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currently in operation at the Center: one for oxygen, hydrogen, and methane produc-
tion from carbon dioxide and water; another for the production of oxygen and struc-
tural elements from lunar soil. After a concept graduates through these two testbeds,

it is incorporated in a breadboard of a realistically packaged system and production
specifications are prepared.

Major benefits derived from our research projects include the opportunity to work
with private-sector industry in the development of technically and economically
viable technologies and hardware. Our efforts in this regard have made UA/NASA

SERC the natural meeting place for space resources research interests in academia,
industry, and government.

In the sections that follow,
the historic course of the
Center is charted, and major
accomplishments of the last
year are noted. Details of the
contributions of the Center’s
research, educational, and
industrial outreach activities
to the nation’s space explo-
ration and development pro-
gram, as well as to the econo-
my of the state, appear in our
pending proposal for a five-
year renewal of the basic
NASA grant.

— T. Triffet

SERC Headquarters
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Proposals were submitted by every
major engineering program in the U.S.
After external technical review, a list of
115 proposals was trimmed to 25 final-
ists, which were announced in March
1988. Site visits by NASA representa-
tives determined those schools with an
ability to make significant contributions
to NASA programs. Each Center would
receive up to $500,000 in its first half-
year of operation, and over $1 million
annually for a minimum of four addi-
tional years. In late April 1988, nine of
the universities were awarded Centers,
among them the University of Arizona.
Operations began here in early May
1988.

The proposal submitted by the
University of Arizona was rated among

Tucson is a growing center of space-related activities, a modern city with a rich cultural the top two, and the site visit was highly
heritage and unique arts successful, demonstrating broad engi-

neering college and campus-wide capabilities, and strong administration support.
Other factors worked in favor of the UA as well. The University has a unique concen-
tration of knowledgeable scientists and engineers with a long tradition of working
together on space-related projects. Tucson and Arizona constitute a world astronomi-
cal center, rich in observatories and talented scientists. In Tucson, the Space Business
Roundtable was created to attract space-related industries and make the area a nation-
al center for such activities. Additionally, several space engineering activities of inter-
national repute were started here in the mid-1980s in the University of Arizona’s
Aerospace Engineering Department.

The role of the UA/NASA Space Engineering Research Center (SERC) is to develop
the technologies necessary to produce a wide variety of useful products using the

4
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The Center is a meeting place for space experts from academia, government, and industry. The February
1992 conference examined potential technologies for a lunar outpost.

Production Testbed) valued at more than $350,000.

reluctance of major aero-
space firms and other
space-related industries to
commit funds for external
research, the Center has
attracted more than
$200,000 in the form of
contract research support
and Space Engineering
Affiliate memberships.
The Center has also
received enthusiastic
cooperation and support
in kind (time and travel
expenses of employees,
publication expenses, etc.)
from such organizations
as Rockwell International,
McDonnell Douglas, Fluor
Daniel, Boeing Aerospace,
Bechtel National, Lock-
heed Missiles & Space,
Martin Marietta, and Ball

Aerospace. Especially notable in this regard is the loan by Hamilton Standard Division
of United Technologies of a compact water electrolysis unit (for the SERC Oxygen

In the process of developing these relationships, SERC has come to be recognized as a
meeting place for experts from academia, the private sector, and government agencies
working in the field of space resources development. Last year, for example, the
Center sponsored a much needed workshop in “Magmaelectrolysis of Indigenous
Space Materials (MISM)” that brought together experts from Washington University,
the University of North Dakota, Rockwell International, Fluor Daniel, and a number
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Dr. Kumar Ramohalli, Co-Director, Engineering

SERC ENGINEERING PROGRAM HIGHLIGHTS

he Space Exploration Initiative (SEI) has stimulated the United

States’ commitment to space. Had cost not been a major factor, it is
clear that the nation would never have hesitated in that commitment.
The single largest fraction of the cost is associated with the initial
launch, which continues to be about $5,000/1b. from Earth to Low Earth
Orbit (LEO). Despite valiant efforts, realistic projections still show a
cost not less than $1,000/lb. While this is a dramatic improvement, it is
still not sufficient by itself to take us to the Moon or to Mars. It is obvi-
ous that a new class of innovative advances are needed if our dreams are
to become reality.

Fortunately, not only are such innovations feasible, but NASA has had
the foresight and commitment to fund a Center at the University of
Arizona dedicated specifically to such engineering advances. The basic
innovation, of course, is In-Situ Resource Utilization (ISRU), where
only a small fraction of the key hardware and usables are launched from
Earth, and the rest are extracted/processed/built/assembled from local
resources. While extraterrestrial resources are real, critical research and
development are needed before committing important space missions to
their availability and use. The UA/NASA Space Engineering Research
Center has reduced to working hardware many of these important space
technologies.

The fundamental plan for SERC engineering projects continues to focus on the manu-
facture of useful products from local resources, with emphasis on those that have
oxygen, fuels, polymers, ceramics, and construction and shielding materials as the
principal targets. The following constitutes a partial list of important engineering
accomplishments in the last year:

— Engineering operation of a small-scale CO,->0, testbed that produced over 10
grams of oxygen per day during several runs of over 100 hours, each using only a

Thermal processing of soils in a single electrolytic cell. Complete automation of controls, monitoring of various

special vacuum furnace
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— Demonstration of an apparent 800% increase in the conversion rates of ilmenite in a plasma-augmented reac-
tor, including direct enhancement by solar radiation absorption.

— Experiments in the processing of glass ceramics from lunar resources established the feasibility of producing
silicon-based polymers from indigenous lunar materials.

— Proof that test specimens of lunar soil with small amounts of metallic additives, recrystallized at moderate
temperatures, exhibit an improvement of several orders of magnitude in ductility/tensile strength.

— Demonstration of a 200% increase in the carbothermal reduction of an iron bearing silicate through vapor
deposition of carbon layers on particles of that material.

In summary, at the UA/NASA SERC, you will not find activities limited to gee-whiz pictures borrowed from
others’ successes. You will not find artists’ renderings of tomorrowland in space. You also will not find small
variations on business-as-usual. You will find innovative and realistic full-system hardware, with modern high-
tech devices, developed by bright students. These are the future of economical space missions and settlements.

Many human benefits from space engineering are now being realized. While
developments such as modern satellite communication, space-controlled
navigation, and remote sensing are mind-boggling, we have only scratched
the surface. The future will bring space manufacturing and many more
developments, including advancements in space technologies. The University
of Arizona/NASA Space Engineering Research Center will continue to be a
national leader in making these advancements possible and will help Arizona
advance in space engineering technologies.

— Ernest T. Smerdon (Member, National Academy of Engineering)
Dean, College of Engineering & Mines
University of Arizona
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Lunar landscape: Image of western Mare Tranquillitatis taken at 730 mm with University of
Arizona Tumamoc Hill 0.5-meter telescope. North is approximately in upper left.

The Kitt Peak
observatory that
houses the
Spacewatch tele-
scope

carbonyls. The CO reagent
needed for this extraction fits
well into a CO-CO,; ilmenite
reduction scheme.

The Spacewatch program has
become fully operational, and
has now discovered more than
24 near-Earth asteroids, includ-
ing the nearest and smallest
asteroids ever discovered.
Spacewatch is filling in the gap
in our knowledge of the abun-
dances of Earth-approaching
objects in the 10 to 1000 m

The 0.9-inch Spacewatch telescope
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ECONOMIC IMPACT

he University of Arizona is one of the most successful institutions in the nation in

winning grants from external sources of funding, and the research associated with
these awards serves to attract the sort of high technology enterprises that significantly
strengthen Arizona’s economy. Moreover, a major component in the University’s role
as a research institution is the space-related science and engineering programs.

The UA/NASA SERC contributes to this effort by actively seeking interaction with and
support from government and industry. It cooperates with the University in transfer-
ring patents and new technology into the private sector. It enthusiastically supports
community organizations that seek to bring together diverse groups to create a space
technopolis in Tucson and southern Arizona, and welcomes feedback from the com-
munity and from public officials. It seeks means for spinning off companies to contin-
ue R&D efforts commercially, and in every way possible supports the concept of early
commercialization of space development.

The economic future of Tucson and Southern Arizona may well be linked to the
development of space-related industries. With its programs in the sciences and with
Tucson’s identity as a center of astronomical research, Southern Arizona is destined
to become a hub of space-related activity. The University of Arizona will play a key

role. For example, the UA/NASA Space Engineering Research Center has already

established itself as a leader in space industry development with its recruitment
and training of students, its participation with the private sector in the
development of space resources utilization technologies, and its active
participation in Southern Arizona and around the nation to inspire interest
in and spread knowledge about space engineering and sciences.

— Congressman Jim Kolbe
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The University of Arizona/NASA Space Engineering Research Center plays a key role
in making our state a center for space activities. The team of engineers and scientists
associated with the Center has created a strong program of research and instruction in
space resources development to train the next generation of space engineers and
scientists. Along with its academic mission, the Center also actively seeks the
involvement of private-sector industry in the development of commercially viable
space technologies. This union of academia and industry can contribute

significantly to Arizona’s economic future.

— Governor Fife Symington
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Figure 3

The Center has demonstrated its value to the regional economy by advancing the rep-
utation of the state as a desirable location for space-related businesses and institu-
tions. Estimates of the multiplier effect of NASA research funding on the region indi-
cate a dramatic effect on Arizona’s economy. For example, the nearly $2 million in
funding received by the Center in 1991 had an estimated economic impact in the state

of more than $50 million. ,

The accompanying figures illustrate the importance of NASA awards to the
University, and the Center’s success in obtaining a part of that funding. The first fig-
ure displays relative NASA funding and University of Arizona funding of SERC since
its inception; Figure 2 illustrates NASA’s contribution to federal research award activi-
ty at the University of Arizona compared with four other agencies for fiscal years 1982
to 1991; and Figure 3 illustrates NASA’s share of funding sources of total awards to
the University of Arizona for fiscal year 1991.

Additionally, it is anticipated that Space Engineering Affiliate memberships will con-
tinue to be renewed and that at least one more will be added each year. This will
result in basic industrial support ranging from $50,000 to $100,000 a year. It is
expected that special contract research projects sponsored by these companies, as well
as by NASA and other government field laboratories, will yield at least $75,000 a year
prior to the commitment of substantial federal funds to the SEI program — and sever-
al times that much afterward.
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