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ABSTRACT

STARLAB is a 35-man orbiting Space Technology Applications and
Research Laboratory preliminary design and a training exercise in the systems
approach. The selected orbitis 308 n. mi. with a 69-degree inclination which
enables coverage of 93 percent of the earth's surface. The onboard experiments
utilize research and application laboratories with auxiliary supporting labora-
tories. A laser communicafion system with a 3000 megabits per second data
rate, three synchronous communication satellites, and an earth-based admin-
istration function comprises the information management system.

Emphasis is given to earth resources, chemistry, life/behavioral
sciences, physics, materials and manufacturing, communication, navigation
and fraific control, manned space flight engineering, and astronomy.

The design is based on the existence of the shuttle with a 50 000-pound
payload capability. Free-flying modules for selecied experiments augment
the 430-foot-long nuclear-powered STARLAB. Existing Saturn V capabilities
are used for launch.

The abstract presents the essential elements of STARLAB. The success
of the training exercise in Systems Engineering is perhaps best conveyed by the
following unsolicited comment given at the close of the final presentation by
one of the participants at Morris Auditorium, MSFC, 20 August 1969;

"The design-of- STARLAB has brought edach of us closer to the space
program; we now feel more a part of the space effort. In the course of this
design we have learned a great deal about NASA, its organization, and its
facilities. However, the most important goal for this summer was to learn
about the Systems Approach. We have learned about the Systems Approach on
the least two levels; personal and group.

At the beginning of the program each of us wondered how we would
accomplish a good design. We worried a litfle. After a series of up-to-date
briefings and many personal contacts with the excellent people here at MSFC,
we began to feel like we'could begin the design. Now at this time we discovered
the real strength of the Systems Approach. In this approach a person is no
longer an isolated unit trying to self-produce and stimulate himself in a solution
of the problem. In a Systems Approach, a group of N persons delivers at
least (N - 1) new perspectives about the problem to each other. With a
certain assumed knowledge of the material, the Systems Approach enhances
the productivity by multistimulation of synthetic thinking, This produces ideas!
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The Systems Approach affected many of us by:
i. Broadening our horizons fo interdisciplinary approaches.
2. Making us better prepared for the fufure,

3. Enabling us to relate more closely to students.

4, Giving our research new goals,

5. Showing us a bigger picture of science and its applications.
6. Teaching us to be better listeners.
7. TFurther developing our individual skills.

The Systems Approach affected us not only as individuals butl as a group.
All 21 of us are firmly convinced that the Systems Approach is a method of
solving some of the big problems facing our society today. We felt that
man-focused areas of study should be emphasized.

We have had a very instructive lesson in the Systems Approach. A
lesson in design by execution of a design.

The summer Fellows of the Auburn Design Program would like at this
time to express their appreciation to the Marshall Space Flight Center for
helping us in this design exercise. We of course also wish to thank the
Auburn-Alabama University Staff for managing an excellent program, Further-
more, we men and our families greatly appreciate the opportunity of having
been at MSFC this summer during the historic flight of Apollo 11 and its
mission to the moon. AIl of us sincerely wish that a STARLAB will someday
be orbiting the earth.” ’
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PREFACE

Objective

Systems ergineering, or the systems approach, is an accepted term
to describe the multidisciplinary or interdisciplinary character of the
"'systematic design" of any large engineering system. It emphasizes and
attempts to systematize, through the availability of modern techniques, the
design of modern, complex, and multidisciplinary engineering systems. The
term seems to have originated in the aerospace field where the complexity
of modern aerospace systems demanded a systematically controlled approach
to design to ensure that all factors of all subsystems, representing many
disciplines, were carefully integrated into the final system. The importance
of the multidisciplinary systems approach has been recognized by the Naticnal
Aeronautics and Space Administration to the extent that NASA, in conjunction
with the American Society for Engineering Education, conduct Systems Engineer-
ing Faculty Fellowship Programs as well as Research Faculty Fellowship
Programs at NASA Centers with local universities during the summer of 1969.
There were eight research-oriented programs and four Systems Engineering
design programs. The Faculty Fellows were selected from applicants from
throughout the nation; they either were located in a laboratory to conduct
research on an individual basis, or they participated as a group to learn the
systiem approach through a design problem. The Marshall Space Flight Center,
Auburn University, and the University of Alabama conducted both a research
program and a Systems Engineering design program. Other centers:and
universities conducting design programs were:

Ames Resecarch Center — Stanford University
Langley Research Center — Old Dominion College

Manned Spacecraft Center — University of Houston

The purpose of the design programs is to develop a systems approach
philosophy by group participation in a design training experience. The result-
ing design is of secondary importance to the training aspect of the program.
It is hoped the faculty will use the experience to develop the systems approach
in courses at their home institutions as well as use the experience to lead
others in system solutions of complex multidisciplinary problems. This
approach, though discussed considerably in the news media, has had little
use exterior to the space program. The approach has application in solving
engineering as well as socioeconomic problems.



The training exercise selected for study by the 1969 MSFC Fellows
has centered on the theme of a space station laboraiory. The participants
were exposed to a number of MSFC and industry speakers during the first
weeks of the 11-week program. A tour of the Manned Spacecraft Center,
Michoud Assembly Facility, and the Kennedy Space Center was conducted at
the end of the second week.

The participants established the requirements for the design-generated
alternative approaches, and then through trade-offs established the present
concept. The key word of the project was o avoid prejudging solutions. The
result of the program, an orbiting Space Technology Applications and Research
Laboratory (STARLAB), is a subpart of STARSYSTEM, an information manage-
ment and application system for technology.

The enthusiasm of the participants to learn the systems approach is
reflected in the accomplishment in their project. This enthusiasm should
carry them through to the applications of the system approach to national,
Iocal, and world problems of a complex multidisciplinary nature. This report
summarizes the study made by these 21 facully members representing 17
colleges throughout the United States and one in Canada.,

Organization

The chart on the following page depicts the basic organizational arrange-
ment for the Systems Engineering Summer Faculty Fellowship Program. The
participants elected a project leader and group leaders three times during the
1i~week period. A listing of the participants, their positions, and their
academic degrees also follows. Subgroups to the three groups shown were
formed as needed. :

The first phase of the program was to subject the pariicipants fo as
many germane seminars or presentations to an orbiting space station as could
practicably be scheduled and to obtain as many publications related fo the
problem as could be gathered and used. From this, contacts within Marshall
and other areas became apparent for further perusal, and a base of knowledge
necessary to design a space laboratory was established. The tour of some of
the major NASA centers mentioned previously provided the '*feel' for the size
of the space program that could come in no other way.
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After approximately 3 weeks in this first phase, the next 5 weeks were
spent evaluating alternative solutions to the problems as they developed, having
fewer presentations, effecting trade-offs, and accomplishing preliminary
design studies and analysis. The last 3 weeks were occupied with final trade-
offs and preparation of this final report and the oral presentation. Seminars
on Systems Engineering were conducted during the 1i-week period.

Comments, criticisms, suggestions, and questions will be answered
as promptly as possible if they are directed to the attention of Dr. R. I. Vachon,
Alumni Professor of Mechanical Engineering, Auburn University, Auburn,
Alabama 36830, '
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CHAPTER 1. INTRODUCTION

The flight of Apollo 11 has launched the space age into a new era, the
era of man's exploitation of space to his own advantage. The technical
difficulties of going into space and returning safely, which were not too long
-ago congidered insurmountable, have been overcome. The launch vehicles
and the technology for the exploitation of space are available today. It is no
longer a question of how, but simply a question of when.

There are at least four properties of space man may exploit:
1. Earth area coverage from high altitude.

2. Lack of- atmospheric scattering and absorption.

3. Weightlessness.

4, Freedom from earth interaction.

On a small scale, unmanned satellites are already exploiting the first
two of these properties for man's benefit. Communication satellites are
relaying audio and video data to nearly every part of the world, and meteorology
satellites are providing local weather data to users all over the world via
their own "backyard'" receiving stations. Similar benefits can be obtained
from programs in earth resources, navigation, and air traffic control if man
desires to obtain them. There has been no significant effort to exploit the
other two properties of space listed above. A discussion of how these two
properties affect biological, chemical, and materials phenomena, and how
the effects may be exploited by man, will be explained in Chapter II,

This study makes no attempt to justify the need for man's real-time,
onboard participation in spé,ce applications and research experiments. Instead,
it was assumed impossible to develop automatic equipment so complex that it
could duplicate in an orbiting laboratory a function similar to man's role in
a research laboratory on earth,
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Mission Objective

The initial objective for Project STARLAR was fo perform a conceptual
design study of a manned orbiting research and applications laboratory. Before
the study was completed, this objective had effectively broadened at least
three-fold.

The first step in the design study was to establigh the requirements
which would guide the design. For an orbiting laboratory, the fundamental
requirement is the experimental program which the laboratory supports.
Long-term operation of the laboratory was desired, and a laboratory lifetime
of at least 10 years was adopted. When the requirement for an experimental
program was overiayed with the constraint of a 10~year lifetime, the problem
of establishing an experimental program, which could by itself sustain a
laboratory for 10 years, became unsolvable. An alternative was to reduce the
lifetime desired and base the design on a list of experiments which could
sustain the laboratory for perhaps 2 years. But it was desired that this
laboratory bhe a follow-on to the Apollo Applications Program, and it was
felt that such a limited purpose labhoratory would not be appropriate for this
time frame. A new approach was required. Some means had to be found to
ensure the perpetuation of the experimental program and of the laboratory.
The solution was a program and information management system to stimulate
new research and applications. experiments and to ensure effective dissemination
and utilization of acquired data.

Through the above process, it was realized that our initial objective
was actually a compesite of three equally important objectives:

1. Define a long-term applications and research program for
experimentation-in neax~earth orbif. :

2. Define a general-purpose. orbiting laboratory to support the appli-
eations and research program.

. 3. Define a program and information-management system to support
the laboratory.

Mission Constraints

Four mission constraints were adopted to guide the laboratory
design:
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1. Time frame — The laboratory will be more sophisticated than any
contemplated for the Apollo Applications Program, and will be deployed not
later than 1980,

2. Technology — No technological advances will be required for sys-
tems design requiring more than a 5-year advance in the state-of-art.

3. Laboratory lifetime — The lifetime ghall be greater than 10 years
to amortize the large initial development costs over a sufficiently long period
of time,

4. Logistics vehicle — All articles required for resupply shall be
sized in accordance with the presently adopted NASA criteria for space
shuttle performance.

Orbiting Space Technology Applications
and Research Lahoratory (STARLAB)

The name adopted for the orbiting laboratory is STARLAB (orbiting
Space Technology Applications and Research Laboratory). STARLAB is a
zero-g, 35-man station. Itis composed of a main station and five free-flying
modules. Two modules are devoted to astronomy, one to physics, one to
life~-behavioral sciences, and one to materials and manufacturing, The main
station contains the crew facilities, the majority of the analytical laboratories,
and the laboratory support areas. The total power requirement for STARLAR
is 100 kw and is provided by a nuclear power source.

The main station is a 430-foot-long cylindrical structure with a
maximum diameter of 33 feet. This structure will be transported into earth
orbit in five launch packages., The launch vehicle is a two-stage Saturn V.
Each launch package weighs 120 000 pounds and has a volume of 50 000 cubic
feet. This size and weight is well within the performance capability of the
two-stage Saturn V.

The orbit of STARLAB has an inclination of 69 degrees and an altitude

of 308 n. mi. This orbit provides coverage of 93 percent of the earth's
surface,
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Space Technology Applications and Research
Administration {(STARAD)

The program and information management functions are directed by
STARAD (Space Technology Applications and Research Administration).
The program functions involve planning, establishment of priorities, budgeting
“allocationg, and the overall administration of STARLAB, The information
management system provides divect communication between scientists and
engineers on board STARLAB and on the ground. It has the responsibility
for processing, storing, and disseminating STARLAB's data.

Starsystem

Starsystem is a general purpose space system for the exploifation of
space. It is comprised of the functions of STARLAB and STARAD, Included
in STARAD is a synchrohous communications satellife network and a ground
communications nefwork,

Scientific Mission

The scientific mission of STARLAB has a two-fold purpose; (1) to
design a science and applications program for a 10~year duration, and (2) to
obtain the maximum feed-back in science, technology, and applications.

The experimental program hag been designed with research areas for
basic séience and applications. These are complimented by a series of support
laboratories in which services such as analysis, standardization, repair, and
modification can be performéd. This flexibility in the program will allow for
new and continuous experiments for the future in STARLAB.

Experimental programs with greatest emphasis in STARLAB are those
that seem to offer the greatest returns in the shortest amount of time. These
programs include the fields of life-behavioral science, materials and manu-
facturing, and especially, earth resources. ’

Summary

The design highlights and summary of STARLAB begins with the
Applications and Science mission's design philosophy of emphasis upon



immediate and man-focused benefits. Several new areas are emphasized:
chemistry, life-behavioral science, materials and manufacturing, and earth '
Primarily the design is aimed at research and support labora-

resources.
tories which have a great deal of flexibility, It was driven by scientific

programs, not experiments.

The philosophy of the Engineering Systems and Human Factors Task
Group was that of being man-centered, not hardware limited, with a goal of
shirt-sleeves environment, A list of the .novel design features of this group

follows:

1.

2.

0.

i1.

i2,

13.

14.

15,

Modular — on-ground vehicle assembly,
Multipurpose remote flying modules,

Cenftral docking,

I;Tondocking shuttle — container transfer.

Orbit chosen to maximize earth looking and pointing,
Zero-g environment,

No extravehicular activity (EVA).

Integrated multipurpose hull,

Growth and storage modes of operation.

Choice of two atmospheres.

Automated-alerting, diagnosis, and self-maintenance.

Windows and training areas, earth-like meals,
Continuous crew monitoring.
Experiments priority subroutines.

Power load programming,
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14, Bolar lighting.
17, Power sizing {100 kwj.
18, Compartmentalized structure (safety).

In achieving the design of STARLAR, the Information Management
Task Group employved four unique characteristics, The most important is
the integrated laser communications system with its high data rate and
possible new lasing material, It was believed that the large scientific computer
will be earth based with a smaller modulay computer on STARLAB, Comntuni-
cations and information distribution on board STARLAR itself will be handled
by the advanced twisted shielded pair (TEP].

In general, STARTAB was designed from model programs for a

2-year period that would self-propagate the mission for atb least 10 years.
Flexibility was considered to be the prime affribute for the design,
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INTRODUCTION

STARLAB: Its Design and Rationale

The design and actual erection of a 35-man earth-orbiting research
facility having at least a 10 year life is a stupendous task requiring man to
organize and coordinate an enormous program. The recent success of Apollo 11
has shown us that such an endeavor is not a wild dream, but is conceivable if
mankind can so motivate his society and drive his technology. After STARLAB
has been designed and erected in space there will come the question, "Why 21,
that was raised time and time again even while Apollo 11 was in progress. If
such a project warrants national and possibly international support, then the
contributors are entitled to an answer. We must be prepared for the question
I1W'hy?tl

This question must be answered by the productivity and relativity of the
studies that are carried on in STARLAB's experimental program. STARLAB
is the forerunner of a series of projects that will utilize the synergistic effects
of group research; i.e., the total is much, much more than the sum of the
constituents. This does not signal the end of the individual researcher but adds
incentive in terms of a large-scale goal plus an emotionally up-lifting experience
of a winning team effort.

STARLAB's productivity can be visualized specifically in three areas:
(1) Science and exploration, (2) Technological development, and (3) Com-
mercial applications (Ref. II-1).

i. Science and exploration — Man's exploration of our solar system
and beyond is one of the most exciting and appealing frontiers for human explora-
tion. The recognition of its importance is almost universal.

Present space technology gives us an unparalleled opportunity for
scientific discovery if properly applied to the performance of experiments.
In the field of astronomy, the great advantages of observation from. space
would include making available the entire electromagnetic spectrum and
decreasing background light scattered by the atmosphere. Angular resolutions
far beyond those possible from the earth could be possible. These extended
conditions would contribute to further definition of (1) the status of the universe,
(2) the status of the sun and the solar system, (3) the universality of physical
laws and their application to new processes, and (4) the possibility of the exis-
tence of extraterrestrial life.
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2. Technological development — A highly successful research
laboratory in space would show the world technological and organizational
leadership. A major portion of the NASA resources is spent for technology on
challenging goals. These are important fo the nation's military capability,
industrial development, and economic health. The development of a successful
STARSYSTEM requires unusual technological and organizational leadership.
The overall results are exemplified by the demonstration through the Apollo
Program of the capability of building a complex system that provided a first-
time reliable performance while using a diverse contractor structure. In the
fields of materials science and chemistry, for example, new materials and/or
new methods of processing can provide better materials for living and, in
addition, give the United States' economy a favorable competitive position in
world markets.

The technological challenge of the program further provides motivation
for the entry of young people into scientific and engineering professions,. thus
increasing the technological manpower of the nation.

3. Commercial application — Applications of space flight in the areas
of meteorology and communications have already been demonstrated to be
economical because of direct material benefit to civilian life. In the future,
earth resources are expected to make a major contribution in this field. Remote
sensing of the earth from orbiting spacecraft offers a bold, progressive approach
and a new dimension to our efforts to advance our society. It will provide us
with the necessary energy, raw materials, and food and water for the future,
as well as protection from the ravages of man's environment and pollution.
Hopefully, remote sensing of the earth's resources will greatly alleviate hunger
and international conflict and consequently war between nations. This remote
sensing could also be used as a defensive monitor.

In addition, observations of man's activity in the fields of navigation and
traffic controls can result in programs of control and new direction in these
fields. Therefore, our goals are the design of the experimental laboratory,
the design of the experimental program, and an attempt ata method of answer-
ing the question, "Why STARLAB?"
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The Experimental Laboratory and Experimental Program

The design of the vital part of STARLAB, the experimental laboratory,
will be controlled by two aspects of the experimental program:

1. A candidate experimental program (which will probably be quite
different at flight time) which has been used to control the design of the labora-

tory such that one can arrive at a reasonable estimate of the laboratory.

2. An e-volving experimental program which can be used to include new
and emerging studies.

The general approach to the candidate experimental program is to set
forth a group of representative experiments that will require 2 years effort of
approximately 35 STARLAB personnel for completion. This vast experimental
exploration of our greatest new-found asset, space, will probably generate
enough problems to necessitate an infinitely long program of research and
technical studies. (Compare the continued programs of several research
institutes and foundations.)

The candidate experimental program was obtained from various sources,
but can be classified as being from NASA, or from the design group. The
areas covered are:

i. Physics.

2. Chemistry.

3. Earth resources.

4. Materials and manufacturing.

5. Asfronomy and astrophysics.

6. Life/behavioral studies.

7. Communication, navigation, and traffic control.

8. Manned spaceflight engineering.
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It is thought that all areas of technology, behavioral, and medical
science should be represented to obtain the maximum effect of the availability
of the space environment upon our society.

The type of problems and experiments to be considerad on STARLAB
represent a wide swath of problems for study in the space environment.

Usually, each of these investigated areas has requirements with three
levels of classification. These classifications or categories are shown on
Page 2-47 and are the alternatives to be used in the trade-off stage.

'The evolving experimental program is considered as a simple fixed
proportion of the candidate experimental program. Thig fixed proportion can
be used as a trade-off parameter, but its lower limit was set at 0.5, or 50
percent; expansion possibilities and its upper limit would be 2.0, or 200 percent

An alternative approach to the evolving experimental program is to
construct STARLAB such that it can be expanded in segments.

Design of the Laboratory

Although the laboratory design is primarily influenced by the experi-
mental program, the laboratory can serve many other functions. In general,
the laboratory design provides for:

1. Work laboratory space for experimental programs in the fore-
mentioned scientific areas.

2. Support facilities for research and studies that are carried ouf on
STARLAB.

3. Asgembly space in the construction and assembly of STARLAB.

4. Back-up systems fo manually maintain and repair the STARLAB.

5. Staging for future missions.

The masgs, power, volume, manhour, and miscellaneous requirements
for the work laboratories are given in Table 1I-1; the support laboratories are
given in Table II-2; the modules and MDA's are given in Table II-3; and a

summary for all labs is given in Table IT-4. Supporting details for these
appear in later sections of this chapter.



TABLE II-1. RESEARCH LABORATORY REQUIREMENTS
Power Mass Volume Manned
Identification (w) (Ib) (£t (Manhour/day)
Physics 500 1 000 2 500 16
(200) (400) {1 200) (8)
Chemistry 1 000 500 5 000 24
(500} (250) {2 500) (8)
Earth Regsources 3 000 9 000 400 _24
(2 000) (6 000) (400) (16)
Materials 10 000 15 000 5 000 56
& Manufacturing (5 000) (5 000) (2 500) (32)
Astronomy 500 i 500 12 000 i2
(300) (1 000) (9 000) (8)
Biomedical- 7 800 5 000 5000 43
Behavioral (5 500) (4 000) (4 000) (38)
Communication, 500 3 000 50 16
Navigation, and (300) (2 300) (35) {8)
Traffic Control
Research & 1000 3 500 600 48
Development (500) (2 500) (400) {24)
Engineering
Total 24 300 38 500 30 550 244 (30.5 men)
(12 300) (21 450) (20 035) 142 (17. 8 men)

Note: Figures in parentheses represent minimum,
other figures represent optimum.




TABLE II-2. SUPPORT AREA REQUIREMENTS

Power Masgs Volume Manned
Facility (w) (1b) (£t3) (Manhour)
Analytic 3000 2000 5 000 48
(1500) (1000) (2 500) (24)
Dark Room 1000 100 200 2
(500) (50) (100) (1)
Mechanical 1000 1500 1 500 8
{500) (700) {500) (4)
Electrical 500 400 1 000 8
(300) (200) (500) . (4
‘Heat-Thermo 1000 1000 600 8
(500) (400) (400) (4)
Storage 200 200 2 500 2
-0- (200) (500) (0)
Total 6700 5200 10 800 76
(3300) (2550) (4 500) (33)
Note: Figures in parentheses represent minimum;
other figures represent oplimum.
TABLE II-3. MODULE AND MDA REQUIREMENTS
Modules Power Mass Volume Manhours
& MDA's (w) (1b) (£t3) Planned
Physics 5 000 49 000 12 000 32
(3 000) (30 000) (9 000) (18)
Astronomy 1 700 40 000 15 000
(30 000) (13 000)
Material 10 000 30 000 18 000 16
& Manufacturing (8 000) (20 000) {9 000)
Biomedical 1 000 25 000 19 000 8
Behavior (1 000) (24 000) (9 000)
Total 17 700 135 000 54 000 48 (6 men).
(12 000) (104 000) (40 000) (32).(4 men)

Note: Figures in parentheses represent minimum,
other figures represent optimum.
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TABLE II-4. DESIGN REQUIREMENT SUMMARY — ALL LABORATORIES

Power Mass Volume Man Requirements
Identification | (kw) (b) (££%) (Manhour/day)
Work 24.3 38 500 30 550 244
Laboratories | (12.3) (21 450) (20 035) (142)
Support ‘ 6.7 5 200 16 800 76
Lahoratories (3.3) (2 550) (4 500) (33)
Modules and 36.2 315 000 111 000 48
MDA'ts @ 1 (27.9) (263 000) (90 000) . (32)
Total 72.7 358 700 152 350 368
(49.7) | (287 000) (114 535) (207)

a. Power supplied by solar panels on module.

Note: Figures in parentheses represent minimum;
other figures represent optimum.

[ntegration and Management

After the elements of this laboratory have been delineated, the inter-
actions and general configurations of the laboratory must be considered. The
suggestions concerning reliability, maintainability and resupply, safety and
contamination, time programming, and communication are presented herein.

The final aspect that must be considered in the operation of such a
vitally important and productive laboratory is the management of the experi-
mental programs of STARLAB which is carried out by STARAD, described in
a later section.

Summary of Philosophy

STARLAB's experimental program is a planned, coordinated, and
systematic endeavor to extend our understanding of basic concepts (1) to per-
mit the interplay of basic research, technical study, and production, (2) to

2-8



push forward the frontiers in technical areas, and (3) to provide new and
better materials, processes, and theories for our society. But, the rationale
and justification for STARLAB falls squarely upon the experimental programs
that are carried out by STARLAB. These must contribute to society by pro-
ducing advances in technology in a very broad sense. At least three levels of
study are considered for STARLAB initially:

1. Basic research — Fundamental processes in the space utilization
of fundamental theories and environment.

2. Technical studies — Space environment to develop devices and
processes.
3. Protoproduction — Production and study of space-made materials

and processes.

STARLAB's protoproduction could be used to stimulate industrial and
private involvement in the space manufacturing area. The protoproduction
along with the results from the technical studies help to justify STARLAB's
existence.

Technical studies are an area which could help the U. 8. better use
resources through surveillance, production of more efficient devwes irans-
portation systems, and 1nfestat1on and crop control.

The basic research carried out on STARLAB can be used to support
society and its needs for a continuously developing technology. Basic research
could also be easily coupled to an academic program and a trammg program,
and could yield completely unforeseen advances.

The experimental programs on STARLAB must be documented thoroughly
and, in fact, a detailed continuing study of each new theory, material, process,
law, or idea must be made. The relation of STARLAB to the people is very
important and should be developed thoroughly. STARLAB's effects should be
publicized through the various media. Programs should be set up to publicize
STARLAB's spin~offs in:

1. Earth resources.

2. New materials.

3. Medical research and medical care.
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4, Education.

§. Tax reduections.

6. Travel and tourist trade.
7. Traffic and pavigation.
8. Group social work.

The experimental program, the effects of spin-offs, and an aid to some
of the national and international problems are a few of the large -seale problems
that a facility of the magnitude of STARLAB can attack. The problem of data
analysis, coupled with the communications problems and the so-called technical
publications explosion, is an enormous auxiliary problem.

There ig hardly a knowledgeable person that can deny that man must
utilize and explore this newly found resource — space. The research and
development that is possible from STARLARB ecan bagin to self-stimulate much
new techoolegy, heretofore untapped.

RESEARCH LABORATORIES

Purpose and Philosophy

A working laboratory has been designed to include the nccessary space
and equipment for the performance of most of the actual experimental work.
Suppoxt laboratories, in the form of analylical, preparation, mainienance, and
storage facilities, are separate from the work laboratory.

The basic design of the working laboratory has been guided by the
numerous candidate experiments that have been approved by NASA for early
flight. These experiments, in general, will occupy the laboratories for a
1-year period or less. Since the space laberatory is planned for a {0-year
duration, new experiments will replace the initial candidate ones. At this time
it is impossible fo predict ail the experiments that will be included in the space
Iaboratory for the remaining 9 years. Many of the new ones will depend upon
the resuifs of the candidate experiments, therefore, to be as flexible as possible,
wozking space for future experiments will be available plus support facilities
which include apalytical, preparation, mechanical, and electrical laboratories.
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These laboratories include all the basic equipment and facilities needed for the
care of experimentation in the work labs and for the remaining life of the space
base. Additional equipment needed for various specific future -experiments
can be brought up in the space shuttle.

Areas for Research and Applications

Astronomz

a. Purpose and Objectives. "The ability to put telescopes and other
instruments in orbit above the earth's atmosphere is giving astronomers an
opportunity to observe the sky in a way they could only dream of a dozen years
ago."

". .. such an (international) astronomical Space Observatory. . .,
measured by its potential for fundamental discovery,. .. is by far the most
rewarding scientific activity that can be envisioned for the U.S. space program
in the next two decades." (Ref. I-2).

Advances in astronomy are needed for future exploration of space.

b. Description of Operation. Two free-flying modules will be the
functional laboratories in which the advanced stellar and solar programs will be
accomplished. These two modules will fly in a pattern behind STARLAB as
described in Chapter IV. Each of these modules rendezvous once every 15 days
and will be remotely controlled and monitored from a console in STARLAB.
Docking will provide updating and resupply facilities.

Each module, while flying its pattern, will have an attitude control
system that provides the pointing required for the stellar and solar programs.

c. Program. The astronomy program, being one of the most aggressive
and well-developed programs in the space experimental domain, has an extremely
well-defined and documented program (Refs. II-3 and II-4) .

The program for astronomy corresponds to a passive listening mode that

covers the electromagnetic spectrum other than that which can he ohserved at
the earth's surface.
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The two aspects of the program, stellar and solar studies, will have as
their main tasks the observation and understanding of stellar and solar processes.

The information management of the program will be handled through
the communications system of STARLAB. In-flight experiment meodification
can be obtained from STARLAB's manned console. "Storage and main{enance
requirements are the main requirements that the astronomy modules will place
upon STARLAB.

The proposed experiments for this model program were those abstracted
from References I1-3 and II-4. These experiments are as follows:

i. Solar experiments.
a. Photoheliograph.
b. High resolution X~ray spectroheliograph.
¢. XUV speciroheliograph.
d. XUV spectrograph.
e. UV scanning polychromator spectroheliometer.
f. UV long wavelength specirometer.
g. Hydrogen-alpha telescope.
2, Btellar experiments.
a. Manned Astronomical Space Telescope (MAST).
The astronomy lab requirements are given in Table -5,
d. Physical Requirements. In addition to the two astronomy modules
and their scientific contents, STARLAB must provide docking, maintenance,
updating, and resupply facmtms for the astronomy program. Space for the

assembly of large telescopes and radiation monitoring devices will be required.
The mechanical and elecirical support laboratories are needed for this task.

2-12



TABLE II-5. ASTRONOMY LAB REQUIREMENTS

t Power Mass Volume
Identification (w) (1b) (%

Photoheliograph 170 650 120
XUV Spectroheliograph 99 430 39
X-Ray Spectroheliograph 350 640 87
XUV Spectrograph 490 115 43
UV Scanning Polychromator 64 335 300
Spectroheliometer
UV Long Wavelength 90 508 B 40
H Telescope 118 220 12
MAST 266 2000 122

Total 1647 4898 763

Life/Behavioral Sciences

a. Introduction (Purpose and Objectives). The experiments to be
performed in the life sciences, medical sciences, and behavioral sciences
before 1975 are extensive (Refs. II-5 and II-6). However, these experiments
are only preliminary in nature. Many are in the category of first experiments;
others are observational and will provide the basic information on which the first
experimental approaches will be based.

The life sciences are very likely to provide the most exciting and useful
new knowledge to be derived from man's study of space. We expect to learn
more about the biology of man. The study of other earth organisms transported
into the space environment will significantly increase our understanding of life
processes in general. From the new knowledge that is acquired, a new tech-
nology of biological applications may well be expected.

To obtain whatever benefits that grow from biomedical research, an
aggressive program is recommended to provide a general purpose biological
and medical research and technological facility on an earth orbiting laboratory
(STARLAB). To provide for the greatest benefit to be derived for mankind,
this program should be larger than previous programs by at least one order of
magnitude. '

2-13



b. Research Program. The general scientific mission of a life-
behavioral science laboratory stationed in earth orbit will be (1) to study man's
capabilities and limitations in this environment, (2) to use the properties of
the environment to study life processes, and (3) to use these properties for
the development of biomedical technology. The programs of work which are
delineated in the following paragraphs will be made up of new and follow-on
experiments which will be generated by the scientific community prior to 1977.

(1) Routine Medical and Behavioral Monitoring. If is anticipated
that guidelines for medical and behavioral monitoring will be established as a
result of space operations over the next 6 years. The goal of this program is
to keep all personnel healthy.

The measurements to be made will be routine in nature and will include
all physiological systems and behavioral performance, including standard
psychological and psychomotion testing. This monitoring is required to measure
changes in the state of well being that may be treated preventively and to assist
in the evaluation of the environment habitability.

The information obtained by routine monitoring will be used to provide
population statistics, but the information on any individual should be considered
as confidential-personal. It should be recognized that the monitoring of behavior
is not in prineiple much different than the monitoring of prison inmates. To try
to reduce this aspect of confinement, behavioral monitoring should be carried
out within work time and in work areas. There must be private areas and also
public areas in which no monitoring occurs. ’

(2) Experimental Investigations of Mammalian Physiological and
Behavioral Performance and Adaptation. In addition to routine monitoring,
there must be a program of experiments to test the limits of capabilities and
adaptation of mammalian physiological and behavioral medsurements. These
experiments will-be paralleled with measurements on laboratory animals.

(a) Investigations are needed to obtain information on the
causes of physiological changes that occur in the space environment. Every
organ system that has been cursorily studied as yet has shown changes as a
result of exposure to the environment within a space craft. It is suspected that
most changes are adaptive. System functions may adjust to a new steady state
which is optional for the new environmental conditions. However, there remains
a possibility that some changes are degenerative.
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Several good programs of study of human organ system functions have
been proposed as studies for an corbiting research laboratory. (Refs. I[~5, II-7,
and JII-8.) These proposed programs are centered about measurements on man.
Experimental studies on causation and mechanisms of homeostatic adjustment
require experimental animals. Primate and other mammals should be used for
investigations paralleling those on man. These animals will also provide the
materials needed for study of general metabolic processes at the tissue and
cellular level.

(b) Psychology. The behavioral performance of man is
very closely related to physiological state, and programs of study have been
proposed (Refs, II-5, II-7, and I1I-9).

There are three important areas of research that should be continued
for the life of STARLAB; these are:

1. Measurement of sensory and psychomotor performance and adapta-
tion. These measurements are related to physiological measurements indicated
above, and should be paralleled with experimental studies on other mammals.

2. Measurement of mental performance and motivation. Widely
recognized and accepted testing measures of behavioral parameters of perfor-
mance and well being shall be used.

3. Social dynamics — Attitudes may be aiffected by prolonged stays
in the STARLAB environment as a result of confinement and limited interper-
sonal reactions. As yet, there are no specific investigations proposed for this
area, but this report recommends that soeial interactions be studied.

(3) Investigations of Earth Organisms in the STARLAB Environ-
ment. The relationship of the biological sciences to earth-orbiting research
laboratories has been studied by the National Academy of Sciences and by the
American Institute of Biological Sciences (Refs. 1I-6 and II-10). There is
considerable disagreement among biclogists concerning the value of such projects
in terms of providing new approaches and knowledge. While many biologists
may question the usefulness of biological research in space, the following quota-
tion should be heeded: 'In any case, I wish to emphasize that our ignorance of
living organization — of how living matter works — is in general so profound,
and our lack of any real theory (in the sense that the physicist uses the term)
so complete, that we cannot afford the luxury, or rather the scientific arrogance,
of insisting that we know the space environment will bring us no surprises. In
short, we cannot afford an arrogance that may cause us to lose the possibility of
major discovery.' (Refs. II-10 and II-11.)
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To make the best use of the STARLAB environment for biological
research, all levels of biotic organization, from micromolecules through
populations, should be studied. Basic studies on the biological adaptations of
organisms, other than man, frequently provide the first clues as to how life
processes adjust to environmental demands. The STARLAB will provide
facilities for programs of investigation on the effects of (1) weightlessness and
(2) freedom from earth geophysical rhythms.

Studies making use of the weightlessness aspect of STARLAB should
have the highest priority. While biologists have considerable knowledge of
gravity sensors in some animals and the adjustment which these organisms
make to gravity, nothing is known of more fundamental adjustments to gravita-
tional forces. The program of investigation of the adaptation of life to gravity
should include:

1. Cellular studies — Cytology, cytogenetics, metabolism, and
biochemistry.
2. Differentiation and morphogenesis — Tissue culture, plant and

animal development, and growth regeneration.

3. Studies of organ function — The adaptive function of the parts of
multicellular plants and animals.

4. Adjustments of organisms — The study of whole organism
responses to weightlessness and varying degrees of gravitational force.

5. Populations — The behavior of organisms and social inferactions
in conditions of weightlessness.

STARLAB also provides a different temporal environment than is found
on earth. Provisions will be made on STARLAB for a program of study of
biological rhythms in the absence of normal earth geophysical rhythms. Bio-
logical rhythms are (1) circadian rhythms and (2) rhythms of other periodi-
cities. Of greatest immediate interest is the investigation of circadian rhythms
which have a period of approximately 24 hours. Experiments can be designed
to monitor activity and other parameters to determine the existence of periodi-
cities and the environmental factors such as radiation, magnetic fields, and
electrostatic fields, as well as the known synchronizing agents, light and
temperature.

2-16



It is likely that there are synergetic actions on living systems in space
that cannot be apparent on earth. The most important ones are, perhaps; the
relationship between weightlessness and noise, or any combination of these.
The effects of these various factors in combination should be studied on living
systems of which the functions are fairly well understood in our earth environ-
ment.

(4) Exobiology. STARLAB will provide for continued surveys of
particles from the near space environment. The exobiological survey will look
for (1) organic compounds, (2) morphological evidence of life, (3) complex
and intermediate biochemicals, (4) evidence of metabolism, (5) evidence of
growth, and (6) evidence of reproduction. These types of experiments are
presently being developed undexr NASA support (Ref. I1-12) and they indicate
the types of experiments that will be conducted in the future. The order in which
the items are listed is the order of probable success of obtaining positive find-
ings. '

By the time STARLAB investigations begin, near space will have been
considerably poliuted by microorganisms that man has lifted into orbit. It
will be of interest to determine (1) the rate of microbial pollution of the exo-
sphere (2) the viability of microbes collected in earth orbit and (3) the rate
at which microbes may be ejected info space.

The problem many people are interested in, however, is detecting life
forms that may not be recognizable to us. Without knowledge of its chemistry,
such life would probably be recognizable on the basis of other characteristics,
principally, morphological. Sampling of microscopic life forms from an earth
orbit depends upon detecting very rare events, none of which may be repeatable;
that is, no two such particles collected may be the same. It would seem advan-
tageous to combine the exobiology survey with the micrometeorite survey and
provide in both surveys for the detection of organic substances; this would also
require that there be provisions for microscopic examinations of particles that
are collected. Exobiology survey collectors should perhaps accompany all
free—flying modules.

(5) Biomedical Technology. The bhasic studies to be done under
conditions of weightlessness are expected to generate technological material
and methods to occupy the facility for its life. The facility for biomedical
technology will develop applications of biochemistry, pharmacy, and medicine
from the basic information obtained from the space station environment.

2-17



The facility will have the additional function of testing equipment and
apparatus which has been developed on earth for use in space. For example,
it is essential that a life support system be designed to remain closed for periods
of 3 to 5 years if man is to explore the interplanetary universe.

¢. Research Facility. One paxt of the life-behavioral research
facility is related to studies on human functiong; a second part has, as its main
function, the provision for research on organisms other than man.

(1) TFacilities for Study fo Human Functions. The medical and
behavioral monitoring of man, and the experimental measurements on human
subjects will be performed by a system similar to the Infegrated Medical and
Behavioral Laboratory Measurement System (IMBLMS) (Ref. II-5). The
IMBLMS concept, developed undexr the direction of the Office of Space Medicine,
Manned Space Flight, NASA Headguarters, proposes a capability for performing
approximately 150 measurements of human behavioral and physiological func-
tions. An emergency rmedical treatment facility is located adjacent to the ‘
medical-behavioral monitoring console. Medical care capabilities must be
sufficient to care for routine ailments. Specific requirements will have to be
determined from the experience obtained from the Apollo Applications Program.
Emergencies of large magnitude must also be provided for, A large air-lock
adjacent to the medical area will provide for critical patient and immobilized
patient care.

(2) TFacilities for Study of Organisms. Experimenial studies in
mammalian physiology require a console designed to perform certain of the
measurements incorporated in the IMBLMS concept on a variety of mammals
other than man. However, the methods and transducers for some studies have
not been perfected.

A console arrangement of instruments will be required for the study of
physiclogical functions of nonmammalian animals and for the study of plant
biology.

The laboratory area must include a work area for technicians which
provides for monitoring all experiments and a work area for experiment setup
and takedown.

Experimenis in the life sciences are to be conducted under atmospheric
conditions equivalent to sea-level ambient atmosphere. The biclogical materials
room is within the same pressure hull. The life support system that is needed
to support life other than man will be separate from the man life support sys-
tem, and its capaeity will be the equivalent of the support for 10 men.
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The biological materials room must be divided into at least four func-
tional areas:

i. A clean room for bacterial and protozoan cultures — constant tem-
perature incubation required.

2. A clean room for cell and tissue culture — constant temperature
incubation required.

3. Plant growth chamber, with enclosed high-intensity lighting and
temperature controls, and provisions for light and temperature cycles,

4. Animal room. -
a. Primate and rodent cages, with air-flow waste removal.

b. Enclosed moist chambers for small terrestrial animals having
permeable surfaces.

c. Enclosed aquaria for fish and aquatic invertebrates, with provi-
sions for circulating, purifying, and aereating water.

A technician work position must be provided in the area of higher atmos-
pheric pressure.

. A large radius centrifuge must be available-to provide for controls for
all experiments on the effects of weightlessness on biological processes. The
proposed centrifuge will have a diameter of approximately 30 feet. Spoke-like
arrangements will provide for different radii and gravitational forces at the
same rate of rotation.

The centrifuge should be designed for long duration running times of 2 to
3 months, for example, as its principal mode of operation. The centrifuge
will be located in the pressure hull with the biological materials room and
access into the centrifuge will be through the biological materials room.

A free-flying module should be available for studies which must avoid

the gravitational perturbations resulting from the normal operation of STARLAB.
This module will dock adjacent to the biological materials room.
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d. Operational Requirements and Considerations

(1) Personnel. The personnel in the life-behavioral sciences
program are identified as technicians apnd secientists, and astronaut selection
procedures should apply to both groups. Technicians are fo be trained to
monitor and maintain experiments and the engineering systems of the module
‘in which they are located. Scientists originate experiments and are onboard to
monitor them. Different disciplines will be represented by the life scientists,
and the optimum combination should be determined by the interaction of STARAD
and the scientific community. It seems preferable to have the scientists
assigned to STARLAB on a research fellowship basis so there will be continual
flux of scientists through the program.

The following table indicates a desirable level of direct involvement with
the experimental program of STARLARB:

Ground Onboard
Physicians 3 1
Life Scientists ig 2
Technicians 18 3

In the early phages of the flight program, the onboard personnel may
consist of only one technician or one physician, but to achieve the most benefit
from STARLAB, the optimum number of personnel should be atfained rapidly.

After STARLAB has been proven as a functional and habitable system,
provisions should be made for scientist passengers to visit STARLAB for
limited times for the purpose of making observations on their specific experi-
ments. While such visits cannot be routine, they should be permitfed to visit
whenever there is good scientific reason.

The functions of the ground scientists are to manage ground experimental
controls and to manage data analysis. Ground-based technicians will be involved
in continued training and class training exercises, and with the continued inte~
gration of experiments into the program of research. :

{2) Shuttle. The mainternance of the life-behavioral science
facility will require approximately 14060 pounds per month for the movement of
experiment packages and supplies. However, the shuttle requivrements cannot
be accurately scheduled until the experiment schedule is programmed. Supply
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earth resource satellites will fly in the near future to test the usefulness of
certain scientific instruments in space environments and their resolution of
earth resources. Some equipment has been used on previous space flights with
excellent results. Other equipment is still in the-development stages, and some
equipment is still conceptual. Within the next few years, highly sophisticated
instruments should be developed for earth resource sensing.

As the year 2000 approaches, the need for additional resources and
careful management of these resources becomes critical for our standard of
living, -as well as our existence. By the year 2000, the population of the United
States will have doubled and demands for raw materials and energy will have
increased exponentially. Pollution of the atmosphere and land will have become
a problem of such proportions that it will be necessary to expend major energy
for the control of this problem. Within this time span, more of our natural
resources will be used than have been used in the entire history of man, and
our appetite for additional resources will be just beginning.

Based on present reserves, the peak of petroleum production will occur
shortly after the year 2000, as will coal production. Technological advances
will prolong this production peak for some time, but certainly we are seeing the
end of the petroleum and coal producing capahility as we know it today. The
other main energy producer is radioactive decay of certain elements. This
promises to supplement power requirements for the present and supplant the
organic fuel requirements sometime after the year 2000. However, at the
present time, we are still far from producing the radicactive minerals
necessary to see us through our needs until the year 2000. A major exploration
program is now in progress for these minerals. Even if we are successful in
attempts to locate new reserves of atomic energy, we are still faced with the
formidable problem of disposing of the radioactive waste material. This prob-
lem may become so acute that atomic power as we know it today is not practical.
The peak of energy derived from water power (rivers) has been reached, but
possibly in the future it will be possible to harness tidal energy for use. We
have hardly explored the use of solar energy and this may well be where the
future energy source is concentrated.

With sufficient cheap, clean energy available, there would be little
problem in existing with a double population, a double or triple resource require-
ment, and an expanding energetic standard of living. With cheap energy, it
would be possible to obtain from almost anywhere on the surface of the earth
the basic raw materials for our industrial requirements. With cheap, clean
energy, blocks of the earth could be set aside for growing feod, and produce
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kits will be designed so that new kits can be fastened into the laboratory facility
structure, and old kits removed for refurbishing.

Whenever possible, experiments in the life-behavioral sciences will
have a modular form; i.e., each experiment will be designed in a package that
is completely automated. These packages will have (1) provisions for power
input for 28 vdec, or powér may be self-contained, and (2) provisions for inputs
for environmental control and regulation, depending upon the requirements of
the experiment. The outputs from the automated experiment package will be
one videcon information output, one output with 6 to 12 channels of analog
voltages from transducers, and another output unit with 10 to 20 channels of
digital signals as in Figure II-1. The automated experiment package will have
provisions for a technician to repair and replace some parts and to make adjust-
ments on the environmental controls. There will also be provisions for the
experimenter, if onboard, to manipulate the experimental material and alter the
experiment. The onboard experimenter may manage or manipulate several
other kinds of experiments in the biological area as requested by onground
investigators. Automated experiment packages will be replaced by shuttle.

YIDECON INFORMATION

POWER
28 YDC

(OR SELF-CONTAINED} —P» g ANALOG SIGNALS
: (6-12 CHANNELS)

EXPERIMENT

ENVIRONMENTAL
CONTROL
AND REGULATION

3y DIGITAL SIGNALS
(10-20 CHANNELS)

FIGURE II-1. SCHEMATIC OF AUTOMATED EXPERIMENT PACKAGE

Earth Resources

a. Purpose and Objectives. The overall objective of NASA's Earth
Resources Survey Program is to develop and implement the science and tech-
nology for surveying and investigating the earth's natural and cultural resources
from space. Presently, several approaches have been undertaken. The ground
testing of many remote sensing devices has been accomplished. These devices
have been flown by aircraft and proven capable for remote surveys. The first
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enough food to feed our population. It is possible to cultivate beneath the sea
and grow sea animals for food needs if there is cheap energy available. How-
ever, we do not have unlimited energy available under our present technology.
The energy available is expensive, produces filth, and is exhaustible. The peak
of energy material production could come before the year 2000 if our need for
energy and that of the rest of the world expands more rapidly than anticipated.

It is unlikely that we will run out of energy sources; however, they become much
more expensive when we go to a different state of technology. The question is
how to obtain this clean, cheap energy. It is'a guestion that cannot be answered
with present technology. As a consegquence, for most of the next generation,

we have to rely on those sources of energy that are presently available and
utilize them for our expanding needs. It will be necessary to increase the
production of the raw energy materials — coal, petroleum, radiocactive elements,
water, etc. )

Energy sources are but one of the many resources needed to maintain
our standard of living, but it is the most important one. Without cheap sources
of energy, we are strapped to locating raw materials which are concentrated
in the crust of the earth. Technological advances should offset this lack of
cheap energy and, consequently, the cost of producing raw materials should
remain about the present level for the immediate future. However, there will
come a time when advances in extractive technology and easily located mineral
deposits will slow down as far as producing the raw materials needed for the
continued population and industrial expansion of the world. Therefore, unless
it is possible to find a source of cheap, clean energy and produce raw materials
from very low grade deposits, we must somehow discover new high-grade ore
deposits very soon if they are to become productive by the end of the century.
As previously mentioned, there is little likelihood that we will have great
amounts of cheap energy; therefore, the only alternative is to begin an active
exploration program for the raw materials upon which we base our economy.
This bas to be a worldwide effort — not only because mineral deposits are
unevenly distributed over the surface of the earth, but because many nations
could trade raw materials for finished U.S. goods and thereby maintain a higher
standard of living. Mining and petroleum companies are undertaking a tremen-
dous exploration program throughout the world, but unfortunately, while there
have been some sensational discoveries, they are not being made at a rate which
will provide the raw minerals needed in the year 2000. These exploration
companies will have to redouble their efforts and use some bold new approaches
for finding these necessary deposits — including the raw cnergy materials we
need so desperately. These new efforts can benefit greatly by remote sensing
from space craft.
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There are many mineral exploration programs which are searching for
the fertilizer minerals which are needed for productive agricultural purposes.
Any new mineral exploration programs for other raw materials would certainly
benefit these endeavors. It seems likely that most of the mineral fertilizers
needed for productive crops and prolonged forest growth can be obtained rela-
tively cheap, at least for the present time; however, the additional problems -
faced in these areas are tremendous. Plants have to have water, they must be
protected from pollution of the air and water as well as additive chemical pollu-
tion, and they must be protected from disease, pests, and fire. There are
many monitoring devices already developed which will greatly aid in the expan-
sion and management of our agricultural and forested areas. Broad land-use
studies can greatly aid in setting aside those land areas which could best be
used for agriculture, forest, recreation, industry, and development. The land-
use studies could be utilized to study soil moisture, erosion, and drainage
surveys as well as offer a means of monitoring the total amount of water avail-
able in an area during any particular time so that irrigation can be more effec-
tively instituted. All these studies will necessitate bold new approaches to land
use and rapid methods of monitoring and evaluating broad areas of the earth
from the standpoint of agricultural and forestry uses.

Man is literally dying in his own filth, and unfortunately he is not able
to effectively police himself; therefore, there should be a policing method for
pollution for the entire world, or at least large segments of the world. There
is a very pressing need for sources of fresh water throughout the world. There
is sufficient water in the ocean for utilization, but the cost of desalinization and
transportation inland is very great. There is need for new methods of locating
and utilizing our fresh water for many parts of the world. It will be necessary
to greatly increase utilization of lands for living and industrial expansion with
more emphasis on total environment and interface with nature. There should
be congideration given to areas for industrial expansion and their relationships
to agricultural, forestry, and living areas. The need for a total environmental
analysis becomes highly significant when it is considered that shortly the popu-
lation will be doubled. A rapid and broad-based input of data is needed now for
planning for this future development. This information can be obtained rapidly
and cheaply by remote earth resource surveys. Less than half the world has
been mapped at a scale which can be used for general functions — geography,
topography, political, vegetation, etc. With international cooperation becoming
so important, there is need for some common ground for setting the boundaries
of countries, the worldwide commodities, topography, and geology. This
requires fairly high precision mapping.
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Over two-thirds of the earth's surface is covered by the oceans. These
areas still have not been completely and accurately mapped. The water bodies;
their currents, depths, animal and plant populations, and subsea activities
should be mapped. There is enough food within the sea to feed a hungry world,
and this animal and plant population should be assessed for this purpose. A
program to conserve and scientifically utilize the plant and animal populations
of the oceans should be initiated now. Agricultural areas for development within
the sea should be set aside within the near future. There is great need to
evaluate possible areas for mineral exploration beneath the sea. The physical
characteristics of these potential mining and petroleum areas should be deter-
mined to commence a utilization program with high potential gain.

Over the past few years, spacecrafl have monitored weather conditions
and have returned a plethora of information to ground receiving stations. There
is, in the developmental and conceptual stages, additional equipment which will -
ultimately allow meteorologists to ascertain the causes of weather patterns on
the earth. These applications should receive high priority in endeavors to plan
for the year 2000 and the needs of an exploding population. Man's standard of
living may be strongly influenced by his ability to predict and utilize to its fullest
the water resources in the atmosphere.

While remote sensing of the earth from orbiting spacecraft is certainly
not a panacea for all these problems, it offers a bold, progressive approach and
a new dimension to efforts to provide man with the necessary energy, raw
materials, and food and water for the future, as well as some protection from
the ravages of his environment and his own pollution. This will allow him to
maintain and improve his living standards.

The following is a general list of experiment areas which can readily
utilize remote sensing from spacecraft. Some of the experiments can only be
accomplished from space; others can be done more rapidly and cheaper from
spacecraft. Under each of the broad topics, there are several experiments
which could be conducted; however, the equipment needed for most of these
experiments is highly versatile and can be utilized in mary experiments as
follows:

i. Mineral deposit exploration.

2. Geologic structures — regional tectonics.
3. Engineering geology.
4

Rock composition.
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10.
11.
12.
13.
14.
15.
6.
17.
18.
19.
20.
21.
22.
23.
24,
25,
26.
27.
28.
29.
30.
31.
32.

Stratigraphy — sedimentation.
Crustal-mantle studies.

Vegetation density.
Grass-brush-timberland interfaces.
Plant species and vigor.

Soil series, temperature, and moisture.
Irrigation water.

Fire detection.

Land use.

Transportation and linkages.
Settlement and population movements.
Resources ufilization.

Climatic conditions.

Air pollution.

Topography, mapping, and geomorphology.
Evapotranspiration.

Rain distribution and infiltration.
Ground water discharge.

Water pollution.

Snow surveying and glaciology.
Effluents of major rivers.

Thermal conditions in ocean.

Sea surface roughness.

Shoals and coastal mapping.
Biological phenomena in ocean.

Ice surveillance in ocean.

Monitoring of volcanoes.

Detection of MASCONS.
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33. Gravity variation studies.

34. Earthquake prediction.

35. Sea-fresh water interface along coasts.
36. Landslide prediction.

37. Sea current mapping.

38. TFlood control.

39. Water inventory of lakes and streams and snow.

b. Experimental Program. The main equipment group will be composed
of a series of sensors with recording equipment for receiving and separating
wavelengths in the electromagnetic field between approximately 10% and 1018 cps
(microwaves to X-rays) (Fig. II-2) (Table I-6) (Ref. II-13). There will be
transmission equipment to direct microwaves to the earth's surface for reflec-
tion measurements. In addition to this sensing equipment, a magnetometer
and a gravimeter should be within or attached to the spacecraft.

Table II-7 lists a few of the possible applications of these instruments.
Table II-8 lists a general comparison of visible light, IR, and radar capabilities
for some remote sensing requirements.

Depending on the resoluticon angi type of data desired, it is possible to
select a microwave-radio wave sensor to obtain the required information
(Fig. II-3) . Microwave-radio wave sensors can be used to obtain data for
mapping, fault detection, vegetation type, topography, soil moisture, rock type,
and stratification (Ref. II-14). At present these sensors are operational, or
in the developmental stage, or are undergoing basic research into their capa-
bilities. The best data now available for remote sensing from space are photog-
raphy (Ref. II-15). However, the ultraviolet, infrared, microwave, and radio-
wave parts of the electromagnetic spectrum have been only recently investigated
for remote sensing of earth resources.

The usefulness of remote sensing equipment, listed below, depends
upon the equipment's ability to sense certain parts of the electromagnetic spee-
trum which can be picked up and interpreted by present day-or future state-of-
the-art equipment. This equipment includes photographic systems, multispectral
sensors, infrared mapping, microwave sensing, laser altimeters, and radar.
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TABLE II-6. ELECTROMAGNETIC SPECTRUM FOR REMOTE SENSING
(Ref. II-13)
Kind of Wavelength Usual Method
Waves {em) Frequency Usual Source of Detection
Gamma Rays 1078 « 10t 3x 10%0 - 3% 1018 Atorme Explostons Fluorescence
Chemical Effect
Tomzation
X-Rays 1077 3x 101 Cathode-Ray, . Sume us Ahove
Impacts Nul Crystals
Ulitraviolet 1078 Ix 108 Disturbances of Fluorescence
Intermediate Chemical Effect
Electrons
Light 39-78 x 10§ | 77-38 % 1013 Disturbance of Eye, Chemical
Valence Electrons Effect, Photo-
detectors
62.28x 107¢ | 47.3x 1018 Laser ’
Infrared 758 x 1074 4,34x% 10" Disturbances of . Thermopile .
to1x 1071 te 300 GHz Atoms and Molecules Bolometer
. (Thermal Sources) Radiometer
31.25 - IR Lasers Photodetectors
270 % 10°¢
1-0.1 30 - 300 GHz Short Osciliations, Diodes
High-Frequency Bolometers
Microwaves Discharge
10-1 3 - 30 GHz Electrical Resonance Solid-State Crystals
in Tuned Circuits, Diodes, Tubes
Thermal Generated
IR, Solid-State
Devices
UHF 100 - 10 300 MHz - 3 GH=z Short Oscillations Electriczl Resonance
Klystrons, Magne- in Tuned Circuits,
trons, Triodes, Dicde Detectors
Solid-State Devices
VHF 1000 - 100 30 - 300 MHz
Radio 10° - 102 30 kHz - 30 MHz Circuits Including Electrical Resonance
Large Capaettors Electromagnetic
and Inductors Induction
VLF 107 - 108 3 - 30 kHz Alternating Current Oscillographs,
Generators, Solid- Diodes, Heterodyne
State Vacuum Tubes Recewver
ELF >107 <3 kHz Alternating Current Oscillographs,

Direct Current

Generators, Sohid-
State, Vacuum Tubes

Diodes, Heterodyne
Receiver
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TABLE II-8. REMOTE SENSOR COMPARISON

Camera | Infrared [ Radar

Day/Night 5 10 10
Haze-Fog Penetration 3 6 10
Cloud Penetration i 2 9
Temperature Discrimination 2 10 i
Suiasurface Detection 4 8 3
Stereo Capability 10 2 3
Accurate Image Representation 9 6 5
Long-Range Capability 7 4 8
Resolution 9 7 5
Interpretability of Imagery 9 6 6
Availability of Equipment 10 4 4
Poor = ¢ Good = 10

{1) Photographic Systems. In the study of earth resources,
ihe camera al present remains the most important recording mechanism. The
frame camera is best suited for mapping functions but requires acourate image
motion compensation to obtain the best resolution potential for the system at
high-orbital velocities. The slit camera, in which the film is moved pasta
narrow slit in the image plane, is automatically compensated for the image
motion problem found with the frame camera, but is susceptible to distortion
of the images when the v/h control of the film speed is misadjusted. In the
panoramic system, the use of rotating mirrors, lenses, and/or prisms permit
horizon-to-horizon photography, overcoming the limitations of wide angle
refraction lens systems (Ref. II-18) .

{2) Multispectral Sensors. In a speciral matching sensor,
the spectral reflections of each resolution element in a scene is observed by
detectors which put this information in electrical form. Real-time signal proc-
essing techniques can be used to determine how well the spectrum of the resolu~
tion elements under observation correlates with the characteristic speciral
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reflectance of the material for which the sensor is searching. By using an
optical-mechanical scanner, the spectrum matching need not be limited to the
photographic region. It need not be limited to the reflected signature and can
include the thermal emission signature. Such an operational sensor would con-
sist of an optical-mechanical line scanner with a single scanning aperture, a
dispersing system, and multiple detectors, each observing at different wave-
lengths the radiation from a resolution element defined by the scanning aperture
The signals from the detectors are transferred into a signal processor which
determines how well the spectrum correlates with the object being sought.
Optical-mechanical scanners have the advantage that the oufput is in electrical
form and can be processed and telemetered in real time (Ref. Ii-16).

(3) Infrared Mapping. In infrared studies, there are three
types of data which can be collected: radiometry, low resolution scanning, and
high resolution scanning. In the radiometry, an optical telescope orientated
toward nadir collects infrared radiation and focuses it upon sensitive surfaces
of the detectors. The detectors convert the radiation into electrical signals,
which are then amplified and displayed or recorded. The infrared radiometer
will serve two distinct purposes. The first is to provide an absolute apparent
temperature profile of the region directly beneath the spacecraft. The radiom-
eter can also provide thermal maps from space with high sensitivity and fire
resolution. The use of low resolution scanning would require two multifaceted
rotating prisms, and could provide TV-type scan of lightly overlapping 28~ by
28-degree frames. This would provide imagery with a high degree of geometri
fidelity, with overlap for redundancy and improved contrast. The low resolu-
tion scanner will produce low resolution, high sensitivity performance. The
angular resolution would be 3 milliradians suitable for oceanographic work.

A high resolution scanner, consisting of a nodding flat rotating prism, would
provide a TV-type scan of slightly overlapping 2. 3- by 2. 3-degree frames.
The high resolution scanner would produce high resolution, high sensitivity
imagery. The angular resolufion would be 0.166 milliradian suitable for
observation of sea-ice and coastal geography (Rei. II-16).

(4) Microwave Sensing. The vse of passive microwave
techniques provide for an all-weather capabilify, small power requirements,
small space requirements, and the obtaining of many interesting effects and
useful data. Microwave radiation originates from several sources: the self-
emission of materials, sky reflections, and muitiple reflections from other
objects. Thus, the radiation measured gives an effective temperature for the
areas or objects being observed. Although the data obtained will be aifected
by several factors, useful information can be obtained if measurements are
carefully taken and properly interpreted.
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{5} Laser Altimelers. Laser altimeters can be operated
only when there is no cloud cover. The cloud occlusions limit the probability
for operating these altimeters to a value of 40 to 60 percent. The altimeter has
a field of view {beamwidth) of 10 seconds of arc and can measure surface
profiles for a very small resolution area of 17. 9 meters in diameter from a
200 n.mi. satellite. The diameter of the receiving aperature for the altimeter
is 1.15 meters.

(8) Radarx. Radar appears to have many useful applications
in space reconnaissance for peacetime applications. Radar, which operates
within the microwave spectrum, has essentially an all~weathex capability com-~
pared fo the IR and visible spectrum. Radar returns are usually less ambiguous
than passive systems since the signal return is a function primarily of the target
reflectance. For passive systems, the return is a function of both reflectance
and emmissivity variables. In general, the active systems can operate with
higher signal-to-noise ratios thus improving the detection capabilifies. Radar
systems would not exhibit any dirunal variations as would most other sensors.
There are algo disadvantages to using radar for space reconnaissance. All
active radar systems require fransmitters; relatively laxrge antennas are required
for good operation. Considering all factors, it is concluded that for some
applications radar sensors do provide the best means of obtaining good data and
thus should be considered for a manned lab (STARLAB).

The earih resources space program will have many effects on the avail~
ability of data and the extensiveness of the data for use in our expanding economy.
Many of the applications proposed for spacecraft could be used on conventional
aircraft or ground observations: however, for many veasons, it is believed that
a manned space earth resources program will be much more fruitful and provide
the much needed bagic data we require for improving our raw material outlook
and evaluating our cultural resources {Table I-9). Badgley, Childs, and Vest
(Ref. 1I-18) have summarized the reasons for doing space observations over
conventional observations ag follows:

i. Fulfillment of requirements for continental area coverage otherwise
unobtainable by available quantity of aircraft,

2. Coverage of remote areas beyond range for practicable aircraft
operalions.

3. Reduced costs (considering repeated coverage) .
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MANNED EARTH RESOURCES PROGRAM (Ref. I1I-17)
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4. Assistance to U. 8. global survey operations without large on-gite
basing support requirements.

5. Relatively vibration—free platforms capable of acquiring high quality
earth surface data,

6. Potentially better quality data of some types than from aireraft
within the atmosphere.

7. Detection on a global basis of broad-scale features not apparent
on high resolution, smaller area photos.

8. Repeated coverage fo detect changing phenomena.
9. Reduced data acquisition time.

10. Wide area coverage to reduce the technical problems of assembly of
broad-secale aircraft mosaics.

1i. For any specific area, the view from space ig far more orthographic
(free from distortion) than from aircraft.

Physical Requirements

The operation of the earth resources laboratory will involve at least
two individuals; an earth scientist and z technician. The scientist will dirsot
the entire program based upon his own knowledge and programs established hy
the ground control.center. The lab will be outfitted with a console which include
a view screen with a zoom telescdpe for direct viewing of the earth's surface
at vax:ying magnificationg., Control for all the sensing devices will be located
on the console (Fig. 1I-4). During daylight hours, the scientist will be care-
fully scanning the earth's surface through the telescope and selecting targets
of opportunity as well as predetermined fargets for sensing. During the dark
hours, his time would be utilized to adjust and maintain equipment, reload
cameras, and plot data. For the laser altimeter, the operator (scientist or
fechnician) will have fo turn the equipment on and off, set the stabilizing plat~
forms for proper orientation, adjust the fine pointing of the receiver for best
data, take earth coordinates to be recorded with the data received, record
height dats from laser altimeter to he recorded with other data, and monitor
the laser altimeter systems to ensure that laser altimeters are operating
correctly. For the radar system, the operator's main function will be to reduce
the data storage requirements or transmission requirements. The radar systemr
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FIGURE Ii-4. EARTH RESOURCES CONSOLE (Ref. II-19)
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will have to be mainfained and calibrated. The operator of the radar equipment
will have to turn it on and off, check returns to see that the antenna is positionec
properly, set signal levels for recording, and make sure that recording of data
is being accomplished., The operator, in the passive microwave systems, will
have to assemble, instzll, and evaluate the system affer the station is in orbit.
He will also have to calibrate the equipment and maintain the electronics. In
infrared sensing, the operator will have to adjust the equipment for uses over
different parts of the earth, calibrate the equipment, and maintain the sensors
and cooling systems. In multispectral systems, the operator will have to main-
tain the equipment and calibrate and select filters for different spectral data.

In the photographic systems, the operator will have to observe the ground and
select targets, load and unload film, record data, and inspect the film which
covers perishable data for rapid transmission to ground stations.

Ground resolution varies greatly with the type of sensor used. In some
applications it is not necessary to have high resolution; for example, a study of
izsostasy would be better accomplished with sensing over a large area at any
one time; whereas, search for an ore deposift would probably require much
greater resolufion (Table IT-10) . Increasing the resgoclution reguirements will
also increase the data rate and consequently careful consideration should be
given to the resolution requirements for each individual experiment. Figure
ii-5 shows the linear ground resolution versus the data rate. A ground swath
of 100 n.mi. and a linear ground resolution of 100 feet would necessitate a data
rate of approximately 10 million bits per second; a 25-foot linear ground reso~
lution would raise the bit rate to almost 100 million bits per second. The high
data rates from all the sensors will necessifate elaborate ground facilities and
analyses for utilization in the field. Data handling will be one of the main
problems of remote sensing from orbiling spacecraft. An entirely new concept
of data handling and distribution on the ground will have to be implemented for
full utilization of the data. Table II-11 is a swmmary of possible events in the
evoluiion of the remote sensing of earth resources from spacecraft.

1. Power: 3500 watls when all equipment is in operation. 2000-watt
average.

2. Weight: 5000 pounds excluding mounts, gimbals, and supplies.
8000 pounds with support equipment, 4000 pounds of supplies.

3. Volume: 400 feet? (instruments only). 2500 feet? total volume.

4, Manhoursg: Maximum 24 manhours; minimum {5 manhours.

24-38



TABLE II-10. NATURAL RESOURCE APPLICATIONS GROUPED BY
RESOLUTION REQUIREMENTS (Ref. II-19)

Spatial
Resoluteon
{1} Agriculture/Forestry Geography Geology Hydrology Oceanography
‘Timber-, Water-, and Population and Cultural Dehlineation of Small Groundwater [hs— Ice Surveillance
Snov e i H
nowline-Studies Studies g!o;:inse,n‘s;n::; 15412:::1: Charge Snow/lce and Tee/Water
Grass, Brush, and Fishing Boat Activities “ ' Subaqueous Integface Studies
‘Fimberland Interfaces Graphie Sequence Features of Lakes
Land Uso Studtes Lithalogie Units Wave Profilet
Densat;
Yeaotation Benaty Yopographic Mapping Soul Compaction II’):T:: 1:: DIfn::::ie ) Shoals and Coastal
Tree Count 1 250 000 and Larger i o, Mappang {Bottom
Seales Slope Statnhty Areas (Rwors, Topography)
Tree Crown Dhameter Lakes, Bays} Y
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TABLE II-11. SUMMARY OF POSSIBLE EVENTS IN THE EARTH RESOURCES SURVEY PROGRAM

Event

1973

1974 | 1975 | 1976

¥-3

Basic Research In the Earth Sciences
(Signature Req'ts, Data User Needs}

Sensor Development

Aircraft Projects

Unmanned Spacecraft R&D Flight

———-—*

Data Management Techniques Development |

Gov't and Commercial

ERTS A Mission
ERTS B Mission
ERTS C Mission
ERTS D Mission

Manned Spacecraft Flights

U.S. Data
g i c

Gemini Photography 1965, 1566

Apollo Photography

Apollo Application Missions

Space Station Missions

Operational Earth Resources Projects

— 4 Camera, Multispectral T

Government
Commercial

Foreign Gov't/U.S. Gov't Cooperation

, Navy s

errain Photography
Workshop Experiments

Gov't
Sponsored

Agr., Get
Hydrolo
lobal Data v &Y
Oceanogrgphy

Detail Land
Use Mapping

MultiDisciplined




5. Cravity: Zero perrzitted — nonvotation capahility.

8. Pointing: Geoceniric with 1 degree in all three axes. For those
experiments needing greater accuracy, a separate platform will be used.

7. Height: 200 n.mi., preferable; 300 n.mi. acceptable.
8. Inclination: 50 to 70 degrees.

9, Constraintg: Film protected from radiation. Cryogenic system
for some sensors. Computer with memory for ship, aircraft, iceberg, ground
control positions, ete. Many ground control stations and sensors needed. Need
4 to b antennas for data receiving and transmission of signals. Small sensor
airlocks. Need extendable arms for magnetometer and grawty gradiometer.
Automated compuiér calibrstion of instruments.

The following is a list of the major equipment needs for an earth
resources laboratory (this excludes electironic, antenna, ete. equipment}:

1. Spectrophotometric camera which is capable of oblaining speciral
data in two selected modes covering the range from 4200 A to 8400 A. Data
will be used in geologic mapping, pollution studies, crop studies, and oceano-
graphic studies.

2. A microwave temperature sounder will be used for tropospheric
gounding data,

3. A dual-channel gcanner is used for identificsiion of {errain features,
crops, soils, shoal mapping, and water pollufion. This instrument will record
in graph’ic: form the terrain radiation as observed simultaneously in the two
speciral bands, 0.6i0 0.7 and 10.90 0 12. 0 1.

4. An elecirical scanner radiometer is used to map the brighiness
temperature of the earth at the chosen wavelength on a giobal scale, and fo
interpret the measurements in terms of their meteorological and geophysieal
significance.

5. A six-channel multispectral photography is an extension of standard
photographic techniques by dividing the visible spectrum into discrete spectral
bands, 1If is to be used in situdies of geology, hydrology, agricuiture, foresiry,
oceanography, and geography.
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6. A metric camera will be used for high precision metric photographs
with time-correlated stellar photographs for precise location. The information
will be used for geodetic and cartographic purposes.

7. An infrared interferometer spectrometer will be used for measure-
ment of temperature profiles, vapor distribution, ozone concentrations, and
minor atmospheric constituent concentrations. Infrared characteristics of
surfaces in the 8- to 12-p region will be obtained.

8. An infrared temperature profile radiometer can be used for obtaining
a three-dimensional temperature field of the earth's atmosphere for meteorologi-
cal observations and for spot temperatures along the orbit path.

9. Radar altimeter scatferometer.

10. Day/night camera system.

11. Coherent radar or synthetic aperture radar will provide high resolu-
tion imagery for geology, agriculture, ete.

12. Incoherent side looking radar has essentially all-weather capability
with adequate resolution for gross mapping.

13. Multispectral tracking telescope.

14, Laser altimeter/scatterometer is used for accurate altitude for a
very small land area. It can be used in conjunction with the metric camera
for accurate topographic maps.

15. High resolution panoramic cameras.

16. Magnetometer,

17. Gravity gradiometer.

Materials Science and Manufacturing Processes

Facilities for research and experimentation embracing an interdiscip-
linary effort in the areas of materials science, manufacturing processes and
technology, and industrial applications are to be provided on board STARLAB.
Utilizing these facilities, studies into materials, materials processing, and
manufacturing processes would be performed leading ultimately to product
manufacturing.
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Basic laboratory equipment and apparatus is provided in STARLAB's
materials science and manufacturing processes facilities based on the philosophy
that, although candidate experiments initiate the research program, the ultimate
direction of studies cannot be predicied at this time. Results derived from
preceding experimental programs, such as the Apollo Applications Program 2
flight, and from future earth~based studies will undoubtedly influence and modify
any proposed program of study.

a. Purpose and Objectives. The objective of the materials science
and manufacturing processes program is (1) to investigate the behavior of
materials and manufacturing processes in space, (2) to establish and evaluate
malterials and manufacturing processes and technology which can be used to
produce products which can be made better ina space environment or cannot
be made on earth, (3) meet a real and significant need of science and/or
industry, and (4) have a value exceeding the cost of processing and transporta-
iion. |

Many possibilities exist to utilize the unigue conditions of the space
environment to investigate materials and manufacturing processes which may
be used to gain information of high scientific and economic value. Three effects
of a zero-gravity environment form the basis for research and experimentation
in materials and manufacturing processes in space (Refs, [I-20, II-21, and
II-22) . These are:

i. Absence of convection currents. (Thermal and mass flow.)
2. Freedom from the need to support materials. (Levitation.)

3. Elimination of gravity flow with atomic and molecular forces
prevailing. {Container, less fluids.)

These effects can be ufilized for materials research in areas involving
high temperatures and transitions between the liquid or gas phase and the solid
state. General areas for research suggested by these effects include studies in:
The liguid state,

Melting and soiidification.
Blending and mixing,

Nucleation and supercooling.

S

Purification.
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Of the three physical states of materials, the liquid state is the least
understood. Considerable enhancement of basic knowledge could be gained
from observations of liquids in a zero-gravity environment. The physics of
liquids in zero gravity has been suggested for study in terms of phase changes, )
surface tension, and dynamics. Natural extensions of the liquid-state studies
would lead to investigations concerned with melting and solidification. The
formation of perfect spheres, solid or hollow, caused by surface tension forces
prevailing in the molten material has been proposed for study (Refs. I1-23 and
Ii-24).

The elimination of gravity forces on materials forms the basis for con-
sideration of studies into blending and mixing materials with widely differing
densities, thus producing new materials (Ref. II-25). Homogeneous multiphase
materials, such as foamed materials (gas/solid) and new composite materials
(solid/solid), could be produced in space.

The elimination of container requirements in a weightless environment
provides the foundation for nucleation and supercooling studies. Without the
restraints of some kind of container, nucleation sites for the formation of
crystals from the melt are drastically reduced or eliminated. New families
of glasses with less tendency to crystallize and/or with modified optical and
chemical properties have been proposed as the result of the elimination of
nucleation sites (Ref. II-26) . Controlled nucleation with seed crystals, along
with the absence of convection currents in zero gravity, has also been proposed
for the production of large single crystals from a‘supercooled sphere of material
(Refs. II-26 and II-27). The absence of convection currents in zero gravity is
expected to reduce the number of dislocations in the single crystals, thus giving
them greater strength and utility. Controlled nucleation in zero gravity.could
also be applied to study unidirectional solidified composite materials.

Since materials in a weightless environment need not be confined to a
container, the pickup of impurities from the container is eliminated. The
ultraclean space environment also eliminates the chance for contamination by
gaseous impurities. The preparation of high-purity materials has therefore
been proposed as a candidate space experiment (Refs. II-28 and I1-29) .

Analytical models and theoretical considerations for the above and other

areas of research in materials science and manufacturing processes in space
are to be found in the literature (Refs. 1I-28, I1-30, I-31, and II-32).
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The current ideas concerning materials processing techniques that take
advantage of the zero-gravity environment of space have been enumerated and
clagsified {Ref. II-33) as: )

1. Levitation melting processes that are not expected to be restricted
by the size or nature of the melt and would be used to produce shapes controlled
by surface tension forces and for the production of cast materials without any
impurity transport, nucleation, or thermal sffects due to containers.

2. Floating zone refining applications in which the size of the molien
zone is not restricted by the weight of the molten material that must be retatned
by surface tension forces.

3. Fragile structures production, such as very thin castings, long
whiskers, membranes, and long, thin extrusions.

4. Production of foamed metals, dispersions, and alloys that cannot
be produced on earth because of large density differences between the compo-
nents.

5. Diffusion — controlled erystal growth from vapors, melts, or
golutions.

The information gained from the proposed areas of study in materials
science and manufacturing processes using the above techniques, would be
expected fo greatly enhance scientific knowledge and provide the basis for the
development of technological applications unigue to a zero-gravity environment.

Three mission objectives for space materials processing have been
proposed {Ref. 11-34). These mission chjectives are:

i. Space maintenance.
2. 8pace-structure manufacture in space.

3. Product manufacture in space.

Initially, the first two mission objectives could be de -emphasized. Buf
one would desire a basic level of investigation in these two areas with later
emphasis coming either when (i) process development has been completed
and it is desired to have long duration independent operation, or (2) commii-
ment has been made to interplanetary travel. These two objectives will be
discussed briefly below.
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The area of product manufacturing in space would have the most imme-
diate payoif and would be the primary mission of materials process development
in space. Attempts would be made to utilize the various properties of the space
environment, which include:

1. Vacuum.
2. Temperature extremes.
3. Radiation.
4. Low gravity.

Although all of these properties can be reproduced on earth, the combina-
tion of the properties in large amounts is difficult and offers a great possibility
for space materials processing. Presently, the main purpose for including the

proposed facilities in STARLAB is to investigate the behavior of materials and
processes in.a zero-gravity environment.

Weunnscher (Ref. I1I-21) has divided processes into three categories:

1. Those which work also in space.
2. Those which work better in space.

3. Those which work only in space.

It is felt that processes in category 1. would only be developed for space opera-
tion as the need arose for repair or assembly. Processes in categories 2. and
3. would be prime candidates for early development. Category 2. processes
offer short-term payoff which will lead to early economic inputs to STARLAB,
Category 3. processes are envisioned as one of the greatest potentials of
space~based research.

Crystal growth is one process which offers possibilities of significant
improvement when done in space. As previously mentioned, levitation reduces
possible nucleation sites and.the absence of convection currents reduces the
number of dislocations. TUtech (Ref. II-35) has given the following six possible
causes for dislocations in single crystals:

1. Introductior from the seed.

2. Externally applied stresses.

3. Stresses of thermal origin.
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4. Concentration gradienis.
5. Condensation of vacancies,

6. Trapping of inclugions.

It is felt that category 1. would be eliminated by levifation in zero
gravity; while categories 3. and 4. would be eliminated because of the lack of
convection currents. Seeds with lower dislocation concentrations are believed
possible if they can be tapered to microscopic dimensions. Another possible
dislocation elimination method would be seedless growth; i.e., forming the
melt into a liguid stream with confrolled cooling from one end. Purificationsof
the raw materials could reduce possible inclusions, thus reducing or eliminating
this cause of diglocations. Supercooling of the melt could reduce the number
of vacancies present at the solidification interface, thus reducing the condensa-
tion of vacancies.

Hollow ball bearings are prime candidates for early product development.
In a zero-gravity environment, a free-floating liguid would be expected to assume
the minimum surface energy configuration; i.e., a sphere. By blow casting, a
molten metal bubble could be formed. In the weightless environment of space,
the bubble would not drain and could be solidified as 2 high precision hollow ball.
Adhesion casting could also be used. In this technigue, a thin spherical shell
is formed around a substrate material wetted by the desired surface material.
These two techniques require information on surface tensions and wettability
and what effect, if any, the space environment may have on them.

The elimination of gravity segregation in space provides another area
for study. Materials will no longer demix. This has application for the manu-
facture of composites from colloidal suspensions. Fibers could be-arranged
in a liguid matrix and thus solidified. Liquid metal foams could he formed and
then solidified to become solid foams. Solutions could be made from metal
systems. The properties of such composites could be studied in terms of
materials as well as particle size and distribution. If has even been proposed
that if the particle size approached atomic dimensions, new metallic systems
with complete homogeneity could be created from previously insoluble compo-—
nents. Such a system would be an ultrafine composite.

~ The above is a brief examination of the possible experiments program
in materials process development.
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In the present space programs, space maintenance is not necessary.
It is bypassed by redundancy, mission abort, or launching new satellites to
continue operation when the original satellite fails. This maintainability may
also be neglected in the development of experimental packages. One could
assume that if a package fails, it is discarded or relurned to earth for main-~
tenance. However, the long-duration laboratory must be maintainable if it is.
to exist. This ability must also be available for long-duration interplanetary
manned flights. In this mode of operation, one would soon have no access to
the friendly earth with its repair facilities. There would be no rapid abort
procedure. For example, a Mars mission reaches the point of no return after
{ hour out of Earth orbit. If the mission is not aborted prior to this time, it
is committed for 600 days; if it is, the abort procedure still requires 14 days.

Space maintenance procedures would require the following capabilities:

1. Repair.
2. Modification.

3. Assembly.

In all three of these areas, the requirements are made for equipment develop-
ment and human factors design. This is to ensure that the tasks required are
within man's capabilities when operating in space. At some future date, one
could envision that communications and earth resources satellites would be
periodically overhauled by the space tug personnel or in a larger space garage
provided at the laboratory.

Containers for satellite hardware could eventually be produced in space.
However, space structures manufacture is a much larger endeavor. It goes
all the way from modular design and assembly to raw materials processing.
The need for space structures manufacture would be created by the desire to
build enclosures for materials processing at the full-scale production level.
Manufacture of a space cage for remote storage or satellite protection and EVA
operation has been proposed (Ref. II-36). An atmospheric shell of glass or
plastic could also enclose one area for a recreational area or for a manned
repair capsule. Structures manufactured in space could facilitate outfitting
of vehicles for interplanetary flight. Finally, one could ship billets of materials
which would be deformed in either the liquid or the plastic state to the desired
shape satellite or to reform micrometeorite protection shields.
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Up to the present time, most proposals for the utilization of space have
been passive in nature, using satellites as observation points to view the earth
and the solar system. Perhaps the truest exploitation of space environment
will come with the development of processes which will produce products of
economic value on earth by utilizing the characteristics provided in the environ-
ment. With this as part of the goal of space-based research, the people of our
nation could envision the space program as not only a technology driver but
also as an eventual direct economic payoff in itself, over and above any spin-
offs developed. As with any other operation in this extremely hostile environ-
ment, materials processing in space will become a reality only by means of
a definite, positive commitment to a program of research and development,
The time for that commitment is now.

b. Description of Operation. A preliminary materials research
program will be undertaken in the early years of STARLAB. Initial studies
should include techniques for handling and manipulating materials, if such
studies have not been undertaken in preceding space programs, and exploratory
experiments leading to a continuing materials science and manufacturing proc-
esses program. Ultimately, this could lead to a program in manufacturing
on board a separate manufacturing satellite.

Initial investigations of candidate experiments for STARLAB will be
conducted on earth to determine the critical effects of weightlessness on the
materials and manufacturing processes to be studied. Criteria can be developed
from such investigations for use in evaluating the feasibility of performing the
candidate experiments in STARLAB. It is the intent of such earth-based studies
to perform theoretical analyses and predictions of the behavior of materials
and manufacturing processes in space, and to analyze each experiment with
respect to potential applications, economic, and scientific value.

The materials science and manufacturing processes research laboratory
of STARLAB provides the facility for an environmentally controlled volume
inside the basic structure of STARLAB and will consist of the following four
segments:

Preparation and mechanical test area,
Experimental area.

i.
2.
3. Display and control consolg systems area.
4,

Storage area.
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Each area is equipped for shirt-sleeve operations, but does not contain any
facilities such as living quarters, eating and sleeping equipment, etc. A floor
plan (Fig. II-6) and an operational flow diagram (Fig. II-7) for the materials
science and manufacturing processes research laboratory are presented.

The preparation and mechanical test area will consist of the necessary
equipment and apparatus for preparing samples of materials prior to experi-
mentation (e.g., mixing, compressing, etc.) and after experimentation for
central analytical laboratory testing (e.g., grinding and polishing, cleaving
erystals, etc.) for such mechanical tests as hardness and tensile, and for
preparing manufacturing processes experiments. For safety and to prevent
contamination of the life-support system of STARLAB, much of the preparatory
work will necessarily have to be done in a glove box or other sealed type of
environment. A full-time technician skilled in the use of the equipment, its
maintenance and repair, would be required for the preparation and mechanical
test area.

The experimental area is the heart of the materials science and manu-
facturing processes laboratory. In this area, the investigations of the effect
of zero gravity on materials and processes will be carried out. The main
equipment housed in the experimental area will be a high temperature furnace
capable of handling a 100-gram sample and equipped with zone-refining and
levitation devices. Vacuum and controlled atmosphere capabilities within the
furnace will be included.

Ports are provided for experiments that are very sensitive to the small
gravitational disturbances that might be caused by crew movements or shuttle
docking operations. Such experiments can be positioned on the outside of the
STARLAB through the ports, allowed to free-fall for the duration of the experi-
mental period, and then retrieved with a serpentuator (Ref. II-37).

The experimental area will be manned full-time by a technician trained
in the operation, maintenance, and repair of the apparatus in the chamber.
The supervisor of work in all areas of the research laboratory will be the
principle investigator or his delegate on board the STARLAB. The principle
investigator will be familiar with the apparatus of the laboratory and may wish
to be his own technician on occasion. However, it is expected that he will be
more concerned with the results of the experiments, observations obtained from
the analytical laboratory, and preparations and modifications of future experi-
ments. The technicians manning the preparation and experimental areas of
the laboratory should be cross-trained to provide variety in their work loads
and to ensure that at least one full-time technician is available in the area
should a shortage in manpower occur on board the STARLAB.
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LEGEND:

A PREPARATION AND MECHANICAL TEST ROOM 4 WORK BENCH

B EXPERIMENTAL AREA ‘ 5 DOCKING PORT

C STORAGE ROOM 6 TEST CHAMBER

D DISPLAY AND CONTROL CONSOLES AREA 7 COOLING SYSTEM
1 SAMPLE PREPARATION APPARATUS 8 STORAGE CABINETS
2 MECHANICAL TESTING EQUIPMENT g TV,‘ SENSOR, CONTROL, A}
3 METALLOGRAFH AND MICROSCOFES COMMUNICATIONS CONSOL

FIGURE II-6. FLOOR PLAN FOR MATERIALS SCIENCE
AND MANUFACTURING PROCESSES LABORATORY
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The experimental area will originally contain two identical up-dated
versions of the materials processing chamber. They would contain three sets
of induction coils for position control of lignid conductors or metallic containers
of nonconductors. Gas jet pairs would also be available for leveitation of non-
conductors, Heating would be provided by one set of the coils to a level of
2 kwh during the melting cycle. Heating of nonconductors would be accomplished
by thermal conduction through the container or heated gases.

The interior wall of the melting chamber would be designed to minimize
therma) radiation losses from the melt. The most likely candidate materials
are polished gold or zinc. This radiation shield would be made of sectors of a
sphere so that it could be opened to allow drawing of thin films or crystais or
for the removal of the melf sample. Moverent to the cooling chamber could
be effected by the position control mechanism, pulses electromagnetic fields,
or adhesion flow. The appropriate method would be used dependent upon the
experiment and the material being investigated. Primary cooling devices would
be a cold wall with high absorptivity, cold gases, and thermal conduction across
the solid-liquid interface. These would again be used as appropriate. The
chambers would be vented to a clean vacuum to utilize this environment capa-
bility. They would also be able o support high pressure work with atmospheres
of varied gas composition. Electrostatic work benches would be provided for
minor repairs and preparation of experiments.

- In the early work, all experiments would be suitcase type with the
technician only mounting them in the chamber, thus initiating their work and
monitoring the resulis remotely. Early experiments would make small samples
which would be packaged individually for return to earth or carried to the
analytical lab. Prototype development would include winding of longer filaments
and films for shipment back to earth. Later experiments would require modi-
fications to control parameters and insertion of new heating, moving, and cool-
ing devices. These would be modules which again could be inserted or mounted
in the chamber with ease.

The materials science and manufacturing processes laboratory would
have access to a docking port. It could be used for loading experiments and
raw materials and in later years for docking of free-flying process development
modules. However, its main purpose would he to provide access to the exterior
of the space vehicle. Several serpentuators would be mounted exterior to the
port. They would be used to remove process chambers to cleaner vacuum than
is available at the surface of the ship, to place chambers on the orbit path, or
to launch and dock free flights of short duration for the process chamber. This
free flight would be useful in reducing the level of gravity from that of a 35-man
space lab to that of free space, about 3 to 5 orders of magnitude.
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Special safety measures will have to be included in the experimental
area of the materials science and manufacturing process laboratory. As noted
above, safety precautions for the preparation area are designed to prevent
contamination of the life-support system during handling and processing of
materials. Precautions against contamination of the life-support system of
STARLAB by experiments in the experimental area must also be taken. Adequate
exhaust venting to the outside of STARLAB is recommmended. In the experimental
area of the laboratory, the furnace area is of prime concern. Sample sizes
should be limited in size and adequate thermal and explosion-proof shielding
should enclose the furnace area. Safety considerations may require that each
process chamber be enclosed in its own room when in operation. This would
allow work to proceed on other chambers and has been provided for by remote
monitoring of all experiments in a monitor room. Of course, any tools found
to be needed during experimentation or maintenance should be carefully attended
and kept from floating about the laboratory. An electrostatic zero-gravity work
bench (Ref. II-38) has been proposed to help eliminate the problem of free-
floating tools.

All experiments will be monitored by high-resolution television as well
as having the necessary data output sensors. For this reason, a display and
control console systems room is provided with 2 TV console, a data output
console, and a control console for each process chamber. Space will be pro-
vided for the addition of more consoles in this area as they are needed.

The storage area of the materials science and manufacturing processes
laboratory will operate as the warehouse for the materials brought to the labora-
tory by the space shuttle; i.e., raw test materials and new equipment and parts
prior to assembly of experiments. Finished test materials, sample products,
and any equipment to be returned to earth will also be stored in the storage
area. No separate manning requirements for this area are anticipated and
very little power will be required in the storage area.

The philosophy of the materials science and manufacturing process
laboratory design is to provide facilities for a broad spectrum of initial experi-
ments and maintain sufficient flexiblity for future experiments which may arise
from a spin-off of the initial experiments or from original innovation. Rigid
plans may facilitate design of space equipment but they can stifle innovation;
therefore, an approach has been developed which provides concepts structured
sufficiently for initial planning but flexible enough to permit change, individual
participation, and contribution.
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Original candidate experiments are now conceived as being primarily
of the suifcase type. In this concept the experiment is sent fo the space labora-
tory in a condition such that only plug=-in connections are required and only
minor monitoring is expected by onboard personnel.

¢. Candidate Experiments. The following is a brief listing of candidate
experiments in materials science proposed for initial study on board STARLAB:

i. Compact powders of widely differing densities, mell viscosities,
and surface lensions to study infiltration, agglomeration, and dispersion rates.

2. Grow metallic and organometallic single crystal whiskers by vapor
sublimation to obtain larger whiskers.

3. Grow complex dispersion-strengthened alloy crystals to study
diffusion of vacancies and dispersed particles, dislocations, and strength.

4. Grow Group IHI-IV compound crystals by solution methods to obtain
larger chips for circuit bases and spherical shapes for manufacture of 4TT
emitters.

5. Grow dispersed phase nickel alloy crystals for sonar transducers.

6. Grow ferrite crystals by solution and glassy flux methods to obtain
larger ferrites,

7. Supercool materials which normally crystallize to produce new
glasses with modified optical and chemical properties.

d. Physical Requirements. A series of factors must be congidered
for the design of the materials science and manufacturing processes research
facilities to establish the physical requirements of the Iaharatorv. These
factors include:

i. Heating methods and control systems.

2. Materials-handling techniques.

3. Thermodynamics of heat transfer,

4. Total power requirements.
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5. Vacuum venting and control systems.
6. Gas pressurization and control systems.

7. Instrumentation for monitoring experiments and collecting experi-
mental data.

8. Packaging constraints imposed by fixed vehicle interfaces.

An indication of the physical requirements of the research laboratory
is given by the information in Table II-12 which illustrates the set of apparatus
that might be used in a typical materials science experiment. The total power
would be required only during peak operation; i.e., when all equipment is in
operation. The experiment would require the full-time use of one technician
to set up, perform, and monitor the experiment.

e. Equipment List. Due to a commonality of invisioned equipment for
work in the areas of materials science and manufacturing processes, a single
combined research area for the two will be on board STARLAB.

The equipment and aﬁparatus of the research facility will contain a
selection of heat sources with temperature control, provisions for controlled
cooling, instrumentation, and capabilities for material positioning, handling,
and testing. Preparation and storage facilities will be included in the research
area. Information display and control consoles will be within easy reach of the
researchers working in the area.

Based upon current considerations and projected expectations, the equip-
ment to be housed in the materials science and manufacturing processes labora-
tory will include:

i. Heating equipment and controls, 3000°F.

a. Induction.
b. Electrical resistance.

Electron beam.

Q

o

Solar.

e. Miscellaneous.

3. Controlled atmosphere (H,, O,, N,, He, A) and vacuum chamber.
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TABLE 1I-12. PHYSICAL REQUIREMENTS FOR A TYPICAL
CANDIDATE MATERIALS SCIENCE EXPERIMENT

Power Weight Volume Gravity
(W) (1b) (£t%) (g) Miscellaneous
Furnace 300 25 10 108 i. For 100 g
3000°F Sample
2. Vacuum &
Atmosphere
Zone 300 25 10 107¢ 1. Built Into
Refiner Furnace
2. Vacuum &
Atmosphere
Levitation 100 25 10 1078 1. Built Into
Device Furnace
2. Vacuum &
Atmosphere
Quench 0 100 2 Liquid
Tank Containment
Bench 0 25 5
Specimen 20 200 20 Contamination
Preparation Control
Desk
Hardness 0 20 1
Tester
Tensile 20 200 2
Tester
Miecroscope, 2 i0 i
Optical
Totals 742 630 41
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Levitation devices and controls.

Zone-refining equipment and controls.

Quenching facilities.

Work bench.,

Liguid and gas pumping equipment..

Crucibles.

a. Thermocouples.
b. Thermistors.

c. Potentiomelers,
d. Miscellaneous.

Equipment within the preparation area of the research laboratory would
include some mechanical test equipment. The area will include:

1.

Specimen preparation desk.

a
b.

0

d.

e.

Cleaners, slicers, and shears.
Grinders and polishers.
Presses.

Mixers and blenders.

Miscellaneous.

Hardness tester, diamond Tukon.

Tensgile tester.

Optical microscope (transmitting, reflecting, and polarizing).

Metallograph.

Dilatometer.
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7. Storage facilities for:
a. Raw maferials.
b. Equipment and parts supply.

c. TFinished experimental test materials.

thsics

a. Purpose and Objectives. The purpose of this laboratory is to
provide the means of physics research in the environment of the outer space.
The properties of the space environment pertinent to the research in physics
are: zero-g, clean high vacuum, low temperature, weak magnetic fields,
freedom from the absorption, distortion and noise of the earth's almosphere,
and proximity to the outer cosmos. The experiments proposed for this labora-
tory can be classified as either experiments which can be done only in the space
environment or experiments which can be done better in the space environment.
The results of these experiments will yield useful information pertinent to the
understanding of the physical laws of the universe,

b. Description. The ‘physics éxperiments described in this section
are restricted to (1) basic particles, (2) gravitation, and (3) relativity.

(1) Gravitation and Relativity Experiments. Because of precige
height sensor and gradiometer afford prospects for measuring a host of signifi-
cant physical parameters of the earth, these instruments should be developed;
these could be incorporated in the future space station-(Ref. 1I-39). Since the
experiments must be free from any moving disturbance, a free-flying module
may be advantageous. Some representative experiments are described below.

(2) Basic Particle Experiments. The objectives of these experi-
ments would be to record, define, and determine the characteristics of particles
in space and their interaction with the earth. The ultimate goal being to deter~
mine the origin of and predict the future behavior of such particles. These will
include initial experiments in micrometeoroids, cosmic rays, aurora, airglow,
zodiacel light, and spacecraft contamination.

Experiments in the fields of particle—earth interaction, i.e., auroras,
airglow, zodiacal light, etc., will probably be completed by the time the space
station ie launched in 1975-1980. However, research in micrometeoroids and
cosmic rays will continue in the space station. Since the instruments needed
for detection and measurements of these particles need special pointing direction
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and orhit, a separate free-flying module is recommended for this laboratory.
Provision must be made in the STARLAB for life support for an astrophysicist
and storage of basic supplies and instruments. In addition, there must be a
provision for periodical docking of the module adjacent to the physics laboratory
for servicing. Only periodic atiendance of a man is necessary. The power
needed for the instruments aboard the module will be supplied by a power system
aboard the medule.

¢, Physical Requirements. Approximately 120C cubic feet will be
available in the general laboratory for a physics laboratory in addition to the
free~flying module discussed above.

The basic physics laboratory will include two airlocks with a boom for
extension and retraction of cameras and collecting devices on the outside of
the space station. This will serve many future experiments requiring external
access from the space laboratory. Equipment and manned requirements are
given in Table II-13, manned requirements are given in Table I-14, and
preliminary desighs for the physics and cosmic-ray laboratories are shown in
Figures I1-8 and 1I-9.

TABLE 1I-13. EQUIPMENT REQUIREMENTS — PHYSICS LAB

Weight | Volume
Ttem (1b) (%) Power

Cosmic Ray Module 30 000 9000 3 kw
(Includes Ionizatner
Spectrograph, Cryogenic
Refrig., 4 Experimental
Bags, Film)

Physics Airlock Experiments

Cameras 90 2 1 8-131w

Boom (Common to All) 227 i 135 w (for 0.5 min)
~10w

Film i6 2

Canisters i5 2

Mass Spectrograph 9 0.3 24 w — Ave,
36 w — Mak.

Coronagraph 27 2.0
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TABLE @I-14. MANNED REQUIREMENTS — PHYSICS LAB

Physical Airlock Experiments

Preparation — Assembly of Components to Boom Head,
Deployment and Initial Pointing of Experiments

Retrieval - Retraction of Boom, Removal of Compodnents
from Boom Head, Recovery of Film, and
Development and Storage

Crew Skills — No Special Requirements; Time of Approx.

15 Min/Day

Cosmic-Ray Laboratory

Preparation — Deployment of Experiments by a Nonphysics
Man — 15 Man-Days

Operation - Primary Responsibility for Operation Should be
a Physicist; Less Highly Trained Man for
Routine Monitoring of Experiments —
Total 1 Hr/Day

d. Experiments

(1) Gravitation and Relativity. The following are some repre-
sentative experiments of gravitation and relativity. The complete description
of these experiments can be found in the NASA document "Manned Space Flight
Experiment Catalogue! from their corresponding numbers.

Gravitation

1. EJ047{ — Gravitational mass sensing device.

2. EJ0453 — Liquid mass density under low g.

3. EJ0486 — Zero g and flammability.

4, EJ0558 -— Chemical reaction in zero-g combustion.
Relativity

EJ0764 — Orbiting maser relativity test.
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(2} Basic Particles. These experiments can be classified in
two categories based upon their time duration.

i. Group 8 — Experiments that will last a short duration (up to
several months) .

Coronograph contamination measurement.

a
b. Contamination measurements.

e

Environmental composition.
d. Ultraviclet airglow horizon photography.
e. Geneschein/zodiacal light.
2. Group C — Experiments that will operate contmuously during
most of the life of the space station.

a. Micrometeoroid collections.

b. Cosmic-ray investigations.
Chemistry

a. Purpose and Objectives. It is apparent that the laws of physics
and chemistry apply in space as well as on earth. A rocket does fly in space,
hydrogen and oxygen do combine to form water, and astronauts digest their
food and give rise thereby to other physical problems.

One of the most fundamental concepts in physical science is that of
equilibrium. As an example, one could cite that between NyOQ4 and NO,
{Ref. II-40):

N204 = 2N02 AH = + 14.6 keal

At 25°C, the point of equilibrium, as indicated by a Kp value of

0.141, is 18.5 percent to the right. If the volume of the equilibrium system
were decreased (at constant temperature)}, the point of equilibrium would be
shifted to the left and the equilibrium mixture would contain a lesser percentage
of NO, in accordance with Le Chatelier's principle.
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Now the question is, would the same shift in equilibrium occur under
conditions of zero-g? One can give the ready answer — yes — and defend such
a view admirably using many earthly principles. Yetf, when the principles of
thermodynamics and equilibrium were worked out, no one could conceive a
system under any but one g, and so the constancy of g was never in question.

In certain phenomena, such ‘as those in which the weight of a substance
is a factor, the effect of g may be evident. But in others, the effect of g may
be more subtle, a second-order factor whose effect was unconceivable fo a

mind having always lived in the ocean of gravity.

Thus, for example, the decalcification of bone in space might be merely
due to a change in solubility of calcium phosphate under the condition of zero
gravity — a direct change in solubility or one induced by a change in pH of the
blood (Ref. -12). Such postulates, simple in thought and in execution, are
prime experimental areas for investigation under zero gravity. Further, the
major alteration in the properties of a pure substance occur with the first minute
addition of a‘foreign material. Thus, the properties of pure water are changed
markedly, by a quantum jump, by the addition of a minute amount of an electro-
lyte. Thereafter, additional electrolyte causes but a uniform variation in
properties. Similarly, the properties of a system may be changed by the addi-
tion of only a small amount of gravity; variation of gravity thereafter may result
in only an imperceptible change in properties. Therefore, it is to be expected
that any major change in the properties of matter with gravity will be most
evident in values of g around zero or only slightly above that. Furthermore,
chemical processes are of the type that even slight improvements in the overall
yield or rate of a chemical process may mean large economic returns (Ref.
11-41).

The effect of gravity upon the nature and kinetics of chemical reaction
is not readily apparent. One view is that the forces involved in chemical
bonding are so large in comparison to the force of gravity that any effect of g
is quite negligible and hence no change should be expected under conditions of
zero gravity. A contrary view is that gravity is a hidden variable which has so
far been ignored because of its all pervading presence on earth and its obvious
constancy at any one place on a chemical bench, so that experimental results.
are truly a projection or section through an infinite continuum of results which
depend upon the value of g. In this view, even the values of the thermodynamic
variables might be subject to variation'with g.
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If we consider a system in equilibrium, such as the N,0, = 2NO; equilib-
riwm, and if a variation in the value of g affects both sides of the equation equally
(or not at all), then no shift in the point of equilibrium is to be expected under
zero gravity. But if one side of the equilibrium is affected differently from the
other by a change in g, there should be an observable change in the point of
equilibrimm, :

It is also possible that the activation energy for a chemical reaction will
be affected by a change in g so that the kinetics, rate and mechanism, of a
chemical reaction would change. Such change might best be discovered by an
investigation of catalyzed reactions.

From a practical point of view, gaseous reactions might be easiest to
follow under zero gravity. Where a gaseous reaction is concerned, homogeneous
or one involving a solid catalyst, no experimental difficulty is anticipated inas-
much as a gas shouid fill its container completely and uniformly through kinetic
energy diffusion. Such experiments can probably be set up in space with con-
ventional equipment and glassware. Reactions with liquids will pose some
difficulty inasmuch as liquid media are not readily poured in space and may have
a tendency to break apart info separate aggregates, in the form of suspended
droplets, especially if mixing or shaking is required. To minimize drop-
forming of a liquid during a reaction, the reaction container should be filled
completely, or almost completely, to leave as little void space as possible.

In many cases it may be necessary to package the experiment.on earth.

Chemistry is certainly a candidate for the design of an experimental
program to be considered in the space program because chemistry has at least
three areas that can benefit from chemisiry in space.

b. ZIxploration and-Discovery. As in any type of science, man's
natural curiosity becomes the stimulus for the searching for new ideas. New
and unusual states of matter may be discovered (e.g., block holes in space,
lunar glass beads, lunar mascons, efc.). Some new hints as to the distribution
of the chemical elements will certainly be helpful to cosmology.

This area goes constantly forward even on earth as evidenced by the
recent discovery of a previously unsuspected new state of that famous chemical,
water, called polywater (Ref. 11-42).

All sciences are equally entitled to opportunities for discovery and
exploration; hence, chemistry should be considered in space.
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¢. A New Way for Solving Old Problems. In recent decades, chemical
research has been governed quite strongly by advances in instrumentation. As
each new instrument or technique that has a chemical aspect to it comes forth,
a new wave of studies and researches occurs that essentially provides concepts,
processes, or materials that will eventually be developed into consumable

products.

Hence, chemistry undergoes the "fad" phenomena. The author submits
that the space environment is also an immensely powerful and useful "fad" to
attack anew the older outstanding-and stubborn problems. Molecular beam
studies of intermolecular forces (Ref. 1I-43) and chemical kinetics {Ref. 11-44)
can be quite easily adapted to the space environment. In fact, these studies
ean be done much better in space than on earth. Presumably they may even
generate new and unique scattering studies. .

The removal of convection via zero g undoubtedly will simplify the
analysis of transport phenomena in the space setting. The study of compressi-
bility near the critical state and at zero g will have a profound effect upon sta-
tistical thermodynamics of liquids (Ref. 1I-43).

d. Chemical Economics. The final area which supports chemisiry's
bid for a role in space is the economics of chemistry. Chemistry and chemical
products play a very important role in our economy. Table II-15 shows that
chemical sales are large and permeate our society thoroughly.

TABLE Ii-15. CHEMICAL SALES AND THE
GROSS NATIONAL PRODUCT (GNP) (Ref. Ii-46)

Chemical Sales GNP

Year ($B) GNP | (%)

1965 40 680 5.9

1969 b6 380 6.4

1973 75 1180 6.4
$1B = 1 x 10° $
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Most of our industries depend guite heavily upon developmentis in new
materials. New and superior materials could be fabricated in space (Refs.
1I-47 and 11-48).

Hence, one sees from the above arguments that chemistry is a science
that has a place in the space environment. Upon first examination, one guesses
that chemistry does not have the "earth-shaking" or "dazzling" type of experi-
ments, and the days for these "dandies™ are not necessarily coming to an end.
As space becomes more and more available to other levels of priority, chemis-
try will be there. If one does not take a closed-minded point of view, chemis-
try may reveal some real "dazzlers" also.

This does nof mean to say that chemisiry is not in the space effort. On
the contrary, one finds quite a bit of chemistry in the space effort:
Propellants.

Life support atmogpheres.

Meteorite shields.

Space suils.

Seals; gaskets, and insulation.

Power supplies (batieries and fuel cells).

Acihesives .

éo:-qmmppucomw

Paints and coatings.

The above-given rational on the other hand is stating o case for the study of
chemistry in space.

e. Description of Operation. To accomplish the chemical mission of
STARLAB, the laboratory design of Figures 1I-10a and II-10b is proposed.
An artist's sketch is shown in Figure Ii-10¢. Instruments will be located on the
"floor' and "'ceiling" of cne section of STARLAB. Instrument sites, on which
the various instruments will be placed, will allernate with bench sifes, at which
utilities and working space will be available to the experimenter. On one level
there will be 10 such instrument sites, 8 bench sites, 4 sifes for storage of
chemicals and small apparatus, and 2 openings for access o the annular space
behind the instruments. The reaction handlers wiil be stored around the central
shaft and "chairs'' capable of attachment to the floor or ceiling will be available
for the éxperimenter.
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FIGURE II-10a. CHEMISTRY LABORATORY (Floor Plan)
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The upper level of instruments will be much the same as the lower
level with alternating utility benches and instrument sites.

On this level will be six experimental sites for reaction chambers, one
for combustion chemistry, two for optical apparatus such as visual microscope,
polarimeter, Abbe refractometer, one for X-ray diffraction apparatus, and one
for electron microscope. This totals 10 fixed instrumental sites. In addition
there will be eight work bench sites, some of which will be used for necessary
small laboratory apparatus; e.g., freezing point depression apparatus,
electronic test equipment, melting point determination, distillation, etc. Also
there will be two sites for access to the annular space at positions 8 and 16, and

storage areas adjacent at positions 7 and 9, and 15 and 17. This totals 24 sites
on the lower level.

FIGURE II-10b. CHEMISTRY LABORATORY (Side View)
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CHEMISTRY LABORATORY

FIGURE II-10c. ARTIST'S CONCEPTION OF CHEMISTRY LABORATORY
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On one level, floor or ceiling, the typical instruments to be placed could
be the following:

i.

2.

10.

Gas chromatograph (also liquid chromatograph) .
Infrared spectrophotometer.

Visible and ultraviolet spectrotometer, with fluorescence attachment.
Nuclear magnetic resonance spectrometer.

Mass spectrometer.

a. Time of flight.

b. Quadrupole.

c. Electric field focus.

Emission spectrograph.

Electron spin resonance apparatus.

Molecular beam apparatus.

Electrolysis and polarography equipment.

Radioactivity detectors and scalers; isotopic sources.

In addition there should be available, possibly on the other level, the

foilowing:

i.

A weighing facility capable of weighing 0- to 20-g size samples to the

nearest 0.01 mg. This will require a definite technological development by the
1975-1985 time frame.

2.

A combustion chamber which would also serve as an organic hydro-

genation chamber and perhaps as a calorimeter.

3.

4.

A laser station.

A small centrifuge.
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5. An optical station, to include visual microscopes and a small
electromicroscope.

6. An optical apparatus, such as light scattering equipment, nephelom-
eter, Abbe refractometer, and a polarimeter,

7. A Mosshauer spectrometer.

8. An electrical test apparatus including a Wheatstone bridge or an
A.C. conductance bridge, vacuum tube voltmeter.

9. Low energy electron diffraction apparatus.

10. Temperature bath, heating mantels, drying oven, muffle furnaces,
a water till, thermistors, pressure transducers, etc.

All studies aboard STARLAB can be accomplished in three types of
explosion proof handling containers or reaction vessels (Fig. II-11) which,
utilizing interconnections, can effect experiments concerning:

Gas phase reactiions.
Liquid phase reactions.
Solid phase reactions.
Gas-liquid reactions.

Gas-solid reactions.

g b W N

Liquid-solid reactions.

The latter three categories are made possible by connections between the
handlers. These can be interconnected and also individually force-flushed by
the STARTAB integral vent system. A possible mode of storage for the handlers
is circumferentially around the central passageway from which they would be
removeable when needed. Two extra handlers should be available as backup

support.

In the last analysis, these viewpoints can be resolved only by experi-
ment. Therefore, in the belief that it is experiment which gives rise to new
theory and only rarely does fundamental theory arise without root in experi-
mentation, the following experiments were selected as prime candidates to be
done aboard the space laboratory. The following four criteria were used in
choosing these experiments:
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FIGURE II-i1. HANDLING CONTAINER
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1. Experiments which offered most promise in showing differences
between one-g and zero-g behavior. These include surface properties; e.g.,
vapor pressure, surface tension, and colloidal properties; also, heat transfer
and diffusion. '

2. Experiments which dealt with fundamental properties of matter in
bulk; e.g., boiling, condensation, chromatography, and crystallization.

3. Experiments which couid be done with the simplest of equipment.
For instance, if it were necessary, test tubes alone could be used for experi-
ments in solubility.

4. Experiments which might have an immediate economic impact,
such as the separation of aldehydes and ketones in essential oils.

The list of experiments recommended could be endless — if one wished
to repeat every known chemical experiment under zero g. But only sufficient
experiments to fulfill a 2-year period are given below. It is felt that the results
obtained in these fundamental experiments would initiate, as in all research
programs, a subsequent branching out which would readily fulfill a 10-year
program. The program should begin with fundamental studies and essentially
cover the entire domain of chemical and related physical phenomena.

f. Experimental Program.

(1) The Dénsity of Water. Water is undoubtedly the most impor-
tant chemical on earth, both in the human body and industry. Indeed, many
properties of matter use water as a comparative standard; e.g., specific
gravity, specific heat, various temperature scales, etec.

It appears therefore that a first effort should be made to determine
whether the values for the physical properties of water are the same under
conditions of zero gravity as they are under normal gravity.

A simple property to investigate and one which shows some promise
of a possible change is the density of liguid water. An Ostwald-Sprengel pyc-
nometer can be filled to mark on earth at a given temperature and sealed, and
then taken into orbit under zero gravity (Ref. 11-49). Since

mags

demsity = Foi e
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and since the mass of the water is unchanged by its transport to space, and if it
is assumed that any volume change of the solid glass pycnometer (Fig. I1-12)
will be negligible at constant temperature, any deviation from the original
marks in the pycnometer can be attributed to a change in the density of water.
The capillary arms of the pycnometer can be calibrated to give a quantitative
value for a change in density. The experiment should be done at several tem-
peratures.

One would expect the density of
- q a solid to be unaffected by zero gravity
-p but the density of a gas might so change
and any such variation with temperature
CALIBRATIONS and pressure should be ascertained.
ON CAPILLARY ‘

: (2) RBehavior of Aerosocls
and Bubbles. The following are to be
investigated under conditions of zero
gravity:
k= CAPILLARY

1. The movement of aerosol
particles, both solid and liquid.

2. The coalescence of aerosol
particles.

3. The form;a.tion and movement
) of bubbles of gas in a liguid medium and
FIGURE 11-12. PYCNOMETER of soap bubbles in a gaseous medium.

The movement of these particles and bubbles will be governed solely by
diffusion through collision with surrounding molecules, a type of Brownian
movement. Experiments are fo be done at several temperatures; they are to
be followed both visually and photographically.

The apparatus to be used is simple. For 1. and 2. above, an atomizer
will spray droplets of various liquids
and of various sizes into a container.
For 3. above, an assembly of fine °© o o
nozzles (much like some garden sprays (S\JL«/&

(-] o -]

or a gas burner) through which a gas ~at— |NLET
can pe forced, will produce a train of )
bubbles in a liquid (Fig. [I-13). FIGURE II-13. ATOMIZER

2-77



(3) Crystallization and Solubility. The growth of crystals is
important to the physicist and the metallurgist. They generally deal with high
temperature crystallization from a melt. However, the chemist has means of
preparing crystals in a simple manner at room temperature; precipitation by
chemical reaction and crystallization from a saturated solution are two such
techniques. These methods, used under zero gravity, may yield insight to the
nature of crystal formation and solubility.

(a) Supersaturation. Crystallization is to be accomplished
by adding a seed crystal to a supersaturated solution, preferably one not tco
highly supersaturated. This experiment can be done at room temperature. “The
rate of crystalline growth is to be measured. Temperature measurements are
to be made with time to observe any temperature overshoot in convection-force
crystallization.

In the experiment above and in subsequent experiments where solids are
formed, the crystals are to be subjected to microscopic examination and to
X-ray diffraction analysis.

(b) Precipitation. By ordinary chemical means, the slightly
soluble salts, silver chloride, zinc sulphide, and calcium carbonate are to be
precipitated. The solubility of each is to be determined. Precipitation should
be done with and without mixing. Without mixing, the precipitate will not
ngettle' and precipitation will occur only at the interface of the mixing liguids.

(¢) Diamonds. Carbon is soluble in molten iron. When
carbon is crystallized from molten iron, small diamonds may be produced
throughout the mixture (Moissan's and General Electric's methods) (Ref. I-4
and I[-5). Under zero gravity, nucleation may occur at fewer centers rather
than be scattered throughout the mass. This would result in larger diamonds
from a given weight of carbon. Induction heating and levitation of the iron may

be feasible.

(d) Solubility in General. Both the solubility and the rate
of solution as a function of temperature for inorganic salts, such as potassium
nitrate and sodivm chloride, are to be determined with and without mixing.
Without mixing, solution will be due solely to a concentration gradient and
molecular collision.
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{e) Distribution Between Immiscible Solvents. The distri-
bution coefficient of a solute between two immiscible solvents is to be determined;
e.g., lodine between water and carbon tetrachloride, caffeine between water
and an organic solvent, and silver between zinc and lead. These data would be
of value in the extraction of organic products and in metallurgy; e.g., the extrac--
tion of silver in the Parkes Process.

(4) Boiling and Condensation. The purpose of thig group of
experiments is to investigate liguid-vapor equilibria under conditions of zero
gravity.

The specific subjects to be considered are discussed in the paragraphs
below,

(a) The Nature of Heat Transfer. In the absence of con~
vection currents due to no gravity gradient, heat transfer should take place
solely by molecular collision alone (excluding radiation which should be minimal
within the body of a liquid at low temperatures). Under these circumstances
it may be that a liquid acts as an insulator for heat. The experiment should be
done while the liquid is static and is being mixed.

(b} The Nature of Bubble Formation. In the absence of
gravity, the bubbles should not rise once they are formed but should move about
solely due to molecular collisions with the liguid molecules; a kind of Brownian
movement. Experiments should be done in a smooth, clean container which
contains boiling chips; several external pressures should be used, up to and
including the critical state.

{e¢) Superheating. This is related to bubble formation since
superheating might be said to be the absence of bubbling above the theoretical
boiling point. The degree to which a liquid can be superheated is to be deter-
mined; this may have a bearing on bubble chamber operation.

(d) Vapor Pressure. The vapor pressure of several vola-
tile liquids should be determined as a function of temperature. Conversely, the
dew point of "humid" vapor is to be measured. This will yield information
which is the reverse of boiling, concerning the formation of "rain." Also the
degree to which a saturated vapor can be supercooled should be investigated.

(e) Critical State. The critical data for a pure substance
should be determined (Ref. II-50).
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(f) Distillation of a Binary Mixture. The boiling point
curve (i.e., composition versus temperature) is to be determined for a binary
‘mixture; an organic mixture such as benzene and ethanol, benzene and carbon
tetrachloride, and an inorganic solution such as sodium chloride in water. The
theoretical plates required to produce changes in.composition are to be calcu-
lated.

(5) Surface Tension (Ref, I1-51).. Surface properties, in particu-
lar the surface tension, of a liquid may be altered by conditions of zero gravity.
Attempts at deriving a theory for surface tension of liquids have met with some *
success in the case of "normal' liquids, but little has been accomplished in «
the case of water, '

The surface tension of a variety of liquids, e.g., water, ethanol, and
benzene, should be measured by several techniques (some of which may not be
applicable under zero gravity), namely, the ring method, capillary methods
(vertical rise and Ferguson horizontal capillary), pendent drop method, bubble
pressure method, and Wilkelmy slide method,

The surface tension as a function of temperature 1s 10 be measurea
at temperatures up to the critical temperature. Data obtained may give insight
to the Ramsay~Shields equation.

The interfacial tension between pure liquids and between immiscible
liquid metals is to be measured. The mercury-water interface is of special
interest, industrially in mercury electrolysis cells and analytically in polarog-
raphy.

The effect of solutes on the interfacial tension of a solvent is to be
determined. )

(6) Colloids and Surface Chemistry (Ref. II-52) . Many of the
characteristics of colloidal dispersions are surface-dependent, and since the
properties of surfaces may be altered under zero gravity, colloids are a
specially suitable field for investigation, particularly since much of physiologi-
cal chemistry and many industrial processes involve colloidal species. The
" lack of settling may yield colloids of more uniform size and molecular weight,
factors which may be of value in the formation of photographic silver chloride
and in present day polymeric substances such as polyurethane foams. Colloidal
dispersions, normally unstable on earth, may be stable in zero gravity; nor-
mally immiscible substances such as oil and water, or a high molecular weight
soap and water, properly dispersed by a blender or other technique, may be
"homogenized." In particular, emulsions may show unusual-behavior due to a
change in the interfacial tensions of the liquids concerned.
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{(a) Preparation of Colloidal Dispersions. The properties
of colloids are highly dependent upon their mode of preparation. Metal sols
should be prepared by a chemical procedure such as the reduction of silver ion,
by the physical Bredig arc method, or even by grinding. In addition, oxide,
sulfide, and sulfur sols should he prepared.

The distributions of particle size should be determined.

(b) Wetting, Surfactants, and Foams. Surface tension
affects the ahility of a liquid to wet a solid. Fluorocarbon, silicone, and hydro-
carbon surfactants normally lower the surfacé tension of water and hence
increase the ability of water to spread. BSince polyethylene has a low surface
energy, it is harder to wet than more polar materials such as glass or steel.

The spreading of solutions of the above surfactants is to be measured
by comparing the diameter of a droplet of pure water with that of a dilute
aqueous solution of a surfactant (0.02 ml of 0.1 percent - 1.0 percent surfac
tant) .

The thinning of the film of a foam is caused by two factors; (1) foam
drainage due to gravity and (2) suction by Plateau's borders. The first of
these will be nonexistent in a zero gravity environment so that the lifetime of
a foam film or bubble should be increased. The absence of external convection
current will also increase such lifetimes. Simple lifetime experiments can be
done on'soap solutions and protein solutions. The results may bear upon the
separation of an ore from its impurities by the flotation method.

(c) Adsorption. Adsorpiion is a surface phenomenon
whereas the sorption of a gas on a porous solid, such as activated carbon,
involves its passage through the capillaries of the solid. Capillary condensa-
tion to the liquid state may occur and hence surface tension is a factor. Under
normal gravity, the radius of curvature of the advancing liquid is greater than
that of the rearward end.

Adsorption isotherms for gases-such as helium, nitrogen, ammonia,
methane, and benzene vapor on an adsorbent, such as carbon or alumina, shou
be determined. Heats of adsorption, activation energies, -and diffusion coef-
ficients can also be measured.

(7) Diffusion. In the absence of thermal gradients under zero
gravity, diffusion can occur only through molecular collision. Through diffusion
experiments it is possible to check kinetic theory and the Ideal Gas Law,

PV =nRT .
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(a) Diffusion in Liquids. The rate at which diffusion occurs
in a pure liquid, such as water, can be determined by using the isotopic species,
I-I?,O18 . This can be added to ordinary water, Hgo16 , in known quantity and its
concentration determined in various parts of the solution as a function of time.

Diffusion of a solute in a liquid medium is to be determined. For this
purpose, radioactive isotopes will be specially useful in tagging the solute.

i (b) Diffusion in Gases. This can be done, as above, using
a radioactive gaseous species. The equation for the velocity of diffusion,

u = / -%\I-;-T— , and the Ideal Gas Law are to be verified. The data obtained

may be of value in the separation of gaseous isotopes.

The virial coefficients for a gas, such as hydrogen, are to be determined
and compared with values under normal gravity.

(¢) Diffusion in Solids. Two metals, placed in firm contact
for an extended period of time (1 year or more) under zero gravity, are to be
analyzed for the presence of the other metal. Also, the process of metallizing,
developed by General Electric, offers promise under zero gravity (Ref. II-53) .

(8) Preparation of Catalytic Materials. The catalytic properties
of a substance depend not only on the chemical nature of the catalytic material
but also on its physical structure. For example, the pore size distribution in
a porous catalyst pellet can have a remarkable effect on the nature and distri-
bution of products (Ref. 1I-54) . Quite apart from their separation capacity,
molecular sieves exhibit catalytic powers that have markedly influenced the
petroleum indusiry.

The absence of gravity, and consequently the lack of settling, make
it feasible to form catalytic materials with more uniform pores, perhaps by
forced passage of fine gaseous bubbles through molten material.

(9) Osmotic Pressure and Reverse Osmosis. Osmotic pressure
is a phenomenon in solution whose equation shows a striking similarity to the
Ideal Gas Law. Because the process of osmosis is important in plant and
animal physiology it should be investigated for any possible change under zero
gravity. The following are to be determined:
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7. Separation of hydrocarbons using molecular sieves of various pore
gizes;e.g., 4:A 5A and 13A. Also, the separation of carbon monoxide and
carbon dioxide.

8. Separation of hydrogen isotopes (on an alumina column} .

(11) Polarography. The migration of ionic species in aqueous
solution under an electric potential is to be investigated. The conditions of
concentration polarization which exist in polarographic techniques seem most
promising to show differences between normal and zero gravity.. A solid
microelectrode will have to be used instead of the usual dropping mercury
electrode.

For a solution containing nickel, zinc, cadmium, and copper ions and
a solid platinum microelectrode, half-wave potentials are to be measured and
quantitative analyses-carried out (Ref. II-57). The experiments should be
done in the presence and absence of oxygen and a maximum suppressor,

(12) Chemical Reactions. The chemical reactions listed below
are comprehensive in that they cover a range of phenomena which should detect
any variation with gravity, if such exists.

(a) The NyO4 = 2NO, Equilibrium (Ref. II-40). A quariz
(or glass) tube containing a mixture of nitrogen tetroxide and nitrogen dioxide
in equilibrium. can be prepared on earth and its equilibrium point determined in
space under zero gravity. The experiment is utterly simple and can be done
spectrophotometrically.

(b) The Decomposition of Hydrogen Peroxide, H,0, (Ref.
O-58). The rate of decomposition of hydrogen peroxide, 2Hy0y = 2H,0 + Oy,
is to be determined at room temperature for the uncatalyzed reaction, and for
the reaction catalyzed by an aqueous solution of potassium iodide, KI, liver
catalyst, and a solid catalyst. The reaction is readily followed by measuring
the pressure or the volume of oxygen gas formed. The kinetics of each reaction
and activation energies are to be measured.

(¢) The Oxidation of Sulfur Dioxide, SOy (Ref. I1-59) . The

kinetics of the gaseous reaction, 280, + Oy = 2803, is to be measured uncata-~
lvzed bv nitrogen dioxide. NO, . and b¥ a solid platinum catalyst.
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1. The osmotic pressure of an aqueous sucrose solution.

2. The molecular weight of a polymer by osmotic pressure measure-
ment; e.g., polystyrene in methyl ethyl ketone, polyvinyl chloride in various
solvents.

3. The osmotic pressure of agueous sodium chloride. This may yield
information as to whether reverse osmosis is suitable for preparing pure
water.

(10) Chromatography. Chromatography is intimately linked to the
process of distillation and is useful in both the separation of similar chemical
species and in analysis. Under zero gravity, unique separations may be feasible
which may be of value for fractionating petroleum or in the separation of bio-
chemical mixtures.

The following separations are recommended as candidates for experi-
mentation ainong the almost infinite number possible:

i. The separation of the members of a homologous series of hydro-
carbons such as n-hexane, n-heptane, and n-octane. In this and the following
experiments, different columns are to be tested and retention times and volumes
measured (Ref. II-54),

2. Separation of isomers, such as the C? and C® paraffins.

3. Separation of aromatic hydrocarbons such as benzene, m-~xylene,
o-xylene, and p-xylene. The meta~ and para-xylenes are specially difficult to
separate by ordinary means.

4, Separation of types such as aldehydes and ketones, and the Cq and Cyy
constituents of essential oils (Ref. II-55}.

5. Separation in a capillary column, using Cg hydrocarbons. Here,
surface tension may play an especially significant role (Ref. II-56).

6. Separation of gases such ag the paraffin series from methane fo

n-pentane, and including hydrogen. Such separations may be specially affected
by zero gravity.
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(d) Fermentation (Ref. II-60). The fermentation of 2
sugar (e.g., sucrose, CjyoHy04;) in the presence of an enzyme, zymase, from
yeast yields ethanol, C,HzOH, and carbon dioxide, CO,. Study of this reaction
will also yield information concerning the behavior of yeast cells under the
conditiong of zero gravity. The reaction is readily followed by measuring the
CO, produced.

(e) Decomposition of Acetaldehyde, CH4sCHO. Gaseous
acetaldehyde is decomposed by iodine vapor to methane, CH,, and carbon
monoxide, CO. The kinetics of the reaction is to be measured.

(fY Inversion of Sucrose (Refs. II-61 and II-62). In aqueous
solution, the inversion of sucrose is catalyzed by sucrase or by acid. This
would be a homogensous ligquid reaction system. Since the optical rotation of
the equilibrium system changes with time, the kinetics of the reaction can be
followed with a polarimeter.

(g) Hydrolysis (Ref. 11-63). The hydrolysis of an ester,
such as ethyl acetate, is catalyzed in agueous solution by acid or by base
{saponification) . The acid-catalyzed reaction yields an equilibrium system
identical to that for the formation of the ester.

(h) Mutarotation (Ref. II-64). The kinetics of the muta-
rofation of glucose is to be measured in aqueous solution.

(i) Hydrogenation (Ref. I1-65). The hydrogenation of an
oil is carried out by bubbling hydrogen through the oil containing a finely divided
nickel suspension. The hydrogenation of an oil, such as cottonseed oil, is to
be investigated. The amount of hydrogen used and the consistency of the final
product under zero gravity are variables fo be determined.

(j) Course of an Organic Reaction and Its Different
Products. TUnder the influence of light of 25004 to SOOOA, chlorine and bromine
react with hydrocarbons to give the monohalobenzene and further substitution
products (Ref. II-66) . The reaction is not selective and almost all possible
substitution products are formed. Such distribution is to be investigated under
zero gravity. If aromatic hydrocarbons are warmed with chloringé or benzene in
the presence of iron, substitution of nuclear hydrogen occurs to give ortho-,
meta—, and para-isomers. In this case, if benzene is heated with chlorine until
all the benzene has reacted, the composition of the resulting mixture is 80-per-
cent chlorobenzene, 17-percent p~dichlorobenzene, and 2-percent o-dichloro-
benzene with i-percent higher substitution products. Such distributions obtained
under normal gravity are to be verified under conditions of zero gravity.
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The following experiments are recommended:
1. Photochemical reaction of pentane with chlorine at 50°C.
2. Photochemical reaction of benzene with chlorine at 25°C and 100°C.

3. Thermal reaction of benzene and chlorine with iron as a catalyst
at 50°C.

In each case the distribution of products is to be determined.
Other candidate experiments are:

1. Levitation polymerization; also supercured and supersized nylon
fiber gpinning (Ref. 1I-49).

2. TLarge, spongy metal, catalytic electrode production.

3. Convection-free combustion chemistry.

4. Gravity waves and the hydrogen-oxygen rocket engine.

5. Specizl relativity and thE; liguid oxygen-hydrogen reaction.
6. Chemical composition of Halley's comet.

7. Effect of zero gravity on DNA replication and synthesis.
8. Chemistry of finely divided propellants.

9. Orthopara hydrogen equilibrium near 0°K,

10. Determination of the atmosphere surrounding a space vehicle by
infrared analysis using a fechnique similax to that for the determination of toxic
chemical warfare agents in the field.

(13) Molecular Beam Studies (Ref. II-67).
{a) Solid-State Interactions (Low Pressure; Possibly 1/2

atm). -Advanced studies of simulated meteoroid and micrometeoreids hitting
various materials will be pursued.
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{(b) Solid-Gas Interactions (Low Pressure). A continuation
of the study of accommodation coefficient, temperature regions of specularity
and diffuse reflection from surfaces will be studied. Contamination, oxidation,
and adsorption are the basic phenomena that are to be undersiood.

{c) Soil-Radiation Interactions (Low Pressure: to 1/2 atm).
Surface erosion and degradation, coatings, degradation, and radiation damage
are several of the technical areas that lnformation is needed for basic knowledge
and for support of material improvement. Testing of radiation shields and
materials could be carried out here.

(d) Gas~Gas Interactions {Low Pressure; to 1/2 atm).

1. Interparticle Forces.
a. Atomeatom collisions,
b. Atom-molecule collisions.
¢. Molecule-molecule collision
d. Ion-atom collisions.
&.  JIon~melecule collisions,
f. Ion-ion collisions.

2. Elastic scatiering.

3. Inelastic gecattering.
a. Charge exchange.
b. Activation,
¢. Mass exchange.

d. Angular momentum exchang

&, Chemical reaction,



10.

immperfect gas studies (equation of state) .
Chemical kinetics.

Liguid state.

Transport phenomena.

Shock tube studies.

Combust.ion studies.

Explosion studies.

The equipment and power requirement for the molecular beam studies
are given in Table II-16 while the advantages of STARLAB for studies are as

follows:

7.

8.

Low vacuum ( 10'1?: atm}) .

High, eésentially’linfinite, pumping speed.

Low impurities.

Large working volume.

Constant experimental conditions with no background buildup.
Extended experimental runs of days or weeks.

Absolute measurements.

Electron diffraction moniforing of scattering volume

Communications/Navigation and Traffic Control

a.

Purpose and Objectives. The burpose of experiments in this field

deal with the engineering test and evaluation of communications, navigation,
and tracking techniques and related subsystems. The goals will include identi-
fication and development of efficient communications related to problems of
navigation and traffic control.

2-88



TABLE II-16. MOLECULAR BEAM EQUIPMENT AND POWER REQUIREMENTS

Weight
Equipment (Ib)
3 Velocity Selectors 6
3 State Selectors 6
2 Detectors 4
2 Scattering Chambers 2
2 Source Chambers 20
2 Targets i
2 GQGeniometers 5
2 Ton Chambers : 2
2 Bource Chamber Temp. Control 4
1 Electron Diffraction Apparatus 10
Total - 60
Power
Instrumentation (w)
6 Selector Controls 12
2 Detectors 20
2 Ion Chambers 40
1 Electron Diffraction Apparatus 50
2 Temperature Controls 60
Amplifier Bands 100
Enhancetron 200
Chopper 50
Phase Sensitive Detector 50
Total 600
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This program is necessary to research, develop, and evaluate communi-
cations/navigation and traffic control systems. These systems are very impor-
tant since they provide a dafa link and its capacity for STARLAB. Since STAR-
LAB will have a tremendous data output, then the development of the communi~
cations system is extremely important.

Areas of interest included in this area are the advanced space communi~
cations systems, the space and earth navigation aids, and the close earth.

b. Description of Operation. This area of study will require the
assembly of equipment such as transmitters, receivers, guidance devices,
and remote sensing devices. -A modification mode of operation will be neces-

sary. This area of study will require the utilization of the standards and cali-
bration facilities of the analytical support laboratory.

These systems will probably be made operational and checked-out
manually. All data will be channeled through the communication and computer
‘system on STARLAB.

¢c. Experimental Programs. A group of candidate experiments is
available {Ref. II-68). This experiment program, listed below, will have a
great deal of spin-off because any new developments in this program will
heavily impact problems in our sociely.

i. Millimeter wave propagation.

2, Wideband variable high power transmitter for manned spacecraft.

3. Unified advanced laser communications.

4, Autonomous navigation experiment.

5. Noncooperative combined acquisition and tracking radar.

6. Sender antenna dynamics eguipment.

7. Long~range, high-frequency communications.

8. Radar altifude sensing system for manned orbiting spacecraft.

8. Strap-down platform experiment.
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d. Physical Requirements. There should be a laboratory in which the
apparatus for experiments in navigation, communication, and traffic control is
available. This laboratory will have pointing requirements and shields from
STARLAB's stray fields. In addition, antennas and remote sensing devices
must have external surface available for deployment. Mechanical and electri-
cal lead-throughs must be available from this laboratory to STARLAB's exterior.

Due to the character of communications and navigation areas of study,
this laboratory will have a larger power requirement than usual. The informa-
tion management of this area of study will be handled by STARLAB's communi=-
cations and computer network of analysis.

These experiments, while in progress, will be modified and will require
the support of the electrical, mechanical, and the analytical support laboratories.
Resupply will be required via the shuttle and the experiments will be mainly
manned.

"Engineering Research and Development

a. - Purpose and Objectives. This area of study on STARLAB will have
the tasks of evaluation of space operations, spacecraft and subsystems per-
formance, man-machine interaction, and extravehicular activities.

These studies are quite important in the utilization of space environment
and are further input into the future design of the role that man and his machires
will play in space flight, space residence, and space work. A continued study
and evaluation of the environment that man has built to shield himself is neces-
sary to continue to make space an environment compatible with man.

b. Description of Operation. These studies will be carried out
basically from an observational and monitoring point of view. Some of the
acquired data are important for the operation of STARLAB, while other data
are storable for later analysis.

Monitoring can be carried out in two modes; (1) man observed and
(2) instrumentation assisted. These signals will be fed into STARLAB's
computer-communication network which will sort, store, and analyze these
data.

¢. Experimental Program. This program consists of a set of well-

documented experiments (Ref. II-69). Since most of these experiments will
have been completed by the AAP, the experimental program serves merely as
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a pattern to control the design of STARLAB such that it will contain facilities
for such studies, A descriptive list.of experiments that comprise this program
is as follows:
i. Jet shoes.
2. Expandable air loek technology.
3. Alternate, restraint evaluation,
4, SLA panel reloeation.
5. Habit ability and crew quarters.
6. Bpace bonding (adhesives).
7. Removal of propulsion utilization valve.
8. Test and demonstrat-e ';:oni;amination detector.
9. Explosive metal-cutting experiment.
10. Artificial g experimenis.
i1. Heat pipe. |
12. Comparimentalization.
13. Space suits and experiment deployment.
" 14, EVA program.
15. Atmospheric survey
16. Integrated maintenance experiment.
17. Gravity gradient stabilization.
18. Artificial gravity coupling system.

19. Date reclaimation unit.
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20. Onboard checkout system.

21. Integrated waste collection in zero-g environment

22. Optical guidance.

23. Expendable airlock equipment,

24. Vehicular disturbances due to crew activity.

256. Centrifuge.

26. Primate transfer ‘experiment.

27. Removal of components from stabilization platform.

28, Electrokinetic effect of a spacecraft.

29. Vibration fransmission and absorption by spacecraff in orbit.

d. Physical Requirements, The main physical requirements necessary
to perform the candidate experiments listed above are a monitoring and record-
ing system, an onboard checkout system, and a laboratory-facility in which
certain experiments can be conducted. The monitoring system will also require
instrumentation that is quite similar in many cases to the biomedical monitoring
system. However, many of the experiments require no laboratory facilities .
since they are only data acquired from astronauts or systems participating in
other experiments or duties.

The program will require resupply of new equipment that is to be space-
environment tested. Tested materials must also be returned. Power require-
ments are quite modest (about 1 kw) and the manhour requirements ‘serve as a

cushion for some underestimation of other experimental, maintenance, "and -
living manhours. -
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SUPPORT AREAS

Purpose and Philosophy

These laboratories will make routine analyses of almost any sort avail-
able to the STARLAB program. In addition, minor assemblies, standardizations,
and calibrations can be performed. These labs will be manned by expert tech-
nicians that are known for their depth of knowledge, versatility, compatability,
resourcefulness, and good judgment. These labs will also serve as practical
consulting centers and will be capable of modifying experimental apparatus,
upgrade instruments, and repair, maintain, and service a wide variety of
apparatus.

Analysis facilities in orbit will provide a quarantine laboratory remote
from the earth's environment. Here, the analysis of samples from interplanetary
trips can start during an extended quarantine. This would alleviate many of the
fears expressed during Apollo 11 concerning contamination of our atmosphere.

Analytical Laboratory. The purpose of the analytical laboratory is to
provide the central analytical service section of STARLAB. Analytical equip-
ment of general usefulness to several research groups aboard STARLAB would
be housed in a shirt-sleeve environment in the laboratory and would be manned
by personnel whose sole function would be to operate, maintain, and repair the
equipment. Basically, the analytical laboratory would be a service facility to
the experimental programs aboard STARLAB. Qualified researchers from
outside the analytical laboratory staff would have access to the equipment and
apparatus of the laboratory should they require use of any of it for direct
experimentation. Facilities for general analyses, the calibration of experi-
mental equipment, reference standards, and darkroom facilities would be pro-
vided through the central analytical laboratory. Samples could be reprocessed
if necessary prior to shipment to earth. Orbital and terrestrial measurements
could be compared to determine the effects of re-entry, its loading, and neces-~
sary handling.

The analytical laboratory of STARLAB is to be manned by a staif of
specialists trained in the operations, maintenance, and minor repair of the
wide variety of equipment and apparatus housed on board the laboratory. The
function of the analytical facility, as noted above, is to provide researchers a
central onboard test area, calibration and standardization services, and
darkroom facilities. Major analytical testing equipment and apparatus would be
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housed in the laboratory for the common use on board STARLAB. The special-
ists of the analytical laboratory would generally receive-samples to be tested
from research laboratory workers, perform the requested tests, and report the
results back to the requesting researcher. The laboratory will be linked directly
to the computer facilities and to the communications center of STARLAB. Data
can, therefore, be either returned to onboard investigators (via internal com-~
munications links) or to facilities on earth (via telemetry), allowing joint
observation of experimental results by both, All instruments will have sensors
which indicate satisfactory performance and/or trends toward unsatisfactory
performance. The output from these sensors will be monitored by the executive
computer and the analytical laboratory. Technicians will be assigned to correct
malfunctions or perform preventive maintendnce.

The analytical laboratory would be under the control of a competent
supervisor who would direct the priority of work in the laboratory. Individual
researchers might on occasion desire to use equipment of the analytical labora-
tory. The analytical laboratory supervisor's function in such cases would be
to see to it that the researcher had access to the required apparatus. Storage
of future schedules and past usage rates would allow researchers to plan usage
prior to their arrival at STARLAB. It would also point to high usage rate or
bottleneck equipment which could be duplicated.

A small darkroom facility is provided to process emulsions from experi-
ments in earth resources, materials science, and possibly astronomy. Because
film should be processed as soon as possible after exposure, it is suggested
that processing take place on board SFTARLAB and the film not transported to
earth for developing. Negatives could be fine-line scanned with high resolution
TV and telemetered to earth. Through inversion, a positive could be reproduced
at STARAD and at user locations around the world. :

Operations to be performed in the darkroom will include development,
washing, and drying of emulsions, plus facilities for storage of film and for
preparation of developer, stop bath, and fixer solutions. Many of these proc-
essing chemicals could be eliminated if Polaroid-negative film could be adapted
for the various cameras and sensors.

The physical requirements of the analytical laboratory of STARLAB are
summarized in Table II-17.

Equipment housed in the analytical laboratory of STARLAB is intended

for general usefuiness to the research laboratories of STARLAB based upon
current and projected expectations for analytical, calibration, and standardization
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TABLE II-17. ANALYTICAL LABORATORY PHYSICAL REQUIREMENTS

Weight of Equipment 3000 1b
‘Volume of Equipment 300 ft3
Power Requirements 1.5 kw (During Peak Operation)
Max_med Requirements 48 Manhour/Day (2 Technicians)

requirements. An artist's concept of a typical support facility is shown in
Figure II-14. The equipment and apparatus of the laboratory would include
the following: :

1. Abbe refractometer.

2. Analyzers for C, N, u, H.

3. Autoclaves.

4, Calibration apparatu

5. Calorimeters.

6. Cenirifuge.

7. Cold-étorage facilities.

8. Darkroom facilities.

9. Drying ovens.

‘0. Electrical devices.
a Multimeters.
b. Oscilloscopes.

Power supplies.

o

o

Signal generators.

e. Miscellaneous.
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SUPPORT LABORATORY

FIGURE II-14. CONCEPTUAL VIEW OF A TYPICAL SUPPORT LABORATORY
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12.

13.

14.

15.

16.

17,

18,

19

20.

21.

22.

23.

24.

Electrochemical apparatus.
a. Electrolytic apparatus.
b. pH meters.

c. Polarograph.

Electron microprobe.
Electron microscope.
Electrophoresis equipment.
Gas chromatograph.

General lab equipment.
a. Containers.
b. Labels.

c. Miscellaneous.

Isotope tracer equipment.
Mass measuring devices (micro and macro).
Mass spectrograph.

Microscopes.
a. Polarizing.
b. Reflecting.

c. Transmitting.
Optical pyrometer.
Osmometers.
Radiation detectors.

Reference standards.




25. Spectrophotometers (UV and IR).
26. Storage facilities.

27. Tensiomseters.

28. Turbidimeter.

29. Ultrasonic cleaner.

30. X-ray diffractometer.

Mechanical Area. The purpose of having a mechanical laboratory '
aboard STARLAB is to provide a facility to make emergency repairs to STARLA]
systems or make changes in the experiment packages. The fabrication of new
parts and the modification of existing parts within the experiments will save
considerable time which would be lost if the experimenter waits for the logistic
vehicle. It may be necessary to update the changes in the experiments based on
responses for previous data taken on these or other experiments or the develop-
ment of new concepts. Modification of the experiments will also provide a
means of cvercoming unexpected defects in the design or the implementation of
new ideas in a STARLAB system.

The shop should be equipped with machines necessary to do a limited
amount of work and the instruments necessary to do the measurements required
in the measurement or testing of mechanical devices or parts. The equipment
may be added, deleted, or exchanged as the requirements aboard STARLAB
change or as new developments are made on earth. The work to be done in the
mechanical shop would be that which could be accomplished on the following
machines: a lathe, milling machine, grinder, drill press, and a heat-treating
furnace. It seems that by the time STARLAB is launched, many of these
machine functions will be integratfed into a single machine which will have
adequate capacity to do the various jobs on material sizes necessary to make
repairs and paris as required. In addition o the machining operations, welding
will be necessary which can be done by a Heli-Arc welder with the various
modes of current usually provided. Cutting of matferial for the machining
operations or special contour cutting will be done by either a band saw or a
laser beam cutter,

Sheet metal working equipment, such as a brake, shear, punch, and

the supporting tooling, will be necessary when sheet metal work is required.
Hand tools normally used on a bench will be necessary in space, except that
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that these tools will probably need to be somewhat specialized because of the
zero-g condition. In addition to the standard measurement tools used in the
machining operations, inspection tools such as guage blocks, surface plates,-
optical flats, and dial indicators of various sorts will bé provided to check
physical dimensions of parts or aSsemblies. A limited amount of machinable
stock in rod, tube, sheet, and plate form should be provided to make the parts
necessary for the mod1f1cat10n of experiments on STARLAB systems.

The physical requirements of the mechanical shop are given in Table
II-18. The technician should be gualified in some other field to make most
efficient use of his time aboard the laboratory.

TABLE II-18., ESTIMATED REQUIREMENTS OF MECHANICAL SHOP

Space 700 £t
Power 1000 w
Weight - 1000 1b
Manned Requirements | 8 Manhour/Day (Technician)

Electrical Area. The purpose of this laboratory is to provide electrical
instruments to the laboratories of the space station such as power supplies,
signal generators, and measuring and signal displaying instruments. Electrical
standards may be included among these instruments if needed. These instru-
ments may be used in the instruments laboratory or may be rermoved for short
time intervals. Instruments intended for continuous use must be provided by
each laboratory.

The communication system of the space station (see Chapter II) is
planned to include an input-output terminal in each experimental station which
is connected to a central computer whose function is to make electrical measure-
‘ments and display the readings automatically on the output display. Thus, most
of the electrical measurements will be made using these terminals. The instru-
ments in the electrical laboratory will be general-purpose instruments for
measurements of voltage, current, magnetic flux, ete., of wide magnitude and
frequency range. As such, the instrurents laboratory should include several
voltmeters, ammeters, frequency meters, power meters, flux meters, oscil-
loscopes, signal generators, power supplies, and other common-=use equipment.
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In addition, there should be a storage area where some electronic components
can be kept, such as resistors, transistors, etc. The physical requirements
of the laboratory are given in Table II-19.

TABLE I1~19. ESTIMATED Heat Transfer and Thermodynamic
REQUIREMENTS OF ELECTRICAL  Area. The purpose of the heat transier
SUPPORT LABORATORY and thermodynamic support laboratories
is to provide a facility for servicing
Space 700 ft3 and rhonitoring the thermal problems
that will exist throughout the STARLAB
Power About 300 w facilities and the experimental programs.
‘ Facilities will exist for the storage and
Weight About 300 Ib handling of cryogenics for the experi-
mental programs, servicing of heat
Manned transfer and thermal equipment, and
Requirements § Manhours/Day for the calibration and measurement of

thermal data. In addition, the mechanisms
for the control and monitoring of temperatures throughout the STARLAB will be
located in the heat transfer support laboratory.

The operation of this laboratory will require qualified personnel who can
assist in the complex problems that are involved in handling the liquid or slush
form of cryogenics that will be required for specialized experimental programs.
Also, these expert technicians will be trained in disciplines enabling them to
service onboard heat transfer equipment for either STARLAB or the experi-
mental programs and conduct either thermodynamic or heat transfer measure-
ments of calibrations.

A major function to be performed by this laboratory will be the system
regulation and monitoring of the equipment necessary to regulate the internal
temperature of STARLAB. The onboard equipment will be the principle source
of heat, and radiation to space will be the major method of dissipating heat. )
Intelligent, constant monitoring and performance of this equipment is absolutely
essential for the life and comfort of onboard personnel.

The laboratory will be equipped with sufficient thermal equipment and
test instrumentation so that scientists can perform fundamental experiments on
thermal and radiation properties or materialg in this support laboratory. Equip-
ment will also be sufficient for development and engineering tests of thermal
systems, such ag heat exchangers and radiators, under space environment
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conditions. A preliminary design of the heat transfer-thermodynamics labora-
tory is shown in Figure II-15. The physical requirements are given in Table

1I-20.

ACCESS PORT TO
SUN AND DEEP SPACE

OUTSIDE OF
SPACE CRAFT

{ CRYOGENIC GAS

STORAGE FOR THE
EXPERIMENTAL

PROGRAMS

MOVABLE WALLS

MOYEABLE WALLS

FIGURE II-15., HEAT TRANSFER AND THERMODYNAMIC LABORATORIES

TABLE II-20. PHYSICAL REQUIREMENTS OF
HEAT-THERMODYNAMICS LABORATORY

Volume 600 ft?
Weight of Equipment 1000 Ib
Power 1000 w
Manned Requirements 16 Manhour/Day
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Storage Facilities. In the operation of a large integrated laboratory and
operations complex such as STARLAB, a programmed storage volume is
required. This volume will perform many functions such as spare parts reposi-
tory, supplies storage, future and completed experiments storage, equipment
storage, and storage of waste. In addition, this volume could be used for an
emergency shelter area, aging, curing or exposure chamber, or an auxiliary
assembly area.

This storage area must be well-lighted and have ventilation and atmos-
pheric flushing equipment. This storage area should be equipped with an emer-
gency control panel and auxiliary life support units.

There should be docking facilities for the shuttle and FFM's, which
includes parts that open wide for bulky cargos. This storage area must have
fire protection, sterilization facilities, and meteorite insulation characteristics.

a. Volume. It is estimated that a volume of 2500 cubic feet will be
required to fulfill the functions of the storage area.

b. Manpower. Approximately 3 manhours per day will be necessary
to keep the storage area organized and efficient.

[INTEGRATION

Time Schedule

The proposed 10-year life of STARLAB necessitates an early buildup
of maximum power, men, and equipment to make the most efficient utilization
of the space laboratory. It is hoped that the research and support facilities can
be completely operative at 6 months or at a maximum of 1 year after initial
launch.

The critical factors controlling the buildup are available power for life
support and experiments and rate of launch. Assuming that STARIAB can be
completely assembled within 6 months of initial launch (5 launches) and that
100 kw of power is available, then the scheduled experimental program can
start at full scale. Twenty—four of the total 100 kw are alloted for the life
support of 35 men and 37 kw are alloted for the experimental program.
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If sufficient power for the total experimental program is not availahle
at the time STARLAB is assembled, then one of two alternative approaches
will have to be adopted. One, the experiments will have to be programmed,
through STARAD on the ground, to utilize the available power. Priorities will
be established and experiments run according to a specific schedule. The
second alternative is to simply allow a longer period of time for experiments.
Programs that are planned for a 2- to 3-month duration would be extended
from 4 to 6 months. The first alternative seems to be the most attractive.

Contamination Control

Minimum standards must be adhered to provide adequate safety and fo
provide control of experiments to ensure against contamination of the atmos-
phere in the laboratory. Some of these are discussed in the following paragraphs.

Nonexplosive Atmosphere; Combustible Gases and Vapor Control. No
combustible gases should be allowed aboard the laboratory. This would be the
easiest way of protecting the vehicle from the hazard of catastrophic explosion
caused by gases and vapors. This prohibition would include all fuel gases and
liquids and a few others which might become hazardous hecause of the low total
pressure of the atmosphere or the high oxygen concentration.

Experiment packages which require the use of combustible gases, vapors
or liquids for producing flames and those which might produce these combustible
gases, and vapors or liquids in a concentration which could burn shall be in
explosion-proof containers rated for the mixtures which could be formed.
Experiments which might produce the hazardous gases, vapors, or liquids as
by-~-products should be charged with a fire suppressant such as nitrogen to
ensure that a combustible mixture will not occur. The experiments should be
connected to a vent,

The vent system is to be a pipe or tube system with a relief valve to '
prevent back-flow and control the pressure in the package. The valve may be
part of the package. Flexible vent piping should be designed to prevent serious
stressing of the piping due to minor variations in the structure of the vehicle
during launch, maneuvering, or docking when structural loading may be severe.

The vent pressure should be below the normal pressure of the laboratory

but sufficiently high to permit positive operation of the relief valves. The vent
system would terminate in a nozzle to provide a thrust on the vehicle in the
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direction of its velocity vector and through the center of mass of the entire
vehicle. This thrust would assist in keeping the laboratory from slowing in its
orbit due to ballistic effects of the earth's atmosphere. The low mass rate of
gas passing through the vent system probably will not create detectable accelera-
tion of the total mass. However, the small forces could easily affect the attitude
of the laboratory if the exhaust was allowed in a direction whose line of action
was distant from the center of mass. Therefore, for reasons of attitude stability
it may be.necessary to exhaust the vent systems in a direction whose line of
action is through the ‘mean center of mass, even though the exhaust may be from
any point on the surface of the vehicle.

The reason for the nozzle and the exhaust at a minimum number of
points is to remove the contaminating exhaust gases as far as possible from the
surface of the vehicle so that the experiments which require a hard or clean
vacuum may be vented through the vehicle at other points.

A second vent system with pressure below 1 torr may be necessary to
"evacuate' the experiment packages which need to operate in vacuum, but not
in a hard or clean vacuum. This system would produce a rough vacuum for the
purpose of preventing dangerous concentrations of combustible and other gaseous
materials. This system should exhaust in the same manner as the pressurized
vent system previously described to remove the contamination from the vicinity
of the vehicle.

Experiments requiring the use of hazardous materials which will be
removed by a vacuum can have their enclosures evacuated through the low
pressure of the vent system. If the experimental procedure precludes the
evacuated enclosure, the pressurized vent will provide the required safety if
the purge gas is used to prevent a combustible mixture,

If a combustible mixture must be obtained in the operation of the experi-
ment, and no explosion-proof enclosure is provided, it should be flown aboard
an unmanned free-flying module. Thus, if an accident occurred, no person
would be in jeopardy. The module (FFM) can be made safe hy purging or
evacuating before docking to the laboratory.

Contamination Protection From Noxious Gases and Vapors. Experiments
using or producing noxious gases or vapors should not be brought info the
laboratory.

The use of remote manipulators would keep the corntamination out of
the life support system. Several materials such as arsenic, beryllium, cad-
mium, chromium, copper, mercury, phosphorus, carbon monoxide, zinc,
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chlorine, cyanide, fluorine, and ozone have threshold limits. Freon contami-
nation should be completely avoided (Refs. II-70, II-71, and II-72).

The vent and purge system or the vacuum vent system for the packages
which may have contamination will prevent this contamination from being intro-
duced into the interior atmosphere of the laboratory. The safe limits prescribed
by health authorities must not be exceeded (Ref. I-72).

Particles and Dust. Particles and dust must be removed from the atmos~
phere in the laboratory. Since there is no tendency for particles to settle out
of the air in zero gravity, a recirculating collector system would have local
hoods and diverters at the locations where the particles are released. These
hoods will be used on all machines which produce chips, particles, or dust.

Where practical, the machinery which produces particle contamination
should be mounted inside glove boxes or similar bare-hand enclosures which
operate below the atmospheric pressure in the laboratory. The exhaust air is
cleaned by filters before it is returned to the atmosphere of the laboratory.

It may have to be returned to the life support system to obtain temperature
control before it is returned to the atmosphere.

Radiation Safety. Radiation safety is the adequate shielding of personnel
from electromagnetic and nuclear radiation to reduce the levels to the limits
specified by the Atomic Energy Commission (AEC). Suitable containers must
be used for shielding radiative material.

If the weight of shielding is too great or other requirements make it
impractical to reduce the radiation level to the specified limits by shielding
alone, the use of a remote operator or a free-flying module may be used to
reduce the radiation fo a safe level (Ref. II-42, II-73, and II-74) .

Experiments which require radiation levels below those required for
personnel should be located in the laboratory at points where the level is
adequately low considering the radiation from nuclear power sources and that
from other experiments.

Safety

A review of conditions and uncertainties related to experiments,
especially chemistry experiments, may present some surprises for the experi-
menters. One example is that liquids in gravity tend to stratify, and mixing
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begins from the surface between the layers. In zero gravily, this stratification
is improbable and the two materials will mix on a volume basis, thereby
increasing the rate at which the chemical action occurs by a large factor, per-
haps to cause a violent reaction.

Safety precautions to be considered in each experiment should: include
the following: .

1. Remote locatien such'as aboard a free-flying module or remote
manipulator.

2. Vent the package to vent system which will prevent contamination
of the atmosphere of the laboratory.

3. Identify all by-products which might confaminate the life support
system, especially the gaseous products.

4. TUse samples as small as practical to prevent accidental damage to
the package.

5. Make allowance for damage to the experiment by a meteor to Limit
further damage to the laboratory or other experiments.

Automatic Checkout of Experiments

Due to the large amount of data which become available from the experi-
ments in STARLAB, the sensors will have to be checked periodically to ensure
they are functioning correctly. This checkout procedure will be done auto-
matically by the onboard computer. Any defects in the experiment equipment
will be brought to the attention of the researchers or the commander for appro-
priate action. This automatic check-out would include the inputs to the experi-
ments in terms of environmental variables such as package atmospheric pres-
sure, temperature, oxygen content and position, volume time, etc. of events
controlling the experiments. With the automatic check-out system, the validity
or dependability of the results is established within limits indicated by the type
and frequency of the errors or defects.
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Reliability

The reliability of the experiment should be sufficient against a failure
which would stop the experiment, or make the experiment a hazard, or render
the data questionable during the expected lifetime of the experiment. Defects
which would cause obvious errors or small components should be Hmited to not
more than a predetermined number in the life of the experiment program. This
number of defects should never be more than the number of spare devices of
each kind per lifetime of the experiment or shuttle period. Calibration errors
or deviations can be allowed in the data processing.

In experiments which must be operated on a schedule (such as earth
resources) and replacement of parts during the regular schedule of use cannot
be accomplished in the time available between scheduled activity, therefore
the reliability must be better than one failure in the life of the experiment. The
alternative would be to have another system available in a stand-by mode.

Maintainability and Resupply

Each experiment paclkage should be capable of being maintained in good
working order by the replacement of parts or modules which can be changed in
zexrc gravity by one man in the time available between uses. Some types of
equipment, such as cameras, might require a complete system or unit to
operate instead of the defective one. This would give time to remove the defec-
tive unit and return it fo earth via the shutile for repair and return. Routine
changes of parts, such as [ilm packs, should be replaceable in zero gravity by
one man in a few minutes and require as little effort as possible from the man,
especially eifort such as loosening or tightening of rotating locking devices.

Stocks of films and supplies for the experiments, which are necessary
to keep them functioning,. shall be available in the laboratory. -Storage space
for these supplies-as well as th> used items is provided in an adequately profec~
tive environment such as temperawre, humidity, shielding, and darkness.

Commonality
To minimize the number and types of spare replaceable (sither on earth

or in orbit) parts and components, those which are similar in function and
size should be made standard, interchangeahle parts or components. This
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standardization is necesgsary to bring the cost of experiments down to a practi-
cal level. This cost item is more important as the other costs of space such as
launch cost, vehicle cost, and time between trips is reduced. Experiment
enclosures may not lend themselves to commonality, but the sensors, manipula-
tors, servos, heaters, controls, and connectors are a few of the items within
the experiment package which can be standardized. The additional weight
created in some experiments by standardized parts is not serious since by the
time the laboratory is launched, it is expected-that the cost of launching these
extra weights will not be large.

Time Line

Man, machine, power, and laboratory space must be used most effec-
tively to return the greatest value for the country's invesiment in STARLAB.
For this to be.accomplished, these resources must be related with each other
in a time-related schedule. Time is a resource which is finite and limited and
must be used most effectively. This schedule could be programmed into a
computer with the program being up-dated as new equipment becomes available,
as-well as the time when each job or operation is finished,. thereby making
facilities available again. The schedule would account for the available man~
hours and the time each man was aboard STARLAB and his specialty field.

In this manner, the scheduling of the men, equlpment power, and available
space can be made nearly optimal.

Special Equipment and Instruments

The equipment of the Analytical Laboratory and the Standards Laboratory
will be -mounted before launch instead of bringing these items to STARLAB as
parts of experiments as required. The launching of fully equipped laboratories
is a better choice since the laboratory is not weight-limited, even with these
equipments installed.

ADMINISTRATIVE NEEDS OF STARLAB

The huge investment in this program, and the large volume of data
which will result from its operation, make it necessary to have an office which
takes dollars from Government, industry, private, and the scientific communi-
ties and return information available only from activities in space. STARLAB
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and its administrative function, STARAD, will play a role in space very similar
to that of AEC in stimulating researching and developing the nuclear reactor as

a power source.

Figure II-16 shows the interactions of the starsystem components and
the outside interests. STARAD provides two functions, information management
and program administration. Information management will be discussed in a
later chapter, therefore this section will concentraie on program administration.

\é
SCIENTIFIC e STARA IR STARLAB
COMMUNITY  j—oo—— e COMMUNICATIONS
DATA
_ A A
NEEDS $ DATA
DATA
RESULTS
o STARLAB
INDUSTRY TAX GOYERNMENT P
te—————————— N PERSONNEL .
REDUCTION
DATA
PRODUCTION $
Y
THE STARLAB
PEOPLE EXPERIMENTS

FIGURE I1-16. INTERACTIONS OF STARAD

The scientific community will submit ideas to STARAD and work with
their program people to develop the necessary hardware to make the experi-
ment fly. The data will be reduced and compressed and the analysis will be

done by the investigators.
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Industry can be considered a supporter as well as a consumer of STARAD.
It is not expected that the individval companies can support basic research in
space, but the benefits of the unique environment of STARAD should be an incen-
tive for the small and medium size companies to pool their research resources
and thereby be capable of affording the heavy expenditures involved in long-term
research in space. The funds from the pooled research program should be used
efficiently because of:

1. Long-term amortization of research facilities.
2. Centralized program direction.

STARAD's output to the government will be in the form of condensed
scientific and technical data. Also, it will have available a management summary
which would include:

i. Burvey of the areas considered for STARLAB.
2. Critical topies and burning questions.

3. Bugpested answers or studies.

4, BSpin-off possibilities and information.

5. Funding plans.

Government can provide incentives for industrial research by such
methods as tax credits. These government incentives would make basic
research more interesfing to industry and thereby improve the product for the
consumer. Thus, these incentives by the government would benefit industry
and the public.

STARLAB also has a link with the people. When the resulis of the work
in space is of general interest to the people, these regults will be communicated
to the public.

Figure II-17 shows the infernal functions of STARAD. The information
management group will acquire, store, process, relay, reduce, and dissemi-
nate data in either machine data form or hard copy. The program administra-
tion group will solicit and develop research programs in science, applications,
or industrial processing. It will set priorities on programs and furnish manage-
ment. Its Public Affairs section will make the general public as well as the
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prospective researcher and sponsor cognizant of the benefits of working in
space. It will set a policy for STARLAB as well as the rest of starsystem and
provide funding programs to keep STARLAB operating efficiently.
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CHAPTER 111. INFORMATION MANAGEMENT

INTRODUCTION

The information managément system of STARAD is subdivided into
two categories; the communication subsystem and the user participation
subsystem. The communication subsystem is comprised of the hardware
that disiributes and conirols the informaticn flow while the user participation
gubgystem ig concerned with software; that is, the programming, the
decisions by man, and the feedback necessary to make optimum utilization of
the gathered information.

The basic underlying assumption used in the design of the commupnica-
tion network is that many of the principal investigators (PIl) and research
groups will remain on earth while their experiments-are performed in
STARLAB, The STARLAB astronauts will, in many cases, provide close
agsigtance to the PI by means of high qualify voice-video channels, To
improve the astronani-PI rapport where detailed observations are mandatory,
a high resolution TV display of 5000 to 6000 lines per raster is deemed
necessary, High resolution TV is also of considerable assistance to the
ground-based -astronomer using an orbifing obsexvatory.

It is estimated that about 6 channels of high resolution TV and 32
chamels of regular TV (525 lines per raster) are necegsary to serve the
needs of STARLAB, and this number of felevision channels require a rather
large bandwidth of several hundred megaherfz in the fransmission link.

In addition to television channels, thousands of channels to provide
voice, data, and aufomatic control links around STARLAB tfo the ancillary
modules and to earth are needed. If all of the communication channels are
used simultanecusly, a data rate of about 8000 megabits per second will be
required, To handle this large data transmission rate, it is almost
mandatory that lasers be used in the primary transmission link from
STARLAB to earth,

The essential elements of the communications and information
management system of the Starsysfem project are:
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i. Functions of the communications center on board STARLAB.
2. Internal STARIAB communications,
3. Functions carried out by the onboard computer.

4, Communication links between STARLAB and FFM's, shuttle,
and earth,

5. Management and distribution of information on earth,

Communication Center

The control of all communications for STARLAB is through a single
communication center located on board., The location of the communications
center on STARLARB should be close to the antenna system so that the loss
of signal power due to long wire leads, waveguide, or optical fibres is
minimized. To provide the STARLAB commander with rapid communications,
the communications center should be in the same vicinity as the commander!s
area. All communications and information channels are routed and controlled
by this single center, Provision is also made in the STARLAB emergency
shelter area for control of the entire communications and information system
in case of any major emergency on board STARTLAB, The conifrol panels in
the STARLAB communication center are automated to the extent that by
pushing a button for a given area of the STARLAB, all of the environmental
information. for that area is displayed on a TV screen, TFor example, by
pushing another button to interrogate the sensors on an FFM, the environ-
mental information in the FFM is displayed on another TV screen. Thus, the
communications control center has video information readily available without
the necessity of reading meters or gauges. The area and the specific cause
of'any emergency would be automatically displayed on the TV screen along
with a warning tone and a light or appropriate visual display.

Internal Communication

A twisted shielded pair (TSP) of wires with triple redundancy is.used
on board STARLAB to carry all communications and data signals from the
various areas on board to the onboard computer for distribution, The TSP
keeps the amount of wire and the weight to a minimum. Communication and



and data signals from the FFM's, EVA's, and the shuttle, as well as the
areas on board STARLAB, all come through the TSP to the onboard computer
to be routed or processed and distributed. Jacks for the experimental
sensors, body sensors, and voice and video communications are provided

- at each area to get the signal onto the TSP,

To minimize size, weight, and logistics it is highly desirable fo
-provide for commonality of equipment since each area on board can in many
cases use the same type of transmitter, receiver, and even sensors. The
commanlity concept for instrumentation design and usage is expected fo
improve the reliability and logistics problems significantly as well as reduce
the cost of the instrumentation phase of STARLAB,

The emergency and warning system on board STARLAB will override
all other channels, This emergency system is tied into the complete communi-
cations system ineluding links to the ancillary modules and the Central
Information Management Center (CIMC) on ground as well as on the STARLAB.
An automatic warning tone would be heard throughout this communication
system and an overriding voice channel is available fo control the emergency
action. Safety of the human beings aboard the STARLAB is of utmost
importance, and with an automated emergency system, this goal is most
quickly achieved, Emergency control of STARLAB functions is to be from
the communication center with provisions for control in the emergency shelter
area on board STARLAB.

Onboard Computer

The onboard computer is the heart of the STARLAB communications
center, This computer is used primarily for station keeping, housekeeping,
and maintenance with most experimental or laboratory data being processed
on the ground. The computer is used to switch the signal to its proper
place (REM, EVA, shuftle, STARLAB, or CIMC) when it is received hy
the computer from the voice-video-date sensors. The signal has the proper
signature so that the computer knows where fo distribute it, Navigation and
guidance of the STARLAB is controlled by the computer, Maintaining
location of the FFM's shuttle, the satellites, the STARLAB, and the control
of the FFM's is an important part of the work ef the-computer, The docking
maneuvers for the shuttle and the FFM's, both manned and unmanned, are
controlled by the onboard computer. This includes radar and any external
TV that is used., Manual control could be exercised where necessary.
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The emergency warning system is also controlled by the computer.

Any emergency situation relayed to the computer from the sensors auto-
matically sounds the warning tone, takes preprogrammed corrective action,
and makes a channel available for voice- communication throughout the system.
The onboard computer acts as a monitor of the life support and environmental
control systems. Environmental data such as atmosphere, pressure, tem-
perature, radiation, meteoroid detection, and human body sensors are
monitored at appropriate time intervals each minute by the onboard computer.
The computer is given the format to monitor all systems on the control
panels in the communication center. Most of the experimental data processing
ig done on the ground by a much larger computer; however, itis possible at
times to use the onboard computer for limited experimental data processing.
Storage in the onboard computer is primarily for station keeping, including
- navigational information or environmental data, and as a buffer for informa-

tion storage. -

Experimental data or reference data and similar types of information
are stored in the computer on the'ground. High resoclution TV is available
to transmit pages of a book, microfilm, magazines, special photographs,
and like material to the STARLAB. The amount of paper on the STARLAB
is kept to a minimum. Light-pen note pads are to be provided as a scratch
pad or for temporary storage of written information. A Data which must be
converted into permanent, hard-cover written matter are sent to CIMC for
processing and printing, High quality TV along with voice links to the
ground allows well-trained technicians to conduct experiments in space
while the PI directs, observes, and advises from the ground.

STARLAB to CIMC (External Communications)

Communications from the FFM's and the shutfle fo the STARLAB are
transmitted by C-band. Control, guidance, tracking, voice and video links,
and data sensors are relayed to STARLAB by means of the C-band channels.

A system of three synchronous satellites surrounding the earth are
used to communicate from STARLAB to the ground. Because of the anticipated
wide bandwidth requirements, the primary communications link to the ground
through the satellite system is the laser. The S-band is the backup for the
laser in the STARLAB-to-ground communications link. The transmission of
high quality, high resolution TV, regular, commercial TV, voice links, and
the high telemetry rate between STARLAB and the ground make the laser
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particularly attractive. The laser has advantages over the S-band in weight
and power even though ifs efficiency is low. Because of its narrow beamwidth
the laser beam has a high degree of security from undesired reception by
others.

Ground Stations

One of three ground stations located in areas of low cloud cover, such
as the Southwestern U,S., receive the signal from the synchronous satellite.
One specific, synchronous satellite is always in contact with the ground
station network, hence, the STARLAB is in continuous contact with the ground
stations through the synchronous satellife system. Maintaining three stations
in areas of low cloud cover virtually assures continuous contact with the
STARLAB, The CIMC contains one of the receiver-transmitter sites while
the other two stations are alternate receiver-transmitter sites, A microwave
or laser communications system connects all three ground stations so that
the STARLAB is in continuous communication with CIMC,

) The computer on the ground is a much larger computer and would
have much more storage capacity than the onboard computer. This computer
would also be capable of repeating everything which the onboard STARLAB
computer does. The bulk of the experimental data is processed and stored
as necessary on the ground. The perighable data received from the STARLAB
are sent through the exisfing channels directly to the user; e.g., earth
resources data, such as forest fires, crop disease, storms, and air and
water pollution. These perishable data are transmitied directly to the user
through existing channels, such as the branches of the Forestry Service,
Agriculiure Department, and the U, 8. Weather Bureau. It is important that
perishable information obtained by STARLAB is sent to the user and not
stored at ground stations. Nonperishable data can be stored, processed, .and
distributed as deemed appropriate.

Processing of Experimental Data

The research information flow diagram (Fig. II-1) presents some
concept of the problems involved in information management, Basically,
various inputs to appropriate sensors are tfranslated into electrical or other
signals which are then either fed info a computer or physically sent back fo
earth (film). The computer tranglates the electrical signals into digital form
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to be sent to earth or stored for delayed transmission. The CIMC then
converts the raw data into a form meaningful to various users. The users,
in turn, .give the CIMC personnel indications as to the usefulness of the data.
Transmissions from CIMC to STARLAR explain how STARLAB can be more
selective in its data acquisifion, The onboard computer is programmed to
assign priorities to various types of data to determine whether it should be
sent to earth immediately, stored for later transmission, or processed

on board.

Perhaps the most glamorous part of the earth~orbiting, laboratory is
the data collection subsystem, A large amount of money will be spent on
developing this subsystem. However, if a commensurate amount is not
spent on fechniques, hardware, and people to process, analyze, duplicate,
and disseminate the information gathered, then much of the money spent on
data collection will have been wasted.,

For example, multisensor imagery and nonimagery data (for earth
sciences use, meteorology, oceanography, etc.) will be collected, filed,
plotted, duplicated, enlarged, reduced, combined, mosaics, may be made,
maps produced, true and false color prints made, and specialized atlases
and encyclopedias published. At the CIMC, imagery interpreters who are
expert in plots, radar, and infrared interpretation will process the incoming
data both in film form and facsimile form. The following requirements
should be available: ‘

1. Specialized viewers and projection apparatus.

2., Measuring instruments,

3. Automafic isodensiometers and recording microdensitometers.
4, Darkrooms.

5. Photo labs.

6. DMass printing for black and white and color £ilm end products.

7. Library and filmiﬁg facilities.

8. Computers and their peripheral equipment (operators, systems
personnel, and programmers).



The reader will note that all loops are closed in form, thus contributing to
the objective of obtaining useful, valuable data and minimizing the common
practice of gathering large quantifies of data whose significance is questionable.

Summary

The points discussed in the introductory remarks are best summmarized
by considering the distribution of information within the continental United
States (Fig. II-2). The synchronous satellite maintains continuous contact
between the STARLAB and the earth, All information from STARLAB is
fransmitted {o the CIMC, which is a part of STARAD, I the main receiver
site is unable fo receive the signal, two alternate receiver-transmitter sites
are available to receive the STARLAB fransmissions and relay them to CMIC,
Almost all of the data sent to CIMC from STARLAB are in the unprocessed
or raw form, At CIMC, the data are processed into the form required by the
ultimate user. The two general categories for all data are (1) perishable
and (2) nonperishable. The perishable data are sent by an automatically
encoded arrangement directly to the user concerned while the nonperishable
data are processed in a less immediate priority fashion,

The CIMC portion of STARAD is responsible for sending properly
processed data to the user through already existing ground-based communica~
tion channels such as the postal service and the telephone networks, As an
example of how perishable information might be handled, consider the situation
of a forest fire or crop blight that is.detected by the earth resource sensors
of STARLAB, If itis to be useful, this information must be sent immediaiely
to the user; namely, the forest rangers or the farmer. The information is
sent to CIMC and encoded as perishable data. The CIMC computers seand
oul a preprogrammed call to the proper disirict information center (DIC).
The district centers are comprised of the already existing and structured
county agencieg such as the Agrieulture Stabilization Committee, the Civil
Defense Office, the Forest Ranger's Office, the Game Warden's Office, the
Sheriff's Office, etc. Of course, cily, state, and federal agencies such as
the Weather Bureau might also be involved as deemed necegsary and
appropriate. In the case of the forest fire, a telephone in the proper forest
ranger's office would ring and if crop blight is detected, a phone in the
Agriculture Stabilization Office would ring. The proper farmer or farmers
concerned aboul the crop blight would then be notified. In case the primary
telephone did not respond to the call, secondary and other numbers would be
dialed by the CIMC computers, If the user wished further information other
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than the "canned" message, he could call CIMC or if the emergency is severe
he could converse with the commander on STARLAB,

Initially, it is anticipated that all communication links to STARLAB
would pass through CIMC, which is located in the United States. As the
program develops, users in countries around the world would be invited to
participate first by coming to CIMC in this country to direct their work, and
second by establishing their own communication networks and receiving
STARLAB data directly. A worldwide advisory service could also be
established after experience is gained from the United States operation.

An important aspect in any information management scheme is how
to utilize intelligently the data that are accumulated. The unnecessary
hoarding or storing of unneeded data is not acceptable from a cost-storage
standpoint. It is earnestly recommended that an Information Management
Control Committee (IMCC) be established to administer a reasonable set
of policy guidelines. Some of the guidelines might be as follows:

1. A principal investigator may obtain his data in any form he
desires provided funding is allocated.

2. Data of national or international interest will be stored or
archived with three degrees of priority:

a. Class A is of permanent and lasting importance. This
information or data is stored permanently in STARAD files. Detailed
reasons for classifying data with this priority rating will be filed with the
data. A review of the priority ratings of Class A data must be made every
10 years by IMCC.

b. Class B is of temporary importance. This information or
data is normally stored for a maximum of 2 years in the STARAD files. The
data may be stored for another 2 years by making petition to the IMCC,

c. Class C is of immediate use only. This classification includes
real time television, slow motion replay of video information and data that,
in general, can be discarded almost immediately, Upon request by the user,
these data could be stored for up to 1 month.

Normally these data will be given to the PI in raw or reduced form on

magnetic tape, These tapes can be purchased, loaned, or leased to the PI
or his sponsoring agency. If the PI has his own storage facilities, then of
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course, he may keep the data as long as he desires, but if STARAD is
involved in the data storage, the above-mentioned classes of priorities must
be adhered to,

The communication and telemetry system for the STARLAB will be
largely automated and capable of handling a large amount of information and
communication. Since the STARLAB is a laboratory in space, provisions
must be made to handle a large flow of information and communication and
to distribute it properly. The technology and hardware to develop this
communication system is either presently available or at least should be in
the time frame designated for STARLAB,

SYSTEM FUNCTIONAL CAPABILITIES

Introduction

The general assumption made in this report concerning communications
is that there is a positive need for a sophisticated and comprehensive communi-
cations system or network both on board and on the ground to support properly
and effectively the STARLAB functions. Crew effectiveness, efficiency,
morale, and general well-being will be greatly enhanced if the STARLAB is
equipped with the many conveniences as well as necessities afforded by a
well-designed communications system. Since the cost of putting a man on
board STARLAB is considerable, it is almost mandatory that his time be used
as effeciently and effectively as possible. Although the sophisticated communi-
cations network described in this report is quite expensive, the added
efficiency it affords should more than offset the additional cost. The crew,
including the researchers, will be expected to perform a variety of functions
including station housekeeping, experiments, manufacturing, earth resource
investigations, traffic control, and perhaps function as a space university.

The effective management of information on STARLAB, between earth
and STARLAB, and on earth (STARAD) is expected to be formidable, yet
extremely important, task if the STARLAB project is to realize its full
potential. There are three general areas into which the information flow can
be divided:

1. The establishment of criteria and priorities to separate the

critical and emergency functions from the routine video, voice, and data
functions.
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2. The allocation of channel capacity for the service functions which
include assistance to the researcher and experimenter, to earth resource
observations and data gathering, to the manufacturing aspects of STARLAB,
to the academic community and to the ship, airline, and surface traffic
controllers.

3, The provisions for crew recreation and personal business such as
commercial TV, AM and FM stations, reading matter, and private
correspondence and telephone calls. Because space and weight will be at a
premium on STARLAB, almost all of the above-listed functions will be
performed electronically. The primary readout display will be a video
picture which means that almost all of the data will be displayed in digital
form. Of course, real-time and slow or fast time-domain responses as well
as other types of displays could also be provided using the video technique.

Communication System. The onboard computer performs both switching
and computational functions and is the heart of the communication and instru-
mentation systems. To provide the desired communication functions a large
bandwidth of over 500 MHz is required. It is felt that a laser link between
the STARLAB and the earth is highly desirable for two important reasons.
First, the wide bandwidth capability of lasers means that a great deal of
information can be placed on one laser beam. Present laser technology
indicates that a laser can be made to lase at several colors simultaneously.
Each color can be separated by optics and modulated separately at up to
500 megabits per second (Fig. III-3). A six-color beam could result in a
very wide bandwidth of 3000 megabits per second for a laser beam. This is
equivalent to a 500-MHz bandwidth of analog signal.

The need for such a large channel capacity is obvious if one considers
the expected video, voice, and data requirements for STARLAB communication
purposes (Table III-1), It is also desirable to summarize the classification
of channels and define certain abbreviations (Table III-2). The allocations
given in Table III-1 are summarized in Table III-3, where up and down data-
link needs are shown. If needed, extra channels to serve the auxillary
modules can be added. Considering only the STARLAB-CIMC communication
links, a total of three transmitting and three receiving high resolution TV
(HRTV) of 5000 to 6000 lines per raster will require approximately 300
megabits per second per channel or 1800 megabits per second total if all six
channels are operating simultaneously. The 32 channels of regular TV would
need 30 megabits per second per channel or a total of 460 megabits per second.
The 1000 channels of 5 KHz each also take a total of 150 to 180 megabits per
second; thus, a grand total of about 3000 megabits per second is required to
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FIGURE III-3. A 3000-MEGABIT PER SECOND LASER TRANSMITTER

handle all of the video, voice, and data needs if all the equipment is used
simultaneously. Since it is rather unlikely that all video, voice, and data
channels will be used simultaneously, the voice and data channels could be
increased greatly if several of the video channels were used for voice and
data transmission. If desired, a reasonable amount of data could be stored
in the STARLAB computer and dumped to earth at a faster-than-real-time
rate. The onboard STARLAB computer is able to allocate channels as
desired or according to a predetermined priority.

Computer Subsystem

a. General Philosophy. It is assumed that the onboard computer
performs all computational, logical, and storage functions necessary to
maintain STARLAB in a safe and productive state for an extended period.
All other functions, except for a relatively small amount of data processing
and storage, are done by the CIMC computer.

(1) Processing of Experimental Data. We take the position that

processing of major amounts of experimental data should be accomplished
at a ground station. Our reasons for adopting this policy are:
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TABLE III-1. NECESSARY CHANNEL CAPACITY FOR
A 50-MAN STARLAB

A, Television Needs N umber of Channels
High Resolution Regular
15 STARLAB to Earth Television Television
(a) Astronomy 2
(b) Biology | 2
(¢) Manufacturing i i
(d) Experiments i 4
(e) Shuttle ; §
(f) EVA 1
(g) Outside Windows 4
2, Earth to STARLAB
(a) Entertainment 5
(Commercial TV) 6
(b) Other Needs i 12

B, Audio Needs

2000 Channels of 5 kHz for Each Channel for Voice and Low Data

Rates (Includes Commercial Radio).

4-10 Channels of FM at 50 kHz Each.

C. Data Needs
200 Channels of 50 kHz Each for Medium Data Rate.
60 Channels of 500 kHz Each for High Data Rate,

a. 4 UHF and 2 VHF and Educational TV.

3-14




TABLE III-2,

CLASSIFICATION OF CHANNELS

Channel

Bandwidth

Definition

LDR

MDR

HDR

HRTV

0 to 5 kHz

0 to 50 kHz

0 to 500 kHz

0 to 6 MHz

0 to 50 MHz

Low Data Rate Channel:

Capable of Handling Voice and Analog
Signals up to 5 kHz., Also Capable of
Handling Time Multiplexed Signals, with
a Maximum Sampling Rate of 1.5 kHz.

Medium Data Rate Channel:

Capable of Handling FM Voice and
Analog Signals up to 50 kHz, (Wide
Band FM with a 10 kHz and Modulation
Index of 5 Yields 50 kHz as the Highest
Frequency Sideband. )

High Data Rate Channel:
Capable of Handling Data Rates up to
200 kbits/sec.

Capable of Handling Good Quality
Commercial TV and FM Voice.

Capable of Handling a High Resolution
TV Channel With Real Time.
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TABLE I1I-3. SUMMARY OF FREQUENCY ALLOCATIONS

Up Data Links

Maximum
1000
100
30

16

Down Data Links

Maximum
1000
100
30
16
3

From Other Sources (RFM's, Shuttle, etc.)

Receive

1000

100

30

8

1

Channels

LDR

MDR

HDR

HRTV

Channels

LDR

MDR

HDR

HRTV

Channels

LDR

MDR

HDR

TV

HRTV

Note:
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1. Principal investigators may not know what calculations
they wish to carry out, or, if they do have preconceived ideas, they may be
forced to change their minds after examining the data. At any rate, the PI's
would quite often-need to examine raw data over an extended period, make
extensive program changes, etc. We maintain that this type of activity can
best be done on the ground.

2. Some experiments generate data at enormous rates and
thus require the services of a very large computer for processing and
reduction, Cursory cost calculations indicate that ground computation is less
expensive than computation in space. Furthermore, we do not feel that
serious degradation in the quality of data will occur while being transmitted
to ground via a laser communications system. Thus, we are led to the
conclusion that processing of large amounts of experimental data should be
done on ground.

(2) Navigation and Guidance Calculations. The computer program
required for navigation and guidance (N/G) calculations is rather large and
the amount of computation is extensive. We take the position that these cal-
culations should be done on the ground except in emergency situations, The
amount of input data for N/G calculations is small and hence could be sent to
ground either by the laser or the S-band backup system. Thus, there is a
very small probability that the ground station could not provide results of
N/G calculations. In an unusual situation, the onboard computer system can
use a stored program to carry out essential navigational and guidance
calculations.

(3) Services Provided by Onboard Computer. The onboard
computer is to provide for such services as:

1. Attitude control.
2, Power management,

3. Environmental and life support (EC/LS) monitoring and
control,

4, Propulsion and fuel management.
5. Instrument and system checkout monitoring.

6. Computer operating system (software expansion
and change).
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7. A moderate level of scientific computation,

8. Navigation and guidance calculations in emergency
situations.

9. Signal switching.

(4) Comments. The onboard computer, as visualized, has
hardware which is redundant, modularly-expandable, and fails gracefully.
The software is conceived as being flexible, man- and problem-oriented,

The multiprocessor computer configuration simplifies the problem of
providing the investigator with direct access to computer facilities

(Fig. III-4), Each investigator can use the computer as his area in any way
he finds advantageous to his work without the complex software package which
would be needed if all investigators used a single large computer,

b. Hardware Characteristics. The system hardware consists of a
fast central computer, two or more peripherial computers, and a mass
storage unit (Fig. III-4). We visualize the hardware to have at least the
capability of that of the late 1960's (Refs. III-1 and III-2),

¢. Software Characteristics

(1) Executive Computer. The software package of the executive
computer is constructed so that the former:

1. Controls I/0 to and from central computer and storage
units,

2. Monitors EC/LS, attitude control, fuel, and instrument
and system checkout data.

3. Carries out attitude control and fuel and power
management calculations,

4. Switches all signals.

5, Carries out automatic emergency sequence operations
and controls formatting of information to be displayed on TV consoles.

It is expected that time-sharing techniques can be utilized to an advantage
by the executive computer,




671-¢€

FIGURE IlI-4. THE MULTIPROCESSOR COMPUTER




(2) Area Computer. Normally under direct control of an
investigator, the area computer will:

i. Carry out relatively minor calculations and data
processing tasks.

2. Give the investigator access to the central computer and
mass storage unit through the executive computer.

3. Act temporarily as the executive computer when the
regular executive computer is being maintained, checked out, modified, or
is out of order.

Communication with the computers can be facilitated by the use of such
software packages as DIALOG and SYNTAX (3. above) which have recently
been made available,

(3) The Central Computer. Considerably larger and faster than
the peripheral computers, the central computer processes moderate amounts
of experimental data, and is capable of doing navigational and guidance cal-
culations should be need arise.

Assuming the memory requirements given in Table III-4, the
peripheral computers require a working storage of about 36K words. With
time sharing, the 36K-word peripheral computer can serve as the executive
computer, Initially, the central computer can be 32K to 64K words., At
least two peripheral computers would be required initially, The total working
storage is about 138K and mass storage about 100K. The power requirements
are 750 to 1000 watts, 300 to 400 pounds, and 5 to 7 cubic feet.

The Instrumentation System

Before proceeding to a general discussion of the information manage-
ment system, it is appropriate to give the general description of instrumenta-
tion which is on board STARLAB, Because of the anticipated difficulty in
repairing equipment on board, it is very desirable to have a great deal of
commonality among the equipment used in the experimentation, manufacturing,
and other phases of the activities requiring communication equipment.
Although it is desirable to have only one type of receiver and one type of
transmitter for the onboard and offboard communication purposes, a more
practical solution is to have three types of receivers and three types of
transmitters, divided as follows: (1) a receiver-transmitter combination
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TABLE Ili-4, ESTIMATED HARDWARE REQUIREMENTS

AND SPECIFICATIONS

Memory Requirement
Words {Per Unit)

Function

Computer

32K

16K

8K

4K

4K

24K

8K

4K

32K

Navigation and Guidance -

Attitude Conirdl

Power Management
EC/18

Propulsion and Fuel
Management

Checkout Moniforing

Operating System
{Software)

Switching

Scientific Operations

Central Computer

Executive Computer
(EC)

EC

EC

EC

EC

EC
EC

Peripheral Computer

to handle all audio and data needs as tabulated under Items B and C in

Table ITI-1, (2) another receiver-transmitter unit that tunes to the regular
TV and FM channels, and (3} a receiver-transmitter unit to handle the high
resolution TV channels, A central stockroom containing a reasonable
number of these units would dispense them as required by the experimenters,

The sensor, or sensor-trangducer unit, also incorporates the concept
of commonality. [et us consider how the various subassemblies are
packaged to provide maximum flexibility and a reasonable degree of common-
ality [Figs, II-5(a} and III-5(b}]. The experimenter or researcher goes
to the central stockroom and to check out the necessary pieces or items of
equipment to assist him in carrying out his duties, Before being checked out
to the user, each piece of equipment is plugged into a test assembly to

. determine whether or not the unit is operational and in proper calibration.
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As an example of how the various subgroups are ufilized, consider
the sensor-transducer unit and suppose that this particular sensor unit is
to measure strain., The sensor element is the strain gauge which is
incorporated into the proper bridge circuit, The output of the bridge is
fed into a solid-state amplifier and then modulated onto the subcarrier which
is allocated for this particular type of transducer. If several strain gauges
are involved in the experimental work, different subcarriers have to be
chosen for each strain gauge unit. The experimenter is able to set the unit
at the desired subcarrier frequency. The output of the subcarrier trans-
mitter is then fed into the TSP circuits which serve the entire STARLAB,
If several experimenters are using strain gauges, the onboard computer
selects the proper subcarrier frequencies so that one signal does not
interfere with another.

If the experimenter wants to obtain a series of readings or perhaps
a plot of strain versus stress, then some form of output is required. The
electrical signals from the sensor are fed into the central computer which
then converts the electrical voltage or current into a reading that is pro-
portional to the strain, This format would have to be programmed into the
computer. The computer then sends out a signal to the TV monitor which
could be in the form of a digital readout or a strip chart plot or some other
type of data display.

The type of data to be presented on the TV monitor depends on the
nature of the experiment and the desires of the experimenter. The digital
computer could be programmed to provide X-Y plots, phase plane plots,
strip chart plots, bargraphs, line graphs, or digital displays, such as a
series of numbers. If a storage scope is employed, or if the computer is
programmed to maintain the image indefinitely, the experimenter has a very
versatile type of output device. It is felt that it is almost mandatoxry for both
an all-electronic data processing and electronic read-outs to be incorporated
in STARLARB, Space and weight are at such a premium that it is undesirable
to attempt to provide much paper for plotting, writing, or storage of infor-
mation, A writing pad activated by a light pen is used for a scratch pad and
a temporary written storage., An electric field is used as an eraser.

It is expected that ve?y little repair of equipment will be attempted
on hoard STARLAB, but that calibration facilities should definitely be
provided. It is hoped that enough commonality will be provided so there will
be little need to be concerned with repair of the equipment. A defective unit
is simply replaced by another similar unit from a stockroom and the item
to be repaired is sent back via space shuttle and a new item will be sent up
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as a replacement, The calibration of the various instrument subassemblies
is done by using computer routines and calibration standards. The instru-
ments are plugged into a test jig to determine the operational status of the
units.

To simplify the various instrument subassemblies [Figs. IlI-5(a) and
II-5(b)], it is necessary for the STARLAB computer to perform almost all
of the data processing necessary to obtain the desired output. Suppose that
10 to 50 voltmeter readings are needed simultaneously. Ii would be necessary
to check out from 10 to 50 volimeter type sensor-transducer units from the
central stockroom. These units would be attached to the desired terminals
at which the voltage is to be measured; the output of the subassembly would be
fed into a transmitter subassembly, and the transmitter output in turn would
be fed into the TSP common cable. The STARLAB computer then converts
this signal into an appropriate digital voltage which is fed into the television
receiver as either a digital display of digits or perhaps as a plot of voltage
versus time. By using time sharing techniques, all 10 to 50 voliages could
he monitored simultaneously and very accurate readings could be obtained
by using a sophisticated process unit inside the computer. It is anticipated
that this technique will reduce considerably the complexity of the individual
Instrumentation subassemblies and at the same time greatly increase their
accuracy and reliability.

Other instrument subassemblies are required [Figs. II-5(a) and
Hi-5(b)] such as the video input unit, the voice input unit, the television
output, and the audio output unit, The proper amount of equipment to be in
each subassembly has to be given additional consideration, but to maintain
the commonality principle and at the same time decrease the complexity and
equipment utilization, the number of equipments for instrument subassemblies
should be minimized. Selection of proper carriers or subcarrier frequencies
are obtained by use of a touch-~tone type dialing system which could either be
plugged into each unit or mounted permanently with each unit.

In addition to the instrument subpackages shown in Figures III-5(a)
and III-5(b), additional subassemblies are necessary to provide the remote
control capability for experiments on board the free—flying module and for
the remote controlling of equipment and experiments inside the free-flying
module, and perhaps the STARLAB itself. Although if is anticipated that
many of the remote control devices will perform unique functions, it is
expected that much commonality can be provided also; for instance, in an
experiment requiring the positioning of devices, a unitized and unified remote
control bench could be designed to accommodate the needs of many types of
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experiments and the desires of many experimenters. For example, it might
be desirable to design only a two-dimensional bench in which equipment is
placed in a plane, If three-dimensional motion is required, it might be
possible to use translation motion only and still have a relatively simple
system which would position quickly and accurately. TV monitors could be
used with the experimenter providing the feed-back function or the unit could
be remote controlled through its own feed-back network and the computers.
Additional investigations are needed in thig area.

Information Distribution

It is assumed throughout this report that almost all of the data
acquisition, processing, and distribution is done by means of electronics,
Although man makes almost all of the major decisions, he is assisted by
computers and a wealth of information displayed in a convenient form. An
overall information flow diagram is instructive (Fig. II-6). The block
diagram is divided into two similar areas; in space and on earth. The first
step, either in the STARLAB or on earth, is the acquisition of information or
data. This information or data can come from many different sources
[Figs. II-7(a), IE-7(b), II-7(c), and OI-7(d)] as the various sensor and
display units are found in the laboratory area, crew quarters, FFM's, and
shuttle, For instance, in space, the information can come from man using

" a voice mike or a touch-tone input to the computer., Here, man could be
situated either inside the STARLAB, in the EVA configuration, in the space
shuttle, or in the manned free-flying module. Information input could also
be achieved via the TV cameras or the many data sensors used in the experi-
mental and manufacturing activities, Critical or emergency data input is
furnished by the many sensors located throughout the STARLAB, the FEM's,
and the space shuttle.

On board STARLAB, all information is fed into the triply redundant
systems of the TSP that is conducting frequency multiplexed carrier frequencies
from dc to about 275 MHz. All of this information is fed into the onboard
computer in a parallel mode; i, e., although the computer performs some sort
of function on all of the information, the information is available at any
receiving station that is connected to the TSP, The onboard computer per-
forms two major funetions; (1) it either switches the signal to another
station in the STARLAB, the space shuttle, the ¥FFM's, or the EVA, or it
sends the unprocessed data or processed data directly to earth, and (2) the
computer performs data processing, either for onboard usage or for trans-
mission to earth., As mentioned in the introduction of this chapter, the
onboard computer does not have enough storage or computational capacity
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to process all of the data that can be acquired by STARLAB in ifs research,
manufacturing, and observation endeavors. Much of the data processing will
be accomplished on earth because of the much larger computation facilities
that will be available.there, and this processed data will in turn either be
returned to STARLAB or distributed on earth as desired.

The unprocessed or processed data are sent to four locations; (1) the
storage unit of the computer, (2) the commander's console, (3) the individual
console located throughout STARLAB or in the free-flying modules, or perhaps
the space shuttle, and (4) the automated emergency warning and action system
(Fig. IT1-6), The commander's console is rather sophisticated and is
primarily concerned with the station keeping and housekeeping activities.

The individual experimenter!s console is one of many located throughout the
STARLAB, The equipment in these console will vary depending upon the needs
of the experimenter or crew member. ¥ experiments are being performed,
the individual consoles will contain TV {ransmitters and receivers as well as
the many data sensing units. If the conscle is used in its recreational mode,
then the TV receivers and a telephone unit would probably be located in the
console, Each console would also contain 2 minimum number of emergency
signaling devices as deemed appropriate. The automated emergency warning
and action system would not be a console in itself., The emergency functions
would already be reflected at the commander's console and, fo a lesser
degree, in the individual console. It is expecied that there will be ceriain
functions that will be performed automatically without decision by man., These
might include the sealing off of an entire area because of some catasirophic
failure in the area, increasing the oxygen input to a given area, turning on
warning lights, etc.

As described earlier, man has a very important part of this cloged-
loop data management system, because a decision by man must be made for
the loop to continue except in a few cases. In many cases, there will be no
need to process the data on board STARLAB, For instance, in the case of
high resolution TV during astronomical observations, the signal could be
switched by the onboard computer directly info the laser modulator and trans-
mission system to be relayed to the earth receivers and processed on the
ground. Because of the large bandwidth requirement, it is almost mandatory
that lasers be used during high data rate transmissions such as the use of
high resolution TV. However, it is expecied that an S~band microwave backup
will be employed when the use of the laser is not feasible. In ail likelihood,
it will be necessary to eliminate the high data rate channels when the S-band
transmitiers are being utilized., Once these data are on the ground, they can
either be stored and sent out as either unprocessed or processed data, The
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unprocessed or processed data can then be disiributed to the master console
located in the main receiving computational centers or sent out to user con-
soles that may be located anywhere in the country or perhaps the world.

The earth-based computer will have the capability of duplicating all of the
onboard computational processes. Of course, it will not be able to perform
the switching functions, but will be able to activate the switching functions

on board STARLAB, This will provide an added backup in case the STARLAB
computer fails.

Consider an experimenter working on board STARLAB who wants to
observe the experiment he has just performed in slow motion. The TV
picture of his experiment is relayed via the laser network to the storage unit
on earth at CIMC., This can be interrogated in such a way as to play back
the TV picture in slow motion or stop motion much as we see with today's
foothall game broadecasts. It does not appear that it would be feasible to
aftempt this on board STARLAB because of the large storage capacity and
peripheral equipment that would be required. Note that the data management
system on earth is almost identical to that located in STARLAB, Data can be
acquired both on earth as well ag in STARTAB, TFor instance, in the earth
resource experimental work, it might be necessary to make various measure-
ments on the surface of the earth and transmit this fo STARLAB or CIMC
for comparison purposes with the data acquired by the STARLAB sensors.
Again note that man is in the closed-loop system on earth just as he is in the
closed-loop information system on STARLAB,

As mentioned earlier, a litfle more detail about the equipment that
would be contained in the laboratory areas, the crew guarter areas, the
command areas, the unmanned FFM's, the manned FFM's, EVA, and the
space shuttle [Figs, III-7(a)}, II-7(b), III-7(c), and II1-7(d)]. In all cases,
note that information from these various areas is fed into the TSP, As will
be detailed in the next section, the TSP represents a triply redundant system
in that three separate pairs of twisted wires are located throughout the
STARLAB area, Although all three pairs of wires are used during normal
activity, if something should happen to one or two of the shielded twisted pairs
to cause them to become inoperative, then the final pair could be used for
emergency purposes and for emergency operational functions such as
maintaining life support and communications between STARLAB, the ancillary
vehicle located around STARLAB, as well as communication to earth., This
would necessarily restrict the accumulation or taking of data as the bandwidth
would be limited by about a factor of three.
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The commandexr's display console is quife elaborate but functional
(Fig. III-8). Emphasis is placed on the environmental display panel located
in the commander!s area and is also duplicaied in the emergency shelier
area, From this point, the commander is able fo obtain all desired information
about critical factors in and around the STARLAB as well as the free-flying
modules, the EVA's, and the shuftle, This information comes from the various
sensors located throughout STARLAB ahd the ancillary modules., The
commander is able to interrogate any of the senscrs by pushing the proper
buttons with the information displayed on any one of the three TV screens.
Notice also the constraining seat in which the commander is sitting. He
straddles the restraining bar that is attached to the seat and by kicking with
his feet or using his hands he can glide around the console area on the guide
rod. This same seating arrangement is recommended for the laboratory and

workshop areas.,

EQUIPMENT DETAILS

Introduction

The communication subsystem is designed to provide excellent service
to the members of the Starsystem. The communications equipment is
intimately tied to the computer to provide programmed channeling of all
information transmissions.

The main communications link between STARLAB and STARAD via
satellite is provided by the integrated laser subsystem. It provides for voice
and video communications, felemeiry, command, tracking, and ranging.
The laser system was chosen because it provides the bandwidth required to
support the information flow associated with experiments performed in
astronomy, earth resources, manufacturing, and biosciences, This is done
within the weight and power limitations imposed on space flight system.,
Further, it avoids conflicts of use of the frequency spectrum and meets with
Federal Communications Commission's approval. It inherently is a secure
system since the laser beam illuminates only a small area on earth. An
additional reason for choosing the laser system is to encourage the develop-
ment of the high potential available in this communications system.

The unified S-band system is used primarily as a backup system. It

is also used for coarse pointing of the laser apertures. The S-band system
is of the Apollo type and is chosen as the backup system since in utilizes
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technology which is already developed and equipment which is more or less
off the shelf. The X-band radar subsystem is used for docking and tracking
of the unmanned ancillary modules.

The low power C-band subsystem is used for voice and video communi-
cations, telemetry, command, tracking, and ranging with the ancillary modules.
This is a low power system and thus will not affect ground links utilizing the

same frequency spectrum.

The distribution subsystem is used to tie the terminals and display
consoles into the information exchange system.

STARLAB Information Distribution. To provide for the complex infor-
mation distribution subsystem aboard STARLAB without using miles of wire,
the frequency multiplexing technique is employed to allow a few transmission
lines to carry many information channels. This means that information is
distributed throughout STARLAB by assigning different bands of frequency to
each of various types of information carrying signals. New developments on
the TSP type of transmission line make it possible to use the entire bandwidth
of 275 MHz for information transmissions. This bandwidth provides for 1000
low data rate channels (defined in Table III-2), 100 medium data rate channels,
30 high data rate channels, 16 TV channels, and 2 high resolution TV channels
on each TSP (Fig. III-9). By utilizing three TSP's, only two need to be used
full time with the remaining TSP used as a spare. The frequency allocation
on the TSP is made for both fransmitting and receiving channels. A typical
allocation utilizing six colors of a laser subsystem for transmitting and six
colors for receiving is shown in Figure III-9.

The first 20 MHz of bandwidth may be used for the S-band critical
system (Fig. III-9). The critical functions are defined as those necessary
for communications during emergency or checkout periods. A typical
frequency allocation for the critical function bandwidth would include a voice
and video link to the CIMC, a TV monitor to the CIMC with very rapid
sequencing through all computer formated displays, analog and digital
telemetry channels for basic life support functions, tracking and ranging
information, and emergency control functions (Fig. III-10).

STARLAB Stations. All information is processed before being modu-
lated on a subcarrier for transmission on the TSP at the STARLAB stations.
The premodulation processor (PMP) utilized depends on the rate that informa-
tion is generated by a particular sensor and must be determined by the user.
(Example 1: An experiment has several sensors which are to be monitored
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only a few times per second. Therefore, a PMP is selected which time
multiplexes their ouiputs for modulation of a low data rate channel subcarrier.
Example 2: Voice has most of its information located in the frequency band
from 300 Hz to 3000 Hz and therefore uses only an audio amplifier as a PMP
before it modulates a low data rate channel subcarrier.)

Each station is assigned a low data rate channel with a given subearrier
irequency for initiating call signals, A push-button channel selector
[Fig. IIIwS,(E)} sends a call signal to the computer information exchange over
the call channel. This information exchange is similar in concept to the
telephone exchange which is in common usage today. The allocation of frequency
bands on the TSP by the information exchange is similar to the connecting
function performed by the telephone exchange. Further instructions can be
given to the computer using the call channel and vocoders. (Vocoders are
devices which change the voice signals info electrical signals that are trans-
lated directly into computer instructions.) Since the call channel is critical,
it will be assigned on both TSPs to have redundancy.

The Laser Subsysiem. Several types of lasers were considered for
the main optical communications link. These were a gas laser using CQ,,
a helium-~neon laser, a double~-YAG lagser, and an argon-krypton laser.

The carbon-dioxide gas laser has already been considered for space
use. The purpose of the coherent laser satellite-to-sateilite experiment
proposed for the ATS-F and ATS~G program is to establish the feasibility and
value of optical space communications using present state-of-the-art laser
equipment and fechnology (Ref. II-3),

The proposed system would utilize 23-pound transceivers consuming
20 watts of primary power. A 30 MHz information base-band would be
frequency modulated on a 10, 6-micron carbon-dioxide laser beam, Five-inch
optical apertures and 400 miiliwatts of carrier power would provide for a
28-decibel signal-to-noise ratio for a range of 18 600 miles, The belium~
neon laser would be suitable for a rarrower bandwidth requirement {Refs,
II1-4 and III-5).

The argon-krypton laser was selected. since it lases up to 11 colors.
It stabilizes to provide for modulation rates up to 500 megabits per second
per color. The proposed system would uiilize 500-pound transceivers con-
suming 500 walis of primaxy power. An incoherent pulse/AM iype modulation
fechnique operating at rates of up to 500 megabils per second is to be used.
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Optical apertures of 50 centimeters (20 inches) and carrier power of 100
milliwatts provide for error rates of less that 10~T errors per bit for a range
of 24 000 miles [Fig., II-11(a)] (Refs. Hi-6 and II-7).

A typical laser communications subsystem is shown in Figure 1I-11 (b).
Very coarse aperture alignment is attained using the unified S-band equipment.
This places the apertures to a 1-degree field-of-view. The laser telescope
is physically oriented using the coarse guidance system to within a 2-are-
minute field-of-view. This allows the fine guidance control package to
complete the alignment to within an arc-second.

The double-YAG may quickly overtake the argon-krypton laser as the
main communications link. If progress is as rapid as some researchers
predict, the double-YAG promises much higher efficiency and mode frequency
stability. The double-YAG laser is yttrium-aluminum-~garnet crystal that
emits ultraviolet light that is frequency doubled using a barium-sodium-
niobate crystal. The light frequency is doubled to produce light which can be
detected and amplified using photomultipliers operating at 5300 A. Researchers
predict 100-milliwatt output power at 10-percent efficiencies within 1 year
(Ref. I11-8). Such lasers would greatly reduce the size and primary power
requirements of a laser communication system. (Information on the backup and
emergency subsystems and the circuit studies is presented in Appendix B of

this report.)
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LASER TYPE - ARGON-KRYPTON

RANGE - 24000 MILES

ALL APERTURES - 50CM

XMIT POWER - 100 MW (0.2 % EFF)
MODULATION - PULSE/AM (INCOHERENT)
MODULATION RATE - 500 MEGABITS/SEC/COLOR
SIGNAL - 280 PHOTONSIBIT

ERROR RATE - 210" ERRORS/BIT

FIGURE III-11 (a). COMMUNICATIONS LINK PARAMETERS
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CHAPTER IV. MISSION AND ANALYSIS

DEFINITION OF SYMBOLS
i Inclination of orbit plane to equitorial plane
L Launch site latitude
az Launch azimuth
T Orbital period
m Number of earth rotations i'elative to target orbit plane
Qe Earth rotational rate
Atasc Time elapsed from launch to injection
n Number of revolutions relative to launch site
n. mi, Nautical miles
Re Equaforial radius of earth-
ds Coefficient of potential function
T Radial distance from center of earth
Q Change in right ascension of the ascending mode per
revolution due fo oblateness
1 Gravitational parameter
h Altitude



MISSION DESCRIPTION

The operational mission of STARLAB is to provide facilities in earth
orbit capable of supporting a long-term scientific and applications research
program. The research program is multifaceted, being composed of experi-
mentation in various scientific and technological disciplines. Such a diverse
program imposes environmental requirements which cannot be optimally
satisfied by one vehicle. The solution is a system of manned and unmanned
vehicles which are maintained, controlled, and supported by a manned orbiting
laboratory base.

STARLAB is composed of the main laboratory base and five free-flying
laboratory modules., The nominal orbit for this system is a eircular orhit
with an altitude of 308 n. mi. and an inclination of 69 degrees. The selection
of this orbit for STARLAB was based on considerations of scientific mission,
launch vehicle performance, range safety, earth coverage, radiation environ-
ment, orbital lifetime, and rendezvous for resupply. The ground track makes
a longitudinal shift of 24. 23 degrees per laboratory revolution. The orbits of
consecutive days are out of phase with a longitudinal shift of 3. 46 degrees.
The daily shift coupled with the high inclination provide coverage of all
populated land masses, but still allows rendezvous compatibility every seven
earth revolutions relative to the laboratory.

The free-flying laboratory modules operate remote from the station,
but in its close proximity for the purpose of rendezvous when support is
required. The differences in the velocities, altitudes, and ballistic coefficients
between the modules and the main station causes relative motion between the
vehicles in the nominal orbit. For example, consider a free-flying module
which has been serviced by the main laboratory and has been maneuvered into
a circular orbit slightly above the main laboratory. The main laboratory
maintains its position in the nominal orbit by corrective thrust maneuvers,
but the orbif of the module is allowed to decay. The resulting relative motion
is shown in Figure IV-1, The module is originally above the Iaboratory with
circular velocity at point 1, The laboratory is also in a circular orbit but at
a lower altitude, and thus the module has a lower velocity than the laboratory
and slowly falls behind. Drag forces are also acting on the module causing its
orbit to decay. The module loses altitude and reaches point 2. As the module
continues to lose altitude its velocity will increase, and the module will move
to point 3 relative to the laboratory. If it is desired that the module continue
its free-flight mode, a velocity impulse must be given to the module by its
propulsive system to place it at point 4, and the cycle is repeated, I docking
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by the module is required, the module is allowed to move to point 5, and the
docking maneuver is accomplished.

The primary launch vehicle selected for STARLAB is a two-stage
derivative of the Apolio-Saturn V consisting of the S-IC first stage and the S-II
second stage (Fig. IV-2}. By direct burn into STARLAB's orbit, this launch
vehicle is capable of delivering 145 000 pounds of useable payload (Ref. IV-1}.
Five unmanned launches will be required to complete the main laboratory.

The payloads are completely integrated and are merely docked in orbit. The
nominal weight and volume for each laboratory section are 120 000 pounds and
50 000 cubic feet, respectively. The sections are 80 feet in length with a
maximum diameter of 33 feet. The desired launch rate for laboratory buildup
is one launch every 2 to 3 months.

MISSION PROFILE

T <+ 0 second: Launch from Cape Kennedy with ftwo-stage Saturn V.
Launch azimuth 45 degrees. )

‘T + 12 seconds; End vertical rise and begin pitch-over maneuver,

T + 35 seconds: End pitch-over and begin gravity turn for minimum
aerodynamic load.

T + 150 seconds: Freeze yaw steering for staging.
T + 160 seconds: S-IC cutoff and separation,
T + 164 seconds: S-II ignition and begin yaw steering to obtain desired

azimuth at injection (dog-leg maneuver).

T + 190 seconds: Jettison payload shroud.

T + 540 seconds: S-II cutoff and injection into a cireular orbi‘t with an
altitude of 308 n. mi. and an ineclination of 69 degrees.

Terminal rendezvous and/or activation operations
begin, ’
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THE ASCENT TRAJECTORY

Cape Kennedy range safety constraints restrict launch azimuths to
between 45 and 112 degrees except for the possibility of a launch azimuth
between 140 and 145 degrees (Ref. IV-2). This limits the orbital inclinations
that may be obtained from Cape Kennedy by planar ascent trajectories. Tf it is
assumed that the distance and time spent during ascent to the point of burnout
are small, the approximate inclination achievable from a given launch site
may be found from the relation

i = cos™! [cos (L) sin (az)]

where L and az are the launch site latitude and launch azimuth, respectively.
For a launch site latitude of 28, 5 degrees, the latitude of Cape Kennedy, the
launch azimuth restrictions limit the possible orbital inclinations to between
28.5 and 52 degrees with the possibility of an orbital inclination between 55 and
59 degrees. Orbits of greater inclination than this cannot be achieved without
the use of yaw steering at the expense of the payload.

A study has been made on the performance capability of the Saturn V
incorporating yaw steering (Ref. IV-2}. This study indicates that the time at
which yaw steering is initiated greatly influences the payload capability. On
the basis of these performance curves, a launch azimuth of 45 degrees was
selected with yaw steering beginning at S-II ignition.

The ascent trajectory required to achieve STARLAB's orbit with a two-
stage Saturn V was computed using ROBOT (Ref. IV-1). A launch azimuth of
45 degrees was given and yaw steering was commanded at S-II ignition. The
groung track (Table IV-1) of the ascent profile is shown in Figure IV-3. With
this ascent trajectory, 145 500 pounds of useable payload may be injected info
STARLAB's orbit (308 n.mi,, 69 degrees).

ORBITAL TRAJECIORY

The first consideration in selection of the orbit for STARLAB was
support of the scientific mission. The study of earth resources dominates
the scientific mission for STARLAB, and therefore its orbital requirements
in turn dominate the orbital selection,



TABLE IV-1, GROUND TRACK OF ASCENT PROFILE

. Latitude . ’ Longitude
f-secs {deg) (deg)
Launch
0 28,53 ' 80.56 W
75 28.54 80. 55
150 28. 85 ‘ 80. 21
189.9 29.29 79.73
243 30,01 7’9. 05
318 31. 37 77.98
418 . 34. 07 76.25
468 35, 23 75.15
518 38.21 73.82
Injection
540 ) 39.35 73.15
S-IC Impact 33.5 N 7413 W
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For the study of earth resources, the altitude of the orbit should be
high enough to permit good area coverage and yet low enough to meet sensor
resolution requirements. A lower bound on the altifude may be determined
from station keeping requirements. At altitudes less than 100 n. mi., orbital
lifetimes become so short that the propellant requirement for station keeping
becomes prohibitive. An upper bound on the altitude may be determined from
the radiation environment. Above 500 n.mi., the trapped particle radiation in
the lower Van Allen belf becomes intense enough to make adequate shielding for
the crew impractical. A trade-off is required between sensor resoélution requir
ments and area coverage is constrained to the altitude region between 100 and
500 n, mi, with propellant consumption increasing altitude.

For good earth coverage, the orbital inclination should be as high as
possible. A near polar orbit can provide uniformity of lighting conditions and
almost total earth coverage simultaneously. However, with increasing
inclination, the radiation dosage increases because of solar and galactic
radiation. At inclinations less than 67 degrees, the radiation due to solar
cosmic radiation may be ignored in calculation of radiation dosage (Ref. IV-3).

1

Another factor which affects the-choice of orbital inclination is the
phenomenon called the "South Atlantic Anomaly." This is a region where the
trapped protons in the inner Van Allen belt dip closer to the earth than at any
other longitude. For orbital altitudes of 200 to 300 n. mi., the radiation
dosage from Van Allen radiation is 2 maximum at inclinations of 30 to 35
degrees (Ref. IV-4) and is primarily because radiation accumulated during
passage through the anomaly. At inclinations belown25 degrees, the orbit
no longer passes through the anomaly, and the dose rate drops sharply. For
inclinations above 35 degrees, the dose rate decreases monotonically to half
the maximum value at an inclination of 90 degrees.

Introduction of another consideration narrows the range of possible
orbits; i,e., frequent rendezvous capability, For STARLARB, rendezvous
at specified time intervals is mandatory. For maximum payload capability
to rendezvous, the orbit should be selected such that the correct relative
position between the launch site and the laboratory for rendezvous oceurs at
regular intervals consistent with resupply and/or crew rotation reqguirements.
Orbits which satisfy this condition are called.rendezvous compatible and are
defined by Reference IV-5:

2mr - At + nS.Z
=] asc

ng (1 + éf—«)
e T

’T =



where AT is the orbital period correction due to oblateness

R\ 2
At 3 o e 1~ 7 cosi
2 *\r 4

An iterative solution is reguired because of the interdependence of Q and 7.
Solutions to this equation are given in Reference IV-Z, and the orbii for
STARIAB was selected from these candidate orbifs with trade~offs based on
considerations of earth resources observation, launch vehicle performance,
range safety, radiation, and orbital lifetime, The orbit selected for STARLAB
is circular with an altitude of 308 n.mi, and an inclination of 69 degrees. The
period for this orbit is given by

3 R 2 2.
.= op 1E |y ‘_§_‘J e 7 cogi - 1
o Jil 2 2\ r 4

and is 96. 65 minutes. The ground track of this orbit for the first three
revolutions was computed {Ref, IV-6} and is shown in Figure IV-4. The
longitudinal shift in track per orbit,

is 24,23 degrees. The ground track for the first day in orbil is shown in
Figure IV-5, Notie that the orbiis of the second day will be ouf of nvhase wiih
the orbits of the first day by the amount

‘Qdaily = 158 ~ 360 deg

or 3.46 degrees. The phase shift increases the area coverage by allowing new
and previously covered areas to be viewed on the same day. The phase shift
and the period are such that the ground track repeats every 104 revolutions

of STARLAB., This allows rendezvous with STARLAB every 167, 53 hours

or approximately every 7 days.
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CHAPTER V

STARLAB VEHICLE AND SUBSYSTEMS
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CHAPTER V. STARLAB VEHICLE AND SUBSYSTEMS

DEFINITION OF SYMBOLS

Alternating current
Watts, electrical
Watts

Watls, thermal
Astronomical unit
Centimeter

Systems for nuclear auxiliary power
Gravity

Kilogram

Pound mass
Kilowatts

Micron

Meter

Million

Volts, direct current
Billion

British thermal unit
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Ap
AV
psia

°F

Hg
RH
ID

oD

ILM

FFM
EVA
CMG
RCS
RFM
Lv
cG

DOF

5-2

DEFINITION OF SYMBOLS (Continued)

Pressure differential
Velocity- differential
Pound per square inch absolute
Degree Fahrenheit
Millimeter

Mercury

Relative humidity
Inner diameter
Outside diameter
Integral launch module
Saturn V

Free-flying module
Extravehicular activity
Control movement gy«
Reaction control syste:
Remote-~flying module
Local vertical

Center of gravity

Degree of freedom



LB

GG

POP

PEP

EP

SPS

W-h

AU

DEFINITION OF SYMBOLS (Concluded)

Angle beta: Angle between Sun, Earth, and spacecraft
Gravity gradient

Velo'city vector

Perpendicular to orbit plane

Perpendicular o ecliptic plan

Ecliptic plane

Service propulsion system

Watt-honr

Astronomical unit
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PHYSICAL ARRANGEMENT

Introduction

The objective of the laboratory vehicle is to provide project STARLAB
with an integral and reliable orbiting base of operations as soon as possible
after initiation of the launch sequence.

The scope of project STARLAB requires a laboratory that cannot be
launched with a single existing vehicle., Five or more launches will be
required., While the advantages of modular construction are recognized and
utilized, it is still more efficient to provide certain functions for the entire
operation from gingle specialized equipment complexes; power, communica—
tions attitude control, administration, water reclamation, logistics docking,
ete. It is important that these services which are sized for the integral
laboratory be interfaced with their users as soon as is practicable so that
their full potential may be realized and their useful life exploited. These
considerations make minimization of in-orbit construction time an important
objective,

Launch Package Modules

Large ground integrated units minimize in-orbit construction and
interface connections. This advantage is judged to be more important than
transportation cost reductions achieved using smaller payload shuttle packages
for the orbiting of the base of operations.

The center of STARLAB operations is contained in five ILMs, each
having a volume of 50 000 cubic feet. These ILM's are launched weighing
120 000 pounds each. The ILM is the largest unit in both volume and weight
that can be constructed and tested on the ground and-still be launched into
the desired orbit as an integrated payload by a {wo-stage S-V vehicle.
Transportation costs using ILM units, while more expensive than shuttle
ransport, is still only a fraction of payload development and fabrication cost
(Ref. V-1), Comparison of ILM volume to weight ratio with other orbiting
aboratory proposals (Ref. V-2) indicates that the major limitation is weight,
10t volume. To use the volume potential to the fullest, it is necessary fo add
:quipment transported by the shuttle vehicle., Transportation cost.of such
equipment may be as much as an order of magnitude less than S-V fransport,
though time~consuming in-orbit transfer and assembly would be necessary.
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Each ILM unit is docked to similar units and FFM's at either end.
Each can dock smaller FFM units at convenient locations on the sides.
Attitude control, power, and life support functions are maintained by each
module on a limited emergency basis.

Launch Package Module 1ntegration

The five ILM units will be docked end-to-end fo form the basi¢
structure of STARLAB [Figs., V-1(a) and V-1(b)]. This structure is long
(430 feet) and cylindrical (33 feet and 22 feet in diameter) and is chosen for
several reasons, A large area-to-volume ratio provides more surface on
which heat rejection equipment can be mounted, The long shape enables the
various functional appendages to be spaced to minimize mutual interference
with each other and with the logistics vehicles and FFM's which will be
docking frequently. Atfitude control requirements for solids of revolution
have been studied and attifude control power consumption can be projected
into the future, Symmetry of the vehicle should reduce the aerodynamic
torque in orbital flight, Further reduction could be achieved by deploying
the roli-up type solar arrays in varying amounts to move the drag center to
the center of mass, This is probably unnecessary for the altitude of interest
(300 n.mi. }, as the aerodynamic torques are small compared to the gravity
gradient torques. A long cylindrical configuration is easily assembled by
four end-to-end dockings of the large ILM's. This reduces the construction
time in orbit by minimizing the interconnections that must be made. Finally,
if the scope of operations should increase in the future, new ILM units could
be added as needed, either to the ends or in the middle by undocking and
redocking.

Description of Modules

Each of the ILM units that compose the STARLAB structure will be
modifications of a basic module design which are specialized for their
particular tasks (Fig, V-2). Module descriptions that follow are in the order
of their launch sequence,

The critical services module containg those functions which can be
performed most efficiently from a single location and which also have a high
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dengity of mutual interface requirements such as communications, main
computer complex, command area, power conversion; and the distribution
system.

The power module is launched as soon as possible after the critical
services module has been manned and is functioning. The power module
contains portions of the power generation system that have o he replaced
periodically., Other systems that must be replaced at about the same frequency
can be included. CMG attitiide control systems, if adopted, are placed in this
module, It can also be used to store consumables unaffected by small
radiation levels such as foods, fuels, propellants, ete,

The earth resources, physics, and astronomy module are launched at
a convenient time after the complete integration of the critical services and
power modules, In addition fo the function indicated in the title this module
contains one of the two main crew-quarters living areas, together with
galley and water reclamation facilities. It also contains half of the ceniral
main docking area,

" The manufacturing and materials module also contains the other half
of the main docking facility, the Mechanical and Electrical Support Labora-
tories, and the second main crew-quarters living area.

The chemistry-medical-biological module also contains the Analytic
Laboratory, the active recreation area, the artificial gravity centrifuge for
experimentation, and the 14.7 psi experimental area.

FFM uniis arve designed, if possible, 1o a size that is transportable
by the shuttle, FFM units of the payload container size discussed below can
share the same systems. Smaller units should serve most purposes (15 feet
in diameter by 20 feet long or smaller). These can share systems with the
space taxi (discussed below). Maintainability design should place as many
repair and service functions as possible internal to a pressurized or
pressurizable hull to avoid EVA, External maintenance and repair that
would be difficult using EVA or taxi could be handled in two ways; (1) larger
units could be returned to earth in the shuttle, and (2) smaller units could
be returned or serviced in an in-orbit facility based on the payload container
parameters, This hanger could fly free or be docked to STARLAB,



Docking and Resupply

The shuttle vehicle size will be on the same order of magnitude as the
STARLAB center of operations structure. Docking would be difficult. The
shuttle does not dock but exchanges a payload container for one brought up
on the previous visit. This greatly reduces the amount of time the shuttle’
must spend at the STARLAB operations center. It eliminates a flurry of
load and unload activity on shuttle arrival, The smaller and more easily
maneuvered payload container flies the short distance from shuttle to STARLAB
and is unloaded leisurely, used for storage, and then reloaded with material
to be returned to earth. Part of the container may be pressurized so that
personnel can be transferred from shuttle to STARLAB without EVA, Some
packages brought up in the shuttle are designed for attachment to'the exterior
of STARLAB; e.g., cryogen containers. These may be attached to the exterior
of the payload container during transit. Easy access by the space taxi
(discussed below)}, upon arrival, makes distribution to their functional
locations easier.

A centrally located main docking facility has short internal supply
routes to the extremities. Equipment needed for resupply of FFM units may
be concentrated at a central location. A docking location near the center of
mass changes the moments of inertia very little and therefore the attitude
control characteristics change little. Docking ports are spaced carefully to -
prevent collision of one dockéd module with another. Such a collision could
cause large moments at the hatch connections and hatch tear-out and
decompression would be a possibility. To prevent this, it is suggested that the
hatch connections be flexible, perhaps using a metal bellows connection, The
connections would deflect before failure. If failure occurs, the FFM should
be the first to fail so that the STARLAB docking port remains intact.

A reusable shuttle vehicle is used to transport logistics packages
to the STARLAB. Docking and resupply functions of the payload container
logistics package have already been discussed. Shuttle payload fo the intended
orhit is expected to be 40 000 pounds and 10 000 cubic feet, The shuttle
vehicle is still in the concept stage; therefore, the dimensions and shape of
the payload have nof been determined. Two packages have been proposed; ‘
20 feet in diameter by 30 feetlong or 15 feet in diameter by 60 feet long. The
first unit is more compact and has been assumed here although the design does
not depend upon it,

5-10



A number of needs (as listed below) may arise which requires a small
multipurpose freeflight vehicle referred to as the space taxi:

i. Distribution and service of small suﬁply (for example, crvogens)
or other functional packages attached to the exterior of STARLAB,

2. Visits, scheduled or emergency, to FFM units some distance.
away from the STARLAB main vehicle,

3. Return of disabled FFM units to the docking facility.

The taxi should have a range approximately the same distance as the
maximum flown by other FFM's. It should be capable of sustaining life for
at least 24 hours. Addition of external supply tanks would extend both range
and duration. Appropriate external manipulators, or serpentuators, are
needed.

Imposed Structural Loads

The ability of the STARLAB structure to resist the imposed loads adds
an additional constraint to the primary constraints of optimum use of available
volume and adaptability to the 8-V launch vehicle. The structural problem
was approached from the viewpoint that structural considerations.should make
the smallest possible modification to solutions of the primary problems.

This objective appears to.be reaaily obtainable in that the proposed configu-—
rations seem fo lend themselves basically to simple methods of resisting the
loads. A final design would, of course, include an intensive analysis and
testing program to assure the structure was capable of withstanding static,
dynamic, and vibrational loads. Time did not permit such an analysis in this
program,

The expected loads were defined as follows:

1. Total weight abové the S-II stage — 120 000 pounds.
2. Axial acceleration during launch — 6 g,

3. Lateral acceleration — 1 g,

4, Rotational acceleration — negligiiale.
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5. Normal pressure differential across hull — 5 psi.

8. Station keeping and attitude control loads — af least an order of
agnitude lower than launch loads.

7. Improper docking transient loads — 4-g local, but dissipated due
) flexibility.

{oad Bearing Structure

The basic member fo support these loads is the outer pressure hull.
his is assumed to be a cylinder 33 feet in diameter and 50 feet long.

Construction is assumed to be similar to the S-II stage of the S-V;
‘e., a i/8~inch~thick pressure vessel stabilized with internal rings. The
-II stage is pressure stabilized during launch. Since internal structure is
equired in STARLAB to support the onboard equipment and to help reinforce
ressure bulkheads during partial depressurization, it is used to gtabilize
16 pressure vessel during launch without having to resort to internal pressure.

The basic STARLAB module consists of a cylinder 33 feet in diameter
nd 50 feet long with an additional eylinder 22 feet in diameter and 80 feet long
n one end {Fig. V-3). The 33-foot diameter is conically tapered fo meet the
2-foot-diameter section over a length of 10 feet. This allows the axial loads
1 the-two sections to be transferred from one fo the other.

A 7-foot diameter axial tube is installed the full length of the module.
his tube serves to support the infernal bulkheads and onboard equipment in
ddition to providing a number of operational functions. The tube is fifted
ith pressure-tight hatches af each compartment of the module. This allows:
ceess to all other compartments in the event of a depressurization in one or
iore. The tube is also fitted with a2 number of sealing rings so that a pair of
atches can be installed turning a short section of the fube into an airlock to
nable repairs to be made to any damaged compartment. The tube is the main
oute for moving men and equipment between compartments in STARLAB,
ome additional hatches in bulkheads are provided where if is felt there will
e a possibility to move a large amount of equipment vather frequently. The
1be also serves as a shelter in case of depressurization of 4 major portion
f the vehicle, Ii serves either as an escape route fo docked emergency
ehicles or as a very temporary base of operations to repair some of the
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damaged areas. Because the tube will not provide much room for emergency
equipment storage, compartments are provided in the hatches to stow space

suits and other equipment,

Tive internal bulkheads are provided in the 33-foot-diameter section.
They are disposed and approximately 8 feet apart perpendicular to the axis of
STARIAB, Two of these bulkheads are reinforced to enable them fo withstand
a 5 psi pressure differential. These are located with approximately 16-foot
spacing between each other and the end of the module,

The pressure bulkheads consist of eight radial beams, uniformly
spaced, supported between the ring structures on the pressure hull on one
end and the central fube on the other. Intermediate skin and equipment support
beams are fastened between the radial beams and transfer their loads to them.
The pressure skin is a normally flat membrane located near the center plane
of the bulkhead. An emergency depressurization on one side of the bulkhead
therefore causes an elastic deformation of the thin membrane so that the loads .
are carried through it in tension rather.than bending. The membrane is
protected by a light skin covering both sides of the beams. Three intermediate
bulkheads, not capable of sustaining a pressure differential, are spaced
between the two pressure bulkheads. These are a much lighter construction
and serve primarily as a reference surface (floor) for the crew. )

The ends of the module are fitted with torroidal pressure domes
supported between the outer shells and the central tube. The free space
provided, outside the pressure enclosure around these domes is used to locate
pressure bottles and other equipment.

Two pressure bulkheads, similar in construction to those described,
are spaced at 10-foot intervals in the 22-foot-diameter section of the module.
Docking ports are provided in these compariments so the possibility of a
depressurization is greater than in the 33-foot-diameter section. There
may even be intentional depressurization in these areas. For this reason,
the pressure bulkheads are designed with two membranes and somewhat
heavier structure to carry the expected repeated loads.

Eight radial, load-bearing walls are installed equally space and running
the full length of the module, These walls provide additional support for the
bulkheads, thus permitting a somewhat lighter structure in thig area. The
walls also stabilize the outer skin against axial loads during launch and
improve the vibration performance by reducing the size of unsupported areas,
The walls greatly increase the rigidity of the module, thus improving stability
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of STARLAB. The walls are fastened full length to the outer shell, the central
tube and the bulkheads, thus providing the best possible stability. Access
through the walls is provided by means of reinforced oval openings as required.
These openings provide the minimum strength reduction and weight penalty,

To survive the launch loads, equipment must be mounted to "hard
points' on the bulkheads or walls. These areas are reinforced o spread the
expectled loads over a wide area, thereby reducing the local concentrations.
The mounting hardware is as common throughout as possible to provide for
future updating of equipment and the possible need to relocate other items.

Materials

The structural materials used in STARLAB are primarily aluminum
alloys such as 2219-H1, where weldability is desired, and higher strength
alloys such as 7075-T6 as needed. It is particularly important that ductile
materials be used where a brittle failure could cause a catastrophic collapse
such as in the outer pressure hull or other highly stressed areas. Other
considerations are-quite important; e.g., fatigue may be the critical factor in
preventing failure of the structure. Any material with low fatigue resistance
must be avoided or used only in low stress, noncritical areas. Surface
erosion and vacuum sublimation are also potential problems because of the
long projected stay-time.

Micrometeoroid Protection

The long stay-time planned for STARLAB makes a high order of
micrometeoroid protectior essential. The long exposure not only increases
the number of expected hits by micrometeoroids but increases the probability
of hits by larger particles. This makes it important that the shielding system
be effective and, if possible, repairable,

Meteoroid shielding is closely related fo all the other functions of the
outer skin. These other functions are heat absorption and radiation, thermal
insulation, and structural strength, The interaction and possible integration
of two or more of these functions (Fig, V-4) appears to offer a potential
saving in weight, or an increase in protection with no additional weight
(Ref., V-3).
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Calculations for heat to be dissipated from STARLAB by radiation
indicate that most of the outer surface has to be a heat rejection radiator.
The temperature of the radiation surfaces is well above the internal STARLAB
temperature, therefore it is necessary that they be thermally insulated from
the cabin space. An addifional problem arises when a meteoroid puncture of
the radiators, which contain tubes for heat exchange fluids, is considered.
Any leaks or punciures in these tubes causes loss of fluid and therefore causes
loss of af least a section of effective radiator,

The most promising radiator system from the viewpoint of vulnerability
to puncture consists of an outer aluminum radiation skin bonded to short heat
pipes transferring heat to the skin from a heat exchanger between the skin and
the pressure hull. The space between the skin and exchanger is then filled with
an insulation material and the exchanger is in turn insulated from the pressure
vessel. This insulation is a multilayer type bonded into the radiator-exchanger
heat pipe structure thus providing structural rigidity to the unit and integrating
the structure as an efficient meteoroid shield. A high degree of meteoroid
protection for the exchanger is provided as the tubes are located so that both
the outer skin and multilayer structure shield them. Penetration of any heat
pipe will only eliminate that one unit and will have an almost negligible effect
on overall performance. An additional benefit to the life of the tubes in the heat
exchanger is that the multilayer structure prevents spread of debris from a
meteorite; thus, only a small penetration is made compared to the free-standing
bumper concept where a number of fubes could be punctured by the spreading
debris stream. This benefit extends to the pressure hull which has the
advantage of the exchanger and to an additional multilayer structure to further
reduce the mass of any penetrating particle. A small penetration of the hull
is easier to patch and less likely to cause catastrophic failure of the hull than
the typical split area caused by a diffuse shower of debris.

The integrated shield-radiator-insulator is rigid enough to withstand
flight and launch loads, including aerodynamic loads, and should be rigid
enough to prevent flutter, With proper design, this unit could be capable of
supporting and stabilizing the pressure hull during launch, thus reducing the
weight required to withstand these loads.

5-17



POWER SYSTEMS

Overview and Cost Summary.

Project STARLAB is to be an orbiting laboratory facility with a design
lifetime of 10 years. Because of the large crew size of 35 men and the mission
of the space station, 100 kWe of power must be supplied to the vehicie in a

package which has flexibility for future alferation., Primary power is supplied
by a 100 kWe SNAP-8 nuclear heat source, coupled to lead telluride thermo-

electric converts and organic-Rankine turbugenerators. A 30 kWe solar array

system with nickel-cadmium batteries and roll-up solar panels supplies the
required auxiliary and emergency power to back up the primary power source.
In the event that all system power is lost, the batteries which are interconnected
into the main distribution system will supply emergency power for life support,
communications, and repair maintenance.

The weight of the nuclear power source, including the thermal radiator,
is 33 000 kg with an estimated recurring cost of $10 M. The solar array and
batteries increase spacecraft weight by 2560 kg and this system hasg an
estimdted cost of $50 M. For a 10-year lifetime, the power system including
logistics support is.expected to cost a total of $1.61 B, based on 1968 costs.

Introduction

Various sources of electrical power find use in space vehicle power
systems (Fig. V-5); batteries, fuel cells, solar arrays, mechanical cycles,
and thermoelectric converters. Consideration must also be given to available
heat sources including solar radiation, and nuclear and chemical reactions.

A space power-generating sysfem has numerous constraints not encountered
on earth, The following are noted as pertaining to an earth-orbiting laboratory:

1, It must be small enough to be successfully placed in earth orbit
along with other equipment.

2. It must be light in weight because of limited rocket payload
capabilities.
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3. It must consume little fuel for long service life.

4, It must operate in an airless environment, in zero-g, and be
reliable for programmed periods of the mission,

Additionally, constraints are defined by the sense of the mission. The most

important of these constraints are (1) that the STARLAB system be launched
in the year of 1977 and have a serviceable lifetime of 10 years, and (2) that

the laboratory is capable of supporting a minimum crew of 35 members.

Batteries are on board the space vehicle, WNickel-cadmium units,
which have excellent life-cycle characteristics, have been selected as part
of the solar array system. These cells have specific energies of 2. 2 W-h/kg
and a specific volume of 0.062 W-h/cm®.

Fuel cells are not recommended as part of the STARLAB manned
orbiting laboratory power system since their contribution to overall power
is small and their by-product, potable water, can be more efficiently realized
in a closed life support system. ' "

An auxiliary/emergency power source is composed of a, 455 m? solar
array with nickel-cadmium batteries. The system is capable of supplying
20 kWe power to the space station. The solar array is of the roll-up type

that is extended or retracted according to the power situation in the laboratory.
If technology permits, light arrays made from 100 p thick silicon cells with a
specific weight of 20 kg/kW and a specific area of 17 m?/kW will be utilized,
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Mission Power Requirements

The space station requires a total usable power of 100 kWe in the

1977-1987 time period. Because of its experiment-oriented mission, this
total power need not be fully demanded at any one time. Ceriain systems
such as environmental control, life support, attitude control, repair, and
operations require a minimum power of 64 kWe. Hence, mission oriented

power is used as required up to the full capacity of the power source. In the
event of power failure, solar cells and battery power take over critical
operations. The power reserved as a margin of safely is at the discretion
of the space station commander.

Power requirements for the mission are subdivided into four distinet
areas. These are prelaunch (ground), launch, propulsive maneuvers, and
the earth orbit. Each of these areas is further categorized into such areas
as communications, experiments, guidance and attitude control, environmental
control, and life support. The individual allotments listed in Table V-1 are

detailed in later sections.

The prelaunch phase is principally a checkout phase, Since prime and
auxiliary power systems cannot be used during ground operations, it is
necessary to rely on external ground power sources to operate and test the -
various space station subsystems. Power is required to operate lighting
(20 kWe) , thermal control (3 kWe) , and communications (6 kWe). Other

systems are operated at checkout as necessary.
The launéh.phase opera.tidn requires that power be supplied for

communications, flight control, and thermal control, From the standpoint
of value, these are estimated to be 100 We for a computer and sequencer,

10 We for tape recorders, and 500 We for amplifiers and power supplies, A

primary battery supply of silver-zine cells is located on board the launch
vehicle to supply this quantity of power.

Available Power Sysiems

Physical potentials .of various candidate power systems for spacecraft
electrical power were considered for the project STARLAB mission. Those
reviewed are batteries, fuel cells, solar arrays, radio-isctopic thermoelectric/
dynamic generators, and nuclear thermoelectric/dynamic generators; all
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TABLE V-i.

POWER ALLOTMENT

Mission Phase

Power Requirement (kWe)

i1,

Prelaunch

Communications.
Guidance and Control

Environmental Control and

Life Support
Thermal Control

Launch

Communications
Guidance and Control
Elecironics

Thermal Conirol

Propulsion Maneuver

Communications

.Guidance and Control

Thermal Control
Experiments

Earth Orbit

Communications
Experiments
Guidance and Control
Thermal Confrol
EC/LS

Docked Modules
Operations

System Checkout (External
Power Source)

Total
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except the latter system have been successfully utilized on spacecraft missions.
The selection of a particular power system was made on the basis of mission
constraints, expected system life, reliability, safefy, payload weight, and

cost for a planned mission duration of 10 years.

There are two classes of batteries; primary and secondary (Ref, V-4).
Primary batteries are those which deliver energy in a relatively short period
of time. They are short-lived and have high~energy density, high current
capabilities, and good reliability. Secondary batferies, otherwise, have long-
life characteristics and can withstand numerous charge-discharge cycles.
Because project STARLAB has a long-ferm mission, batteries cannot be
congidered as a prime source of power; however, they are required fo support
a system of solar arrays.

A battery is essentially an inseparable combination of energy source and
converter, where the reactants are contained within the cell. Batteries are
well-developed items with specific energies for primary cells in the range of
22 to 220 W-h/kg, and for secondary cells in the range of 4.4 to 88 W-h/kg.
Operational problems of batteries include a resiricted operating temperature
range (0°F to 150°T"), a relatively shorti shelf life after energizing (for certain
fypes of primary cells), and the necessity of keeping certain configurations
nearly upright during ground and launch operations. Batiery types that are
available are made of silver oxide-zinc, nickel-cadmium, and silver-cadmium.

A nickel-cadmium batiery has the highest survivability as well as the
longest life cycle, but it is heavier than a silver-cadmium battery., Nickel-
cadmium batteries have been used in the past and their characteristics are
well known. It is anticipated that in the future, advanced development of these
cells will achieve greater uniformity of operating characteristics among cells
that presently exist. Currently, a specific energy of 100 W-h/kg is available
for spacecraft application (Ref. V-5).

Silver-cadmium cells for a secondary battery have twice the advantage
of an energy density of nickel-cadmium cells and a life cycle of one to two
orders of magnitude greater than silver-zinc cells. These advdantages are
offset by a low-cell voltage and the resultant-poor system voltage regulation.
Although silver-cadmium cells can withstand rapid recharge rates, their
cyclic performance has been inconclusive. There have been reports ranging
from 10 000 shallow cycles to poor cyclic performance, Silver-zinc cells
have been developed into highly reliable, low capacity primary systems with
energy densities up to 176 W-h/kg, and they are often used in launch vehicles.
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Fuel celis were considered as a power source during early phases of
this study, particularly since a cell using oxygen-hydrogen veaction agenis is
capable of supplying water as a direct by-product of operation. Unfortunately,
fuel cells are more practical for short-time missions where life support is
a necessity. In these devices, streams of reactants from separate tanks arve
passed into a conversion device, A hydrogen-oxygen cell has a specific energy
of 330 to 660 W-h/kg depending on storage methods. There is a fixed ‘weight
for the conversion cell and auxiliary equipment. Fuel cell operation is limited
by membrane reliability, .reactant storage, and heat removal problems, For
example, power systems of 4 kWe capacity require an active coolant loop to

remove waste heat; fuel cell systems with proven life capacities in excess of
2000 hours are not yet available (Refs. V-6 and V-7).

Fuel cells have also been considered as a replacement for batteries
in a solar array battery system. This becomes a possibility by utilizing an
electrolytically regenerative oxygen-hydrogen cell. In this configuration,
water recovered from the fuel cell in the power generating process is recycled
and elecirolyzed into H, and O, reactants. Since recharging of the fuel system
is rapid, this type of system finds use in orbital missions with large ratios of
dark-to-light time periods. Such systems have potential advantage over
battery systems which experience reduced life caused by accelerated charging
rates, Moreover, baitery weight becomes excessive in large power solar
arrays.

Because of the availability of solar energy in space, solar arrays were
used on many satellite space missions. They were constructed on cylindrical
bodies, set out in flat panel arrays, and placed on spherical surfaces. As a
consequence of having to obtain energy from the sun, these arrays must be
placed in an unobstructed line-of-sight position with the sun and the orientation
maintained by controlling either the entire space vehicle attitude (when the
arrays are rigidly mounted) or by physically moving the arrays with respect
to the orbiting vehicle.

Solar energy is distributed over the electromagnetic spectrum with
most of the energy located in the infrared and visible regions (Ref. V-7),
Electrical power is converted from this form of radiation by photovoltaic or
thermal conversion, the former being the most commonty used. Many semi-
conductor materials are sensitive to solar radiation, and they can be used
to convert solar radiation into electrical power direct. Semiconductor con-
verter materials include silicon, cadmium sulfied, and gallium arsenide.
Cadmium sufide arrays are lighter per unit area than those of thin Silicon; but
specific weight, excluding deployment and support structure, is about the same.
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Moreover, such an array has twice the area of a comparable silicon array.
Hence, deployment, support, and orientation mechanisms are heavier.
Cadmium sulfide cells require a net conversion efficiency of 6. 25 percent to
match the specific power achievable with 200 silicon cells; an even better
performance is required with respect to cells of 100 u thickness. Consistent
and stable performance at such levels in the aforementioned material is
unlikely in the forseeable inture. Therefore, silicon has a specific weight
advantage. Although polycrystalline cells are more flexible than those of
silicon, silicon arrays can be safely wrapped around a 3-inch-diameter
roller. Multikilowatt solar arrays weighing 20 kg/kw using 100 thick single
crystal silicon cells are possible.in the near future (Ref. V-8). This fype
array would have an approximate area of 12 m?/kw. From cost considerations,
gilicon solar cell prices have decreased by 40 percent since 1965, With
increased usage of these cells, prices will tend to lower,

A large area solar array development program was carried out by
Jet Propulsion Laboratories during 1966-68 at Pasadena, California, to
advance the technology of lightweight electrical systems capable of producing -
50 kWe of power (Ref. V-9). It was shown in that program that significant

improvements in solar panel capacity are possible, Frames for the solar
array were made of built-up beryllium-bonded rectangular sections connected
by titanium fittings where structural loads were concentrated. Results of
that study for the 50 kWe array are: a specific area of 0.0093 m?/w and a

specific weight of 21. 4 kg/kw; also, a specific output of 46 w/kg and a specific
weight of 2.3 kg/ m?, These values are based on a 465 m?® array at 1 AU, air
mass 0° and 55°C.

One problem encountered with lightweight systems is that they are
not satisfactory for surviving a high-acceleration launch environment, For
large arrays, there are additional problems to consider. These arrays
contain expansive surface areas which cause manufacturing and deployment
problems. Since they must be properly oriented and kept out of equipment
and vehicle shadow zones, additional attitude control systems are required
aboard the space vehicle. Solar arrays cost approximately $2 M/kw,
Moreover, they are subject to performance degradation caused by space
particles and solar radiation. This necessitates an increase in deployed solar
array area which is considerable for large power arrays. Further, these
arrays have to be supported by a system of rechargeable batteries to offset
the changes in solar intensity encountered in traversing an orhit, Batteries
are considered the weakest link in such a power source., Figure V-6 shows
solar array area requirements as a function of electrical load and solar
degradation.
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A solar array must be oversized to provide auxiliary power while
recharging the secondary batteries. Under some earth-orbital conditions,
this means a solar array almost twice as large as would be required for direct
power load. The maximum voltage output of the array is dependent on the
temperature of the solar cells. Arrays must be designed to limit this voltage,
Furthermore, the operating voltage range is dependent on both temperature
and electrical load.

Radioisotope electrical power generation has been under development
for quite some time and it is presently being used in the TRANSITE and
NIMBUS satellite programs. These units supply heat for power conversion
by radioactive decay of an isotope. Presently, isotope materials are not
readily available in large quantity; these materials are expensive. In addition,
radioisotope-powered systems have not been developed to a large electrical
capability such as 15 kWe. ’

Nuclear reactors are considered as.a favorable souce of heat for large
power generation systems. In fecent years, specific weights of these systems
decreased from 365 kg/kw to 238 kg/kw in the 1 kw power range using Pu 239
fuel. Cost of this fuel in the 1970's is expected t6 be 20 to 70 percent of the
equivalent in isotope power in the 25 to 125 kWe the:_rmal power range

(Ref. V-10). One problem to consider is that a reactor has a critical size
and weight to maintain a controlled nuclear reaction (Ref. V-1i1). Further,
radiation shielding upwards of 20 000 pounds is required for shielding of the
larger power systems., With the present state-of-the-art, SNAP-8 nuclear
reactor systems offer many advantages for a manned orbiting laboratory.
Information data concerning these systems are given in Table V-2.

Recent reactor systems for thermoelectric conversion use zirconium
hydride as a moderator of uranium 235 fuel. Beryllium oxide is used as a
neutron reflector around the reactor core. Reactor coolant is typically a
eutectic mixture of sodium-~potassium (NaK) which can be circulated by an
electromagnetic pump. Such a pump could operate from an independent bank
of thermoelectric elements located on the heat rejecting coolant structure,
This arrangement acts as an automatic power controller. For example, an
increase in the reactor fuel rod temperature raises the reactor coolant tem-
perature, thereby causing an increase in the power oufput to the ¢irculation
pump. The coolant mass flow increases causing a decrease in the reactor fuel
temperature. The opposite éffect oceurs when fuel rod temperature decreases,
since this is accompanied by a decrease in coolant flow rate and, hence, an
increase in the reactor fuel rod temperature.
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TABLE V-2, CANDIDATE NUCLEAR-ELECTRIC POWER SYSTEMS FOR
THE 1975 - 1985 TIME PERIOD (After Brantley)

N Unshielded Shield Radiator Expected |
Heat Power System. . Weight Weight Area Life

Source Year {kw) ELf. (%) (ib/kw) (b x 10%) | (£%/kw) {yrs) Status
SNAP-8/TE .| 1975 | 25-50 | 4 (PbTe) 400% 10 - 20 . 80 2 Flight Ready
1200 T .
Hot Junction | 1980 | 50-100 | 5 (PbTe) 350" 10 - 20 50 3-5 - | Flight Ready
SNAP-8HgR , 1980 3550 9 306b 15 - 20 35 2 Flight Ready
1270° F n b
Turb, Inlet 1985 - 70 12 175 15 ~ 20 25 2-3 TFlight Ready
SNAP-8/B .
1250 F 1980 100 20 200 16 - 20 65 2-3 Concepiual
Turb, Iilef ) Design

2. 20 percent power conversion system re;iundancy
b. 100 percent poWwer conversion system redundancy
Note: TE --- Therimoelectric

Hng Mercury-Rankine

B - Brayton




Thermoelectric systems using lead-telluride converters are now
capable of operating with 1200° F at the hot junction, Derating of this tem-
perature level extends converier life. Converters using germanium-silicon
alloys were under investigation in an effort to increase system efficiencies.
-Systems with radioisotope heat sources were placed in operation with specific
weights of 2.2 kg/w. The isotope heat generator appears fo be the mosi
advantageous heat source for thermoelectric conversion at power levels up to
2 kw. It was suggested that reactor/thermoelectric power systems may find
applications in space, depending on advanced technology at power levels of
10 to 25 kWe (Ref, V-12).

In recent reporis by Atomic International, favorable support was given
to the use of reactor/thermoelectric power systems. Their study of a 25 kWe

power unit for 1975 deployment concluded that a design lifetime of 2 to 5 years
can be expected. The power unit investigated was composed of individual
converter modules of 262 We output each at 5. 25 vde. Converier material

was lead telluride. A fest program initiated in 1959 has fested a total of 200
modules with an accumulated test time of 20 000 hours at temperatures in
excess of 1150° F. Derated temperatureé of 1000° F to 1050° F produced
extended service lifetimes. System circuit efficiency was 4 to 6 percent.
Advanced research on manufacturing and operational problems, such as
bridging of the. PbTe during fabrication and heat degradation of the material,
have greatly increased the potential of these semiconductor systems. The
greatest advantage of thermoelectric converters as compared to dynamic
systems is the absence of moving parts. This will be weighed against the
inherently low conversion efficiencies which are not expected to exceed 10
percent in the future. Moreover, heat rejection temperafures require
relatively large radiator surface areas. It was concluded that reactor/
thermoelectric power systems are feasible for a 1977 launch with power
capabilities up to 50 kWe.

Thermionic conversion offers a possible method for generating power
levels of the order of megawatts with conversion efficiencies of 15 percent.
Either radioisotope or nuclear reactors can be used for heating. However,
the reactor has the greatest potential for generating high power levels. This
type system requires an advanced technology to solve the many formidable
problems that prevent its application to practical use. Brayton cycle con-
version utilizes an inert, heated gas such as neon or argon to drive turbo-
machinery for electrical power generation. Gas temperatures range from a
high of 1600° F to 100° F at heat rejection. This also requires a large
radiator g.urface. Addifionally, it permits high thermal efficiencies; however,
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it increases system weight, The inert gas creates no corrosion or erosion
problems., But, as a gas, it requires larger structural components and
additional weight.

High power level systems favor use of the Rankine cycle because
specific weight is reduced by operating the turbine and radiator at increased
temperature levels. The nuclear reactor is presently the prefetrred heat
source for Rankine cycle conversion with power capacities in excess of
25 kWe, mainly because at these power levels the reactor is able to generate

more power per pound than radioisofopes. To date, 35 kWe and 600 kWe

power generating reactor/Rankine systems have been built and tested by NASA
and AEC, respectively (Refs. V-13 and V-14). With higher conversion
efficiences, practical systems will be capable of power ouiput levels in the

50 to 75 kW, range with a heat rejection radiator arvea of one-half that required
for thermoelectiric converters. However, dynamic-type units have moving
parts which present operational difficulties during a 2- to 5-year mission,

Heat is rejected in the Rankine cycle at an average temperature of 575° .
This is much higher than the 100° F associated with the Brayton cyele system.
A consequence of this temperature level is a smalier radiator size (Fig., V-7).
A Mercury-Rankine system having a power output of 25 kWe requires a

radiator area of 75 mz, approximately, Although this area may seem large,
it is relatively small when compared to a comparable nuclear/thermoelectric
power system, which requires 130 m? of radiator area, For very small space
vehicles, such as those of the Gemini or Apollo programs, these radiator
requirements are a definite constraint. If has minimal influence on the large
structure considered for the STARLAB mission,

Summary of Power Systems

A review of system power requirements (Table V-3) and the available
sources of heat and electrical converters rules out batteries and fuel cells
as sources of primary power, mainly because of the mission time involved.
This same reason applies to a consideration of fuel cells instead of batteries
in a solar array power system. When the operational life of fuel cells is
extended to 10 000 hours, they will become a definite competitor to the
battery systems now in use. Like batteries, they can be regenerated in a
closed system process; but total weight for such a closed system would be
far less.
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TABLE V-3.

SYSTEM POWER REQUIREMENTS

1977

Subject Orbital Checkout Op:,j::ion
Crew 6 men 35 men
EC/L? 6 kWe 18,0 kw
Lighting 1.5 20.0
Thermal Control 1.0 5.Q
Attitude Control 2.0 1.0
Instrumentation 1.0 2.0
Communications 2,0 6.0
Maintenance 2,0 1.5
Airlocks 1.0 4.0
Dock Module 0 4.5

'
Operations 0.5 2.0
Experiments 3 0 34.0
Shuttle 0 | 2,0
"Total 20 kWe 100 kWe

Power Source

Solar Panel
20 kw
e

4900 ft?

SNAP-8/TE/Rankine

100 kW
e

5000 fi '
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Thermionic converters require more advanced technology before use.
High-temperature materials have to be developed o make these systems
)compatible with a nuclear-type heat source for long life application. Con-
sideration was given to 2 prime power system composed of multiple radio-
isotope/thermoelectric units. However, disadvaniages outweighed advanfages
when compared with the system finally selected.

In view of the total capabilities of the various candidate systems, it is
proposed that a combination system consisting of the following be used: for
primary power, a 150 kWt nuclear reactor containing uranium 235 fuel

moderated with zirconium hydride and coupled to thermoelectric and organic-
Rankine converters; and for auxiliary/emergency power, a solar array

system using 400 u thick silicon cells supporied by a system of nickel-cadmium
batteries. ’

Description of the Solar Array/Battery System

Mission life, required power levels, and reliability of operation are
serious considerations for a system to power an orbiting laboratory. A
combination of batteries and solar array satisfies, in part, all three of fthese
requirements; it provides auxiliary power to complement the prime power
-source during periods of peak demand. But more important is the fact that
this power source of 20 kWe is available immediately affer launch for life

support, flight control, and other functions which must be in operation for
deployment and checkout of the orbiting laboratory. A further advantage is

the availability of the battery system for emergency operations. The-energy
storage capacity of the battery system powers life support systems, communi-
cation apparatus, and repair equipment during emergency situations and at

such times that primary power is unavailable, This occurs during an emergency
reactor shutdown or while changing or upgrading the power source.

The state~of~the-art of solar cell technology is well developed.
Systems have been successfully operatfed in space with power levels of
milliwatts to. watts. Current technology is beibg expanded into the design of
golar array systems having 50 kWe power output. These systems are light

in weight, and simple and reliable in operation. The expected degradation in
an earth otbit of 308 n. mi. is small; hence, no real penaliy is involved in
increasing the array area. With a 69-degree inclination, maximum dark
time amounts to 35 minutes per orbit, and it is during this fime that the
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battery system is used for backup power. The design orbit results in 15 orbits
per day which is equivalent to 5500 cycles per year.

If the operating life time of the nickel-cadmium hatteries is to approach
5 years, they should not be discharged below 80 percent of -capacity. At
33 W-h/kg, this requires a totfal battery weight of 1510 kg. Associafed with
this is a volume of 1.58 m3, A specific cost figure of $1.5/W-h results in a
recurring battery cost of $15 000. The silicon cell has been constantly
upgraded in performance and environmental resisfance. The present 10-
percent efficiency will persist until there is some new breakfhrough in the
art of manufacturing silicon materials. Thin~-film cells are presently being
investigated, and they hold promise for future low-cost, lightweight solar
cell arrays,

The solar array for the STARLAB vehicle has the following subsystems:
(1) solar cell panels; (2) deployment drive and control; and (3) orientation
drive and control. Each solar cell panel consists of individual cell modules
housing appropriately connected 400 p thick silicon cells attached to the support-
ing panel structure. The solar cells can be treated with lithium doping if
necessary to reduce degradation caused by radiation effects.

A beryllium or fitanium beam siructure can be fabricated for mounting
the individual panels with a fiber-glass substrate into a completed array.
Frames are bhuilt-up beryllium-bonded rectangular sections connected by
titanjum fittings where structural loads are concentrated. It is expected that
such panels will have a specific output of approximately 44 w/kg for the total
array, based on a thickness of 0. 004 m.

Because of the large area of the solar panels it is recommended that
they be mounted in a roll-up configuration and attached to the sides of the
laboratory vehicle, Omn command, the panel drive motor and clutch mechanism
deploy the proper amount of irradiated panel area whenever auxiliary power
is needed. During emergencies, maximum surface area can be deployed.
Roll-up arrays have the advantage of being easily stowed both during launch and
when they are not in use during orbital flight.

Asg thinner and lighter weight solar cells are developed, lighter
substrates can be used for mounting the cells. This results in lower specific
weights for future panels. The following data are indicative of design criteria
for the solar array:
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Solar cell cover glass absorptivity 0.8

Solar cell failure rate per hour 10 x 10-10
Solar cell. efficiency 10-12 percent
Solar array assembly loss 3.4 percen;‘.
Panel specific weight 0. 8 kg/m?
Panel thickness ‘ ‘U, 004 m
Reliability 0.95-0. 99

For a 20 kWe solar array using a specific area of 0. 0083 m?/w, an

area of 186 m? would be required. However, this area must be increased by
a factor of 2, 3 to account for 10-percent degradation of the energy output and
power for recharging batteries. The resulting net area is 455 m?, At

2.3 kg/ mz, the solar array weighs approximately 1050 kg in addition to the
weight of the deployment and orientation mechanism. Brantley has suggested
a solar array cost figure of $2 M/kw. Therefore, the total solar array costs
$50 to $60 M.

Reactor Power- System

With a requirement for large quantitiés of power, it quite naturally
falls to the nuclear systems to supply the STARLAB power demand (Ref. V-15}
Radioisotopes fall short of the necessary level of power. More important is
the problem of isotope materials. These materials have always been in short
supply, and it is not anticipated that supplies will increase significantly during
the foreseeable future. On the other hand, nuclear materials, such as U235,
are available in sufficient quantity to power the large 25 to 50 kWe systems

with lifetimes in excess of 10 years (Refs. V-16 and V-17).
The reactor-type that is recommended for the STARLAB power-system
is a 150 kWt SNAP-8., "SNAP systems are the outgrowth of over 13 years of

design and development of zirconiilm—hydride reactors. The reactor fuel
has a hydrogen content of 6.3 by 10% atoms/cm® for long life. As a cladding
material for the fuel element, either Hastalloy-N or Incoloy-800 suffices,

5-34


http:0.95-0.99

the latter exhibiting greater ductility after irradiation. The control drum
contains tantalum — 10-percent fungsten alloy for nuclear poison. In addition,
beryllium oxide is required for reflecting radiation. These latter materials
can operate for extended periods at 1800° F.

The shield for the reactor uses a combination of lead and lithium.
hydride placed about the reactor package. A 4 7w shield for a 25 kWe power

unit (Fig., V-8) results in a weight of 6820 kg, approximately. Lead is used
along the critical axis as the first gamma shield to reduce the secondary
gamma-ray production that is associated with most other materials, This
shield is followed by a lithium-hydride neutron shield to prevent activation

of the NaK heat transfer liquid metal, Next, there is a shield of depleted
uranium and then another shield of lithium hydride. Tungsten and LiH shields
are used in the noneritical directions. ’

Because of the use of nuclear power, consideration was given to the
installation, replacement, personnel safety, and radiation fields as well as
the launch weight and configurations. The installation of a large reactor on
board the space vehicle creates adverse conditions with respect to all the
above-noted considerations. In addition, docking and replacement of a massive
unmanned module onto the structural vehicle must be considered as a
hazardous operation. If a locking collar or guide fails because of mechanical,
structural, or radiation-induced failure, it would cause a critical condition
aboard the space station in the event of an inoperative or runaway reactor.

The nuclear source for the STARLAB vehicle is in an independent module

that is placed into orbit on an 8-V launch vehicle and docked automatically to
the orbiting laboratory. The power module contains attitude and guidance
control including a supply of boost propellant, When the power system is no
longer serviceable it can be boosted into a 450-mile storage orbit or deboosted
to a deep ocean area. Considering current emphasis on earth environmental
conservation, the former approach is probably the more acceptable.

The thermoelectric converter is composed of individual tubular modules
which contain lead telluride elements. Each element is capable of producing
262 w at 5.25 v. The modules are 3.8 cm OD by 38 cm long and weigh
approximately 2, 61 kg. The lead teliuride is set into the tubular module in
the form of washers isolated from each other by mica. The IDs are in contact
with a tube carrying hot NaK; the ODs are cooled by NaK circulating through
the dynamic system heat exchanger. Oufput power of the module is a function
of the temperature difference across the elements. The individual modules
are combined in various arrays to satisfy the overall system power require-
ment, Selection of lead telluride follows from extensive background test
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experience. An assembly of four individual converter sections, each
delivering 6. 3 vdc will supply a total of 25 kWe to the power sysfem.

The remainder of the power is g"enerated by three organic-Rankine
powered generator systems which derive their energy from heat rejected by
the thermoelectric converters. At 23.6 kWe per generator, the total output

power of the nuclear reactor/thermoelectric/organic-Rankine system is
100 kWe (Fig. V-9). The first loop in the overall system contains liguid

NaK, purmped by a thermoeleciric powered pump. Heat energy is utilized by
the thermoelectric converter in addition to being transported in a second loop
to a NaK-organic heat exchanger. In the last loop, an organic liquid is
vaporized for use in driving the furbogenerator equipment. Waste heat

is rejected to the space environment at 270° ¥. This system is presently
under investigation by NASA, It has potential for producing a large quantify
of power in the near future with some sacrifice in reliability, but overall
efficiency is high. An expected service life of 1 to2 years is anticipated for
launch readiness in 1978,

In order for this power system to be ready for the STARLAB mission,
a development program will need to be started in 1970. Based on recent-cost
figures, the development program for flight readiness will cost $144 M.
Additionally, there will be a recurring powerplant cost of $10 to $12 M. In
support of a short lifetime. system budget, allowances must be made for
approximately five replacement systems during the life of the space station.
This includes for each replacement a S-V vehicle at a revised cost of $200 M.
Thus, the reactor energy system hags a total 10-year cost of $1.61 B, assuming
that a development program proceeds for a luanch plus a 5-year upgraded
reactor system with a rated life of 5 years. The 100 kWe reactor system and

its man-rated shield weighs 27 200 kg. With a radiator requirement of 420 m?
as part of a redesigned third-stage vehicle, total sysiem weight is 61 200 kg,

During ground and prelaunch operations, standard handling procedures
such as those used in the nuclear industry must be observed. For example,
when handling, transporting, or storing the reactor, control drums are
replaced by neutron poison material to prevent any possibility of accidental
criticality. Other than this, it is necessary only fo keep the power system in
a warm, dry, and clean environment to prevent environmental degradation.
No significant fission-product inventory is present in the reactor during
prelaunch and launch periods; hence, no severe safety problem exists.

Should the reactor fall into the ocean on an abortive launch, the worst possible
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result would be an explosion equal to 1 pound of TNT. Accompanying this
would be a small localized release of fission products, After the power module
is placed into orbit and integrated with the laboratory facility, remote command
can initiate reactor start-up. The reactor goes critical at about 90 minutes
into the start-up and full power is reached in 4 hours. From prelaunch to
orbital connection, power must be supplied o heaters and pumps on the

reactor system to maintain the NaK in a fluid state at a 5-percent-rated flow
rafe,

Power Distribution System

Electrical loads present in the spacecraft present widely diffeving
demands in terms of power output; such as voltage level, regulation, total
demand, switching profile, and frequency stability. Hence, a power condition-
ing system must be provided fo transform converter output into forms suitable
for consumption by various devices (Fig. V-10).

With the anticipated complexity of the STARLAB vehicle in terms of
the number of individual loads, it is considered advantageous to transform the
output of the primary converter into a small number of standard distribution
voltages. The voliage and frequency of these standard values are regulated
by the central power subsystem of the spacecraft in such a way that the
majorily of loads can be supplied by further simple conversion in the load
circuit. The electrical power of the space station is distributed in a way
which (1) has maximal efficiency and (2} has flexibility such ag providing
the several voltages needed to perform the functions on the space station,
Figure V-10 shows an arrangement of the power distribution system with the
two power sources, solar panels, and nuclear reactor generation interconnected
to supply energy to the space station. The output voltages of the solar panels
and the dc converter of the nuclear reactor generator system are not constant.
The voltage regulator following the solar panels and the dc converter main-
taing the input voltage to the booster regulator at a level voltage, which is
anticipated to be about 42 v. A commonly used voltage regulator system is
shown in Figure V-11(a). This is a servo system whose details of operation
are readily available (Ref. V-7). The purpose of the "booster regulator
[Fig. V-11(b)] is to maintain the output voltage at a predescribed regulated

level voltage, where vmin < VR = v, where vmin is a lower limit voltage
1

which is a function of the regulator parameters.
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The remaining power-conditioning devices (¥Fig. V-10) operate from
the regulated dc output voltage of the booster generator. The 2.4 kHz
inverter is used to convert de into ac to simplify the transmission and
distribution of the power through the space station. The ac power can be
distributed in either a single-phase or three-phase arrangement depending
on the desired voltage flexibility. Suitable arrangement of transformers and
rectifiers can be used to provide the desired voltages through the station.

The RF generator driven by the high dc voltage from the dec-to-ac
converter can be a large load such as an induction heater of the RF amplifier
of the communication system. The load-sharing control is necessary to avoid
draining the battery system when the sources are capable of supplying the
entire load. The diodes isolate the battery, solar panels, and nuclear reactor
generator system so that no energy is consumed by any of the sources.

Onboard Communications

The communications subsystem is designed to provide excellent
service to the crew members of the STARLAB vehicle. Communications
equipment is intimately tied to the computer to provide programmed channeling
of all information transmission. The main communications link between
STARLAB and STARAD is via satellite and is provided by the integrated laser
subsystem. It provides for voice and video communication, telemetry,
command, fracking, and ranging. A laser system was chosen because it
provides the wide bandwidth required to support the information flow associated
with experiments performed in astronomy, earth resources, manufacturing,
and biosciences. 'This is done within the weight and power limitations impoged
on a space flight system. Further, it avoids conflicts of use of the frequency
spectrum and meets with Federal Communications Commission's approval.
It inherently is a secure system since the laser beam illuminates only a small
area on earth. An additional reason for choosing the laser system is to
encourage the development of the high potential available in this type
communications system.

A umified S-band system is used as a backup system. It is also used
for course pointing of the laser apertures. The S-band system is of the Apollo
type and it was chosen as the backup system since the technology has already
been developed and equipment is available that is more or less "off-the-ghelf. "
The radar subsystem is used for docking and tracking remote flying modules
which are unmanned. The low-power C-band subsystem is used for voice ‘and
video communications, telemetry, command, tracking, and ranging with the
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remote flying modules. This is a low-power system which will not affect
ground links utilizing the same frequency spectrum. The distribution sub-
system is used to tie. the terminals and display consoles into the information
exchange system. The information exchange is similar to a telephone
exchange which provides a channel for communications.

NAVIGATION, GUIDANCE, AND CONTROL

Navigation

The tracking and orbit determination of the spacecraft can be accom-
plished with either an earth~based system and an earth-based computer, or
with a complete onboard system. The use of an onboard computer for trajec-
tory determination and corrections does not appear feasible since weight and
power considerations for onboard computers make it impossible to provide a
capability equal to that for an earth-based computer. There will be several
RFM's operating in conjunction with STARLAB., Navigation capability for
rendezvous, docking, and other maneuvers associated with the RFM's must
be available on STARLAB along with computer monitoring of the orbit and
operational status of the RFM's. The computer monitoring should include
a periodic-automatic checkout of the REM systems and appropriate display
of any present or potential problem areas.

STARLAB will be a semipermanent installation and thus a station~
keeping requirement exists to prevent orbit decay. The orbit will be periodi-
cally updated through the navigation system and the onboard Service Propulsion
System.” Based on the requirements to update the orbit as determined by the
navigation system, commands are relayed to the STARLAB and stored in the
central computer and sequencer. At appropriate predetermined intervals,
these commands are sent to the attitude control system which positions
STARLAB to the maneuver mode and aligns it so that the thrust vector points
in the direction of the required AV. With STARLAB oriented in this manner,
the appropriate engine is fire€d and continues to burn until an accelerometer—
time response indicates that the desired magnitude of AV has been achieved.
At this time, the engine is shut off and STARLAB is returned to its normal
cruise mode by the attitude control system.
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Guidance and Control

Attitude control is defined as the attempt to constrain the attitude of
the vehicle to a desired orientation. This implies that the attitude control
system must be able to generate the necessary restoring torques whenever the
vehicle's attitude deviates from the desired orientation.

The four major problem areas for attitude control of an earth-orbiting
vehicle are (1) choice of aititude reference axes and the dynamics of motion
relative to these axes, (2) analysis of the disturbing {orques acting and the
orbiting vehicle, (3) sensing methods, and (4) control actuation methods.
Attitude control systems analysis must then trade the various factors against
one another. Attitude control concepts can generally be classified as passive,
semipassive, or active. Passive control systems make use of either spin
stabilization techniques or environment fields such as gravity, solar radiation,
pressure, or magnetic fields. Active control systems use either external
control moments or momentum storage devices, or both. Semipassive
control systems make use of both passive and active control techniques. For
use with STARLAB, pointing requirement, response time, and docking
considerations will dictate the use of an active attitude control system.
Several active systems have been considered and some of these are discussed
in following sections. These systems can be broadly classified as momentum
exchange devices and external moment systems.

Vehicle Qrientation

Several vehicle orientations were considered for STARLAB (Figs.
V~12 and V-13). Basically, these are either earth fixed reference modes or
solar reference modes. Some of the characieristics of these reference modes
are tabulated in Table V-4,

The configuration, power generation system, and experiment program
for STARLAB greatly influence the operational modes. The dynamics of
vehicle motion for a given orientation and orbit are determined from the
configuration characteristics. These parameters dictate the size and pro-
pellant requirements for the attitude control system and service propulsion
system. Solar panels must be aligned perpendicular to the sunline for
efficient operation. This requires either a complex gimballing system for
the solar panels or a severe restriction on the orientation of the entive
vehicle. The experiment program is the prime justification for STARLAB
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TABLE V-4. CHARACTERISTICS OF ORIENTATION MODES

Characteristics of Earth Fixed Mocdes

Two axes are in the orbital plane, one axis is POP.

The vehicle is in an equilibrium position when the principal axes are
aligned with the LV coordinates. The GG torques are zero.

Axes misalignments such as control-principal and principal-reference
misalignment produce attitude errors about equlllbrlum positions —
GG torgques build up.

Attitude errors about an axis aligned with the LV do not produce GG
torques. Hence, docking should be along an axis perpendicular to the
LV such that any change in principal axes is equal fo a rotation about
the LV.

GG torques due to attitude errors are minimized by aligning the axis of
intermediate inertia with the LV. .

Characteristics of Solar Modes

Mode 4:

Mode 5:

Mode 6:

Two axes are referenced to the orbital plane. The vehicle is in an
unstable equilibrium position which minimized GG torgues., Only
1 DOF is required for solar panel or experiment module pointing,

One axis is restricted to the orbital plane which results in much less
GG torques than an inertial mode. Gimbals are not required for
pointing of solar modules. The vehicle angular rate commands are
about 6 deg/day for orbital regression and 3. 5 deg/day for golar
look-angle variation.

All three axes are referenced to the ecliptic plane for the solar
inertial mode. GG torques attain their maximum values with at
least one biased component.
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and requirements dictated for support of this program must be safisfied
whenever possible. The orientation requirements desired by individual
components are conflicting so tradeoffs are necessary to establish the most
acceptable overall system.

Disturbance Torques

The principal disturbance torques that operate on an earth-orbiting
vehicle are (i) magnetic, (2) solar pressure, (3) aerodynamic drag, and
(4) gravity gradient. Magnetic torques arise from the interaction of the body
of the station and its magnetic field with the earth's magnetic field. Solar
pressure results from the particle flux from the sun and is parallel to the
sunline, Aerodynamic torgues result from the vehicle passing through the
remnants of the atmosphere found.at the altitude under consideration. Gravity
gradient torques arise because of the variation.in the earth's gravitational
field with altitude.

For the altitudes of interest for STARLAB, earlier studies have shown
that gravity gradient torques will be the dominant environmental forces acting
on the vehicle .and for preliminary design purposes will determine the control
system energy requirements for attitude control. The combined effect of the
other environment torques.is only about 10 percent .of the gravity gradient
contribution.

Momentum Exchange Devices

High-pointing accuracy and certain long-time duration missions make
control systems atiractive by utilizing momentum exchange devices. The
principle-of-momentum exchange is based on Newton's second law of angular

motion which states that the tofal external momenta, Mex " acting on a

system, is proportioned to the time rate of change of angular momentum with
respect to inertia space and can be written as

— {d ﬁ‘system
Mext - dt (V-1)
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If the system consists of two mbmenta, EV then

ehicle and Hcontrol’*
integrating equation (V-1) yields )

fMeXt'dt -H _=H H(o)

ext control * Hvehj‘cle - (V-2)

system

which provides the equation defining the principle of momentum exchange, If
the controller does not expel mass, then changes in controller momentum can
be used to balance exfernal torque as well as change the spacecrait attitude
by varying the vehicle angular momenfum.

Momentum exchange is desirable for the following reasons:
1. Continuous control.
2. Efficient control of cyclic disturbances.

3. Ease in management of propellant expulsion for continuous
disturbances.

Continuous control results from the continuous exchange of momenta between
the vehicle and the control system rather than a periodic exchange-such as
obtained from a pulse-modulated reaction control system. Ifis obvious that
the momentum exchange device can handle cyclic torques on a continuous

basis over long time periods without propellant expulsion. Biased torques
applied to the vehicle will cause the controller to eventually reach its maximum
capacity and thus safurate the momentum exchange device. This saturated
condition requires the expulsion of propellants to remove some momentum
from the momentum device; however, this propellant expulsion can be arranged
at times in the mission profile when other activities are at a minimum or when
pointing requirements for the vehicle can be relaxed. It is possible to
economize on propellant expulsion in some cases if pointing requirements for
the vehicle can be relaxed for a portion of the orbit and utilize environmental
torques to partially desaturate the momentum device.

The CMG is basically a wheel that rotates at a constant speed which
provides a constant angular momentum magnitude capable of variable orienta-
tion relative fo the spacecraft. A moment is imparted to the vehicle by causing
a change in direction of the constant momentum magnitude. A single constant
momentum magnitude device is not ugable since equation (V-2)} shows that this
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is capable of producing only a change in direction of the vehicle's angular
momentum, Itis necessary to have two or more CMG's to effect both a
magnifude and ovientation change on the vehicle, With two CMG's, each
congtant in magnitude and both with two degrees of freedom, it is possible
to control the magnifude and direction of the momenium vector in three

degrees of freedom.

The maximum momenium possible in the system is obiained when all
CMG momentum vectors are parallel and thus momentum exchange is possible
for all CMG cluster momenta within a given momentum volume, The shape
of this volume depends on the particular CMG cluster configuration and the
condition of saturation is the surface of this volume, thus a momentum magni-
fude ouiside of this volume is unattainable. Typical state-of-the-art physical
characteristics and performance characteristics of a 2000-foot-pound-second
CMG are presented (Tables V-5 and V-6). For large vehicles where several
such CMQ@'s are required, the weight and elecirical power requirements
become rather large.

One method of CMG desaturaiion is to use RCS propellant in which
case fuel weight may pose a problem for long lifetime missions. A more
practical method of CMG desaturation is to interchange momentum with the
spacecraft's natural environment forces. Such an interchange requires that
the attitude pointing requirerments be relaxed during the desaturation period;
however, the total energy requirements for long lifetime missions can he
minimized.

An attitude, control system with CMG actuators in a standard or
typical configuration uses CMG's without undue complications and is basically
a position servo with attitude rate stabilization. Some of the major functions
of the control system are:

i, Position sénsor.

2. Vehicle control law,

3. CMG conirol law,

4, CMG configurations.

8. Vehicle dynamics,

6. Momentum management,

A block diagram of the standard control system is shown in Figure V-14,
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TABLE V-5. CMG PHYSICAL CHARACTERISTICS

Size {(Approximalte)

CMG 39 by 39 by 40 in,
CMG Electronics Assembly (CMGEA) 8.6 by 9.8 by 3 in.
Weight
CMG
Inner Gimbal and Wheel 242,01b
Quter Gimbal . 75.3 1b
Frame 94.7 1b
CMGEA 8.2 1b
Total 420.2 1b

The position sensor, which is an optical device, will measure the
attitude error between the actual vehicle attitude and the desired attifude and
this error is combined with the vehicle angular rate in the vehicle control
law. The vehicle control law is basically a proportional plus differential
controller which defermined the desired command moment, Mcom’ to be

applied to the vehicle., Depending on the mode 'of opération of the vehicle,
the position sensor for STARLAB will include one or more of the following
sensors:

1. Sunfinder — Locates direction toward sun from any initial
orientation.

2. Sunsensor — Indicates angular deviation from the direction toward
center of the sun.

3. Planet sensor — Indicates angular deviation irom the direction
toward center of radiation of a planet, '

5-52



TABLE V-6, CMG PERFORMANCE CHARACTERISTICS

Momentum Storage 2000 ft-1b-sec
Degrees of Freedom 2
Life 10 000 hr at run speed
Output Torque
Range 0 to 120 ft-1b
Threshold 0.25 ft-1b

Gimbal Rates

Range 0 to 3:5 deg/sec

Threshold 0. 0056 deg/sec
Gimbal Rate Servo

Bandwidth 70 rad/sec

Phase Margin 70 deg

Gimbal P‘ivot
Actuator (de Motor) Torque (max) 7.0 ft-1b

Tachometer Gain 1 vde/rad/sec

Tachometer Amplifier Gain 1,013

Gear Ratio 56. 55:1

Resolver Speed Single (4.8 kHz Excitation)
Wheel .

Operating Speed 7850 rpm

Acceleration Time 9 hr Maximum

7 hr to 90% 'Full Speed
Deceleration Time 4 hr

Power Requirements
Bearing Heaters

-60° F to 50° F 240 w
50*Ffo 70*F 48 w

During Wheel Runup 170 w

Wheel at Run Speed 56 w

Gimbal Freedom

Inner
Electrieal + 75 deg
Mechanical % 80 deg

Outer
Electrical + 215 deg, -125 .deg
Mechanical + 220 deg, -130 deg

Gimbal Caging Positions
Outer 0, 45, and 90 deg
Inner 0 deg

5-53



4. Horizon seeker — Indicates angular deviation from the direction
toward the true center of a planet.

5. Star sensor — Indicates angular deviation from direction toward
a star,

The command moment is processed by the CMG control law and the output
of this law provides the input command to the CMG gimbal servos.

The command variable to the CMG servos drives the individual
momentum vectors of each CMG and this change in angular momentum
causes a reaction moment on the vehicle.

The reaction moments on the vehicle are forcing functions which act
on the vehicle dynamics and change the vehicle attitude and attitude rate, thus
closing the control loop.

The individual properties of the CMG control law and CMG configuration
can vary radically, depending on the applications.

Momentum management is the method of maintaining the total momentum
of the momentum controller within its momentum volume: and is subdivided into
the following three functions:

1. Baturation measurement.
2. Desaturation computation.
3. Desaturation implementation.

Saturation measurement involves the measurement of the controiler momentum
components along a given reference coordinate system (usually the vehicle
principal control axes). Combining these components provides for the determi-
nation and display of the state of the momentum coniroller relative to the
confroller momenfum volume.

Desaturation computation containg the logic and computations necessary
to affect the desired momentum state to which the controller is driven and
the determination of the intial and final desaturation commands. Desaturation
implementation is the actual mechanization of forcing the momentum confroller
to attain the momentum state determined by the desaturation computations. .
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Flywheel attitude control is another momentum exchange method and
employs the reaction torques of accelerated flywheels as a restoring agent for
the space vehicle. The system consists of three cylindrical flywheels, one in
each of three mutually perpendicular axes. Each flywheel is powered by a
separate motor.

There will be large quantities of water and other liguids on board
STARLAB, It may be practical to utilize these liquids in a momentum
exchange device. The liquids can be pumped in paths around the three-
vehicle axes, with the pumping velocity as a variable. Since angular momentum
of the complete sysfem must be conserved, an angular momentum can be
imparted to the vehiele,

Reaction Control System (RCS)

The same basic equation, equation (V-2), governs the RCS. In this
case, the momentum required is supplied by a jet system ejecting mass from
the vehicle. Two basic types of pulse-modulated jet control systems are
possible. One system uses jets that are pulse-rate modulated, and the other
uses jets that are pulse~width modulated. Each of these methods can be
optimized with respect to fuel consumption,

The typical arrangement of attitude control nozzles consists of four
nozzles on each of three axes. Torques generated by the gas jet system are
nominally applied to the vehicle as pure torques. With 12 nozzleg, there are
a total of six possible couples, one plus and one minus about each of the three
control axes. One of these thrusters will belong to one system, and the other
will be part of an identical system. In case of failure of either jet to operate,
the remaining jet will provide torque (plus a force) although at half the design
value,

Actually, two separate attitude control systems are required if a pure
RCS system is used for attifude control. One having relatively high thrust
level engines for maneuvering, docking, and change of orientation where fast
response and furning rates may be desired and a low level thrust system for
maintaining orientation where low burning rates would be desirable.

STARLAB is to be a semipermanent installation so provisions must be
made for maintenance, repair or replacement of the attitude control thrusters.
This should be done without EVA if possible. Procedures for accomplishin~
this task have been considered previously (Ref. V-18). A standard contro
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system for an RCS system is outlined in Figure V-15, This system is simpler
than that for a CMG system since nc momentum. management and saturation

measurement must be considered.

Control Considerations

In all these methods, the system begins to compensate when a certain
deadband is exceeded. The "on-time' required to compensate a disturbing
impulse can be determined either by the angular velocity of the vehicle which
exists at the time of motion activation or by employing instantaneous attifude
and velocity information.

All of the methods eventually require the expulsion of mass from the
system to maintain the attitude control system in an operational mode. The
attractive feafure of the momentum exchange systems is that this mass
expulsion can be scheduled at convenient times and slightly better poinfing
accuracy of the vehicle is posgible. With the momenium exchange devices,
it is also theoreticaily possible to use environmental gradients to desaturate
the CMG's. However, this concept still requires development and the extent
of the applicaiion to STARLAB is not well defined. The major disadvantages
of a CMG system is weight, electrical power reguirements questionable
reliability and maintainability over a long time period, and the necessify for
relaxing the pointing requirements for the vehicle during a portion of the orbit
if any significant propellant economy is to be obtained.

Using a CMG attitude control system, it will be possible to mainfain
STARLAB to +0. § degree about 4ll three axes. A reaction control system can
reasonably expect to maintain STARLAB to +1. 5 degrees, In any case very
stringent requirements for experiments will have to be supplied by having
the experiment mounted on its own stable platform.,

Service Propulsion System (SPS)

An SPS must be available for maneuvering, docking, and station keeping
This system will operate in ctnjunction with the central onboard computer and
the ground-~based navigational system. Propulsion thrust-to-weight ratios of
less than 1 x 10-° are generally adequate for these operations for orbits
above 200 kkm.
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The propellant systems for STARLAB must be safe, reliable, possess
good long term storage characteristics, and be easily refueled. Cold gas
systems can meset these requirements but their low specific impulse make
them unattractive. At present, a bipropellant system such as MMH + N,Oy
might be the prime candidate, however, advancements in technology may
produce more aftractive sysiems before STARLAB is operational.

Proposed Vehicle Orientation

Consideration of possible attitude orientations for STARLAB was based
upon requirements to support the experiment program, power generation,
logistics, propellant reguirement to maintain orientation, and otlier-operations.
. Therefore, operational requirements make it necessary that STARLAB operate
at various times, in four attitude control modes. Three of these orientations
are earth oriented and one is solar orienied. These orienfations are shown
in Figure V-12, The first and most frequent mode of operation will be X-POP,
Y-LV. Here the long axis (X-axis) of the vehicle is perpendicuilar to the
orbit plane and the vehicle is rotated one revolution per orbif to maintain the
Y-axis aligned with the local vertical. This orienfation allows the earth
resources experiments a continuous ground view and is alsoe atiractive from
propellant requirement and docking considerations.

The second orientation is the X~-POP, Z-sunward mode, This orienta-
tion may be necessary for certain onboard experiments and will also be
important when power from the solar panels are important considerations.

The third mode of operation is 2 maneuver required for orbit'updating.
In this mode, the long axis of STARLAB is aligned in the direction required
to update the orbit. The service propulsion is then fired to yield the desired
AV for updating the orbit,

The attifude conirol for these three orienfations will be an active
control system.

The fourth orientation is a gravity gradient mode with the long axis
aligned with the local vertical, This will be utilized if STARLAB is placed in
a dormant or storage mode. Heve, the aifitude conirol is passive ufilizing
gravity gradient torques for stabilization.
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Proposed Attitude Control System

Many control system studies.-have shown that from standpoints of
economy and confrol accuracy, the CMG system offers many desirable features
for stabilization of manned space stations. This is particularly true when a
relatively high-accuracy attitude stabilization system is required. However,
for a very large semipermanent vehicle, such as STARLAB. there are prob-
lems associated with a CMG system. These problems become apparent when
consideration is given to the physical characteristics of the system required
for STARLAB,

Using outlined equations and procedures (Ref. V-19 and V-20),
estimates were made of the CMG system and RCS propellant required for
STARLAB in the X-POP, Y-LV mode. These calculations are only order of
magnifude calculations since the physical and dynamic characteristics of
STARLAB are not well defined. Only conceptional designs of the system have
been completed. The results of the calculations have been tabulated (Table
V-7) for a 300-mm, 70-degree-inclination orbit.

The CMG system and propellant requirements are relatively small if
body axes of the vehicle coincide with the principal axes and sensor axes are
exactly aligned. However, there are certain errors in both knowledge of
instantaneous principal axes (docking, movement of personnel and equipment,
use of expendables, etc.) and the orientation of sensors. Reasonably expected
ervors of this type introduce hiased perturbations into the system and must be
considered in sizing the attitude control system. These misalignments greatly
increase the size of a CMG system and the propellant requirements.

The CMG systems are ideal for handling torques of cyclic nature and
lead to considerably smaller RCS propellant requirements. However, for
biased type torques, CMG systems yield no propellant savings unless the
pointing requirements of STARLAB for a portion of each orbit can be relaxed
and utilize gravity gradient torques for desaturating the CMG system. This
operating procedure would prechably be undesirable for STARLAB, In this
case, the major advantage of-the CMG system is scheduling of RCS burn at
convenient times when other activities are at a minimum.

For a reasonable expected misalignment of axes and sensors, the
propellant requirements and requirements for a CMG system for STARLAB
Increase drastically. Calculations were carried out for a 5-degree misalign-
ment (Table V-7). Based upon these calculations and present technology,

a CMG system for STARLAB would weigh approximately 18 000 pounds and
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TABLE V-7, SUMMARY OF PHYSICAL CHARACTERISTICS OF
STARLAB ESTIMATES OF PROPELLANT REQUIREMENTS AND
REQUIRED CMG SYSTEM

PHYSICAL CHARACTERISTICS

Weight (1b) 500 000

Volume (£t°) 225 000

Lx (slug-£t?) 1..86 x 108

Iyy (slug-£t2) 5. 86 x 108

I, (slug-ft?) 5.86 x 10°

ISP {sec) 220

LX (Moment Arm, ft) 17

Ly ' 160

L, 160
SYSTEM REQUIREMENTS

No Misalignment of Axes | 5-deg Misalignment

Propellant Weight (Ib/orbit) 16.4 2.4
CMG Weight (Ib) 3000 18 000
CMG Electric Power (kw) 0.5 2,5
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require 2.4 kw of electric power with no essential decrease in RCS propellant
requirements. There is also some question about long-term reliability and
maintainability of CMG systems. The only advantage of the CMG system in
this case is slightly better pointing accuracy for STARTLAB,

A CMG system does not appear attractive for initial operations of
STARLAB. A simple RCS system is initially proposed for STARLAB, How-
ever, after STARLAB is operational, it is also recommended that a study
program be instituted to determine more about the principal axes of the
vehicle under various operational conditions and proper alignment of sensors.
For such a study, a scheme for maintaining a favofable relationship between
principal axes, vehicle axes, and sensor axes may be developed. Once this
has been done, it may be possible to go to a CMG system of much smaller
weight and power requirement which will yield better pointing accuracy and
smoother operation from the attitude control system while minimizing the
weight and electrical power penalties,

CMG systems may be attractive for some of the RFM's depending
primarily on the printing accuracy required for the module and the availability
of electric power for this operation.

ENVIRONMENTAL CONTROL AND HABITABILITY

Introduction

The objective of the environmental control and life support systems
(EC/LS} is to produce and maintain an environment on STARLAB which has
an optimum, not minimum, level of habitability. The crew will be unable to
function at a high level of efficiency unless the environment is comfortable
and convenient (Ref. V-21). Also, the EC/LS systems must be reliable., A
person who is concerned about the quantity and quality of his next breath or
his next drink of water is not likely to be able to function at a high level of
effectiveness. Also, the operating crew for the station must be kept at a
minimum to keep the number of scientific personnel as high as possible,
the EC/LS will be automated as far as possible. Also, since the scientific
crew members will be unfrained astronauts, the backup systems must be
highly automatic, to maintain confidence in the system. This is primarily
true of the atmosphere mixture, oxygen supplies, and atmospheric pressures.
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The EC/LS system must be able to maintain good living conditions for
the normal crew of 35 scientific personnel and station operating staff plus any
visitors who may be present for a short visit (i, e., shuttle pilots). The
system will be resupplied at regular intervals, but must be capable of opera-
tion for at least 4 weeks if a resupply flight should be aborted. Also,
STARLAB may have to supply service and power to RFM's.

Adequate emergency supplies of food and water will be stored through-
out the station. Also, the atmospheric control system will have adequate
redundancy to maintain a breathable atmosphere if the primary atmospheric
system should fail, or if collision or meteorite penetration should cause loss
of pressure and some of the atmosphere supply (Ref. V-22}.

The system must be able to operate on the available power. Power
is the primary constraint. The EC/LS systems have fo be efficient users of
power and also not place an excessive load on the logistics system. In the
event of a main power source failure, the EC/LS systems must be able to
function using only the solar-battery backup system.

The capabilities of the logistics system are described later in this
report. The next sections describe the EC/LS systems that were selected
and show how they are a compromise between available power, system
requirements, and logistics sysitem capabilities.

Laboratory Atmosphere

The air-conditioning system will be designed to handle each of the
four modules individually that will be connected to form the habitable areas of
STARLAB. This will then gliow for redundancy during emergency operation
in the event one or more modules are put out of operation caused by meteoroid
penetration, fire, or are not in use.

Small air blowers (10'w, 65 cubic feet per minute at 0. 2 inch H,0 Ap)
will be used to draw air from each living area to the main ducts and across the
heat exchangers. For the AAP proposal the heat exchangers will use
"Coolanol-15" (Monsanto Chemical Co.) as the heat transfer fluid which
pumps the fluid to the radiation heat exchanges that dump 15 000 Btu per hour,
at less than B = 0 degree or 17 000 Btu per hour at less than B = 78 degrees
with a pump power use of 240 w, These surface heat exchangers are calculated
to remove 33 Btu per square foot-hour,
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After part of the return air has been filtered, cooled, humidified or
debumidified, the air will be redistributed to the compartments. Return air
from areas where-odors will be most likely to be obtained will be passed
through charcoal filters before being mixed with the other return air volume.
Only 15 percent of the air will be filtered each pass because of a high power
penalty. TFans to each room will be controlled by the room light switch and
will shut off when the lights are turned off. Temperature override switch
could be used to turn the fans back on for a high or low temperature condition.
Results from the AAP will govern the design of STARLAB in this area.

The actual air environment composition will show 5 psia total pressure,
2.7 psia O, partial pressure, and 1.3 N, partial pressure. Room air will be
designed for 70° F, 45° F dew-point minimum and below 95~percent RH. The
water vapor pressure in the air will be controlled to a minimum of 8 mm Hg
and a maximum CO, partial pressure of 7.6 mm Hg, Toxic gases such as
CO will be kept below 0.76 mm Hg partial pressure or as normally specified.

Two sizes of cryogenic storage containers have been designed, tested,
and/or proposed by McDonnell Douglas (Ref, V-23). The smallest vessel
has an ID of 39 inches and the largest has an ID of 60 inches and operates
at 1000 psia. The size and capacity of liquid cyrogenic storage vessels are
given below.

Tank Size O, N, Para H,
3%-in. ID 1200 bm ‘850 lbm 75 lbm
60-in, ID 4500 lom 3150 lbm 275 lbm

Thig system of storage vessels has an in-space heat leak of less than

2 Btu's per hour and a fluid boil-off rate of approximately 0. 09 lbm per hour
at equilibrium for the 39-inch-ID LOX storage vessels, The values were
obtained by test measurements. An insulation for the ground hold condition
is a closed-cell polyurethane foam, and a second insulation of multiple layers
of randomly perforated, crinkled, aluminized polyester film of approximately
60 layers per inch is applied over the first layer of insulation for the low-
vacuum space opetration, The perforalions in the insulation are to allow the
hard vacuum fo be obtained. Thus, the compartments where the cryogenics
are stored will be open to space vacuum and closed off from the space labora-
tory environment, A recommendation is made that 60-inch-ID containers g0
up instead of the four large space ship launches, and that either the 60-inch-ID
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or 39-inch-ID resupply containers go up as needed and then be attached on
the outside of the hull of the STARLAB for refill using a bellows type diaphragm
operated by helium gas pressure.

Regulation of the oxygen pressure and the total pressure in the atmos-
phere of STARLAB will be through the use of pressure sensors where the
total pressure is checked and if low, then the O, partial pressure is read and
either O, gas or N, gas is added as indicated. This method can also be used
in closed-off areas where other pressures may be required.

A red light system in the command module caild operate showing ‘when
normal operating design. limits were exceeded. If danger levels or near
danger levels are obtained, a flashing red light and alarm could then be
operated for the module or the STARLAB as indicated.

Food and Water

The initial food supply and the emergency food supply will be the
Apollo-type food packages. These weigh approximately 1.4 lbm per person
per day and thus can be stored compactly with little weight penalty. Water
is necessary to be added to this type food. Apollo-type food will provide
2800 calories on a balanced-type diet.

Once the STARLAB becomes operational, food will be prepackaged on
the ground, and frozen and brought to STARLAB at a rate of 5 lbm per man
per day. This food will be thawed and cooked by infrared ovens. Because of
the high percentage O, atmosphere, vitamin E may have to be specifically
added to the frozen food and Apollo diets.

Body water must be supplied each day at a minimum rate of 4.4 lbm
per person. Other water necessary for personal hygiene will amount to about
6 lbm per person per day. Therefore, it is a requirement that a closed
water cycle be put in operation as soon as possible. Figure V-16 shows a
studied method of waste water that is processed twice before being reused
as drinking water. Control and check-point locations are necessarily located
throughout the entire system.

To prevent any serious problems with the water systems, each of the
four integral launch modules will have their own closed waste water systems
with a direct on-off connection between each of the modules. This will allow
a maximum safety for the system and a more uniform module constiruction
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design. Each module will also have a sei)arate emergency water sy.pply for
both drinking and wash use which will be changed or used as necessary.

Gravity

Gravity is so strongly associated with normal human physiological
activities that the total effect of its absence is difficult to evaluate (Ref. V-25).
Since the inception of the space program, considerable concern has been
expressed about the effect of weightlessness on man. Some investigators feel
that weightlessness could have a significant effect on human physiology and
limit the ability of man to work during a stay in space. Itis well known that
the physiological system will adapt to the conditions of a zero-g environment.
This has been shown by measurements taken on astronauts after a space flight
and by simulations on ground (Refs. V-26 and V-27).

Some of the changes in the body are cardiovascular deconditioning,
decreased blood volume, bone demineralization, muscle denitrogenation, and
disturbed vestibular functions. Probably the most sevious of these is the
cardiovascular deconditioning. It is not yet known if the deconditioning process
levels off to a new plateau or if the process continues. The ground simulations
indicate that a new plateau level is reached, but this has not been borne out
by flight data. The longest flight to date has been Gemini 7 which lasted 14
days. It was not clear if a new level of cardiovascular condition had been
reached. However, it is worth noting that the crew were able to return fo a
normal i-g environment without any undue discomfort. The results of this
flight led to the recommendation by Dr. Berry et al. (Refs. V-25 and v-28),
that a man can safely stand a 30-day exposure in larger spacecraft. Further
research, such ag that proposed for the AAP (Ref. V-29), will determine
if man can safely live in space for longer periods.

Based on the preseat recommendé.tion, longer stay-times in space ‘
will require the provision of either artificial gravity or physical conditioning
to maintain the ability of man to return to earth. Such a sudden return could
be necessitated by an accident which would require evacuation of STARLAB,

The effect of gravity on the human physiological system can be

simulated in two ways; (1) developing an artificial gravity or (2) using devices
and exercises which simulate the effect of gravity on the body.
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Artificial gravity by rotation of a vehicle is a concept that has been
studied by many investigators. Continuous artificial gravity has the potential
of eliminating the adverse effects of weightlessness on the crew. Personal
functions such as washing and waste elimination are more conveniently carried
out in a gravity environment. Also, physical conditioning would be automatic
because of the gravity force field and would not require the additional crew
time that the simulating systems need.

There are two systems to provide artificial gravity. Both systems use
centrifugal force produced by spinning a vehicle ag an analog for true gravity.
One way is to spin the counterweight against the ship. It is often proposed
to use a spent booster stage as the counterweight, Another method is to use
a wheel and hub system so that the spinning wheel has artificial gravity while
the central hub remains in zero g. The relationship between rotational rate,
length of moment arm, and the gravity level is shown in Figure V-17.

Developing artificial gravity by rotation of a vehicle is unattractive
from several standpoints. The first and most obvious are the engineering
problems associated with spinning, stabilizing, and pointing on a rotating
laboratory. Docking to a spinning ship could be difficult and would require
that the ship be’ despun if it were configured using a spent-state counterweight.
This would require large recurring expenditures of fuel to spin and despin the
ship for each docking. It is anticipated that dockings would be frequent on
STARLAB, therefore, the counterweight method did not receive any further
. consideration.

The artificial gravity system using a wheel turning on a hub requires
large diameter seals and bearings to maintain the air-tight integrity of the
vehicle. Balancing problems of the turning portion could be difficult to solve.
There would be a weight penalty of at least 25 000 lbm for the spinning wheel
(Table V-8}.

A’second limitation is the effect of rotation on the crew. A man-moving
on a rotating vehicle experiences forces and moments, the magnitude of which
depends on his linear and angular velocity, rate of rotation, and the radius of
rotation fo his location, These forces which are developed as by-products of
the artificial gravity will influence a man's performance in proportion to their
magnitude.

An illustration of one type of effect can be shown by considering the effect

on a man walking along the plane of rotation of the spinning ship. If he walks
in the same direction as the spinning ship, he will feel heavier. If his walking
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TABLE V-8, WEIGHT PENALTY FOR ARTIFICIAL GRAVITY
OR DEVICES TO PREVENT PHYSIOLOGICAL
DEGRADATION IN ZERO-~g

Device Weight o Time Remarks
Pressure Worn Continually
Cuffs 20 lb/man | Distractive Available
LBNP 20 Ib/man | 2-4 hr/day/man May be Part of Biomedical

Lab on Board

Centrifuge 12 1b/man | 2-3 hr/day/man 2 Required (300 lb Each),
One Will be Present for
Biomedical Lab

Anti-g Suit 15 1b/man | None Donned Must Come Up With Each
Prior to Re-entry | Crew Member

Artificial 25 000 1b No Time Only Living, Eating, and

Gravity Waste Disposal

Wheel-Hub

counteracts the velocity of the spinning section he will become lighter. Also,
his effective weight will vary as he moves the spokes of the wheel foward the
compartments on the end,

In addition to the physical influence of these forces, there are
unaccustomed and often disquieting effects on the vestibular system. A
complete analysis of these effects has been carefully documented (Ref. V-26).
This analysis has shown that man can withstand a rotational rate of up to 4
revolutions per minute without any upsetting effects. At this speed, Figure
V-17 shows that the radius of rotation must be about 110 feet to provide 0. 6 g
which is an acceptable level of gravity.

There are various exercises that can be carried out and devices that
can be used to load the circulatory system to cause the heart to beat faster,
Thus, the cardiovascular system can be kept in at a higher level of conditioning
than would otherwise be possible. The weights and necessary times for some
of these are summarized in Table V-8. :
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If the factors cited above are coupled to the fact that the bulk of the
experimental program must be performed in zero g (the main reason for
STARLAB) , the decision can be reached to have a zero-g station. A zero-g
station exposes some further constraints on the system that will be discussed
in other parts of this report. However, crew stay-times will be dictated by
the ability of man to live and work in space before he is deconditioned to the
point where he cannot safely return to earth. Since the space shuitle will be
available by the time STARLAB is launched, crew rotation on a regular
schedule will be relatively easy. Therefore, for this early station, it was
decided that STARLAR will be a zero-g vehicle and that the crew will be
rotated often enough to prevent any long-term debilitating effects of
weightlessness.

Extravehicular Activity (EVA)

Experience to date shows that EVA is very taxing on man. To have a
successful EVA, extensive simulation and careful equipment development is
required.

Since the experiment program is varied on STARLAB, the opportunity
for detailed practice and simulation is limited. Accordingly, it is recommended
that EVA be kept to a minimum. Small vehicles such as the space "{axi'" are
needed for handling packages and for transport around the exterior of the ship.

For EVA, an improved space suit is needed which will allow greater
freedom and dexterity of movement with smaller exertion by the man,

Living Quarters

Highly motivated individuals such as the astronants can live, work,
sleep, and eat for days without leaving their seats. However, for more normal
operations or for more extended trips, the various areas should be separated.
In particular, the living and sleeping quarters should be separated from the
work areas,

The general layout for the ship is shown in Figure V-18. The layout
for the living quarters is shown in Figure V-19. Each floor has quarters for
six crewmen and has a lounge and a bathroom facility. The floor plan shows
that each man has a private room with 90 sguare feet of floor space. A
6-1/2-foot ceiling gives 586 cubic feet of volume that agrees closely with the
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recommendation of 600 cubic feet per man (Ref, V-21). One floor is for the
ship officers, the captain and the chief scientist, and any guests who may be
on board,

The accommodations require a total of 8§ floors to provide quarters
for 45 people. It should be emphasized that the required volume for good
habitability is reduced for short stay-fimes. Therefore, if the crew rotation
has to be at frequent intervals, the living space could be compressed. More
room is then made available for experiments. The living space is easily
convertible because of a2 minimum amount of permanent equipment. Each
room containg a personal communication center for the crewman., The
crewman is able to falk directly to earth and use his TV for visual
communication,

Fach of the lounge areas will have view ports. These are arranged
so that viewing of earth and stars is possible. It is believed that windows
are necessary to prevent claustrophobic feelings and also to admit light,

Waste Management and Personal Hygiene

All work areas generate waste particles which are removed in the areas
where produced. All areas of STARLAB should be provided with small hand-
operated, battery powered, vacuum cleaners that are used to pick up small
pariicles. Wherever particles are continucusly produced, the process must
also provide for their immediate removal.

Organic wastes accumulate from food management areas and from
toilets. In each case, the organic material is stabilized and not allowed to
produce bacteria. The most desirable means of waste collection from toilets
is by an air-flow collection sysfem. Wastes should then be dried in the
collection bags and the water is not to be reused (Ref. V-24). The system
provides for centrifugal separation of urine and feces which are collected by
airflow through a permeable bag. A backup system of solid waste storage
must be provided. The stored wastes from STARLABR will be returned to
earth by the shuttle.

For optimal conditions, provision must be made for personal hygiene
in various areas, namely:
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1. Dental and oral.

2. Hand and face washing.
3. Body bathing.

4, Hair and nail trimming,
5. Shaving.

6. Clothing and laundry.

The methods for carrying out the above functions have not been well defined at
present. Itis anticipated that further developments will be available by the
time a space station is ready to operate. ‘

Movement and Restraints

Since STARLAB operates in zero-g condition continuously,” restraints
must be provided to enable man to remain at his station and work effectively
(Ref. V-21). The wide diversify of functions and work areas on the ship
makes provision of a common restraint system difficult. Each operation and
area will be analyzed individually to determine the restraints best suited.

The central trunk will be the passageway for movement from one
section of the ship to another. Adequate handholds must be available to make
movement along the corridor fast and easy. The "fireman's pole" type of
restraint may be suitable for that area.

Since. the functions of an area may change, the ability to alter or redesign
the restraint system is essential. However, it is not necessary that STARLAB
have the manufacturing ‘capability to make the new units. These can better
be brought up from the ground.

Safety

On any space vehicle, provision must be made for the safety of the
crew in the event of collision, meteorite puncture, high radiation event, or
contamination. The following sections oufline the provisions that have been
made for STARLAB fo cope with these emergencies.
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In case of collision, the procedure is to-evacuate the erew to the central
trunk area. This is a "hard" area and has emergency life-support equipment.
This area can be sealed off into compartments. From the trunk, the crew
could move to a section of the ship which was undamaged. Then, the damage
could be repaired, or the area closed off and abandoned.

A meteorite puncture has a low probability of occurring; however, the
station must be capable of handling a puncture. A large puncture would be
treated like a collision. If a small puncture occurred, the air-tight doors
would be left open until the crew members in the damaged section could be
removed, or until the pressure in the ship had dropped to the danger level.
This time is on the order of several minutes for holes to 6 inches in diameter
When the crew members are out of the' damaged area, the doors to that area
will be sealed. Then, the remaining crewmen return to routine operation and
the damaged area could be repaired by a man in a space suif,

The radiation of most concern is from solar flares or proton events.
The procedure in both cases is to turn the ship so that it is oriented with the
reactor pointing toward the sun (Fig. V-20). The crew would then be shielded
behind the reactor shielding, This maneuver can be accomplished in about 1
minute. After the high radiation event is over, the STARLAB returns to the
X-POP orientation and resumes normal cperations.

REACTOR

SOLAR
RADIATION

) HIGH-INTENSITY
. RADIATION POSITION

FIGURE V-20, LABORATORY VEHICLE ATTITUDE DURING PERIODS
OF HIGH-INTENSITY SOLAR RADIATION
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The procedure for chemical or bacterial contamination is to isolate
the contaminated area by use of pressure doors. Then after the contaminant
is removed, the area could be reopened and returned to use.

If escape from the ship is necessary, the crew uses the RFM's as
lifeboats to stay in orbit until they are rescued.

Crew

Living quarters are provided for a maximum of 45 people on STARLAB,
The number of people on board ranges from 35 to 45. Of these, there will be
eight whose full-time function is running the ship, The breakdown is as follows:

1. Captain,

2. Coock — Stewards (2).

3. Communications technician (3).
4. Life support technicians (3).

In addition, there will be a medical officer aboard who will function primarily
as a scientist. Everyone on the station is required to be familiar with emergency
procedures and they will function as a part of the operating crew if needed.

The remainder of the 35 to 45 people on board will be the scientific ecrew
and maybe some passengers once the STARLAB is in operation.

It is anticipated that by 1977, when STARILAB is to bé launched, research
will have been completed for qualifying man for extended stay times in space.
The chief limitation on ability of the crew to remain will be the habitability of
the station. Accordingly, as was outlined in previous sections, every effort
has been, and will be, made to make the space station as habitable and as
~ comfortable as possible.

The training of the crew, technicians, and scientists will start with
ground simulation and continue at STARLAB to make all personnel at STARLAB
fully effective and as aware of safety procedures as possible, Part of the
ground simulation will be used to eliminate personnel who are subject to
motion sickness or could not handle the long stay-time necessary for a
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STARLAB migsion. A ground simulation buttoned-up time period up to a
i-week duration may be necessary to eliminate people who couldn't take a
60~ to 90-day mission.

A continuing program of physical training at STARLAB will be under
the supervision of the medical officer. This study will be part of the determina-
tion on how space stay-time will affect man, Types of athletic equipment could
include a "double-ended trampoline, " bicycles, and spring-loaded muscle tone
devices., All physical exercises should be able to be medically monitored and
recorded,

Logistics

The resupply and man loading of STARLAB is totally dependent on the
proposed space shuitle and frequency of the 8-V launch schedule., General
capabilities for the shuitle are 40 000 lbm payload plus 10 people for the
STARLAB operation in addition to the shuftle crew and supplies to hold the
shuttie for the entire trip and not be dependent on STARLAB for support even
if docked. If STARLAB is put into an orbit that reduces the shutfle's payload
capability, the frequency of the resupply trips may be increased, Also, if
man's stay-time in space is less than 60 days, the more frequent {rips could
allow a smaller size space shutfle. Thus, how many is affected while on the
AAP mission could determine the final design of the shutile.

The effect of the frequency of shutfle launch (Fig, V-21) will determine
how rapid the manpower buildup can be accomplished once the STARLAB con-
struction is completed. When the launch frequency time period is every 8
weeks, 6 weeks will be needed for a 35- fo 40-man buildup, I the launch
period is restricted to once in 4 weeks, a 12-week time period will be
necessary to fill a 35- to 40-man status and man will have to be able to stay
120 days at STARLAB. A more probable 3-week launch cycle that will more
nearly use the full launch shuttle capacity and with an approximate 90-day
man gtay-time, will take 9 weeks to fill a 35- {0 40-man crew, The 2-week
launch schedule is necessary.if a longer stay-time of 90 days or more is
obtained; therefore, the problem of crew rotation is reduced to an as-desired
bus run,

The crew life-support logistics (Table V-92) show that the daily
requirements for various methods of handiing the food and water requirements
for STARLAB. When no provision is built in for recycling waste products,
approximately 25 lbm per person per day of food, clothing, O,, and N, are
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STARLAB MANPOWER BUILDUP VERSUS SHUTTLE LAUNCH PERIOD

FIGURE V-21,
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TABLE V-9,

SHUTTLE TO 35-MAN STARLAB

LOGISTICS ON LIFE SUPPORT RESUPPLY BY SPACE

Totally Expended
Closed H,O Loop

Normal Expected
(Closed H,0 Loop)

Apollo Food
(Closed H,0O Loop)

Absolute Minimums
(Near Survival)

2-Week Shuttle

3-Week Shuttle

4-Week Shuttle

lbm/man/day (lbm) (Ibm) (1bm)
25 12 250 18 375 25 500

i5 7350 11 025 14 700
12.5 6125 9187.5 12 250

8.9 4361 6541.5 8722

6.0 2940 4140 5880




needed. Once the water cycle is a closed-loop process, the requirements
should drop to between 12.5 and 15 lbm per person per day, I Apollo-type
food packaging is used along with a closed HyO loop, approximately 8.9 lbm
per person per day to an approximate minimum of 6.0 lbm per person per day
for survival is required. The possibility that once the closed water loop is in
operation, no additional water will be needed to be shuttled to STARLAB if
prepackaged frozen food is used insteady of dehydrated food, Water for the
"normal expected" is still carried in case of confamination, and the water must
be dumped and replaced in one of the four independent systems.

Because of continuous gas leakage from STARLAB, an allowance for
N, + O, has been made. The status of the actual leakage rate will probably be
more readily calculated from the AAP determinations.

If the space shuttle resupply is restricted to once every 28 days, the
proposed logistics will be possible if a closed water loop is in operation
(Table V-10), Where the water loop is not closed, a 3-week (21-day} resupply
shuttle of 30 000 lbm would be permissible.
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TABLE V-10, LOGISTICS FOR THE 35-MAN STARLAB — RESUPPLY TIME
Closed Water Loop (lbm)
14-Day 21-Day 28-Day
Food 25600 3750 5000
Water 500 750 1000
O, 1500 2250 3000
N, 500 750 1000
Clothing 1000 1500 2000
Propellants 4000 6000 8000
Experiments 3000 4500 6000
FFM's 2000 3000 4000
Totals 15 000 22 500 30 000
Open Water Loop (lbm)
14-Day 21-Day " 28-Day
Totals 20 000 30 000 40 000




V-10.

V-1t.

V-12.
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CHAPTER VI. ECONOMICS AND COST OF STARLAB

INTRODUCTION

Considering the time frame of the construction and utilization of
STARLAB, one must carefully approach the problem of cost of such a large
project. On the ofher hand, the cost of such a conceptual design, such as
presented herein, requires a great amount of latitude since the design is not
yet extensively detailed. Nevertheless, cost should be done at this level of
design to size the cost of STARLAB as well as attempling fo get the economic
aspects into the situation of a systems approach.

APPROACH

Initially, attempts were made at employing already developed costing
modes, These were discarded because either STARLAB was too large and
required invalid extrapolation (sometimes as far as five times the region of
definition of several cost-estimating relationship curves), or the model
required detailed design parameter data.

The method employed was an approximate "brute-force" method based
on appropriate old costings. The nearest study to. STARLAB was a space-base
cost estimate for a 35~ fo 50-man base. The space base was smaller than
STARLAB but served as a good cost comparison.

After much exchange of information and comprehension discussions,
costs were estimated. Members of the design group and the costs group also
arrived at a set of assumptions as follows:

i. The five RFM's of STARLAB have the same basic structure.

2. The five modules of STARLAB have the same basic structure.

3. Judgement was the mode of determining costs.

4., Costs were done by modules.
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5. Recurring and nonrecurring costs were estimated.
8. Costing was done for each subsystem in a module.
7. The costs of a system of three geosynchronous satellites that would

function as laser repeaters to STARBASE on earth were included in the non-
recurring costs of module 1, the critical services module under the communi-

cations subsystem.,

8. All units of money herein are reported in terms of billions (B) of
dollars ($).

9. Crew training costs were included under crew systems subsystem.
10. An inflation factor was not considered herein.
Several design alternatives were as follows:
a. Remote flying versus onboard nuclear power supply.
b. S-band versus laser communications.
¢. Open versus closed atmosphere control.
d. Omearth versus onboard support laboratories.
e. Onboard versus free-flying materials and manufacturing program,

These design alternatives were considered for a trade-off with costs; however,
the method of costing was not precise enough to consider these alternatives.-

HOW MUCH WOULD STARLAB COST?

This question (how much would STARLAB cost?) can be most easily
answered by discussing costs in a sequence beginning with the grand total, then
progressing to more and more detailed statements of the costs.

The entire estimated cost for STARLAB from instigation of the projéct

to its tenth, and assumed final, year of operation is $23.831 B. This amount
of money is estimated to be spent over a 17-year period. During the 1970 to
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1977 period, an estimated $12, 631 B would be spent for the construction of
STARLAB, This represents an average of $1.804 B per year for the first

7 years. STARLAB would be launched in 1977 and during the next 10 years the
remaining $11, 200 B would be spent for support and updating of STARLAB,
This represents a $1.20 B spending per year. Of the $11.200 B spent for
support, $5.000B wouldbe spent for mission and support operations and program
management ($0.5 B per year). Another $2.000 B would be spent for sub-
systems maintainability, repairability, long-life capability, and redundancy.
The applications and experimental programs would have alloted $0.300 B per
year for a total of $3.000 B, Five Saturn V launches at $0.100 B each are
necessary to put STARLAB into orbit ($0.5 B).

The logistics costs for the shuttle were computed assuming 14 shuttles
per year for 10 years at $0. 050 B per shuttle which yields $0.700 B. Using
a model which was defined for the Mercury, Gemini, and Apollo data, a ratio
of the dollars required for ground test, ground support engineering, and
integration for each dollar of total subsystems costs on each module of
STARLAB was established. After the detailed subsystems costs of a module
in terms of nonrecurring and recurring costs were developed, then total ground
test, ground support engineering, test articles, facilities, systems engineering,
and integration costs were determined using this ratio.

The modules were numbered in the order in which they are to be deployed.
Module 1 refers to the crifical services module, module 2 refers to the power
module, and modules 3, 4, and 5 make up the remainder of STARLARB proper.
These 5 modules will be launched by low cost ($0.100 B each) Saturn V's.

Modules 1 through 5 have a common structure subsystem which will be
assembled and checked out on the ground. Hence, module number 1 was
chosen fo contain the bulk of the nonrecurring costs for developing these 5
common modules.

Also, a part of the STARLAB are the RFM's numbered 6 through 10.
These 5 modules have a great deal of commonality in their structure sub-
systems requiring only minor modifications for adaption fo their missions.
Modules 6 and 8 must contain life support and environment control systems,
hence, module 8 was costed with the nonrecurring costs in modules 9 and 10.
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Module Number Application

6 Life~Behavioral Sciences
7 Solar Astronomy
8 Materials and Manufaciuring
9 Stellar Astronomy
i0 Physics

A weight statement for the research and support laboratories from the
design of STARLAB was helpful in estimating the cost of the experimental
programs in the various modules. These weights by laboratories are presented
in Tables -1 through II-4. Cost of experiments in various areas per pound
were used in estimating these experimental costs.

Table VI-1 presents a synopsis of the costs of STARLAB, Table VI-2
contains a cost statement by subsystems for typical modules 1, 2, and 3
(modules of STARLAB proper), The subsystem costs for typical RFM's 6,

8, and 9 are also given (Table VI-3}, while costs for modules 4, 5, and 7 are
omitied. A subdivision of nonrecurring and recurring costs for each of the
subsystems and their totals for the entire STARLAB are given in Table VI-4,

Table VI-3 contains a subgystem cost statement for the life-behavioral
sciences, materials and manufacturing, and stellar astronomy RFM's. The
first two coniain a life-suppoert system and the last one does not,

WHAT PART OF NASA'S BUDGET WILL STARLAB CONSUME?

If it is assumed that NASA's budget in 1969 was approximately $4.0 B
and that it will grow at the same rate as the Gross National Product (GNP)
(Fig. VI-1), then by 1970 (GNP will have gone from $880 B in 1969 to $950 B
in 1970) NASA's budget could be estimated as $4.3 B. Assuming that the GNP
grows this approximate steady rate (guite a conservative prediction! ) of
7 percent per year, then we arrive at the percentage costs of STARLAB in
Table VI-5. Note the marked drop of percentage program costs affer the
launch date of 1977, It is also notable that the most expensive time period
is the early 1970's.



TABLE VI-1, COST OF STARLAB (OPTIMUM BUDGET)

COST (B$)
STARLAB
Subsystem 5. 504
Structure, Communications, ete.
Ground Support 5.675
Ground Test, Facilities, etc,
Experiments 1.452
SUPPORT
Logistics 1.200
5 Baturn V's and 140 Shutile Launches
Mission Support, Operations, and
Program Management 5.000
Maintainability, Repairability, Long Life,
Capability, and Redundancy 2,000
Experimental Up-Date 3. 000
23. 831

COST RATE (B$)

1. 80/Year 1970 - 1977

1.12/Year 1977 - 1987

T Years
Develop

10 Years
Maintain

Note: Ten modules were used.
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TABLE VI-2. TYPICAL STARLAB (PROPER) MODULAR SUBSYSTEM COSTS

MODULE 1 MODULE 2 MODULE 3
Subsystem N-R R TOT N-R R TOT N-R R IOT
Environment Contrpl 0.315 | 0.020 0.335 | 0.010 | O. 001‘ 0,011 - 0.020 | 0,020
Structure 0.750 0. 300 1,05¢ | 0,050 | 0,300 10. 350 0.030 0.300 | 0,300
Stabilization and Control | 0.075 | 0,010 0.085 - 0.010 | 0.010 ~ 0.010 | 0.010
Reaction Control 0.021 | 0,007 0. 028 - 0.007 | 0.007 - 0.007 | 0.007
"Guidance and Navigation | 0.035 | 0. 011 0. 046 - 0.011 | 0,011 - 0,011 { 0.011
Electrical Power 0.025 | 0,003 0. 028 0.165 | 0.040 | 0.205 - 0.003 0. 003
Communications 0.500 | 0.100 0. 600 - - - - 0,100 | 0,100
Instrumentation 0.010 | 0.005 0.015 - 0.005 | 0.005 | 0.009 | 0.005 | O, 0.14
Crew 0,075 | 0.015 0.090 - - - 0.020 [ 0.015 | 0,035
Totals 1. 80§ 0,471 2,277 | 0.225 | 0,374 | 0.599 | 0.059 | 0.47V1 | 0.530

Notes: All costs in B$

N-R = Nonrecurring

I

R
TOT = Total

Recurring
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TABLE VI-3. RFM'S SUBSYSTEM COSTS

MODULE 6 MODULE 8 MODULE 9
Subgystem N-R R TOT N-R R TOT N-R R TOT

Environment Control 0. 050 0. 020 0.070 0,077 0.006 0.083 - - -
Structure 0.065 | 0.030 0,095 | 0.250 | 0.030 | 0.280 | 0.0656 | 0.030 | 0.095
Stabilization and Control - 0,010 0.010 0.023 | 0.007 | 0,030 - 0. 007 0. 007
Reaction Control - 0. 007 0.007 0.019 | 0,006 | 0,025 - 0,006 | 0.006
Guidance and Navigation - ¢.014 0.011 | 0.0145 | 0.011 { 0.026 - 0.011 | 0.011
Electrical Power - 0. 003 0,003 0.005 | 0.003 § 0.008 - 0.003 0.003
|ICommunications - 0,005 0,005 0.015 | 0,005 0. 020 - 0.005 0. 005
Instrumentation 0.005 | 0.005 0.010 | 0.003 | 0.00% 0.004 | 0.005 | 0.001 0. 006
ICrew - - - 0,010 | 0,005 | 0.015 - - -
Totals 0.120 | 0,001 0.211 0.417 1 0,074 | 0,491 0.070 1 0,063 10.133

With Without

Life Life

Support Support

Note: All costs in B$, N-R = Nonrecurring, R = Recurring, TOT = Total.




TABLE VI-4, SUBDIVISION OF RECURRING AND NONRECURRING COSTS
FOR THE ENTIRE STARLAB AND RFM'S (10 MODULES TOTAL)

Subsystem N-R R TOT
Environment Control 0.452 0.107 0.509
Strueture 1.400 1.650 3.050
Stabilization Control 0.098 ' 0.088 0.186
Reaction Control 0.040 0. 066 0.106
Guidance and Navigation 0. 050 0.110 0,160
Electrical Power 0.195 0.067 0.262
Communications 0.515 0.425 0. 940
Instrumentation 0. 060 0.011 0.071
Crew 0.145 0.025 0. 170
Totals : 2.955 2. 549 5. 504

Note: All costs in B$
N-R = Nonrecurring
R = Recurring
TOT = Total

6-3




TABLE VI-5. PERCENT PROGRAM COST OF STARLAB

Postulated NASA Budget

Year (B$) % STARLAB
1969 4.0 -
1970 4,3 42
1971 4,7 39
1972 5.0 36
1973 5.4 33
1974 5.8 31
1975 6.2 28
1976 6.6 26
1977 7.1 16
1978 7.6 15
1979 8.1 14
1980 8.7 13
1981 9.3 i2
1982 9.9 11
1983 10.6 10
1984 11.4 9.8
1985 12,2 9.2
1986 18.1 8.5
1987 14,0 8

DEVELOPMENT

LAUNCH

MAINTAIN
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FIGURE VI-i1, PROBABLE TRILLION DOLLAR ECONOMY BY 1971

ALTERNATIVE COSTS OF STARLAB

Three interesting alternative costing models were developed. The first
model involves immediate deployment of the five large modules of STARLAB
proper and the five RFM's, This cost synopsis is presented in Table VI-1,
Upon considering Table VI-5, however, we note that STARLAB would have
very high initial cost (nofe 42 percent of NASA's projected 1970 budget).

Two other alfernatives were considered. Alternate 1 was defined to have a
delayed FI'M development, essentially pushing some of the development costs
into the 10-year operational period of STARLAB. This would impair somewhat
STARLAB's ability to procure space environment data, but all areas of study
-having their FFM's delayed have lab space in STARLAB already except
astronomy. Astronomy’s program would be retarded if STARLAB were the
only platform for astronomy experiments. However,. it is anticipated that
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astronomy will have several platforms in other programs. Most importantly,

the earth resources and the life-behavioral sciences program would be unaltered.
Table VI-6 is a synopsis of the costs of alternative 1. It achieves the objective
of a lower initial cost rate in 1970-1971 ($1.365 versus $1.800 B per year).

The final alternative, alternative 2 (Table VI-7}, deletes the FFM's,
The effects of this deletion would have more serious effects on the ability of
STARLAB to gather data on the space environment and man. This alternative
could be useful only if a severe funding perturbation occurred and is not
recommended because of the lower data returns. However, note that even
under these modes of operation, STARLAB could still be made completely
productive by the later addition of FFM's. The estimated effects of delayed
or deleted FFM deployment upon STARLA B's effectiveness are given for each
research area in Table VI-8.

These last two alternatives are examples of so-called "reversible!
losses in a program. These types of losses can be added 'later when funding
js better and one has somewhat reduced losses in the effectiveness of a program.

The recommended mode of budget is the earliest deployment scheme
(Table VI-1)., It was felt that this method optimizes the information and data
acquigition of STARLAB,

RECOMMENDATIONS

The costing models that were considered for costing STARLAB were
found to be inadequate. There seemed fo be a lack of costing data available for
model building despite the fact that much is available in terms of manned space
flight systems.

It is further suggested that the present ideas of costs and economics
be defined to include the assignment of value to the production of ideas,
processes, and materials from STARLAB. This aspect of accounting which
includes the assignment of dollar values to intangibles could be handled through
STARAD. It is felt that a complete total must be kept of the ideas, processes,
or materials that have been produced on STARLAB including the spin-offs.
A 10-year laboratory such as STARLAB is a golden cpportunity to illustrate
that the space environment can be utilized profitably by man.
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TABLE VI-6, ALTERNATE DEPLOYMENT NO, 1, LATE DEPLOYED
RFM'S (LOW INITIAL COST BUDGET)

STARLAB Proper (5 Modules) Cost (B$)
Subsystem (Structure, Communications, etc.) 4,456
qs s -Y
Ground Support (Ground Test, Facilities, ete.) 4, 549 7-Year
Develop
Experiments 0.552
Modules Later (5 FIM's) ‘ Launch
Subsysiem 1.0562
Ground Support 1,126 10-Year
Maintain
Experiments 0. 900 and
Develop
Support ) 11,200
Cost Rate
$1.365 B/year 1970-1977
$1.427 B/year 1977-1987
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TABLE VI-7. ALTERNATE DEPLOYMENT NO. 2 COSTING, NO

REMOTE FLYING MODULES (DISASTER BUDGET)

STARLAB Proper Only (5 Modules) Cost (BS) .
Subsystem 4,456
(Structure, Communications, ete.)
Ground Support 4, 549 g_;zif
(Ground Test, Facilities, etc. ) P
Experimenis 0.552
Launch
Support 11. 200 10~Year
Maintain
20.757
Cost Rate

$1.365 B/year 1970-1977

$1.120 B/year 1977-1987
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TABLE VI-8, ESTIMATED EFFECTS OF DELAYED OR DELETED FFM
DEPLOYMENT UPON STARLAB EFFECTIVENESS

Chemistry

Earth Resources
Life-Behavioral Sciences
Materials and Manufacturing
Physics

Astronomy

R & D Engineering

Communication/Navigation and
Traffic Control

Totals

% Goal Completion

Using Optimal

Alternate No, 1,
Delayed FFM's

Alternate No. 2,
Deleted FFM's

Cost Rate at Base (%) (%) (%)
100 100 100
100 100 100
100 90 60
100 90 80
100 85 50
100 50 0
100 95 95
100 100 100
800 710 585
100 ——;9_ 73




The final recommendation is that a study be made of configurations and
concepts that could be classified as "reversible” expendables. It seems that
any large-scale programs should have many of these expendables such that a
reversible flexibility is designed info the program. This increases the viability
of such a program by enabling it to survive budgetary squeezes and self-heal
itself later,

CAN WE AFFORD STARLAB?

I man is to continue to gain more and more control over his environ-
ment, and as he learns more about managing himself he slowly realizes that
he must work to improve present conditions on earth or possibly face extinction,

STARLAB- and the space program emphasize the need for the manage-
ment of earth's resources, STARLAB has been designed to optimize the
benefits of utilizing the space environment as well as easily and handily
carrying out earthward-looking surveillance and monitoring,

As a species, striving fo perpetuate itself, man must learn to control
-and harness all that he is capable of perceiving. STARLAB will help harness
our newest natural resource — the space environment,.

In terms of more, practical matters, the emphasis of the scientific
mission is man-focused and to have immediate benefits. As mentioned earlier
In this report, the direct and indirect benefits of STARLAB could easily pay for
itself as well as provide a handsome profit in arresting human misery and
suffering.
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APPENDIX A. INVENTION DISCLOSURES

INTRODUCTION

This appendix is composed of the actual invention disclosure submittal
forms! and accompanying descriptions and sketches which resulted from the
summer program; these are as follows:

‘1. Fabrication method of hollow spheres.

2. High density packaging of space modules — Dixie Kup concept.

3. High density packaging of space modules — drinking barrel concept.

4. Rhombic units for constructing a variety of structures.

9. Bpace shoe locking device.

6. Flexible coupling for docking two vehicles in space.

1. Parts of the forms are omitted to reduce their size to standard report size.



Branch.No.
NASA Case No.

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Office of Assistant General Counsel for Patents

DISCLOSURE OF INVENTION

This {5 an important legal document. It should be carefully completed by the inventor(s)
and forwarded to the Patent Representative. Two copies of each document are desired.

1., Descriptive Title of Inventicn
FABRICATION METHOD OF HOLLOW SPHERES

2. Nameis), Title{s}, and Home Address{es} of Inventor(s)

Dimitrios Constantinos Agouridis, Associate Professor of Electrical Engineering

3186 Dickman Ave., Memphis, Tennessee 38111

3. Neme and Address of Employer
Auburn Univergity, NASA ASEE, 1969, MSFC,.

Date

4, ftage of Dsvelopment Month/AYr, Location

Identify persons or records

_supporting facts stated in 4a-4e

a, First disclosure to others 7/8/69 MSFC

Meeting with H, F, Wuens'cher

and Other ASEE Fellows

b, First sketch or drawing
t wrjtten description _ |7/10/69 | MSFC

E. R. Lawson — M, L. Forthun

d. Completion of first model
or full size device

&, Pirst successful opera-

tiopal test

5. List other pertinent notebook entries, photographs, reports,

drawings.

6. If the invention was disclosed outside of NASA, identify the individuals, the companies ot

activities they rapresent, and the date of disclosure,

7. list any known or contemplated public use, publication, or oral presentation of the invention.

8. Indicaté any past, present, or contrmplated Government use of the invantion,




FABRICATION METHOD OF HOLLOW SPHERES

Description

The purpose of this disclosure is to introduce a unique procedure for
fabrication of hollow spheres. Such spheres are of considerable technological
importance in applications such as ball bearings. An analysis of the capabilities
of such spheres is given in Reference A-1. The uniqueness of this invéntion
lies on the way by which the hollow region can be made, Figure A-1 represents
the desired product. The construction procedure is described by the following
steps.

Fabrication Procedure

One fabrication procedure is to construct a spherical thin shell or
balloon (Fig. A-1}, This can be done by welding together two premachined
semispherical sections or blown out of a soft material melf by a procedure
similar fo glass blowing, The thickness of the spherical shell should be no
more than that needed to withstand the heat and the mechanical strain introduced
by the deposition of the material of the hollow sphere (see below). The
material of which the spherical shell is made can be either the same as that
of the desired sphere or some different kind of material, preferably of lower
density to keep the overall weight low. The surface of the outer shell should
be treated so that the deposited material on it dampens (sticks on) the surface.
The radius of this spherical shell will be equal to the radius of the hollow
region (inner radius) of the desired hollow sphere and should be designed
according to this specification,

‘'The deposition of the material of the desired hollow sphere is discussed
in this paragraph. With the spherical shell described above properly prepared,
the deposition of the material of the hollow sphere can be done by two metihods
as follows:

1. Premelt the material to be deposited. Immerse the spherical shell
into the material so that the melted material will flow over the spherical shell,
Let enough of the melted material flow over the spherical shell to obtain the
desired thickness. Cool to solidify.

The spherical perfection of the sphere so formed will depend on the
environmental condifion:



SPHERICAL SHELL

FIGURE A-1, HOLLOW SPHERE

a. If the fabrication occurs in outer space where the influence of
the earth's gravity is nearly zero (zero g), the fabricafed sphere -will be
perfect because the spherical configuration is most natural and the total energy

_is minimum.

b. If the fabrication occurs on the surface of the earth, the outer
shape of the solidified product will normally have the shape of the container
in which the solidification cccurred. However, one can obfain an approximafte
spherical shape by spinning the sphere around while melting or by free-falling.
Under these circumstances, the final shape of the sphere and its smoothness
are obtained by proper machining,

It is obvious that the zero-g environment is ideal for such fabrication.
On the other hand, such fabrication can occur on the suface of the earth where
with additional refinement of the fabrication one can hope to obfain a practical
product with existing fechnology.
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2. Evaporate (spray on) the material on the spherical ghell uniformly
until the desired thickness is achieved. Again, the zero-g environment will be
advantageous since the deposition can be done with the spherical shell floating
in space (no support is needed). On the other hand, a very good product can
be fabricated on earth by properly rotating the spherical shell during deposition.

Obviously, the deposition by evaporation is not very practical when the
thickness of the sphere is large,
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STACKED "DIXIE KUPS" HIGH DENSITY PACKAGING
OF SPACE MODULES

The purpose of this invention is to provide a method of efficient packaging
of space modules that are carried by a booster rocket into orbit or to a planetary
surface. The method permits the packing of many modules that could provide
a large amount of volume while still maintaining a short-stack height that is
mounted on top of a booster. These frustra of cones, called "Dixie Kups, " can
be used to construct large-volume shelter in space (Fig. A-2).

Previously, space housing for workshops, space stations, barges,
space bases, and planetary bases considered using the right cylinders available
from the spent S-IVB or an S-II stage of a Saturn V.

Previously, suggested right cylinders do not pack efficiently, requiring
an unmanageably tall rocket or a large number of launches to place (e.g., six)
the modules somewhere in space. This new stacking of Dixie Kups could
significantly reduce the number of launches needed to put so many cubic feet
of living space at the disposal of a crew of astronauts.

The stack of Dixie Kups can be packed (for example) six high, one inside
another, with the large end of the cup sitting on top of the S-II stage (Fig. A-2).
The Kup could be 30-feet-diameter base, 20-feet-diameter top, and 40 feet high.
The Kups could be separated and rotated 180 degrees and docked fo form a
double-Kup assembly section (Fig. A-3).

A modification of the frustrum shown in Figure A-3 can be used to
construct a wheel space station.

Stacked figures are similar to a truncated cone or a frustrum of a cone
{e.g., truncated pyramid, truncated tapered hexagon, and truncated trigonal
pyramid), and the results are as follows:

1. Fewer launches to.obtain large-volume shelter,

2, Lower stack height for rocket.

3. Efficient packing for large-volume shelter.

This is a new method of packing a modified module fo facilitate launching
of large-volume shelter with low-volume launch configuration.
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DIXIE MODULE CONCEPT

FIGURE A-2, NESTING CONCEPTS "DIXIE MODULES!
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DRINKING BARREL CONCEPT FOR HIGH-DENSITY
PACKAGING OF SPACE MODULES

The purpose of this invention is to provide a method for high-density
packing of space modules into a given launch configuration, The method permits
the packaging of many modules which provides a large volume when deployed
while still maintaining stack-height limitations imposed on the launch vehicle.
By proper design, the internal floor and much equipment can be mounted so
that little effort is required to place the module in operation other than the
basic deployment of the structure (Fig., A-4).

As previously discussed, right circular cylinders as basic building
blocks for space vehicles do not pack efficiently for launch. This leads to
prohibitively tall launch vehicles or to multiple launches fo have a desired
working volume in space. This new stacking concept can significantly reduce
the number of launches required to assemble a large-volume space vehicle in
earth orbit for use as an earth satellitfe or for planetary missions.

" This stacking concept can be used for various size structures. -Typical
module sizes for possible use with existing launch systems can be 30 feet in
diameter base with 20-foot-diameter top. The compressed configuration
height can be about 20 feet, with a deployed height in space of about 45 feet.
These modules can be used as building blocks to construct various larger
configurations in space.

The structure can be deployed by simply pressurizing the interior of
the modules and providing guides on the moving sections to prevent jamming,

A-11
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RHOMBIC UNITS FOR CONSTRUCTING A
VARIETY OF STRUCTURES

The general purpose of this invention is to provide a compact, sturdy,
versatile, reusable, easily manufactured structural unit that can be used to
produce in a space environment (or on planetfs) a variety of structural shapes
and sizes for space workshops, space stations, space bases, planelary bases,
interplanetary construction, and repair hangers, efe.

The previous method for providing structural units was the employment
of spent or previously outfitted 8~-IVB or S-II Saturn V stages.

Disadvantages of the S-IVB stage are as follows:

i. More difficult to manufacture cylinders.

2. Little structural versatility (all same size}.

3. At least twofold design of unit partially designed for living and
workshop and partially designed as a structural unit of a launch vehicle {or
fuel tank).

4. Cannot be packaged together efficiently.

A unit is defined as two equilateral triangles hinged together with a
two-way hinge. Using these units, one can construct the following structures:

1. One unit — Space shelter, radiation shield solar cell panel frame
[Fig, A-5(a)].

2. Two units — Tetrahedron, domicile with opfional door, power-
communications-life support module to power other structures below
[Fig. A-5(b)].

3. Three units — Trironal bipyramid, gravity-gradient orienting,
separately flying module [Fig. A-5(c}].

4, Four units - Qctahedron, experiment containing module. Easily

controlled dynamical character. Useful as a structural unit for a large
structure {Fig. A-B{d)].
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5. TFive units — See Figure A-5(e).

6. Ten units — Icosihedron, large structural unit, crew quarters,
large experimental housing, assembly hanger for deep space probes
[Fig. A-5(f)]1.

7. Twelve units — Pseudocylinder [Fig. A-56(g)l. Variable ¢ylinder
height,

8. Fifteen units — Pentadome to enclose a planetary base [Fig. A-5(h}].

9. Thirty units — Pentasphere, large construction hanger, can be
peeled away when work is completed [Fig, A-5(i}].

10, Structural doubling, each of the above structures can be doubled in
size by making a double unit by packing four units together [Fig. A-5(j)].

Larger structural units can be composed of combinations of several
of the nine described above; e.g., tetrahedrons and octahedrons can be used
to make a thick plane platform. A large space-filling structure can be made
by packing octahedrons together and using trigonal bipyramids to fill the
interstices.

The unit [Fig. A-5(h)] consists of two equilateral triangular plates
joined by a two-way hinge. The triangle is made from a friangular pipe frame.
"This frame is covered with an easily removable metal skin which encloses a
heat and meteorife protection shield, This triangle is easier to manufacture
than a cylinder, The two triangles are joined together by a two-way removable
hinge, and they can be made into a rigid rhombus by addition of suitable stiffen-
ing rods. Combinations of many rhombi can easily be made into a floor
(platform}).

To make a larger structure (e.g., icosihedron) one can, by' joining
four rhombi together [Fig., A-5(i)], 2 rhombi unit can be made that will be
twice the size of the original one,

The sealing of these structures can be accomplished by a heavy-duty
tape that is followed by a sprayed chemical that will seal the enclosure, The
tape could then be stripped for reusing the units.

Geometrical figures other than equilateral triangles can be employed

to construct structures; e.g., hexagons, penfagons, squares, efc. The
advantages are as follows:
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FIGURE A-5. RHOMBIC UNITS FOR CONSTRUCTING
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i. Easily manufactured.

2. Reusable.

3. Easily packed in folded form;. stackable.

4. A variety of :structu_res with several shapes and sizes can be made.
5. Strong structural unit (triangular -bra;ze) .

6. Common construction unit; all structures made employing same
unit,

7: Interchangeability of units.
This invention contains the application of a new structural unit (a

rhombus with a hinged middle joint) to construct a variety of structures of
varying shapes and sizes.
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SPACE SHOE-LOCKING DEVICE

The necessity of using a method to hold a person at a given location
within a space vehicle is of primary importance. Locomotion within a zero-g
environment is by pulling (using the hands) or by pushing off using the hands, -
feet, or body. If a person needs to use both hands for an operation, then the
rest of the body must be restrained by some locking device; i.e., safety belt
or the body wedged into some fixed projection.

Present shoe-locking devices have devices attached to the shoe that
require the person to twist his feet; thus, his body posifion will lock into
position. The present method requires a grate-type floor material with a
large grate opening. The proposed device will be a smaller-type hook with two
hooks placed on each shoe. One hook will be placed on the toe of one shoe and
one hook on the heel of the other shoe, then one hook will be placed on the
outside of each shoe. The new feature of this invention will allow leverage to
be applied through the legs where the legs force outward against each other,
fixing the body so that independent motion of the arms and upper trunk of the
body is possible. The proposed method will also utilize a floor grate and the
length of the shoehook will again depend on the floor-grating design as shown in
Figure A-6.

\ HOOKS RIGHT FOOT

LEFT FOOT

FIGURE A-6, SKETCH OF HOOK LOCATION ON SPACE
SHOES, TOP VIEW AND SIDE VIEW
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FLEX1BLE COUPLING FOR DOCKING OF TWO
VEHICLES IN SPACE

The purpose of this invention (Fig. A-7) is to provide a means of
bringing a docking module or vehicle to a space station and dock it without
providing the harmful effects of the inertia and mass of the approaching module
to upset the attitude control of the station. Methods currently used and proposed
require that the module be firmly and rigidly attached to the station at the point
of docking. The disadvantage of using this method is that the mass and the
resulting moment of inertia of the module affects the stability of the entire -
station and also displaces the cenfer of mass of the assembly. This condition
makes attitude control more difficult and requires more power to provide a
stable attitude of the station.

To avoid the effects of a mass of an attached or docked module, it is
proposed that the module have the flexible docking device which will permit
engagement with the station but not provide a rigid attachment, This would
require a bellows or flexible tube through which the people and equipment
would be {ransferred from the module to the station. "This bellows and the
attaching devices would remain on the vehicle or module and would engage
with the station only when the module or vehicle is docked to the station. With
this flexible connection between the station and the smaller mass, the effect of .
this mass on the mass of the station would be negligible because, instead of
forces and moments being transferred between the masses, the forces and
moments are absent and the motion of one relative to the other is permitted.
This relative motion must be limited to keep the relative position within
presecribed limits. The attitude control system of the module or vehicle will
be used to maintain a satisfactory relative position or orientation. Itis also
proposed that the sensors governing the attitude -control during the docked
period will be connected to both the docked vehicle as well as the station. This
relative motion will be sensed by displacement sensors. which will keep the
relative position of the vehicle and the station within the prescribed working
limits. The displacement sensors have the advantage that with an array of
sensors all degrees of freedom can be accounted for and these can be used to
control the attitude of the smaller vehicle, Also, in general, the attitude of the
logistics vehicle or module will not be as stringent as the limits imposed on the
station. Thus, less éffort is required and less fuel expended in attitude control
of the smaller vehicle when it is allowed to deviate from the optimum orientation
and position, a condition which could not exist with rigid attachment. By having
the sensors on the small vehicle, the attitude control system and its sensors
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ITEM DESCRIPTION

1. DISPLACEMENT SENSORS

2, CENTERING AND LATCHING ASSEMBLY

3. REFERENCE RING

4. SHUTTLE, MODULE, OR OTHER DOCKING YEHICLE
5.

FLEXIBLE BELLOWS OR SIMILAR PRESSURE TIGHT
ENCLOSURE THROUGH WHICH MEN AND EQUIPMENT
WILL BE TRANSFERRED TO OR FROM VEHICLE

6. DOCKING ADAPTER ON STATION OR LARGER VEHICLE

FIGURE A-7, FLEXIBLE COUPLING FOR DOCKING
TWO VEHICLES IN SPACE
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are on the same vehicle and no eiectrical connection is necessary. If the
bellows and sensors are applied to the station or the larger mass, the electricai
connection would be necessary at the time of docking. This creates a greater
difficulty in aligning the module or vehicle with the docking facility on the
station. The advantages of the system are: .

1. By using the attifude control of the smaller mass o keep the distances
and orientations within prescribed limits, no forces are transmitted to the
main station and the effect of the small mass on the large one does not exist,
because they are not rigidly- coupied.

2. By not having the masses coupled, it is easier to keep the attitude
of the station within limits and minimize the effective fuel requirements for
attitude control.

3. By not actually docking mass to mass, the impact forces between
the masses are eliminated; this prevents excessive stresses on the materials
of the siructure both of the station and of the vehicle. The force involved in
coupling the bellows between the masses is reduced by more than an order of
magnitude from those values obtainable with rigid coupling,

4. By having the flexible coupling or bellows and the sensors on the
smaller vehicle, it has the advantage that if this vehicle is a logistics vehicle
or shuttle, these components can be serviced and renewed while the vehicle is
on the ground.

The features.of this invention believed to be new are:

1. The use of a flexible coupling system.

2. The use of displacement sensors in place of radar or electronics
to provide a distance between the vehicles.

3. Not only distance but rotational displacement components can be
sensed with a sufficient number of these sensors.

4. Servicing and maintenance of these coupiing and senging devices can

be done on the ground for the shuttle vehicle which will dock with this space
station.
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APPENDIX B. COMMUNICATION SUBSYSTEM
AND CIRCUIT STUDIES

Backup and Emergency Subsystems

The S-band subsystem operating at 2. 2 GHz provides the main backup
communications link to earth. This is done in either of two ways: (1) Table
B-1 shows that an S-band link can be provided directly to the ground using
omni antennas; this could be used with the presént network of Apollo~-type
communications facilities; and (2) Tables B-2, B-3, and B-4 show the various
combinations of links using synchronous satellites. All will function to provide
continuous communications with CIMC and provide initial aperture alignment
for the laser communications link.

The VHF emergency voice link operates using 3 w of transmitted
power and essentially onmi antennas. Table B-5 shows a 20-decibel circuit
quality margin for this link.

A summary of the frequency allocations utilized external fo the STARLAB
operation is shown in Table B-6.

Circuit Studies

The basic concept of the circuit quality chart is concerned with
estimating radio transmission loss. Since the communications circuits
considered are line of sight, the radio transmission loss for each circuit
is essentially the inverse square law in optics applied to radio transmissions.
Thus, for a one-wavelength separation between nondirective (isoftropic)
antennas, the free-space loss is 22 decibels, and it increases 6 decibels each
time the distance is doubled (Ref. B-i). The free-space transmission ratio '
at a distance d is given by

P

_r _{2 2
P, (4 wd) % G (B-1)




TABLE B-i. CIRCUIT QUALITY CHART NO, 2, S-BAND
CRITICAL DIRECTLY TO GROUND EMERGENCY

Type of Modulation — PCM/PM
Frequency — 2200 MHz

Communication Range — 900 n. mi. (1)

Transmitter Power — 100 w (12)

Nominal
Parameter Value
Computation of ]_Received Carrier Power
Transmitter Carrier Power 20 dBw (12)
Transmitter Circuit Losses -5.5dB (12)
Transmitting Antenna Gain -3.0dB (12)
Polarization Loss =3.0dB (12)

Free Space Loss
Receiver Antenna Gain
Receiver Circuit Loss
Received Carrier Power

Computation of Desired Carrier Power

Equivalent Receiver Noise Density
Receiver Noise Bandwidth
Equivalent Receiver Noise Power
Desired Signal-to-Noise Ratio

Desired Carrier Power

Circuit Quality Margin

~163.9 dB (12)
48.4 dB (14)
-0.5dB (12)

-106. 6 dBw

-200, 0 dBw/Hz (15)
73.0 dB (16)
-127,0 dB
10.4 dB (18)
-116.6 dBw

9.9dB




TABLE B-2. S-BAND CRITICAL CIRCUIT QUALITY

CHART NO, 3, SATELLITE TO CIMC

Type of Modulation — PCM/PM
Frequency — 2.2 GHz

‘Communication Range — 24 000 miles (17)

Transmitter Power — 100 w (12)

Computation of Desired Carrier Power !

Nominal

Parameter Value
Computation of Received Carrier Power
Transmitter Carrier Power 20 dBw (12)
Transmitter Circuit Losses -5.5 (12)
Transmitting Antenna Gain 35.9 (18)
Polarization Loss -3.0 (12)
Free Space Loss -191.0 (19)
Receiver Antenna Gain 48,4 (14)
Receiver Circuit Loss | -0.5
Received Carrier Power -95.7 dBw

Equivalent Receiver Noise Density

Receiver Noise Bandwidth 73.0 dB (186)
Equivalent Receiver Noise Power ~127. 0 dBw
Desired Signal-to-Noise Ratio 10.4 dB (18)
Desired Carrier Power -116.6 dBw
Circuit Qualify Margin 20.9

-200,0 dBw/Hz (15)




TABLE B-3., CIRCUIT QUALITY CHART NO, 4, S-BAND CRITICAL,
STARLAB TO SATELLITE

Type of Modulation — PCM/PM
Frequency - 2, 2 GHz

Communication Range — 24 000 miles (17)
Transmitter Power — 100 w (12)

Nominal
Parameter Value

Computation of Received Carrier Power
Transmifter Carrier Power 20 dBw
Transmitter Circuit Losses 5.5
Transmitting Anfenna Gain - 35.9
Polarization Loss -3.0
Free Space Loss 91.0
Receiver Anterma Gain 35.9
Receiver Circuit Loss ~0. 5
Received Carrier Power -108, 2
Computation of Desired Carrier Power
Equivalent Receiver Noise Dengity -200. 0 dBw/Hz (15)
Raceiver Noise Bandwidth 73.0 dB (18}
Equivalent Receiver Noise Power -127.0 dBw
Desired Signal-to-Noise Ratio 10.4 dB (186)
Desired Carrier Power ~-118, 6 dBw
Circuit Quality Margin 8.4 dB




TABLE B-4. CIRCUIT QUALITY CHART NO. 5, 8-BAND
CRITICAL, SATELLITE TO SATELLITE

Type of Modulation — PCM/PM
Frequency — 2.2 GHz

Communication Range — 34 600 miles (20)
Transmitter Power — 100 w (12)

Nominal

Parameter Value
Computation of Received Carrier Power
Tranémitter Carrier Power 20 dBw (12)
Transmitter Circuit Losses -5.5 (12)
Transmitting Antenna Gain 35,9 (18)
Polarization Loss ~3.0 (12)
Free Space Loss -194. 0 (21)
Receiver Antenna Gain 35.9 (18)
Receiver Circuit Loss ~0.5 (12)
Received Carrier Power -141.2
Computaiion of Desired Carrier Power
Equivalent Receiver Noise Density ~-200. 0 dBw/Hz (15)
Receiver Noise Bandwidth 73.0dB (186)
Equivalent Receiver Noise Power -127.0 dBw
Desired Signal-to-Noise Ratio- 10.4 dB (1i6)
Desired Carrier Power -116. 6 dBw
Circuit Quality Margin 5.4
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TABLE B-5. CIRCUIT QUALITY CHART NO, 1, VHF VOICE,
STARLAB TO GROUND (EMERGENCY)

Type of Modulation — AM
"Frequency — 296. 8 MHz

Communication Range — 900 n. mi. (1)

Transmitter Power — 3 w (2)

| Desired Carrier Power

Equivalent Receiver Noise Density

. Desired Peak Signal-to-rms-Noise
Power Density

. Modulation Characteristic

Circuit Quality Margin

Nominal
Parameter Value
Compuiation of Received Carrier Power
Transmitter Carrier Power 4.8 dBw (2)
Transmitter Circuit Losses -2,3dB (3)
Transmitting Antenna Gain -4,0 dB (4)
Polarization Loss -3.0dB (5)
Free Space Loss -146.5 dB (6)
"Receiver Antenna Gain 18.0dB (7)
Receiver Circuit Loss -0.2 dB (8)
Received Carrier Power ~132.2 dBw

~-199, 4 dBw/Hz (9)

44,5 dB (10)
1,4 dB (11)
~109. 0 dBw (12)

" 20.3dB




TABLE B-6. CHANNEL FREQUENCY ALLOCATIQNS

Lasers for Primary STARLAB — CIMC Communications
S-Band for Secondary STARLAB — CIMC Communications
C-Band for STARLAB — Ancillary Modules Communications

X-Band Radar for Tracing and Navigation of Ancillary Modules
from STARILAB

VHF+HF Omni for Emergency Voice

~where P o Pt = received power and radiated power, respectively, measured
in the same units. l = wavelength, in the same units as d, G (ox G ) = pOWer
gain of transmitting (or receiving antenna).

By taking the log of equation (B-1) and introducing several significant
factors which are real losses in the communications circuit, we obtain
equation (B-2) which calculates the received carrier power Pr’

Pr (dBw) = Pt(dBw) - Lt(dB) + Gt(dB)

- Lp (dB) - Lfs(dB) + Gr(dB) - Lr(dB) (B-2)
where
Pt(dBw) = the transmitted carrier, equation (B-2), power in
decibels above a watt
Lt(dB) = the losses in the transmitting circuit
Gt(dB) = the power gain of the transmitting antenna
Lp(dB) = the polarization loss (a mismatch of transmitting and

receiving antenna polarization)



Lf (dB) = the free space loss is 37.8 + 20 log d + 20 log f where
S £ isin MHz and d is in n.mi,

Gr(dB) = the power gain of the receiving antenna,

Lr (dB) = the losses in the receiving circuit.

For the computation of desired carrier power, the receiver equivalent
noise spectral density is computed from

No = 10logk + 10 log T + F,
where
k = Boltzmanns constant of 1.38 x 10~2 per °K
T = system temperature in °K
* = preamplifier noise figure.

The receiver noise bandwidth is determined by the bandwidth of the signai-
to-noise ratio and by the demodulation technigue and the allowable error rates,
fidelity required, etc.

The circuit quality margin is then given by the difference between the
received carrier power and the required carrier power. Where the circuit
quality margin is positive (the received carrier power is greater than the
desired carrier power), the circuit will provide an adequate communications
link. If the circuit quality margin is negative, corrective steps must be taken
in the communications circuit design, such as increasing the anfenna gains,
or increasing the power transmitted, or decreasing the receiver (preamplifier)
noise figure, etc. In this sense, the circuit quality chart can be used as a
design tool even though it is an analysis technique. The primary purposes of
the circuit quality charts in this report are fo show that the proposed communi-
cations systems are feasible and that the state-of-the-art will provide the
communications links discussed earlier in this appendix, The following notes
are provided to completely describe the source of information and computations.

3

1. Communications range of 900 n, mi. is near the maximum range.

2. Assumed value but equivalent o VHF-AM Gemini {ransmitfer-
receiver equipment.



3. Transmitter circuit loss includes 0. 5-decibel multiplexer loss,
20 feet of 8.3 decibel per 100 feet of cable loss, 0. 05 decibel per connector
loss.

4. Assumed value — essentially a practical isotropic antenna.
5. Assume circular polarization on ground, linear on STARLAB,

6. Free space loss is 37.8 + 20 log d + 20 log{ where f is.in MHz
(296.8) and d isinn.mi. (900).

7. A quadhelix antenna is assumed on ground. The gain for a typical
tacco quadhelix antenna in the frequency range 225 Mz to 300 MHz.

8. Typical Gemini ground equipment, 0.2-decibel receiver line loss,
noise figure 4.5 decibel, transmitter power 100 w, transmitter line loss
2. 5 decibels.

9. Receiver noise density is -228.6 + 10 log Ts where

Ts = — + ( -Ii) 2900+ (N -1) 290

and Ta = 300 7\2, L is receiver circuit loss ratio, N is receiver noise
figure. (See 8. above for periinent numbers. )

10. The threshold of perceptibility for a rather difficult-connected
discourse and which corresponds to approximately 75 percent monosyllabic
phonetically balanced work intelligibility can be determined from

8.
p

dN/df

= H80+ZC
n

where Sp is the peak instantaneous audio signal power in w, dN/df is the
noise power spectral density in w/Hz and Cn are correction factors for

speech processing. The correction factor for -12 decibels of peak audio
clipping in AM system is 9 decibels. The audio bandwidth of the spacecraft
transmitier is from 300 to 3000 Hz (assumed value but equivalent to Gemini



and Apollo equipﬁent) . The 300-Hz cutoff requires a correction factor of
3. 5 decibels while the upper cutoff has little effect. Thus, the required peak
signal-to-noise power spectral density requirement becomes 44. 5 decibels

{Ref. B-2).

i1, For amplitude modulation, the required rms carrier power to
prediction noise spectral density is 50 + 20 log 1/ M+ Z Cm, M is assumed
to be 0. 85 (Ref. B-2).

12, Assumed value,

13. Distance is 900 n.mi., frequency 2200 MHz. (Note 6. above gives
the formula for free space loss. )

14, Antenna gain is given by ;20 logf+201log D -52.6 where f isin
MHz and D is diameter in feet. f is 2200 MHz, D is a 60-foot reflector,
with an 0. 54 illumination factor. Beam angle is 7 x 10%/ (fD).

15, The equivalent noise spectral density as seen by the receiver is
computed (in decibels) from No = 10logK=101log T + F, where K is
Boltzmann's constant (1,38 x 10-2 joules per °K, ’T is system femperature
(290°K), and F is preamplifier noise figure (assumed 4 decibels).

16. Bandwidth = 10 log A w where A w =20 MHz. For coherent PSK,
10. 4 decibels is the required signal-to-noise ratio in the 20 megabit rate
bandwidth for 10~ bit error rate (Ref. B-3).

17, 24 000 miles was used as the approximate maximum range for
computation,

18. D is 12 feef. (See note 14, above for formula. )

19. d = 24 000 miles = 20 800 n. mi. (See note 6. above for formula, }

20. d = 34 000 miles = 29 600 n.mi, is used as the distance between
satellites.

21, d = 29 600 from note 20. above. (See note 6, above for formula. )

B-10
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APPENDIX C. ALTERNATIVE CONSIDERATIONS

CONFIGURATION ALTERNATIVES

Nuclear power systems have a severe impact on configuration
alternatives. Early in the investigations, it was thought that the power
system weight could be kept well under 50 000 pounds. Two alternatives
were considered as discussed in the paragraphs below.

Free-Flying Microwave Power Station

Safety and ease of replacement were the attractive features of micro- -
‘wave power transmission from a free-flying power station; it would fly at least
a mile. This station could be launched initially and replaced using shuttle
transportation. Power would be transmitted between two 30-foot antennas,
This system simplified the external configuration of STARLAB (Fig. C-1).
One less S~V launch is required.

Integral Power Source

This is the usual method of deploying a nuclear power plant, Isolation
from radiation is achieved by placing the power source a disfance from the
center of operations so that a partial or spot shield may be employed to create
a conical zone of safety., While fofal reactor weight remained well under
50 000 pounds, this kind of unit could be deployed from. the critical services
module by using a series of telescoping structural elements (Fig. C-1)
deployed and (Fig. C-2) folded in launch configuration. Guy-wire tension
members are an optional alternative to increasging material in the central
beam assembly. Separations achieved using this configuration are about
three times those proposed for current programs that are not expected to
function as long as the 10-year STARLAB lifetime, These separations would
be achieved at the expense of design simplicity. This system is still a state-
of-the-art approach whereas the microwave power station concept requires
further development of transmission efficiencies to be a really atiractive
alternative.
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Final Choice of Power Unit

Both of the above concepts were abandoned when the power demands
increased to the point where there was little likelihood of having a power unit
weighing under 50 000 pounds developed in time fo be used. The power unit
weight was approaching 70. 000 pounds and would necessitate an additional 8-V
launch, This ILM unit would have to be replaced periodically and filled with
expendable equipment., " Considerable launch weight capacity would still be
available for additional shielding so design simplicity could be achieved by
eliminating complicated telescoping deployment systems. A separation of
80 feet or more would fit into the S~V envelope without any deployment
exfensions.

Additional usable volume could be made available to STARLAB as
power units are replaced. This would be accomplished by designing separately
the expended portions of the power module to jettison,” leaving the bulk of the
structure {used to separate the radiation source} behind. This portion could
be designed for easy integration into the usable occupied portion of STARLAB,
The new structure launched with the replacement power system would dock fo
the remaining portion of the former unit.

Configuration C-2

Figures C~1 and C-2 are a composite of a number of alternatives
considered early in the design trade-off phase. These features have advaniages
that were sacrificed, usually to achieve design simplicity and functional
reliability. ’

Placing reaction control units at a distance from the major inertial
axes about which they must control motions would substantially reduce
propellant requirements, Contamination of the local atmosphere by propellants
would be not only reduced, but the concentrations would be moved farther from
the STARLAB vehicle equipment sites that might suffer from contamination.

The logistics and docking facilify in this configuration differs from the
final proposal in that the features depend on the dimensions of the shuttle
payload. This design is for a small diameter 15- by 60-foot logistics package.
As in the final proposal, the logistics package (not the shuttie vehicle) will
dock to STARLAB, Docking area structure is made up of three specially
designed shuttle payloads in a close-pack parallel installation (Fig. C-3).
Each would be a 'separate pressure hull, Logistics packages would dock to
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a docking pivot axis perpendicular to the STARLAB axis. This is a com-~
paratively easy docking maneuver to perform. Then the pivot would swing

the logistics package to a close-pack position so that it is in a secure parallel
attitude. The docking probe and attendant equipment would be centrally located
on the axis of the package and separate from the off-center hatch coupling
-equipment, allowing each to be designed specifically for one task. A 60-foot-
long package could be unloaded at both ends and at points on the side. Close-
packed paralleled docking positions are less susceptible fo damage by collision,
easier to unload, and change attitude-control characteristics of the composite
STARLAB vehicle less by docking very close to the center of mass. Three
internal supply routes near the outer shell of STARLAB could be used with

this system.

Expandable high-density launch packages place a large pressurizable
volume in orbit at a small transportation cost. The lower half, shown in
Figure C-2, has one such unit providing 2-1/2 times the volume of an ILM
module whereas both require one S~V launch. This collapsible "drinking cup”
concept (Figs. A-2, A-3, and C-4) would be deployed on suitable guides or
tracks (Fig. C-5) using internal pressure as a motive force. The ratio of
expanded-to-collapsed volume is a function of the amount of integral equipment
launched with the unit, Noninfegral equipment may be transported using
inexpensive shutifle payloads, but in-orbit hardware fransfer and installation
would be required.

Artificial gravity for experimentation is available in much greater
quantities with this configuration. A centrifuge hub would be launched integral
with the expandable unit. The centrifuge spoke gondolas would be specially
designed shuttle payloads docked to the hub (Fig. C-2). Continuous access to
the centrifuge is not provided, and the wheel must be stopped to be serviced.

Artificial gravity (discussed earlier) for a human habitat was eliminated
early in the investigations.

POWER SYSTEM ALTERNATIVES

Current state-of-the-art of nuclear reactors for orbiting laboratory
power systems requires that consideration be given to methods of separating
the power source from the vehicle even through advanced technology may prove
the reliability and safety of onboard nuclear reactors. An-alternate approach
considered for the STARLAB mission was to mount multiple reactors in a
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.free-flying module (Fig. C-6) and transient power by microwave transmission.
This could be a serious alternative if large power system converters fail to
materialize in the near future. It would become necessary to use numerous
smaller systems to supply the large amount of power required in an orbiting
laboratory. The use of modular power relieves the laboratory vehicle of the
problem of providing radiator surface area for the power system, This could
be a formidable area for large systems. For instance, a 100—1‘:We power

system requires approximately 5000 feet. With a remote free-flying module,
the power system would not be an integral part of the laboratory vehicle; hence,
extravehicular activity would be possible in the vicinity of the space vehicle,
This is not possible when using an integral configuration. Another advantage
is that radiation levels inside the spacecraft, as well as in adjoining vehicles
and modules, would be minimized. ’

For the proposed launch date, electrical power could be transmitted
de to de by microwave techniques with an efficiency of 47 percent. With
advanced technology, future efficiencies of 70 percent are possible. When
space travel is not power limited, this method of power transmission may
become important. The power module could be inserted into orbit and
stationed in front of or behind the orbiting laboratory., Power transmission
at 1 km using a 3-cm wavelength signal requires an antenna diameter of 10
meters. The antenna could be electrically aimed and interlocked for maximum,
power {ransmission.

Two methods of supplying power were investigated; direct and indirect.
The simplest in terms of orbital flight is direct. In this configuration, the
main nuclear power source could be physically attached to the space vehicle by
" means of a long structural boom with necessary reinforcement structures.
Conductors would then be routed directly to the main power distribution system.
The inherent dangers of such a system are obvious. First, with the extension
of a boom to 200 feet, it is possible that some EVA will be required; this is not
- a desirable condition. Another problem arises in attitude control. If the space
vehicle executes a violent maneuver because of a malfunction in a conirol
system or natural phenomena, it is unlikely that a mass of 40 000 pounds,
concentrated at the end of a 200-foot support member, could be safely retained.
It is more likely that the supporting structure would fail with a resulting form -
of major damage inflicted on the space vehicle. Anothér objectionable feature
is presented by the consideration of maintenance. If should be expected that
continuous operation of the power source will lead to a major breakdown within
2 years, The replacement of the faulty system could require EVA with possible
exposure to hazardous radiafion.
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The alternative approach is to orbit a self-contained nuclear-powered
system on the same orbital path as the manned laboratory. Power would then
be transmitted from the supply system to the space station by means of micro-
wave techniques. The presently demonstrated overall efficiency for de input/
output is 26. 2 percent. It is expected that with additional development, this
efficiency could be increased.

The benefits of such a system are worth serious consideration. For
instance, the space station could be placed in orbif, solar panels deployed for
power, and the system made ready for habitation. In the future, the nuclear
power source could be orbited into position or transported by means of the
predicted space shuttle to a holding position up to 1 mile from the space
station. The module would have to be fitted with a propulsion and guidance
system for station keeping. If a dangerous condition should occur, the vehicle
could be moved rapidly away from the space station for safety reasons or it
could be sent into a storage orbit. Replacement of this type system is
relatively simple. A burned-out power sysiem could be propelled away from
the space station and replaced by a new unit without the necessity of EVA,

MSFC—RSA, Ala
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