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1 . ABSTRACT

More so than most design efforts, a manned spacecraft must be

an efficient integration of many subsystems and yet function as an

autonomous life support habitat. This document is a brief expos'e

of major determinants affectingr extra-terrestrial habitability, subse-

quently leading to a ciesign proposal for an earth orbiting space

station.

Owing to the essential integration and mutual dependencies of

subsystems, a scheme for the entire station is conceived. Particular

emphasis is devoted toward habitability (especially. under ccnfin ed

isolation conditions) and serves as a principal generator cf the

resultant design solution.

Information contained within this thes is is pres ented in the fol-

lowing manner:

1. Predecessor ConcePts
significant past and proposed manned programs -, '

2 . Prograrnmatic Is sues
dis cus s ion of des iqu elentents

3. Diqest of inforrnation
concentration of des ign decisions

4. Design Proposal
presentation of physical resolution
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5. INTRODUCTION

5. 1. Progrram DescriPtion

5.1.I. Purpose

The principal intent of this document is to establish elements

of habitability; then, from interpretation decisions, project a design

resolution.

5. 1 .2. Scope

First, to establish a brief historical perspection of precusor

manned space efforts.

Next , to identify the basic requirements and cons iderations of

an earth orbit space station.

Finally, with an enrphasis on habitability and existing technology,

present a design solution.

5 . 2 . Signif icant Predeces sor Concepts

Inc.!"uded in this section are the significant predecessor concepts

affeci.ing nranneci mi.ssions In space. Analogous submersiblc and ground

chamircrs r:crnprise ihe first portion, with Xarth orbit, Lunar and

planetary missions l-rcing discusseC rrext.

5.2.1" Analogs

In iln aticr:ilrt tc i:CInririehcnd the dynamics of small social qrouils
I



exposed to the stres s es of extended isolatlon and confinement , S . B .

Sells developed the following criteria and subsequent elevation

proces s .

Criteria of social group,l

I . A formal organization with pres cribed responsibility patterns
for the entire crew;

2. Crew composition characterized by an elite corps of hiqhly
selected, trained, and educated volunteer specialists , all
extremely ego-involved in the program and the mis sion;

3. Low organizational autonomy as a result of the NASA organi-
zational and operation system and the affiliation of crew
members with military and civilian career s ervices;

4. Low formally prescribed status distance among crew members;
and

5. High task demand and mutual dependence, under high leveis
of isolation, confinement, limitation of mobility and privacy,
and environmental threat.

Obj ectives and goals , value system , personnel composition , orgrani-

zation, technology, physical environment, and temporal characteristics

are the seven major categories of his fifty-six system characteristics.

Each of these characteristics was then evaluated i.n terms of its

similarity to long term manned space missions. Results of this rankinq

demonstrated that submersibles most closely resembled the stress

conditions of space stations ancl situations of shipwreck and disaster

were least comparable. Table 5.1 shows the ranking results. Anotircr

comparison approach evaluates spacecraft, submersibles, and chambcrs

against a sampling of operational conditions. The results i.ndicate

that spacecraft, submersibles, and chambers are similar under the con-

ditions of confinement, social isolation, deprivation, and close
quarters. While both submersibles and ground chambers are judqecl



COMPARATIVE

TABTE 5.1

SPACE MISSION ANALOGSz

Similarity Rank Similarity Score

Submarin es
Exploration parties
Naval ships
Bomber crews
Remote duty stations
POW situations
Professional athletic teams
Mental hospital wards
Prison society
Industrial work groups
Shipwrecks and disasters

I
2

3

4

5

6

7

I
9

10
11

79
6B

61

60
59
39
37
23
20
16

11



against spacecraft, they each provide a separate means for evaluatinry

operatlonal effectivenes s . The submersible can best handle crew

habitability factors (food , clothing, accomodations) , crew skill mix,

command atructure, and selected spacecraft subsystems checkout and

maintenance durin g a real mis s ion . The chamber, on the other hand ,

is most effective in evaluating thermal variation, radiation and life

tests under simulated environmental condition.

TABLE 5.2

SPACECT{AI.T/SUBMERS IBLE/ CI{AMB ER sIM ILARITIES3

Spacecraft Subm ers ible Chamber

Confinement
Social Is olation
I)eprivation
Close Quarters
Meaningful Mission
Su stalned Motivation
Hostile Hnvironment
Operational Stres s

Remote Operations
Abort Difficuity
Require Pr:al Navigation
Scientifrc Crew
Deita Transmis s ion Difficulties
Cn-.ioarC Maintenance Provi sions
Complete Bioloqical Isolation
Command Structure

x
X
x
x
x
X
x
x
x
x
x
X

x
x

X

x
x
X
x
x
x
x
x
x
x
x
x
x
X

x
X

X
x
x
x

5.2.1.1. Submersibles

The validity of submersibles as

need for further invcstigation in this

spacecraft analogs indicates a

area. Two prograffis, Tektite
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and the Gulf Stream Drift Mission, were conducted and their objectives

ln part, were to explore the habitability provisions for the purpose of

obtaining space station design criteria.

5.2.1.1.1 Tektite

Supported by government agencie s (the Navy, Department of

Interior, NASA, and College of the Virgin Islands) and industry (General

Electric Co. ) , the Tektite proj ect was conceived as a multi-dis ciplinary

study . Initiated in 19 6 B , it integrated marine s cience , human behavior

and small group dynamics , physiological and biomedical res earch , and

engineering and architectural des ign (or habitability) evaluation . The

proqram was conducted in an underwater habitat (see Figure 5.1)

anchored forty- s even feet below the surface of Great Lameshur Bay on

St. John Island in the Virgin Islands. It included forty-eight aqua-

nauts on ten separate missions in varying durations from fourteen to

sixty days.

Tektite, ds in space operations, provided the crews with real

mis s ions , whi ch. r,vould be difficult or impos sible .under any other

circum stan ce . That is to s ay , they did not perform merely a s s ub-

jects of an isolation experiment. The ccnditions of the isolation did

closely cornpare r,viih space station guidelines. The aqtranauts could

not return to the surf ace without und ergoing twenty and one- half hours

of decompres s ion , r,t'hereas res cue capability for a d.istres s ed space

station requjres a mininnum of twenty-four houtrs.
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Operatlng conditions of the Tektite proj ect which are inconslstant

with space missions are depicted in Table s.3.

TABLE 5.3

TEKTITE AND SPACECRAFT OPERATING DIFFERHNCES4

1. The habitat operated at one gravity.

2 - Internal atmospheric pres sure was two and one-half atmos-
pheres (oxygen partial pres sure: I5 B mm Hg, balance nitrogen) .

3 . The habitat was not ecologically "clos€d, " the breathing air
and potable water were supplied from the surface and there was a corb
stant water interface in one of the changers.

4 - Unlike astronauts, the aquanauts made daily and far rangingjourneys from tire habitat; they were free to leave the confines of the
habitat at wili . Moreover, wherein aquanauts \^/ere eager to pursue
their scientific i-nterests in the extrahabitat environment, the oppositeis probably true for astronauts; diving was not analogous to extra_
vehicular activitir.

5 - Supplies from the surface were replenished on a daily basisor as requested.

Som prelirninary findings discussed in an aquanaut d ebrief ing followingr

Table 5.4. Conclusions of1na sixty day missicn are represented

the Tektite program (see Figrure 5.5)

can be directly applied to spacecraft

Table 5.5.

present viable criteria which

des ign . They are shown in

5.2. I,I.2. Gulf Strearn Drift Mission

The Gruman Arrospace corporati.on conclucted a study on the



TABLE 5 .4

PRELIMINARY TEKTITE FINDINGSS

1' Four men successfulty performed scientific mission tasks forsixty days in a hostile environment.

2 . settling- in period longer than expected .

3- Living in habitat for several days prior to mission is
needed.

4. sociometric analyses showed distinct trends .

5 ' Interpet'sonal interaction and attraction changed with time.Shift in diving partners.

6 ' Intracrew hostilities were submerged or channeled to outsiciepersonnel. %

7 - Impres s ion period to about mid-run . Complicated by earinfection. Typicai of rong term isolation studies .

B. Living space vr'as adequate but working space was not.

I ' Aquanauts f elt strong need to es cape into water--but habitatwas always home and securitv.

l0 ' Dinner meal-- sornetimes three hours long--was great sourceof relaxation and group interaction.

11. The act of food preparation including creative artwas a source of recreation for at least one crew member.
enjoyed his meals 

"

of cooking
The others

12' To maximize scientific data return, need small operationalcrew for comrnand and control, equipment rnaintenance, routine duties .
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TABLE 5. 5

TEKTITE CONCLUSIONS6

1. On missions where a heterogeneous mixture of backgrounds
is expected, crewmen should possess broad interests and should be
eager to acquire new knowlcdge. \llhere the new leader's professional
background is congrueirt v"'ith maj or mis s ion goals , greater productivity
seems to result.

2. Adequacy of laboratory or work facilities are at least as
important to the habitability of remote stations as are off duty or
"living" provisions.

3. It is highly imporLant to thoroughly acquaint potential scien-
tist-users with the capabilities of remote facilities prior to the begin-
ning of their missions.

4. Two-way video communications more thoroughly integrate
operational and support mission elements , leading to enhanced rapport,
improved morale and increased productivity.

5 . Scientific cre\^zrnen s how high productivity and innovativenes s
when not constrained by rigid timelines, but are free to structure their
own rnis s ions within broad constraints .

6 . Lei s ure provi s i on s becom e important even to highly
work-oriented, busy crewmen.

7 . It appears that valid instruments for predictinE overall
success of particular crewmen and groups can be developed.

B. The results of this program indicate that multiple-use spaces
in isolated habitats can create a wide variety of physical and attitucl-
inal problems for the residents . fn particular, compartments utilized
by the inhabitants for research must be designed with particular care.
(See 2 above. )
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feasibility of undersea facilities as space mission analogs. The pro-

gram reinforced submersibles as reasonable comparisons of space

missions, since they were both manned by scientific and engineering

crews motivated by a s cientific purpose to work under operational

hazards. This study was a thirty day mission conducted in 1969 by

Gruman's Ocean Systems Department. It was labeled the GuIf Stream

Drift Mission (GSDM) and employed the use of the Ben Franklin sub_

mers ible (s ee Figure 5 . 2) . Part of the Mis sion's goals were to

satisfy a NASA study investigating man related activities compatible

with long duration space station mis s ions .

Much like the Tekite proj ect, the GSDM operated under conditions

of (1) confinement in a closed ecosystem, (2) isolation from normal

family and social contacts, (3) difficulty of escape or return , (4) haz_

ardous environment external to the vehicle and a reduction in variety

of stimuli.

The Ben Franklin submers ible proved useful in obs erving human

reactions during long term confinement since its size provi,Ced approxi-

mately the same free volume as allotted for proposed space station

concepts. Some constraints of the submersible and experiment methods

were comparable with space mis srons . The power available for data

collection was limited to sl:ilowatts and the envirnoment, s cheduling ,

human engineeringi, and composition of the crew were all predetermined

and could not be varied by the investigator.

The following are selected conclusions from the GSDM.
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TABLE 5.6

CONCLUSIONS FROM THE GULF STREAM DRIFT MISSIONT

I . As tlme progressed, all of the crewmen tended to eat more
and more meals alone, thus reflecting a need for privacy and avoid-
ance of conflict.

2. Analysis of the results of the Group Confinement Inventory
r e v e a I e d' 

: "; I : " :.:T ;T" t :: 
" 
il""' ;t :n 

" 
l1"", i:'J H :1?', n ",, env iro n m ent

as time progressed
Annoyance with partners increas ed steadily throu ghout the
mis s ion

3. Kinds of frustrations reported by the crewmen were character-
istic of clinical interpretations of their personalities and predictions of
their responses to environmental stresses.

4. Individual reports of important events generally reflected work
assignments and personalities of the crewmen.

s' I'aTJi;'Ii'1,"'li'Ti:o;.t cycric
Quality of sleep for most of the men fluctuated and did not
improve with time
Quality of sleep for one man would be clearly related to
work-rest schedules or circadian rhythm
Amount of time s pent in the bunk remained remarkably con-
stant for each of the crewmen.

6 . When questioned during the miss ion the men reported the
consideration for others lvas one of the most important requirements
for crewmen.

7 . Subj ective reports of performance varied , but for two of the
six mer), perforrnance apparently was worse on days following fitful or
poor sleep than it was on days following a "good " sleep.

B. Group recreation was rare; the nren found that reading and
listening to music were excelient forms of relaxation.

9. The available data indicate that additional training would
have been useful; the men often felt that they had inadequate infor-
mation and this was a source of annoyance.



I 0 . Although four of the s ix crewm en
detectable physical deconditioning as a result
ment with li mited activity .

lost wei.ght,
of thirty days

t2

none suffered
in confine-

1I . The food was disliked and was a frequent topic of conver-
sation; improvements in this area are important.

12. Certain aspects of
and provided equipment, were
eralized psychological stres s .

I 3 . Confli cts with the
serious enough to underscore
the command post vehicle s to
with the subsurface crew.

the internal environment of the submarine,
serious sources of annoyance and gen-

personnel of the surface cornmand were
the need for selections of crewmen for
be bas eC on integrated compatibility

14. The logs, the psychologists, topside command and the
human-engineering limitations of the Ben Franklin were targets for the
release of the crews frustrations.

15. People isoiated from society should have targets other than
their immediate f ellowmen against whom they may vent their aEEres s iolls
To the extent to which it can be managed thes e aggres sions shor-rlci be
directed to targets that do not affect mission accomplishment.

l6 . Communication with the outside was important for the
well-beinE of the crew of the Ben Franklin; nelvs from ,,home " s hould
be unscheduled because men respond negatively when news is inexpli-
cably lacking.

From the findings of the GSDIv{, a guideline for future spacecraft

design was formttlated. The issues appear, at first, rather minimal

when compared with the complexities of the space station proj ect

development and des ign . Further analysis of the guideline j.ndicates

that the everydays of normal life gain orders of inrportance in confined

environments. The following is the guideline developed from GSDM:



r3

Grrrll6 Artr
ard llr.

Pdvrf. l.a

FIGURE 5.2

OF THE BEN FRANKIININBOARD PROFILE SUBMERSIBLE



L4

TABLE 5.7

SPACECRAFT I]ABITABILITY GUIDELiNES BASED ON GSDM FINDINGS

I . A s eparate area with soundproofing , adequate lighting and
comfortable chairs is needed for readingr and writing.

2. Sleeping quarters should be noise insulated to minimize work
area noise.

3. Food preparation devices and techniques should be simple

4. Environmental monitoring should be automatic to free the
crew for more useful activity

5 . Clothing and bedding for space vehicle s should be evaluated
at off-design conditions to determine their adequacy

6. Illumination levels should be adequate for the task to be
perf ormed

7 - The crew's use of the vehicle, crew activity, crew timeliness
crew living and workinq areas detailed consideration and integrration.

5.2.I.2. Ground Chambers

An alternate means of simulating the conditions of space is

through ground chambers . This section does not describe the complex,

computer supporled , cockpit simulators of the Mercury, Gemini , and

Apollo porgrams. Instead, tire environmental simulators, primarily con-

cerned with habitabi lity, are di s cus s ed . They are the Manned Environ-

mental Systems Analysis (tUfSa) , the Ninety-Day Manned Test, and

Manr/Sy stem s Simulator .
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5 .2.r .2.1, Manned Environmental systems Analysis (MESA)

In 19 6 4 at Boeing in Seattle , a study on isolation and confine-

ment was performed for NASA headquarters. The thirty day experiment

took place in a pres sure chamber twenty-two feet long, ten f eet wide,

and eight f eet hiqh (t z 0 o cubic feet) and included four engineers and a

Navy M . D. The chamber was s eparated into three areas , living ,

sleeping, and operations .

Findings of maj or study areas are:

TABLE 5 " 8

MA]OR STUDY AREA FINDINGS OF THE MESA B

t . M edical evaruation: resurt ail values
normal r.aricrtion and no significant changes from
were found

were in the ranEe o!
pre-test bas elines

2. 
:

were found,/j.rritability anC hostility
for a group in ccnfinement.

no serious performance deficiencies
levels were hiqh , but not abnormal

3 ' Concluded: that the thirty day confinement w-as not particularlystressful or difficult for the five man crew. Human factors consider-ation (dif ficulty of us e and maintenan ce of equipment) drrd habitabitity(crowding of chamber) Ied to irritations and interpersonal friction aswell ' Habitability considerations appear even more important for sys-
tem s involvin g cro'rvd ed conf in ed environm ents .

5.2.I.2 .2. Ninety Day Manned Test

A crew of four men inhabited a twelve foot diameter, forty feet

long space station s imuiotor for a periocl of three months . The cham-

ber was equipped with a regenerative life support system sirnulating the
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conditions in space. A major objective was evaluating the men's

ability to operate and maintain this hardware.

complaints normally centered on deficiencies in (l) communi-

cations and recreational audio fidelity, (2) hygenic and urine collection

inadequacies, (3) lack of attention to surface design details of interior

decor, (4) insufficient attention to personal storage allocations, and

(Sl the limited volume in crew quarters when occupied by all four

crewmen simultaneouslv.

5.2,L.2.3 . Man,/Systems Sirnulator

The Manr/Systems Simulator is located at the NASA M arshall Space

Ftight Center and works as a flexible laboratory. It supports a crew of

six for thirty days without resupply and tcsts future manned space

systerns and spacecraft concepts. The simulator :.s a c]'linder

fourteen feet in diameter and forty-eight feet long and provides

atmospheric anC temperature control , carbon dioxide removal, and

Watef and qraste m;rnanement CapabilitieS.

The testing of habitability factors is the principal function of this

simulator and employs a four part measurement technique for purposes

of evaluation . The technique includ es :

I . habitability s ensors used to monitor equi pment usage (extent

and frequency of use) , traffic flow and various physical envircnment

parameters.

2. crew test and questionnaires completed premission, during
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mission , and post mls s ion to determlne normatlve personality features

and realtime subj ective reactions to the environment.

3. stateroom console test to identify crewman performance as a

function of mis s ion duration .

4, continual observation of habitat usage, sleep /work patterns ,

and social behavior.

5 .2 .2 . Earth Orbit

Included in this'section are brief descriptions of proposed man-

ned, earth orbit missions. The Manned Orbiting Laboratory (MOL) is

presented first with the Soviet Union's Salyut and United States'

Skylab Missions being discussed next. Concepts of space stations

and space bases conclude the earth orbit portion oi significant prede-

cessor concepts.

5 ,2 .Z .I . Manned Orbiting Laboratory

The propos ed obj ectives of the MOL program were (1) to inve sti-

gate man' s behavior and capabilitie s during prolonged s pace flight

eventually leading to a decision over a gravity condition, (2) the

tes Ling of subsystems; and (3) the conducting of scientific experiments .

The MOL project was scrapped, but much of the program has been

absorbed by Skylab .

Design concepts for the Manned Orbiting Laboratory were pre-

sented in three packages the minimum MOL, the small MOL and the large MOL.
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The minimum M OL accomod ate s a two man crew in a modified

Apollo spacecraft for periods up to 100 days.

The small MOL is a Saturn 1 or 18 stage supplied by four tc six

men and incorporates a shuttie or f erry vehicle.

A Saturn V launched laboratory with a twelve to twenty-four man

crew makes up the large MOL.

Modifi ed Gemini and Apollo cap sule s along with advanced

logistics and tifting body concepts were reviewed as possible re-entry

system s .

FIGURE 5 .3

DOCKED SOYUZ AND SALUTE SPACE STATION

Salyut5.2 .2 .2 .

For

station,

twenty-three days, three cosmonauts manned the Soviet space

Salyut. Sa1yut, itself , is lhe laboratory end of the station
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and was connected to a Soyuz supply craft. Overall dimensions of

the combined vehicles measured about sixty-five feet by a mlnimum

dlameter of thirteen feet.

The Salyut station was divided into s everal compartments . A

docking unit located on the station's axis a j oined a short cylinder ,

about six f eet in diameter, which contained astrophysical apparatus .

Two adj acent cylinders , nine f eet and twelve f eet respectively , con-

tained the working compartment.

The basic Salyut mis sion obj ectives were: (t) check out and

test design of units and on-board systems and equipment; (2) try out

methods of station orientation and navigation , some automati c; (3)

study geological/geographical objects on Earth, atmospheric formations,

snow and ice cover, with the aim of developing metl:ods for using this

information in the solution of economic problems; (4) to stucly phys ical

chemical processes and phenomena in the atmosphere and outer space

in various regimes of the electromagnetic spectrum; and (5) to con-

tinue biomedical studies , to determine the pos sibility of perf orming

various tasks by cQS monauts in space stations and to study factors

of spaceflight on the human system.

The Salyut station did not induce artificial grravity and from all

indications the cosmonauts suffered no ill effects . Adj ustment to

re-entry forces and earth gravity data is unavailable since, after

deorbit the Soyuz spacecraft experienced rapid depres surization and

the cosmonauts were killed before reaching the ground.
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5 .2 .2 .3 . Skylab

In early 1973, the United States will launch a I0,000 cubic foot

space station called Skylab . The earth orbiting Skylab cons ists of an

Orbital Workshop (OWS) , Airlock and Multiple Docking Adapter, and

an Apollo Telescope Mount. The OWS, the habitable portion, is

twenty-two feet in diameter and contains a wardroom, sleeping com-

partment , a waste management facility and two work/ experiment areas .

Three crews of three astronauts each will live in the OWS for twenty-

eight and fifty- six daY mis s ions 
"

FIGURE 5 . 4

SKYI"A,B

M4B7 , Habitability and Crew Quarters , is the

which will evaluate man/ environment interactions .

following areas:

Skylab experiment

It will assess the



2L

TABLE 5.9

SKYLAB ASSESSMENT AREAS

I . Personal Hvqiene--includes body waste management, p€r-
sonal cleanliness and hygiene.

2. Food and Water--includes food handling, e.g., storage,
preparation, palatability, and cleanup and water provisions (e.g., dis-
pensing, activation,/deactivation of water subsystem) .

3 . Clothino-- exam ine s
garment handling (e. g. , donning,
fort) .

mobility and functional capabilitie s of
doffing, storage, disposal and com-

4. Schitecture--assesses configuration location, operation .etc., of the crew quarters, work and recreational areas, storage, equip-
ment, experiments and passageways in terms of adequacy, appeal and
useability.

5.
able a id s)

6.
adequacy of
provision s .

Astronqut aids--includes restraint devices (fixed and port_
and various mobility techniques (e. g. , free soaring) .

off-dutv Activities--includes preferences,- handling, anc
passive ,.rnd active recreational and passive entertainment

7. Eny:lslqq-includes
vations of environmental parameters
leveI, acoustics) .

crewman measurements and obser-
(e.g., pressure, humidity, liqht

B. Communications--includes maintenance, connector locations,
and db levels of intravehicular communications subsystem.

9. Housekeepinq--includes time requirements, techniques, and
frequency of maintaining a clean and habitable ows.

Along with the habitability, bio-medical , behavioral, and work

effectiveness experiments, the Skylab program will test earth resource

sensing equipment. Oceanography, water management, agriculture,
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forestry, geology and geography will be among the many study areas .

Another f ield of concentration will be a stronomy . With its obvious

advantages over earth b;: -" ed obs ervations , the Apolio Tele s cope

N{cunt v.'ill studi' r'',: r'r,ii- .:nC its affects {.n man.

5.2.2.4. Space Sl.tf ions

Earth-orbititic. t;prrj'.) station proposals by North American

Rockwell , McDonneil Douqlas, and Marshalt Space Flight Center are

discussed in this :ection. All concepts are gencrated by a NASA

19 B0 Space Station goal and bas ed on a twelve- man crew , ten year

life, and Advanced Lcgistics System (ALS) , or space shuttle. The

North American Rcctrlwell and McDonnell Douglas proposals are results

of the second phas: studies conducted duringr the period September Ig6g

to August I 9 70 .

5 .2 .2 .4. r . Thc lie i th Ai'ncrican Rockwell pronosal

The station c c'.':lopcd by Ncrth Am erican Rockweil (NAR) is

composed of a thirty-Lhree foot diameter, four deck core module

attached to a scl.:l- llcvver boom. The core modulc is separated into

two pres sure r,'olurncs , two decks each, and each deck has a heiqht

of six feet, ten in(res, e:<clusive of a false cciling situated five

inches below a iour inch deep structural ceiling. Two utility trunks

thirty-one fect iii ].:trgth, ten feet wide, and one foot dcen ancl scparated

by six feet tr,rro i;ichcs, support electronic and mechctnj.cdl functions.
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FIGURE 5 .5

NORTH AMERICAN ROCI(MELL SPACE STATION PROPOSAL

5 . Z .2 . 4 .2 . The McDonnell Dougla s Propos al

The McDonnell Douglas Corporation (MDAC) presented baseline

and expanded capability concepts. The baseline design is a vertical

assembly of two thirty-three foot diameter common modules with a com-

bined length of fifty f eet. As in the NAR station, the common modules

contain two decks , which , in cas e of environmental failure, can

support the full twelve man crew . A ten foot diameter pres suriz.ed

tunnel extends the length of the core module.

It performs as necessary refuge in the event of emergency,

means of inter deck equipment and personnel transportatlon, and

serves as a structural tie for the entire assembly. Utility supply is

routed along this tunnel and acces s to either common module is made

through inter volume locks or the tunnel.

DECK II DECK

The expanded capability concept incorporates an additional
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two-deck common module. This module provldes the statlon wlth

artificial gravity simulation, acting lndependent of any other hardware.

The following space station concept comparison demonstrates

the capability difference between the baseline and expanded proposals.

TABLE 5. I O

MDAC BASELI\IE AND EXPANDED PROPOSAL COMPAP.ISONS

Characteristic Ba s eline Expanded

Habitable volume (cu. ft. )

Weiqht (lb. )

Discretionary payload (lb. )

Common module decks
Docking ports
Power fcr experiment s (kwe)
Experiment decks
Heicrht at launch (f t. )

Cre-w support capability
Artificiai gravity capacity

29,200
157,050
37,950

4

7

10
2

327 .5
T2

Limited

53 ,400
L76,960

I B, 040
6

8

20 .8
4
331
1B

Unlimited

5 .2 .2 . 4 .3 . Marshall Space Flight Center,/A Modulariz ed Space Station

Marshall Space Flight Center developed a modular concept com-

patible with the Earth Orbit Shuttle cargo bay. Design parameters of

the cargo bay at this titne were dimension.s of sixty feet in length and

a fifteen feet diametcr, and, weight of 25 , 000 pounds . Since a module

fifteen by sixty feet would be heavier than the established limit a

fourteen by twenty-nitre foot , 25, 000 pound module wa s adopted ,

Seventeen modules, involving five design elements, are



26

required for the twelve man space station build up. The Electrical

Power Boom (EPB) is the i..-st design element and can be pressurized

to allow shirt- sleeve work by the crew. The Solar Power Element

(SPE) contains four arrays, iotaling 10,000 square feet surface area, and

delivers twenty-five kilowatt of power. The station's core is the Central

Assembly Elemenr (CAI) . Each has six docking ports, and three

coupled end to end form the central corridor.

FIGURE 5 .7

MARSHALL'S MCDUIAR SPACE STATION PROPOSAL

Fourteen BSE's or Basic Structural Elernents are necessary for

full assembly end makeup crew quarters, control station, dining and

recreation roorns , iaboratories , etc.

The Airlock/Manipulator Element (AME) is a pres sure container

wrth rranipulatoi aims and the final design elernent.
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AASIC ELEM€NT DESTGNEO CREW OUARTERS. EXPERIMENT MOOULE
WITH FLEXIBILITY FOR CONTROL STATION. SHUTTLE PAYLOAO
ARCHITECTURAL OUT. GALLEY, DINING, REC. MOOULE.
FITTING AS.,,...., OTHER SPECIALTSEO

APPLICATIONS.

FIGURE 5 . B

MODUIJ\R SPACE STATION ELEMENTS
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TABLE 5.II

MODULAR SPACE STATION BUILD-UPg

Launch Module
Weight

(1b.1 (Lg)

1.
2.
3.
4.
5.
6.
7.
B.
Total s

9..
10.
11.
rz.
13.
14.
15.
16.
17.
Total s

Airlock and M anipulator
CAE (Central Assembly Element)
SPE (Solar Power Element)
BSE (control station and room s)
BSE (room s)
BSE (ECLSS)

BSE (dining and recreation)
BSE (expendable storage)

for a six-man station:
CAE
BSE (medical, exercise)
BSE (ECLSS)
BSE (crew room s)
BSE (experiment controi and room s)
CAE
BSE (experiment laboratory)
B SE (experiment laboratory)
BSE (expendable storage)

for a twelve-man station:

12,500
13,900
10,900
13,500
16,500
15,200
14,000
18,400

114,900
13,900
11,400
15,400
16,500
13,500
11,700
14,500
14,500
I 8,400

244,700

5,700
6,300
4,900
6,I00
7,500
6,900
6,300
8,300

52,000
6,300
5,100
7 ,000
7,500
6,100
5,300
6,600
6,600
8,3 00

ll0,B00

5.2.2.5. Space Base

Advanced planning has developed concepts for a Space Ba se ,

which, principally, is a large scale space station. North American

Rockwell and McDonnell Douglas have proposed schemes growingr to

tncorporate crews greater than sixty men.

5 .2 ,2 .5 . I . North American Rockwell

NAR combine s both zero and artificial gravitie s in a propo sed

Base configuration . The rotating portion measures 23 4 feet between



29

modules and 234 feet along the zero gravity axts.

The nominal base is comprised of a basic unit, a four deck

common module with equal division between Space Operation and

Scientific Investigations (SOSD and crew quarters. A two deck

rotation system connected to a four deck hub as sembly, along with

two nuclear power module s complete the space ba se configuration .

An eight deck Space Operation and Scientific Investigation

module i s booster launched with two additional SOSI modules and hub

unit following the second launch. When docketl , the combination can

support an initial crew of twelve men . A third launch orbits two

nuclear reactors which are attached to a shuttle delivered, extendible

boom. Earth Survey sensors are positioned on the second shuttle

launch. The f ourth launch of two, four-deck SOSI mod ule s and their

docking to the rotor booms completes the Initial Base. This configu-

ration supports a thirty- six man crew, with four mod.ule s in zero

gravity and the other two in an artificial gravity mod e .

A sixty-malt Nominal Base is established when two combined

SOSI/cre\^/ quarter modules are positioned on the remaining artificial

gravity boom s . With the addition of a second four deck SOS I/ crew

quarters module to each of the four existing modules on artificial

booms the full utilization Growth Based is created. The resultingr

t 64 man capacity requires a total of seven booster launches and

twelve shuttle flights.
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NORTT{ AMERICA\T ROCKWELL

McDO\IhTELL DOIIGLAS AIRCRAFT CORPORATION

FIGURE 5 . 9

TWO 60 MAN SPACE BASE CONCEPTS
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LUNAR ORBIT STATION CONFIGURATION

5 . 2 .3 . Lunar and Planetary

Presented in this section are two lunar orbit and three plane-

tary exploration concepts. The lunar orbit proposals, products of

NASA's integrated Program Plan, are generated by both NASA and

North American Rockwell. Proposed conceptual schemes of Mars Twi-

light Encounter, Triple Planet Encounter and Manned Mars Mission

are also Cescribed.
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5.2.3. l. Lunar

5 .2 .3 . I . I Lunar Orbit Station (LOS),/NaSa

As currently envi sioned , the LOS witl be derived from a twelve

man Earth Orbit Space Station and composed of a core module contain-

ing llving facilities, internal experiment laboratories and subsvstem

ATA.^ Cvr v \ { v .

The LOS will circle the moon in a polar orbit sixty nautical

miles above the surface and support a number of scientific activities

conducted there.

FIGURE 5.T1

LUNAR ORBIT STATION INTERIOR
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The selected core module ls a thlrty-three foot diameter by

forty- six foot long cylinder containing four decks in two pres sure

volumes.

The Lunar Orbit Station is dependent on the following: l0

I . INT-21 booster for insertion of the LOS, Space Tugs and
Nuclear Shuttles i.nto earth orbit.

2. Space Tug for transport of men, supplies and equipment
from the EOSS to the LOS while the LOS is in earth orbit; for the
transport of men, supplies and equipment between the tCS in lunar
orbit and the lunar surface; and , d s a vehicle which can be used for
contingency trans f er of men from the LOS in lunar orbit to the EOSS .

3. Nuclear Shuttle (NS) for transporting the LOS and Lunar
Landing Tugs from earth orbit to lunar orbit; and for transporting men,
equipment and suppiies to and from earth orbit and lunar orbit.

4. Advanced Logistics System (ALS) for the transport of NS
fuel, LLT fuel, crewmen, scientific equipment, and consumables to
earth orbit from the earth surface; for the deorbiting of the spent S-II
stage; and for the return of equipment from earth orbit to the earth
surface.

5.2.3.L.2. Orbiting Lunar Station (CLS),/North American Rockwell (NAR)

The intent of the NAR study .,^/a s to include the function s ,

operations, and performance requirements as well as a configuration

for an Orbitin g Lunar S tation .

The principal assumptions and guidelines were similar to those

used in NASA's proposed LCS with the exception of the conceptual

design definition. NAR outlined two designs: an OLS that was uncon-

strained by precursor space station concept definitions , and a derivative

of an earth orbitat Modular Space Station. The Modular Space Station
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proposal was perhaps the most significant subobj ective of the I{AR

studv.

riuuKE 5.Lz

ORBITING LUNAR STATION

Characteristics of the OLS configuration are listed belo*. I I

I . The core module is twenty- s even f eet in diameter with an
overall lengrth of 60 . 83 f eet. The internal arrangement consists of
four transvcrse circular decks with toroidal end pressure bulkheads and
two s eparate pres sure volumes . Un pres surized volumes are provided in
the upper and lower torus regions for cryogenic storage.

2. A four-element rollout solar array of 10,000 square feet
is accommodated on a cylindrical power module. When mated at
launch , the overall length of the power and core modules is 9 4 .25
feet.

*r{*
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3. Four passive docking ports are located on the cylindrical
por*cion of the core module p1u s two a ctive neuter docking cone s at
each end. Passive side dockinE ports are employed to eliminate the
need for large boost fairings . At anytime after boost to earth orbit,
these passive ports can be modified by the addition of actrve/active
docking adapters. Four of these are defined as necessary to satisfy
OLS operational docking requirements.

4. An experiment module f ifteen feet in diameter and twenty-
two feet long (EOS compatible) is docked at the +Z axis port of the
experiments deck to physically accommodate those science experiments
requiring an unre stricted fi eld of view while body mounted to the OLS .

The experiment module also incorporates a s eparate compartment which
functions as an airlock and subsatellite servicing hangar.

Specified as a dependent program element of both lunar

orbit station proposals is the Space Tug or orbit-to-orbit shuttle.

Pictured (below) is a Lockheed concept demonstrating satellite retrival

and repair. The tug would also facilitate space assembly of major

components and f erry satellites to and from orbit.

FIGURE 5 . T3

SPACE TUG
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5 .2 . 3 .2. Planetary

5 . 2 . 3 .2 .l Mars Twilight Encounter and Triple Planet Encounter

In a 19 6 7 NASA publication , A Studv of Spac.ecraft Des iqn and-

9perations for Matlred Planetarv Encounter Mis sions , proposed Mars

Twilight Encounter and Triple Planet Encounter missions are outlined.

The M ars Twilight Encounter program includes four probes in addition

to the flyby mission module. These are (1) a Mars Orbiter Probe

containing cameras and scientific equipment, (2) an Aero Drag Probe,

us ed for atmospheric data collection , (3) a Soft Lander Probe , drr

instrument package remaining as a scientific station, and (4) a Mars

Surface Sample Retriever Probe, dr] instrument package which returns

to the Mission Module.

5 .2 .3 .2 .2 . Triple Planet Encounter

Briefly described, the Triple Planet Encounter involves a

Venus flyby with deployment of sixteen experiment probes , a M ars

encounter, encorporating two surface sample retrievers, and on the

return leg a second Venus flyby with ten probe s deployed .

5.2.3.2.3 . Manned Mars Exploration Requirements and Consideration

The two previous planetary proposals indicate 1g 6 7 thinking .

Subsequent events have altered program goals and the Manned Mars

M is sion developed by NASA' s Advanced Studies Office i s evidence of

most recent developments.
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It consists of (1) a Mars Excursion Module (N{EM) , (:, po-

hanger for the MEM and probe, (3) a mission module designed for

crew of f ive men , ( i) a solar array module , and (St a propuls ion

il0

array of six chemir:.:J propulsion stages.

Taking place in e arth orbit the assembly of the spacecrafi-

regrrires the supporl of thsr ALS shuttle, chemical prcpulsion star;e

anC space tug.

5.3. The Advanced Loqistics System (ALS)

The ALS, somctirnes called Earth Crbit Shuttie {llOS) , is can-

cierred as two staqe fully rcusable transportation system coixc(,,s.'C ci

.r f irst-stage booster and a second-stage orbiter. The primarv irrnctron

of the ALS is in the resupply of space station and space base €;Xilrrfld-

ablcs, rotation of crew, and the piacement and retrirral and i;irpir,.rri" :i

s,,rte1l ites .

The vertical assr:mbi;' ol the Eiooster and piilq)'-l,iicl: Orl;llr;l- 1.

launched to an altitude of :00 , 000 f eet whcre they .senara'ie. iirr-

Crbiter heads for rts prograrneci rendezvous and thc Bcosier is ; ,i,-.,,i I

back to the lriunch are a.

Primarily iiffci'in13 iti the \,vinJ confiqrrration, therc i-ri:vi: i,rcit

$cvcral ear^th orl,jter ilrcn()sa1:: " A North American Rocl:n'cl1 rclr;':t',;i'

shor,t's sl-rort " biaiC(:" winc;s u'iritrc alternate conccpts i:;:hlbii sr,v (i;)i .,1,,"iri:i

desiqns.

The ALS c-;li-.{{} i:ir', is iifteen feet in diameter I,i. si;<tv i'trlt
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long and is slzed to carry a

10,000 pounds, although the

pound s . The following chart

ments for up and down cargo

space base concepts.

nomlnal payload of 40,000 pounds +

upper limit on payload weight is 65,000

demonstrates anticipated logistic require-

transfer using proposed space station and

TABLE 5 . 12

CARGO-TRANSFER FoR PROPOSED spACE sTATIol,i AliD
SPACE BASE CONCEPTS I2

Requirem ent s Weisht (ln.7*o .;

Up Cargo

Space Station
Sub sy st em s

Experim ent s

Total

Space Base (00-man)
Sub sy stem s
Experim ent s

Total

Down Cargo

Space Station
Subsystem s
Experiments

Total

Space Base (AO-man)
Subsystems
Exp eri m ents

5,389
5, Bl l

11 , 200

IB,9B2
L4 ,445

33 ,427

r,745
6,L23

7, B6B

3 ,228
lI,30g
L4 ,537Total
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Demon strated in a compari son between cargc s ize and fi"i ,, ,.j -3rl

crlteria, dr1 increase in shuttle vehicles and fliqht frequency facilitates

the requirements of a large space base.

TABLE 5. 13

PROGRAN,I HLNMENT AND ALS STIF'Pf,;?T13

N rrmher ALS R eqr-rired Fl icrht I'recluency (d,:",.sJ
Progrram Element

(Crew)
20, 000 3 0,000 4rJ , 000

rb Ib lb
20,000 30,000 40,000

llr ib lb

Station (12)

Base (36)

Ba se (60)

Base (164)

4

4

5

10

3

3

4

I

30

16

10

4

44

23

15

5

54

25

1B

7

The a s sumption s enablin g the above tab I e

time,/vehicle is seven da1rs, (2) ground turnaroitnd

(3) the vehicle lifetime js 100 flishts, and (4) lliat

r€:scue and spare vehi cie "

arcr: (i) mission

time i s fourteen 
',1,t.\'e ,

there ,.s onc rt.in.llr.,'

Bccause of the reuseahiiity of tire shuttle ci:sts per pcund <,rc

projected to be reCuced by.r factor cf ten, meaninit th.it tlit-. existinc{

$ t , 00011i). cculd be chopped te $ 100/'1b.



6. MISSION ENVELOPE

The determination of orbital parameters is dependent upon the

following conditions:

1. Constraints imposed by the launch system (the advanced

logistics vehicle) restrict the orbital inclinations to 28.5o-55' at 200

to 300 nautical miles, and g0o-97' at 200 nautical miles for polar or

sun- synchronous mis sions ,

2. Experiments and preferred operational environments restrict

the orbit to 45o to 75o inclination at 270 nautical miles.

A compromise between preferred loqistics and lower altitud,:

drag characteristics ptaced the minimum orbit at 240 nautical miles.

An inclination of 55o was selected from the above defined cnvelope, as

to gain maximunr potential of BZ per cent of the earth's land surface.

Proper space station attitude is achieved by satisfying thc

demands of earth and astronomical observation solar array oricntation

and conlinunication alignment. Therefore the longitudinal or rotating

X axis is aligned normal to the ground track and the Z axis is

constant with the iocal vertical . Secondary and tertiary attituCe modcs

should be estarblishcd according to experiment requirements.

44
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ORBIT R

TABLE 6. 1

EQ UTHEMENTS SELECTED EXPERIMEnTs 1

TITLE

GHAZING INCID, TELESCOPE
ADVAN CED STE LLAR ASTR O N iI I!'IY
AI]VANCEO SOLAR ASTRONOMY
IJV STELLAR ASTRON., TTLESC[IPT
HIGH ENERGY STELLAR ASTRIJI{OMY
SPACE PHYSICS AIRLOCK
PIASI\1A PHYSICS WAKE
IIOSMIC RAY PHYSICS

FARTH SURVEYS
[O NTAMI NATI O N MEASU R EfulEN I-S

EX PT]SI.J R E EXPE R IM ENTS
IR STELLAR SURVEY
COMlPONENTS & SENSOR CALIB

IACCFPTABLE REGION

100

STT LLA R

ii'iELLAR
SOIAR
CELESTIAL SPHERF
STELLAR
i]A RTH, CE LESTIAL SPH L ii i
SIJBSATELLITE
CELESTIAL SPHETiE
EARTH NADIR +450

SOLAR, STATION
EARTH, ZENITH
STELLAR
EARTH. D EEP SPAL]E

I

200 250 300

AI lITUDE,NMI
20 40 60 80 100

INCLINATION OEG

200"300 N Ml

i = 28.50
h - 200 300NMl

IIGIIRE 6 - 1

Si:,'l CE ST'A'IION EN\/E I"., PE

INCLINATION, OEG
PREFERRED

POINTING OIRECTION



7 . CREW FACTORS

Former manned space missions accomodated lif e support,

begrudgingly. Subsystem requirements and logistic parameters were

the significant determinants of spacecraft design , ds human dimens ions

and tolerances engineered the astronauts into proper position with

respect to equipment.. For fixed routine short duration missions, this

austere approach provided maximum data return. Long duration mis-

sions , on the other hand , demand crew factor consid erations bei'ond

human engineering and will, for the most part, determine the success

of the mis s ion .

The issues of crew safety, crew operations , atmospheric ntake

up , and habitability compris e crew factors and are d is cus s ed in th e

followinq sections.

7 "1. Crer,v Safety

Des ign elcnr cnts pronroting crew safety are rcliability , emer-

gcncy prov is ions , c.lravity gradient , and communication s .

7.1.1. Reliability

Facilitatinq rcliability are two major items, design implcmcn-

tation tcchnic{ues and rescu{) paths.

46
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Design lmplementation techniques control failure tolerances

and saf ety factors by requiring des igrn specifications in exces s of

lntended usage . Pres sure containers and valves should have cons er-

vative parameters using a 4.0 safety factor. Hazardous fluid con-

tainers, lines, anC components should be doubly contained and allow

venting to space. The power output should accommodate excessive loads

and the equipment should be able to handle additional duty cycles.

Adequate shielding against micrometeorids and radiation should provide

protection throughout extended duration mis s ions .

Technologlz selection is based on a component's previous

testing . Space tested hardware , whirch has proved its elf reliable on

predecessor prograffis, is most desirable. Equipment exposed to tese

facilities and rigorous flight simulation must comply with established

performance standards. And items not having experienced space or

simulator testing require a history of ground testin': to insure perfor-

mance capabilities.

Adherence to outlined activity schedules, such as systems

and experimental operating procedures , should enhance reliability.

Use of the Information Management System (see Spacecraft Design)

will provide immediate acces s to thes e procedures as well as monitor

subsystems and indicate scheduled maintenance.

Since support systems are critical for space survivat

neces sary insurance against failure must be provided . Redundancy , a

means to increase hardware reliability, will supply on-line parallel

support to es s ential components; in case a component should fail , a
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substitute automaticalll' supports its function. In addition to auto-

matic switching a backup rnode for manual switching should alsc be

lncluded.

Even with redundant systems, the hardv.'are has an effective

life span. Long duration rnissions wiil require ;iovisions for equip-

ment repair and substitution. Modularization of cc,rnponents wiLl

facilitate replacement of fatigued parts and add )/ct another level of

redundancy. Bes ides a backup mode for critical tystems , independent

environmentaL volumes each with life support and station controls will

further in sure crew s af ety .

7 .I .2 . Emergency Provisions

Emergency mission procedures dictate dr-'rrgn criteria farcilitat-

ing escape route s . There should be dual rneans of egres s frcm all

modules and, in the case of inhabited modules, thcre should be

rapid shirt- sleeve escape provisions. Alternate air-locks for extra-

vehicular actrvity (EVA) and intravehicular activity (IVA is required,

since one miqht becom e inoperable .

In addition to transportinqy crew and carEo frcm earth to orbi'i,

the ALS can serve as a re scue vehicle. The shuttlc t;rkes

to launch from standby status and can rondczvolls with any

manned slracecraft within twenty-four hours.

Depend ent upon p enir lti e s in curred , provi s ion s for

escape vehicles should be made. These could bc anythinq

tr,vo hours

I ow altitud,-'

" on- board "

from an
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EVA suit with portable life support system to a "life raft" pressurlzed

container accommodating several crew members.

7 . L .3 . Gravity CqP s id erations

Safety factors encouraging implementation of artificial gravity

deal with mobility , or ient :rtion , medical requirements and g- state

tran s ition .

Mobility in aglravic s ituations could prove bothersome . A

restraint mechanism is required for static positioning and hand holds

are necessary for locomotion. Surroundings which forgive miscalculated

thrusts would help eliminate pos s ible damage to a stronaut or equipment .

Introduction of artificial qravity would accommodate a more terrestrial

mean s of mobility al ong with providing " floor- ceiling " ref erences for

orientation.

It's possible that injuries occurring in space might require

surgery. Dependent upon the extent of injury, sirnple surgery in orbit,

would definitely provc feasible over a special rescue mission and

exposure to re-entry gravity loads. Artificial gravity is, for all

practical purposes a requirenrcnt for space surgery.

To date , vcry li ttle is known about long term exposure to

zero gravity. Skylab, planning tlvo fifty-six day missions, will

provide further data, but therc is only speculation on results. Mis-

sions lasting sevcral years will require a gravity decision, ds not to

jeopardize crew safcty. Re-cntry into carth's atmosphere produces
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loads several times that of earth's normal one 'g' (tfris factor varies

with mission and type of re-entry vehicle) . How a person will handle

these forces after extended zero gravity exposure is unknown. A program

consistent with crew safety should incorporate some periods and,/or levels

of artificial gravity over long duration missions, since the alternative

(only zero gravity) provides a greater risk to crew saf ety.

The subject is given further attention under section eight,

Gravity Condition .

7 .L .14. Communications

Past missions involved literally thousands of people performing

ground support tasks for short periods of time (two weeks) . In futurc

fliqhts of longer duration , dependcncy on ground support witl decreas e

and spacecraft will become more autonomous . This, to some exte;:t,

will reduce continuous communication demands, but for reasons of

safety this procedure should be maintained (possibly by a limitecl or

scheduled program) .

7 .2, Crew Operations

7 .2 . I . Crew Com po s ition

In order to provid e adequate manpower distribution and supply

required crew skills, drl early space station will require a twelve man

crew.

During high routine experiment operations , station support will
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require approximately twenty-five man hours per day. Another twenty

man hoursr/day are needed in aerospace medicine experiments. A11

other experiments us e about f ifty-five man hours,/day.

Work loads increase during logistics supply periods. Man

hoursr/day for station operations rise to forty, dn additional ten man

hours,/day are neces sary for e>rperiment support , seventy man hours,/day

go for routine experim ent support , while ninety man hours,/day are

required for experiment operations.

Twenty- s even crew skills are required over a ten year

station life. The skills clerived from a listing of functional program

elements (fpe 's) are determinants of crew selection. Not all skills

run concurrently yet some will be necessary for the duration (ten year

station Iife) , such as cornmander, electrical engineeF, dietician, etc.

The skills per man, geflerally, never exceed three.

The following two tables represent which of the twenty- seven

skill types are required for various program modes.

7 ,2 .2 . Crew Shift and Time Scale

A nominal work day of ten hours,/man provides LZ} man hours

per day for the support and operation of both station and experiments.

With eighty ntan hours,/day d cvoted to function program element (f pE)

operation and information di stribution , ta sk integration of crew work-

loads is possible. Eleven of twelve members assigned full or part-

time will accounts for the FPE operations. This operational profile
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permits a twenty-four hour day for crew activitles and work load s .

Generally speaking , a crew members' typical day us es ten

hours for work, divided into averages which utilize maximum attention.

The remaining fourteen hours assigns eight hours (at least four hours

consecutively) for sleep, one hour for personal hygiene periods of

forty-five, forty-five and fifty minutes for meals, and because of

psychological and phys iological factors , two and one-half hours for

recreation, exercise, and general crew choice activities.

The aquanauts of the Tektite program, by comparison, spent a

little over eight hours of their time sleeping, five hours in leisure

activities and another eight hours working. The remaining time being

spent on self-maintenance and miscellaneous tasks. Excluding social-

izing and coffee breaks, many persons working normal office routines

spent about six hours a day in productive work.

The average of five proposed space missions shov.z'time

assignments not inconsistant with the proposed station schedule.

Approximately nine and one-half to ten hours for work, a little over

seven hours for sleep, two to two and one-half hours off duty time

and a contingency of two hours. The work days in one week on all

mis sion s were s even .

In cases of isolation recent studies have noticed that the

most important time is during meals. Deprived of earthly temptations,

conflned experimenters have replaced the natural stlmulus of sexual

*o
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satlsfaction with a deslre to enjoy the delights of eating. Thls

could prove an important f actor in establishing an acceptable diet.

The Tektite program di s covered that aquanauts took advantage

of spontaneou s cond ition s to reprogram their re search . This evi dence

along with the increasing difficulty of effectively planning long duration

mis sion indicates that a f lexible profile should be adopted for space

station operations .

7 ,2 .3 . Crew Structure

Following sim.ilar decision making crev/ structure distributions

the space station will have one person making on-board operational

decisions, a spacecraft contmander. There r,vill also be a spacecraft

controller and systems engineer, to provide an lntermediate level of

re spon sibility .

. 7 .2 .4. Leisure Time

Provis ion s f or lei sure time activity of crew members should

be based on individual preference with respect to confined environment

behavior.

An inventory including (1) astronauts , (2) tactical fighter

pilots, (3) aerospace research pilot str-rdents (ARPS) and aerospace

engineers of pre s ent off duty time , depicted preference similaritie s .

Iob related activities , reading, physical exercise, and listening to

music were close to the top, in every grotrp,s evaluation.
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The same groups ranked antlclpated pref erence of equipment

used ln lel sure time on a spacecraft. The results were not as

homogenous as the prior survey, but the general favorltes were

vlewpoints, physical exercise, records or tape player and books .

The correlated preferences among the groups is presented

in the following table .

TABLE 7 .3

CORREIN,TED PREFERENCES AMONG ASTRONATJTS, TACTICAL
FIGHTERS, ARPS, AND AEROSPACE ENGINEERS

Present Off-Duty Activitie s
Tact fups Aero Eng.

Equipment Usage in Spacecraft
Tact Arp s Aero Eng .

Astronaut s

Tactical Ftrs.

ARPS

.86 .95

. B6

.64

,72

.68

.93 .93

.Bg

.96

.91

.92

A point worth noting is that men ln confinement refrain from

games or contests involving individual competition.. Also, there is an

increased appreciation for leisure time, with privacy gaining additional

importance in isolated habitats.

Tektite concluded that the incorporation of (t) on-board

two-way video , (2) good quality sound reproduction equipment, (3)

individual cholce items, (4) b.road leisure reading materials, (5) view_

ports, and (6) physical exercise equipment would provlde a more
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habitable environment. These elements should be considered for future

long duratlon space missions.

7 .g. Atmospheric Make-up

Atmospheric composition is primarily governed by medical

considerations with crew safety being another major determinant.

Since there is physiological degradation after long term

exposure to pure oxygen, a two ga s atmosphere should be incorporated.

Considered gas combinations are helium-oxygen (He-02) and

nitrogen-oxygen (N2o2) . In a comparison of comfort zones between

the two candid ate ga s mixture s , the He- 02 compo sition d emon strated

consistantly higher comfort temperature zones, as represented in the

following table .

TABLE 7 .4

ONE G CREW CO]VIFORT I'EMPERATURE RANGES FoR
He-C, & NZ-OZ ATMOSPHERES3

Atmo s phere 5 psia (3.5 psia OZ) T psia (3. S psia OZ)

He-O2

Nz-oz

Modificd to reprcsent approximate zero g conclitions, uslngi

50 ft./rninute gas velocity and a metabolic rated 460 BTU,/hour the

g2oF upper limit
BzoF average
73oF lower limit

83 of upper lim it
77oF averag e
71oF lovrer limit

g 4oF upper limit
B soF average
Z 6oF lower lim it

B 4oF upper limit
7 BoF average
73oF lower limit
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following table was drafted.

TABLE 7.5

ZERO G CREW COMFORT TEMPERATURE RAIVGES FOR
He-O2 & NZ-OZ ATMOSPHERES4

Clo Factor 5 Psia 7 Psia 10 Psia
g

He-O.',
L

0 CIo
0.5 Clo
I .0 Clo

Nr-O_,
L4

0 Clo
0. 5 CIo
1.0 Clo

76C^ B00F
72U^ 750F
6Bo 7loF

75o^ TgoF
680 z loF
6 10 640F

7Bo BloF
750 TBoF
T2o zsoF

7go B30F
770 B00F
74(o. TBoF

zzo BloF
7oo 73oF
62c- 6 60F

7 60 B00F
690 TzoF
6to 650F

The d etermination of a helium-oxygen atmosphere requires

further investigation into the effects of the mixture during hard exercise

and the effects over extended He-O2 exposure. Lack of sufficient

He-O, testing, ds compared with the earth-like NZ-OZ atmosphere,

make s the latter combination the most rea sonable for early space

stations.

Life support requirements limit the minimum partial pressure

of oxygen to 3 -3 . 5 Ibs/Ln .2 . To provide protection again st flash

fire a mlnimum pressure of 7lb/in.Z partial pressure of Nitrogen is

required. The minimum total of I0 [bs/ln.Z is not inconsistant with

solne high area s on earth. The selectlon of a 14 .2 lbs/in .2 pres sure ,
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however, is consistent with normal earth atmospheric pressure and

should be employed for gen eral station us e .

The relative humidity level should exceed lO%, since most

physical harm, such as lrritated mucous membrane, occurs below this

level .

A relationship between the crew size and amount of nece s sarv

pressurized volume (see Table 7.L) shows a twelve-man space station

requiring 50,000 ft.3. The sizing of atmospheric support equipment

coupled with safety factors (independent pressure volumes) should use
?

50 ,000 ft. " as a nominal figure.
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The penalties of excessive extravehicular activity (fVat cost,

weight , and volume override a two ga s suit . Therefore a pure oxygen

low pressure , 5- 10 lbs . /in ,2 suit ls recommendeC , With breathing

exerci se s and short duration activity there should be no problem with

H/A.

7.4. Habitability

With respect to spacecraft design, habitability provicies pos-

sibly the greatest challenge to decision making. Engineering concepts

are responses to defined problems and can be performance rated.

Habitability on the other hand , is more subj ective and not solely

predicated on any intperical data base. NASA alcng rvith a host of

other researctr€rs, ltave establi-shed athropometric and tolerance criteria

for the man in space. And attempting to apply princlptes of order and

logic , M SC ha s created a habitability technology handbook .

The m achine s which accomodated early s pace explorers provided

little more than a cockpit as habitable area. Table 7 .7 displays

selected predecessor and proposed programs with mlssion duration and

inhabitable volurnetric data.

The cubic footage figures refrect alrowances and

or use. These capabilities and uses make up habitability

defined a s:

not capabilitie s

which i s

That equilibrium state resulting from interactions of componentsof a man-nrachine environment comprex which permit man tomaintain psychological homeostasis, adequate performance, andacceptable social relationships.
T. M. Fraser
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TABLE 7 .7

PROGRAM/VOLUM E COMPARISON

Year Program No. of
Crewmen

Mission
Duration
Maxi.mum

Habitability
volume,

cubic feet

Volum e
man/

cubic feet

I 9 63 Proj ect M erc ury

1963 Gemini Proqram

I968 Apollo Program

t 9 78 Skylab Program

19 B0+ Space station

l9B5+ Space base

I .5 days

14.0 days

L4 + days

28 to 56 days

2 yr. norninaf

l0 yr. a

I

2

3

3

L2

50 to 100

47

BO

225

s00

50,000

200,000

47

40

75

4,r67

4,167

2000-4000

aDuration for hardw.lre, not crew.

I



64

and

A global and relatlve concept applled to any spatial envelopeln which man mu st function . A system is habitable if man
can functlon as a man within its environmental conf lne s .

I . F. Kubis

also

A space is habitable if its design accomodates the individual
requirements and functions of the people who are to use it.

R . Barne s

Major elements composing habitability are:

Design factors

l. Mobility provisions: special requirements for individual

mobility and re straint includ ing cargo/equipment handling .

2 . Garments and auxil iary equipment: include s garment

selection, laundry systern, and storage requirenrents.

3 . Food management: deals with the weight, pdckaging,

and storage of food along with ambient storage, food

preparation and serving and cleanup.

4 . Hou s ekeepingr: concerned with the handling , tran sf er

processing, and utilization,/disposal of waste.

5 . M edical and emergency provi s ion s , recreatlon , and

physical conditioning comprised the remaining design

factors of habitability.

Habitability Factors

l. Personal hygiene: manages urine, feces, and vomitus

collection in addition to providing for personal care and
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groomlng.

2. fuchitecture and environment: deals wlth use,/area

selection , ti ine use , architectural de sign criteria , and

specific environment elements, such as lighting,

acoustics, etc.

7 . 4.2 .I . Mobility Provisions

Fundamentally , mobility in space i s gravity dependent . Zero

gravity situations should provide restraint devices, ranging from

magnetic shoes to mechanical tethers. For the most part, the tethers

employing one point connection wire guides are limited to very select

uses and prove restrictive in most other cases. Handholds, toe slcts,

and a protection from equipment and wall projections should be con-

sidered . A provision for rearrangable handhold s will accommodate

future changes in interior arrangement.

In situations of artificially imposed gravity, the percentage

of one 'rg' is the controlling design determinant. To date, only the

I/6 q of the moon carr be used as true representat.ion gravity levels

below earth's one g. At this level mobility is no real problem

provided other rotational effects of artificial gravity have been con-

sidered. As an extra measure of safety handholds, toe slots, and

surface conditions forgiving miscalculated locomotion, should also be

included in a gravity condition space station. In addition, belts,

straps, Velcro pads, attach fittings, handles and rails should be
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provided were neces sary to aid crew mobility.

7 .4.2 .2 . Garments and Auxiliary Equipment

The garments should be s elected to perform under the con-

ditions of normal duty, special duty, leisure, sleeping and exercising.

The garments should be reuseable, ds opposed to being disposable,

s ince the planned three to s ix month mis s ions would caus e exces s ive

volume and weight penalties in disposable clothing. See Figure T .2 .

30 40 50
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FIGURE 7 .2
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The decision of using reuseable garments presents a need for

laundry facilities . From I'JASA criteria for laundry load s ize , a

twelve man crew, us ing water solvent, would require a twenty pound

laundry system .

An oscillatory wator instead of rotary water and rotary hydro-

carbon solvent systeni shorrld be incorporated, since the oscillatory

water concept is tl-re liql,tr jst, smallest (cubic feet) and only one which

works in zero E.

The automatic conccpt also provides spin dry and heat cycles,

intcgrated into the systcm eliminating a separate dryer.

Vacuum packaging reduces volume of the garments and auxillarv

equipment by at least twenty percent, sometimes more, dependent upon

the item. This , in addition to modularized pacl<aging and storage,

should sufficiently aid garment manaqement.

Items which compri s e a crewman' s wardrobe are twelve shirts

two trous ers , two j aekets , twelve brief s , twelve socks , one head

gear and one pair of shocs totaling ten pounds. The vacuunn packed

volume occupies 552 cubic inches and the orbit folded, 746 cubic

inchcs .

Garments , when pos s ibte and particularly where the s ituation

demands, should be made from fire retardant materials.

Resupply of the sp,1ce station can fulfill special intermittent

garme nt requirements r,vhcn neces sary.



7 .4.2.3 , Food Management

As the duration of space missions increases, a concern for

expendables also increas es the weight and volume of food goods

should be carefuily analys ed .

Required waterles s food for one man day is I . 5 pounds . This

combines with 5 . 5 pounds of potable water (food content and drinking

water) required for the same period.

Knowing the resupply period of the space station to be at

most three months and selecting as an overall average 50/50 food

mix ratio , it' s pos s ible to determin e weight and volum e of the n eces-

sary food from Figures 7 .3 and 7 . 4 .

Required capac ities are:

1 . 262 lbs . food,/man

2. 7.L cubic feet,/man

3. 364 lbs. water/man

4. 62 .4 lbs. /cubic f eet weight

68

lbs . food/IZ man crew

cubic f eet/12 man crew

lbs . water/L2 man crew

cubi c f eet/L2 man crew

dry, shelf stable , frazen,

s in ce lh"V add s ignif icantly

+

3 ,144

85.2

4,368

7r.6

Packaging techniques for conta ining

and perishable foods are important to note

to food weight and volume totals.

Candidate container concepts are, can (steel or tin) box or

bag (cardboard; polyethylene) and cylinder (rigid polyethylene) . The

cylinder was selected since it represented nominal volume and'weight

characteristics , a lthough in actuatlity , food s would be contained in

accordance with their individual requirements.
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For a twelve-rnan crew, ninety days resupplied , packaged food

weights are:

Food Type l.,^ii. /Crc',; Member Total /tZ man crew

Dry Food
Shelf Staple
Frozen
Perishable

78 lbs.
111

60
3!i *_'-

2BB 11,s. x LZ man crew = 3456 lbs.

0

In ord er tr: provid e adequate storag e s pa ce the conta iner

volume must be c.rlculated. Figures 7 .4a, b, c, and d show volume

characteristrcs for the cylinder type packaging.

Food Type Vol . / Crew M ember TotaI/IZ man crew

Dry Fcod 4 cirbic feet
She If Staple 3 . B
Fro:icn 4 . 5
Perishable 1.9

Ta; ",rni. feet x Lz man crew = LTa .4 cubic feet

Provisions for food storage are partly handled by refrigerated

and frozen food lockers. The perishable food volume is just under

twcntl'-thrce cul'ic feet aind can easily be accomnrodated by a thirty

cubic foot pof ri r^rr:r:rr^r and the eleven cubic feet remaining in a

sixty-five cubic foot frer;zcr (fifty-four cubic feet for frozen food

storage) .

With a thirty cub j c foot refrigeratcd food locker capacity ,

the installed voluntc is approximately eighty cubic feet ancl weighs
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425 pound s . The sixty-five cubic f eet capacity forzen food locker ,

installed, requires 135 cubic feet and weighs 750 pounds.

The ambient storage space for a 50/SO mix ratio is 7.9 cubic

feet per man day or 94.8 cubic feet for a three month, twelve man

crew. Flexible storage space should be investigated. This concept

could provide the minimum volume for fluxuating storage demand s .

Individual f ood trays which electrically heat portion s of a

meal will partially support food pl:eparation , while s elf s ervicing

facilitates bussing and clean-up. The required volume for twelve

installed food trays in seven cubic feet and they weigh forty-eight

pound s .

The waste container for food preparation measures 10"x10'k30",

the 'dish' washer-dryer for a twelve man crew measures L6"x20"x30",

and the sink mea sures 24"x24"x40" . These devices coupled with a

vacuum system should adequately handle clean-up.

7 .4.2 .4. Housekeeping

Principally, housekeeping is concerned with handling, tran.s-

ferring, processing and utilizationr/disposal of waste. \Maste handling

originates with collcction and should consider the followi.,o,8

I. Waste receptacles should be provided at the source of
waste materials, The type of container within each recep-
tacle should be characteristic of the state and attributcs of
the wastes generated in that area.

Waste collection should be accon-rplished at the waste source
and deposited in the receptacle designated for the particular

2.
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waste attributc s .

The wa ste pick- up ta sk will begin at
include all actions required to secure
tainers, remove ccntainers from waste
containers and prcpare the wastes for
nated storaqe areas.

the re ceptacl e s and will
the wastes in their con-
receptacles, install new

transfer to their desig-

iJ

Method s of collection vary with the gravity condition . Zero g

situations should include a vacuum system to remove air borne prrti-

culate solids. An irnposed artificial gravity can treat waste collection

much the same as it is on earth.

Various waste containers should be designcd for their parti-

cular use, such as solids, c;ases, solidr/liquid mlxtures, and liquid

Eas mixtures. They ::hould also provide for non-toxic, toxic, hot,

cold, and radioactivc r,vaste conditions.

Waste transfer: should involve efficicnt distribution and sorting

from pickup points to ultimate destination.

Careful waste proccs sing must consider the microbial control

for the general trcatmcnt of contaminated wastes, including (1) physical

separation; (2) water electrol)'sis; (3) oxidation; (4) decomposition;

(5) wastc compactic.rn; a nd (6) waste shredding.

Two means of waste disposal are (l) to remove and store in

anothcr vehicle or to jcttison the waste directly into space. (2) The

Iattcr should be analysed in f urther detail , since wa ste dumping

produccs a thrust, may linqer around the spacecraft, And adds to

spacc contam ination .
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7 .4.3, Habitability Factors

7 ,4 .3 . I . Personal Hygiene

Personal hygiene deals with urlnal selection, feces and

vomitus collection along with personal care and grooming.

The urinal selection is based on,9

amounts: 1.1 lb. per urination maximum, 0.BB Ib/use
nominal

frequency: 3 to 7 urinations per man-day, 5 nominal

quality: pH; 4. 5 to B . 0

specific gravity; L .002 to I . 03 5 ,
I . 0l nominal

constituents: electrolytes, nitrogen compounds, vitamins,
acids, organic compounds, harmones.

From three concepts for spacecraft urinals, the aperature

urinal was selected as most desirable, since it is the least difficult

to use and most consistant with earth-li.ke situations. It can also be

u s ed in zero gravity .

The aperature urinal ha s a fixed weight of twenty-three

pounds and fixed volume of 3 .2 cubic f eet. Figure 7 .5 diagramaticalliz

shows the aperature urinal and its support hardware.

Requirements for feces collection an,C processing ur"r10

amount: wet weight; 0.66 lbrluse maximurrr, 0.33 nominal
dry weight; 0.275 lbrluse maximum, 0.08 nominal

frequency: 0 to 2 times per man-day, I nominal
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characteristics: TIZO content; 65 to 90"/o, 75% nomlnal

pH; 6.9 to 7.7
specific gravity; I.0 to L.4, 1.2 nominal

constituents: rvatcr, electrolytes , nitrogen compounds ,

organic compound s , vitamin s , amino acid s

The Dry ]ohn ,i/- s chosen from a selection of f ive space

toilets. It has a fj;red wei':;ht of twenty-three pounds and a fixed

volume of nine cubic fcet.

Vomitus collection and proces sing should follow the following

criteriur I I

I. The minimum capacity to collect vomitus shall be as foilo*r,ll

Wet: 0.056 cubic feet Per man-day
Dry : 17 . 6 ounce s per man- day

2. The capacity {or vomitus processing equipment shall be
0.056 cubic f eet Per occurrence.

3 . M icrobial and chemical activity shall be permanently eliminated .

The pictured clisposable toilet adapters should facilitate

vomitu s collection .

A s hower f or whole body cle aning and a wet wiping system f or

local body cleaning should be incorporated for personal care and groom-

ing. The shower's fixed weight is 332 lbs. and installed, occupies

110 cubic feet.

The use of wet wipc s for personal hygiene provides an

adeqrrate means of local body cleaning. The wet wipe system,

Fiqtrre 7 .9 , weighs twenty- seven pounds and takes up 3 . 5 cubic feet.
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Personal care includir^g teeth cleaning, shaving and hair cutting, shoulcl

also be provided for. Gravity condition will prove an important deter-

minant of resultinq personal care elements.

7 .4.3 .2. Change Factors and Crew Security

Several concerns, not as imperically generated as the pre-

vously discus sed is sues , should be included with habitability. Tiiese

are change factors and crcw security.

Change Factors

The change factor is incorporated as a design consideration operat-
ing under the assurnption that a change or alteration from an exist*
ing situation is a desirable or even essential element affecting the
degree of relaxation. This does not as yet specify either the t)'pc
of change (phl'sicai or mental) or the quanti'Lative degree to wiricji
the change vrill occllr. Only the fact that sorne change in the
existing sequoilce of the routine should be altered. There is arnpl',
empirical ev idence to support thi s point ranginE in s cale from the
average coffee breal: wirerc upon one changes physical position to
the summer vacation where occurs the saying " a change of scener.'
will do you a world of qood " . In a sense, we advocate that
simple phrase in this specific area, let it be a change in scene.
The area s in which this change can be implernented are many anC
varied and can occur in any one of the following: color, spatinl,
geometry of area, matcrials, texture, sounds, graphics, etc.

Crcw Securitv

Although this refcrs to tlie physical security of the crewman, it
also considers the bchavioral aspect of security in an area clesig-
nated for rest and rr:laxation. We are describing a model con-
dition in this analysis and it is the ideal requirernent for complcte
rest if thrcats to existance are reduced to a minimum. One must
feel safe to rclax, safe from bodily harm, safe in the sense that
his needs have been considere-d, and that anticipated f ears or
needs will, tf thcy arrise be accontodated with a higit deqree of
certainty. This is particularly relevant in an area in which the
crewmen will be in an unconcious state of sleep. Any contingen(iy
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that might arise during this period must be cons idered in light of
the fact that the delay time from sleep to awareness to decision
making could be the critical period determining the life or death
of the crewman. The knowledge that the facility will provide the
maximum back-Lrp for this type of situation provides the confidence
negesSary for complete relaxatiOn and rest to o""rr.17

7 . 4.3.3 . Architecture and Environment

Mission modcJ irrq helps in defining area allocations and subse-

elements such as lighting, acoustics,

temperature , color and volum e , repres ent a piece by peice study of

architectural and environmental concerns, however the value of these

elements i.s in their union.

In addition to area,/mis s ion relationships , the model can also

include functions of useagc frequency as represented in Table 7 .8.

Lightinq

Lighting gains added importance due to the reliance upon

vision in space situations. Adequate light is important for the safety

and comfort of the crew as well as increasing output efficiency. Poor

quent as s es sment . Table 7 .7

the earth orbit shuttle, space

to area /mtssion relati,onshiPs

usage frequency.

Specif ic environm ental

lighting, on the other

in addition to causing

Table 7 .9 is a

requirements to a sclection of light sourccs

represents results of area as a function of

station , and planetary mis s ions . in add ition

the model can also include functions of

hand, can have an adverse effect on performance

eyestrain and fatigue.

Iamp s ource evaluation comparing functional
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TABLE 7.7

CREW AREAS/MISSION MODELING1s

Mission Models
fuea

Loqi stics
Spacecraft

Earth Orbital
Space S tation

Planetary
Space Vehicle

Living Area
Lounge
Recre ati on
Passageways
Study or Library
BeCroorn
Bathroom
Conf erence

Food Preparation
and S erv-i ce

Kit chen
Dining Roorn
Food Storage
Snack Bar

Service s

Laundry
Bri efing Room
Locker Room
Theater
Dispensary
Chapel
Barbershop
Supply
M a inten an ce
Equ ipm ent
Gym
Power

Work fueas
Control Room
Airlock s

In s pection
Photoqraphic support
Animal housing
Docking

I'iR
NR
D
NR
D
D
NR

D
D
R

NR

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
I'dR

NR

R

R

NR
NR
NR
R

D
R

R

D
R

R

D

D
R

R

R

R

R

D

R

R

R

D

R

R

R

D

R

D
D
D
R

D
R

R

R

R

D
R

R

R

D
R

D
R

R

D
D
D
R

D
R

D
R

R

D
R

R

R

D
D
D
R
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TABLE 7 .7 -- Continued

Area
Mis sion Models

Lcqi stics Earth Orbital Planetary
Sp.rcecraft Space Station Space Vehicle

Aqricultural Study NR
Computer NR
Offiees i'iR
Laboratory i,lR

S hop s IIR
Comrnunicati on s NR

D
D
D
D
D
D

D
R

D
R

R

D

LegenC: R = required
NR = not rcquircd
D = desirable hut not absolutely required

tir
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TABLE 7 .B

FREQUEI,ICY CF USAGE,/uIssIoN MODELttrlCl9

Hours per Day in Crew Area s

Logistics
Spacecraft

Earth Orbital
Space Station

P lanetary
Space Vehicle

Area Nom.
Work- Cff-Duty

day Day*

Nom.
Off- Duty Work- Off- Duty

Day day Day

Nom.
Work-

day

Living Area s

Lounge
Recreation
Passageways
Study or library
B edroom
B athroom
Conf er en c e

Food Prcparation
and Scrving

Kitchen
Din ing roorn
Food storage
Snack bar

Services
Laundry
Bri ef ing room
Locker room
Theater
Dispen sary
Cha pe I
Barbershop
Supply
M a intenan ce
Equiprnent
Gym
Power

Work Area s

Control room

B

I

4

3

N
2

9

I
0

4

3

N
2

9

I
0

N

I
2

N
N

1

2

N
N

2

2

N

0.5

I
I
N

0.5
9

I
N

I
2

N
N

0

0.5
N
0

N
0

0

0

N
N
0

N

B

I
I
I\T
.lI

0.5
9

I
N

I
2

N
N

0

0.5
N
0

N
0

0

0

N
N
0

N

B

I
0

N
N
N
N
N
N
N
N
I
0

I
0

N
N
N
N
N
N
N
N
I
0

10
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TABLE 7 .B--Continued

Hours per Day in Crew Areas

Logistics
Spacecraft

Earth Orbital
Space Station

Planetary
Space VehicleI

I

Area
Nom.
Work-

day

Nom.
Off-Duty Work-

Day* day

Nom.
Off-Duty Work- Off-Duty

Day day Day

Airlocl<
Inspection
Photographic

support
Animal hous ing
Docking
Agricultural

study
Computer
Office s

Laboratory
Shop s

Com mun ication s

*It i s a s sumed that no off- duty day will occur on Logi stics
Spacecraft.

Legend: N = nominal time period (les s than two hours per day--time
in area would depend on duti e s for that day) .

0

0

N
N

N
N

N
N

N
0

0

N
N
N

N
N
NN

0

0

N
0

0

0

0

0

0

0

0

0

0

0

0

0

0

N
N
N
N
N
N

N
N
N
N
N
N
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TABLE 7. 9

LIGHTING SOURCE EVALUATION2 O

High Pressure Sodiunr - HID
Metal Halide High Intensity Disch.

Mercufy Vapor - Deluxe White - HID
Fluorescent - De1uxe Colors

Fluorescent - Standard Colors
Incande s cent - Fialogen Cycle

Incandescent - General Service

Efficiency, lms/watt
Life, rated
Color

Ac ce ptable
FlatLering
Co lor rend erin g

Optical Characte ri stics
Point source
Large source, low brightness
Proj ection

Appe aran c e
Warm
Cool

Luminaire Charactcri stic s

Auxiliary equipnient
Size
Weight

Lumen Dcpreciation
Costs

Initial
C p cratin q

Ruggedne s s

Effects of anrbier-rt conditioning

4

4

5

5

I
3

I
3

2

1

2

I

4

5

5

T

5

I

I
5

1

5

I
5

5

I
5

I
5

I

1

5

t

I
5

4

l
4

I
I
I

I
5

2

2

2

2

3

3

I
I
I

2

3

3

I
I
I

I
I
I

3

3

3

I
5

2

2

5

4

3

3

5

4

5

5

4

3

5
5

4

2

I
I
I
2

5

4

2

I

5

3

2

1

4

2

I
I

3

2

2

2

I
2

5

I
5

4

I

I
5

5

I

I
I
I
I

2

2

5

I

4

5

I
2

3

Rating Scale

Optimum
Acceptablc
Some Compromise

Und e sirab le
Una cc e ptab le
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Acou s tic s

Acou stical control i s an es s ential determinant of limited volum e

habitats. High intensity sound can be damaging to the ear while,

conversely, the absences of sound -has proved to be exhausting. Proper

acoustical management should promote the well being of the crew, ds

well a s eliminate interf erence with communication s or the performance

of critical task s .

In tasks requiring alertnes s over extended durations , work

efficien has been observed to be reduced where noise is on the

order of I00 dB. Intense noise, for the most part, is distracting

rather than disabling, but extremely high noise levels can affect

equilibriurn and encourage disorientation , motion sickne s s and other

ill-effects "

pure tones over duration should also be avoided, since

exposure can produce certain damage risks.

Auditorv alarms are an essenti.al element of system management

and proper design including those in Table 7,10.

General acoustic performance requirements are li sted below and

proper desiqn shouLd reflect this criteria .2I

l. The sound level of the auditory signal devices is sufficiently
above the ambient noise levels to permit reception of the
signal . Particular attention should be given to auditory
signals indicating malfunction. Auditory warning signals
must be easily detectable and must be quickly and accurately
identifiable. They should not be of an intensity of frequency
content to induce di scomfor| of panic respon se ,
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TABTE 7 .LO

DESIGN RECOMMENDATIONS FOR AUDITORY AIARM
ANID WARNING DEVICES 23

Condition s Design Recommendations

If distance to listener is great Use high intensities and avoid
high frequencie s

If s ound mu st bend around
obstacles and pass through Use low frequencies ( SO0Hz)
partitions

If background noise is present Select alarm frequency in region
noise masking is minirnal

To demand attention Modulate signal to give intermit-
tent "beeps " or modulate fre-
quency to make pitch ri se and
fall at rate of about 1-3 tlz

Provide signal with manual shut-
off so that it sounds continuously
until action is taken.

To acknowledge warning

TABLE 7 . LL

HEARING DAMAGE CONDITIONSz4

Cond ition SPL dB

Single blast pulses of low
frequency

> 175

Sound cy cle s in range of maximum > I 5 5

ear sensitivitv
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2. The auditory devices are sufficiently distinctive to permit
dlscrimin ation betv,reen them under all ambient noise con-
ditions.

3. The ambient noise levei is sufficiently low in either the shirt-
sleeve or prcssurc suit environntents, to permit face-to-face
verbal communicalions when required with an acceptablc Ievel
of intelligibility, "with half ef fort.

4 . The signa l-to-noise ratio and bandwidth for the intercommuni-
cation cquiprreni is sufficiently high to permit an acceptablc
level of intclli.trbility.

5 . The ambient noi s c leve1 doe s not exceed inten s ity Level s and
durations which cause undue discomfort or could be expected
to cause temporary or permanent damage.

Temperaiure

Thermal control provides the necessary comfort zone for

ha]-.itable areas. This range is achieved by included scLf sufficient

subsystems ancl , inhercntly, must shieici the enclosed environnient

from the extremc s outside .

Desiqn cri"teria fcr thermal control is outlineC in Table 7 .Lz

with an accornpanying tolerance and comfort zone chart. Tl-re rcrnain-

ing tablc rcprcscnts activity,/area relationships. Another chart Cis-

playirrq activity with respect to mctabolic rates is presented in

Takrl c 7 .73

Color

Dcci s ion s of color s ele ction are ba sicaily subj ective jn

nature but therc arc farlrrs of perception r,vhich should be considcrccl .

Room volume, function, frnd desired bchavioral aspects can be
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TABLE 7.T2

ENVIRONMENTAL DESIGN
CRITERIA NEMPERATURE/GAS FLOW RATE/HUMIDITY 25

Item Lim it s Remark s

Temperature , Air
Minimum

Maximum

Temperature, Surface
Mini.mum

M axirnum

Ga s Flow Rate
M in imum

Maximum

Humidity
M inimum

6ooF at o.o clo
4soF at I.o cto

tooor

550F

1050F

15 ft,/min.

100 f.t/mtn.

Bmm Hg partia I

Experimental data show
low air temperatures are
offset by hiqh metabolic
rates or radiation. Pre-
vents uncomfortable cool-
ing of any skin area.
To avoid high skin tem-
perature and prevent
uncomfortable heating of
any skin area

To prevent overcooling or
overheating of skin areas
coming in contact with the
surfaces

Equal to natural convec-
tion. This is required to
avoid dead hot or cold gas
pockets , dis sipation of
carbon dioxide and other
waste gases, and avoids
large cha ngre s in convec-
tive heat loss with body
movement . Flow rate s

above thi s lcvel are sub-
jectively drafty and cause
uncomfortablc iocal skin
ternperatures.

Below this ieveL, the
mucus membranes begin
to dry resulting in dis-
cornfort and increased
pos sih.:iliiy of respiratory
infection "



92

TAI Lil 7 . 12--Continued

Item Limits Remarks

Maximum 15 percent R.H. At this rclative humidity
1r?'.r'r1, iiquid .,,nrater is
usually conden sed on
sorne surfaces. At hiqh
metabolic ratcs where
e\^ro;rl-in r rn:la ,rr, ,-y' OCC; lf ,

hurnidity will be iirnited
by comfortable air or
',A/ali lennprjrat'.tre .

irti
I
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CONDITIOIIS

Air motjon eqra'ls 15-25 fpn.
Si tti ng man dressed i n conventj cnal
clothing (l Clc) doing lighr manual
work in .l4.7 psia atmosphere.

For lower pressure atmospheres,
the t::rpera+"ure I ini ts woul d_ drop siightly.

?0 30

'ulP0Q PRESStiRE (rnr,r Hg)

FIGURE 7 . TT

, '(\lF 
^9-"$'

hr

+U

TFIERMAL COMFORT AND TOLERANCE ZONES26
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TABTE 7. 13

METABOLIC RATE FOR SPACE ACTIVITIES IN ZERO G27

Activity Metabolic Rate

Range (Btuz'hr) Nominal (Btu,/hr)

As s embling parts
At lecture
Changing clothes
Cooking
Eatin g

Electrical Assembly
Electronic repair
Exerci s ing
General office
Machining
MonitorinE system s

Playing games (cards, chess,
pool)

Sheet metal work
Sitting at rest
Sle eping
Strenuous sports
Sy stem checkout
Transporting cargo
Typing
Walking
Wa shing
Watch ing/Listening,

Enterta inm ent
Welding
Writing

800-1000
400-800
600-900
600- l 000
300-550
800-r200
500-700

1200-2200
s00-900
550-750
350-650

400- 6 50
r000- I 750
300-s00
250-350

1800-2800
s00- r 000
800- I 600
500- 700
650-9s0
700-r300

300-500
s50- 750
3s0-5s0

900
500
750
800
4s0

r 000
600

I 700
700
650
s00

52s
1375

400
300

2300
750

r200
600
800

r 000

400
6s0
450
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TABLE 7,L{--Continued

Activity

Area

Power

Wcrk Area s

Control
. room
Airlock s

Inspection
Photograph.ic

support
Animal

housing
Dock
Agri cultura I

study
Com put er
Off ices
Laboratory
Shops
Communi-

cation s

o
+J
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c

c
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considered determinants of color selection. The effects of color on

habitable areas can be assets with respect to desired effect as shown

in Table 7.15. Color and its perceptual properties should be used to

satisfy safety demands such as (I) accident prevention, (2) the marking * /

of physical hazards, (3) the location of safety equipment and (4) the

identification of fire and other protective equipment.

The following criteria for color coding should be used .2 
9

Red shall be the basic color for ldentification of:

Fire protection equipment and apparatus
Danger
Stop.

Orange shall be used to desiqnate exposed unquarded hazards, such as:

Inside of transrnission gruards for gears, pulleys, chains, etc.
Exposed parts (cdges only) of pullcys, gears, rollers, cutting

deviccs, po"wcr jar,vs, etc.
Safety starting buttons.

Yellow shail be thr: basic color designating caution, such as:

Wa ste containers for explos ive or hi ghly combustible material s

Caution s ign.s
Piping systern s containing dangerous materials .

Green shali be uscd as the basic color designation for safetl' and the
locatioir of first aid esuipment

Blue sirall be thc basic color for desiEnation of caution limited to
warning against thc starting, the use of , or the movement cf equipment
under repair or beinq worked upon.

Purple shall be the basic color for designating radiation hazards, such
as:

Roorns wherc such rnaterial is storcd or handlcd
Di.sposaI cans for radioactive matcrial
Contaminatccl csuinmcnt
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TABTE 7. 15

COLOR AREA ASSESSMENT3O

o|q
+,
o
x
t!]

o|g
(o

a
E

cn

tt
c
l{
o
0)

O

c''
c
N

fi
l-{

a
o
z

t'|
tr
f{

o
&

glslg
Private

Crew compartments
Public

Dining room
Lounge
Recreation
Library
Study
Conf erence
Passageways
Chapel
Gym
Locker room
Theater
Briefing room

Service
Galley
Snack bar
Bathroom
Dis pen s ary
Laundry
Barber s hop

\dl/ork

Equipm ent
Maintenance
Power
Storage, food
Supply
Control room
Communication s

Com puter
Shop
Offices
Laboratori e s

x
0

0

0

X

0

0

0

0

0

0

X
0

X

0

X

X
X

X

0

0

0

0

X

X
x

X

X
X
X
X

X

0

X
X

X

0

X

X

X
X
X
X
X
X
x
X
X
X
X

X

x
0

0

X

X
X

0

0

0

0

0

0
0

0

0

0

0

0

X X

0
X
0

0

0

0

X
0

0

X
X

0
0

0

0

0

0X

0
0
0

0

0

0

0
0

0

0

0
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TABLE 7.15--Continued

Dock
Photographic
Animai housinc
Agricultural
Air lock s

Legend: X

0
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TABTE 7.L6

EFFECT OF HUE3l

Effect Hue Contrast

Exciting

Stimulating

Cheering

Reti ring

Relaxing

Subduing

Depressing

Bright red
Bright orange

Red
Orange

Light orange
Yellow
W'arm gray

CooI gray
Light green
Light blue

Blue
Green

Purple

BIack

Neutralizing Gray
Whiter/off-white

Hlgh

Moderate

Moderate

Low

Low

Low

Moderate

Low
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Signal lights which indicate when radiation-producing units are in
operation .

Color coding standard s for marking fluid lines and valves for military

equipment are as follows:32

Red: Fuel
Green, Gray: Rocket oxidizer
Red , Gray: Rocket fuel
Red , Gray , Red: Water inj ection
Orange, Green: Inerting
Yellow: Lubrication
Blue , Yellow: Hydraulic
Orange , Blue: Pneumatic
Orange, Gray: Instrument air
Blue: Coolant
Green: Breathingr oxygen
Brown, Gray: Air conditioning
Yellow, Orange: Monopropellant
Brown: Fire protection
Gray: De-i cing
Yellow, Green: Rocket catalyst
Orange: Compre s s ed gas
Brown , Orange: Electrical conduit
White: A11 other

Vo1um e

The allotment of habitable volume is dependent upon a variety

of factors. The launch system assigns a maximum volume and weight.

Necessary support subsystems, exponents, work stations, and mainte-

nance criteria make logical hiqh priority demands on this volume.

Amongr other factors, habitability makes a bid for the remaining area.

In consideration of long duration missions it becomes essential

that crew members work, sleep, eat and relax comfortably and efficiently.

The crews of early space stations will likely be comprised of
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hlghly qualified prof es s ionals exhibiting some degree of domlnance .

Interpersonal stres s would only be encouraged by confinlng such a

group in tight quarters . The divlsion of volume, then becomes an es-

s ential design element . Table 7 , LT shows a comparlson between

allotted area for different programs. Dimensional consistency is main-

tained for most programs through the items listed in Table 7 .LB.

Several elements particular to spacecraft area'/use as s ignment

are related to respons ibitity level and spatial need with respect to

crew s ize and mi s s ion duration .

With a crew structure of spacecraft commander, line officers

and working crew a spatial hierarchy of representative respons ibility

can be determined. Conditions of being confined in extrateriestrial

space interfaced with the respons ibilities of leadership can easily caus e

a s ituation of high stres s . As means to temper the condition and

suppres s interpersonal conf lict volumetric as s ignments should be

proportioned to responsibility level.

Provided there is sufficient area the commander should be

awarded private sleeping quarters , bath and office . The d eputy com-

mander and line off icers should be provided with adj acent s emi-private

or private baths .

The spatial needs with respect to crew s ize and miss ion

duration incorporate individual activity requirements along with total

habitat area demands.
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Individual activity requirements such as dining and sleeping

should be sized according to direct increase ratio. That is to sdy,

sleeping quarters for three crew members would be doubled in size to

accomodate six men . Mis s ion duration has littte effect on the individual

activity areas and there would be little change between 60 or lB0 day

missions.

Total habitat area demands will, oD the other hand, significantly

increase, due to mission duration. An increase in compartment speciali-

zation and reduced effectiveness in leisure time facilities is the reason

for additional volume. Figure 7.12 j.llustrates the overall volumetric

requirements as a function of crew s ize and mis s ion duration .

The relationship between work area and living quarters is very

dependent upon available volume. The special requirements of work

area and the desired conditions of personal area validate a separation

between the two activities . Moreover, this division. provides a change

of pace from the work area to the Livin g area . As far a s d etermining

an individual's proximity between the two functions , responsibility for

critical decision making and involvement emergency decisions should be

con s id ered .

Table 7.19 represents room height, area, and volume for

habitable areas under both artificial gravity and zero g conditions .
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TABTE 7.IB

MOBILITY PROVISIONS

Item s Minimum
(inch)

Comments

Pa s sa geway s

Ceiling Height

Aisle s/Corridors

Hatch Diameters

Air Locks

Length
Diam eter
Diam eter

Tunn el s

Diameter
Diameter

Compartment Entry

width
width

B2

30

60 Sized for equipment transfer
32 Crew emergency u se

B4
48 For one-man occupancy
60 For two-man occupancy

36 For lengths T ft. or less
42 For lengths greater than

7 ft.

26 Single-man occupancy
32 Multiman occupancy
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TABLE 7 , 19

ROOM HEIGHT, AREA, VOLUMES 3 4

Flabitability Unit
Ceiling
FIe ight

( ft)

Gross
Are a

Per Man
fftz)

Per Man
Zero

Gravitv
(rt 3i

Gros s Volume
Arti fi ci al
Gravity

1rt3)

Bedroom- One man
Bedroom-One man

with bath
Bedroorn-Two men

with bath
Bedroom- One ntan

with office and
'bath

Dining room
Loun g e

Recreation
T i l'rr:: rr z!+vr sr ]

Study
Confcrence
Passageway (2 way)
Chapel
Gym
Locker room
Theater
Briefing room
Galley
Snack bar
Bathroom-toilet ,

lav. and shor,r'er
(single occupancy)

Dispensar-v- single
pati ent occupancy

Laundry
Barbership
Equi pni entl
Maintenance
Power
Food storage
Supply
Control
Comrnuni cation s

t-\ \

6.5

6.5

6.5
7 .A*
7 .0
7.0
7.0
6.5
7 .0
6.5
6.5
7.0
6.5
7 .0
6.5
6.5
6.5

6.5

6.5
6.5
6.5
*
*
*

6.5
6.5
6.5
6.5

50

BO

70

133**
15

I6
10
10
10

I5
*

15

IO
*

T2

15
*
*

34

B6
*'

:

;
*
*
*

325

520

455

865
105
TT2

70
70
65

105

9B
70

B4

:

22r

s59

380

:

22A* * x

400***

440* * *

650
90
90
7A
70
7A

90

90
70

7B

:

IBO

s00

280

:
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TABLE 7.L9--Continued

Habitability Unit
Ceiling
Hei sht

(ft)

Gros s

fuea
Per Man

(rtz)

Gros s Volume
Artifici al
Gravity

1r3 )

Per Man
Zero

Gravity
(rt3 )

Computer
Shop
Off ice s
Laboratories
Dock
Photo gr aphi c

support
Animal hou sing
Agriculture study

area
Air locks

6.5
*

6.5
*
*

*
*

*
*

*
*

3 B** 247 247

*Varies with mission parameters,
**31-60 man crew size 

?***Visual volumes of. 247 ft." minirnum, may be shared

Note: The volumes listed are on a gross per man basis. They are derived
by using the fuil dimensions from wall to wall and floor to ceiiing
and then dividing by the number of cre\,vmen using the room at one
time.



B. GRAVITY CONDITION

To date there is insufficient data to support any one stand on

spacecraft gravity condition. Precursor programs suggest no serious

problems with limited duration zero g exposure. Parenthetically, the

Skylab program witl evaluate longer zero gravity periods, with one

twenty- s even d ay mi s s ion and two others , la sting f ifty- eight days .

This section presents issues related to gravity assessment and inclu4es

operational effects, physiological effects and dynamic stability criteria.

B. 1. Operational Effects

Artificial gravity overcomes the disadvantages of weightlessness,

but the rotation necessary to produce this gravity induces certain

operational prob'lems. on board installed systems such as (rl antennas

(2\ docking devices , (3 ) crew and cargo transf er , (4) guiclance system s ,

observation, and (5) solar power collection all require attitude control

and must be carefully designed into a rotating artificial gravity station.

Yet still another consideration is extravehicular activity. In order

for a crew member to engage in EVA the astronaut must exit at the

hub or the station would have to d es pin (owing to the centrifugal

108
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force produced by spinning)

8.2. Physiological Effects

B .2 .I . Sensory Perception .

Design resolution must consider man's narrow tolerance zone in

terms of rotational parameters (tfrat is, radius and rate of rotation\ .

The upper limit on gravity level is as sumed to be one q and the

upper limit on angular velocity is four revolutions per minute (above

this rate, vestibular disturbances may appear when the head is turned

rapidly about an axis perpendicular to the axis of rotation) . The

minimum radius where the gravity grad ient from head to foot is not

enough to be disturbing, 15% maximum, is forty feet.
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1c (Earth )

8o rMars )

*o,Moon)

75 100 125

Radius of Rotation Ft.

ARTIFICIAL
RADIUS

FIGURE

GRAVITY AS
AND RATE

8.2

A FUNCTION OF
OF ROTATION

B .2 .3 . Coriolis Acceleration

8.2.3. l. Radial Transfer. -- In a rotating environm ent , a crewman

will experience changing forces when moving in a radial direction

towards or away from the hub (see Figure 8.3). When moving towards

the hub, the crewman experiences a force acting upon him in the

direction opposite to the rotational direction. Design of artificial

gravity radial transfer aids wilt be dependent upon these conditions.



111

HU8

ROTATIN G

SPACE STAT|0r,i

FEET c0nt0Lts F0RcE
PRODUCEN EFFECT

-0 (, = 3.33 RPM
ttGtt

LEVEL./ .0373

i
UP

40 

---- 

g , .9371'

--__ g0 -g

-100

+ MANS CLtMBtNc
I RADTAL VELoC|TY
I

3 FT/SEC

.2\
373.0

APPARENT SLOPE OF
LADDER TO THE MAN

FIGURE

RADIAL TRANSFER
STATION,/CONIOLIS

8.3

IN A ROTATING
ACCELERATION

.3

.0373



\

LT2

c4

I urg
==q2E)<:z'2A P E:

==o=c-:FU'-
v,Pdd3
= 

F- 4 -; -?/rdJdre

=:qdsi:e==EF3
z.A=aic'rs)E =Etr'o;=Xo

-t 2 r 2 H; iFfrUEP-'i-J = tz a. j 3 frS F S = = = [r
Ct E, 'c/, tL 

= 
OSsETIEP

H ? 
= 

r d H 
=t:FF'-)

=Fc'-=ftft==Fx+i
=L-,Ez:,EEJdE:r

l__
I

I

\

\

tot\t\
fl
N

=o=

i
:l
*lcl

In!
CN
t!]
O
z
F]
&
L]sf, i-,'
H. r,'l@t
O.

FLI

& t-,F\A
r h \.,,
\-,,
Hf,

Fr{

Fz
F4
H
N
o

eo@o@@o

------<@

\

\
\t
\

en-w'
vnt

z,o
F
a
c)q.

\>zrG
c)
3

@

zo
F6o
G
CL
TJ.J

u,
J
ut

"\



I13

8 ,2 .3 .2 . Flgor walkinq. --As in radial tran sfer, when a

ma s s such as a leg or arm is displaced radially, up or down (a s the

knee would be in normal walking), the same Coriolis wind effects

take place . As the crewman walk s perpend icular to the d irection of

rotation, his leg will feel a lateral force pushing it one way when he

raises his foot, and an opposite force when he sets it ,cown.

The magnitude of the Coriolis acceleration is directly propor-

tional to the product of the artificial gravity rotational rate and the

velocity of the crew numbers motion relative to the spacecraft in the

plane of rotation.

Radial translation toward the center of
men and cargo toward the lead ing edge
opposite is true as he descends.

spin forces the crew-
of the spacecraft; the

Translation in a tangential clirection results in Coriolis
forces which increase or decrease his apparent weight.

Significant conflict among spatial sen6es (intersensory dis_
cordance) accompany radial and tangential tran slation and
head movement not parallel to the rotation of the spacecraft.

Such conflict tends to provide illusions, spatial disorientation
and difficulty in locomotion, "motion" sickness, and general
confu s ion and d i s com fort .

8.2,4. Static Lean

Static lean refers to the characteristic angle the crewman

4.

assumes to resolve apparent rim

members align their bodies along

or floor inconsisteneies. Crew

personal radii of rotation to offset

The crew member stand ingr on a f latsensed centrifugal acceleration.
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floor displaced from the perpendlcular radlus of rotatlon to the flat

floor will naturally adopt a compensatory lean.

Sensory perception problems also occur with rotation and

can be alleviated both by design and procedures. The hairs in
the inner ear would sense fluid motion due to an effective change
of rotation rate or direction and this sensing would be transmitted
to the nervous system. If the eyes are focused on a fixed
obj ect , then this sensing produces a dominant rectifying message
to the brain and re stores a feeling of comfort . Quick head move-
ment will produce a sensing of change of rotation and would
destroy the visual anchor point. fn the design of the arrangement
of displays, necessity for quick head movements to view critical
parameters should be avoided.

Additional considerations for determination of gravity condition are:

1. Changes in the mineral balance of bone tissue with a loss of
calcium and resultant reducti.on in bone strength.

2. Orthostatic intolerance The reflex contraction of venous
muscles (tfrat in one g normally prevents pooling of blood
in the lower body) ceases to function. This is a progressive
phenorn enon .

3. A general cardiovascular deconditioning.

4 . The ef f ect s of re- entry gravlty load s after long term weight-
les snes s .

5. Surgery procedures in an agravlc situations.

6. Long term. effects of eating and drinking in. zero gravity.

7 . The con stra int s of zero gravity wa ste mana gem ent .

B. Conditions of weightless sleeping.

g. Problems associated with orientation in zero gravity.

10. Experiment requirements conducted under zero g conditions.

Adaptive changes which might occur due to long term exposure

to artificial gravitY are:

't



Conditioned suppres s ion of vestibular information .

Conditioned visual suppression of conflicting sensory infor-
mation (the astronaut depends more than usual upon vision
and is thus able to ignore conflicting inputs from other senses)

Design Considerations

Crew stations requiring seated or standing performance for morethan a f ew s econd s at a time should be oriented axially with
respect to the rotating cluster; an astronaut at such a station
would then face tangentially (toward the leading or trailing edgeof the spacecraft) .

crew stations should be so raid out that head movements
required for monitoring visual displays, the astronaut's own
performance , etc . are mad e primarily within a plane parallelto the plane of rotation.

Bunks and the Lower Bocly Negative Pressure device should be
oriented axiai ly.

Learned alteration of responses
ment of s en sory information .

Translation within one floor should be
axial direction to the greatest degree

tls
to compensate for the rearrange-

acconlplished in an
possible.

4.

8.3

A ladder or specially designed elevator should be provided forradial translation, .and should be centrally locatecl with itsrungs (if a ladder) oriented axially. provision should be maclefor ascent on the trailing side of the ladder and descent on the
leading sid e .

Dynamic Stability

The rotational effect which induces artificial gravity, provides

maximum mom ent ofadditional benefits. If the principal axis of

inertia is the same as the axis of rotation then the station will tend

to be spin stabilized. Problems associated with the dynamics of
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spinnlng station s in clud e , ( 1) ela stic os cillation s produced by crew

motion and cargo shift, and (3) external torques resulting from dock-
ing impacts ' Damping mechanism should be employed to prevent

wobble produced by these disturbances.



9. SPACECRAFT DESIGN

9. I Spacecraft Design Introduction

A space station, like any other spacecraft, is an integration

of support subsystems. The subsystems of early stations should center

emphasis on longevity of the unit , us e of redundant elements and

whenever pos s ible the us e of off-the- shelf items . A brief description

of this hardware is discussed in this section.

I .2 . Subsystems in clude:

1. Electrical Power Subsystem EPS

2 . Environm ental Control and Lif e Support
Subsystem ECLSS

3. Guidance and Control Subsystem GCS

4 . Reaction Control Subsystem RCS

5. Information Management Subsystem IMS

6. Docking Subsystem

7 . Structure Subsvstem

B. Habitability Subsystem

I .2 .I . Electrical Power Subsystem

In order to determine the most feasible power system three

LL7
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candidate proposals were reviewed , the solar array , the nuclear

reactor /Brayton cycle system , and the nuclear isotope,/Brayton cycle

system . The nuclear reactorr/Brayton cycle candidate system wa s

unacceptable because of exces sive shielding weight penalties result-

ing from its inherently high radiation levels. The two remaining

alternatives are comparatively evaluated in Table 9 . I .

The advantages of the solar array system make it the obvious

selection , especially for the initial station. Expanded area require-

m.ents of the array become a limiting factor as power demands increase

with station growth . A d e s ign allowing convers ion to the nuclean

isotope,/Brayton cycle system at some later stage should be incorporated.

The electrical power system utilizes 7 ,00A to l0 , 000 square

feet of solar arrays, includes nickel-cadmium batteries for eclipse

periods and peak loads, and also e.mploys an emergency fuel cell

back-up, using hydrogen and oxygen as energy source. This system

provides a 41 6 volt ac source of power for an average of 25 kilowats

of lI5/200-volt, 400 Hp, 3 phase ac and fifty=si* volt dc, including

six kilowats for experiments.

g.2.2. Environmental Control and Life Support Subsystem

The ECLSS supplies the I4.7 psi oxygen/nitrogen atmosphere

to all areas of the station. The oxygen is replenished through the

electroly sis of water , while the nitrogcn is maintained by ammonia

decomposition. A Sabatier process performs two functions, (l) carbon
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TABLE 9. I

ELECTRICAI POWER SUBSYSTEM AITERNATIVES I

Con sid eration s Solar Array * uclear IsotoPe
Brayton Convers ion Cycle

Experience Extensive R & D Stage

Availability Accurately Conditionally predictable
Predictable No large scale Pu-23 B

extraction process
exi sting
Other Pu-238 uses out-
side of aerospace

Reliability Hish Long term isotope
containrnent
Require s ba ck- up Brayton

Cost (includes develop- Least More
ment, test, operation,
and back-ups)

Heat Dis sipation Articulation Extensive Radiatiors

Attitude Constraints Solar Panel Potentially None

Deployrn ent and Laun ch Heat .Sourc e Deploym ent
Retraction Thrusting During Modular Replace-

man euvers m ent
Hard particle
radi at ion

Weight I0,000 lbs. 15,300 lbs.
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dioxide is removed by

oxygen recovery, then

reaction control system

Sabatier reactor. Each

which act as meteroid

reverse osmosls and decomposed for Sabatier

(2) supplied to the oxygen feed system. The

in turn, uses the methane byproduct of the

module incorporates two I B0o radiators,

protection and radiate all station generated

heat to space. 
.

Most of the condensate and wash water is purified by the

use of reverse osmosi s , with the remainder cycled through the air

evaporation unit and combined with urine and flushing water. The

water , 99% pure, is then transfered to the station loop which

produces 17.5 lbrlday of methane and carbon dioxide for the reaction

control subsystem and 13.0 lbsrlday of water. For a given quantity

of oxygen production the sy stem offers the optimum recyclinE of

water, eliminating the need for any replenishment from the shuttle

The required temperature control is any section of the

station is maintained by atmospheric circulation at pre set values

from fif teen to 100 f.t/mtn. The l.evel of humidity is maintained at

B-I2 mm. of mercury partial pressure of water for the entire station.

The station's contamination control assembly continuously monitors

atmospheric constituents and removes toxic, corrosive or bacterio-

logical contaminants prior to atmospheric resupply.

Guidance and Control Subsystcm

Responsibility for stabili zlng the station gocs to the

9,2.3
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guldance end control eguipment which us es a s lx channel

assembly for inertial reference, and control moment zero for

t22

strapdown

nutation or

wobble damping. Proper attitude is monitored by horizon sensors, horizon

edge trackers, and star trackers dnd utilized the reaction control

system for pos ition adj ustments . State vectors are kept in check

through periodic use of sextant, teles cope , and las er altimeter .

An essential factor in guidance and navigation is the des ired

autonomy of all program as sociated hardware from logi stic vehi cle

rondezvous to the management of free flying experiment modules .

I .2 .4. Reaction Control Subsystem

Clos ely linked with the GCS , the reaction control subsystem

provides the forces requlred to control the space station. The 0. 1 lb.

thrust resistoj ets utilizing methane waste from the environment control

subsystem trim the orbit and off s et aerodynamic drag . M ed ium thrust

bipropellant engines (twenty-five pounds) using gaseous hydrogen and

oxygen produced by electrolysis', control the momentum vector and

docking disturbances. Artificial gravity spin and despin are facilitated

by 100 tb. thrust engines located at the oppos ite ends of the gravity

arms .

9. 2. 5. Information Management Subsystem

The information management subsystem is responsible for

(tl crew data management , (2) operations data management, command



extension of station capabilities

information system interfaces.

. 5 ft/ sec . impact velocity .

9.2.7 . Structure Subsystem

r23

including environmental control and

Docking tolerance s allow a margin of

Consistant with crew saf ety criteria , two independent pres sure-

able volume s should be provided . Monocogue construction utilizing

. I 45 inch thick 5 05 2 aluminum alloy provides a cost eff ective concept

with long term characteristics in the habitable pressure modules.

Structural characteristics include three exterior frames which offer a

clear module interior of 13 feet B inches in diameter and also provide

rigid manipulator pickup sockets . Meteroid and radiation protection,

are both integrated into an arrangement of pressure shell, insulation

and radiators.

'Preesure Shell
(o.t4s in. 5os2 H34 AL)

Frame
Strong Ring

Docking Collar

Viewport

Radiator Panel

FIGURE 9 .2

MODULE STRUCTURE



m eteriod

m eteroid

pre sent

The structural as sembly is augmented by

bumper and a Kapton lined insulation is

bumper acting as a secondary bumper.

the basic module structure.

an .03

located

Figwe s

T24

inch aluminum

inside the

9.2 and 9.3

Frame
Bumper
Insulat ion

FIGURE 9 .3

MODULE DIMENSIONS

9 .2 .8 . Hal:itabilitv

ExtenCed duratj.on space missions place such a dependency on

the enclos ed environment that habitability should be considered a sub-

sy stem , parallel with oth*r subsystem components .

Habitability as a subsystem includes four environmental group-

ings: (i) personal , (2) functional , (3) mobility, and (4) recreation

Manipulator
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and control., experiment data management , (3) on-board check out,

(4) mlssion operations scheduling, and (5) communications manage-

ment.

. Two directional antennae should accomodate communications

and tracklng. W'hile semidirectlonal antennae provide communications

with earth and serve as the primary link remote and detached modules.

For full utilization and maximum capability, approach radar and anten-

nae systems will possess a full compliment of power amplifiers,

diplexers , and S-band converters .

Overall operational autonomy is maximi zed, by fully integrating

the communications , data processor, and console functions. Full

computer integration also includes software storage in reference data,

hard copy and information storage facilities.

9 " 2. 6. Docking Subsystem

Docking presents certain difficulties with respect to the

rotating artiflcial gravity station. The inclusion of a static docking

element facilitates ronder-vous techniques, ds well as other required

functions demanding specific attitude. Basic habitable modules will

lnclude five foot d iam eter docking collars , two located along the

longitudlnal axis and two diametrically opposed ports in the plane

normal to the radius cf rotation . In the ca se of incompatible docking

mechanisms (Soviet and U. S. ) an adaptor accommodating each should

be used in the coupling. The docking system provides for a full
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and exercis e equipment .

Personal equipment is the clothing, linen, grooming aids,

food, emergency oxygen systems, and radiation dosimeters used by

crew members.

Bunks, desks, chairs, and the like comprise the functional

equipment. Also included in this equipment are private station to

earth communication units.

The equipment which facilitates mobility includ es crew and

equipment restraint devices, transport aids, handling devices, and

storage bays for redundant items.

The provi sion of adequate games , vj.deo tapes , motion pictures ,

reading material, taped music, ergometry devices, isotonic equipment,

and medical and dental facilities make up recreation, exercise anci

crew care considerations. See section 7 .4 Habitability .for more

detailed information .

I . 3 . Subsy stem Component Replacement

Although there lvill still be redundant components for critical

systems, ernphasis should center on the continual monitoring of

subsysti:ms, operationally followed by fault isolation and component

replacement. Responsibility for fault isolation , verification of fault

development paths and distribution of checkout information lies in the

on-board chcckout subsystem . IVlaintenance load s are sizeably reduced

by this concept since crew members are used only in the attcndance
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of equipment and not in the check out proces s .

System design provides for component replacement in the

pressurized volume with maj or subsysi"*, stilt operable .

I .4. .Integrated 
Subsystems

In addition to the solar arrais, the electrical power system

(EPS) utilizes regenerative fuel cell as semblies which can supply

emergency hydrogen, oxygen, or water to the environmental control

system (ECLSS) or (RCS) . Each assembly consists of (1) one fuel

cell , (2) electrolysis unit, (3) nitrogen accumulator , (4) oxygen

accumulator, and (5) half of a water storage tank .

The environmental control system uses a closed olrygen and

water concept and produces the gaseous propelant used in the

reaction control system.

Maximization of common hardware promotes subsystem inte-

gration. AII the major subsystems utilize electro-chemical processes

based on the reactions of hydrogen and oxyg€D, with similar working

fluids, hardward maintenance checkout, and overall technologies . As

a result of the integrated EPS, ECLSS, and RCS subsystems and

shared development, reduced hardware through shared redundancy and

reduced logistics through shared contingency consumables the over-all

cost is substantially reduced.



L28

INTEGRATED FUNCTIONS
. BUILDUP EPS & RCS

- ENERGY STORAGE & REACTANTS
O NORMAL OPERATIONS ECLSS & RCS

AIR REVITALIZATION & REACTANTS
O EMERGENCY EPS, ECLSS, RCS

, COMMON STORAGE

HARDWARE COMMONALITY
O ELECTROLYSIS ASSEMBLIES
) 02H2 ACCUMULATORS
o H2O STORAGE
O VALVES & REGULATORS

COMMON TECHNOLOGY
O WORKIT\G FLUIDS
. CHEMICAL PROCESSES
O MATERIALS
O CHECKOUT
O MAINTENANCE

FIGURE 9 .4

INTEGRATED SUBSYSTEMS EPS/ECLSS,/RCS 3

FUEL
CETLS

SABAT I E F
CO2 REDUCTION

UTILITY



129

9 . 5. Subsystem Volume

TABTE 9 .2

E}CTERNAI AND INTERNAT VOTUMES FOR SUBSYSTEM EQUIPMENT4

Subsystem Crew Size
External

4

Volume ft.3
6B

Internal
4

Volume ft.
6B

_Ecs
Atmos . Regeneration
CO" Removal

L
Cabin Circulation
Coolant Loop
Water Supply
Solid Wa ste M grt .

ECS Totals

EPS

Batteries
Power Conditioning
Wiring
EPS Totals

COMMUNICATIONS
RF Systems
Terminal Equipment
Audio & Premod.
TV
Data Management
Data Storage
Antenna s

Communications Totals

INSTR-UM ENJATION
M ea surement
Signal Conditioning
Displays & Control
Caution & Warning
Timing Equipment
Event Timer
Lighting
Instrumentation Totals

19 24
25 28
2.5 3.7
6 7 .6

L7 .9 20. 6

B9
78,4 g2.g

6

5

3

z
16

7

6

L2 L2 t2
25 25 2s
333!s

40404045

29
32

5

7

23 .3
10

106.3 15

6

5

2

2

6

5

4

__3
1B

10
I

.2
6

6

10

222
111

15 L7 20
Itl
222
222
44s

27 29 33JI1

35

10
I
3

6

7

II

38

10
I
4

B

7

T2

a
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TABLE 9 .2*-.Cg$!ngsq

Subsy stem Crew Size
Externa I

4
Volume

6
Internal

4
Volume
6

ft.
B

ft.3
B

GUIDAIVCE & CONTROL
IMU
Electronics
Optics
CMG'S
Guidance & Control Totals

CREW SYSTEMS
Food Management
Medical & Surgical
Personal Equip. & Hygiene
Exercise & Recreation
Pressure Suits & PLSS
Crew Systems Total

CONSUMABLES
Oxygen
N itrogen
Food
Misc. Crew Systems
RCS Prop.
Con sumable s Total s

Subsystems Totals

24 24 24
24 24 24 26 26 26

66
L7 t7
33

6

T7

3

44
B4
73

3

252

28 37
68 69
27 33
33

152 18 I

3B 3B 3B

408 612 816
9 T4 18

4r7 "626 83 4

67 6 921 I2L2



IO. MODULE SIZE AI$D FTOOR ARRANGEMENT

10. I . Module Size (See I .2.7 , Structure Subsystem)

10. I . I . Modularity Imposed by Launch System

Specifications of the Earth Orbit Shuttle require all modules to be

compatible with the parameters of the cargo bay. This means that the pay

Ioad can not exceed the fifteen foot diameter by sixty feet longr dimensions

and must be within the 40 , 000 Ib. + 10 , 000 lbs . weight limitation

. although it is des irable to have all components consistent with

shuttle criteria , various existing chemical propuls ion stage (CPS)

systems are available to orbit diff erent s ize payloads .

10.1.2. Commonality

Advanced program planning in addition to the proposed shuttle

concept has introduced expanded implications on module des ign .

Envisioned manned programs of the 198 0's include earth orbit space

stations and bases, lunar orbit stations, lunar surface bases, planetary

missions and space tug systems. The earth orbit shuttle along with

the chemical propulsion stages are respons ible for the configuration of

these future missions; therefore the design of modules should be

I31
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flexible enough to adapt to other mlssions bestdes an earth orbit

station.

L0 .2. Floor Anrangement

Using the proposed fourteen foot diameter habitable module,

the question is, which is the most efficient way to orient the floors

and module itself ? An as ses sment of floor arrangement can be deter-

mined from evaluation of static lean and Coriolis acceleration, volu-

metric efficiency, dynamic stability, number of required modules and

growth potential .

I0.2.1 . Static Lean and coriolis Acceleration

In an artificial gravity state, static lean (a crew member's

sensed correction of centrifugal forces by alignment of the boCy along

local radii of rotation) has significant impact on floor positioning.

" The maximum lean for either and,/or longitudinal module orientation is

within acceptable tolerances, however several mobility problems arise.

The eff ective lean i s modified by the Coriolis eff ect on artificial g

acceleration. This results in an increased lean in the anti-spin

direction and a decreased in lean in the program direction. Most

critical is movement in the anti- spin direction . Mosf critical is

movement in the anti- spin direction and backward lean. Static lean

is sensitive to module length as an incriment of spin circumference.
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L0 ,2 .2 . Volumetric Efficiency

The ratlo of usable floor area to total volume of a cylinder i s

the def inition of volumetric eff iciency . Us eable floor area is allocated

to major functions , such a s command. and control , laboratory facilities ,

sleeping quarter, etc . , having adequate ceiling height for working .

Tunnels , alsles and hatches , irl general , maj or acces s route s are

thought as usable floor area. Thls consideration makes the module

diameter the critical element . In diameters les s than fifteen feet the

longitudinal floor installation proves more efficient than the axial.

Therefore , habitable modules compatible with the shuttle bay , s hould

orient floors longitudinally.

I0.2. 3. Dynamic Stability

An unstable spacecraft spins about an axis of intermediate

inertia, while short period stability occurs when it. is spun about an

axis of minimum or maximum inertia. The initial station should be

inherently stable yet pos s es s damping devices to control wobble . The

build up sequence of the station should respect the dynamics of spin-

ning bodies and offer the minimum disturbance during docking procedures.

IA .2 .4, Number of Required Modules

The lea st number of modul es required to make a stable station

ls a determinant of module orientation. An artificial gravity situation

utilizing the longitudinal axis of the module in plane of rotation would
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best satisfy this requirement.

I0. 2. 5. Growth Potential

Module and floor orientation should be _aligned as to best

accommodate future growth. This factor effects the relationship of

traffic patterns to positioned docking, hatches and orientation of the

floor to propos ed addition .



11 . CONFIGURATION

The determination of a space station configuration is largely

dependent upon a wide spectrum of potential activity incorporating

twenty-six functional program elements (FPE's) . In lieu of dedicated

experiment volume and operational constraints , the principal des ign

obj ectives of the station are to create a s af e , habitable environm ent

for the crew. Extensive compartmentation will enhance the service-

ability and maintenance of eguipment, facilitate various degrees of

flexibility and provide an adequate means of storage for I B0 days of

. on-board consumables. The maximum utilization of accommodating

potential (i . e . , the competition for volume among maj or subsystems ,

crew equipment, crew habitation areas and experiment equipment) for

a minimum size establish the structure configuration.

Figure 11.1 represents a selection of possible space station

configurations.

1 I ; I . Configuration Evaluation

Table 1I . 1 represents the evaluation of alternative space

station configurations as a function of design criteria and relative

135
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priority. The scale of evaluation is composed of unacceptable (-2) ,

poor (- t) , fair (0) , good (1) , and excellent (2\ term s . Each term is

modified by a factor of importance , namely normative (1) , Iimited (2\ ,

and critical (3) relative to station existance. fin'al analysis within

the constraints of artificial gravity, a flat floor to radius alignment,

and satisfactory traffic flow produced a limited s election of acceptable

conf igurations . These include barbell , trimass, crueiform , heximas s ,

toroidal , cube, and assernbler.

11.2, Concluslons

The open class alternatives, barbell, cruciform, trimass , etc.

help to minimize design, dssembly and operational complexity, but

require special devices to meet dual egress criteria. Hemihex is

unacceptable because difficulty in maintaining satisfactory mass balance

during buildup. The closed class inherently provides dual shirtsleeve

egress, yet involves complex design end assembly procedures in

addition to difficult growth pattern from initial staticn.

The cluster and hybrid cla sses produced no significant advan-

tages and required complex assembly and build-up.

TRTilASS

FIGURE I1 . 1

CONFIGURATION SCHEMES

HEXIMASS T0R0t0
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OFFSET
CRUCIFORM

OPEN CRUCIFORM

SPLIT ARRAY

PARA L LE L

STRING

HYBRID

PYRAMID

PARI IA L
CLUSTER

CLOSED

C LU STER

',I/HEEL

ASSEMB LER

FIGURE 1I . 1

CONF IGURATION SCHEM ES (cont. )

CUBE

BARBELL
I

l
- if..-



12. SCHEDUTES AIVD COST

Schedules

The determination of fundlng levels in accordance with the

L2.T .

phased development program is an essential factor for space statlon

establishment. Estimations within the program satisfy flexibility

requirements sinee realistic cost appralsal demands must be balanced

against a technological s chedule .

Figure L2.L represents a comparison of program options based

on cost experiment benefits and utility. The for:r level option provides

the lowest peak annual funding with nominal experiment utility and

benefits. Both two level options show highest achi'evement at higher

peak annual funding.

PROGRAM APPROACH

ISSUES

. FUNDING
RIQU Ii( EME NTS

C ACH IEVENlEI..ITS

CAPABI LITY BUI t.DUP OPTIONS

A Lor,r,f ST FUND|f.tc pEAK A t_jtCrr; rI ii._\lt.i!!O ptAK

A RFASCNABLE ACHIEVEM€NTS A lllCir:Si \Cl1ll't..,,t,'':altt

FIGURE T2.I

PHASED SCHEDUTING 1

I

)

coNCLusroNs p>

I3B
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A study by the Manned Spacecraft Center Advanced Program

Planning Office reveals the following schedule composed in 1g 70 .

The schedule is a separate low budget alternative plan showing

integrated manned programs.

L2.2 Cost

An earth orbit space station is well within the existing state

of technology. FuII development of a s everal substations , in addition

to , off-the- shelf components could s ati s fy existing program require-

ments. However, considerable attention should be given to the reality

of the situation including scheduling and cost methodology.

Hardware weight estimates and subsystem technical des criptions

are functions of developmental status, complexity of the item and its

production and specification status. Figure L2.2 represents the results

of this investigation.

BEYON D

STATE-O

1
I

I

THE

F.THE.ART

KNOW.HOW
RAN K ING STATE.O F.TH E.A R

PRODU(ll rON

EXPERIENCE
SPEC F lCATlON

ST ATI.]S

REOU I FES NO [4OD PRODIJCE D

rN PROO

OUAN

SPEC FOR II]I
IlEM AS

PFIODUCE T)

2 MINOF MOD OF

COMf\,4EBCIAL OR
S D AE ROSPACE
ITE M

PRODUCE I]
IN LIMITE')
OI.,]A NT IT Y

SPEC FOB iTEM
AS PFIODI]CEII

3 WITI.iIN STATE.OF
THE.ART BUT NO
COMM COUNTER.
PART E X ISTS

P I.IO TOTY P€

P RODUCE D

SPF(] HAS t]EEN
PRTPAI]tt) BIJT
UNDEF REVIEW
OR REVISION

4 ITEM SLIGHTLY
EEYOND CURRENT
STATE OF THE AFI
SOME OEVEL
REOUIREO

EXPERIMEN
TAI LA8 FA8
OF SIMILAF
ITEM IN

PROCESS

WOFK ON A

SPEC IN EAEI
STAGE ONI Y
GEN ROM]S
IDENTIFIED

\

5 ITEM SUESTAN
TIALLY BEYOND
CURBENT STAIE
OF .TH E.A F T

MAJOR DEVEL
REOUIRED

NO PFODUC
TION OF ANY
KINt)

NO WORK ON
SPEC STA RlE t

(KNO

1

I

W-HO\A' DECREASIN G)

5/LB
(LOG SCALE) /tr*.s

I
I

I

t
OFF TH

I*
(KNOW-HOW

E SHELF

INCREASING)

WT (LB)

(LOG SCALE)

FIGURE 12.2

COST METHODOLOGY3
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TABLE L2.2

DEVELOPMENT COST COMPARISON4

F;<periment Operating Man-hours in Space

Approa ch Hours $/Uan-Hour Ratio

12-Man

6-Man

7- Dalz

3-Man

Station (t O yr . )

Station (10 yr . )

Sortie (t O yr. )

Skylab (t 40 days)

280,800

109,200

20,000

2,352

I

2

4.5

60. 4
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Another factor affecting the program cost is the degree of

commonality for subsystems within sortle payloads. The results of a

commonality analysis are shown in Figure LZ ,3 .

100

80
COMMO N

TO

MSS OU

l"al
40

20

0

r00

80

CO MMO N

To 60

tr4SS

l%J 40

2tl

0

LEGENO

VIOEO RECOBOER:

3fflo COMMON TO MSS (4 PAYLOADS)
80% COMMON TO MSS (5 PAYLOADS)

PAYLOAOS

COMPUTER STAR

TRACKER

GU'OANCE/NAV

O/C MAG VIOEO OIC VIOEO OIGITAL
UNITS TAPE TAPE UNIT REC REC

CART. CART,

INFORMATION

NO COMMONALITY TO MSS

CRYO TANKS COMMON TO

AtL SORTIE PAYLOAOS

PAY L O ADS

VENT FANS, LiOH DUCT FANS WATER PUMPS TANKS, VALVES, CONTAM
PRESS CONT CABT. FREON PUMPS INTERCOOI.ER COLDPLATES CONT

RAOIATORS FBEOI{ RES

ENVIRONMENTAL CONTROL

FIGURE T2.3

COMMONALITY RESULTSS

The cost analysis approach includes:

I)evelopment cost assuming that each individual payload was
developeC s eparately.

Development cost recogni zrng commonality between payloads
and costs shared among payloads.

Dollar benefit ba s ed on commonality percentage to modular
space station.

The cost analysis results indicate about 6A"/o savings by the
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5 (M)

O INDEPENDENT DEVELOPMENT
I7 PAYLOADS

PAYLOADS USING
COMMON SYSTEMS
SHARE DEVTLOPME NT
EQIJALLY

SHARED DEVELOPMENT

FIGURE L2 .4

COMMONALITY BENEFITS 6

TABLE L2.2

DEVELOPMENT COST COMPARISONT

2
f3.i$RYhllJ,,*,& - @SIJPPCRT 

'U"US'E"S"-i: @

rl
!lttrlEC LSS

ISS

STRUCT

Item
independent
Developm ent

(s)

Shared
Deve lopm ent

(s)

Savings
to MSS

(s)

Structure
ECLSS
EPS

G/C
Information
Crew,/Hab.

770
370
120
305
L20
It5

140
L20

25
235

30
20

2B

27

b

10
7

Total 1,800 570 77

L7 Sortie Pa)'loads
Developmenl. cos ts ,)nlv
L97 2 Dollars
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use of shared costs among payloads. A 4o/o cost savings can be

attributed to the initial station development cost. Additional intangible

benefits result because of this cost approach and these are component

reliability data, experiment procedures, operational experience and

maintenance procedures .

The Advanced Logistics Sy stem (AL S) when fully utilized , both

in weight and volume, represent the greatest cost-effectiveness.

Figure 12 . 5 depicts program costs by:

I . Analy si s with the Space Station bearing all AtS procurement
and operating costs.

Analysis with the Space Station b earing only its portion of the
ALS costs (i. e. , sharing the procurement and operating costs
with other manned space programs using the ALS) .

Arralys is of the cost eff ectivenes s of various ALS payload
concepts in terms of dollars per pound of payload to orbit.

2.

3.

a
z.
C)

=
F'Ac-
oEo-<
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-uJECJ
cl<
u- o-
o ct)
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J IJ,J
J>
c)^oE
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0.4
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0.1

COST OF PBOCURING
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PROG RAM

COST OF SHARING
ALS EOUALLY FOR

I()() FLIGHTS, AND STATION
INCURRING COSTS ONLY
WHEN UTILIZED

boGo
c)

CI

3
s
ct)affiz,z

- 
lll

6> r
CLFaH
IJ'J !L
CL I.L
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ccF18
=ooqea

200

100

od 10,000 20,000 30,000 40,000 50,000

PAYLOAO WEIGHT TO ORBIT (POUNOS)

FIGURE I2 . 5

ALS COST EFFE CTIVENESSB



I3. DIGEST OF DESIGN CONSIDEMTIONS

Mis s ion Envelope

Owing to

I. Launch System

2. Experiment Demands

3 . Atmospheric Drag

orbital parametels were established to be an inclination of 2 B . So to

5 5 o at an altitude between 240 and 2Z 0 miles .

Orbit selection of. 55o x 240-270 mi. in order to gain marimum

potential of 82% of earth's land surface.

Crew Saf ety

l. Reliability

2. Emergency Provisions

3. Gravity Considerations

4, Communications

I . Reliability

Dcsign Implcmentation

Saf ety Fa ctor

145
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Pres s ure ContainersAalves

Power Output

Shi eld in g

Technology Selection

Space Tested

Fligl - Simu]a *ed

Ground Tested

Redundancy

On-line Parallel Sr'^nort

Back-up Mode

Automatic Switching

Replacement

Modular substitution

IMS Monitoring

2, Emergency Provisions

Escape Routes

Dual Egres s

Alternate EVA,/IVA Airlocks

Dual Pressure Volumes

ALS Rescue System

EVA Suit

" Lif e Raft "

3. Gravity consideratiorrs (see Gravity condition)

Artificial Gravity
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Gravity Level

An gular Velocity

tlad rus

Phys i cloEi cal Eff ects

4. Communications

Telemetry (instrument)

Ground Tracking

Audio/Video

Crew Opcrations

.L67 s (I/6)

6.3 ft./sec.

L20 ft. (twice length
of EOS cargo bay)

o. K.

less than 7% O.K.

Head-foot Gradient less than L5o/o O.K.

Coriolis Acceleration

Static Lean

M ineral Balance

Orthostatic Tolerance

Cardiovascular Condition

R e- entry Gr.rvity Load s

I . Crew Com pos ition

2 . Crew Shi ft and Time Scale

3. Crew Structure

4. Leisure Time



I. Crew Composition

High Routine Experiment Operations

Station Support 25 man hrs . /aay

Aerospace Medicine
Experiments 20 man hrs . /day

Oth er Exp erim ent s 5 5 m an hrs . / day

Logistic Supply Period s

Skill types

Crew M embers

2. Crew Shift anC Time Scale

Typical Day

Work

Sle ep

Station Operations

Experim ent Support

Nominal Work Load

FPE's

148

40 man hrs . /day

l0 man hrs . /day

27 man hrs . /day

12 man hrs . /day

1 0 hour s,/' d ay'

B hour s/'day'
(at least four hours con-
s ecutively)

I20 man hrs . /day

B0 man hrs . /day

Routine Experiment Support 70 man hrs. /day

Crew Skills

Personal Hyqiene I hour/'day' .

Mea1s 45, 45, 50 min.

Off Duty 2 hrs . 40 min .

Work Load
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3 . Humidity

4. Crew Si;eAolume

5 . EVA Con: iderations

l. Gases

Compo s ition

Mcdical Considerations

Saf ety

Cost

Physiological
Degradation

F irg

2 ga s more
expensive than
1 gas system

Ca ndid a te s

Helium-Cxygen lg Highertemperature
. parameters 760-

Zero g 94o and 74o-
7Bo@lCloancl

Nitrogen-Oxygen 1 g 10 ps ia nominal
temperature para-

Zero g meters 73o-B4o
and G2-66 Gl)

I ,Clo and 10 Psia
Selection NZ-OZ

He-O, requires investigation

He- O2. requires adj ustment to
earth atmosphere

N Z- 
O Z earth- lik e
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2, Partial Pressure

M inim um s

Oxygen

Nitrogen

Totals

3 . Relative Hurn id itv

4, Crew Srze/Volume

LZ Crewmen

5 . EVA Con s id eration s

One gas

Low Pres sure

3-3.5 psia,/life
support re-
quirements

7 psiar/flash fire
protection

14 , 7 ps ia/ con-
s istant with
nominal earth
pres sure
)

Less than I0%

50,000 cubic feet

O ^/ exces s ive 2

'nu, penalties

5- 10 ps ia,/breathing
exercises

Habitability

Des i gn Fa ctors

I . Mobility Provis ions

2. Garments and Ancillary Equipment

3. Food Manasement

4, Housekeeping

Habitability Factors

5. Personal llygiene

6. Architccture and Environment

{i
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Task Integration Devoted to IL/12 men full
FPE's or Part time

Adtled meal ImPortance

Prc ql-aii', ,,-, .ld Activity a s Function
of M r: s ion Duration

3. Crertt Strttr-tur,^r

FTierarchy

Commander

Line Officers including
Dcnuty Commander

Working Crew

4. Leisttre Time

Atmospheric Make-uP

l. Gases

Z , Pi,rLial I'rc s. sur*

tiferlPilot Astronaut

Life,/Pilot Astronaut

Scienti st/Engtneer
As tronaut

Crew-type Similarities Astro,/T act/Arps//Aero
Eng.

Iob Related Activiti es

Read in q

Physical Exercise

Music,r'Video

*Small G1 oup Dynam ic in Isolated . Reduced Inter-
Environment Personal

comP etition



I . Mobility Provi s ions

Gravity percent dependent

Magnetic shoes

Tethers

Belts,/straPs

Velcro pads

Fittings

HandlesAails

Toe Slots

2. Garment and Ancillary Equipment

Clothing-type Decision

Laundry System

Size

Type

Garment Supply

M ethod

Items

152

Reus able in f avor of
disposable due to
mission duration and
weight penalties

2A lb. load

Oscillatory--can be used
in zero g (lightest and
smallest by comparison)

Vacuum packed /min .

20% volume saving

LZ shirts, 2 trousers,
2 jackets, 12 briefs,
12 socks, L head
gear, I pair of shoes,
special equipment



Resupply

3. Food Managrement

Requir erl f ood

Waterles s Food

Potable Wator

Food Mix Ratio

Res upply Period

Food (bulk)

Weight

Volum e

Water

Weight

Volum e

Food (Packaged)

We ight

Volume

. Refrigerator

Installed Volume

Installed Wcight

Freezer

Capacity (perishable) 30 cubic feet

153

3 mos . / 6-9 mo . duration

1.5 lbs. /man day

5.5 tl

50/50 f ood/water

3 months

3,L44 lbs/t2-man crew

B 5 cubi c f.eet/I2 man- crew

4, 3 68 lbs . /tZ-man crew

7L.6 cubic feet/L2-man crew

3,'456 lbs/I2-man crew

L70 .4 cubic feet/L2-man
crew

B0 cubic feet

425 lbs .

Capacity
(perishahl e/f.rozen\ 65 cubic feet
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Installed Volume

Installed Weight

Ambient Storage

Per Man

Weight Installed

Waste Management

Containers

Dishwa sher/Dryer

Sink

4 . Hous ekeeping

Per 12-M en/3 months 9 4 . B cubic feet

Individual Food Trays

Volume /tZ Installed 7 feet

135 cublc feet

750 lbs.

7 .9 cubic feet

48 lbs.

Waste Handling

Collection Vacuum system / con-
tainers for ga s,/liq utd/
s olid mixture s .

Condition Toxi c/non toxtc/hot/
cold/rad ioa ct ive

2 cubic f eet--2 lbs .

' 18 cubic feet-- I B0 lbs .

13 cubic feet--60 lbs.

Pick-uP 

--> 
ultimate

destination
Waste Transfer

Waste Processing

Contaminated Waste

Phy si cal Separation

Water Electrolysis
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Decompos ition

Wa ste Compaction

Waste Shredding

Food Processing

Waste Utilization Methane RCS

Wast: Disposal Another vehi cIe/iettison
to space

5. Personal Flygiene

Aperature Urinal (installed)

Weight

Vo1um e

Dry ]ohn

Weight

Volume

Vomitus Collection

Shower (whole body)

Weiqht

Volum e

Wet Wipes (loca1 body)

Weiqht

VoIurn e

Additional Determinants

Change Factors

Cre",,v Sccurity

Strc.c s Contintent

23 lbs .

3.2 cubic feet

23 lbs.

9 cubic feet

332 lbs .

I 10 cubic f eet

27L Ibs.

3 .5 cubic feet
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OPERATIONAL PHASES

6 M an Station

LZ IvI.;ii St;,,tion

Grc'nrtli St.rLion

TOTAL PAYT,Oirt), including expendables, spares, experiments

and payload margin, will support a crew of 12 for

LZ months .

NONIINAI, Ci.XW RCTATION occurs at 3 months intervals.

EARTH ORBIT SIIIITTLE provides

4 flights /ycar Logistics and Crew Rotation

4 additional fliqhts/year Experiment Detivery and
Special Crews

Unscheduled Maintenance

M edical calls

Ref uelin g

10 YTIAII LIIE FOIT MODIiI,T
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Op erational Ef f ect s

Antenna a ttitude
Dock proc edure s

Crew and cargo tran sf er
(supply vehicle)

Guidance control
Astronomy,/earth observation
Solar power collection
Extravehicular activity

Physiological Effects

Gravity level
Angular velocity
Rad iu s
Gravity grad i ent (h ead to foot)
Corioli s acceleration
Static lean
Sen s ory perc eption
Mineral balance
Orthostatic intolerance
Cardiovascular deconditioning

Additional Considerations

Re- entry eff ects (lonE term
weightlcssness)

Surgery
Eating and drinkinq
Sleepin g

Ori entati on
Experim ent requirem ent s
Bathing
Dynamic stability
Spin stabilized

GRAVTTY ASSESSMENT CHECK LIST

Zero G

?

?

special aid s

restraint
?

o. K.
pres sure
diff erential

X
X

Artif icial Gravity
(rotat in g)

r/ 6 s (moon)
2 rpm

L20 ft.
3.5 %

o. K.
o. K.
o. K.
o. K.
O. K.
O. K.

o. K.
o. K.

earth like
earth like
earth like

o. K.

O. K.
o. K.

X
X
X
X
X

2

?
2



I4 . DESiGN DESCR IITiCI'i

14. I . Payloao Altcr;latives

Comparison bY Scrti e/bY Volume

Requirements statc that a 12-man station of, 50,000 cubic feet

should be completed r,vithin 11 sorties of the Earth Orbit Shuttle. The

four payload packages ouiiined in Table i 4 . I , Payload Aiternatives

show that Scheme I (cornpact) can provide BS ,9 86 cubic feet in 1I

sorties whole scheme 4 (di.spersed) can deliver a volume of 58,266 cubic

feet in the same numher of sorties. Scheme 2 was selected as a

reasonable alternative delivering 76,746 cubic feet in 1i sorties ,'rhich

exceeds the required volum e by over l5 0% .

L4.2. Mociule Sizin q/Floor Arrangement

In order to most efficiently utilize the earth orbit shuttle, each

payload s hould be ri ght at the maximum allowable weight and volume

requirements. The proposcd statlon design calls for trvo 30 foot by

14 foot diametcr modules per sortie, thus fully occupying the 60 foot

by 15 foot cliametcr cargo bay . Dependant upon particular us e each

particular use each mcclule can weigh up to 30,000 pounds.

Add i -i.rn.rl f ,t :lcit'- 'J :termining module s ize are, that .uflder

159
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artificial gravity conditions , it is desirable to reduce static lean.

Thus static lean , compromis ed by cargo bay and habitable volume

dimensions results in a 3 0 foot long module . Stitl another determinant

of module size is the requirement of balanced masses for a rotating

station , hence two equally dimens ioned modules . Mas s diff erentials

are compensated by the mass balancingr subsystem.

TABLE T 4 .2

FLOOR ARRANGEMENT

Volum etric stati c Number of Dynam ic Rating
Efficiency Lean Modules Stabilitv

Poor 30 2n Stable Sat. Unsat.Axial

Satisfactory .x 2

Unsatisfactory x

Longitudinal Fair 6 
o

x

n Stabl e

Satisfactory x

Un s ati sfa ctory

x4

From Table L4.2 it is shown that the gravity modules should haire

longitudinal floor arrangement, since they incur fewer penalties.

As indicated in Section 7 , 4 .2 . high priority is placed on

viewports and their location should provide maximum utilization. There

are four viewports, each two fcet in diameter. They are locate,l at
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third points along the longitudinal axis and vertically, five feet from

the floor. The five foot height provides view acces s ibility from either

standing or sitting positions. In addition, the construction panel grid

divides the viewport, offering two independent areas the opportunity to

share the same windolv.

I4 , 3. Grid Orlentation and Siz ing

Grid orientation aligns both parallel and normal to the spin

plane. This is to control vestibular disturbances and sensory problems.

pas s ing
Grid Sizing Convenient to shirt sleeve anthropometrics sitting

sleeping

Compatible with EVA suit oimens ions

Accomodates workable j.nstrunrent package

Facilitates mobiiity in I/6 g with 7-I/2 foot

nominal ceiling height, and options to 10

fect.

An important f actor in a gravity condition decision is that, the

volumetricly efficient zero gravity space station design could not effectively

convert to a later imposed gravity situation. This is principally due to

reduced passageway dimensions and use of all surfaces, without respgct

to gravity orientation . On the other hand , a station des ign bascd on

an irnposed gravity, is more flexible, since it can be readied to operate

in both modes.
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FIGURE 14. I

PANIL MAKE-UP
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USE FLEXIBILITY

Persona I Hygiene

Food Preparat ion /Storage
Photographic Support
Cont rolled Envi ronment
Air Lock

Mated to Docking Collar

4e-
"t ppt

qo<rttash%

uat

FIGURE L 4 .2

UTILITY PACKAGE
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DIMENSiON PERCENTILE

A Standi ng Hei _qht

B Maximum Reach

C - Functi onal Reach

D ShouI der Breadth

E - Hip Breadth (Sitting)
F - Si tti ng Hei qfit

G - Buttock-Knee Length

H - Knee Height (Sitting)
i - Popf i teal He i ght

J Eye Hei ght (St.andi ng )

K - Eye Height (Sitting)
L - Shoulder Heiqht

|^Jeisht (lb)

65 .2*

35.4

29.7
.l6. 

s

12.7

33 .8

21 .9

20 .1

15.7

60. B

29 .4

52 .8

132.5

73.i*
41 .7

35.0

19.4

I 5.4

38.0

25 .4

?3.3

18.2

68. 6

33. 5

60 .2

200. B

''Diirensi ons shourn are 'i n uni ts of i nches

FIGURE I4. 3

C ft EWl,,lAN AI.;THROPOMETRIC DIMENSIO}IS1
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t6B

I 8.4 -INCH

-REFERENCE

B

C F
-l-

i.ai

DI I4ENS I ON* PERCENTI LE

A Height

B Maximum Breadth at El bows
(Arms Rbl axed )

C Maximum Breadth at Elbows
(Arms at Side)

***
D - Maximum Depth with Portable

Life Support System (PLSS)
and Backup 0xygen (OPS)

***
E - Maximum Depth wi thout

PLSS/0PS

We'isht (1b) , wi th PLSS/0PS

Weight (lb), without PLSS/0PS

67. stk*'

26.0

.|5.5

316.0

190. 3

75. 5**

29 ,4

26 .4

28.4

17 ,g

385.3

259 .6

Notes: 
.* Measuremellts made on A7L PGA, pressurized to** Dimensions siown are in units of inches*** To obtain envelope dimensions, 2 inches have

chest depth of suj ted/pressuri zed crewman for

3,75 ps i g

been added to
PLSS control

max i mum

box.

FIGURE T4.4

PRESSURE SUITED ANTROPOMETRIC DIMENSIONS 2
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L4,4, Specific Elements

The umbilical tether performs several important tasks. It

serves as a (tt struetural tie, (2\ electrical power line, (3) mass

balancing tube, and (4) an emergency life support line.

The mas s balancing system distributes the available water

supply through umbilicals in order to control imbalance and crew

movement.

In design scheme, module interdependency and replacement

is compensated by flexible us e des ign both operationally and in support

hardware. Assuming an eff ective volume lifespan of ten years .



FIGURE 14 . 5

T2 MAN SPACE STATION
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Hub Assembly

12 Oocking Collar
13 Telescopic Mount (Electrical Power System)

14 Altilude Control Thrusters (4)
15 Fuel (Allilude Control Thrurters) (.t2)

16 latteries/Fuel Ceils

17 Fuel (Main Propulsion System) (12)

Truss Posilioner
Slave Arm Sub-Assembly
Emergency Lile Support System (6)

Guidance and Control System
Docking Collar

Main Propulsion Engine (4)

23 Slave Arm Trurs

24 Fuel ( Main Propulsion System ) (6)

25 Structural Framing

26 Gravity Arm Sub-Assembly
27 Emergency Lite Support Systom (12)
28 Mass Balance Control
29 Umbilical Ring

30 Fuel (Main Propulsion System) (7)

31 Fuel (Attitude Controt Thrusrers) (12)
7 Attitude Hold Initrumenl Package

32 Reluel
33 Omni Anlenna

,34 T.V. Camera
-35 Parabolic Anlenna

18
't9

20

21
12

22

FIGURE

HUB ASSEMBLY
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FIGURE

HUB ASSEMBLY

I4. 9

(axonom etri c)



Slave Module 175

11 Umbilical

36 Telescopic Trucs

37 Spin Thrusler

38 Fuet (spin Thrusrer) (12)

39 Docking Ring

40 T.V. Camera
41 Flood Lights

42 Manipulalor Control

I Manipulator Arm

FIGURE 14.10

SIA.VE MODULE

9 Telescopic Docking Collar

-Il[ [ -:+Ll L-i r- I --_-l
0 5 10 15 Feet
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*
=: lL-

FIGURE

SIAVE MODULE

14.11

(axonometric)



Gravity Module t77

43 Structural Rib

44 Slrong Ring

11 Umbilical

45 Manipulator Socket

FIGURE T4.T2

GRAVITY MODULE

46 Trim Stabilizing Thruster

tt ft t --.]
r+-t-+Ll Ll il ; - r
0 5 10 15 Feot
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FIGURE 14.13

GR.AI'/ITY MODULE (axonometric)
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I5 . SUMMARY/DESiGN FEATURES

Simultaneous z.ero gravity and artificial gravity.

Continuous l/ 6 gravity-- even during resupply and buildup .

Attitude Control

a) Sclar Array

b) Astronomical Cbs ervation

c) Earth Sensors

d) Directional Antenna e

e) Dock in g

fl Refueling

q) Propulsion System (inter-Crbit Maneuverinq)

Assembler (Slave)

a) Performs station builclup, reducing active workload of

Advanced Logistics SYstem

b) Acts as zero-gravitY laboratory

c) Emcrqcncy es cape vehicJe

d) Facilitatcs Ex travehicular Activity

Mass Balancing System equalizes mass djfferentials by

controlled distribution of available source

T82
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Multi- purpos e Umbilical

a) Structrrral tie for Gravity Modules

b) Elc,ctrical power s upply line

c) Mas;s balancing tube

d) Emergency life support supply line

External Wcrk Platform--outside work station under the influence

of I/ 6 gravity .

Grcwth Station--potential for unlimited incremental growth.

Simplified Ground Fabrication

a) Stancl.rrized Elements (Pres sure Shell , Grid Panels ,

Utility Packagre)

b) Pror,'idcs flexibility of hardware and furnishingr upon

initial installation

Utility Packaqc-- (gravity module) accomodates up,/down cargo

to individual module. .

In-Orbit Fiexibility--within,module and between module hard-

ware and f trrni shing rearrangement

Solar Array Replacement--when nuclear power source added,

orientati on is f)roper, with respect to habitable station .



I6 . GLOSSARY

16 .I . Acronyms and Abbreviations

AIS Advanccd Logistic System

AME Ai.r/Lock M anipulator Element

ARPS Aerospace Research Piiot Students

CAX Central As s emblv Element

CPS Chemical Propuls ion Stage

ECLSS Environmcntal Control and Life Support System

EOS Earth Crbit Shuttle

EPB Electrical Porver Boom

EPS Electrical Power Svstem

EVA Extravehicul.rr Activitf

FPE Functional Proqram Element

GCS .Guidance and Control Systeni

GSDM Gutf Stream Drift Mis s ion

IMS Information M anagcment System

IVA Intravchicular Activitv

LOS Lunar Orbit Station

MDAC Iv{ cDonnel Douglas Aircraft Corporation

MISA Manncd Environmental Systenrs Analysis

184



MEM

MOL

MSFC

NAR

NASA

OLS

ows

RCS

SOSI

L 6.2. Definitions

AbsorPtion Coefficient .

surf ace which is exPos ed to a

energy absorbed bY the surface

surface.

Mars Excursion Module

Manneri Orbital LaboratorY

Marshall Space Flight Center

North Ann erican Rockwell

National Aeronautics and Space Administration

Orbitinq Lunar Station

Orbital WorkshoP

Reaction Control SY stem

space operations and scientific Investigation

185

--tn: sound-absorption coefficient of a

sound field is the ratio of the sound

to the sound energy incident upon the

Acoustic Impedance. --The complex ratio of the effective (rms)

sound pressure over a'surface to the effective volume velocity through

it.

Analoqous Color Scheme. --A scheme

utilizing two or more hues next to each other

on the spectrum, e.g., blue with blue-qreen

or blue-violet.
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Area per M an . --Area per man ref ers to the numerical figure

arrived at by dividinq the gross area of a space by the number of

occupants the space is designed to hold.

Articulation Index. --A predictive measure of speech intelligi-

bility . Formulation of the articulation ind ex is ba s ed on the fraction

of the total speech band-width to the listener's ear and the signal-to-

nois e ratio at the listener's ear.

Attenuation.--Attenuation is the term used to express the

reduction in decibels of sound intensity at a designated point A as

compared to sound intensity at point B which is acoustically farther

from the s ource .

Briqhtness.--That which the eye actually sees and is the result

of liqht being reflected or emitted by a surface clirectly into tlie eye.

Measured in foot lambcrts or candelas per square inch.

Candela . --Unit of luminous intens ity of a light source in a

specifiecl direction. Dcfined as I/60 the intensity of a square centi-

meter of a black bodl' radiator operated at the freezing point of

platinum (ZO q7o$

Characteristic Inrpcdance (CoC).--The ratio of the effcctive sound

pressurc at a qivcn point to the effective particle velocity at that point

in a frce , plane , progres s ivc wave .

CIo FactQl:. --The thcrntal resistancc of clothing to the flow of

heat from or to the body is cxpressed in Clo units. The Clo is a unit

of insulation and is the: amount of insul.rtion necessary to maintain
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comfort and a mean skin temperature of 92oF in a room at 70oF with

air movement not over 10 f eet per minute , humidity not over 5 0 per-

cent , with a metaboli s m of 50 calories per square meter per hour .

On the assumption that 76 percent of the heta is lost through the

clothing , a Clo may be def ined in phys ical terms a s the amount of

insulation that will alloiv passage of one calorie per square meter

per hour with a temperature gradient of 0 . l BoC between the two sur-

faces.

I Clo= 0.lBoC
cal/mZ /hr

Color Temperature. --As applied to a tight source, refers to

the absolute temperature in deErees Kelvin of a theoretical bla ck bodv

that of the source inor fult radiator whose color appearance matches

question.

Con{uction . -- Conduction is a proces s by which heat flows from a

region of higher temperature to a regrion of lower temperature within a

medium (solid, liquid, or gaseous) or between different mediums in

direct physical contact. In conduction heat flow, the energy is trans-

mitted by direct molectrlar communication without appreciable displace-

ment of the molecules.

Contrgst. --A measure of brightnes s of an obj ect compared to

its immediate surroundings.

Convection. --Convection is a proce ss of energy transported

by the combincd action of heat conduction, €flergy storage, and mixing
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motion . The transfer of energy by convection from a surface whos e

temperature is above that of a surrounding fluid takes place in several

steps . First, heat "vill flow by conduction from the surface to adj acent

particles of fluid. The fluid particles will then move to a region of

lower temperature in the fluid, due to the incrcase in temperature and

internal energy of thu ilirid particles , where they will mix with , and

transfer a part of their cnergy to, other particles. This is known as

free convection as thc change in density is the motivating force causing

the mixing motion. When the mixing motion is induced by some external

agency, such as a pump or blower , the proces s is called f orced con-

vection. An increase in humidity increases heat transfer to the bodv

for a given ternperature difference

a heat absorptive capacity twice

Com fort Zone . -- The area

DegrL,zl

ratio of two polvers and is rcferred

and air velocity, s ince water vapor has

that of dry air.

enclos ed by the boundaries of the

effective tempr:ratures and relative humidity that induces a feeling of

conrfort to humans. A11 factors affectinE the thermal condition of man

the comfort zone.are used in deternrininq

dimension used for expressing the

to a reference level of 0.0002 dvncs

per square centinretcr. Mathenratically, the number of decibels is

10 logl0 of lhe power ratio. Since sound pressure is proportional to

the square root of sound power, the number of decibels in sound

pressurc level ratios i.s (l{Drcssed a:,' 20 logl0 of the ratio of the two

sound pressurcs.
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Drv-BuIb Temperatqle. --The terms temperature, air temperature,

ambient air temperature, and dry-butb temperature are all synonymous .

They can be measured with a common thermometer.

Dvnamic Bcrnqe (of speech) . -- Difference, in decibels , between

the pres sure level at which overload occurs (according to some over-

load criterion) and the pres sure level of the nois e of the system .

Enerql Dens itv . --The average energy per unit volume in a medium

due to the pres ence of a sound wave .

Evaporation. --The evaporative heat exchange mode is limited

to sensible and insensible perspiration from the surface of the body.

The evaporative heat los s is a function of volume flow rate , absolute

humidity, temperature, and pressure of the atrnosphere. If the air

is saturated with water vapor at skin temperai-ure, €vaporation does

not occur; in fact, if the vapor content is such that the air will be

super- saturated when 
"ootuA 

to skin temperature , condensation will

occur with rapid transfer of heat to the skin. If the human body is

surrounded by saturated air at a higher temperature, it responcls by

producing an exces s amount of perspiration, without losing any heat .

A continuation of this condition may result in fever, discomfort,

weakness, rapid heart action, difficulty in breathing, delirium, and

collapse.

Footcandle. --The measure of illumination at any point that i s a

of one candle power.distance of one foot from a uniform point source
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over

also equivalent to a density of

an area of one square foot.
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one lumen uniformly distributed

of brlghtnes s of a surface, when

emitting, or reflecting one lumen

by brightnes s within the visual

the luminance to which the eyes

visual per-

the approximate area required

area . Gros s area is found bv

Foot Lambert. --The measure

viewed from a particular direction,

per square foot.

Free-Field --A field in which the effects of the boundaries are

negligible over the region of interest.

Freguencv. --The rate of repetition in cycles per second of the

sound wave. Frequency is equal to the ratio of the speed of sound

to the wave length of sound. It is normally expressed as Hertz

(Hz) .

Approximate frequency = speed of sor-rnd
wave.tenffi

Ga s Flow Rat e --This is the velocity at which the gas moves

past an obj ect and is expres s ed in f eet per minute. Determininq

factors are the mass of gds , volume, and rate of gas ehange per

unit of time.

Glare . -- The s ensation produced

field that is sufficiently qreater than

attain the minimum tabulated net

are adapted to cause annoyance, discomfort or loss in

formance and visibilitv.

Gros s Area --Gross area is

deducting only large ventilation trunks, access trunks and other

to
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simllar items . No deduction should be made for normal acces s lad-

ders or main pas s ageways within the spa ce . This area repre s ents

the entire wall to wall area.

Hearino Loss. --Hearing loss is the difference in decibels between

the threshold of audibitity for that ear and the normal threshotd of

audibility at the same frequency.

ng9. --The property that distinguishes one color from another;

e. gf . green from blue .

Dominant -Huq, --The general overall color of the area, or the

largest color application.

Eubdorninant hue. --The second largest color application .

Subordinate hue. --Those colors used to accent the dominant

and subdominant hues.

Illumination. --Amount of light incident upon a surface measured

in foot cand les .

Intensitv. --The quality which indicates the degree of color

strength of hue . As a color i s muted or s oftened by the add ition of

its own complement on the color wheel, its intensity diminishes .

Intens itv . --The average rate at which sound energy is transmittecl

through a unit area perpendicular to the direction of wave propagation.

A decibel scale of sor.rnd intensities is indicated in Figure rT.!.

Intensitv Level- --Ten times the logarithm to the base I0 of the

lntensity under consideration to the reference intensity.
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160 Near Iet Engine

13 0 Threshold of painful Sounds; Limit of Ear,s
Enduran ce

L20 Threshold of feeling (varies with frequency)

ll0 lB from Airplane propeller
Hxpress Train passing at High Speed

100 Loud Automobile Horn 23, away

90

B0 New york Subwav

Motor Trucks 15 , to 5 0, away

70 Stenographic Room

60 Average Busl' Street
Range of
Speech Usu-
ally Heard S0 

Noisy Office or Department Store
Moderate Restaurant Clatterin Convers a-

tion
40 AveraEe Off ic e

Soft Radio Music in Apartment
Averagre Residence

30

20 Average Whisper 4. away

10 Rustle of Leaves in Gentle Breeze

0 Threshold of Audibilitv

FIGURE ]6.1

DECIBEL SCALE OF SOUND INTENSITY
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Lamp Source-.--A generic term for an artificial source of light.

Llqht. --That part of the radiant energy spectrum which can be

seen by the human eye. The electromagnetic spectrum inciudes

radiant energy of many wavelengths , but only a narrow band, from

about 400 to 700 millimicrons, is visible to the normal eye for

vision

Lumen . --A unit to m easure the intensity of luminous output of

lamps and lumlnaires. Defined as the rate at which light falls on a

one square foot area surface which is equally distant one foot from

a source whos e intens ity is one candela .

Luminaire. --A complete lightinq'unit consisting of a lamp, or

lamps together with the parts des igned to d istribute the light , to

position and protect the lamps, and "to connect the larnps to the

proper supply.

Metabolic Rate --Metabolic rate is the thermal exchange

The rate of heat

value and is expres s ed

between the human body and the environrnent.

production , metabolism , is always pos itive in

in Btur/hr.

Microba!.--A unit of pressure comrnonly used in acoustics. One

microbar is equal to one dyne per square centimeter.

Minimum D- s irable Volume . --That volume provided for a specific

activity which man will perceive as adequate. A minimum desirable

volum e provid es adequate spa ce to support the dynam ic envelope

man describes in performing the activities related to that space, the



volume in which man feels comfortable in

himself and others, and the volume which

adequate during all activity conditions .

Monochromatic Color Scheme. -- A

scheme utilizing one spectral hue , a.g. ,

blue in varying values and intensities.

Phon. -- A
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edNoise. --Noise is anv undesired sound. As us broadly in

acoustics, this may include not only aircraft noise and industrial

sounds , such as traffic and machin€ry, but also speech and musi-

cal sounds if they are undesired at any particular location.

Net Area. --Net area is defined. as deck area that can actually

be walked upon .

berths , Iockers ,

Deck area occupied by trucks , hatches , fixed

installed furnlture, etc. , are excluded .

unit of loudnes s level of any sound is defined as

the sound pres sure level of a 1000 Hz . tone that sounds as loud as

the sound in question.

Preferred Frequencv Speech Interference Level (PSIL) . --The average

in decibels of the sound pressure levels of a noise in the three

octave bands of frequency centered at 500, 1000, and 2000 Hz.

Pressure.--This refers to the absolute total pressure of the

environment and is expres sed in pounds per square inch. The pres-

sures considered for this study are 5, 10, and 14.7 psia with a

constant partial pressure of oxygen at 3.0I to 3.45 psia.
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pure-tone is predominantly

made up of pure frequency components such as propellor noise, com-

pressor whine, and sirens . In wide-band noise the acoustical energy

is spread throughout the spectrum. In most cases, especially within

aerospace vehicles, the noise is a combination of pure-tone and

n'ide-band noise. Since there are different criteria for each case,

the designer must

or wide band. A

band is more than

pure tone or has narrow-band components.

Qualitv. --The three f actors which d etermine

color (hue, intensity, and value) ""n make a room

or cramped , ciark or light, and calm oi exciting.

d ecid e whether the nois e is predominantly pure tone

practical rule of

three dB above

thumb is that , Lf the OB SpL in a

the 'adjacent bands, the noise is

the quality of a

look expans ive

Radiation. --This is a process by which heat flows from a high

temperature body to a body at a lower temperature when the bodies

are physically separated with no barrier betrn'een them. Fleat transfer

by radiation becomes increas ingly important as the temperature of an

object increascs. The intcnsity of the emissions depends on the

ternperature and nature of the surface.

Reflectance. --The ratio of the flux reflected by a surface or

medium to the incident flux. In simplified terms it is the ratio

of the brightness to the illumination.

Re.lative Humiclitv. --This is the ratio between absolute humiditv
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and the saturation value at a glven temperature expressed in percent.

When a quantity of air holds all the water vapor it can, it is said

to be s aturated and the humid ity is I 0 0 percent .

Reverberation Chamber --An enclosure in which all the s ur-

faces have been made as sound reflective as possible.

Reverberation Time.--The time req uired for th e avera g e s ound

pressure level , originally in a steady state, to decrease 60 dB after

the source is stopped.

sound Sower Level (PwL) . --A computed quantity which expres-

ses the acoustic power of a sound source relative to a reference power.

.soun_d pres sure revel .'--Twenty times the logarithm (to

base l0) of the ratio of a sound pressure to the reference pressure.

waves can be described by anl'of

several characteristics , such as the displacement of particles of the

the s ound pres s ure m ea s urementsmedium, the particle velocity, or

under certain conditions . The pas sage of a sound wave is accompanied

by a flow of s ound .

Speech Intel'ference Level JSIL) . --The speech interference

level of a noise is the average in decibels of sound pressure levels

of a noise in the three octabe bands of the frequency 600-1200,

1200-2400, and 2400-4800 ll.z.

specific Acoustic Inlpedance . --The complex ratio of the

the

Sound Waves . -- Sounci

effective sound pres sure at a point of an acoustic medium to
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effective particle velocity at that point.

Spectrum.--Spectrum is the composition of the frequency distribu-

tion of a sound wave. In nolse survey work, the spectrum of primary

lmportance includes frequencies from 20 to 10 , 000 cycles per s econd .

For the purpose of presenting darnage risk, sp€ech interference, and

nuisance levels, the spectrum is broken down into eight octave bands.

Temporarv_ Threshold Shift. --A shift in the threshold of audibility

after exposure to even a moderate noise level .

Threshqld of Audibilitv. --The threshold of audibility for a speci-

fied signal is the minimum effective sound

is capable of evoking an auditory s en sation

the trials .

pressure of the signal that

in a specified fraction of

Transmissicn Loss . --Transmission loss is the-ratio expressed

in decibels of the sound energy incident on a structure to the sound

energy whi ch is transmitted through it . The term is applied both

to build structures, such as walls and floors , ds vrell as to air

passages, such as mufflers and ducts.

Visual Acuitv. --The ability to distinguish fine details. Quanti-

tatively, the reciprocal of the angular size in minutes of the critical

detail which is just largle enough to be s een .

Visual Splce. --Visual area is the amount of space visually

perceived as usable. This space is related to physical objects in a

room, e.9,, furniture and partitions, and the placement of these objccts

relative to the obs eryer's eye level (s itting and stand ingt . For example ,



a seven foot long by three foot wide by

placed against the wall in a seven foot

f oot room appears to make the room look

hand , a single low bed s even f eet long ,

eighteen inches high, placed against the

seven room does not s ignificantly reduce

room.
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five f oot high bunk bed

by seven foot by seven

s maller. On the other

three f e et wide and

wall in the same seven by

the visual area of the

m and Furni s hin Gros s Net Vis ual

49

49

2B

7

7

7

7 No furniture

7 Low Bed

7 Bunk Bed

49

2B

2B

49

49

49

Wet-Bulb Temperature. --This is the temperature obtained when

the thermom eter bulb is cooled by the rapid evaporation of vrrater by

air moving at a velocity of 9 00 feet per minute . Wet-bulb tempera-

ture varies with himidity and is the same as dry-bulb temperature

when the humidity is 100 percent.



17 , Appendl* (Computer Graphics)

Essential to the realization of a space station is the sequence

of growth. As a flexible means to analyse and display the buildup

process, a computer graphics system was employed. Pictured in

Figures 17 .I and L7 .2 are selected results of this technique. Ideally,

this process should be animated producing a simulation of station

growth, thus overcoming some of the limitations of static drawings .
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Z(32)=Z(3/t)=525
D0 l0 l=tr3"7
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f'l?7"0 Y (/t) =Y(5) =Y(5) =Y ( -l ) =Y(ti)=Y( I 1 ) =Y Cl 4)=Y( IFi) = 46rl
o27 4a z(5)=z("7 ) =zcg) =7(l o)=zc lz) =Z( I 1 ) =z( l'"t ) =zc L?,) =539IJ'?750 D0 l5 I=1r20
0276C X(I )=(X( I ) -500)'i..Cl
2'77C Y( I )=(Y( I ) -500):i{. 0l
027tic z(I)=(z ( I ) -5()1))'k. O I
ot>.79C 15 C0i\iTIi{Ut
ri280O D0 20 I=lril0
OilFi 1 0 ){ ( I +20) =-)i ( I )
O?5:?O Y(I+20)=Y(I)
O2E3O 7 CI+2 O) =Z(I)
0i2fj zr0 2A C Oi.JT I NUf
02E50 nITUitN S Ei.ji)
,li:/lL)i'.



206
Coordinates (x ,y , z)

600, 1200, 600

600, 900, 600

600, 600, 600

600, 300, 600

600, 0, 600

FIGURE L7 . L

ORBITER ROTATION

Scale Factor = 500



207

Solar Array
(-000, -900,300)

Orbiter
(1400,-700,-200)

Slave Arm
(700 , -900,900)

17 .2

AND ORBITER

Gravity Arm
(200,900,900)

Scale Factor = 500

FIGURE

INITIAL STATION



I B. FOOTNOTES

5. Introduction

I 
S . B. Sells , A Model for the Social for the Multi-Man

Extended Duration Space Ships, vol. 3T , No. 11 , Novernber I966.
2stanley Deutsch, Ph. D.r/Nasa, ,,The Habitability of Confined

Spaces, " in lst National Symposium on Habi , vol . 3, May LgT},p, 14.

3use of the Be., Franklin submersible as a space t@,
Advanced Systems Office, Marshall Space Flight Centei, Vol. L ,
May 1970.

A=H. H. Watters and ]. \/. Miller, Ph.D., Tektite: Experience
tgftn an Unaerwot"t Atluloo of F,rtrrr" So."" Oo"r.tion=, M*rhaii
Space Flight Center.

5Ibid.

6rbiq.

7' Use of the Ben Franklirr Submersible as a Space Station Analoq,
aa,ru Centerr Vol. l l ,May, 1970.

Bstanley Deutsch, Ph. D./Nasa, "The Habitability of Confined
space s ," in I rt Notionul s yrpor irrn o.t H.bitubilittr , vol . 3 ,May 1970, pp. L4, 16, 17.

9H"r*un Hencirickx, "A Modularized space station, ,,

Fliqrht, Vol. 13, No. g, Scpt. IgZI.
in S pace

IOi Acrvanced Missions program office,
Manned SpacecrafL Center, NASA, April 1970.

11
Orbitin Ltrnar Station Phase A Fea s ibilit and Def inition

$g5!;z, Space Division, North Anrerican Rockwell, April I g 7l .

208



209

I2f*""utive Sumnlary, Space Station Program , Phase B

-Definition, Space Division, North
p. 96.

t'&id, , P. 97 .

American Rockwell, July 19 70 ,

6. Mission Envelope

1 Executive Surnnrarv, Space Station Program Phase B Definitions
Space Divis ion , Norrh American Rockwell , Iuly I97 A, p . 9 0 ,

7 . Crew Factors

}David Baker, " Space Station Situation Report I : The North
American Rockwell Proposal," in Space Fliqht, Vol, I3 , No. 9 ,
September I97I, p. 331.

2Executive Summary Space Stqliolf- iIggIAm Phase B Definition-,
Space Division, North American Rockwell , July 19 70 , p . 63 .

3Habitability Data Flanclbock, Vol. 2. Architecture and Environ-
ment, Spacecraft Design Division, Manned Spacecraft Center,
NASA, Iuly 31, L97I, 3-63. '

4'Ibid,, p. 3-64.

SHabitabilitv Data Flandbook . Vol. 5 , Garments and Ancillarv
Eguipment Spacecraft Design Division, Manned Spacecraft Center,
NASA, July 31, 1971, p. 3-2L.

GHobrrubilitv Data Hqndbook , Vol. 4 . -Food Mana qe rne nt ,

Spacecraft Deslgn Division, Manned Spacecraft Center, NASA,
Iuly 3I, I971, p. 3-5.

7lbi.l., p. 3-14.

BHabitabilitv Data -Handbook , Vol . 3 , Hou sekeeping, Spacecraft
Design Division, Mdnned Spacecraft Center, NASA, Iuly 3I , LgTI ,
p. 3-I.

9Hubir"bilit Data Handbook , Vol, 6 , Personal FI lene
Spacecraft Design
Iuly 31, 1971, F.

Division, Manned Spacecraft Center,
3-55.

NASA,



2r0IoIbid., pp. 3-s5.

lllbid., pp. 3-68.

12Ibid., pp. 3-lo.
13Ibid. , pp. g-28 .

l4Jbid., pp. 3-6g.

lslbid., pp. 4-zo. '

16Ibid., pp. 4-zg.

17^-' Raymond Loewy and William Snaith, General Habitabilitv
standards statemqnt . _9rew Individual compartments pp. 3 , 4.

IR- "_HsLiIEbilitv Data Handbook, Volume _2, Architecture and
Environment, Spacecraft Design Division, Manned spacecrait
Center, NASA, JuIy 3I, 1g71, pp. I-B.

tnrbrd. , pp . r-T .

2oIbid., pp. 3-13.

21Ibid., pp. 3-s1.

Z2rbid,., pp. 3-so.

23Ibid., pp. 3-34.

z4rbid,., pp. 3-50.

25Ibid., pp, 3-60.

26Ibid., pp. 3-61.

27 rbid., pp . 3-67 .

2BIbid. , pp. 3-68.

29Ibid. , pp, g-7g.

3oluio., pp . 3-26.

31lbid. , pp . 3-77 .



2tt
32-Ibid., pp.3-Tg.
33Ibid., pp. 3-go

34Ibid., pp. 3-Bg

9. Spacecraft Design

I Morris Jenkins , Manned Mars Exploratiqn Requirements and
Considerations , Engineering and Development Directorate, Manned
Spacecraft Center, NASA, Februdry, 1971, pp. 4-2A.

o
"Ioseph F . Shea and Michael I. Yargmovych, The Manned

Orbital Laboratory, NASA, Fig . 4.

3Mod.rlu, Space Station, Phase B Extension, Space Division,
North American Rockwell , April L97I .

4A Study of Spacecraft Desiqn an4 Operations for Planetarv
Elcouq-ter N'lis g_igl5 , VoJ.. II, Advanced Spacecraft Technology
Division, Ivianned Spacecraft Center, NASA, 1967, p. 86.

L2. Schedules and Cost

l Modular Space Station , Phase B Extension, Space Division,
North American Rockwell, April L97 L ,

?-Intggrated Proerram Plan Reference Schedule, Low Budget
Alternative, Advanced Program Planning Office, Manned Spacecraft
Center, NASA, May 28, 1970.

3Modular. Space Station, Phase B Extension, Space Division,
North American Rockwell, April , L97I .

A'Ibid .

5Ibid.

6Ibid 
.

T tbid .

BExecutive summa ,
Space Division, NorLh American Rockwell, July tg 70 , p. g B .



2L2

I 4 . De sign De s cription

l Hubi,ubilit Dqta HanQbook, Volume I, Mobility and Restraint
Spacecraft Design Division, Manned Spacecraft Center, NASA,
July 31, 1971, pp. L-4.

2-Ibid., pp. 1-5.



19 . REFERENCES

Advanced M is s ions Program Off ice , Lunar Qrbit Station , Proj ect
Description Document, Manned Spacecraft Center, National
Aeronautics and Space Administration , April , l9 70 .

Advanced Missions Program Office, Lunar Surface Base, Manned
Spacecraft Center , .National Aeronautics and Space Admini stration ,

June l5 , 19 70 .

Advanced Program Planning Office, Inteqrated _Proqram Plan Reference
Schedule, _ Low Budgct Alternative, Manned Spacecraft Center,
National Aeronautics and Space Administration , lvlay 28 , t I70 .

Advanced Systerns Office, Us e of the Ben Franklin Submers ibie as a
Space Station Analog.

a) Volume I Summary Technical Report OSR- T 0- 4
b\ Volume II Psychology and Physiology CSR- 70-5
c) Volume III Habitability OSR- 7 0- 6

produced by Marshall Space Fiqht. Center for the National
Aeronautics and Space Administration , May, l9 70 .

Baker , David , " Space Station S ituation Report I : The North American
Rockwell Proposdl ," space Fliqht, vol. 13, No. 9, september,
1971.

Barker, David, 1'Skylab," Space Fliqht, Vol . l3,.No. g, September,
1971.

Barker, David , " Space Station Situation Report 2: The McDonnell
Douglas Proposdl ," Space Fliqht, Vol. I3, No. g, September,
I97I.

Barnes , R. " Habitability Requirements for Multi-Man Long Duration
Missions, " unpublished NASA Report, September, 1969.

Berry, Charles A. , M. D. Director of Life Scienees/NASA, Biomedicai
an,s

Adoption to Wciqllllessness Septe mber, 1969 .

213



2L4

Henderickx, Herman, "A Modularized Space Station, " Space Flight,
Vol. 13, No. 9, Sept. 1971.

Hill , Arthur, " NASA Budget Request Centers on
Chtorrg,le , Ian . 24 , 1972 .

Shuttle, " Houston

Hitchcock, Robert E. /lln:. . of Florida , Interior Desiqn of an Inter-
$ediate Earth Orb:linsl__Speqe Station, A Preliminary Studv
prepared for Habitability Technology Laboratory, M anned Spac e-
craft Center, National Aeronautics and Space Administration,
May, 1970.

Jenkins, Morris, ManneC Mars Exploration Requirements and CJlnsider-
ations. Advanced Studie s Office, Engineering and Development
Directorate, Manned Spacecraft Center, Irlational Aeronautics and
Space Administration , February l g 71 .

Johnson , William B . Fjrctcrs Affectinq the Interior Des iqn of Crew Com-
partments for Long Dulation Space Fliqht, Manned Spacecraft
Center, National Aeronautics and Space Administration , MSC
Internal I\lote, Sept. 1967.

Kepner, William E., "The Saga of Explorer 1: Man's Pioneer Attempts
to Reach space," Aerospace H-rslprrgn, Vol . lB, No. 3, September
1971.

Kubris , I . F. Fiabitability: " General Principles and Applications to
Space Vehicles, " paper presented at the Second International
Symposium on Basic Environmental Problems of Man in Space,
Paris, 1965.

Kurzhals, Perter R., "Nutation Dampers for Manned Spacecraft,', Fith
Aerospace Ir,{echanisrys Sympositrm, Langley Research Center,
National Aeronautics and space Administratioh.

Lilly, John C., "The Effect
Environmental Effects

of Sensory Deprivation on
_en Consciousness, edited

Schaef er, Macmillan Company, New York , Lg62

Ioewy, Raymond and Snaith, Willidrn , Habitabilitv Stuclv, prepared for
Martin Marietta Corp., February 1968.

Louviere, Allen I . , 'Engineering Aspects of Habitability: Space Flight
Consideratioos , " l st Nation@ Habitabititv Vol . II,
May 1970.'

Consciousness, "
by Karl E.



215

Brown , Iohn , Ph. D . " Sensory and Perceptual Problems in Space
Flight, " Phvsioloqical Problems in Space Exploration. Charles
C. Thomas, publisher, 1964.

Deutsch, Stanley, Ph.D.,/NASA, "The Habitability of Confined Spaces,,,
1st National Svmposium on liabitabilitv, Vol . 3, May, Ig70.

Fielder, Dennis E . , Inteqrated Proqram Plan ReferenQe Schedule Hiqb
Budqet Bas eline , Manned Spacecraft C enter, National Aeronautics
and Space Administration , May 19 , I g 70 .

Fraser, T . M . , Jhe Intanqibles of Habitabilitv Durinq Lonq Dgration
Space Missions , Washington, D. C. , National Aeronautics and
Space Administration, June, I968.

Gatland, Kenneth w., "salyut," space_Flioht, vol. r3, No. 9,
September I97I .

Gerathewohl , Siegfried T . " Eff ects of Gravity-Free State , " Environ-
rneJrtal Fff ects on Consciousnjess , edited by Karl E. Schaefer,
Macmillan Company, NTew York 1962.

Graybiel, Aston , " Orientation in Space, with Particular Reference to
Vistibular f unctiolf s , " Environmental Eff ects on Cons ciousnes s ,

edited by Karl E. Schaefer, MacmiJlan Cornpany, New York , IgGz .

Habitability Technology, Habitability Data Handbook,
Vol . I Mobility and Restraint
Vol . 2 Architecture and Environment
Vol. 3 Housekeeping
Vol. 4 Food Management
Vol . 5 Garrnents and Ancillary Equipment
Vol . 6 Pers onal Hygiene
Spacecraft Des ign Division , Manned Spacecraft Center, National
Aeronautics and Space Administration luly 31 , IgT t .

Hardy, ]ames D. Ph.D , "Weightlessness and Sub-Gravity Problems,"
Phvsiologic.rl Prqltlems in Space Exploration, Charles C. Thomas,
Publisher, 1964.

Haymes , Robert C. r/Rice Univers ity , Introduction to Space Science ,

John Wiley and Sons , Inc . , 19 7I .

Haythorn, William \M. , "A 'Needs' by 'source of Satisfaction' Analysis
of Environrnental Habitabilitl'," lst Nalional SvmposiuJ! qn
FI_abitirbilitv, Vol . 11, May l9 70 .



2r,6
t

Manned Spacecraft Center, Intermediate Workshop Study, Modular
Approach, National Aeronatuics and Space Administration,
October, 196 B.

Manned spacecraft center, shuttle Fact sheet, NASA , rgzz.

Marshall, Tyler, " NASA Tells Conference: Space Station will be both
Factory and Laboratory," Product Engineering, September 2B, Ig70.

Marshall Space Flight Center, Skylab and Beyond press Briefinq,
June 29 and 30, 1970. 

,

Nowlis, David P. , Ph. D. , H. H. watters, and E. c. wortz ,
Habitabilitv As ses sment program.

Nowlis, David P., Ph.D., H. H. watters, and E. c. wortz, Tektite II
Habitabilitv Research Proqram, Airesearch Manufacturing Company,
Marshall Space Flight Center, National Aeronautics and Space
Adnrinistration, Janua ry 14 , lgT Z .

Planetary Mis sions Off ice , A Studv of Spacecraft De siqn and Operations
for Ma nned Planetarv Encounter Missions, Advanced Spacecraft
Technology Division, Manned Spacecraft Center, NASA, Vol . II,
r967.

Program Adrninistration, Executive Sumrnarv, Space Station prooram
Phase B Definition, Space Division, North American Rockwejf,
July, I970.

Richmond, Roger R . , Interior Desiqn of an Intermediate , Zero Gravitv
Earth Orbitinq Space Station, Manned Spacecraft Center Internal
Note, Sept., 1968.

Science and Applications Directorate, Skvlab A. EREp Users Handbook .

Science Requirements ancj Operations Branch, Manned Spac ecraft
Center, March , L97I ,

Sells, S. B. A Model for_lhg-lpqi-al Svstem for the Mu_l!i-Man Exrended
Duration Space Ships, Vol , 37, lJo. Il, November, Ig66.

Schwartz, Seymour I. "A Framework for Environmental Decision Making, ,,

Department of Industrial and Systems Engineering, University of
Southern California, lst National Svnrp.osium on FJabitqb.llily,
May, 1970.



2I7

Sharpe , Mltchell R. , Llvinq in Space , Doubleday and Company, Inc .
I 959.

shea, Joseph F. and Michael I. yargmovych, lhe Manned orbital
Laboratorv, National Aeronautics and Space Administration.

Spacecraft Design Division, Shuttle Orbiter Nose Design Considerations ,
Manned Spacecraft Center, November I2, lg7l.

Space Division, Orbiting Luna! _Station, phase A. Feasibilit and
Definition Studv, North American Rockwell, Advanced Program
Engineering, April I97 L ,

Space Division, Modular Space Station, phase B Extension North
American Rockwell , Novemb er 4, l g 7l .

Watters ,
' Ph.

H, H., NASA, Marshail space Flight center and J. \ /. Miller,
D. , National Oceanic and Atmospheric Administration , T€ktite:

Ex erience with an Underwater Analog of Future Space Op"rutiiro.

Watters , H. H . and |eri W. Brown , Marshall Space Flight Center, The
ApDlication of Space F{abitabilitv 'Iechnologv to Ear[h Envirot nr*itr,
working papers.

Additional information was acquired by discus sions with the followinq

individual s :

Baillie, Richard F. , Advanced
Center, NASA; prepared

Green, Donald, Public Affairs
Houston, Texas .

Missions Program Office, Manned Space craft
Lunar Orbit Station document.

Office, NASA's Manned Spacecraft Center,

Hendren, Phitip, Assistant Professor, Department of Architecture, Rice
University, Houston, Texas; prepared computer graphics program.

Jenkins, Morris, head Flight Performance, NASA's Manned Spacecraft
Center, Houston, Texas; prepared @g Exploration Require-
mgnts and Cgnsiderations document.

Rysavy, Gordon, head Habitability Technology, NASA, s Manned spacecraft
Center, Houston, Texas; prepared and supplied many habitability
research documents in addition to several tours of space station
mock-ups.



2LB

Thesis Committee:

Cannady , \M. T. , As s ociate Profe s sor, D€partment of
Architecture, Rice University, Houston, Texas.

Dessler, A. I. , head Space Science Department, Rice University,
Hou ston , Texa s ,

Papademetriou, P., Assistant Professor, Department of
Architecture, Rice University, Houston, Texas.

f

I

* U.S. GOVERNMENT pRtNTtNG 0FFtCE: 1g72_779 264/ tlilg


