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2.0

, 2)2 Philosophy: It is felt that most tasks, with the exception of

S 2
PURPOSE: The purpose of this document is to present the EVA Program
guidelines along which the NASA should operate as it identifies and

pursues its long range goals.

The guidelines herein will serve to identify the objectives of the
EVA development program, identify the areas of technology requiring
investigation, and establish the managerial and implementing

organizations.

PROGRAM OBJECTIVE: The primary objective of this‘program is the

development of EVA'capabilifies to the extent that EVA is established
as a useful operational technique, competitive with other techniques,
for accomplishing certain tasks. A unified program throughout the
NASA will be implemented, thereby eliminating duplication, providing
more efficient utilizstion of faciiities and manpover, and unifying
the efforts of the various groups and centgrs toward a single goal.,

This program will provide for the timely evaluation and development

" of techniques, methods, and hardware required to establish the

cqpabilities to perform these tasks.

2.1 Background: The Gemini Program proved the capability of man to

function in the Iree space environment external to the relative
safety of the spacecraft cabin. Gemini also demonstrated that man
can perform useful tasks while EVA, but that these tasks must be
carefully evaluated, planned, performed within certain limits, and

supported by the proper use of the proper equipment.

i

G%mini experience underscored the need for a carefully planned pro-
gﬁam of study into the problems associated with EVA and the need for‘fj
aéwell defined program to develép EVA into an accepfable operational
méde. The Gemini XIT flight is considered to be the first step in

I
tﬁis direction,

b . P R 7 , . )
lunar exploration, free space‘(l.eu, undocked CM ang PM),‘vehlcle-to-x
vehicle transfer,wahd certain specific inspection, maintenance, repair,
and erection tasks can be performed in some manner other than by the .
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use of EVA. This program plan is based on the premise that EVA is
an accepted method for accomplishing these tasks and that it should
be utilized in those instances where trade-off studies show that
performance of the task can best be done by EVA, rather than by
gome other meﬁhod. For example, materials recovery in support of
an experiment might be performed EVA or a remotely operated system
could be employed. EVA Would be employed 1¢ ohe cost, com— o
plexlty, operaticnal characteristics, etc. of the mechanical

retrieval system were found to be undesirable.

2.3 Program Development: This program is developed 'in such a.

manner as to provide for the timely evaluation and development of‘
techniques, -methods, and herdware required to provide the capa-
bilities necessary to support performance offthe expected tasks.
This program also provides for the deveLopment of new hardware and
techniques, taking adVantage of‘state—of~thé;art advancements,‘to
provide extended capabilitiesL bThe development of these techniques,

methods, and hardware would be divided into the broad categories of

'llfe SUPPOTL Systemo, crew and equipment mobllltj, and work Slte S

,technology.

2.3.1 Tagk Development: The majority of major tasks such as

activation, inspection, maintenance, and repair, etc, of orbiting
structures can be broken down into discrete subtasks such as making
apd breaking electrical connectors, removing or attachingicomponents,
translating from one point to another, remaining in the desired
attitude at a desired point, etc. The development of EVA as a
uéeful operational tool should include a continuing program of
e&aluating these expected subtasks, both in one 'g' and in zero 'g'
or 1/6 'g'. A major poffion of the extravehicular activity performed

on the Gemini XII mission was devoted to this type of eValuation;’
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The desiraple program for developing EVA subtasks, tasks, and proce-
dures should consist of the following steps, where applicable:
Determination of general requirements
Analysis of requirements to define specific tasks
c. One 'g' walkthroughs and evaluations
d. Neutral buoyancy evaluation &
e. Zero 'g' or 1/6 'g' ‘evaluation in aircraft
f. Zero 'g' or 1/6 'g' evaluation in pressurized orbital
workshop
g. Zero 'g' or 1/6 'g' evaluation or performance in the space
| : vacuum -
it is expected that only those tasks demonstrated within the pre-
riously developed capabilities will be programmed for operational
accomplishment in a particular mission. These capabilities include

hardware as well asg procedures,

?he program is intended to develop, in as far as possible, the tech-

niques and hardware such that the capability to perform a task EVA

“is available, if required. It does not provide for a mission depen-

dent program whereby techniques and hardware are developed to meet
a specific purpose. Such development to support a mission require-

ment would be carried out by the appropriate center(s),

IMPILEMENTATION: The EVA development program shall be implemented in

the following manner:

a. Establishment of an organization to direct EVA development.

b. Assessment of the present level of technology and capabilities.

‘ " Establishment of programs to develop the basic technology
required in the three prime technology areas: 11£e support, crevw and
equipment mobility, and work. site aids.
;‘ad. Establishment of programs integrating the three basic tech-
nologles to evaluate and develop task performance capabllltles.
€. Establishment of standards and crlferla for the de31gn of
hardware and development of procedures. |

f. Establishment of anelnformatlon,disseminatiOnfprogram,

51 0 A gt b
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3.1 Present Level of Technology: The present level of EVA- technology

must be defermined in order to proVide a baseline from which future
programs can be develOped. Various reports and documentation exist
concerning past and present programs. The initial effort should be
made to establish the present level of technology by:
a. Compiling a summary of U. S. and Soviet EVA results includ-
ing equipment used, capabilities developed and accomplishments.
} This 1nformatlon can be gleaned from films, journals, the "Gemini EVA
| Summary Report" (NASA), the "EVA Systems Criteria" (NASA), ete.
| b, Descriplion and assessment of EVA simulation and training
techniques and capabilities of the various industry and Government
facilities, '
c., Description and assessment of past, present, and planned
EVA support equipment such as suips, environmental control systems,
~ maneuvering aids, cameras, communications equipment, etc,
d. Deecrlpilon of EVA technology areas which need expans1on.

3.2 Task Reguirements and Rationale for Technology Selecblon. Asbpj

future space missions become more ambitious, the astronaut will be

requlred to perform activities which will be essential to mission
success., IFor example, currently enVL81oned earth orbital missions
| .

may involve erection of telescopes and antennas for use in studylng

astronomv, advanced communications, and earth sciences and resources.‘

E;
L
s

. Eventually, more permanent manned orbitel .stations will be in use

whlch must be maintained and resupplied. In the more distant future,

tenance, repair, inspection, assembly,. fueling, and other activities,
The capablllty required to support these missions will depend, among
ELher things, on the astronaut's ability to efficiently operate in an
EV environment. Man's operational capability to perform these EV

activities is a key factor in preparing for these advanced missions

and must be developed along with other important technology areas,
The task of develop:nu these capabilities requires a logical and well\'
organized approach Appendix 1 is an analy51s of the EVA tasks and
requlremente whlch is based upon Gem1n1 EVA experlence, mission plan-

ning for Apollo and AAP, and reasonable predlctlons of extravehlcular‘

‘requlrements for post-AAP missions.

manned planetary missions will be underteken with tasks involving main-
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Figure 1 represents in block format the approach utilized in

categorizing the future EV requirements into three major technologies.

First, the operations which utilize EVA support of future manned
missions were reviewed, analyzed, and defined in?terms of functional
tasks to be done by the astronaut. From this analysis the EV
requirements (locomotion and maneuvering, maintenance and repair,
assembly, ete.) required to conduct specific missions were identified.
These major requirements are identified in column 1, Figure 1, page 16.
Although each of these categories have both unique and common
elements, each area can meet the test of "does it stand alone as

an end item requirement?" The last category, rescue, does not meet
this requirement, but is included as it is a resulting requirement of
EVA, |

The next step was to analyze each of these categories into major
crew functions and hardware and then synthes¢ze these into common
functlons and hardware capabilities, These common czew functions
and hardware represent capabilities whlch must be developed in an
evolutionary manner if the astronaut is to perform the requirements

jdentified in the first column.

Tﬁe final step in the organization sequence is depicted in column 3,
Figure 1, which represents a synthesis of these commoﬁ“capabilitiesf
into three major extravehicular technologies. The development of
uitimate long-range operational capability to perform EVA begins

now with ground and orbital based experimentation scoped toward thc

investigation of these fundamental technologles.

3.3 Technology Development Program: The development of the

c%pabilities to perform the EVA tasks of column 1, Figure 1, is

b%sed ohfﬁhe thorough investigation and development of the three basic
tEChnologies of column 3,:Figuré 1., It must be emphasized, however,
that the technoldgy develbpmentﬁprograms‘must be directe@,ﬁbWard .

development of the common capabilities of column 2, F;gﬁ}e 1, which

B

c

e P SR
T . T

A 8
P



R AL T RE S

Fiabe g

e

[
EETRE Vi

7
in turn result in the capabilities to perferm the EVA task require-
ments of célumn 1. It is encumbent then on the organizations respon-
sible for the technology development to insure that programs are not
di;ected;solely toward the development of capabilities to perform
thé EVA tasks such as inspection, maintenance and repair, assembly,
ete, ;

Figure No. 2, page 17, illustrates the relative developmenﬁ statUs of
the three basic technologies, As the chart shows, preparation for
and use during flight contribute sequentially from program to program;
Life support,technology»(which includes suiisband;environmental con-
trol equipment) will probably be.developéd more extensively thén the
otﬁef two areas during Apollo and AAP for operational support. Figure
No; 3, page 18,Jshows eipahsion of life support~téchnology by équip-
ment typé. 'Advéncedwmissions,however, incorporatling the complex
ca%abilities of Figure No. 1, will‘require comprehensive knowledge

and experience in the areas of mObility and worksite operationsér:i
Therefore, it is necessary to schedule prior contributing experimental

endéévors in these areas, and these are shown as "bfbita; Workshop'(OWS)

Fxperiments" in Figure No. 2.

3.3.1 Life Support Systems: The development of life support

systems for extravehicular activity is being directed toward the pro-
?uction of space suits gapable of_supporting a wide range of EV
missions and incorporating the reguired mobility and protective
measures essential to successful EVA and toward the production of
compact environmental control systems incorporating high heat load
capability, simplified recharge capability, high density storage of
6xygen, and indefinite shelfl life. In addition to suit and ECS
development, communications and bioinstrumentatioﬁ gsystems mﬁét be
éeveloped to assure adequate monitoring of crew activities andi

physiological state.

3.3.1.1 Space Suit Development: The NASA space suit ; f

development progfam is structured such that it can’ support a very
wide range of missions, In addition to the Apollo Block II suit,

which is being developed toward a specific mission objective,,MSC

LA
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has programmed and are presently pursuing the establishment of three

distinct EVA space suil configurations.

a. Orbital Extravehicular Space Suit: For use
in the orbital extravehicular activit& enviromment, it is planned
that é constant-volume mobility system be incorporated into a soft
fabrib protective pressure vessel which will provide the superior
qualities of the constant-volume concept and yield a 'reduced weight

and stowage volume when compared with hard-structured suits.

b. Hard Structure EVA Suit: Due to the extreme
hazard of lunarvsufface exploration, it is desirable to provide a
space sult assembly which can withstand severe abrasignkand wéar and
will remain serviceable after numerous EVA missions. To accomplish
| ~these goals, the hard structure EVA suit is being configured to
‘embody a "hard structure" pressure vessel in combination with low
torque, constant-volume moEility systems which Will provide long

service life for the extended lunsr stay requirements.

c. Integrated Space Suit, ECS, and Propulsion

System: TFor EVA, it is highly desirable that the capability exist
tP provide the EVA crewman a protective system utilizing minimum
connections and external attachments. The integration of the space
suit, the ECS, and the propulsion system is désigned_to;provide the
EVA crewman with a single life support protective assembly for thé
EyA mission, The integrated concept would-ﬁéeﬂeither the constant-

volume soft sult or the hard structure space suit configuration.

"Off-the-shelf" availability of these space suit configurations will

pgrmit the quick ‘and effective matching of qualified space suit equip-'

ment to the requirements of any NASA aSSignedrlunar surfaece, lunar

orbit, or earth orbital mission.
i
| .

Supporting the major suit configuration programs, there is intensive

subsystem development being accomplished on important problem areas.

These areas include such subsystems as helmets, visors, body cooling
g?rments, EVA gloves, ard vaste management systems. Studies in the
areas of sult mobility, advanced hard suit development locomotion in

“reduced gravitation, ete., should be pursued and the results fed into
the suit development on a timely basis.

-

e e S



s A R T T S T8 e e T g | SRS o e e ey

?gﬁpr‘“""@wmd,)td ',4,<.» ,,4:.,‘; f.‘_,:,u;:

i

9

3.3.1.2 ECS Development: The Apollo Portable Life Support
System (PI.SS) has been designed for the mainstream Apollo lunar land-

ing mission, The PLSS will be modified to provide for umbilical
supply. This modified PLSS will support EVA on AAP missions 1
through 4. |

The Portable Environmental Control System (PECS) is currently under
development and could be'a backup system for AAP missions 1 through
4 and as the’flight system for subsequent missions with the excep—“:
tion of the Apollo lunar landing mission., The basic PECS will be
capable of 9000 Btu total heat rejection and will ineorporate a _
7500 psi gaseous oxygen supply as backup to the spacecraft umbilieal

supply or as the normal suppiy for umbilical-free operations,

A sodiun chlorate candle oxygen supply system is presently in develop-

ment and will allow higﬁ density O, storage, indefinite shelf life,

2
and simple recharge for later long duration mission requirements such

as AAP lunar exploration and space station missions.

Concurrently with the NaCLO, candle develbpheﬂt,ya;cryogenic oxygen

3.
supply system will be developed to support a demand-type oxygen

supply which Will'allow a reduction in,PECS pack weight and volume.

A regenerable heat regectlon gystem will be developed to allow multi-

excursion EVA weight sav1ng by ellmlnatlnn water rechaxée requlrements.

The bagic PECS (gaseous. O ) will be utlllzed for mL531onsthrough
mld 197L. An improved PhCS design, 1ncorporatlng 1nputs from pre-
v1ous mlss¢ons ‘and either the NaCLO3 or cryogenic oxygen supply
(depending on mission requlrements) and a regenerable heat rejec-
'tlon system, will be available: for AAP lunar exp]oratlon and 1ong

: duration space statlon m1SSJonsg‘

Extended lunar operations and Mars planctary fly-by missions can be
supported by a PECS with an advanced regenerable heat rejection

system.,

A e T e
S £
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An umbilical system is being developed to support the modified PISS
(or PECS) for AAP missions 1 through 4. An advanced umbiliéél_obtimi?ing
weight, volume, and rigidity will be developed which will be used

for missions subsequent to AAP missions 1 through I, It is expected

‘that this advanced umbilical design will include composite electrical,

gas, and water connections.

The advantages of a small open-loop life support éystem of the type used
on Gemini IV have been recognlzed the most important of these advantaaes
being mJnlmum volume. waever, Welght pena]tles are paid for durlng
extended EVA., An open-loop system 1s being developed for AAP missions

1 through I to “support those egpeplments performed in the ‘pressurized
S-IVB tank and requiring the créwman to be in a pressurized suit.,

In addition to these hardware developments, basic research in the areas
of CO, tolerance in man, liquid cooled garment (1.CG) performance, auto-

métic temperature control of LCG inlet H. O, etc., should be performed

2
and the results utilized in optimizing ECS design.

3.3.2 Crew and Equipment Mobility: Practically speaking, crew

and equipment mobility encompasses such activities as translation
along a handrail by anh extravehicular astronaut, remotely controlled

maneuvering of cargo in space, and traverse of the lunar ferrain, etc.
| .
The necessity for extravehicular mobility is obvious if useful work

|

ipvolving men and materials is to be performed outside habitable
eﬁclosures. Erection, activation, inspection, repair, and maintenance -
oﬁerations all may require direct participation by an extravehicular
c#ewman. Also, safety considerations impose the necessity of deter-

i .
mining means of rescue of stranded crewmen. Such operations may be
{ . “ i

| . . ) .
"c?rried out inh orbit or on the lunar surface, and crew or cargo trans-

f?r,systems will be vastly different for these two environments.

There is another and more pasic subdivision; however, and this is
the-categorizing of mobility devices into: |
o

8. Those utlllzlng reactive thrust for translation and some

reactlve 01“momentum conservatlon approach for attltude control
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b. Those using direct link techniques.
he Gemini Program provided the first real opportunity to develop

and demonstrate crew mobility hardware of both types.

The MSC developed hand-held maneuvering unit was the only system of
category A type actually used, and its evaluation, while limited,
was encouraging. The need for maneuvering and control. capability
was made evident by the lack of control encountered by the extra-
vehicular crewmen when attempting to maneuver using the life support

umbilical.

The Air Force D-12 Astronaut Maneuvering Unit (AMU) was a sophisticaﬁéd‘
translation/stabilization system which was to have demonstrated the

capabilities of an all-thruster maneuverihg system,

Another approach to providing such independent manecuvering capability
which has been under study and development ig a system using momentum
exchange between gyroscopes and the man to achieve attitude control,

and thrusters for translation (and gyro desaturation).

Surface mobility devices are under study for lunar surface opera-

tions - crawlers or wheeled roller-vehicles and flying vehicles,

birect link devices such as expandable or roll-out rods appear to
have merit for short distance. transfer (under 50'), Simplicity

and low weight are principal advantages.,

There is need to develop a family of hardware concepts so that the
éefinition of a mission application can be used as a source for the
selection of a suitable hardware approach for flight., This develop-
}mént;shouid be basgd'onugmwell—coordinéted progfam of defiﬁition,

‘ground-based simulation and zero 'g' or partial 'g' experimentation.

3.3.3 Work Site Technology: An effective means of regtraining

the extravehicular crewman is a prerequisite to the performance of
: .

useful work in zero 'g' and will be required for specific tasks in

R
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lunar 'g'. Gemini IX-A EVA experience underscored the need for exten-
sive evalustion of methods of restraining the crewman. Of prime
importance are the tools and manipulative devices required in per-
fbrmance of particular tasks. Evaluations, both ground-based and
zero 'g', similar to those done on Gemini'XII;fshOu;d'bg_perférmgé;¥' ~
on a continuing basis as new techniques such as reactionless tools,
capsular and magnetic adhesives, control momentum gyro systems, etc.

are developed
A“v1corou< program to develop the necesgsary resﬁraint & stébility aﬁds;

the capability to perform maintenance, repair, assembly, etc. Without

‘proper work site aids, performence of useful EVA tasks will be impossible.

3tu Standards and Criteria and Information Dissemination: The vast

amount of spudy, development, and test work carried out during the
eXploratory activitiesiof extravehicular technology @reas will accum-
ulate information on: (1) performance limitations'and capabilities
of man and equipment snd (2) proven methods and techniques for analy-
sis, simulation, and test., Flight experience will idenfify certain ‘
rﬁles and principieékwhich should be used in design, test, training,
etec. Therefoié;°ong of the featuresg of the EVA development program
should be the initiation, imposition, and maintenance of standards
and criteria specifiéally geared to EVA hardware and techniques.
E%amples of areas to be covered are: (1) organization of a standard
s%ace suit evaluation procedure; (2) establishment of design guide-

llnos for crew equipment which stress crew safety and operatlonal

uﬁll1ty, (3) rules for use of toxic or corrosive propellants in the

R

v1c1n1ty of the spdce suit; and (k) rules for categoriming the
relatlve criticality of various equ:pmcnts and dete”mlnlng the

required degree of redundancy or backup.

Da@a dissemination will be necessarily preceded by a data gathering,

réduction, and organization process. This process will require the .

‘part1c1patlon of many EVA-lelated NASA DOD ‘and 1ndustr1al act¢v1t1es.

These data should thcn be dlsteruted to appropriate agenc1es

automatically. . 4 | ft : 3
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In addition to reports and papers, engineering level motion pictures

to include key tests, flight results, and concepts should be made,

The first step in such a process is exemplified in the compilation
and distribution of the special report, "Summary. of Gemini Extra-

vehicular Act1v¢ty, " (MSF G-R-67.2).

ORGANIZATION AND hL%PONSEBILITIES

Manned Space Flight Extravehicular Activity Development Board (MSE/

EVADB): The MSF/EVADB will icomprise a committee representing the
following: Office of Manned Space Flﬁght (OMSF), chairman; Office
of Advanced Research and Technology (OART), Langley Research Center
(LRC) Ames Research Center (ARC); Marshall Space Pllght Center
(MS¥FC); and Manned Spacecraft Center (MSC). In addition, the Board
will include membership from the Department of Defense (DOD) and
Office of Space Scicnce and Applications (OSoA) (mAsA) (but not
Limited to) as required on a consulting nonvoting status. This
gfbﬁp,will meet quarterly and will exercise the following
responsibility: 7

a. Initiation, overall program control and monitcring of EVA
programs, and through its Advanced Mission Program and Space Medicine
Offices, assurance that close coordination is maintained between its

EVA program and other organizations directly involved,
b. Identification of migsion oriented programs requiring EVA,

¢. Definition of early ground-based or orbitael experiments
needed to verify mission concepts/designs, supporting equipment

proposed, and opecrational mode selection,

d. The creation of a long range LVA program schedule fcr
development of EVA operational capablllty.
h.1 Certaln detailed activities shall be abcompllshed either by the

Board or by working committees established by the Bo&rd as required,

\

h,1.1 Extravehicular Actlvlty Development:




1k
a. Initiation and maintenance of an extravehicular standards
and criteria handbook which defines man's capabilities andwmah/_w_

machine design criteria applicable to EVA,

b. Insurance that medical require@enis are established. This
includes determination of practical limits of man's performénéelcapa-
bilities with respect to imposed work loads and environmental stresses,
and determination of the hardware requirements to monitor and indicate

astronaut well being and level of energy expenditure.

c. Flight safety - monitor all EVA efforts to insure that safety
of the extravehicular crewman is the prime consideration in any devel-

opment or operational effort.

d. Act as liaison between'operatiﬁg groups to insure that close
coordination is malntalned”W1th 1espect to program obJectlves. This';f )
act1v1ty will involve Lhe prepalaLJoq of an overall EVA deve]opmenu o
scheauWe 1ntegrat1ng programs in the Llfe bupnort Crew and Lqulpment

.MOblllty, and Work Slte Technology arpas.

e. Aid in mission planning and determination of how EVA might be
employed in support of specific missions. This activity will provide
continual support in the areas of detaillng‘mission objectives and of
providing up-to-date informatioﬁ‘to prbéram mnanagers as”tb the current

level of extravehicular capability.

4,1.2 Life Support Systems Development: This activiﬁy consists

éf the development of sults, environmental control systems, communica-
£ion systems, and biloinstrumentation systems to provide the capabili=.
£ies to support the various EVA tasks (assembly, mainbenance, and
fepair, etc.)., The activity shall insure that basié research and
subsystem developments are programmed. ;It shall result in a program
definition detailing hardware déVelopmgnt programs,.basic research,

and subsystem developments andrhowfthey‘supporpwyhe devalopmegﬁ‘of

operatlonﬂ EVA capabilities, | '%'_,,_ N

L, 1.3 Crev and Lqu;pment Moblllty Development: This activity

,i;;%;...,‘im“, b e R T P RS N U S R

consists of the establishment and implementation of a research,
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development, and flight support program for the continuing evolution

of crew and equi@ment mobility technology.

As the ultimate objective of activities implemented is the generation
of data and hardware which will eventually be applicable to specific

missions.

4.1, Work Site Technology Development: This activity shall

insure that hardware development programs, evaluations, and experi-
ments concerning restrainﬁ and stabilization aids (control momerntum
gyros, tethers, etc.), illumination alds, and tools are programmed
to adequately support the EVA tasks. It shall consist of basic
résearch in the areas of positioning aids for reduced gravity,
astronaut performance during performance of EVA tasks, human per-

formance in man-machine systems, etc,

A detailled program will be established to include ground-based simu-
lations and zero 'g' evaluations of procedures, techniques, and hard-
ware to development the work site aids necessary to allow a stable

"platform" for the extravehicular crewman.

S
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EVA REQUIRM-FENTS MAY BE FULSTLLED BY COMAON
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APPENDIX 1

EVA TASK ANALYSIS

i? | 1.0 ORBITAL OPERATIONS:

1.1 Task Evaluations to Expand EVA Techﬁqlogy: The majoritykbf

major tasks such as activation, inspection, maintenance, and repair

etc., of orbiting structures can be broken down intokdiscrete sub-~
. _ tasks such as making and bleaklng electrical connectors, 1emov1ng
or dttachlng components., translatlng from one point to another,
remalnlng in the desired attltude at a de81rod point, etc. The

development of EVA as a useful- operat:onal tool should 1ncJuae a ’

gl

continuing progiam’ of evaluaulnn these expected subtasks, both in
one 'g' and in zero ‘'g'. A major portion of the extravehicular
EEa . activity performed on the Geminl XII mission was devoted to this

type of evalnation.

The desirable program for developing EVA subtasks, tasks, and pro-

cedures should consist of the following steps:
E | o

a. Determination of general requirements

T R L e

b. One 'g' walkthroughs and evaluations
c. Neutral buoyaucy evaluation
2 d. Possible zero 'g'iévaluation in aircraft

e. Zero 'g' evaluation in pressurized orbital workshop

f. Zero 'g' evaluation or performance in the space vacuum

1.1.1 Ground-Based Simulations: As major tasks and resulting
subtasks are defined for'particular;hissions, ground-~based simulaQ ,
{ions (one ig'fWalkthroughs and neutral buoyancy evaluations) should
be performed to determine the optimum method of accomplishing the o -
subtasks as well as station aids, moblllty alds, and tools requlred

to dccompl1sh the task. These requlrements then should be 1ntegrated
into neutral buoyancy simulations to evaluata the major task and all

anclllary equipment and prpcedures to accompllsh the t¢sk.

1.1.2 Zero 'G' EXparimgnts: Certain expefiments are to 'be ~

perforhéd.dﬁfiﬁgwﬁhé‘fi;gﬁmé>IVB OWS m5séi6ﬁ fd‘invééﬁfga%é'

certaln aspects of EVA or to 1nveotLgate act¢v1iLep or equyp—

‘ment directly-epplicsble to HVA, . These experiments are to be f};fff

i : D ¢ 7é
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performed in the pressurized workshop; but the environment, with the
éxception of the ambient temperature and pressure, will duplicate

the conditions experiehcod during EVA,

Extensive use of the OWS (Mission A, B, and future) to evaluate sub-
tasks, mobility aids, tools, procedures, etc, should be made in
Qrder to take advantage of the relative safety of the pressurized
workshop. This, then, 1ls a logical extension of ﬁhe ground-based

simulations previously discussed.

a. Maneuvering Systems Evaluatlon: Several personal maneuvering

éystems'Will be evaluated during the first OWS mission. Each of these
%ystems is expected to offer unique features applicable to particular
ﬁasks, and it is expected that the experiment tasks will be developed
such that these features will be defined, In addition, limitations
assoclated with each unit will be defined. The experiment will
investigate translation, attitude control, and station-keeping as a
minimum.

b. Worksite Aids (Restrainis and Tethers) Evaluation: Gemini

t

IX-A EVA experience underscored the need for extensive evaluation of
methods of restraiht.required to maintain body position during EVA,

An effective means of maintaining body position is a prerequisite to

the performance of useful work in zero 'g'. Additional evaluations
sgmilar to that done on Gemini XII will be performed on a continuing
basis (beginning with AAP Mission 1 and 2) as new techniques such ag
capsular aid fiagnetic adnésive restraints and tension reel tethers

are developed.

c. Créw Transfer Devices Evaluation: Crew transfer devices,

apart from, é the maneuvering systems pfeviously cited, are required in
| , ~ )

certain situations, The handrails installed on the Gemini adapter
| . | ~ ‘

section, the portable handrail installed by the extravehicular crew-

man to traverse from the hatch to the docking adapter on Gemini XITI

“are examples of previously proven techniques, o S

9
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Advanced concepts such as the "Fireman's Pole,” Extravehicular Crew
Transfer Device (EVCTD), and the Wire Gun shall be evaluated in the

OWS and future vehicles on a timely basis.

d. Tools: The ﬁype of tasks which can be performed effectively
will depend in a large part on the type of tools required for the taskg
and the development of those tools. Very little experience with tools
was accumulated during the Gemini Program. Experiments designed to
evaluate various advanced concepts of space tools should be included
as early as possible in the Apollo and Apollo Applications programs.

By necessity, tools will be developed on an operational basis to meet

‘the needs of experiments and operational requirements as they dictate.

1 Tasks 1., Evaluate subtasks

2. Evaluate procedures N
3. Evaluate maneuvering and maneuvering systems

L, Evaluate worksite aids such as restraints and
 tethers : :

5.  Evaluate crew transfer devices (nonpropulsive)
6. Evaluate tools

Equipment}] NOTE: The hardware required to support the experiments
Required | (in addition to the hardware being evaluated)

* ‘ depends on the environment in which the experi-
ment is to be performed, i.e., EVA or IVA,

EVA: The total system required to support EVA experi-
ments will consist of the following:

i | a. OSpace suit assembly including LCG, thermal
! 1 and micrometeorolid protection.

b. Life support system including umblllcal, Jf
required.

c. Ancillary’ cquwpmcnt as required such as
stability augmentation (restraints, tethers,
‘maneuvering aids), tools, crew transfer
devices, etc.,

TVA: The systems reqﬁlred tb ;upport IVA experiments .
~which evaluate EVA pxooadures and hardware are
as follows: et
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Equipment , & Space suit assembly including ICG
?§§E%?§§ | b. Pressurization and ventilation control system

c. Umbilical including oxygen and cooling water
lines

d. Ancillary equipment (as above)

l.? Direct Experiment Support: All EVA presently programmed for AAP

Missions 1 through 4 is in direct support experiments D-021, D-022,
M-469, T-017, T-021, T-023, and the LM/ATM. The great majority of
EVA performed on future missions will also be in direct support of
experiments. Certain of these experiments require EVA for accomp-
li%hment, and certain experiments require EVA for dats or material
retrieval such as the LM/ATM £1lm cassette retrieval,

|
The tasks listed below, though primarily in support of particular
experiments, will provide significant data and information for the
evaluation of more extensive tasks. For instance, installation and

alignment of camera include subtasks directly applicable to main-

tenance and repair or erection of more complex structures.

Tasks | 1, Install and align cameras

2.  Deploy and/or retrieve meteoroid pavels and emul-
sion panels

3. Retrieve and replace film caéSetteé
4. Change camera filters and exposure lee‘

5. Remove and retrieve spacecxaft components for
return and analysis (i. e., T-019 Pegasus panel

retrieval)
Equipment 1. Space suit assembly including LCG, thermal, and

Required . micrometeoroid protection

| 2. Life support system including umbilical
3,. Stability augmentation suchvas:

;aL Tethers and station aids at the experiment site

b, Handrails or maneuvering aids to permlt trans-
fer to and from experiment site

e
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3.3 Activation and Reactivation of Dormant Vehicle and Resupply of

J%ﬁ ' Active Vebicles: The Apollo Applications Program is developed around
: the establishment of various "clusters" or modules to establish, in

effect, space stations or orbiting laboratories. This concept dic-

| tates the capability to activate or reactivate the various dormant
modules of the "cluster" and to provide a resupp]y capability for

the extendcd m¢ss1ons.

Presently, the AAP 1 through 4 missions! activation, reactivation,

f and resupply 1s to be performed with the spacecraft, except for
éontingencies. Also, an EVA capability may be required should the
automatic solar panel deployment mechanism faill. Although no
definite requirement for EVA in these instances has been identified,

:';g none the less, it is felt that the capability should be developed

’ in a timelyjmanngrﬁwith the expectation that for some of the later

missionsg, the capability will be required,

Dcvelopment of Lhese‘capaleltLes can evolve from the normal transfer
of equlpment between the CM, Airlock, OWS, and: LM/ATM of AAP migssions
3 and 4 and from the installation of varilous porteble handrails and

umbilicals during the normal course of the early AAP missions.

- Task 1. Transfer of cargo from one module to another

2., Installation of external unbilicals for Manned
Orbital Solar Telescope (MO%T) and Manned Orbital
Telescope (MOT),

3. Solar panel deployment (normal or contingency)

Equipment 1. BSpace sult assembly including LCG, thermal garment
Required ﬁ and mlcromeLe0f01d protection

2. Life support syutem JnfludLng umblllcal e ' | :
3. StabLlLty augmentation v |
~ a., Station aid such as tethers, "Dutch Shoes'

b. Handrails to ease cargo transfer .
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1.4

Inspec ion of Orbltlﬂg Vehicles:

Inspcctlon of orbiting vehicles covers a wide range of applica-
tion; from cursory inspection prior to activation of dormant

vehicles to the possible inspection and photography of satellites.

As mission duration and module complexlty increases and as the
requirement for maintenance and repair is established, it is
felt that a planned program of periodic inspection, similar to

that in aircraft applications, is desirable.

Task 1. Inspection of satellites = .1

2. Inspection prior to activation of dormant
vehicles

3. Periodic inspection of long duration space
stations

., Inspection or monitoring of systems deploy-
ment

5. Monitoring the condition of experiment panels
(i.e., micrometeoroid and emulsion)

6. Inspection of suspect systems in case of
failures (i.e., thrusters, solar panels and
thermal coatings)

Equipment 1. Space suit aééembly including LCG, thermal,
Required L and mlcrometeor01d protectlon ‘

2, Life support system (both 1ndopendent and
. umbilical dependent) A

3. Tether attach points, "Dutch Shoes," or
! handrails to support 1nspectlon performed
through the spacecraft

jh.- Provisions for these stationé and mobility
: ailds could be predetermined based on the
periodic inspection plan '

5. Stabilized maneuvering unit

i
i
i
i




1.5 Maintenance

and Repair: It is ineviteble that failures will

occur during extended orbital operation of complex systems, Long

duration missions require a new and different spproach to service,

maintenance, and repair activities to successfully achieve the

mission objectives. The capability to accomplish maintenance, re-

H

into equipment

pair, and other activities must be conceived, designed, and developed

concepts from their conception., Complete systems

redundancy is one method of minimizing the impact of these failures.

Another method‘is to design each system on.a modular basis such that

component replacement is a simple process and carry a supply of

spare parts,

The optimum method is probably a combination of the

two. One and two year missidnskwith resupply éapability will tend

to make replaceable modules more competitive, Simple maintenance

and repair is‘élready programmed in that the Portable Life Support

System (PISS)

required H

20 recharge battery and LiOH bed replacement.

Task

l.

N O\

Replacement of faulty sections of solar panel

Replacement of thermal or radiation shields

'Replacement of radiator segments

Ciian optical surfaces

Rcallgnment of orbiting telescopes

Replace modular components

Repair of scientific satellites, where economlcally
feasible, (including any of the above) after
satellite capture

Repair damage done by micrometeorite
Manual activation of solar panel if automatic
system fails ~

Equipment;?
Required

Space sult assembly including LCG, thermal garment,

and micrometeoroid protector ;
Life support system inclﬁaing umbilical
Mancuverlng/qtabllLVatlon unlt

Crew transfer dev1ce° g

Tools

i
il
I

T
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1.6

Erection of Orbiting Structures: Some of the more advanced

mission concepts propose the assembly of large structures in

orbit; not only large space stations, but large antennas,

solar cell arrays, and assembly, checkout, and launch of

scientific payloads. Though no definite mission requiring

this type of operation has been scheduled, the techniques to

accomplish the erection of structures will be developed as the

foregoing tasks are developed. In addition, certain experi-

ments such as D-021 and D-022 to be flown on AAP missions 1 and 2

will provide information on expandable structures techniques.

Activation of dormant vehicles, installation, and alignment

;
of cameras, repalr of thermal and solar panels, connection of

external unbilicals, set-up of experiments, all these tasks

and subtasks will develop capabilities required for the erec-

tion of orbiting structures.

Task 1. Large space station
. Antennas
. Solar cell arrays:'
Equipment 1. Space sult sssembly, including LCG, thermal,
Required and micrometeoroid protection
2. Life support system (both independent and
‘ umbilical dependent
3. Stability augmentation (tethers, restraints,
5 and station aids as well as stabilized
| maneuvering system)
4, Tools
5., Cargo transfer aids
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1.7 Crew Transfer:

Crew transfer will be required in support of the above tagks as

ior of a vehicle or cluster will be accomplished primarily by

j ;
handrails (both fixed and movable)' however, maneuvering systems

unleds the attitudes of the vehicles can be controlled such that

an extendable structure such as the EVCID can be utilized,

Azfree space: transfer from the LM/AlM to the CM in the event
that one or the other cannot lock to the MDA is a contingency
plan for AAP-L,

Techniques and equipment must be developed on a timely basis to
i

j‘ .
meet these requirements.,
|

Equipment Requirements:

The equipment required to accomplish crew transfer tasks includes

: the space suit assembly, a life support system capable of inde-

well as for rescue and retrieval. Crew transler about the exter-

will be required for transfer from one orbltlng vehicle to another

pendent operation, i.e., no umbilical supplies from the spacecraflt,

and the necessary transfer devices. to accomplish the crew transfer.
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2.0 PLANETARY SURFACE FXPLORATION:

2.1 Unmanned Probes; As s forerunner to menned planetary surface

4 exploration, the unmanned, scientific probe will be necessary in
i order to determine many of the unknowns surrounding the various

R planetary env1rdnmeptu. " Many of the initial questions to be
answered prior to landlng a manned surface expedition and estab-
lishing permanent bases can only be answered with any significant

accuracy through the use of scientific prbbes.

: Time Frame | 1969 - 1973+
L , . R
; ' Mission L. Flyby scientific probes

Type

2., Orbiting scientific probes

3. Soft-landing scientific probes

Tasks ‘| 1. Measurement of planetary magnetic field

_ ‘ 2. Determine comp051tJon and structure of Lhe
¥ atmosphere
] . !

k4

. Obsgerve surface topographical features

.. Radar mapping

3

L

5. Measure surface temperatures

6. Measure surface bearing strength and hardness
7

. Measure solar flux conditions, etc.

- Equipment 1. Mariner
Required 15 orbiter
3. Ranger

4. Surveyor, etc,

Pre- 1. Testing and evaluation of scientific data gathertng
“requisites |} systems (scanners, recorders, etc.) at ground-based
‘ and earth orbital conditions,
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b 2, 2 Initial Manned Exploration: The initial manned surface explora—

tlon of an extraterrestrial body is represented by the Apollo lunav
landing program., Preliminary investigations of local landing sites
will be concerned with short—termrmanned“excursions from the parent
« vehicle in order to photograph prdminent terrainrfeatures, set up
remote, self-contained scientific data collection devices,'and to

collect geological samples.,

Time Frame " 1969 - 1970+
Mission 1. CeM/IM (single launch)
Type

T ' ' 2. Short-time stay surface excursions (1-4 hours per
' excursion

3. Short surface range (up to 2 miles)

Equipment | 1. Space suit

. Req“lred | a. Block II and/or advanced soft suit
ké. ' ~ - 2. Life Support System
- | a. PISS

3. TLocomotion System

"a. Astronaut walking, short rangc (olngle Waupch)

g? 1 ? b. Short 1%nge wnpeled veh1c16

- iAdequate ground-baged. simulation tegtlng and train-
' ing in performing mission profile tasks

. . c. Iunar Flying Unit (LFU) - utllLty use, Wlthln
LE - "short range ) '
'ﬁ% L, Geologlcq] samplvng tools and survey equlpment

-é Pre- ’ . 1. Acquisition and evaluation of sc1ent1f1c aata flom
R ¢ requisites} unmanned probos :

I ‘
ok

:a; One 'g’'
b. KC-135 flights
"¢, Underwsater

' d;'iprbital Workshop (possible later spin-ups)

PEr
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2.3 Extended Surface Exploration: Manned surface explorations will

be extended from short periods of stay time and relatively close-range
local site surveys to lhoseof greater stay time and surface range.

These extended surface missions will in all probability be the decid-

ing factors in determining the establishment of permanent surface

! shelters or vases,

N | Time Frame 1970 - 1980+
B Misgion - 1. Single launch vehicles
? - | Type -

! | a. CSM/IM
b. CSM/EIM
c. C8M/AIM
2. Dual lawnch vehicles
a. CSM/EIM
b. CSM/AIM
c. CSM/LPM

3. Long time stay surface excursions (8 hours - 1k
days/excursion)

4. Medium - long surface range (up to 240 miles)

Tasks 1. Extended surface explorations and surveys

2. Surface vesting of advanced equipment for the estab-
lishment of permanent shelters and/or bases |

BEquipment | 1. ‘S@ace suits _ | | | | %-»
Reqpired 5 a. Block II and/or advanced soft suit - | ﬂ ik

'b. RX hard suit - EREE | i ot
2. Iife support system o ' R b
 a. PISS R S I

b, PECS | |
f 3.':Locomotion system

\31’ Astronaut walklné, short range (up to 2 mJleo)

= | _ b, L3SM, short - medium range, up tgwls_mﬁles
T L - (81nglc/dual launch) | | |

C. IFU, medlum - long range up to 36 mlles
(single/dual launch) - one man system




;,;: Equipment . d. MOIAB medium - ]ong range, up to 240 miles
- Required (dual launch) - two-man environmentally con-
- (cont'd) : trolled mobile vehicle for 1lh-day mission
S b, Tools |
3 f . g a. Repair (conventional/special purpose)
E | b. Geological sampling
| . ! - 5. Emergency equipment ,
| | ' a. Inflatable survival shelter
% - , ? ; b. Spare backpacks :
L | _. |
Lo ; l
oL Fre- 1. Acquisition and evaluation of scientific data due
P requisites| experience gained from initial manned surface ;
1= S , explorations
? i | 2. Adequate ground-based simulation testing and train-
| ~ing in performing mission profile tasks
: o ! E a;. One 'g' Vl' ;
! b, KC-135 fiights
,%: c. Underwateﬁ |
¥ E d. Orbital Workshop (possible later spin-ups)
- L.
fﬁ 2.4 Equipment Deployment: The mission objectiveé of equipment deploy-

ment encompass the techniques of delivery and transference of those
pieces of hardware that will enable the astronauts to:successfully 3
accomplish extended planetary surface operations (surface exploration

and erection of permanent Shelters/bases).

Time Frame| 1970 - 1980+
Missiop = ? 1. ;Dual launch vehicles g
ype 1 e CSM/EIM |

b, CSM/ATM
| c. TsM/LmM
~d. CSM/IM taxi

1 2. Short - medium surface range (a =15 mlles), small
“loads (10 - 100 Ibs) ; |

- 3. Medium - long surface range’ (15 - 2&0 lees) large
| loads (greater than 100 lbs)

Ah.‘ Résupply and crew rotatLon
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Tasks 1.  Delivery and transfer of surface exploration equip-
. ment, mobility systems, and shelters
2. Unloading and assembly of surface exploration equip-
: ment, mobility systems, and shelters
%Equipment 1. ©Space suit
Required

e Inflatable survival shelters

(a) 1LssM
" (b) MOIAB
(2) Flying vehicle
(a) IFG-
. Tools M i'f

ra. Conventional and spe01al pﬁrpose

a. Apollo Block IT and/or advanced soft suit
b. RX hard suit

Life support system

a. PISS

b, PECS

Locomotion system

a. ®Short - medium surface range (2 - 15 mlles),
small loads (10 - 100 1bs)

(l) Handcarry (10 - 25 1lbs)
(2) Backpack carrier (25 - 5C ‘s) ‘
(3) Sled/travois/cart (50 - 100 1bs) o

b. Short - medium surface range (2- 15 miles),
heavy loads (greater than 100 1lbs)

(1) Wheeled/tracked vehicle
(a) 18SM

(2) Fiying vehicle
(a) 1FU

c. Medium - long surface range (15 - 240 miles),
~all loads ‘

(1) Wneeled/tracked vehicle

Emergency equipment - ' b

b."upare‘backpacks




,15

k Pre~ - L.. Acquisition and evaluation of scientific data and
v requisites practical experience gained from previous initial -

and extended surface operations

: 2. Adequate ground-based simulation testing and train-
G i ing in performing mission profile tasks

‘ i al. One lgt
I | ‘b, KC-135 flights
i c. Underwster

d. Orbital Workshop (possibly later gpin-ups)

[

2.5  Permanéﬁt Surface Structures: AllL preceding efforts resulting

from the initial surface surveh mission through those of extended
explorations should ultimately result in the establishment of perma-
nent surface structure. These permanent bases will then enable man

to exploit the resources of the planetary surface.

Time Frame N 1980+

Mission 1. _Dual launch vehicles
. type a. CSM/IPM
'£j~ e b. CSM/LM taxi - shelter

2. InterpWaneLary vehlcles

Tasks 1. Surface shelter (two weeks duratJon), 2 - I man
‘ capacity B

a., Used for limited surface excursions: ;
b. Emergency survival until rescue can be effected

22., Surface bases (l month - 1ndef1nlte perlod), 20 -
1 50 man capacity (statlonary)

a. Used for daily surface excursions
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Equipment 1. ©Space suit
Hequired | a. Apollo Block II and/or advanced soft suit
b. RX hard suit
2, Life support system
. a. PISS
‘ b. PECS
3. Locomotion system
a, LSSM
b. MOLAB
c, . LFU )
i, Surface shelter (2 - 4 man capacity)
a. IM taxi - shelter (stationary)
b, Inflatable shelter (portable)
~Repressurization capabilities (limited)
5. Surface base (stationary); 20 - 50 man capacity
| a.E Large, inflatable structure | ’
b.§ Foamed-in-place structure
c. Rigid, pancl structure (prefabricated)
| d. Repressurization capabilities (extensive)
6. Tools 7
a. Conventional and special-purpose
b. Routine inspection gnd maintenance
7. Resupply of expendables and crew rotation
Pre- 1. Acquisition and evaluvation of scientific data and
requisites practical experience gained from previous extended
: : surface operations
2. Adequaie ground-~based simulation testing and traxn—

1nv in perfoxang mission proflle tasks

a. One ‘gt

. b. KC-135

¢, Underwater

d. Orbital. Workshop
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2.6 Planetary Surlace Edcape System: It is possibie that‘emern,‘

gency surface escape systems will be developed in the future

for the purpose of rescuing disabled or marconed astronauts.

Time Frame

1970 ~ 1980+

Mission

1. Emergency surface escape and reburn to orbiting
Type mother vehicle
Tasks 1. See Mission Type
Equipment | 1. Standby IM-type vehicle on surface
 Required . Seclf-deployed flying vehicle system
a. LFU R
| 3. Descent/ascent vehicle from mother vehicle
Pre- - 1. Bagilc data from operational vehicle systems
requisgites : _ R
2. Adequate ground-based and reduced gravity simulation

a; One ‘g |
b, KC-135 flights

¢.  Underwater

d., Orbital Workshop
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