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CITIES IN THE SKY

(A Design Proposal for a Manned Earth Orbiting Space Station)

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 expose
of major determinants affecting extra-terrestrial habitability, subse-
quently leading to a design 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 confinad
isolation conditions) and serves as a principal generator cf the
resultant design solution.

Information contained within this thesis is presented in the fol-
lowing manner:

1. Predecessor Concepts
- significant past and proposed manned programs

2. Programmatic Issues
- discussion of design elements

3. Digest of Information
-~ concentration of design decisions

4, Design Proposal
- presentation of physical resolution
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5. INTRODUCTION

5.1. Program Description
5.1.1. 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 considerations of
an earth orbit space station.
Finally, with an emphasis on habitability and existing technology,

present a design solution.

5.2. Significant Predecessor Concepts
Inciuded in this section are the significant predecessor concepts
affecting manned missions in space. Analogous submersible and ground
chambers comprise the first portion, with Larth orbit, Lunar and
planetary missions being discussed next.
5.2.1. Analogs

In an attempt to comprehend the dynamics of small social groups
1



exposed to the stresses of extended isolation and confinement, S.B.
Sells developed the following criteria and subsequent elevation
process.

Criteria of social group:1

1. A formal organization with prescribed responsibility pattemns
for the entire crew;

2. Crew composition characterized by an elite corps of highly
selected, trained, and educated volunteer specialists, ail
extremely ego-involved in the program and the mission:

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 services:

4. Low formally prescribed status distance among crew members:

~and i

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

Objectives and goals, value system, personnel composition, organi-
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 in terms of its
similarity to long term manned space missions. Results of this ranking
demonstrated that submersibles most closely resembled the stress
conditions of space stations and situations of shipwreck and disaster
were least comparable. Table 5.1 shows the ranking results. Anothor
comparison approach evaluates spacecraft, submersibles, and chambers
against a sampling of operational conditions. The results indicate

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 judged



COMPARATIVE SPACE MISSION ANALOGS?

TABLE 5.1

W)

Similarity Rank

Similarity Score

Submarines

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

[Ty Sy
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79
68
61
60
59
39
37
23
20
16
11




against spacecraft, they each provide a separate means for evaluating
operational effectiveness. The submersible can best handle crew
habitability factors (food, clothing, accomodations), crew skill mix,
command atructure, and selected spacecraft subsystems checkout and
maintenance during a real mission. The chamber, on the other hand,
is most effective in evaluating thermal variation, radiation and life

tests under simulated environmental condition,

TABLE 5.2

SPACECRAFT/SUBMERSIBLE/CHAMBER SIMILARITIESS

Spacecraft Submersible Chamber
Confinement X X X
Social Isolation X X X
Deprivation X X b'¢
Close Quarters X X X
Meaningful Mission X X
Sustained Motivation X x
Hostile Environment X X
Operational Stress X X
Remote Operations X X
Abort Difficulty X X
Require Real Navigation X X
Scientific Crew X ble
Data Transmission Difficulties X X
On-Board Maintenance Provisions X X
Complete Biological Isolation X X
Command Structure X X

5.2.1.1. Submersibles
The validity of submersibles as spacecraft analogs indicates a

need for further investigation in this area. Two programs, Tektite
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and the Gulf Stream Drift Mission, were conducted and their objectives
in 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 agencies (the Navy, Department of
Interior, NASA, and College of the Virgin Islands) and industry (General
Electric Co.), the Tektite project was conceived as a multi-disciplinary
study. Initiated in 1968, it integrated marine science, human behavior
and small group dynamics, physiological and biomedical research, and
engineering and architectural design (or habitability) evaluation. The
program was conducted in an underwater habitat (see Figure 5.1)
anchored forty-seven 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, as in space operations, provided the crews with real
missions, which. would be difficult or impossible under any other
circumstance. That is to say, they did not perform merely as sub-
jects of an isolation experiment. The ccnditions of the isolation did
closely compare with space station guidelines. The aquanauts could
not return to the surface without undergoing twenty and one-half hours
of decompression, whereas rescue capability for a distressed space

station requires a minimum of twenty-four hours.
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Operating conditions of the Tektite project which are inconsistant

with space missions are depicted in Table 5.3.

TABLE 5.3

TEKTITE AND SPACECRAFT OPERATING DIFPERENCES4

1. The habitat operated at one gravity.

2. Internal atmospheric pressure was two and one-half atmos-
pheres (oxygen partial pressure: 158 mm Hg, balance nitrogen).

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

4. Unlike astronauts, the aquanauts made daily and far ranging
journeys from the habitat; they were free to leave the confines of the
habitat at will. Moreover, wherein aquanauts were eager to pursue
their scientific interests in the extrahabitat environment, the copposite
is probably true for astronauts; diving was not analogous to extra-
vehicular activity.

5. Supplies from the surface were replenished on a daily basis
~or as requested.

Som preliminary findings discussed in an aquanaut debriefing following
a sixty day mission are represented in Table 5.4. Conclusions of
the Tektite program (see Figure 5.5) present viable criteria which
can be directly applied to spacecraft design. They are shown in

Table 5.5.

5.2.1.1.2. Gulf Stream Drift Mission

The Gruman Acrospace Corporation conducted a study on the
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TABLE 5.4

PRELIMINARY TEKTITE FINDINGS®

1. Four men successfully performed scientific mission tasks for
sixty 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. Interpersonal interaction and attraction changed with time.
Shift in diving partners.

6. Intracrew hostilities were submerged or channeled to outside
personnel.

7. Impression period to about mid-run. Complicated by ear
infection. Typical of long term isclation studies.

8. Living space was adequate but working space was not.,

9. Aquanauts felt strong need to escape into water--but habitat
was always home and security.

10. Dinner meal--sometimes three hours long--was great source
of relaxation and group interaction.

11. The act of food preparation including creative art of cooking
was a source of recreation for at least one crew member. The others
enjoyed his meals,

12. To maximize scientific data return, need small operational
crew for command and control, equipment maintenance, routine duties.
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TABLE 5.5

TEKTITE CONCLUSIONS?

1. On missions where a heterogeneous mixture of backgrounds
is expected, crewmen should possess broad interests and should be
eager to acquire new knowledge. Where the new leader's professional
background is congruent with major mission 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 important 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 crewmen show high productivity and innovativeness
when not constrained by rigid timelines, but are free to structure their
own missions within broad constraints.

6. Leisure provisions become important even to highly
work-oriented, busy crewmen.

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

8. The results of this program indicate that multiple-use spaces
in isolated habitats can create a wide variety of physical and attitud-
inal problems for the residents. In particular, compartments utilized
by the inhabitants for research must be designed with particular care.
(Bee 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 scientific 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 Gulf Stream
Drift Mission (GSDM) and employed the use of the Ben Franklin sub-
mersible (see Figure 5.2). Part of the Mission's goals were to
satisfy a NASA study investigating man related activities compatible
With long duration space station missions.

Much like the Tekite project, 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 submersible proved useful in observing human
reactions during long term confinement since its size provided 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 missions. The power available for data
collection was limited to skilowatts and the envirnoment, scheduling,
human engineering, 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 MISSION’

1. As time 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
revealed pertinent information including the following:
- The crewmen became more negative about their environment
as time progressed
- Annoyance with partners increased steadily throughout the
mission

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.

5. Sleep analysis indicated:

- Quality of sleep was not cyclic

- 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 spent in the bunk remained remarkably con-
stant for each of the crewmen.

6. When questioned during the mission the men reported the
consideration for others was one of the most important requirements
for crewmen.

7. Subjective reports of performance varied, but for two of the
six men, performance apparently was worse on days following fitful or
poor sleep than it was on days following a "good" sleep.

8. Group recreation was rare; the men found that reading and
listening to music were excellent 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.
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10. Although four of the six crewmen lost weight, none suffered
detectable physical deconditioning as a result of thirty days in confine-
ment with limited activity.

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

12. Certain aspects of the internal environment of the submarine,
and provided equipment, were serious sources of annoyance and gen-
eralized psychological stress.

13. Conflicts with the personnel of the surface command were
serious enough to underscore the need for selections of crewmen for
the command post vehicles to be based on integrated compatibility
with the subsurface crew.

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 isolated from society should have targets other than
their immediate fellowmen against whom they may vent their aggressions.
To the extent to which it can be managed these aggressions should be
directed to targets that do not affect mission accomplishment.

16. Communication with the outside was important for the
well-being of the crew of the Ben Franklin; news from "home" should
be unscheduled because men respond negatively when news is inexpli-
cably lacking.

From the findings of the GSDM, a guideline for future spacecraft
design was formulated. The issues appear, at first, rather minimal
when compared with the complexities of the space station project
development and design. Further analysis of the guideline indicates
that the everydays of normal life gain orders of importance in confined

environments. The following is the guideline developed from GSDM:
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TABLE 5.7

SPACECRAFT HABITABILITY GUIDELINES BASED ON GSDM FINDINGS

l. A separate area with soundproofing, adequate lighting and
comfortable chairs is needed for reading 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 vehicles should be evaluated
at off-design conditions to determine their adequacy

6. Illumination levels should be adequate for the task to be
performed

7. The crew's use of the vehicle, crew activity, crew timeliness
crew living and working areas detailed consideration and integration.

5.2.1.2. Ground Chambers

An alternate means of simulating the conditions of space is
through ground chambers. This section does not describe the complex,
computer supported, cockpit simulators of the Mercury, Gemini, and
Apollo porgrams. Instead, the environmental simulators, primarily con-
cerned with habitability, are discussed. They are the Manned Environ-
mental Systems Analysis (MESA), the Ninety-Day Manned Test, and

Man/Systems Simulator.
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5.2.1.2.1. Manned Environmental Systems Analysis (MESA)

In 1964 at Boeing in Seattle, a study on isolation and confine-
ment was performed for NASA headquarters. The thirty day experiment
took place in a pressure chamber twenty-two feet long, ten feet wide,
and eight feet high (1760 cubic feet) and included four engineers and a
Navy M.D. The chamber was separated into three areas, living,
sleeping, and operations.

Findings of major study areas are:

TABLE 5.8

MAJOR STUDY AREA FINDINGS OF THE MESA 8

1. Medical evaluation: result all values were in the range of
normal variation and no significant changes from pre-test baselines
were found. '

2. Psychological evaluation: no serious performance deficiencies
were found/irritability and hostility levels were high, but not abnormal
for a group in confinement.

3. Concluded: that the thirty day confinement was not particularly
stressful or difficult for the five man crew. Human factors consider-
ation (difficulty of use and maintenance of equipment) and habitability
(crowding of chamber) led to irritations and interpersonal friction as
well. Habitability considerations appear even more important for sys-
tems involving crowded confined environments.

5.2.1.2.2. Ninety Day Manned Test
A crew of four men inhabited a twelve foot diameter, forty feet
long space station simulator for a period of three months. The cham-

ber was equipped with a regenerative life support system simulating the



16
conditions in space. A major objective was evaluating the men's
ability to operate and maintain this hardware.

Complaints normally centered on deficiencies in (1) 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
(5) the limited volume in crew quarters when occupied by all four

crewmen simultaneously.

5.2.1.2.3. Man/Systems Simulator

The Man/Systems Simulator is located at the NASA Marshall Space
Flight Center and works as a flexible laboratory. It supports a crew of
six for thirty days without resupply and tests future manned space
systems and spacecraft concepts. The simulator is a cylinder
fourteen feet in diameter and forty-eight feet long and provides
atmospheric and temperature control, carbon dioxide removal, and
water and waste management 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 includes:

1. habitability sensors used to monitor equipment usage (extent
and frequency of use), traffic flow and various physical environment
parameters.

2. crew test and questionnaires completed premission, during
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mission, and post mission to determine normative personality features
and realtime subjective reactions to the environment.
3. stateroom console test to identify crewman performance as a
function of mission duration.
4. continual observation of habitat usage, sleep/work patterns,

and social behavior.

5.2.2. Earth Orbit

Inckluded 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 of significant prede-

cessor concepts.

5.2.2.1. Manned Orbiting Laboratory

The proposed objectives of the MOL program were (1) to investi-
gate man's behavior and capabilities during prolonged space flight
eventually leading to a decision over a gravity condition, (2) the
testing 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 MOL accomodates a two man crew in a modified
Apollo spacecraft for periods up to 100 days.
The small MOL is a Saturn 1 or 1B stage supplied by four to six
men and incorporates a shuttle or ferry vehicle.

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

crew makes up the large MOL.
Modified Gemini and Apollo capsules along with advanced

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

systems.

FIGURE 5.3

DOCKED SOYUZ AND SALUTE SPACE STATION

5.2.2.2. Salyut

For twenty-three days, three cosmonauts manned the Soviet space

station, Salyut. Salyut, itself, is the 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 minimum
diameter of thirteen feet.

The Salyut station was divided into several compartments. A
docking unit located on the station's axis ajoined a short cylinder,
about six feet in diameter, which contained astrophysical apparatus.
Two adjacent cylinders, nine feet and twelve feet respectively, con-
tained the working compartment.

The basic Salyut mission objectives were: (1) check out and
test design of units and on-board systems and equipment; (2) try out
methods of station orientation and navigation, some automatic; (3)
study geological/geographical objects on Earth, atmospheric formations,
snow and ice cover, with the aim of developing methods for using this
information in the solution of economic problems; (4) to study physical
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 possibility of performing
various tasks by cosmonauts in space stations and to study factors
of spaceflight on the human system.

The Salyut station did not induce artificial gravity and from all
indications the cosmonauts suffered no ill effects. Adjustment to
re-entry forces and earth gravity data is unavailable since, after
deorbit the Soyuz spacecraft experienced'rapid depressurization and

the cosmonauts werc killed before reaching the ground.
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5.2.2.3. Skylab

In early 1973, the United States will launch a 10,000 cubic foot
space station called Skylab. The earth orbiting Skylab consists 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 missions.

FIGURE 5.4

SKYLAB

M487, Habitability and Crew Quarters, is the Skylab experiment
which will evaluate man/environment interactions. It will assess the

following areas:
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TABLE 5.9

SKYLAB ASSESSMENT AREAS

1. Personal Hygiene--includes body waste management, per-
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. Clothing--examines mobility and functional capabilities of
garment handling (e.g., donning, doffing, storage, disposal and com-
fort) .

4. Architecture--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.

S. Astronaut aids--includes restraint devices (fixed and port-
able aids) and various mokility techniques (e.g., free soaring) .

6. Off-duty Activities--includes preferences handling, and
adequacy of passive and active recreational and passive entertainment
provisions.

7. Environment--includes crewman measurements and obser-
vations of environmental parameters (e.g., pressure, humidity, light
level, acoustics).

8. Communications--includes maintenance, connector locations,
and db levels of intravehicular communications Subsystem.

9. Housekeeping--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 field of concentration will be astronomy. With its obvious
advantages over earth based observations, the Apollo Telescope

Mount will study *"= ~ur and its affects <n man.

5.2.2.4. Space Stations

Earth-orbitinc cpaca station proposals by North American
Rockwell, McDonnz21l Douslas, and Marshall Space Flight Center are
discussed in this csection. All concepts are gencrated by a NASA
1980 Space Station goal and based on a twelve-man crew, ten year
life, and Advanced Logistics System (ALS), or space shuttle. The
North American Rockwell ard McDonnell Douglas proposals are results
of the second phase studies conducted during the period September 1969

to August 1970.

5.2.2.4.1. The Neorth American Rockwell Proposal

The station devesloped by North American Rockwell (NAR) is
composed of a thirty-three foot diameter, four deck core module
attached to a solar vower boom. The core module is separated into
two pressure volumes, two decks each, and each deck has a height
of six feet, ten incnes, exclusive of a false ceiling situated five
inches below a four inch deep structural ceiling. Two utility trunks
thirty-one feet in longth, ten feet wide, and one foot deep and separated

by six feet two inches, support electronic and mechanical functions.
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NORTH AMERICAN ROCKWELL SPACE STATION PROPOSAL

5.2.2.4.2. The McDonnell Douglas Proposal

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 feet. As in the NAR station, the common modules
contain two decks, which, in case of environmental failure, can
support the full twelve man crew. A ten foot diameter pressurized
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 transportation, and
serves as a structural tie for the entire assembly. Utility supply is
routed along this tunnel and access to either common module is made

through inter volume locks or the tunnel.

The expanded capability concept incorporates an additional
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two-deck common module. This module provides the station with
artificial gravity simulation, acting independent of any other hardware.
The following space station concept comparison demonstrates

the capability difference between the baseline and expanded proposals.

TABLE 5.10

MDAC BASELINE AND EXPANDED PROPOSAL COMPARISONS

Characteristic - Baseline Expanded
Habitable volume (cu. ft.) 29,200 53,400
Weight (1b.) 157,050 176,960
Discretionary payload (1b.) 37,950 18,040
Common module decks 4 6
Docking ports 7 8

Power for experiments (kwe) 10 20.8
Experiment decks 2 4

Heiaht at launch (ft.) 327.5 331
Crew support capability 12 18
Artificial gravity capacity Limited Unlimited

5.2.2.4.3. Marshall Space Flight Center/A Modularized 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 time were dimensions of sixty feet in length and
a fifteen feet diameter, and weight of 25,000 pounds. Since a module
fifteen by sixty feet would be heavier than the established limit a
fourteen by twenty—nine foot, 25,000 pound module was adopted.

Seventeen modules, involving five design elements, are
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required for the twelve man space station build up. The Electrical
Power Boom (EPB) is the {.-s5t design element and can be pressurized
to allow shirt-sleeve work by the crew. The Solar Power Element
(SPE) contains four arrays, totaling 10,000 square feet surface area, and
delivers twenty-five kilowatt of power. The station's core is the Central
Assembly Element (CAE). Each has six docking ports, and three

coupled end to end form the central corridor.

ooooooo STATION

[ T T 2 CREW STATEROOMS
EMERGENCY OPEN L

ooP iss
[
/ ! 1
/ ; L— EXPENDABLES MODULE
CoL
| T DINING. GALLEY. RECREATION
S

4 cREW
STATEROOMS

FIGURE 5.7

MARSHALL'S MODULAR SPACE STATION PROPOSAL

Fourteen BSE's or Basic Structural Elements are necessary for
full assembly and makeup crew quarters, control station, dining and
recreation rooms, laboratories, etc.

The Airlock/Manipulator Element (AME) is a pressure container

with manipulator arms and the final design element.
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MODULAR SPACE STATION BUILD-UP9

28

e es———

Weight

Launch Module (1b.) (kg)

1. - Airlock and Manipulator 12,500 5,700
2. CAE (Central Assembly Element) 13,900 6,300
3. SPE (Solar Power Element) 10,900 4,900
4, BSE (control station and rooms) 13,500 6,100
5. BSE (rooms) 16,500 7,500
6. BSE (ECLSS) 15,200 6,900
7. BSE (dining and recreation) 14,000 6,300
8. BSE (expendable storage) 18,400 8,300
Totals for a six-man station: 114,900 52,0600
9.. CAE 13,900 6,300
10. BSE (medical, exercise) 11,400 5,100
11. BSE (ECLSS) 15,400 7,000
12. BSE (crew rooms) 16,500 7,500
13. BSE (experiment control and rooms) 13,500 6,100
14. CAE 11,700 5,300
15, BSE (experiment laboratory) 14,500 6,600
16. BSE (experiment laboratory) 14,500 6,600
17. BSE (expendable storage) 18,400 8,300
Totals for a twelve-man station: 244,700 110,800

5.2.2.5.

which, principally, is a large scale space station.

Space Base

Advanced planning has developed concepts for a Space Base,

North American

Rockwell and McDonnell Douglas have proposed schemes growing to

incorporate crews greater than sixty men.

5.2.2.5.1. North American Rockwell

Base configuration.

NAR combines both zero and artificial gravities in a proposed

The rotating portion measures 234 feet between
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modules and 234 feet along the zero gravity axis.

The nominal base is comprised of a basic unit, a four deck
common module with equal division between Space Operation and
Scientific Investigations (SOSI) and crew quarters. A two deck
rotation system connected to a four deck hub assembly, along with
two nuclear power modules complete the space base configuration.

An eight deck Space Operation and Scientific Investigation
module is booster launched with two additional SOSI modules and hub
unit following the second launch. When docked, 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 fourth launch of two, four-deck SOSI modules and their
docking to the rotor booms completes the Initial Base. This configu-
ration supports a thirty-six man ci'ew, with four modules in zero
gravity and the other two in an artificial gravity mode.

A sixty-man Nominal Base is established when two combined
SOSI/crvew quartef.modules are positioned on the reﬁaining artificial
gravity booms. With the addition of a second four deck SOSI/crew
quarters module to each of the four existing modules on artificial
booms the full utilization Growth Based is created. The resulting
164 man capacity requires a total of seven booster launches and

twelve shuttle flights.
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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 described.
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5.2.3.1. Lunar

5.2.3.1.1 Lunar Orbit Station (LOS)/NASA
As currently envisioned, the LOS will be derived from a twelve
man Earth Orbit Space Station and composed of a core module contain-

ing living facilities, internal experiment laboratories and subsystem

r

areas.

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 5.11

LUNAR ORBIT STATION INTERIOR
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The selected core module is a thirty-three foot diameter by
forty-six foot long cylinder containing four decks in two pressure
volumes.
The Lunar Orbit Station is dependent on the following:10

1. INT-21 booster for insertion of the LOS, Space Tugs and
Nuclear Shuttles into 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 LOS in lunar
orbit and the lunar surface; and, as a vehicle which can be used for
contingency transfer 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 supplies 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.
5.2.3.1.2. Orbiting Lunar Station (OLS)/North American Rockwell (NAR)

The intent of the NAR study was to include the functions,
operations, and performance requirements as well as a configuration
for an Orbiting Lunar Station.

The principal assumptions and guidelines were similar to those
used in NASA's proposed LOS 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 orbital Modular Space Station. The Modular Space Station
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proposal was perhaps the most significant subobjective of the NAR

study.

ORBITING LUNAR STATION

Characteristics of the OLS configuration are listed below.11

1. The core module is twenty-seven feet in diameter with an
overall length of 60.83 feet. The internal arrangement consists of
four transverse circular decks with toroidal end pressure bulkheads and
two separate pressure volumes. Un pressurized 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 94.25
feet.
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3. Four passive docking ports are located on the cylindrical
portion of the core module plus two active neuter docking cones at
each end. Passive side docking 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 active/active
docking adapters. Four of these are defined as necessary to satisfy
OLS operational docking requirements.

4, An experiment module fifteen 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 unrestricted field of view while body mounted to the OLS.
The experiment module also incorporates a separate 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 ferry satellites to and from orbit.

FIGURE §5.13

SPACE TUG
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5.2.3.2. Planetary
5.2.3.2.1 Mars Twilight Encounter and Triple Planet Encounter

In a 1967 NASA publication, A Study of Spacecraft Design and

Operations for Manned Planetary Encounter Missions, proposed Mars

Twilight Encounter and Triple Planet Encounter missions are outlined.
The Mars 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,
used for atmospheric data collection, (3) a Soft Lander Probe, an

instrument package remaining as a scientific station, and (4) a Mars
Surface Sample Retriever Probe, an instrument package which returns

to the Mission Mcdule.

5.2.3.2.2. Triple Planet Encounter

Briefly described, the‘Triple Planet Encounter involves a
Venus flyby with deployment of sixteen experim}ent, probes, a Mars
encounter, encorporating two surface sample retrievers, and on the

return leg a second Venus flyby with ten probes deployed.

5.2.3.2.3. Manned Mars Exploration Requirements and Consideration

The two previous planetary proposals indicate 1967 thinking.
Subsequent events have altered program goals and the Manned Mars
Mission developed by NASA's Advanced Studies Office is evidence of

most recent developments.
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It consists of (1) a Mars Excursion Module (MEM), (. p. aG
hanger for the MEM and probe, (3) a mission module designed for a
crew of five men, (1) a solar array module, and (5 a propulsion
array of six chemical propulsion stages.

Taking place in earth orbit the assembly of the spacecraf

requires the support of the ALS shuttle, chemical propulsion stace,

and space tug.

5.3. The Advanced Logistics System (ALS)

The ALS, sometimes called Earth Orbit Shuttle (LCS), is c¢on-
cieved as two stage fully reusable transportation system composed of
a first-stage booster and a second~stage orbiter. The primary functicon
of the ALS is in the resupply of space station and space base expend-
ables, rotation of crew, and the placement and retrival and suprors 3@
satellites.

The vertical assembly of the Booster and piggy-buck Crhiter o
launched to an altitude of 200,000 feet where they separaie. The
Orbiter heads fo-r its programed rendezvous and tf)e Booster is ;. .do<
back to the launch area.

Primarily differing in the wing configuration, therc have [oon
several earth orhiter pronosals. A North American Rockwell schorie
shows short "blade" wings while alternate concepts cxhibit sweapt wina
designs.

The ALS cargoe bav ig fifteen feet in diameter by sixty {oot
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long and is sized to carry a nominal payload of 40,000 pounds +
10,000 pounds, although the upper limit on payload weight is 65,000
pounds. The following chart demonstrates anticipated logistic require-
ments for up and down cargo transfer using proposed space station and

space base concepts.

TABLE 5.12

CARGO-TRANSFER FOR PROPOSED SPACE STATION AND
SPACE BASE CONCEPTS!2

Requirements Weight (1b./mo.)

Up Cargo

Space Station

Subsystems 5,389
Experiments 5,811
Total 11,200

Space Base (60-man) :
Subsystems 18,982
Experiments 14,445
Total 33,427

Down Cargo

Space Station

Subsystems ‘ 1,745
Experiments 6,123
Total 7,868

Space Base (60-man)
Subsystems 3,228
Experiments 11,309

Total ‘ 14,537
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Demonstrated in a comparison between cargo size and m - .ion
criteria, an increase in shuttle vehicles and flight frequency facilitates

the requirements of a large space base.

TABLE 5.13

PROGRAM FELLMENT AND ALS SUPPGRT!S

Number ALS Required Flight Frequency (days)

Program Element ™ \"q40""35 500 40,000 20,000 30,000 40,000
(Crew) b 1b 1b 1b 1b b
Station (12) 4 3 3 30 44 54
Base (36) 4 3 3 16 23 25
Base (60) 5 4 4 10 15 18
Base (164) 10 9 6 4 5 7

The assumptions enabling the above table are: (i) mission
time/vehicle is seven days, (2) ground turnaround time is fourteen davs,
(3) the vehicle lifetime is 100 flights, and (4) that there is one standby
rescue and spare vehicle.

Because of the reuseability of the shuttle casts per pound cre
projected to be reduced by a factor of ten, meaning that the existing

$1,000/1b. could be chopped to $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 28.5°-55' at 200
to 300 nautical miles, and 90°-97' at 200 nautical miles for polar or
sun-synchronous missions.

2. Experiments and preferred operational environments restrict
the orbit to 45° to 75° inclination at 270 nautical .miles.

A compromise between preferred logistics and lower altitude
drag characteristics placed the minimum orbit ét 240 nautical miles.

An inclination of 55° was selected from the above defined envelope, as
to gain maximum potential of 82 per cent of the earth's land surface.
Proper space station attitude is achieved by satisfying the

demands of earth and astronomical observation solar array orientation
and communication alignment. Therefore the longitudinal or rotating

X axis is aligned normal to the ground track and the Z axis is
constant with the local vertical. Secondary and tertiary attitude modes
should be established according to experiment requirements.

44



TABLE 6.1

ORBIT REQUIREMENTS OF SELECTED EXPERIMENTS !
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7. CREW FACTORS

Former manned space missions accomodated life support,
begrudgingly. Subsystem requirements and logistic parameters were
the significant determinants of spacecraft design, as human dimensions
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 considerations beyond
human engineering and will, for the most part, determine the success
of the mission.

The issues of crew safety, crew operations, atmospheric make
up, and habitability comprise crew factors and are discussed in the

following sections.

7.1. Crew Safety
Design elements promoting crew safety are reliability, emer-

gency provisions, gravity gradient, and communications.

7.1.1. Reliability
Facilitating reliability are two major items, design implemen-

tation techniques and rescuo paths.

46
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Design implementation techniques control failure tolerances
and safety factors by requiring design specifications in excess of
intended usage. Pressure containers and valves should have conser-
vative parameters using a 4.0 safety factor. Hazardous fluid con-
tainers, lines, and 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 missions.

Technology selection is based on a component's previous
testing. Space tested hardware, which has proved itself reliable on
predecessor programs, is most desirable. Equipment exposed to test
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 access to these procedures as well as monitor

subsystems and indicate scheduled maintenance.

Since support systems are critical for space survival
necessary insurance against failure must be provided. Redundancy, a
means to increase hardware reliability, will supply on-line parallel

support to essential components; in case a component should fail, a
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substitute automatically supports its function. In addition to auto-
matic switching a backup mode for manual switching should also be
included.

Even with redundant systems, the hardware has an effective
life span. Long duration missions will require piovisions for equip-
ment repair and substitution. Modularization of components will
facilitate replacement of fatigued parts and add vet another level of
redundancy. Besides a backup mode for critical systems, independent
environmental volumes each with life support and station controls will

further insure crew safety.

7.1.2. Emergency Provisions

Emergency mission procedures dictate doscign criteria facilitat-
ing escape routes. There should be dual means of égress from all
modules and, in the case of inhabited modules, there should be
rapid shirt-sleeve escape provisions. Alternate air-locks for extra-
vehicular activity (EVA) and intravehicular activity (IVA) is required,
since one might become inoperable.

In addition to transporting crew and cargo from earth to orbit,
the ALS can serve as a rescue vehicle. The shuttle takes two hours
to launch from standby status and can rondezvous with any low altitude
manned spacecraft within twenty-four hours.

Dependent upon penalties incurred, provisions for "on-board"

escape vehicles should be made. These could be anything from an
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EVA suit with portable life support system to a "life raft" pressurized

container accommodating several crew members.

7.1.3. Gravity Capsiderations

Safety facfors encnouraging implementation of artificial gravity
deal with mobility, orientation, medical requirements and g-state
transition.

Mobility in agravic situations 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 possible damage to astronaut or equipment.
Introduction of artificial aravity would accommodate a more terrestrial
means of mobility along with providing "floor-ceiling" references for
orientation.

It's possible that injuries occurring in space might require
surgery. Dependent upon the extent of injury, simple surgery in orbit,
would definitely prove feasible over a special rescue mission and
exposure to re-entry gravity loads., Artificial gravity is, for all
practical purposes a requirement for space surgery.

To date, very little is known abdut long term exposure to
zero gravity. Skvlab, planning two fifty-six day missions, will
provide further data, but therc is only speculation on results. Mis-
sions lasting several years will require a gravity decision, as not to

jeopardize crew safcty. Re-entry into carth's atmosphere produces
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loads several times that of earth's normal one 'g' (this 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 safety.

The subject is given further attention under seqtion eight,

Gravity Condition.

7.1.14., Communications

Past missions involved literally thousands of people performing
ground support tasks for short periods of time (two weeks). In futurc
flights of longer duration, dependency on ground support will decrease
and spacecraft will become more autonomous. This, to some extent,
will reduce continuous communication demands, but for reasons of
safety this procedure should be maintained (possibly by a limited or

scheduled program).

7.2, }Crew Ope.rations
7.2.1. Crew Composition
In order to provide adequate manpower distribution and supply
required crew skills, an early space station will require a twelve man
crew.

During high routine experiment operations, station support will

[a]
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require approximately twenty-five man hours per day. Another twenty
man hours/day are needed in aerospace medicine experiments. All
other experiments use about fifty-five man hours/day.

Work loads increase during logistics supply periods. Man
hours/day for station operations rise to forty, an additional ten man
hours/day are necessary for experiment support, seventy man hours/day
go for routine experiment support, while ninety man hours/day are
required for experiment operations.

Twenty-seven crew skills are required over a ten year
station life. The skilis derived 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 life), such as commander, electrical engineer, dietician, etc.
The skills per man, generally, 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 120 man hours
per day for the support and operation of both station and experiments.
With eighty man hours/day devoted to function program element (FPE)
operation and information distribution, task 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 activities and work loads.

Generally speaking, a crew members' typical day uses 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 physiological 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 wérking normal office routines
spent about six hours a day in productive work.

The average of five proposed space missions show 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
missions were seven.

In cases of isolation recent studies have noticed that the
most important time is during meals. Deprived of earthly temptations,

confined experimenters have replaced the natural stimulus of sexual

(e

¥}



G

57

satisfaction with a desire to enjoy the delights of eating. This

could prove an important factor in establishing an acceptable diet.
The Tektite program discovered that aquanauts took advantage

of spontaneous conditions to reprogram their research. This evidence

along with the increasing difficulty of effectively planning long duration

mission indicates that a flexible profile should be adopted for space

station operations.

7.2.3. Crew Structure

Following similar decision making crew structure distributions
the space station will have one person making on-board operational
decisions, a spacecraft commander. There will also be a spacecraft
controller and systems engineer, to provide an intermediate level of

responsibility.

-7.2.4, Leisure Time

Provisions for leisure 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 students (ARPS) and aerospace
engineers of present off duty time, depicted preference similarities.
Job related activities, reading, physical exercise, and listening to

music were close to the top, in every group's evaluation.
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The same groups ranked anticipated preference of equipment
used in leisure time on a spacecraft. The results were not as
homogenous as the prior survey, but the general favorites were
viewpoints, physicai exercise, records or tape player and books.
The correlated preferences among the groups is presented

in the following table.

TABLE 7.3

CORRELATED PREFERENCES AMONG ASTRONAUTS, TACTICAL
FIGHTERS, ARPS, AND AEROSPACE ENGINEERS

Present Off-Duty Activities Equipment Usage in Spacecraft
Tact Arps Aero Eng. Tact Arps Aero Eng.

Astronauts .86 .95 .64 .93 .93 .96
Tactical Ftrs. .86 .72 .89 .91

ARPS . .68 .92

| A point worth noting is that men in 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 (1) on-board
two-way video, (2) good quality sound reproduction equipment, (3)
individual choice items, (4) broad leisure reading materials, (5) view-

ports, and (6) physical exercise equipment would provide a more

LC R
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habitable environment. These elements should be considered for future

long duration space missions.

7.3. 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 gas atmosphere should be incorporated.

Considefed gas combinations are helium-oxygen (He-—Oz) and
nitrogen-oxygen (NZOZ)' In a comparison of comfort zones between
the two candidate gas mixtures, the He—Oz composition demonstrated

consistantly higher comfort temperature zones, as represented in the

following table.

TABLE 7.4
ONE G CREW COMFORT TEMPERATURE RANGES FOR
He-O, & N,-O, ATMOSPHERES3
Atmosphere 5 psia (3.5 psia O,) 7 psia (3.5 psia Oz)
92°F upper limit 94°F upper limit
He-0, 82°F average 85°F average
73°F lower limit ‘ 76°F lower limit
83°F upper limit 84°F upper limit
Np-0O, 77°F average 78°F average
71°F lower limit 73°F lower limit

Modified to represent approximate zero g conditions, using

50 ft./minute gas velocity and a metabolic rated 460 BTU/hour the
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following table was drafted.

TABLE 7.5

ZERO G CREW COMFORT TEMPERATURE RANGES FOR
He-O, & N2-O, ATMOSPHERES*

Clo Factor 5 Psia 7 Psia 10 Psia
0 Clo 760 - 80°F 78° - gl1°F 790 - 830F
0.5 Clo 720 - 750F 759 - 78°F 779 - 80OCF
1.0 Clo 68° - 710F 729 - 750F 740 - 78°F
N,-O,
0 Clo 759 ~ 79OF 76° - 80OF 77° - 81°F
0.5 Clo 68° - 71°F 69° - 72°F 70° - 73°F
1.0 Clo 61° - 64°F 61° - 65CF 62° - 66°F

The determination of a helium-oxygen atmosphere requires
further investigation into the effects of the mixture during hard exercise
and the effects over extended He—Oz exposure. Laék of sufficient
He-O2 festing, as compared with the earth-like NZ-O2 atmosphere,
makes the latter. combination the most reasonable for early space
stations.

Life support requirements limit the minimum partial pressure
of oxygen to 3-3.5 lbs/in.z. To provide protection against flash
fire a minimum pressure of 71b/in.2 partial pressure of Nitrogen is
required. The minimum total of 10 lbs/in.2 is not inconsistant with

some high areas on earth. The selection of a 14.2 lbs/in.2 pressure,
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however, is consistent with normal earth atmospheric pressure and
should be employed for general station use.

The relative humidity level should exceed 10%, since most
physical harm, such as irritated mucous membrane, occurs below this
level.

A relationship between the crew size and amount of necessary
pressurized volume (see Table 7.1) shows a twelve-man space station
requiring 50,000 ft.s. The sizing of atmospheric support equipment

coupled with safety factors (independent pressure volumes) should use

50,000 ft.3 as a nominal figure.

80
70 |

1,2, 3, - Mercury, Gemini, Apollo 6
60 |- 4- Skylab (12 500 #2)

5- Space station (50 000 f3)
50 6 - Space base (200 000 ft3)

Number of crewmen

| | 1 )

0 50 100 150 200
Internal pressurized volume, cu ft x 1000

FIGURE 7.1

PRESSURIZED VOLUME/CREW SIZE CORRELATION



62
The penalties of excessive extravehicular activity (EVA) cost,
weight, and volume override a two gas suit. Therefore a pure oxygen
low pressure, 5-10 lbs./in.2 suit is recommended. With breathing
exercises and short duration activity there should be no problem with

EVA.

7.4, Habitability

With respect to spacecraft design, habitability provides 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 subjective and not solely
predicated on any imperical data base. NASA along with a host of
other researchers, have established athropometric and tolerance criteria
for the man in space. And attempting to apply princ-iples of order and
logic, MSC has created a habitability technology handbook.

The machines which accomodated early épace explorers provided
little more than a cockpit as habitable area. Table 7.7 displays
selected predecessor and proposed programs with mission duration and

inhabitable volumetric data.

The cubic footage figures reflect allowances and not capabilities

or use. These capabilities and uses make up habitability which is

defined as:

That equilibrium state resulting from interactions of components
of a man-machine environment complex which permit man to
maintain psychological homeostasis, adequate performance, and
acceptable social relationships.

T. M. Fraser
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TABLE 7.7

PROGRAM/VOLUME COMPARISON

No. of Mission Habitability Volume

Year Program Crewmen  Duration volume, man/
Maximum  cubic feet cubic feet
1963 Project Mercury 1 1.5 days 47 47
1963 Gemini Program 2 14.0 days 80 40
1968 Apollo Program 3 14 + days 225 75
1978 Skylab Program 3 28toS6days 500 4,167
1980+ Space station 12 2yr. nominala 50,000 4,167
1985+ Space base 50 to 100 10 yr.a 200,000 2000-4000

ADuration for hardware, not crew.
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and
A global and relative concept applied to any spatial envelope
In which man must function. A system is habitable if man
can function as a man within its environmental confines.
J. 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. Barnes
Major elements composing habitability are:
Design factors

1. Mobility provisions: special requirements for individual
mobility and restraint including cargo/equipment handling.

2. Garments and auxiliary equipment: includes garment
selection, laundry system, and storage requirements.

3. Food management: deals with the weig-ht, packaging,
and storage of food along with ambient storage, food
preparation and serving and cleanub.

4. Housekeeping: concerned with the handling, transfer
processing, and utilization/disposal of waste.

5. Medical and emergency provisions, recreation, and
physical conditioning comprised the remaining design
factors of habitability,

Habitability Factors

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

collection in addition to providing for personal care and

3

[
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grooming.

2. Architecture and environment: deals with use/area
selection, time use, architectural design criteria, and
specific environment elements, such as lighting,

acoustics, etc.

7.4.2.1. Mobility Provisions

Fundamentally, mobility in space is 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 handholds will accommodate

. future changes in interior arrangement.

In situations of artificially imposed gravit?, the percentage
of one "g" is the controlling design determinant. To date, only the
1/6 g of the moon can be used as true representation 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 necessary to aid crew mobility.

7.4.2.2. Garments and Auxiliary Equipment

The garments should be selected to perform under the con-
ditions of normal duty, special duty, leisure, sleeping and exercising.
The garments should be reuseable, as opposed to being disposable,
since the planned three to six month missions would cause excessive

volume and weight penalties in disposable clothing. See Figure 7.2.
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The decision of using reuseable garments presents a need for
laundry facilities. From NASA criteria for laundry load size, a
twelve man crew, using water solvent, would require a twenty pound
laundry system.

An oscillatory water instead of rotary water and rotary hydro-
carbon solvent system should be incorporated, since the oscillatory
water concept is the lightest, smallest (cubic feet) and only one which
works in zero g.

The automatic concept also provides spin dry and heat cycles,
integrated into the sy.;)tom eliminating a separate dryer.

Vacuum packaging reduces volume of the garments and auxillary
equipment by at least twenty percent, sometimes more, dependent upon
the item. This, in addition to modularized packaging and storage,
should sufficiently aid garment management.

Items which comprise a crewman's wardrobe are twelve shirts
two trousers, two jackets, twelve briefs, twelve socks, one head
gear and one pair of shoes totaling ten pounds. The vacuum packed
volume occupies 552 cubic inches and the orbit folded, 746 cubic
inches,

Garments, when possible and particularly where the situation
demands, should be made from fire retardant materials.

Resupply of the spacc station can fulfill special intermittent

garment requirements when necessary.



68

7.4.2.3. TFood Management

As the duration of space missions increases, a concern for
expendables also increases the weight and volume of food goods
should be carefully analysed.

Required waterless food for one man day is 1.5 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 possible to determine weight and volume of the neces-

sary food from Figures 7.3 and 7.4.

Required capacities are:

1. 262 lbs. food/man 3,144 1bs. food/12 man crew

2. 7.1 cubic feet/man 85.2 cubic feet/12 man crew
3. 364 lbs. water/man 4,368 lbs. water/12 man crew
4. 62.4 lbs./cubic feet weight 71.6 cubic feét/lz man crew

Packaging techniques for containing dry, shelf stable, frozen,
and perishable fpods are important to note since Fhey add significantly
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, although in actuallity, foods would be contained in

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

weights are:

Food Type Wt./Crevw. Member Total /12 man crew
Dry Food 78 1bs.
Shelf Staple 111
Frozen 60
Perishable 35
288 1bs. x 12 man crew = 3456 lbs.

In order to provide adequate storage space the container
volume must be calculated. Figures 7.4a, b, ¢, and d show volume

characteristics for the cylinder type packaging.

Food Type Vol./Crew Member Total/12 man crew
Dry Fcod 4 cubic feet
Shelf Staple 3.8
Frozen 4.5
Perishable 1.9
14.2 cubic feet x 12 man crew = 170.4 cubic feet

Provisions for food storage are partly handled by refrigerated
and frozen food lockers. The perishable food volume is just under
twenty-three cubic feet and can easily be accommodated by a thirty
cubic foot refrigerator and the eleven cubic feet remaining in a
sixty-five cubic foot freczer (fifty-four cubic feet for frozen food
storage) .

With a thirty cubic foot refrigerated food locker capacity,

the installed volume is approximately eighty cubic feet and weighs
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425 pounds. The sixty-five cubic feet capacity forzen food locker,
installed, requires 135 cubic feet and weighs 750 pounds.

The ambient storage space for a 50/50 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 demands.

Individual food trays which electrically heat portions of a
meal will partially support food preparation, while self servicing
facilitates bussing and clean-up. The required volume for twelve
installed food trays in seven cubic feet and they weigh forty-eight
pounds.

The waste container for food preparation measures 10"x10"%<30",
the 'dish' washer-dryer for a twelve man crew measures 16"x20"x30",
and the sink measures 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, trans-

ferring, processing and utilization/disposal of waste. Waste handling

originates with collection and should consider the following:8

1. 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 attributes of
the wastes generated in that area.

2. Waste collection should be accomplished at the waste source
and deposited in the receptacle designated for the particular
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waste attributes.

3. The waste pick-up task will begin at the receptacles and will
include all actions required to secure the wastes in their con-
tainers, remove ccntainers from waste receptacles, install new
containers and prcpare the wastes for transfer to their desig-
nated storage areas.

Methods of collection vary with the gravity condition. Zero g
situations should include a vacuum system to remove air borne parti-
culate solids. An imposed 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, gases, solid/liquid mixtures, and liquid
gas mixtures. They should also provide for non-toxic, toxic, hot,
cold, and radioactive waste conditions.

Waste transfer should involve efficient distribution and sorting
from pickup points to ultimate destination.

Careful waste processing must consider the microbial control

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

'separation; (2) water electrolysis; (3) oxidation; (4) decomposition;

(5) waste compaction; and (6) waste shredding.

Two meancs of waste disposal are (1) to remove and store in
another vehicle or to jettison the waste directly into space. (2) The
latter should be analysed in further detail, since waste dumping
produces a thrust, may linger around the spacecraft, and adds to

space contamination.
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7.4.3. Habitability Factors
7.4.3.1. Personal Hygiene

Personal hygiene deals with urinal selection, feces and

vomitus collection along with personal care and grooming.

The urinal selection is based on:?
amounts: 1.1 1lb. per urination maximum, 0.88 lb/use
nominal
frequency: 3 to 7 urinations per man-day, 5 nominal
quality: pH; 4.5 to 8.0

‘specific gravity; 1.002 to 1.035,
1.01 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-like situations. It can also be
used in zero gravity.

The aperature urinal has a fixed weight of twenty-three
pounds and fixed volume of 3.2 cubic feet. Figure 7.5 diagramatically
shows the aperature urinal and its support hardware.

Requirements for feces collection and processing are:10

amount: wet weight; 0.66 lb/use maximum, 0.33 nominal
dry weight; 0.275 lb/use maximum, 0.08 nominal

frequency: 0 to 2 times per man-day, 1 nominal
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characteristics: HZO content: 65 to 90%, 75% nominal

pH; 6.9 to 7.7
specific gravity; 1.0 to 1.4, 1.2 nominal

constituents: water, electrolytes, nitrogen compounds,
organic compounds, vitamins, amino acids
The Dry John was chosen from a selection of five space
toilets. It has a fixed weicht of twenty-three pounds and a fixed
volume of nine cubic feet.
Vomitus'collection and processing should follow the following
cr;lteria:11
1
1. The minimum capacity to collect vomitus shall be as follows:

Wet: 0.056 cubic feet per man-day
Dry: 17.6 ounces per man-day

2. The capacity for vomitus processing equipment shall be
0.056 cubic feet per occurrence.

3. Microbial and chemical activity shall be permanently eliminated.

The pictured disposable toilet adapters should facilitate
vomitus collection.

A shower for whole body cleaning and a wet wiping system for
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 wipes for personal hygiene provides an
adeguate means of local body cleaning. The wet wipe system,

Figure 7.9, weighs twenty-seven pounds and takes up 3.5 cubic feet.
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Personal care including teeth cleaning, shaving and hair cutting, should
also be provided for. Gravity condition will prove an important deter-

minant of resulting personal care elements.

7.4.3.2. Change Factors and Crew Security

Several concerns, not as imperically generated as the pre-
vously discussed issues, should be included with habitability. hese
are change factors and crew security.
Change Factors

The change factor is incorporated as a design consideration operat-
ing under the assumption 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 type
of change (physical or mental) or the quantitative degree to whi
the change will occur. Only the fact that some change in the
existing sequence of the routine should be altered. There is ampl~
empirical evidence to support this point ranging in scale from the

average coffee break where upon one changes physical position to
the summer vacation where occurs the saying "a change of scenerv

will do you a world of good". In a sense, we advocate that
simple phrase in this specific area, let it be a.change in scene.
The areas in which this change can be implemented are many and
varied and can occur in any one of the following: color, spatial,
geometry of area, materials, texture, sounds, graphics, etc.

Z
o~
Cit

Crew Security

Although this refers to the physical security of the crewman, it
also considers the bchavioral aspect of security in an area desig-
nated for rest and relaxation. We are describing a model con-
dition in this analysis and it is the ideal requirement for complcte
rest if threats to existance are reduced to a minimum. One must
feel safe to relax, safe from bodily harm, safe in the sense that
his needs have been considered, and that anticipated fears or
needs will, if they arise be accomodated with a high deqree of
certainty. This is particularly relevant in an area in which the
crewmen will be in an unconcious state of sleep. Any contingency

s
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that might arise during this period must be considered 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-up for this type of situation provides the confidence

necessary for complete relaxation and rest to occur. 17

7.4.3.3. Architecture and Environment

Mission modeling helps in defining area allocations and subse-
quent assessment. Table 7.7 represents results of area as a function of
the earth orbit shuttle, space station, and planetary missions. In addition
to area/mission relationships the model can also include functions of
usage frequency.

Specific environmental elements such as lighting, acoustics,
temperature, color and volume, represent a piece by peice study of
architectural and environmental concermns, however the value of these
elements is in their union.

In addition to area/mission relationships, the model can also

include functions of useage frequency as represented in Table 7.8.
Lighting

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
lighting, on the other hand, can have an adverse effect on performance
in addition to causing eyestrain and fatigue.

Table 7.9 is a lamp source evaluation comparing functional

requirements to a selection of light sources.



TABLE 7.7

CREW AREAS/MISSION MODELING! 8

Mission Models

Area
Logistics Earth Orbital Planetary
Spacecraft Space Station Space Vehicle
Living Area
Lounge NR D D
Recreation NR R R
Passageways D R R
Study or Library NR R D
Bedroom D R R
Bathroom D R R
Conference ) NR D D
Food Preparation
and Service
Kitchen D R R
Dining Room D R R
Food Storage R R R
Snack Bar NR D D
Services
Laundry NR R R
Briefing Room NR D D
Locker Room NR D D
Theater NR D D
Dispensary NR R R
Chapel NR D D
Barbershop NR R R
Supply NR R D
Maintenance NR R R
Equipment NR R R
Gym NR D D
Power NR R R
Work Areas
Control Room R R R
Airlocks R R R
Inspection NR D D
Photographic support NR R D
Animal housing NR D D
Docking R R R



TABLE 7.7--Continued
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Mission Models

Area
Leaistics Earth Orbital Planetary
Spacecraft Space Station Space Vehicle
Agricultural Study NR D D
Computer NR R D
Offices NR D D
Laboratory NR R D
Shops NR R D
Communications NR D D
Legend: R = required
NR = not requircd
D = desirable kut not absolutely required



TABLE 7.8

FREQUENCY OF USAGE/MISSION I\/IOD’ELING19

Hours per Day in Crew Areas

Logistics Earth Orbital Planetary
Spacecraft Space Station Space Vehicle
Area Nom. Nom. Nom.
Work-  Off-Duty Work- Off-Duty Work~ Off-Duty
day Day* day Day day Day
Living Areas
Lounge 1 4 1 4
Recreation 1 3 1 3
Passageways N N N N N
Study or library 0.5 2 0.5 2
Bedroom 9 9 9 9
Bathroom 1 1 1 1 1
Conference N 0 N 0
Food Preparation
and Serving
Kitchen 2 1 1 1 1
Dining room 2 2 2 2 2
Food storage N N N N N
Snack bar N N’ N N
Services
Laundry 0 1 0 1
Briefing room 0.5 0.5 0 0.5 0
Locker room N N N N
Theater 0 N 0 N
Dispensary N N N N
Chapel 0 N 0 N
Barbershop 0 N 0 N
Supply 0 N 0 N
Maintenance N N N N
Equipment N N N N
Gym 0 1 0 1
Power N 0 N 0
Work Areas .
Control room 10 8 0 8 0



TABLE 7.8--Continued

Hours per Day in Crew Areas

Logistics Earth Orbital Planetary
' Spacecraft Space Station Space Vehicle
Area Nom. Nom. Nom.
Work-  Off-Duty Work- Off-Duty Work- Off-Duty
day -Day* day Day day Day
Airlock N N 0 N 0
Inspection N N 0 N 0
Photographic .
support N N N N
Animal housing N 0 N 0
Docking N N 0 N 0
Agricultural
study N 0 N 0
Computer N 0 N 0
Offices N 0 N 0
Laboratory N 0 N 0
Shops N 0 N 0
Communications N 0 N 0

*It is assumed that no off-duty day will occur on Logistics
Spacecraft.

Legend: N = nominal time period (less than two hours per day--time
in area would depend on duties for that day).



TABLE 7.9

LIGHTING SOURCE EVALUATIONZ20
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High Pressure Sodium - HID
Metal Halide High Intensity Disch.
- Mercufy Vapor - Deluxe White - HID
Fluorescent - Deluxe Colors
Fluorescent - Standard Colors
Incandescent - Halogen Cycle
Incandescent - General Service

Efficiency, Ims/watt 5 4 1 2 2 1 1
Life, rated S 4 1 1 1 3 3
Color
Acceptable 1 1 2 2 2 4
Flattering 1 1 3 1 3 2 5
Color rendering 1 1 3 1 3 2 S
Optical Characteristics
Point source 1 1 5 3 1 ]
Large source, low brightness S S 1 1 3 5 S
Projection 1 1 5 3 1 1
Appearance
Warm 1 1 1 1 4 4 1
Cool ) 5 1 1 1 1 5
Luminaire Characteristics
| Auxiliary equipment 1 1 5 5 3 2 2
Size 1 1 5 5 3 2 2
Weight 1 1 4 4 5 5 S
Lumen Depreciation 2 1 2 3 4 4 1
Costs
Initial 1 1 2 3 4 5 5
Operating 5 5 1 2 2 3 4
Ruggedness 5 4 2 2 1 2 2
Effects of ambient conditioning 1 1 5 5 1 1 1
Rating Scale
1 - Optimum 4 - Undesirable
2 - Acceptable S — Unacceptable
3 - Some Compromise

M
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Acoustics

Acoustical control is an essential determinant of limited volume
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, as
well as eliminate interference with communications or the performance
of critical tasks.

In tasks requiring alertness over extended durations, work
efficien has been ob;erved to be reduced where noise is on the
order of 100 dB. Intense noise, for the most part, is distracting
rather than disabling, but extremely high noise levels can affect
equilibrium and encourage disorientation, motion sickness and other
ill-effects.

Pure tones over duration should also be avoided, since
exposure can produce certain damage risks.

Auditory alarms are an essential element of system management
and proper design including those in Table 7.10.

General acoustic pérformance requirements are listed below and
proper design should reflect this criteria.2l

1. 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 discomfort of panic response.
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TABLE 7.10

DESIGN RECOMMENDATIONS FOR AUDITORY ALARM
AND WARNING DEVICES 23

Conditions

Design Recommendations

If distance to listener is great
If sound must bend around
obstacles and pass through
partitions

If background noise is present

To demand attention

To acknowledge warning

Use high intensities and avoid
high frequencies

Use low frequencies ( 500Hz)

Select alarm frequency in region
noise masking is minimal

Modulate signal to give intermit-
tent "beeps" or modulate fre-
quency to make pitch rise and
fall at rate of about 1-3 Hz

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

TABLE 7.11
HEARING DAMAGE CONDITIONS%4
Condition SPL dB
Single blast pulses of low > 175
frequency
Sound cycles in range of maximum > 155

ear sensitivity
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2. The auditory devices are sufficiently distinctive to permit
discrimination between them under all ambient noise con-
ditions.
3. The ambient noise level is sufficiently low in either the shirt-
sleeve or preossurc suit environments, to permit face-to-face
verbal communications when required with an acceptable level
of intelligibility, with half effort.
4., The signal-to-noise ratio and bandwidth for the intercommuni-
cation equipment is sufficiently high to permit an acceptable
level of intelligibility.
5. The ambient noisc level does not exceed intensity levels and
durations which cause undue discomfort or could be expected
to cause temporary or permanent damage.
Temperature

Thermal control provides the necessary comfort zone for
habitable areas. This range is achieved by included self sufficient
subsystems and, inherently, must shield the enclosed environment
from the extremes outside.

Design criteria for thermal control is outlined in Table 7.12
with an accompanying tolerance and comfort zone chart. The remain-
ing table represents activity/area relationships. Another chart dis-

playing activity with respect to metabolic rates is presented in

Table 7.13.

Color
Deccisions of color selection are basically subjective in
nature but there are factors of perception which should be considered.

Room volume, [unction, and desired behavioral aspects can be
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TABLE 7.12

ENVIRONMENTAL DESIGN
CRITERIA /TEMPERATURE/GAS FLOW RATE/HUMIDITY 25

Item Limits Remarks

Temperature, Air
Minimum 60°F at 0.0 Clo Experimental data show
45°F at 1.0 Clo low air temperatures are
offset by high metabolic
rates or radiation. Pre-
vents uncomfortable cool-
Maximum 100°F ing of any skin area.
To avoid high skin tem-
perature and prevent
uncomfortable heating of
any skin area
Temperature, Surface

Minimum 550F To prevent overcooling or
overheating of skin areas

Maximum 105°F ceoming in contact with the
surfaces

Gas Flow Rate

Minimum 15 ft/min. Equal to natural convec-
tion. This is required to
avoid dead hot or cold gas
pockets, dissipation of
carbon dioxide and other
waste gases, and avoids

Maximum 100 ft/min. large changes in convec-
tive heat loss with body
movement. Flow rates
above this level are sub-
jectively drafty and cause
uncomfortable local skin
temperatures.

Humidity

Minimum 8mm Hg partial Below this level, the
mucus membranes begin
to dry resulting in dis-
comfort and increased
possibility of respiratory
infection.



TATLE 7.12--Continued

Item Limits Remarks

Maximum 75 percent R.H, At this relative humidity
lev:l, liquid water is
usually condensed on
some surfaces. At high
metabolic rates where
sweating may occur,
humidity will be limited
by comfortable air or
wall temperature.
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METABOLIC RATE FOR SPACE ACTIVITIES IN ZERO G 27
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Activity

Metabolic Rate

Range (Btu/hr)

Nominal (Btu/hr)

Assembling parts
At lecture
Changing clothes
Cooking

Eating

Electrical Assembly
Electronic repair
Exercising

General office
Machining
Monitoring systems

Playing games (cards, chess,

pool)
Sheet metal work
Sitting at rest
Sleeping
Strenuous sports
System checkout
Transporting cargo
- Typing
Walking
Washing
Watching/Listening,
Entertainment
Welding
Writing

800-1000
400-800
600-900
600-1000
300-550
800-1200
500-700
1200-2200
500-900
550-750
350-650

400-650
1000-1750
300-500
250-350
1800-2800
500-1000
800-1600
500-700 .
650-950
700-1300

300-500
550-750
350-550

900
600
750
800
450
1000
600
1700
700
650
500

525
1375
400
300
2300
750
1200
600
800
1000

400
650
450
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TABLE 7.14--Continued
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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 (1) 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.29

Red shall be the basic color for identification of:

Fire protection equipment and apparatus
Danger
Stop.

Orange shall be used to designate exposed unguarded hazards, such as:
Inside of transmission guards for gears, pulleys, chains, etc.
Exposed parts (edges only) of pulleys, gears, rollers, cutting

devices, power jaws, etc.
Safety starting buttons.

Yellow shall be the basic color designating caution, such as:

Waste containers for explosive or highly combustible materials
Caution signs

Piping systems containing dangerous materials .

Creen shall be used as the basic color designation for safety and the
location of first aid equipment.

Blue shall be the basic color for designation of caution limited to
warning against the starting, the use of, or the movement of equipment
under repair or being worked upon.

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

Rooms where such material is stored or handled
Disposal cans for radioactive material
Contaminated equipment



TABLE 7.15

COLOR AREA ASSESSMENT30 |

Exciting

Stimulating

Cheering

Neutralizing

Retiring .

Relaxing

Subduing

Depressing

Private
Crew compartments
Public
Dining room
Lounge
Recreation
Library
Study
Conference
Passageways
Chapel
Gym
Locker room
Theater
Briefing room
Service
Galley
Snack bar
Bathroom
Dispensary
Laundry
Barbershop
Work
Equipment
Maintenance
Power
Storage, food
Supply
Control room
Communications
Computer
Shop
Offices
Laboratories
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TABLE 7.15--Continued
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TABLE 7.16

EFFECT OF HUE31

-Effect Hue Contrast

Exciting Bright red High
Bright orange

Stimulating Red Moderate
Orange

Cheering Light orange Moderate
Yellow -
Warm gray

Neutralizing Gray Low
White/off-white

Retiring Cool gray Low
Light green
Light blue

Relaxing Blue Low
Creen

Subduing Purple Moderate

Depressing Black Low

99
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Signal lights which indicate when radiation-producing units are in

operation.

Color coding standards for marking fluid lines and valves for military

equipment are as follows:32

Red:
Green, Gray:
Red, Gray:

Red, Gray, Red:
Orange, Green:
Yellow:

Blue, Yellow:
Orange, Blue:
Orange, Gray:
Blue:

Green:

Brown, Gray:
Yellow, Orange:
Brown:

Gray:

Yellow, Green:
Orange:

Brown, Orange:
White:

‘Volume

Fuel

Rocket oxidizer
Rocket fuel
Water injection
Inerting
Lubrication
Hydraulic
Pneumatic
Instrument air
Coolant
Breathing oxygen
Air conditioning
Monopropellant
Fire protection
De-icing

Rocket catalyst
Compressed gas
Electrical conduit
All other

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 high priority demands on this volume.

Among 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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highly qualified professionals exhibiting some degree of dominance.
Interpersonal stress would only be encouraged by confining such a
group in tight quarters. The division of volume, then becomes an es- |
sential design element. Table 7.17 shows a comparison between
allotted area for different programé. Dimensional consistency is main-
tained for most programs through the items listed in Table 7.18.

Several elements particular to spacecraft area/use assignment
are related to responsibility level and spatial need with respect to
crew size and mission duration.

With a crew structure of spacecraft commander, line officers
and working crew a spatial hierarchy of representative responsibility
can be determined. Conditions of being confined in extrateriestrial
space interfaced with the responsibilities of leadership can easily cause
a situation of high stress. As means to temper the condition and
" suppress interpersonal conflict volumetric assignments should be
proportioned to responsibility level.

Provided there is sufficient area the commander should be
awarded private sleeping éuarfers, bath and office. The deputy com-
mander and line officers should be provided with adjacent semi-private
or private baths.

The spatial needs with respect to crew size and mission
duration inco;porate 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 say,
sleeping quarters for three crew members would be doubled in size to
accomodate six men. Mission duration has little effect on the iﬁdividual
activity areas and there would be little change between 60 or 180 day
missions.

Total habitat area demands will, on 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 illustrates the overall volumetric
requirements as a function of crew size and mission duration.

The relationship between work area and living quarters is very
dependent upon available volume. The sp\ecial requirements of work
area and the desired conditions of personal area validate a Separation
-between the two activities. Moréover, this division provides a change
of pace from the work area to the living area. As far as determining
an individual's proximity between the two functions, responsibility for
criticalvdecision rr.laking and involvement emergency‘ decisions should be
considered.

Table 7.19 represents room height, area, and volume for

habitable areas under both artificial gravity and zero g conditions.
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MOBILITY PROVISIONS

Items Minimum Comments
(inch)
Passageways
Ceiling Height 82
Aisles/Corridors 30
Hatch Diameters 60 Sized for equipment transfer
32 Crew emergency use
Air Locks
Length 84
Diameter 48 For one-man occupancy
Diameter 60 For two-man occupancy
Tunnels
Diameter 36 For lengths 7 ft. or less
Diameter 42 For lengths greater than
7 ft.
Compartment Entry
Width 26 Single~-man occupancy
Width 32 Multiman occupancy




TABLE 7.19

ROOM HEIGHT, AREA, VOLUMES34
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Ceiling Gross Gross Volume Per Man
Habitability Unit Height Area Artificial Zero
(ft) Per Man Gravity Gravity
(ft2) (£t3) (£t 3)
Bedroom-One man 6.5 50 325 220***
Bedroom-One man
with bath 6.5 80 520 400***
Bedroom-Two men
with bath 6.5 70 455 44Q0***
Bedroom-One man
with office and
‘bath 6.5 133** 865 650
Dining room 7.0% 15 105 90
Lounge 7.0 16 112 90
Recreation 7.0 10 70 70
Library 7.0 10 70 70
Study 6.5 10 65 70
Conference 7.0 15 105 90
Passageway (2way) 6.5 * — —
Chapel 6.5 15 98 90
Gym 7.0 10 70 70
Locker room 6.5 * —_ —
Theater 7.0 12 84 78
Briefing room 6.5 15 98 90
Galley 6.5 * —_ —_
Snack bar 6.5 * —_ —_
Bathroom-toilet,
lav. and shower
(single occupancy) 6.5 34 221 180
Dispensary-single
patient occupancy 6.5 86 559 500
Laundry 6.5 * — —
Barbership 6.5 43 380 280
Equipment] * —_ — —
Maintenance * — —_ —
Power * —_ — —
Food storage 6.5 * — —
Supply 6.5 * _— —
Control 6.5 * —_ —
Communications 6.5 * _— —_
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TABLE 7.19--Continued

Ceiling Gross Gross Volume Per Man
Habitability Unit Height Area Artificial Zero
(ft) Per Man Gravity Gravity
(£t2) (ft3) (£t3)

Computer 6.5 * _ —_—
Shop * * —_— —_—
Offices 6.5 ©38** 247 247
Laboratories * —_ — —_
Dock * — —_— —
Photographic

support ' * — _— —_—
Animal housing — — —
Agriculture study

‘area * —— —_— —_
Air locks * —_— — —_

*Varies with mission parameters,
**31-60 man crew size 3
***Visual volumes of 247 ft.”, minimum, may be shared

- Note: The volumes listed are on a gross per man basis. They are derived
by using the full dimensions from wall to wall and floor to ceiling
and then dividing by the number of crewmen using the room at one
time.



8. 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 will evaluate longer zero gravity periods, with one
twenty-seven day misgion and twoc others, lasting fifty-eight days.
This section presents issues related to gravity assessment and includes

operational effects, physiological effects and dynamic stability criteria.

8.1. Operational Effects

Artificial gravity overcomes the disadvantages of weightlessness,
but the rotation necessary to produce this graviAty induces certain
operational problems. On board installed systems such as (1) antennas
(2) docking devices, (3) crew and cargo transfer, (4) guidance systems,
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 despin (owing to the centrifugal

108
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force produced by spinning).

8.2. Physiological Effects
8.2.1. Sensory Perception.

Design resolution must consider man's narrow tolerance zone in
terms of rotational parameters (that is, radius and rate of rotation'.
The upper limit on gravity level is assumed to be one g 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 gradient from head to foot is not

enough to be disturbing, 15% maximum, is forty feet.
"COMFORT" ZONE
RADIAL g's

0.01 0.035 0.1 0.35

1g EARTH COMFORT

1000
1.0
m
400 2
CORIOLIS —5E , 2
—
ACCLLERATION = o ABOVE THIS LINE
BELOW 20 FT/SEC — 200 =7 (4 RPM)
© 162 |_~"Z VESTIBULAR
= ™ DISTURBANCES
2 5 = APPEAR
102
2 =
S =
E 56 10 3
b=
& 40 15 5
b
30 20 S
20 a
o
_-‘
N 50
10 Lol 1 1 1 1 11hl
0.1 0.2 0.30.4 1.0 1.5 2.43.04.0 10
ANGULAR VELOCITY (RPM)
FIGURE 8.1

ROTATIONAL PARAMETERS AND COMFORT ZONE
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1G(Earth)

%G(Mars)
RPM. 2

%G (Moon)

0 1 1 A |
50 75 100 125 150

Radius of Rotation Ft.

FIGURE 8.2

ARTIFICIAL GRAVITY AS A FUNCTION OF
RADIUS AND RATE OF ROTATION

8.2.3. Coriolis Acceleration

8.2.3.1. Radial Transfer.--In a rotating environment, 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 will be dependent upon these conditions.
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HUB
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FIGURE 8.3

RADIAL TRANSFER IN A ROTATING
STATION/CORIOLIS ACCELERATION
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8.2.3.2. Floor Walking.--As in radial transfer, when a

mass such as a leg or arm is displaced radially, up or down (as the
knee would be in normal walking), the same Coriclis wind effects
take place. As the crewman walks perpendicular to the direction of
rotation, his leg will feel a lateral force pushing it one way when he
raises his foot, and an opposite forcé when he sets it down.

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
piane of rotation.

1. Radial translation toward the center of spin forces the crew-
men and cargo toward the leading edge of the spacecraft: the

opposite is true as he descends.

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

3. Significant conflict among spatial senses (intersensory dis-
cordance) accompany radial and tangential translation and
head movement not parallel to the rotation of the spacecraft.
4., Such conflict tends to provide illusions, spatial disorientation,
and difficulty in locomotion, "motion" sickness, and general
confusion and discomfort.
8.2.4. Static Lean
Static lean refers to the characteristic angle the crewman
assumes to resolve apparent rim or floor inconsistencies. Crew

members align their bodies along personal radii of rotation to offset

sensed centrifugal acceleration. The crew member standing on a flat
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floor displaced from the perpendicular radius of rotation 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
object, then this sensing produces a dominant rectifying message
to the brain and restores a feeling of comfort. Quick head move-
ment will produce a sensing of change of rotation and would
destroy the visual anchor point. In 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 reduction in bone strength.

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

3. A general cardiovascular deconditioning.

4. The effects of re-entry gravity loads after long term weight-
lessness. i

5. Surgery procedures in an agravic situations.

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

7. The constraints of zero gravity waste management.

8. Conditions of weightless sleeping.

9. 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:
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1. Learned alteration of responses to compensate for the rearrange-
ment of sensory information.

2, Conditioned suppression of vestibular information.

3. 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

1. Crew stations requiring seated or standing performance for more
than a few seconds 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 edge
of the spacecraft).

2. Crew stations should be so laid out that head movements
required for monitoring visual displays, the astronaut's own
performance, etc. are made primarily within a plane parallel
to the plane of rotation.

3. Bunks and the Lower Body Negative Pressure device should be
oriented axially.

4. Translation within one floor should be accomplished in an
axial direction to the greatest degree possible.

5. A ladder or specially designed elevator should be provided for
radial translation, -and should be centrally located with its
rungs (if a ladder) oriented axially. Provision should be made
for ascent on the trailing side of the ladder and descent on the
leading side.

8.3. Dynamic Stability
The rotational effect which induces artificial gravity, provides
additional benefits. If the principal axis of maximum moment 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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spinning stations include, (1) elastic oscillations 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.
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9. SPACECRAFT DESIGN

9.1 Spacecraft Design Introduction

A space station, like any other spacecraff, is an integration
of support subsystems. The subsystems of early stations should center
emphasis on longevit.y of the unit, use of redundant elements and
whenever possible the use of off-the-shelf items. A brief description

of this hardware is discussed in this section.

9.2. Subsystems include:
1. Electrical Power Subsystem EPS

2. Environmental Control and Life Support

Subsystem ECLSS
3. Guidance and Control Subsystem GCS
4. Reaction Control Subsystem RCS
S. Information Management Subsystem IMS

6. Docking Subsystem
7. Structure Subsystem
8. Habitability Subsystem
9.2.1, Electrical Power Subsystem
In order to determine the most feasible power system three

117
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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 reactor/Brayton cycle candidate system was
unacceptable because of excessive shielding weight penalties result-
ing from its inherently high radiation levels. The two remaining
alternatives are comparatively evaluated in Table 9.1.

The advantages of the solar array system make it the obvious
selection, especially for the initial station. Expanded area require-

ments of the array become a limiting factor as power demands increase

with station growth. A design allowing conversion to the nuclean

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

The electrical power system utilizes 7,000 to 10,000 square
~ feet of solar arrays, includes nickel-cadmium batteries for eclipse
periods and peak loads, and also employs an emergency fuel cell
back-up, using hydrogen and oxygen as energy source. This system
provides a 416 volt ac source of power for an average of 25 kilowats
of 115/200-volt, 400 Hp, 3 phase a;: and fifty=six volt dc, including

six kilowats for experiments.

9.2.2, Environmental Control and Life S;Jpport Subsystem

The ECLSS supplies the 14.7 psi oxygen/nitrogen atmosphere
to all areas of the station. The oxygen is replenished through the
electrolysis of water, while the nitrogen is maintained by ammonia

decomposition. A Sabatier process performs two functions, (1) carbon



TABLE 9.1
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ELECTRICAL POWER SUBSYSTEM ALTERNATIVES!

Nuclear Isotope

Considerations Solar Array*
Brayton Conversion Cycle
Experience Extensive R & D Stage
Availability Accurately Conditionally predictable
Predictable No large scale Pu-238
extraction process
existing
Other Pu-238 uses out-
side of aerospace
Reliability High Long term isotope
containment
Requires back-up Brayton
Cost (includes develop- Least More
ment, test, operation,
. and back-ups)
Heat Dissipation Articulation

Extensive Radiatiors

Attitude Constraints

Solar Panel

Potentially None

Deployment and Launch Heat .Source Deployment
Retraction Thrusting During Modular Replace-
maneuvers ment
Hard particle
radiation
Weight 10,000 lbs. 15,300 lbs.
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dioxide is removed by reverse osmosis and decomposed for Sabatier
oxygen recovery, then (2) supplied to the oxygen feed system. The
reaction control system in turn, uses the methane byproduct of the
Sabatier reactor. Each module incorporates two 180° radiators,
which act as meteroid protection and radiate all station generated
heat to space.

Most of the condensate and wash water is purified by the
use of reverse osmosis, 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 lb/day of methane and carbon dioxide for the reaction
control subsystem and 13.0 lbs/day of water. For a given quantity
of oxygen production the system offers the optimum recycling of
water, eliminating the need for any replenishment fr-om the shuttle

The required temperature control is any section of the
station is maintained by atmospheric circulatioﬁ at pre set values
from fifteen to 100 ft/min. The level of humidity is maintained at
8-12 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.

9.2.3. Guidance and Control Subsystem

Responsibility for stabilizing the station goes to the

I
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guidance and control ‘éc’fuipment»which uses a six channel strapdown
assembly for inertial reference, and control moment zero for nutation or
wobble damping. Proper attitude is monitored by horizon sensors, horizon
edge trackers, and star trackers and utilized the reaction control
system for position adjustments. State vectors are kept in check
through periodic use of sextant, telescope, and laser altimeter.

An essential factor in guidance and navigation is the desired
autonomy of all program associated hardware from logistic vehicle

rondezvous to the management of free flying experiment modules.

9.2.4. Reaction Control Subsystem

Closely linked with the GCS, the reaction control subsystem
provides the forces required to control the space station. The 0.1 1b.
thrust resistojets utilizing methane waste from the environment control
subsystem trim the orbit and offset aerodynamic drag. Medium 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 1b. thrust engines located at the opposite ends of the gravity

arms.

9.2.5. Information Management Subsystem
The information management subsystem is responsible for

(1) crew data management, (2) operations data management, command
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extension of station capabilities including environmental control and
information system interfaces. Docking tolerances allow a margin of

.5 ft/sec. impact velocity.

9.2.7. Structure Subsystem

Consistant with crew s‘afety criteria, two independent pressure-
able volumes should be provided. Monocogue construction utilizing
.145 inch thick 5052 aluminum alloy provides a cost effective concept
with long term characteristics in the habitable pressure modules.
Strugtural characteristics include three exterior frames which offer a
clear module interior of 13 feet 8 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.

Pressure Shell
(0.145in. 5052 H34 AL)

Frame
Strong Ring

Docking Collar

Viewport

Radiator Panel

FIGURE 9.2

MODULE STRUCTURE
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The structural assembly is augmented by an .03 inch aluminum
meteriod bumper and a Kapton lined insulation is located inside the
meteroid bumper acting as a secondary bumper. Figures 9.2 and 9.3

present the basic module structure.

Manipulator Socket| —6" 6% - al( 7

-

Frame
Bumper
Insulation

FIGURE 9.3

MODULE DIMENSIONS

9.2.8. Habitability

Extended duration space missions place such a dependency on
the enclosed environment that habitability should be considered a sub-
system, parallel with othar subsystem components.

Habitability as a subsystem includes four environmental group-

ings: (1) personal, (2) functional, (3) mobility, and (4) recreation

2
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and control, experiment data maﬁagement, (3) on-board check out,
(4) mission operations scheduling, and (5) communications manage-
ment.

Two directional antennae should accomodate communications
and tracking. While semidirectional antennae provide communications
with earth and serve as the prirﬁary link remote and detached modules.
For full util.i’zation and maximum capability, approach radar and anten-
nae systems will possess a full compliment of power amplifiers,
diplexers, and S-band converters.

Overall operaﬁonal autonomy is maximized by fully integrating
the communications, déta 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 difficuities wifh respect to the
rotating artificial gravity station. The inclusion of a static docking
element facilitétes rondezvous techniques, as well as other required
functions demanding specific attitude. Basic habitable modules will
include five foot diameter docking collars, two located along the
longitudinal axis and two diametrically opposed ports in the plane
normal to the radius of rotation. In the case 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 exercise 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 includes crew and
equipment restraint devices, transport aids, handling devices, and
storage bays for redundant items.

The provision of adequate games, video tapes, motion pictures,
reading material, taped music, ergometry devices, isotonic equipment,
and medical and dental facilities make u‘p recreation, exercise and
crew care considerations. See section 7.4 Habitability .for more
detailed information.

9.3. Subsystem Component Replacement

Although there will still be redundant components for critical
systems, emphas'is should center on the continual. monitoring of
subsystems, 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 checkout subsystem. Maintenance loads are sizeably. reduced

by this concept since crew members are used only in the attendance
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of equipment and not in the check out process.
System design provides for component replacement in the

pressurized volume with major subsystems still operable.

9.4, Integrated 'Subsystems

In addition to the solar arrays, the electrical power system
(EPS) utilizes regenerative fﬁel cell assemblies 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 oxygen and
water concept and produces the gaseous propelant used in the
" reaction control system.

Maximization of common hardware promotes subsystem inte-
gration. All the major subsysfems utilize electro—chemical processes
based on the reactions of hydrogen and oxygen, 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 thfough shared redundancy and
reduced logistics through shared contingency consumables the over-all

cost is substantially reduced.
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INTEGRATED FUNCTIONS
® BUILDUP EPS & RCS
- ENERGY STORAGE & REACTANTS
® NORMAL OPERATIONS ECLSS & RCS
— AIR REVITALIZATION & REACTANTS
® EMERGENCY EPS, ECLSS, RCS
- COMMON STORAGE

HARDWARE COMMONALITY

v ® ELECTROLYSIS ASSEMBLIES
2 ® 07 Hy ACCUMULATORS
SABATIER ® H50 STORAGE
€09 REDUCTION H20 ® VALVES & REGULATORS
y COMMON TECHNOLOGY
H20 ® WORKING FLUIDS
ECECTROLYSIS ® CHEMICAL PROCESSES
® MATERIALS
® CHECKOUT
® MAINTENANCE
FIGURE 9.4

INTEGRATED SUBSYSTEMS EPS/‘E!CLSS/RCS3
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9.5. Subsystem Volume

TABLE 9.2

EXTERNAL AND INTERNAL VOLUMES FOR SUBSYSTEM EQUIPMENT4

External Volume ft.3 Internal Volume ft.3

Subsystem Crew Size 4 6 8 4 6 8
ECS ,

Atmos. Regeneration 19 24 29

COZ Removal 25 28 32

Cabin Circulation 2.5 3.7 S 6 6 6
Coolant Loop 6 7.6 7 5 5 5
Water Supply 17.9 20.6 23.3 2 3 4
Solid Waste Mgt. 8 9 10 2 _2 3
ECS Totals 78.4 92,9 106.3 15 16 18
EPS |

Batteries 12 12 12

Power Conditioning 25 25 25

Wiring 3 3 3 4 S 7
EPS Totals 40 40 40 4 5 6
'COMMUNICATIONS

RF Systems 10 10 10
Terminal Equipment _ 1 1 1
Audio & Premod. L2 3 4
TV 6 6 8
Data Management 6 7 7
Data Storage , 10 11 12
Antennas : e -
Communications Totals ‘ 35 38 42
INSTRUMENTATION

Measurement 1 1 1 2 2 2
Signal Conditioning 1 1 1
Displays & Control 15 17 20
Caution & Warning 1 1 1
Timing Equipment 2 2 2
Event Timer 2 2 2
Lighting 4 4 _5

-]

[ -
-]
3N ]
~3
(S8
w0
w
w

Instrumentation Totals



TABLE 9.2--Continued

External Volume ft.3

Internal Volume ft.3

Subsystem Crew Size 4 6 8 4 6 8
GUIDANCE & CONTROL

IMU 6 6 6
Electronics 17 17 17
Optics - 3 3 3
CMG's 24 24 24 __ _
Guidance & Control Totals : 24 24 24 26 26 26
CREW SYSTEMS

Food Management 28 37 44
Medical & Surgical 68 69 84
Personal Equip. & Hygiene 27 33 73

Exercise & Recreation 3 _3 _3
Pressure Suits & PLSS

Crew Systems Total 152 181 252

CONSUMABLES

Oxygen

Nitrogen

Food 408 612 816
Misc. Crew Systems 9 14 18
RCS Prop. 38 38 38

Consumables Totals 417 626 834
Subsystems Totals 676 921 1212

%

G



10. MODULE SIZE AND FLOOR ARRANGEMENT
10.1. Module Size (See 9.2.7. Structure Subsystem)

10.1.1. Modularity Imposed by Launch System

Specification(s of the Earth Orbit Shuttle require all modules to be
compatible with the parameters of the cargo bay. This means that the pay
load can not exceed the fifteen foot diameter by sixty feet long dimensions
and must be within the 40,000 lb. + 10,000 lbs. weight limitation
- although it is desirable to have all components consistent with
shuttle criteria, various existing chemical propulsion stage (CPS)

systems are available to orbit different size payloads.

10.1.2. Commonality

Advanced program planning in addition to the proposed shuttle
concept has introduced expanded implications on module design.
Envisioned manned programs of the 1980'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 responsible for the configuration of
these future missions; therefore the design of modules should be

131
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flexible enough to adapt to other missions besides an earth orbit

station.

10.2. TFloor Arrangement:

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 assessment of floor arrangement can be deter-
mineq from evaluation of static lean and Coriolis acceleration, volu-
metric. efficiency, dynamic stability, number of required modules and

growth potential.

10.2.1. 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 body along
local radii of rotation) has significant impact on floor positioning.
The maximum lean fbr either and/or longitudinal module orientation is
within acceptable tolerances, however several mobility problems arise.
The effective lean is modified by the Coriolis effect on artificial g
accelération. Tﬁis results in an increased lean iﬁ tﬁe anti-spin
direction and a decreased in lean in the program direction. Most
critical is movement in the anti-spin direction. Most. 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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10.2.2. Volumetric Efficiency

The ratio of usable floor area to total volume of a cylinder is
the definition of volumetric efficiency. Useable floor area is allocated
to major functions, such as command‘ and control, laboratory facilities,
sleeping quarter, etc., having adequate ceiling height for workivng.
Tunnels, aisles and hatches, in general, major access routes are
thought as usable floor area. This consideration makes the module
diameter the critical element. In diameters less than fifteen feet the
longitudinal floor installation proves more efficient than the axial.
Therefore, habitable m;adules compatible with the shuttle bay, should

orient floors longitudinally.

10.2.3. Dynamic Stability

An unstable spacecraft spi'ns about an axis 'of intermediate
inertia, while short period stability occurs when it is spun about an
axis of minimum or maximum inertia. The initiél station should be
inherently stable yet possess 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.

10.2.4. Number of Required Modules
The least number of modules required to make a stable station
is a determinant of module orientation. An artificial gravity situation

utilizing the longitudinal axis of the module in plane of rotation would



134

best satisfy this requirement.

10.2.5. 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 proposed 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). 1In lieu of dedicated
experiment volume and operational constraints, the principal design
objectives of the station are to create é safe, habitable environment
for the crew. Extensive compartmentation will enhance the service-
ability and maintenance of equipment, facilitate various degrees of
- flexibility and provide an adequate means of storage for 180 days of
on-board consumables. The maximum utilization of gccommodating
potential (i.e., the competition for volume among major 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.

11.1. Configuration Evaluation
Table 11.1 represents the evaluation of alternative space

station configurations as a function of design criteria and relative
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priority. The scale of evaluation is composed of unacceptable (-2),
poor (-1), fair (0), good (1), and excellent (2) terms. Each term is
modified by a factor of importance, namely normative (1), limited (2!,
and critical (3) relative to station existance. Final analysis within
the constraints of artificial gravity, a flat floor to radius alignment,
and satisfactory traffic flow produced a limited selection of acceptable
configurations. These include barbell, trimass, cruciform, heximass,

toroidal, cube, and assembler.

11.2., Conclusions

The open class alternatives, barbell, cruciform, trimass, etc.
help to minimize design, assembly 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 and assémbly procedures in
addition to difficult growth pattern from initial station.

The cluster and hybrid classes produced no significant advan-

tages and required complex assembly and build-up.

L
= s | S
& iEf
HEXIMASS TRIMASS . TORGID

FIGURE 11.1

CONFIGURATION SCHEMES
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FIGURE 11.1

CONFIGURATION SCHEMES (cont.)



12. SCHEDULES AND COST

12.1. Schedules

The determination of funding levels in accordance with the
phased development program is an essential factor for space station
establishment. Estimations within the program satisfy flexibility
requirements since realistic cost appraisal demands must be balanced
against a technological schedule.

Figure 12.1 represents a comparison of program options based
- on cost experiment benefits and utility. The four level option provides
the lowest peak annual funding with nominal experiment utility and
benefits. Both two level options show highest achievement at higher

peak annual funding.

|
/ PROGRAM APPROACH

j ISSUES CAPABILITY BUILDUP OPTIONS
o FUNDING CREW SIZE 12 CREV SIZE 12 CREV SIZE
REQUIREMENTS 377 ! s | s
¢ ACHIEVEMENTS F% ¢ L0 ey oo s
Ery/é i E 0 t/// ’7/
s g AT
1IME TIME TIME
CONCIUSIONS B> A LOWEST FUNDING PEAK & HIGHIIT FUNDING PEAK
A RFASONABLE ACHIEVEMENTS A HICHIST ACHIFY  VENTS

FIGURE 12.1

PHASED SCHEDULING !
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A study by the Manned Spacecraft Center Advanced Program
Planning Office reveals the following schedule composed in 1970.
The schedule is a separate low budget alternative blan showing

integrated manned programs.

12.2 Cost

An earth orbit space station is well within the existing state
of technology. Full development of a several substations, in addition
to, off-the-shelf components could satisfy 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 descriptions
are functions of developmental status, complexity of the item and its
production and specification status. Figure 12.2 represents the results

of this investigation.

KNOW-HOW PRODUCTION | SPECIFICATION
RANKING | STATE.OF.THE-ART EXPERIENCE STATUS
BEYOND THE 1 REQUIRES NO MOD PRODUCED SPEC FOR THE
STATE-OF-THE~ART IN PROD TEM AS
A QUAN PRODUCED
2 MINOR MOD OF PRODUCED SPEC FOR (TEM
COMMERCIAL OR IN LIMITED AS PRODUCEDN
(KNOW-HOW DECREASING) STD AEROSPACE QUANTITY
ITEM N
-
3 WITHIN STATE-OF PROTOTYPE SPEC HAS BEEN
. THE-ART BUT NO PRODUCED PREPARED RUT
/18 COMM COUNTER- UNDER REVIEW
OR REVISION
LOG SCALE PART EXISTS
( ) WT SCA UNG )
‘\’ 4 ITEM SLIGHTLY EXPERIMEN WORK ON A &
BEYOND CURRENT TAL LAB FAB | SPEC INEARLY -
STATE-OF THE ART | OF SIMILAR STAGE. ONLY
SOME DEVEL ITEM IN GEN ROMIS
(KNOW..HOW |NCREA5|NG) REQUIRED PROCESS IDENTIFIED
v 5 ITEM SUBSTAN- NO PRODUC NO WORK ON
TIALLY BEYOND TION OF ANY SPEC STARTED
OFF THE SHELF CURRENT STATE KIND
OF THE-ART
MAJOR DEVEL
WT (LB) REQUIRED
(LOG SCALE)

FIGURE 12.2

COST METHODOLOGY3
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TABLE 12.2
DEVELOPMENT COST COMPARISON?

Experiment Operating Man-hours in Space

Approach Hours $/Man-Hour Ratio
12-Man Station (10 yr.) 280,800 1
6-Man Station (10 yr.) 109,200 2
7-Dayv Sortie (10 yr.) 20,000 4.5

3-Man Skylab (140 days) 2,352 60.4
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Another factor affecting the program cost is the degree of
commonality for subsystems within sortie payloads. The results of a

commonality analysis are shown in Figure 12.3.

LEGEND
1 10 17 3
100 — 7 1 7‘ 3 VIDEQO RECORDER:
% 7 V 5 30% COMMON TO MSS (4 PAYLOADS)
COMMON I~ / / 80% COMMON TO MSS (5 PAYLOADS)
T0 / /, 5 17 PAYLOADS
mss SO / 7
(%)
40 t— \ 4 /
7 N KV
0} / \ /
0 h
COMPUTER STAR n/C MAG  VIDEO D/C  VIDEO DIGITAL
TRACKER UNITS TAPE TAPE  UNIT REC  REC
CART. CART.
GUIDANCE/NAV INFORMATION
N EPS
100 — 7 NO COMMONALITY TO MSS
7 CRYO TANKS COMMON TO
80— / " . ALL SORTIE PAYLOADS
COMMON
T0 60— 27
MSS
o 40 b— f 17 PAYLOADS
o %
. [ . , !
VENT FANS, LiOH DUCT FANS  WATER PUMPS TANKS, VALVES, CONTAM
PRESS. CONT CART.  FREONPUMPS INTERCOOLER COLDPLATES CONT

RADIATORS FREON RES
ENVIRONMENTAL CONTROL

FIGURE 12.3

COMMONALITY RESULTS®

The cost analysis approach includes:

1. Development cost assuming that each individual payload was
developed separately.

2. Development cost recognizing commonality between payloads
and costs shared among payloads.

3. Dollar benefit based on commonality percentage to modular
space station.

The cost analysis results indicate about 60% savings by the
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S (M
r
N brorT
\ | |
N Lo
, b PAYLOADS USING
— H COMMON SYSTEMS
1 I SHARE DEVELOPMENT
7 /] L1t EQUALLY
o |NDEPENDENT DEVELOPMENT N—
& 17 PAYLOADS o SHARED DEVELOPMENT

N A

COMMONALITY BENEFIT
(IIA$I|'

COMMONALITY $ BENEFIT TO
CTWEEN STRUCTURE & —

E{JTPP/CE)RT SUBSYSTEMS  —— MSS DEVELOPMENT

(rAS™

FIGURE 12.4

COMMONALITY BENEFITS©

TABLE 12.2

DEVELOPMENT COST COI\/IPARISON7

Independent Shared Savings

Item Development Development to MSS
(S) (S) (S)
Structure 770 140 28
- ECLSS 370 120 27
EPS 120 25 -
G/C 305 235 5
Information 120 30 10

Crew/Hab. 115 20 7 ’

Total 1,800 570 77

- 17 Sortie payloads
~ Development costs only
- 1972 Dollars
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use of shared costs among payloads. A 4% 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. s
The Advanced Logistics System (ALS) when fully utilized, both
in weight and volume, represent the greatest cost-effectiveness.
Figure 12.5 depicts program costs by:

1. Analysis with the Space Station bearing all ALS procurement
and operating costs.

2. Analysis with the Space Station bearing only its portion of the
ALS costs (i.e., sharing the procurement and operating costs
with other manned space programs using the ALS).

3. Analysis of the cost effectiveness of various ALS payload
concepts in terms of dollars per pound of payload to orbit.

10
091 COST OF PROCURING
7 ALS TO STATION
z 08~ PROGRAM
= =
-3 07 COST OF SHARING &
<= ALS EQUALLY FOR o
A 100 FLIGHTS, AND STATION -
>G5 INCURRING COSTS ONLY 2
g  osf- WHEN UTILIZED =
<= =
w a.
sS04
52 O g8
22 S8
< < 03 o2 »
=y < 3 ¢
o 02 —200 @ & |
) \ v W
[ =4
- —{100 <
0.1 . 00 3 %
o
0 | L | 1 a3
0 10000 20,000 30,000 40,000 50,000

PAYLOAD WEIGHT TO ORBIT (POUNDS)

FIGURE 12.5
ALS COST EFFECTIVENESSS



13. DIGEST OF DESIGN CONSIDERATIONS

Mission Envelope
Owing to
1. Launch System
2. Experiment Demands
3. Atmospheric Drag

orbital parameters were established to be an inclination of 28.5° to

55 ©

at an altitude between 240 and 270 miles.
Orbit selection of 55° x 240-270 mi. in order to gain maximum

potential of 82% of earth's land surface.

Crew Safety
1. Reliability
2. ﬁmergency Provisions
3. Gravity Considerations

4, Communications

LY

1. Reliability
Design Implementation

Safety Factor

145
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Pressure Containers/Valves
Power Output
Shielding
Technology Selection
Space Tested
Flig!.. Simul~*ed
Ground Tested
Redundancy
On-line Parallel Surnort
Back-up Mode
Automatic Switching
Replacement
Modular substitution
IMS Monitoring
2. Emergency Provisions
Escape Routes
Dual Egress
Alternate EVA/IVA Airlocks
Dual Pressure Volumes
ALS Rescue System
EVA Suit
"Life Raft"
3. Gravity Considerations (See Gravity Condition)

Artificial Gravity
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Gravity Level
Angular Velocity

Radius

Physiclogical Effects
Head-foot GCradient
Coriolis Acceleration
Static Lean
Mineral Balance
Orthostatic Tolerance
Cardiovascular Condition

Re-entry Gravity Loads

4. Communications

Telemetry (instrument)
Ground Tracking

Audio/Video

Crew Opecrations

1.

2.

Crew Composition
Crew Shift and Time Scale
Crew Structure

Leisure Time

147
.167 g (1/6)
6.3 ft./sec.

120 ft. (twice length
of EOS cargo bay)

less than 15% O.K.
O.K.

less than 7% O.K.



1. Crew Composition
High Routine Experiment Operations
Station Support

Aerospace Medicine
Experiments

Other Experiments

Logistic Supply Periods
Station Operations
Experiment Support
Routine Experiment Support

Crew Skills
Skill types

Crew Members

2. Crew Shift and Time Scale

Typical Day

148

25 man hrs./day

20 man hrs./day

55 man hrs./day

40 man hrs./day
10 man hrs./day

70 man hrs./day

27 man hrs./day

12 man hrs./day

Work 10 hours/'day’
Sleep 8 hours/'day’
(at least four hours con-
secutively)
Personal Hygiene 1 hour/'day’

Meals
Off Duty
Work Load
Nominal Work Load

FPE's

45, 45, 50 min.

2 hrs. 40 min.

120 man hrs./day

80 man hrs./day

fod

ing
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3. Humidity
4. Crew Size/Volume

S. EVA Corciderations

Gases
Comrposition
Medical Considerations
Safety
Cost
Candidates
Helium-0Oxygen l1g
Zero g
Nitrogen-Oxygen 1 g
Zero g
Selection

He- O2 requires investigation

He—O? requires adjustment to

earth atmosphere

NZ-O2 earth-like

149

Physiological
Degradation

Fire

2 gas more
expensive than
1 gas system

Higher temperature
parameters 760—
94° and 74°—
78° @ 1 Clo and
10 psia nominal
temperature para-
meters 73°—84°
and G2-66 @

1 Clo and 10 psia
NZ—O2



2. Partial Pressure
Minimums

Oxygen

Nitrogen

Totals

3. Relative Humidity

4, Crew Size/Volume
12 Crewmen

5. EVA Considerations

One gas
Low Pressure

Habitability

Design Factors
1. Mobility Provisions
2. Garments and Ancillary Equipment
3. Food Management
4, Housekeeping

Habitability Factors
5. Personal Hygiene

6. Architecture and Environment

150

3-3.5 psia/life
support re-
quirements

L\v

7 psia/flash fire
protection

14.7 psia/con-
sistant with
nominal earth
pressure

Less than 10%

50,000 cubic feet

~

Oz/excessive 2
gas penalties

5-10 psia/breathing
exercises

(4]



Task Integration Devoted to
FPE's

Added meal Importance

Prcoran.sed Activity as Function
of Mircsion Duration

3. Crew Structui~
Hierarchy
Commander

Line Officers including
Danuty Commander

Working Crew

4. TLeisure Time

Crew-type Similarities

Job Related Activities
Reading
Physical Exercise

Music/Video

Small Group Dynamic in Isolated .

Environment

Atmospheric Make-up
1. Gases

2. Partial Prcesure

151

11/12 men full
or part time

Life/Pilot Astronaut

Life/Pilot Astronaut

>

Scientist/Engineer
Astronaut

Astro/Tact/Arps/Aero
Eng.

Reduced Inter-
personal
competition



1. Mobility Provisions
Gravity percent dependent

Magnetic shoes
Tethers
Belts/straps
Velcro pads
Fittings
Handles/rails

’Toe Slots

2. Garment and Ancillary Equipment

Clothing-type Decision

Laundry Sy’stem
Size

Type

Garment Supply

Method

Items

152

Reusable in favor of
disposable due to
mission duration and
weight penalties

20 1b. load

Oscillatory--can be used
in zero g (lightest and
smallest by comparison)

Vacuum packed/min.
20% volume saving

12 shirts, 2 trousers,
2 jackets, 12 briefs,
12 socks, 1 head
gear, 1 pair of shoes,
special equipment

G

o
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Resupply 3 mos./6-9 mo. duration
3. Food Management

Requirzad Tood

Waterless Food 1.5 lbs./man day
Potable Water 5.5 "

Food Mix Ratio 50/50 food/water
Resupply Period 3 months

Food (bulk)

Weight 3,144 lnbs/12—man crew

Volume 85 c¢ubic feet/12 man-crew
Water

Weight 4,368 lbs./12-man crew

Volume | 71.6 cubic feet/12-man crew

Food (Packaged)

Weight 3,456 lbs/12-man crew
Volume 170.4 cubic feet/12-man
crew
- Refrigerator
Capacity (perishable) 30 cubic feet
Installed Volume 80 cubic feet
Installed Weight 425 1lbs.
Freezer
Capacity

(perishable/frozen) 65 cubic feet



4,

Installed Volume
Installed Weight
Ambient Storage
Per Man
Per 12-Men/3 months
Individual Food Trays
Volume/12 Installed
Weight Installed
Waste Management
Containers
Dishwasher/Dryer
Sink
Housekeeping
Waste Handling

Collection

Condition

Waste Transfer

Waste Processing
Contaminated Waste
Physical Separation

Water Electrolysis

7.9 cubic feet

154

135 cubic feet

750 lbs.

3

94.8 cubic feet 2

7 feet

48 lbs._'

2 cubic feet--2 lbs.
18 cubic feet--180 lbs.

13 cubic feet--60 1bs.

Vacuum system/con-
tainers for gas/liquid/
solid mixtures.

Toxic/non toxic/hot/
cold/radioactive

Pick-up ——— ultimate

destination @
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Decomposition
Waste Compaction
Waste Shredding

Food Processing

Waste Utilization Methane RCS
Wastze Disposal Another vehicle/jettison
to space

5. Personal Hygiene

Aperature Urinal (installed)

" Weight 23 lbs.

Volume 3.2 cubic feet
Dry John

Weight 23 1bs.

Volume 9 é:ubic feet

Vomitus Collection
Shower (whole body)
Weight 332 1bs.
Volume 110 cubic feet
Wet Wipes (local body)
Weight 271 1lbs.
Volume 3.5 cubic feet
Additional Determinants
Change Factors
Crew Security

Strces Contingent
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OPERATIONAL PHASES
6 Man Station
12 Man Station

Growt!s Station

TOTAL PAYT.GALY, including expendables, spares, experiments
‘and payload margin, will support a crew of 12 for

-

12 months.

NOMINAL CLRLW ROTATION occurs at 3 months intervals.

EARTH ORBIT SHUTTLE provides
4 flights/year Logistics and Crew Rotation

4 additional flights/year Experiment Delivery and
Special Crews

Unscheduled Maintenance
Medical calls

Refueling

10 YCAR LITE FOR MODULL
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GRAVITY ASSESSMENT CHECK LIST

Zero G Artificial Gravity
(rotating)

Operational Effects

9

Antenna attitude

Dock procedures

Crew and cargo transfer
(supply vehicle)

Guidance control

Astronomy/earth observation

Solar power collection

Extravehicular activity

bl

a

el Ko

Physiological Effects

Gravity level 1/6 g (moon)
Angular velocity 2 rpm
Radius ~ 120 ft.
Gravity gradient (head to foot) 3.5 %
Coriolis acceleration
Static lean

Sensory perception

COOO000
ROR R R RN

Mineral balance ?
Orthostatic intolerance ?
Cardiovascular deconditioning ?
Additional Considerations
Re-entry effects (long term
weightlessness) ? O.K.
Surgery ? O.K.
Eating and drinking special aids . earth like -
Sleeping restraint earth like
Orientation ? earth like
Experiment requirements O.K. O.K. o
Bathing pressure
Dynamic stability differential O.K.
Spin stabilized . O.K.



14. DESIGN DESCRIPTICN

14.1. Payload Alternatives

Comparison by Scrtie/by Volume

Requirements statc that a 12-man station of 50,000 cubic feet
should be completed within 11 sorties of the Earth Orbit Shuttle. The
four payload packages outlined in Table 14.1, Payload Alternatives
show that Scheme 1 (compact) can provide 85,986 cubic feet in 11
sorties whole scheme 4 (dispersed) can deliver a volume of 58,266 cubic
feet in the same number of sorties. Scheme 2 was selected as a
reasonable alternative delivering 76,746 cubic feet in 11 sorties which

exceeds the required volume by over 150%.

14.2. Module Sizing/Floor Arrangement
In order to most efficiently utilize the earth orbit shuttle, each
payload should bé right at the maximum allowable‘weight and volume
requirements. The proposcd station design calls for two 30 foot by
14 foot diameter modules per sortie, thus fully occupying the 60 foot
by 15 foot diameter cargo bay. Dependant upon particular use each
particular use each module can weigh up to 30,000 pounds.

Addizional fastors Jd=termining module size are, that.under

159
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artificial gravity conditions, it is desirable to reduce static lean.

Thus static lean, compromised by cargo bay and habitable volume
dimensions results in a 30 foot long module. Still another determinant
of module size is the requirement of balanced masses for a rotating
station, hence two equally dimensioned modules. Mass differentials

are compensated by the mass balancing subsystem.

TABLE 14.2

FLOOR ARRANGEMENT

Volumetric Static Number of Dynamic Rating

Efficiency Lean Modules Stability
Axial Poor 30 2n Stable Sat. Unsat.
Satisfactory bl . X 2
Unsatisfactory X X 2
Longitudinal Fair 6° n Stable
Satisfactory X X X X 4
Unsatisfactory ‘ 0

From Table 14.2 it is shown that the gravity modules should ha%ve
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 feet in diameter. They are located at
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third points along the longitudinal axis and vertically, five feet from
the floor. The five foot height provides view accessibility 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 window.

14.3. Grid Orientation and Sizing
Grid orientation aligns both parallel and normal to the spin
plane. This is to control vestibular disturbances and sensory problems.
) passing
Grid Sizing - Convenient to shirt sleeve anthropometrics sitting
sleeping
- Compatible with EVA suit dimensions
- Accomodates workable instrunmient package
-  Facilitates mobility in 1/6 g with 7-1/2 foot
nominal ceiling height, and options to 10
feet.

An important factor 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 respect
to gravity orientation. On the other hand, a station design based on

an imposed gravity, is more flexible, since it can be readied to operate

in both modes.
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FIGURE 14.1

PANEL MAKE-UP
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USE FLEXIBILITY

Personal Hygiene

Food Preparation [Storage
Photographic Support
Controlled Environment
Air Lock

~
10
Mated to Docking Collar
~ '9%0
\ L4,
)
g
)
6"9
'9@0'
O‘,e/

FIGURE 14.2

UTILITY PACKAGE
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DIMENSTON PERCENTILE MAN

5% 957
A - Standing Height 65.2% 73.1%
B - Maximum Reach 35.4 41.7
C - Functional Reach 29.7 35.0
D - Shoulder Breadth 16.5 19.4
E - Hip Breadth (Sitting) 12.7 15.4
F - Sitting Height 33.8 38.0
G - Buttock-Knee Length 21.9 25.4
H - Knee Height (Sitting) 20.1 23.3
I - Popliteal Height 15.7 18.2
J - Eye Height (Standing) 60.8 68.6
K - Eye Height (Sitting) 29.4 33.5
L - Shoulder Height 52.8 €0.2
Weight (1b) 132.5 200.8

*Dimensions shown are in units of inches

FIGURE 14.3

CRFWMAN ANTHROPOMETRIC DIMENSIOMS!
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e~ B ———
10.5-INCH |— D —» C ~| 18.4-INCH
REFERENCE = |~ —» ——l _r-_— ~REFERENCE
36.0-INCH [ — ] ]
REFERENCE [ 1= !
]
]
/ - A
- 1
DIMENS ION* PERCENTILE MAN
5% 95%
A - Height 67.5%% 75.5%*
B - Maximum Breadth at Elbows — 29.4
(Arms Relaxed)
C - Maximum Breadth at Elbows - 26.4
(Arms at Side)
D*f*Maximum Depth with Portable 26.0 28.4

Life Support System (PLSS)
and Backup Oxygen (OPS)

E*2*Maximum Depth without 15.5 17.9
PLSS/0PS

Weight (1b), with PLSS/OPS 316.0 385.3

Weight (1b), without PLSS/OPS 190.3 259 6

Notes:

*  Measurements made on A7L PGA, pressurized to 3.75 psig

**  Dimensions shown are in units of inches

*** To obtain envelope dimensions, 2 inches have been added to maximum
chest depth of suited/pressurized crewman for PLSS control box.

FIGURE 14.4
PRESSURE SUITED ANTROPOMETRIC DIMENSIONS 2
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14.4. Specific Elements

The umbilical tether performs several important tasks. It
serves as a (1) structural tie, (2) electrical powef line, (3) mass
balancing tube, and (4) an emergency life support line.

The mass 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 use design both operationally and in support

hardware. Assuming an effective volume lifespan of ten years.



FIGURE 14.5

12 MAN SPACE STATION

F



Profile

1 Solar Array

2 Orientation Drive
3 Power Transfer

4 Slave Module

5 Telescopic Docking Coliar

6 Gravity Modules

7 Instrument Package

FIGURE 14.6

STATION CONFIGURATION
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FIGURE 14.8

HUB ASSEMBLY
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Hub Assembly

12 Docking Collar
13 Telescopic Mount (Electrical Power System)

14 Attitude Control Thrusters (4)
15 Fuel (Attitude Control Thrusters) (12)

16 Batteries /Fuel Celis

17 Fuel (Main Propulsion System) (12)

18 Truss Positioner
19 Slave Arm Sub-Assembly
20 Emergency Lite Support System (6)

21 Guidance and Control System
12 Docking Collar

22 Main Propulsion Engine (4)

23 Slave Arm Truss

24 Fuel (Main Propulsion System) (6)
25 Structural Framing

26 Gravity Arm Sub-Assembly

27 Emergency Life Support System (12)
28 Mass Balance Control

29 Umbilical Ring

30 Fuel (Main Propulsion System) (7)

31 Fuel (Attitude Control Thrusters ) (12)

7 Attitude Hold Instrument Package
32 Refuel

33 Omni Antenna
34 T.V. Camera
35 Parabolic Antenna

15 Feet
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FIGURE 14.9

etric)

m

HUB ASSEMBLY (axono



I

Slave Module

11 Umbilical

40 T.v. Camera
41 Flood Lights

36 Telescopic Truss

37 Spin Thruster

38 Fuel (Spin Thruster) (12)

39 Docking Ring

42 Manipulator Control

8 Manipulator Arm

FIGURE 14.10

SLAVE MODULE

9 Telescopic Docking Collar

A

LIt
0 5

10 15 Feet
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FIGURE 14.11

SLAVE MODULE (axonometric)
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Gravity Module 177

6;77‘:_:—, ) h43 43 Structural Rib
\

\"/> '
Y S L’* O 44 Strong Ring
1 N
: 11 Umbilical

- ) o] 45 Manipulator Socket

FIGURE 14.12

GRAVITY MODULE

46 Trim Stabilizing Thruster

L]
10 15 Feet



FIGURE 14.13

GRAVITY MODULE (axonometric)

178

b



179

(P1newouoxe pspoldxe) NOILVOIddYd ANNOYD

ST 'P1T T™UNDIL

{v) mopuim 2t W

sjuawsa|3 diseg

abexord Ainn vs

de) pug 21nssaid S5



SNOILO3S ANV SNVId

180

91°'v1 JdNDId
3% 08 6 8 L 9 S 14 alyiog




181

Q3Q4gyY SITNAON TYIXY

G3137dWOD ONIH ANOD3S

IDNINOIS dNaiind

LT°PT TdNDIL

FILHOS bt NOILYLS 30VdS NYW 2L

NOILViS ONILVYLIOH Ol @3XJ20Q S3ITINQOW MIN 311HOS fm Q@3IY3IAINIG SIINGOW TYNOLLIQaY
I T 1 [ T 1
! \ \ ! \
\ \ AN '
. \ \ . Y
o N N :;fam snonuijuoy ,///
s //J N
siun skeury 1vjog
19NN seouidey Jomod iee(oNN

aouanbag dnpjing

S¥207 HiY O1 A3IND0Q SITNAON ALIAVHD 31LHOS ¥ Q3YIAITIQ SITNCOW ALIAVED 31LH0S v.n a3agy S3INAOKW 3AVIS 311808 v.._n A3HOVLILY WILSAS HIMOd TVDIHLO313 3ILHOS g} Q311840 8NK 1VHINID

1

i |
| .
| N

N i / /.AW S - U~
— L P anpow Ay1aein paruaix3
B Gﬂdu $120I}X] ARG ssnig, 207 Iy
A N
N pakordag
sioueg Aeiiy s pouoIise ; D

- %907 11¥ of 9|npow
\/ AHARID $199Uu0) BAR|S
=\
N\
NN
)

. 3 pepuaiIx3
n\\. Y «/ ssnip/oAets

junow oL
pexooq Aeisy iejog

suuy ssnap

popuaixg
Junow Aeusy iejos




15. SUMMARY/DESIGN FEATURES

Simultaneous zero gravity and artificial gravity.

Continuous 1/6 gravity--even during resupply and buildup.

Attitude Control

g)

Solar Array

Astronomical Observation
Earth Sensors
Directional Antennae
Docking

Refueling

Propulsion System (Inter-Orbit Maneuvering)

Assembler (Slave)

2

a) Performs station buildup, reducing active workload of
Advanced Logistics System
b) Acts as zero-gravity laboratory
c) Emergency escape vehicle
d) Tacilitates Extravehicular Activity
Mass Balancing System — equalizes mass differentials by

controlled distribution of available source

182
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Multi~purpose Umbilical

a) Structural tie for Gravity Modules
b) FElectrical power supply line
c) Mass balancing tube
d) Emergency life support supply line
External Woerk Platform--outside work station under the influence
of 1/6 gravity.
Growth Station~-potential for unlimited incremental growth.
Simplified Ground Fabrication
a) Standarized Elements (Pressure Shell, Grid Panels,
Utility Package)
b) Provides flexibility of hardware and furnishing upon
initial installation
Utility Package--(gravity meodule) accomodates up/down cargo
to individual module. .
In-Orbit Flexibility--within module and between module hard-
ware and furnishing rearrangement
Solar Array Replac,ement-—when nuclear power source added,

orientation is proper, with respect to habitable station.



16.

GLOSSARY

16

d.

ALS

AME

ARPS

CAE

CPS

ECLSS

EOS

EPB

EPS

EVA

FPE

GCS

GSDM

IMS

VA

LOS

MDAC

MLSA

Acronyms and Abbreviations

Advanced Logistic System

Air/Lock Manipulator Element
Aerospace Research Pilot Students
Central Assembly Element

Chemical Propulsion Stage
Environmental Control and Life Support
Earth Orbit Shuttle

Electrical Power Boom

Electrical Power System

Extravehicular Activity

Functional Program Element

-Guidance and Control System

Gulf Stream Drift Mission

Information Managemeht System
Intravechicular Activity

Lunar Orbit Station

McDonnel Douglas Aircraft Corporation

Manned Environmental Systems Analysis

184
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MEM Mars Excursion Module
MOL Manned Orbital Laboratory

MSFC Marshall Space Flight Center

NAR North Amearican Rockwell
NASA National Aeronautics and Space Administration
OLS Orbiting Lunar Station

OWS Orbital Workshop
RCS Reaction Control System

SOSI Space Operations and Scientific Investigation

16.2. Definitions

Absorption Coefficient.--The sound-absorption coefficient of a
surface which is exposed to a sound field is the ratio of the sound
energy absorbed by the surface to the sound energy incident upon. the
surface.

Acoustic Impedance.--The complex ratio of the effective (rms)

sound pressure over a surface to the effective volume velocity through
it.

Analogous Color Scheme.--A scheme

utilizing two or more hues next to each other
on the spectrum, e.g., blue with blue-green

or blue-violet.
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Area per Man.--Area per man refers to the numerical figure

arrived at by dividing 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 index is based on the fraction
of the total speech band-width to the listener's ear and the signal-to-
noise 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 source.

Brightness.--That which the eye actually sees and is the result
‘of light being reflected or emitted by a surface directly into the eye.
Measured in foot lamberts or candelas per s;quare inch.

Candela.--Unit of luminous intensity of a light source in a
specified direction. Defined as 1/60 the'intensity of a square centi-
meter of a black body radiator operated at the freezing point of
platinum (2047°K).

Characteristic Impedance (coC).--The ratio of the effective sound

pressure at a given point to the effective particle velocity at that point
in a frce, plane, progressive wave.
Clo Factor.--The thermal resistance of clothing to the flow of

heat from or to the body is ecxpressed in Clo units. The Clo is a unit

of insulation and is the amount of insulation necessary to maintain -
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comfort and a mean skin temperature of 92°F in a room at 70°F with
air movement not over 10 feet per minute, humidity not over 50 per-
cent, with a metabolism 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 defined in physical terms as the amount of
insulation that will allow passage of one calorie per square meter
per hour with a temperature gradient of 0.18°C between the two sur-

faces.

0.18°C
cal/mz/hr

1 Clo =

Color Temperature.——As applied to a light source, refers to
the absolute temperature in degrees Kelvin of a theoretical black body
or full radiator whose color appearance matches that of the source in
question.

Conduction.--Conduction is a process by which heat flows from a
region of higher temperature to a region of lower temperature within a
medium (solid, liquid, or gaseous) or between different mediums in
direct physical contact. In c)onduction heat flow, the energy is trans-
mitted by direct molecular communication without appreciable displace-
ment of the molecules.

Contrast.--A measure of brightness of an object compared to
its immediate surroundings.

Convection.--Convection is a process of energy transported

by the combined action of heat conduction, energy storage, and mixing
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motion. The transfer of energy by convection from a surface whose
temperature is above that of a surrounding fluid takes place in several
steps. First, heat will flow by conduction from the surface to adjacent
particles of fluid. The fluid particles will then move to a region of
lower temperature in the fluid, due to the increase in temperature and
internal energy of thc fluid particles, where they will mix with, and *
transfer a part of their energy to, other particles. This is known as
free convection as the 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 process is called forced con-
vection. An increase in humidity increases heat transfer to the body
for a given temperature difference and air velocity, since water vapor has
-a heat absorptive capacity twice that of dry air.

Comfort Zone.-- The area enclosed by the boundaries of the

effective temperatures and relative humidity that induces a feeling of
comfort to humans. All factors affecting 'the thermal condition of man
are used in determining the comfort zone.

Decibel.--The decibel is a dimension used for expressing the
ratio of two powers and is referred to a reference level of 0.0002 dynes
per square centimeter. Mathematically, the number of decibels is
10 loglo of the power ratio. Since sound pressure is proportional to
the square root of sound power, the number of decibels in sound
pressure level ratios is e<pressed as 20 loglo of the ratio of the two

sound pressurcs.
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Dry-Bulb Temperature.--The terms temperature, air temperature,

ambient air temperature, and dry-bulb temperature are all synonymous.
They can be measured with a common thermometer.

Dynamic Range (of speech).-- Difference, in decibels, between

the pressure level at which overload occurs (according to some over-
load criterion) and the pressure level of the noise of the system.

Energy Density.--The average energy per unit volume in a medium

due to the presence of a sound wave.

Evaporation.--The evaporative heat exchange mode is limited
to sensible and inseﬁsible perspiration from the surface of the body.
The evaporative heat loss is a function of volume flow rate, absolute
humidity, temperature, and pressure of the atmosphere. If the air
is saturated with water vapor at skin temperaiure, evaporation does
not occur; in fact, if the vapor content is such that the air will be
super-saturated when cooied 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 responds by
producing an excess amount of perspiration, without losing any heat.
A continuation of this condition méy result in fever, discomfort,
weakness, rapid heart action, difficulty in breathing, delirium, and
collapse.

Footcandle.~--The measure of illumination at any point that is a

distance of one foot from a uniform point source of one candle power.
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It is also equivalent to a density of one lumen uniformly distributed
over an area of one square foot.

Foot Lambert.-~-The measure of brightness of a surface, when

viewed from a particular direction, emitting, or reflecting one lumen
per square foot.

Free-Tield.--A field in which the effects of the boundaries are
negligible over the region of interest.

Frequency.-~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).

speed of sound

Approximate frequency =
wave length of sound

Gas Flow Rate.--This is the velocity at which the gas moves

past an object and is expressed in feet per minute. Determining
factors are the mass of gas, volume, and rate of gas change per
unit of time.

‘glir__e_.——THe sensation produced by brightneés within the visual
field that is suflficiently greater thar; the luminance to which the eyes
are adapted to cause annoyance, discomfort or loss in visual per-
formance and visibility.

Gross Area.--Gross area is the approximate area required to
attain the minimum tabulated net area. Gross area is found by

deducting only large ventilation trunks, access trunks and other
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similar items. No deduction should be made for normal access lad-
ders or main passageways within the space. This area represents
the entire wall to wall area.

Hearing Loss.--Hearing loss is the difference in decibels between

the threshold of audibility for that ear and the normal threshold of
audibility at the same frequency.
Hue.--The property that distinguishes one color from another;

e.g. green from blue.

Dominant Hue.--The general overall color of the area, or the

largest color applicafion.

Subdominant hue.--The second largest color application.

Subordinate hue.--Those colors used to accent the dominant

and subdominant hues.

Hlumination.--Amount of light incident upon a surface measured

in foot candles.

Intensity.--The quality which indicates the degree of color
strength of hue. As a color is muted or softened by the addition of
its own complement on the color wheel, its intensity diminishes.

Intensity.--The average rate at which sound energy is transmitted
through a unit area perpendicular to the direction of wave propagation.
A decibel scale of sound intensities is indicated in Figure 17.1.

Intensity Level.--Ten times the logarithm to the base 10 of the

intensity under consideration to the reference intensity.
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Near Jet Engine
Threshold of Painful Sounds; Limit of Ear's
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FIGURE 16.1

DECIBEL SCALE OF SOUND INTLNSITY
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Lamp Source.--A generic term for an artificial source of light.

Light,--That part of the radiant energy spectrum which can be
seen by the human eye. The electromagnetic spectrum includes
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 measure the intensity of luminous output of
lamps and luminaires. Defined as the rate at which light falls on a
one square foot area surface which is equally distant one foot from
'a source whose intensity is one candela.

Luminaire.~--A complete lighting* unit consisting of a lamp, or
lamps together with the parts designed to distribute the light, to
position and protect the lamps, and to connect the lamps to the
proper supply.

Metabolic Rate.--Metabolic rate is the thermal exchange

between the human body and the environment. The rate of heat
production, metabolism, is always positive in value and is expressed
in Btu/hr.

Microbar.~-A unit of pressure commonly used in acoustics. One
microbar is equal to one dyne per square centimeter.

Minimum Desirable Volume.-~That volume provided for a specific

activity which man will perceive as adequate. A minimum desirable
volume provides adequate space to support the dynamic envelope

man describes in performing the activities related to that space, the
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volume in which man feels comfortable in regard to distance between

himself and others, and the volume which man visually perceives as

I3

adequate during all activity conditions.

Monochromatic Color Scheme.-- A

scheme utilizing one spectral hue, e.g.,

blue in varying values and intensities.

Noise.--Noise is any undesired sound. As used broadly in
acoustics, this may include not only aircraft noise and industrial
sounds, such as traffic and machinery, 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. Deck area occupied by trucks, hatches, fixed
berths, lockers, installed furniture, etc., are excluded.

Phon.-- A unit of loudness level of any sound is defined as
the sound pressure level of a 1000 Hz. tone that sounds as loud as
the sound in question.

Preferred Frequency 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 expressed 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 3.01 to 3.45 psia.
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Pure-tone vs Wide-band Noise.--A 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
wide-band noise. Since there are different criteria for each case,
the designer must decide whether the noise is predominantly pure tone
or wide band. ‘A practical rule of thumb is that, if the OB SPL in a
band is more than three dB above the adjacent bands, the noise is
;;ure tone or has narrow-band components.

Quality.--The three factors which determine the quality of a
color (hue, intensity, and value) can make a room look expansive
or cramped, dark or light, and calm. or exciting.

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 between them. Heat transfer
by radiation becomes increasingly important as the temperature of an
object increases. The intensity of the emissions depends on the
temperature 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.

Relative Humidity.--This is the ratio between absolute humidity
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and the saturation value at a given temperature expressed in percent.
When a quantity of air holds all the water vapor it can, it is said
to be saturated and the humidity is 100 percent.

Reverberation Chamber.--An enclosure in which all the sur-

faces have been made as sound reflective as possible.

Reverberation Time.-~The time required for the average sound

pressure level, originally in a steady state, to decrease 60 dB after
the source is stopped.

Sound Power Level (PWL).--A computed quantity which expres-

ses the acoustic power of a sound source relative to a reference power.,

Sound Pressure Level (SPL).--Twenty times the logarithm (to

base 10) of the ratio of a sound pressure to the reference pressure.,

Sound Waves.--Sound waves can be described by any of

several characteristics, such as the displacement of particles of the
medium, the particle velocity, or the sound pressure measurements
under certain conditions. The passage of a sound wave is accompanied
by a flow of sound.

Speech Interference Level (SIL).--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 Hz.

Specific Acoustic Impedance.--The complex ratio of the

effective sound pressure at a point of an acoustic medium to the
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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 noise survey work, the spectrum of‘primary
importance includes frequencies from 20 to 10,000 cycles per second.
For the purpose of presenting damage risk, speech interference, and
nuisance levels, the spectrum is broken down into eight octave bands.

Temporary Threshold Shift.--A shift in the threshold of audibility

after exposure to even a moderate noise level.

Threshold of Audibility.--The threshold of audibility for a speci-
fied signal is the minimum effective sound pressure of the signal that
is capable of evoking an auditory sensation in a specified fraction of

the trials.

Transmissicn Loss.--Transmission loss is the .ratio expressed

in decibels of the sound energy incident on a structure to the sound
energy which is transmitted through it. The term is applied both

to build structures, such as walls and floors, as well as to air
passages, such as mufflers and ducts.

Visual Acuity.--The 4ability to distinguish fine details. Quanti-

tatively, the reciprocal of the angular size in minutes of the critical
detail which is just large enough to be seen.

Visual Space.--Visual area is the amount of space visually

perceived as usable. This space is related to physical objects in a
room, e.g., furniture and partitions, and the placement of these objects

relative to the observer's eye level (sitting and standing'. For example,
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a seven foot long by three foot wide by five foot high bunk bed
placed against the wall in a seven foot by seven foot by seven
foot room appears to make the room look smaller. On the other
hand, a single low bed seven feet long, three feet wide and
eighteen inches high, placed against the wall in the same seven by

seven room does not significantly reduce the visual area of the

room.
Area (ft%)
Room and Furnishings Gross Net Visuail
7 x 7 No furniture 49 49 49
7 x 7 Low Bed 49 28 49

7 x 7 Bunk Bed 49 28 28

Wet-Bulb Temperature.--This is the temperature obtained when

the thermometer bulb is cooled by the rapid evaporation of water by
air moving at a velocity of 900 feet per minute. Wet-bulb tempera-
ture varies with himidity and is the same as dry-bulb temperature

when the humidity is 100 percent.

5
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17. Appendix (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 17.1 and 17.2 are selected results of this technique. Ideally,
this process should be animated producing a simulation of station

growth, thus overcomin(j some of the limitations of static drawings.
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30170
00130

00200
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00220C

ono30
NND 4N
GO250
260
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nna2gn
A9
30300
Guslo
03320
00330
0840
[aERICESYS
00350

CO037C
gozo0n
nN320
00400
00410

50420

00430
NOAAD
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G470
NO48D
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06519
G520
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PloGRAR F”ﬁ:(lﬁﬂ‘i:uUliJT)

DIMENSION ACTO0Y Y100 ZC1O0MLXRA1O0)>Y2C100) ZRC100)
3 CONTI }[JA_’-

PRINT Yol LOCATION OF CBSERVER®

HEADS NSV, N0

POINT s I‘" EOLOCATION OF VIEW POINTY

2EAD S KLs Y1.s 7L
PHINT:*AYPE NUMPBER 0OF UERTICKS:®
READS NPUINT
PRINT » A8
PEAD, ANS

il s L)

Y3OU

THE FOLLOWING CONSTANTS DEFINE Vis VL, AND TRANS«CLITRD
A4=0 3 YHA=0 3§ Za=0
Xi=xXO-XL
YO=YGC=-YL
T0=/0=-7L
PDISTZ=S00TCHDk2+ Y Stk D+ 7 (k%2 )
ALPHA=ATANZ2 (K0, YD)
BETA=ATANZ2CY S SORTCADHH2+ 20 412) )
Call CBOC VY Zo KR YR ZRs NPOINT» ALPHALDETA)
CALL Prasre (X s Y ZRs NPOGINT» PDIST?)

nAY =X 01D
YMAX=Y.2C1)
xfI”*XR(I)
DC 299 I=1NPCINT
I CARCI) e BT e XA XIAMAY =XC D)
IFCYROIDY e CToYMAXIYMAX=YRCI)D
IFCXROI) LT o XMINYYMIN=Y2CI)
IFCYRCI) e LT o YHINIYMINSYRCI)
299 CONTINUE
ZHAX:AMAX1((XMAX-XMIN):(YMAX—YM'N))
I1S5=SCALE
Ir(Ib SN e N GO TO 451
TrAX =4G99 09/ TMAY
XSCALE=/MAX/15
YSCALE=ZMAY
PRINT > kPLTL*
DT 450 I=1,NPOINT
XRCII=XR(IIXKXSCALE
YRCII=YRCID*YSCALE
CALL PLTCXRCI)HSYRCID)D
450 CONTINUE
GO0 TG 4520



00550
00560
00570
005380
00s90
0600
00510
00420
G630
00640
00550
00560
noacTn
Q0650
690
00700
007190
no720
an730
00740
G0750
N7 A0
0770
GOTRO
ogo7on
nnsgon
00810
Nov20
nnN&a
GOR40
0350
UU%s0
opg70
cogso
00890
00900
N0910
Q0920
npoe30
00940
nNeso
3094”0
Co270
00980
02990
01000
01010
01020
01030
21040
C105¢
61060
01070
01080

0109G

451 PRINT *PLTL*
DO 452 1=1,NPGINT
KRCII=XR(II*SCALE/1.5

YRCII=YRCI)*SCALE
CALL PLTCXRCID»>YRCID))
ZMAX=SCALE '

452 CONTINUE

4520 CONTINJE
PRINTs %PLTL*
PRINT 460
270 CCONTIMNUE

PRINT 355
355 FCRMATCETG DRAY ANGTHER BOX,TYPE 1:3%)
PRIMT 354
356 FCRMATCRIF YOU WANT TG STOP,TYPZ O%)
HEAD, A

IFC(AEQ.1) GO T@ 2

Go TO 6
2 PRINT 470, 7i1AK

L4700 FORMAT(*SeF o= %,F1542)

PRINT 471

471 FORMAT(HTO RESCALE> TYPE: Sef«:k)
SEADS SCALE

Go TG 3

6 FIUINT 440

460 FOPMATCRPLTT )

END

SUBTOUTING ORSEIV(X,YsZs X YR ZRaNPOINT s ALPHA,BETA)

DIMEMNSTONM K2 Y (PYSZ(2Y s XR(2IYR(2Y),Z(2)
SINAL=-STNCALPHA)Y
CCSAL=CI3CALPHL)

SINBE=SIN(RETAY 3 COSBE=COS(RETA)
Cl11=CCSAL S C13=SINAL
Ce1=SINALXSINEE & (22=C0SBE
Ce3=-COUSALXSINBE

C31==-SINAL%CC3RBE

C32=SINBE $ C33=CISAL*%CUOSBE

DC 10 I=1,0NPOINT

XKI=XCI) 8 YI=Y(CI) & Z1=7C1)
ARCII=RI*C1Y + ZI#C13
YROII)=XI%RC21 + YI*C22 +ZI1#C22
LRI =XI#C31 + YI*C32 + ZI1%033

10 CONTINUE

RETUNN S END

SUBRTUTINE PERSPE(XRS, YR, ZRs NPOINTLDIST)
DIMENSICN X(2),YRC2)Y,7ZR(2)

DB 10 I=1,NPOINT
D=DIST/C(DIST=-ZECI))

XDCI)=XRCI)I%D

YRCI)=YRCIY*D

10 CONTINUE

RETURN & END

SUBROUTINE PLTC(XsY)

I=X+4000

J=Y+4000
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01100 PRINT 10051,J

M1110 100 FORMAT(I4,1IS)
01120 RETURN & END
01130 SUBROUTINE ORBITER(X»Y5>Z)
801140 DIMENSION X(2),Y(2),Z(2)
01150 XC1)=X(14)=X(33)=250
C1160 Y(1)=Y(14)=Y(33)=500
01170 ZC1)=7C14)=7¢33)=500
DHE80 X(2)=400

N1190 Y(2)=525

01200 Z(2>=500

01210 X(3)=X(11)=4625
Q1220 Y(3O=Y(11)=A2R
01230 Z(3)=2(11)=500
G140 X(4)=X(36)=625
01250 Y(4)=Y(36)=5125
01260 Z(4>=2(3A)=525
01270 X(5)=X(R)=525
01280 Y{5)=Y(8)=500
C1290 Z(53=2(3)=525
1300 X(6)=625

31310 Y(6I=500

1320 Z(6)=550H

1330 X(73)=555

21340 Y(7)Y=500

1350 Z¢7r=525

01350 2(9)=X(35)=625
01370 Y(9)=V(35)=475.
TG1380 Z(9)=Z2(35)=525
71390 XK{10)=X(12)=625
01400 YCI10)=Y(C12)=372
01410 ZC10)=Z(12)=500
01420 X(13)=400

01430 Y(13)=475

31440 Z€13>=500

01450 XC(15)=X(37)=400
01460 Y(15)=Y(37)=525
01470 ZC(15)=Z(37)=525
01420 AC16)Y=X(20)=400
01490 Y(16)=Y(20)=518
01500 Z(16)=2(20)2=525
01510 X(17)=X(23)>=550
(152C Y(17)2=Y(23)=518
01530 ZC17)=2(23)=525
01540 X(18)=x(26)=550
01550 YC(18)=Y(R26)=482
015560 Z18)Y=2(26)=525
1570 X€19)=X(31)=400
015580 YC19)=Y(31)=432
01590 Z(19)Y=Z2(31)=525
01500 X(21)>=X(29)=400
01610 Y(21)=Y(29)>=518§
01620 Z(21)=Z(29)=507
01630 X(22)=X(24)=550
01540 Y(22)=Y(24)=518



(&)

01650
015560
01670
01680
01690
01700
01710
01720
01730
01740
01750
01760
01770
01780
01720
01800
01810
01320
01830
01840
01850
01360
N1870
31880
01590
01900
01910
01920
01930
21940
01950
01960
01970
01980
01990
02000
02010
02020
02030
02040
02050
02060
02070
02080
02090
02100
02110
02120
N2130
02140
02150
02160
02170
02180
02190

Z(22)=Z2(24)=507
X(25)=X(27)=550
Y(25)=Y(27)=482
Z2€25)=72¢27)=507
X(28)=X(30)=400
Y(28)=Y(30)=482
Z(28)=Z((30)=507
X(32)=X(34)=400
Y(32)=Y(34)=4175
2(323)=Z2(34>=525

DO 10 1=1,37
IFC(ZC(I)«EQ«5501>ZCI1)=600
IFCZCI) eEQe525¢)Z(CI)=550.
IFCZCI)«EQeS0T7)ZC(I)=514.
2CId)=(XCId=-500.)%«01
YCII=(Y(I)-500)%.01
ZCII=CZCI)~-500.2%*.01
10 CONTINUE

RETURN

=ND

SUBROUTINE SBLAR(X»Y»Z)
DIMENSIGON X(2),Y(2)52Z2(2)
XC1)=X(6)=49%
YC(12=Y(5)2=600
ZC1X=Z(HI=500
X(23)=498

Y(2)=675

Z€23)=500

X(33=193

Y(3)=675

Z(33)=500

X(4)=198

Y(4)=525

Z(4>=500

X(5)=498

Y(53=525

Z(5>=500
X(7)=XK(14>=500
YCTI=Y(14)=500
Z(T7)=Z2C143>=500
X(8I=X(13)=502
Y(8Y=Y(13)2=600
ZC(3>=Z¢133Y=500
x(9r=502

Y(9)=5675

Z€9)=500

HC10)=802

YC10)>=675

2€103=500

XC11>=802

Y(11)=525

ZC11>=500

XC12)=502

Y(12)=525

Z2¢12)=500
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02200
02210
02220
02230
02240
02250
2260

2270

02280
nN2290
N22300
02310
02320
02330
2335

N2340C
2351

2352

2380
2390
N2400
02410
32420
02430
N2 L AN
02450
02460
02470
02480
02490
02500
02510
02520
02530
02540
C2550
02560
02570
D2530
02597
Dz2s00
02610
02620
02630
02640
02650
02660
02670
2575

02530
02690
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X€15)=500

YC15)=425

Z€15)=500

XC16>=500

Y(16)=413

7Z€163=513
PRINT» *PLTT
PRINTs #PLTL*

XC17)=X(18)=496

YC17)=Y(20)=403

ZC1TY=Z¢20)=516

YC18)=Y(19)=397

ZC18)=72¢19)=510

XC19)=X(20)=504
DG 1S I=1,20

KCII=CXCII-500) %71
YCID=CYCI)-500)%.01
ZCId=CZCI)=50N) %001

15 CONTINUE
RETURN 3 miD
SUBROUTINE SLAVE(N>Y»>Z)

DIMENSION X (2)>¥(2),7¢2)

XC1)=X(20)=500

YOIY=V(20)=450 770 I 90N 2
Z(1)=Z2¢20)=500

ZC2)=RE3Y =X (A =X(TI=R(EI=XC9)=X(18)=XC1 Ty =3 (11 )y=000
X(19)=222

Y(2)=YC19)=500

7¢2)=7019)=500
£OS)=XCAY=HC10YI=XCI1YI=XC12)=XC13)=4C14)=XC15)=17%
YC3I=VCOI=Y10)=Y(12)=Y(13)=YC15)=YC16)=Y(17) =455
£C3)=ZC4)=2(5)=Z(")=Z2C13)=ZC14)=2(15)=7C16) =482
YCAI=Y (0D =Y (A=Y CTI=Y(BI=Y(11)=YC14)=YC18)=512
£06)=ZCT7Y=Z(9)=ZC10)=ZC11)=7(12)=2C17)=7C¢18)=512
DB 10 I=1,20

XCI)=(XCI)-500)%.01

YCIN=C(YCI)=500)%.01

ZCIX=CZCIX-500)%.01

10 CERNTINYE

DO 15 I=1,20

XCI+20)=-X(1)

YCI+20)=YCI)

ACI+20)=7¢1)

15 CounT Iy

RETURN 3 END

SUBZOYUTIMNG G ADMIXsY»Z)

DIMEMNSION X(2),Y(2),Z(2)

X€1)=X€20)=500

YC1)=Y(20)=450

ZC1Y=Z€20)=500
RE2)=X(3)=XC4)=XCTI=X(2)=X(D2)=X(16)=XC1T)=x(18)=200
XC19)=200
BC 10 I=1,19

Y{2)=Y(19)=450

Z(2)=ZC19)=500
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02700 X(5)=X(6)=XC10)=XC11)=XC12)=XC13)=X(14)=X(15)=164
2705 10 CONTINUE
02710 Y(3)=Y(9)I)=YC10)=Y(12)=Y(13)=YC15)=YC16)=YC17)=432
02720 Z(3)=Z(4)=Z(5)=Z(8I=ZC13)=ZC14)=2C15)=7C16) =462
02730 YA =Y(5d)=Y(AI=Y(TI=Y(EI=YC11)=YC14)=YC18) =465
02740 Z(6)=ZCT7)=Z(9)=7C10)=2ZC12)=ZC11)=2¢17)=72C15)=538
02750 DO 15 I=1,20
C2760 XKCIN=C(X(I)-500)%.01
277C YCII=CYCIYI-500)%«01
02780 Z(INI=CZCIdX-500)%.01
02790 15 CONTINUE
02800 DG 20 I=1,20
02810 X(I+20)=-XCI)
02220 YC(I+20)=Y(I)
02230 ZC(I+20)=ZCID
02840 20 CONTINUE
02850 RETURN 3§ END

NEADY .



Coordinates (x,v,2)

600, 1200, 600

600, 900, 600

600, 600, 600

600, 300, 600

600, 0, 600

Scale Factor = 500

/
4
i

FIGURE 17.1

ORBITER ROTATION
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Orbiter
(1400,-700,-200)

Scale Factor =

500
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Slave Arm
(700,-900,900)

Solar Array
(~600,-900,300)

Gravity Arm
(200,900,900)

FIGURE 17.2

INITIAL STATION AND ORBITER
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