thoroughly
familianzed with the various modes of task accomplish-
ment in order to amve at the best solution for applicatior
to the payload, one that 1s economical by design and
reliable in operation.

Within the Johnson Space Center Crew Training and
Procedures Division, the EVA Systems Section provides
laison with the payload community for expenment EVA
operations development Engineers in this section have
multiprogram EVA expenence which enables them to
consult with interested payload prnncipal investigators
and designers and to assist them in determining the EVA
potential for their payload and in optimizing its use.

In addition to providing EVA operations consultatizn,
the EVA Systems Section publishes the JSC Shuttie EVA
Description and Design Criteria document (ref 1) The
purpose of this document 1s to provige engineernng per-
sonne! and payload principal investigators involved in
EVA design, planning, operations and training with the
defimtion of Orbiter EVA provisions, equipment and
operations along with hardware design requirements and
capabihties of the EVA crewmembers

For Orbiter/payload interface information, the payload
designer s further directed to the Johnson Space Center
Space Shuttle System Payload Accommodations
document (ref. 2) which descnbes the capabihities of the
Space Shuttle System to accommodate payloads and
detines the interfaces between the Space Shuttle System
and the Shuttle payloads
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Figute 1 - EVA growth within previous NASA manned space programs
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