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IN-STEP 88 WORKSHOP
FOREWORD

At the workshop, Dr. Harrison H. Schmitt emphasized that the nations which
effectively exploit the advantages of space will lead human activities on earth. The
major space goal of the National Aeronautics and Space Administration's Office of
Aeronautics and Space Technology (OAST) is to provide enabling technologies,
validated at a level suitable for user-readiness, for future space missions in order to
ensure continued U.S. Leadership in space. An important element in accomplishing
this goal is the In-Space Technology Experiments Program whose purpose is to explore
and validate in space advanced technologies that will improve the effectiveness and
efficiency of current and future space systems. OAST has worked closely with the
aerospace community over the last few years to utilize the Space Shuttle, expendable
launch vehicles, and, in the future, the Space Station Freedom for experimentation in
space in the same way that we utilize wind tunnels to develop aeronautical
technologies. This close cooperation with the user community is an important, integral
part of the evolution of the In-Space Technology Experiments Program which was
originated to provide access to space for technology research and experimentation for
the entire U.S. aerospace community.

On December 6 through 9, 1988, almost 400 researchers, technologists, and managers
from U.S. companies, universities, and the government participated in the OAST IN-
STEP 88 Workshop. The participants reviewed the current in-space technology flight
experiments, identified and prioritized the technologies that are critical for future
national space programs and that require verification or validation in space, and
provided constructive feedback on the future plans for the In-Space Technology
Experiments Program. The attendees actively participated in the identification and
prioritization of future critical space technologies in eight major discipline theme
areas. These critical space technologies will help focus future solicitations for in-space
flight experiments. The material within these four volumes is the culmination of the
workshop participants' efforts to review the planning for the future of this program.

Dr. Leonard Harris

Chief Engineer

Office of Aeronautics and
Space Technology, NASA
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INTRODUCTION

NASA's Office of Aeronautics and Space Technology (OAST) conducted a
workshop on the In-Space Technology Experiments Program (IN-STEP) December
6-9, 1988, in Atlanta, Georgia. The purpose of this workshop was to identify and
prioritize space technologies which are critical for future national space programs
and which require validation in the space environment. A secondary objective was
to review the current NASA (In-Reach) and Industry/University (Out-Reach)
experiments. Finally, the aerospace community was requested to review and
comment on the proposed plans for the continuation of the In-Space Technology
Experiments Program. In particular, the review included the proposed process for
focusing the next experiment selection on specific, critical technologies and the
process for implementing the hardware development and integration on the Space
Shuttle vehicle. The product of the workshop was a prioritized listing of the critical
space technology needs in each of eight technology disciplines. These listings were
the cumulative recommendations of nearly 400 participants, which included
researchers, technologists, and managers from aerospace industries, universities,
and government organizations.

The identification and prioritization of the critical space technology needs were
initiated by assigning NASA chairpersons (theme leaders) to the eight major
Eechnology disciplines or themes requiring consideration. These themes were as
ollows:

- space structures

- space environmental effects

- power systems and thermal management
- fluid management and propulsion systems
- automation and robotics

- sensors and information systems

- in-space systems

- humans in space

In order to provide further structure within each theme, the chairpersons divided
their themes into three theme elements each. The theme element concept allowed
focused technical discussions to occur within the broad discipline themes. For each
theme element, the theme leader selected government, industry, and university
experts to present the critical space technology needs of their respective
organizations. The presentations were reviewed and discussed by the theme
audiences (other members of the aerospace community), and prioritized lists of the
critical technologies which require verification and validation in space were
established for each theme element. The comments and conclusions for each theme
were .incczirporated into a summary listing of the critical space technology needs and
associate



flight experiments representing the combined inputs of the speakers, the audience,
and the theme leader. The lists prepared at the Workshop were later supplemented
by summaries of critical technology needs prepared in a uniform format by the
theme leaders. The critical space technology needs and associated space flight
experiments identified by the participants provide an important part of the strategic
planning process for space technology development and provide the basis for the
next solicitation for space technology flight experiments. The results of the
workshop will be presented to the IN-STEP Selection Advisory Committee in early
1989. This committee will review the critical technology needs, the funding available
for the program, and the space flight opportunities available to determine the
splecific technologies for which space flight experiments will be requested in the next
solicitation.

These proceedings are organized into an Executive Summary and three volumes:
In-Reach/Out-Reach Experiments and Experiment Integration Process (Volume
I); and Critical Technology Presentations (Volumes II and IIT)

The Executive Summary contains the Welcome and Workshop Instructions,
Strategic Planning for the In-Space Technology Experiments, an overview of the
space technology experiments being conducted in OAST and the solicitation process
for IN-STEP, the proposed accommodation process for Space Station Freedom, the
Keynote Address reproduced from the workshop banquet, and the critical
technology needs summaries for each theme. The Welcome and Workshop
Instructions describes the purpose, the process, and the product intended for the
workshop. The Sgace Strategic Planning process describes the OAST space
Research and Technology base programs which generate new technology concepts
in the major discipline areas, the new focused programs of the Civil Space
- Technology Initiative (CSTI) and the Pathfinder, and the new fiscal year 1990
initiative of In-Space Technology Experiments Program (IN-STEP) which provides
funding for the industry, university, and NASA space technology experiments.
Overview charts of current OAST sponsored space flight experiments and specific
information regarding the IN-STEP solicitation process are provided to establish an
understanding of space technologies currently being validated and the proposed
approach for initiating new experiments. An overview of the user/payload
integration and accommodation process being established for use on the Space
Station Freedom is documented to promote better understandin%with the space
experiment community. The keynote address was presented by Dr. Harrison H.
Schmitt, a former U.S. Senator and Apollo astronaut on the 16th anniversary of his
lunar launch. In his presentation, Dr. Schmitt outlined his vision for the future of the
U.S. space program by describing a Millennium Project which would combine space
ventures to the earth, moon, and Mars. The critical technology needs summaries for
each theme are as described above, standardized format versions of the lists
%)repared "real-time" at the Workshop. In the appendices of this Summary are the
inal workshop agenda and a list of workshop attendees.
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MISSION TO EARTH, MOON, AND MARS

Harrison H. Schmitt

Let us jump ahead to late January, 1990, and try to
anticipate what should be the concluding paragraphs of the
President’s State of the Union Address to the Congress.

"Now, my fellow Americans, as your representatives
assembled in these historic chambers know so well,
there has been a rising tide of domestic and
international political pressure in support of
initiatives for the future. You have made us all
increasingly aware that both vulnerabilities and
opportunities in America’s future and in the future of
humankind require our urgent attention. The unfair
inequities of the present still do and will always
demand our concern and our compassion, however, many
issues essential to the future well-being of our
children and our country have been too long neglected.

"Therefore, over the next 60 days, I will send to the
Congress a number of proposals that address long term
structural changes in our approaches to education, the
environment, retirement and health security, basic
research, and other critical areas.

"Tonight, because of the central roles played by
environment and space in the future of our children, I
am calling on the Congress to provide the long term
commitments necessary to undertake a specific project
focused on the turn of the Third Millennium. Although
this rare milestone is only 10 years away, the .
challenge has grown to for a Millennium Project that
will match the times and the opportunities.

"Our Millennium Project, in which we invite the family
of nations to join, will be the establishment of a
permanent human outpost on Mars by 2010 and, by so
doing, provide the technology base necessary to
preserve the Earth’s global environment.

"The creation of a permanent outpost on Mars will have
as its primary purposes the eventual settlement of the
planet Mars by free human beings and the provision of
abundant and environmentally benign electrical power
on Earth. The bridge between these two essential
achievements is the development of helium-3 fusion
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power plants on Earth fueled by the helium resources
of the moon. This bridge of energy also provides, as
by-products from the energy resources of the moon, the
oxygen, hydrogen, and other consumable materials
critical to sustaining the early settlers of Mars.

"Thus, our Millennium Project combines space ventures
to the Earth, moon, and Mars into a single great human
mission -- a mission to save the atmosphere, waters,
and rainforests of Earth, a mission to settle the moon
and utilize it resources for the benefit of all, and a
mission to establish human civilization and freedon
permanently on Mars.

"A draft treaty for international participation in The
Millennium Project is being circulated among the
nations of Earth. This treaty, tentatively called the
INTERMARS Charter, proposes a participant based
relationship between nations, users, and investors,
modeled after the successful International
Telecommunications Satellite or INTELSAT Agreements.
It is the intention of the United States Government
that an international conference to finalize the
INTERMARS Charter will be convened by interested
nations before the end of the year.

"Ladies and gentlemen and my fellow Americans, our
commitment to the success of The Millennium Project
must be unequivocal. It must include an equally
unequivocal commitment to carry the sacred
institutions of freedom with us as humankind expands
into its larger home among the planets and the stars.”

The recent return of American astronauts to space, as
satisfying as it must be to those of you responsible,
constitutes but a very small step in the repair of what can
only be called a space policy disaster. ‘

Challenger and the tragedy of its loss did not cause
this policy disaster nor was it caused by the dedicated people
of NASA and its contractors whatever errors in judgment may
have been made. The now so obvious loss of momentum in the
United States space program has been the result of a loss of
will on the part of national leadership spanning almost two
decades.

Humankind’s first explorations of the moon and of
space near the Earth between 1968 and 1972 were also the
species first clear steps of evolution into the solar system
and eventually into the galaxy. As the Pueblo Indians tell
the lesson of their ancestors, "We walk on the Earth, but we
live in the sky."




i

Early explorers of the sky not only took their eyes
and minds into space and became the eyes and minds of billions
of other explorers on the starship Earth, but they began the
long process of transplanting civilization into space. This
fundamental change in the course of history has occurred as
humans also have gained new insight into themselves and their
first planetary home.

Limitless seas in space exist not only as new
frontiers but as new challenges for humankind. The nations on
Earth which effectively utilize technology to exploit the
economic and military advantages of the new ocean of space
will dominate human activities on this planet well into the
next century, if not indefinitely. Those nations also will
provide the irreversible templates for the social and
political evolution of civilization beyond the next century
far into the Third Millennium.

The first response to this challenge in space by the
United States under President John F. Rennedy’s leadership
appeared to recognize the historic proportions of the contest.
The leading involvement of the United States in space
initially insured that the traditions of free institutions
would be represented. As a consequence, at the high point of
the Apollo Program, the United States verged on the
establishment of bases on the moon, research stations in earth
orbit, and the statement of a realistic goal of a foothold on
Mars by the end of the Century. In the motto of the last
Apollo mission to the moon in December 1972, the conclusion of
the Apollo Program truly could have been "The End of the
Beginning."

The opportunity given to humankind by the Apollo
Program and its generation passed by. Consequently, the
responsibility to re-ignite Kennedy’s torch for space falls to
others. The emotional energy to light that torch could be
supplied to generations now alive by the vision of the human
settlement of Mars and by the necessity of providing vast
amounts of environmentally compatible energy for the billions
of humans left at home.

The return of Americans and their partners to space
must be viewed in the context of the free world’s over all .
perception of the future of humankind. 1In the United States,
unfortunately, little political thought normally is given to
that future or to our role with in it. However, in space, we
have little choice. The United States will be the free
world’s principal agent and advocate in space, because there
are no other likely alternatives.

One body of opinion in the U.S. today would argue that
there is no hurry. "Space will always be there, and meanwhile
we have more pressing near term interests here on Earth. What
is interesting to do scientifically can be done with robots at
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much lower cost." Unfortunately for those who hold this
opinion, times are changing rapidly, and there is history
being made without us. The challenge in space can no longer
be viewed as merely a scientific challenge as valuable as the
science to be done will be. The challenge now is to both lead
the human settlement of space and the environmental
preservation of our home planet.

"Why the hurry? Why stretch human technological and
psychological reach to the limit? First and foremost, the
answers are in the minds of young people who will carry us
into the Third Millennium. The answers are in the generations
now in school, now playing around our homes, now driving us to
distraction as they struggle toward adulthood. They will
settle the moon and then Mars. They will do this simply
because they want to do this. They want to "be there”.

"Being there" remains the essential human ingredient in life’s
meaningful experiences.

The desire to "be there" will drive our young people
away from the established paths of history on a now too
confining Earth. It will take them and their progeny to an
infinity of opportunity among the planets and the stars.

Video pictures and data streams from robots on Mars, no matter
how good or how complete, will never be enough for the parents
of the first Martians. Somewhere, those parents are alive
today. Whether they now play on the steppes of Russia, on the
river banks of China, or on the mountains, plains, and shores
of America, or on a combination of all three, constitutes the
most critical question of national will we face today.

Thus, an answer to "why the hurry" also lies in the
clear determination of the Soviet Union to establish its
sovereignty in deep space and on Mars before the forces of
freedom do so. The permanently occupied MIR space station,
very long duration earth orbital flights by the cosmonauts,
heavy lift launch vehicle testing, and their public emphasis
of Mars exploration, leading to human visits early in the 21st
Century, all tell us what the Soviets expect to do. 1In spite
of all the real and perceived difficulties faced by the Soviet
Union in the future, there is now reason to count on their

failure in space.

Perhaps the most important answer from the perspective
of the physical welfare of the human species lies in the
absolute moral and political requirement to provide the ever
expanding population of Earth with an ever improving quality
of life. We do not currently have the technical means to do
this. We do not know how we are going to provide the ten
billion human beings expected before the end of the 2lst
Century with both the hope and the reality that they will have
defeated the four horsemen of worldwide disaster: poverty,
hunger, disease, and ignorance. The essential ingredient for
victory in this very human battle is environmentally
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compatible energy. Fossil fuels, the rainforests, and
conventional nuclear power cannot provide the answer without
either unexceptable political conflict or potentially
devastating consequences to the biosphere of the Earth.

Fusion power plants fueled by helium-3 from the moon
(Wittenberg, 1986) could supply the electrical energy human
civilization will require to maintain and expand human quality
of life as we enter the Third Millennium. Inherently safe and
potentially low cost fusion reactors fueled by lunar helium-3
also could become the basis for producing large quantities of
continuously available electrical power in space, for highly
efficient space propulsion to and from Mars, and for life
giving by-products that insure the self sufficiency of
settlements on the moon and Mars (Kulcinski, 1987).

" Furthermore, establishment of a permanent settlement
on the moon, based on the production of helium-3 for use as an
energy source on Earth fully supports the desire to live on
Mars as soon as possible.

First of all, most of the technology needed for the
creation of a permanent lunar settlement with a resources
production economy will support the technological requirements
for establishing a Martian settlement. The compatible
technologies include heavy lift launch vehicles, long duration
surface habitats and mobility systems, resource production
facilities, regular and routine capability to work in a
hostile and dusty environment, and new concepts in equipment
automation, reliability, longevity, and maintainability.

Second, the direct and indirect by-products of
helium-3 production from the lunar surface materials will
provide a ready source of necessary consumables for Martian
inhabitants prior to and possibly even after the creation of
their own consumables industry. These lunar produced
consumables include hydrogen, oxygen, nitrogen, carbon, and
food. '

A preliminary extimate of the energy equivalent value
of helium-3 today is about two billion dollars per metric
tonne if matched against the cost of coal currently used to
produce electricity in the United States. This is roughly
equivalent to $14 per barrel oil at today’s prices. Two
billion dollars worth of fuel currently supplies the electrial
power needs of the United States for about two weeks or of a
city of 10 million for about one year. The foregoing
estimates of value do not take into account the additional
value of by-products from lunar helium-3 production or the
spin-off value of related technologies.

The principle advantages of the helium-3 fusion power
cycle on Earth over other nuclear cycles include:
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1. About 99 percent of the energy released is in
charged particles (protons) that induce no
radiocactivity in other materials.

2. High efficiency (70-80 percent) in energy
conversion due to the potential for direct conversion
of protons to electricity. ‘

3. Less waste heat to be rejected due to high
efficiency.

4. The energy of each of the few neutrons released (1
percent of total energy) is only one-fourth that
released in other fusion cycles. and such neutrons
create no significant quantities of long lived
radiocactive waste.

5. A potentially shorter time to licensed
commercialization than for other fusion cycles due to
the absence of significant radioactivity and waste
heat.

Estimates of the ultimate steady-state costs of
delivering helium-3 to deuterium/helium-3 power plants on
Earth run about one billion dollars per metric tonne. If such
cost prove to be correct, such power plants will provide much
lower cost electricity as well as much less environmental
impact than other competing power sources proposed for the
21st Century.

The only major technical disadvantage of the
deuterium/helium-3 fusion cycle is that the ignition
temperature and confinement pressure required to initiate
fusion is about four times higher that for the competing
deuterium/tritium cycle. This disadvantage appears to be
becoming less and less significant as new fusion confinement
technologies are developed. 1In fact, a recent test in Great
Britain produced a record 60 kilowatts of fusion energy using
deuterium and helium-3 (G.L. Kulcinski, personal
communication).

Sufficient helium-3 is available on Earth (largely
from tritium decay and natural gas) for development and
prototype testing of deuterium/helium-3 power plants.
Therefore, the primary issues that must be addressed to
determine the feasibility of a commercial helium-3 industry
are, first, the technical and economic feasibility of
deuterium/helium-3 commercial reactors and, second, the
technical and economic feasibility of providing lunar helium-3
to fuel such reactors.

Historically, major extensions of the benefits of
civilization have built on extensions of the existing
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foundation of scientific and technical understanding. The
creation of the pyramids, the aqueducts and roads of the Roman
Empire, the Gothic Cathedrals, the industrial revolution, the
airplane, the construction of the Panama Canal, the green
revolution in agriculture, and controlled nuclear energy have
followed this pattern. No less than these examples, Apollo
exploration of the moon and the technological revolution
brought about by space flight matched the experience and
technology of the past with the imagination and research of
the moment.

New explorations at the frontiers of space, that is,
in places and for times that are significantly beyond the
technical capabilities of Apollo, Skylab, the Space Shuttle,
and the space station also will require new technologies to
augment those necessary to live and work in near Earth space.
New and more rapid interplanetary rockets and new concepts of
life support, mobility, and transportation will obviously be
necessary. Foresight will be required to invest a reasonable
proportion of available resources in these essential new
technologies.

In the political climate of the last two decades,
however, it is probably appropriate to ask, "do the
discussions of future large scale space activities have any
actual relevance in the United States today?" This question
is particularly topical in view of the very limited commitment
to major space activities put forth in the recent
congressional and presidential campaigns.

Positive indications of the relevance of discussions
related to space are found in the interest and motivation of a
core of a few tens of thousands of technical, scientific, and
philosophical advocates, in the extraordinary qualitative
support of the American people for the space program, and in
the historical imperative space imposes on free men and women.

Polls and surveys indicate that 75% or more of the
American people support a strong space program. 753% support
for anything is almost beyond rational explanation. Space has
the potential to excite and motivate almost anyone.

Even if this overwhelming qualitative support did not
exist, the question would still have to be asked, "if the
Americans ‘do not insure that free institutions are established
elsewhere in the solar system, who else will guarantee that
they will be?" Further, "if the Americans do not insure the
ultimate survival of the Earth’s biosphere, who else will
guarantee that survival?" These fundamental points have been
missed in almost all political and technical debates on the
future course of the U.S. space effort.

Unfortunately, the indications of a lack of current
political relevance of any discussion about advanced space
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technology are staggering as any regular reader of Aviation
Week and the Wall Street Journal will soon discover.

First, few candidates for political office feel any
need to address civilian space activities as a significant
philosophical, political, or environmental issue. Nor do they
feel the need to address any of the broad spectrum of other
critical issues of the future. The short term vested
interests dominate their view because that is where elections
and re-elections are won or lost.

Second, in spite of tentative commitments to it, the
space station may lose its battle for domestic and
international legitimacy -- on the one hand, the
Administration has failed to make an unequivocal domestic
political case for a U.S. managed space infrastructure and, on
the other hand, the Soviets have a ten year lead in space
station capability with the permanently occupied MIR station
already in orbit.

Third, a U.S. heavy lift launch capability, critical
to so many aspects of the future in space, does not exist.
Again, the Soviets have a ten year lead in such capability
which now includes an apparently competitive space shuttle.

Fourth, no significant resources are being allocated
to recasting the free world’s space agenda toward the
settlement of Mars while, once again, the Soviets have at
least a ten year lead in planning and developing such a
capability. '

Fifth, many national leaders are committed to severe
limitation on the development of strategic defenses while the
Soviets appear to be nearing a strategic defense breakout in
ground based systems.

Sixth, our national leaders as well as the armed
services have been unable to recognized the values of
integrated manned and automated space based systems in -
tactical and strategic defense doctrines while the Soviets
continue to develop and exercise their decades old commitment
to an integrated Earth and space military doctrine. As the
CINCSPACE, General Piotrowski, has said recently, the Soviets
can rapidly and effectively exercise control of space -- the
U.S. cannot do so.

Seventh, no workable policy exists that would insure
that the U.S. and its allies would have an assured supply of
critical energy and materials and the related industrial base
necessary to sustain either long term space activities or near
term defense and economic activities (Mott Committee, 1988).
indeed, no national leader appears to recognize that this is
even an issue, witness the limited factual basis for proposals
related to southern Africa. :




Even this list does not tell the whole terribly sad
story as many of you know better than I.

How did we fall so far from the dizzy heights of
Apollo? 1970 was the fateful year history must mark as the
year the nation’s political leadership began to let our space
momentum and maybe our national destiny slip away.

Ironically, the people of Apollo, in spite of their
spectacular success in meeting President John Kennedy'’s
challenge, "to put men on the moon and return them safely to
Earth," had lost the media and political support necessary to
build on their accomplishments. |

Once Apollo missions began to be canceled and the
industrial base to utilize the Apollo technology base started
to be dismantled, the opportunity to lead humankind into space
began to slip away. Even the reluctant decision by the Nixon
Administration to build the Space Shuttle, and the equally
reluctant decision by the Carter Administration to continue,
were made out of context relative to any grand design for our
future in space. The underfunding of the Shuttle development
program, by at least a factor of three less than prudent
estimates of the time, was the direct consequence of this
hesitant and uncomprehending political environment. The seeds
of the Challenger accident were sown by these events. Their
tragic harvest sixteen years later is a stark indictment of
all who let this drift in space policy begin and continue.

America, like Ebenezer Scrooge, still has time to
change this spector of history yet to come. So, rather than
conclude on the preceeding pessimistic recital of history and
current reality, let me return to the areas of technological
challenge before America and the possibilities for progress
before the humankind by referring back to the hypothetical
State of the Union Address. ,

"Our Millennium Project combines space ventures to the
Earth, moon, and Mars into a single great human
mission -- a mission to save the atmosphere, waters,
and rainforests of Earth, a mission to settle the moon
and utilize it resources for the benefit of all, and a
mission to establish human civilization and freedom
permanently on Mars.

"OQur commitment to the success of The Millennium
Project must be unequivocal. It must include an
equally unequivocal commitment to carry the sacred
institutions of freedom with us as humankind expands
into its larger home among the planets and the stars."
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APPENDIX A

FINAL WORKSHOP AGENDA

December 6, 1988

PR

Integration and Accommodations
REVIEW OF -REA -REA RIME
SPACE STRUCTURES

RAM W
Welcome and Workshop Objectives

In-Space Technology Experiments in NASA's
Strategic Planning

In-Space Technology Experiments Program

Space Station Freedom User/Payload

In-Space Structural Dynamics Evaluation

of a Skewed Scale Truss

Middeck 0-Gravity Dynamics Experiment (MODE)

Measurement and Modeling of Joint Damping in .

Space Structures

Payload Vibration Isolation in Microgravity
Environment

Generic Pointing Mount

Space Station Structural Characterization Experiment

Inflatable Solar Concentrator Experiment

SPACE ENVIRONMENTAL EFFECTS

Measurement of Surface Reactions
in the Space Environment
Optical Properties Monitor (OPM) Experiment

Experimental Investigation of Spacecraft Glow
Return Flux Experiment (REFLEX)

Debris Collision Warning Sensors

Thin Foil X-Ray Optics Space Environment
Contamination Experiment

POWER SYSTEMS AND THERMAL MANAGEMENT

Sodium-Sulfur Battery Flight Experiment

Unitized Regenerative Fuel Cell

Thermal Energy Storage Flight Experiments for
Solar Dynamics Power Systems

Investigation of Micro-Gravity Effects on Heat Pipe
Thermal Performance and Working Fluid Behavior
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NASA OAST

NASA OAST

NASA OAST

NASA OSS

McDonnell Douglas

MIT
Utah State University

Texas A&M University
Allied/Signal

NASA Langley
L'Garde, Inc.

Aerospace

Globesat, Inc.

John M. Cockerham &
Associates

Lockheed

NASA Goddard

NASA Johnson

NASA Goddard

Ford Aerospace
United Technologies
NASA Lewis/Boeing
Aerospace
Hughes Aircraft



+ A High-Efficiency Thermal Interface (Using
Condensation Heat Transfer) Between a Two-Phase
Fluid Loop and a Heat Pipe Radiator

« Moving Belt Radiator Dynamics

« Liquid Droplet Radiator

FLUID MANAGEMENT AND PROPULSION SYSTEMS
» Tank Pressure Control Experiment
» Integrated Cryogenic Experiment (ICE)
Microsphere Insulation Investigation
+ Liquid Motion in a Rotating Tank
e Thermoacoustic Convection Heat Transfer
AUTOMATION AND ROBOTICS
Research and Design of Manipulator Flight Testbeds

Jitter Suppression for Precision Space Structures

« Control of Flexible Robot Manipulators in Zero Gravity

Passive Damping Augmentation for Space Applications

SENSORS AND INFORMATION SYSTEMS
« Development of Emulsion Chamber Technology

Infrared Focal Plane Performance in the South

Atlantic Anomaly

« Construction and In-Space Performance Evaluation
of High Stability Hydrogen Maser Clocks

» Acceleration Measurement and Management

« Dynamic Spacecraft Attitude Determination with GPS

« Stanford University NASA In-Space Technology
Experiment (SUNLITE)

IN-SPACE SYSTEMS

o Definition of Experiments to Investigate Fire
Suppressants in Microgravity

« Risk-Based Fire Safety Experiment Definition

+ Plasma Arc Welding in Space

« Extra-Vehicular Activity Welding Experiment
e On-Orbit Electron Beam Welding Experiment
« Laser Welding in Space

« Liquid Encapsulated Float Zone Refining of
Gallium Arsenide
« Vapor Crystal Growth Technology
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TRW

Arthur D. Little
Grumman

Boeing Aerospace
Lockheed
Southwest Research
Institute

University of Tennessee

Martin Marietta

Utah State University
McDonnell Douglas

Old Dominion University

University of Alabama in
Huntsville
Lockheed

Smithsonian
Astrophysical Observ.
University of Alabama in
Huntsville

Mayflower
Communications
NASA Langley

Battelle

UCLA

University of California
(Berkeley)
Rocketdyne

Martin Marietta
University of Alabama in
Huntsville

McDonnell Douglas

University of Alabama in
Huntsville




HUMANS IN SPACE

¢« Enhancement of In-Space Operations Using Spatial University of California
Perception Auditory Referencing (SPAR) (Irvine)

¢ Definition of a Microbiological Monitor for University of Alabama in
Application in Space Vehicles Huntsville

* Design of a Closed Loop Nutrient Solution Delivery
System for CELSS (Controlled Ecological Life Lockheed -

Support Systems) Application
* Impact of Low Gravity on Water Electrolysis Operation Life Systems

December 7, 1988

HEME I n ni i Per i
SPACE STRUCTURES

STRUCTURES

» Air Force Wright Aeronautical Lab
» Boeing Aerospace Company

e University of Colorado

CONTROL/STRUCTURE INTERACTION
« NASA Langley Research Center
e TRW Space & Technology Group
+ Massachusetts Institute of Technology

CONTROLS

« NASA Marshall Space Flight Center
 Boeing Aerospace Company

* Purdue University

SPACE ENVIRONMENTAL EFFECTS

ATMOSPHERIC EFFECTS AND CONTAMINATION
* NASA Lewis Research Center
« Martin Marietta Astronautics Group
e University of Alabama in Huntsville

MICROMETEROIDS AND DEBRIS
« NASA Johnson Space Center
e McDonnell Douglas Astronautics Company
e University of Colorado ‘

CHARGED PARTICLES AND ELECTROMAGNETIC RADIATION EFFECTS
« NASA Langley Research Center

e Jet Propulsion Laboratory

e Jet Propulsion Laboratory

POWER SYSTEMS AND THERMAL MANAGEMENT

DYNAMIC AND NUCLEAR POWER SYSTEMS
« NASA Lewis Research Center
« GE Astro Space Division
e University of New Mexico 175



CONVENTIONAL POWER SYSTEMS
« NASA Lewis Research Center
« GE Astro Space Division
e« Auburn University

THERMAL MANAGEMENT

e Air Force Wright Aeronautical Lab
« Boeing Aerospace Company

e University of Houston

FLUID MANAGEMENT AND PROPULSION SYSTEMS

ON-ORBIT FLUID MANAGEMENT
» NASA Lewis Research Center
o General Dynamics Space Systems Division

PROPULSION

« NASA Headquarters

o Jet Propulsion Laboratory

e Pennsylvania State University

FLUID PHYSICS
e NASA Lewis Research Center
« Southwest Research Institute
e University of Houston

MA ROBOTI

ROBOTIC SYSTEMS
« NASA Langley Research Center
e Martin Marietta Space Systems Company
e University of Texas at Austin

TELEOPERATIONS
» NASA Johnson Space Center
« GE Acrospace
« Massachusetts Institute of Technology

ARTIFICIAL INTELLIGENCE
« NASA Ames Research Center
« ISX Corporation
« Stanford University

SENSORS AND INFORMATION SYSTEMS

SENSORS

» NASA Headquarters

* Hughes Aircraft Company
» University of South Florida

COMMUNICATIONS

» NASA Headquarters

« Laser Data Technology, Inc.

o Massachusetts Institute of Technology
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INFORMATION SYSTEMS
e NASA Goddard Space Flight Center
+ IBM
* University of Colorado

IN-SP YSTEM

MATERIALS PROCESSING

* NASA Headquarters

« Rockwell International Science Center
e University of Arizona

MAINTENANCE, REPAIR, AND FIRE SAFETY
e NASA Goddard Space Flight Center
» Wyle Laboratories
» McDonnell Douglas Space Systems Company

PAYLOAD OPERATIONS
» NASA Johnson Space Center
» Lockheed Missiles and Space Company
* University of Colorado

MANS IN SPA

EVA/SUIT
« NASA Ames Research Center
¢ Lockheed Missiles and Space Company
e Massachusetts Institute of Technology

HUMAN PERFORMANCE
* NASA Ames Research Center
« NASA Ames Research Center
¢ University of Arizona

CLOSED LOOP LIFE SUPPORT SYSTEMS
« NASA Ames Research Center
 Boeing Acrospace Company
¢ University of Colorado

BANQUET

*« Keynote Address Harrison H. Schmitt

December 8, 1988

THEME SUMMARY DI ION:

e Space Structures NASA Langley

« Space Environmental Effects NASA Johnson

» Power Systems and Thermal Management NASA Goddard
 Fluid Management and Propulsion Systems NASA ‘Lewis

e Automation and Robotics Jet Propulsion Lab
« Sensors and Information Systems NASA Headquarters/

NASA Goddard
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e In-Space Systems NASA . Marshall

» Humans In Space NASA Ames
EXPERIMENT INTEGRATION PROCESS

+ Payload Integration Overview NASA Goddard
» Space Shuttle Systems Integration Process NASA Johnson
« Complex Autonomous Payload Carriers NASA Goddard
« Hitchhiker Project Overview NASA Goddard
+ Middeck Payload Integration NASA Johnson
« KSC Payload Integration Process NASA Kennedy

December 9, 1988

CRITICAL TECHNOLOGY REQUIREMENTS
e Space Structures NASA Langley
« Space Environmental Effects NASA Johnson
« Power Systems and Thermal Management NASA Goddard
o Fluid Management and Propulsion Systems NASA Lewis
» Automation and Robotics Jet Propulsion Lab
« Sensors and Information Systems NASA Headquarters/
‘NASA Goddard
« In-Space Systems NASA Marshall
« Humans In Space NASA Ames
N ING REMARK ‘ " NASA OAST
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Jim Boyd
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OAOQ Corporation
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