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s NASA Administrator, I take exceptional pride in the manner in which
innovative entrepreneurs take NASA’s revolutionary technologies, which are developed
M\ N for space and aeronautics programs, and adapt them to the benefit of everyone on
Earth. I am proud of this aspect of NASA’s work because it shows just how connected we all are
on this small planet. This publication summarizes just some of the application of NASA’s
expertise, bringing the fruits of investment in NASA to everyone’s doorstep.

This year we moved into a new era in human space exploration. We now have the Interna-
tional Space Station well underway with the second of our permanent crews aboard. As our full-
time habitation of the space environment grows, the products and technologies needed to keep
our crews healthy grows too. That is why research on the effect of space travel on living things—
cells, tissues, plants, animals, and people—is so important. Just as important, is the application
of that knowledge to all of us here on Earth. Few people are fortunate enough to go into space,
but many of us benefit from what we learn by putting those few into that most extreme of
environments.

NASA’s research and development programs, carried out under the guidance of our strategic
plan, are carefully crafted to point NASA's efforts toward scientific and technical advances
needed for our missions in space and acronautics. Through programs such as the Hubble Space

Telescope and the Chandra X-ray Telescope, we make breakthrough advances in our knowledge Daniel S. Goldin
of this universe. Through programs that look back at the Earth from space, we increase our Administrator
knowledge of this fragile planet. We invest in research related to aircraft, spacecraft, and their
propulsion systems. We study and develop new materials and processes to manufacture them to
the high tolerances required for extreme environments. We advance the field of robotics and
applied physics. We also examine the effect of space travel on machines and on the most amazing
machine of all—the human body.

A technology developed to monitor the cardiac output of astronauts in space has been
adapted so that physicians on Earth can measure the ability of their patients’ hearts to deliver
blood to the body. What was once an intrusive procedure requiring a hospital stay can now be
replaced with readings from an external monitor.

Workers who once labored in the very dangerous job of inspecting petroleum tanks can do so
from the safety of the controls of a robotic inspector. The emotional and financial heartbreak of
fire can be reduced or eliminated altogether, with a coating developed first for NASA heatshields,
and modified for use in building materials such as wood, plasterboard, steel, plastics, fiberglass,
and ceramics.

This publication is full of examples of the innovation of our private sector. It is this innova-
tion that keeps America at the forefront of scientific and technical leadership. Many of the
examples in this publication are surprising, many are inspiring; all are interesting and indicative
of the wealth and breadth of our collective genius.

When I am asked what relevance NASA's research and programs have to everyday life, I refer

people to Spinoff—the stories behind the connection between NASA technology and a better life
for all.

@M//&

Daniel S. Goldin
Administrator
National Aeronautics and Space Administration
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— InTROdUCTION

or the past 43 years, NASA has devoted its facilities, labor force, and expertise to sharing

the abundance of technology developments used for its missions with the nation’s indus-

tries. These countless technologies have not only successfully contributed to the growth of
the U.S. economy, but also to the quality of life on Earth. For the past 25 years, NASA’s Spinoff’
publication has brought attention to thousands of technologies, products, and services that were
developed as a direct result of commercial partnerships between NASA and the private business
sector. Many of these exciting technologies included advances in ceramics, computer technology,
fiber optics, and remote sensing.

New and ongoing research at the NASA field centers covers a full spectrum of technologies that
will provide numerous advantages for the future, many of which have made significant strides in
the commercial market. The NASA Commercial Technology Network plays a large role in transfer-
ring this progress. By applying NASA technologies such as data communication, aircraft de-icing
technologies, and innovative materials to everyday functions, American consumers and the national
economy benefit.

Moving forward into the new millennium, these new technologies will further advance our
country’s position as the world leader in scientific and technical innovation. These cutting-edge
innovations represent the investment of the U.S. citizen in the Space Program. Some of these
technologies are highlighted in Spinoff 2001, an example of NASA’'s commitment to technology
transfer and commercialization assistance.

This year’s issue spotlights the commercial technology efforts of NASA’s John E Kennedy Space
Center. Kennedy’s extensive network of commercial technology opportunities has enabled them to
become a leader in technology transfer outreach. This kind of leadership is exemplified through
Kennedy’s recent partnership with the State of Florida, working toward the development of the
Space Experiment Research and Processing Laboratory. The new laboratory is the first step toward
the development of a proposed 400-acre Space Commerce Park, located at Kennedy Space Center.

Spinoff; once again, successfully showcases the variety of commercial successes and benefits
resulting from the transfer of NASA technology to private industry.

It is with great pride and pleasure that we present Spinoff 2001 with a Special Millennium
Feature. With help from U.S. industry and commercial technology programs, NASA will continue
to assist in the presentation of innovative new products to our nation.

htd gt

Dr. Robert L. Norwood
Director, Commercial Technology Division
National Aeronautics and Space Administration
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Spinoff developments highlighted in this publication are based on information
provided by secondary users of aerospace technology, individuals, and manufacturing
concerns who acknowledge that aerospace technology contributed wholly or in part to
development of the product or process described. Publication herein does not constitute
NASA endorsement of the product or process, nor confirmation of manufacturers’
performance claims related to the particular spinoff development.
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Kennedy

NASA vigorously pursues partnerships with the commercial sector that
benefit both the national economy and the quality of our everyday lives.
Each NASA field center invests a great deal of effort in technology transfer
activities, resulting in new and innovative products and developments.

This section highlights the technology transfer programs implemented at
the John E Kennedy Space Center. Kennedy’s Technology Programs and
Commercialization Office supports the commercial development of space-
age technologies through licensing agreements, partnerships, and Small
Business Innovation Research and Small Business Technology Transfer
programs. As we enter the 21* century, Kennedy’s cutting-edge facilities,
engineering know-how, and research initiatives, coupled with their
numerous commercial partnerships, ensures a continuance of trailblazing
technologies to lead us into the new millennium.

1Hbodg
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——— Sporlight on Kennedy Space Center

he Technology Programs and Commercialization

Office at the NASA John E Kennedy Space Center, in

Florida, is vigorously implementing Administrator
Daniel S. Goldin’s Agenda for Change by striving to increase
its number of partnerships with the commercial sector. To
facilitate this, a staff of seven permanent NASA technology
transfer professionals, two NASA rotational assignment
employees, and eight on-site support specialists work within
the framework of the office that encompasses technology
evaluation, intellectual property, commercialization, patent
licensing, joint development partnerships, SBIR/STTR
programs, grants, and Space Act Awards. Kennedy Space
Center’s patent counsel and a paralegal also support the office.
In an effort to more closely align Kennedy’s way of doing
business with that of the private sector, the Center is support-
ing the development and transfer of technology leading to
commercial products and services through a mix of business
practices and specific plans to leverage NASA resources.

Licensing

Several Kennedy-developed technologies have resulted in
exclusive licenses during the past year, including:

* Conducting Compositions of Matter, a technique that
uses template guided polymerization to increase the
solubility and processibility of electrically conducting
polymers;

* Gas-Liquid Supersonic Cleaning and Cleaning
Verification Spray System, a spraying system for cleaning
mechanical components, which uses less liquid and
operates at significantly lower pressures;

* Process and Equipment for Nitrogen Oxide Waste
Conversion to Fertilizer, a control element within a
nitrogen oxide wet scrubber used to reduce emissions of
rocket fuel oxidizer;

Representatives from various
companies attend an industry briefing
on the Cabin Pressure Monitor at
Kennedy Space Center.

SPOTLIGHT ON KENNEDY SPACE CENTER

* Non-Intrusive Cable Tester, for detecting a short or
open circuit in a shielded cable that requires low
frequency input;

* Internet Display of PC GOAL Real-Time Data Using
Java (JView), a personal computer-based software for
distributed multiple Space Shuttle subsystem status
displays;

* Corrosion Resistant Coating, electrically conductive
polymer coatings developed as corrosion-protecting
coatings for metal surfaces; and

* Multipurpose Inspection Software, a customized
software system that automates the scheduling,
reporting, and tracking of the fire inspection
(prevention) process.

Other technologies such as the Remote Monitor Alarm
System, an electronic central monitoring system used to
monitor malfunction alarms and power supplies on remotely
located equipment modules of transmitting and receiving
equipment in fiber-optic communications network; and
Accurate Location of Lightning Strikes, a system that
determines the locality of a lightning strike within the
perimeter of a launch pad, were licensed non-exclusively.

Under a Dual Use Cooperative Agreement, The Aerospace
Engineering Group of IDEA (Beltsville, Maryland) was
competitively selected to jointly complete development of the
Automatic Particle Fallout Monitor (APFM) with NASA,
fulfilling an immediate demand as part of International Space
Station processing. The APFM measures the size and number
of particles, as small as 5 micrometers in diameter, that are
collected on a witness surface and provides multiple cleanli-
ness measurements that conform to Military (MIL) Standard
1246. IDEA is commercializing the patented Kennedy
invention through an exclusive license and has targeted several
markets, including aerospace, semiconductors, medicine, and

electronics fabrication.




Industry briefings are a mechanism used increasingly at
Kennedy Space Center to market technologies that have
commercial application. Two such briefings were held at the
Center this year, with representatives from 20 companies
benefiting from a general session, which included a technical
briefing by the inventors, followed by breakout sessions which
addressed intellectual property issues and licensing specifics.
These briefings resulted in multiple license applications, from
which two licenses were negotiated, providing future royalties
to NASA.

Partnerships

Key to the success of the technology transfer function are
the partnerships that the Center has established. Recently, the
Georgia Institute of Technology was chosen to operate and
manage the Southeast Regional Technical Transfer Center
(SERTTC) under a five-year, $7 million contract, with
Kennedy acting as the regional NASA sponsor. The SERTTC
contract supports three NASA field centers: Marshall Space
Flight Center, Stennis Space Center, and Kennedy Space
Center. The SERTTC serves the southern states of Alabama,
Florida, Georgia, Kentucky, Louisiana, Mississippi, North
Carolina, South Carolina, and Tennessee, and is one of six
regional technology transfer centers (RTTCs) around the
country. In addition to the licensing of technologies, the
SERTTC assists applicants for NASA’s Small Business
Innovation Research (SBIR) and Small Business Technology
Transfer (STTR) initiatives. Specialists at the SERTTC also
help connect businesses that have specialized research needs
with available research and development (R&D) facilities
within NASA.

Kennedy benefits from a highly successful and long-
standing relationship with Research Triangle Institute (RTT).
RTT has worked with NASA for over 30 years on its technol-
ogy assets, providing a range of services including: technology

assessment, valuation, and marketing; market analysis;
commercialization planning; and the development of partner-
ships. During the past five years, the group evaluated more
than 1,000 NASA technologies, helped develop 55 licensing
agreements, and brought 27 products to market.

Kennedy Space Center has entered into a two-year
agreement with the Technological Research and Development
Authority (TRDA) to help the Center promote a newly
restructured, dual-use technology program. The partnership is
designed to support the identification of promising new
technology within NASA that has commercial applications.
This will result in more viable dual-use technology projects
and the accomplishment of multiple technology transfers and
commercialization on a continuing basis. Under the new
agreement, the TRDA will be responsible for providing
awareness to Florida companies. The program will be
marketed to universities, regional economic development
organizations, small business development centers, and others
who can help the TRDA search for commercial companies,
especially small businesses, focused in the high-tech, defense,
and aerospace industries.

Another resource that Kennedy uses to transfer technology
to the commercial market is the Florida/NASA Business
Incubation Center (FNBIC). FNBIC was created to assist
entrepreneurs and small technology-based businesses by
offering share office resources at a reduced cost, enhanced
access to state and local business assistance programs, and
enhanced access to NASA technologies. To date, three royalty-
bearing license agreements have been signed between NASA
and FNBIC clients to commercialize Kennedy-developed
technologies.

In addition to partnerships sponsored directly by the
Technology Programs and Commercialization Office,
Kennedy Space Center sponsors other business-related

(Continued)

An artist’s conception of
the proposed Space
Experiment Research and
Processing Laboratory
(SERPL) facilizy.
Construction is projected
to begin in October 2001.
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partnerships. In partnership with the State of Florida, the
Center is developing the Space Experiment Research and
Processing Laboratory (SERPL). It will be a world-class
laboratory with all the capability and systems necessary to
host International Space Station experiment processing, as
well as associated biological and life sciences research,
including biotechnology; microgravity; space agriculture;
biomedicine, conservation biology; and microbial ecology.
This unique laboratory will be the magnet facility in the
initial phase of a proposed 400-acre Space Commerce Park at
Kennedy Space Center. The park will provide an ideal
location for businesses and research groups with a need for
close proximity to the Space Center’s launch and landing
facilities, and technical capabilities. This project represents a
significant opportunity to enhance commercial and academic
access to the spaceport and the International Space Station.
Research will be jointly conducted by NASA and a university-
led consortium open to public and private institutions. Each
partner’s scientific research and intellectual resources will
enhance the total knowledge base and expertise, and provide a
solid foundation for a new science, research, and technology
development community in the area.

The Cryogenics Testbed Facility, a new venture in technol-
ogy and research collaboration, is just one more example of
the partnerships being forged with Kennedy Space Center.
Cryogenics and high vacuum techniques and technology are
being used all around the world. Kennedy created this facility
to better apply cryogenics to our lives in the fields of medi-
cine, biology, food, computers, industry, rocket propulsion,
and the spaceports of the future. The special facility is
operated under a jointly funded agreement between Dynacs
Engineering Co., Inc., the Florida Department of Commu-
nity Affairs, the Technological Research and Development
Authority, and NASA. The facility has already paid dividends
in applying technology solutions to operational needs at the
Space Shuttle launch pad. Several commercial cryogenic
projects have already been completed with the number of
businesses seeking services steadily starting to climb. The
testbed demonstrates the win-win philosophy and the
innovative initiatives in technology transfer for which
Kennedy has become known. This testbed will be the path-
finder for making other Kennedy testbeds commercially
available as well.

SBIR/STTR Programs

The Technology Programs and Commercialization Office
is a major contributor to the Small Business Innovation
Research (SBIR) and Small Business Technology Transfer
(STTR) programs at Kennedy Space Center. Congress
established the SBIR Program in 1982 to provide increased
opportunities for small businesses to participate in research
and development (R&D), to increase employment, and to

SPOTLIGHT ON KENNEDY SPACE CENTER

increase private-sector commercialization of innovations
derived from Federal R&D. Legislation enacted in December
2000 extended and strengthened the SBIR program and
increased its emphasis on pursuing commercial applications
for innovations developed with SBIR funding. Kennedy has
been very successful in granting six Phase III contracts
totaling over $3 million on SBIR innovations. Kennedy’s
SBIR program has also generated 18 NASA Success Stories,
where a small business concern has successfully commercial-
ized an innovation developed through a SBIR contract.

The STTR program is very similar to the SBIR program
but requires that the small business concern enter into a
cooperative agreement with a non-profit research institution
to jointly propose technology developments. The STTR
program requires that at least 30 percent of the contract work
be performed by the research institution. The STTR program
has proven to be extremely successful in increasing the
number of Florida companies and research institutions
involved in the program and receiving awards.

The SBIR/STTR programs support technologies such as:
fluid system technologies, spaceport structures and materials,
process engineering, command control and monitoring
technologies, range technologies, and biological sciences. The
combined SBIR/STTR programs at Kennedy in the past year
have funded close to $5 million for research and development
contracts.

Marketing

The marketing program in the Technology Programs and
Commercialization Office at Kennedy Space Center is
specific to technologies developed in support of the Space
Shuttle, Space Station, and Payload Processing missions. The
marketing effort supports Agency-wide initiatives, such as
sensors, medical devices, and materials. The sensors industry
initiative is particularly relevant to Kennedy, since many of
our technologies involve detection devices capable of per-
forming under rigorous conditions of launch and the harsh
conditions of space. Throughout the launch process, from
pre-launch testing through the final seconds of countdown,
more than 300 sensors are critical in the launch decision.
These sensors with high-performance criteria are of great
interest to industry applications ranging from medical and
environmental, to manufacturing and instrumentation. For
instance, the UV-IR Hydrogen Flame Detector, used to
detect hydrogen fires on the Shuttle pad, has applications in
the petrol chemistry industry.

Since Kennedy technologies are developed for use at the
Center, they are in a higher state of readiness for transfer to
applicable industries. The Transient Voltage Recorder that
helps detect surges that could damage high-tech equipment
on Shuttle systems also has applications in sensitive environ-
ments such as computer rooms, communications systems,



and control operations. The Conversion of Nitrogen Oxide
Waste conversion technology, developed to reduce hazardous
rocket fuel waste, also has applications in the power plant
industry. The Wireless Universal Interface Adapter provides
push-to-talk signals to a communications system as if the user
were directly wired to the system. Used at in Kennedy ground
support equipment operations, this technology is applicable
to call centers, emergency response, and law enforcement.
These and other technologies are readily available for licens-
ing and transfer for commercial application through
Kennedy’s Technology Programs and Commercialization

Office.
Awards

Several Kennedy technologies earned awards this past year,
both inside and outside of NASA. Nitrogen Oxide Waste
Conversion won the NASA Commercial Invention of the
Year, Gas-Liquid Supersonic Cleaning and Cleaning Verifica-
tion Spray System was honored by the Federal Laboratory
Consortium Southeast Region for Excellence in Technology
Transfer, while Advanced Lubricants, a success story from a
previous year, was inducted into the U.S. Space Foundation
Space Technology Hall of Fame in April 2000. Additionally,
with concerted efforts through the Space Act Awards pro-
gram, Kennedy Space Center increased recognition for

inventors through technical awards in the amount of
$175,000. Award recipients attend an annual luncheon,

which serves not only to bring recognition to inventors, but
also promotes awareness of the requirement and benefits of
reporting new technologies to the Center.

Inreach

Kennedy’s inreach efforts include an annual Technology
Transfer Week, during which office representatives staff an
exhibit in the several facilities at the Center, answering
questions and dispensing program literature. Center director,
Roy Bridges, sponsored a Center-wide initiative to increase
the number of new technology reports. Toward this effort, the
Technology Programs and Commercialization Office
partnered with contractor representatives to promote an
understanding of technology transfer objectives and contract
requirements to report technologies developed at the Center
in support of the Shuttle program. The results showed a
marked increase in the numbers of new technology reports
filed by contractors.

Many challenges lie ahead, and the role of the Technology
Programs and Commercialization Office will continue to be
refined. The office is an integral part of the NASA commer-
cial technology mission and a mainstream function of
Kennedy Space Center. As we enter the 21* century, Kennedy
Space Center will continue to review and improve the process
of enabling commercial development, supporting develop-
ment of dual-use technology, and transferring technology.

Space Act Award recipients are
honored at an annual luncheon.

SPOTLIGHT ON KENNEDY SPACE CENTER
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AerospAace Research

An essential aspect of NASA’s Strategic Plan incorporates research and
development efforts that will further the ongoing success and leadership of
NASA in the area of scientific and technical advances. Benefits resulting
from these advances are seen not only by the scientific and engineering
community, but also by all citizens of the United States.

A network of ten NASA field centers is armed with the necessary
resources for creating innovative technologies and scientific advances—
advances that allow NASA to further expand our understanding of our
planet and the universe. Ongoing efforts to create new technologies such
as next-generation aircraft, robotics, new remote sensing technologies,
performance coatings, propulsion technologies, and many others will help
us to achieve maximum benefits from space and expand our existence
beyond Earth.

NASA is developing the technology of tomorrow, today. These forward-
thinking technological advances provide private industry with commercial
products and services that offer benefits to all. NASA’s enthusiastic efforts
and activities serve to maintain our economy’s global leadership and better
the lives of people across the United States and the globe.

>
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multifaceted mission of ongoing scientific research,

ASA Headquarters oversees the Agency’s

k investigating the reaches of outer space, and
developing new and innovative technology. NASA has
developed five Strategic Enterprises, as outlined in the
Agency’s Strategic Plan, to coordinate these activities in
pursuit of its mission. Each Enterprise covers a key area of
NASA's research and development efforts. The five Strategic
Enterprises are: Aerospace Technology, Biological and Physical
Research, Earth Science, Human Exploration and Develop-
ment of Space, and Space Science.

Aerospace Technology

NASA's charter is to pioneer advanced technologies that
will meet the challenges facing air and space transportation, to
maintain U.S. national security and preeminence in aerospace
technology, and to extend the benefit of its innovations
throughout society.

A modern air and space transportation system is funda-
mental to the national economy, quality of life, and security of
the United States. For 75 years, a strong base of acrospace
technology research and development has provided enormous
contributions to this system—contributions that have fostered
the economic growth of the Nation and provided unprec-
edented mobility for U.S. citizens. In the past 30 years,
aircraft noise was reduced by a factor of 10, fuel consumption
was cut in half, and a notably low accident rate was main-
tained despite a threefold increase in flight operations.
Although major technical advances have made the Nation’s air
and space transportation system the largest and best of its
kind, the future holds critical challenges to its continued
growth and performance.

Because the U.S. air and space transportation system serves
both critical national security needs and the public good,
ensuring the continued health and preeminence of that system
is a key issue for the future of this Nation. NASA is the
Nation’s leading government agency for providing technologi-
cal leadership and advancements for the aerospace industry
and the traveling public.

In addition to its role in advancing air and space transpor-
tation, the Enterprise has a role in developing basic technol-
ogy for a broad range of space applications, such as acrospace
communications, power and propulsion systems, microdevices
and instruments, information technology, nanotechnology,
and biotechnology. These advances will expand our knowl-
edge of the Earth and the universe through space missions.

Historically, transportation and communication have
always been integrally linked. Today, tourism, e-commerce,
and other factors such as economic growth and changing
demographics are fueling demand for access to high-speed,
highly distributed transportation systems.

For the U.S. commercial space launch industry, however,
1998 and 1999 were disappointing years, due to a string of

NASA HEADQUARTERS

failures that restricted the launch rate and slowed the
development of new vehicles. A number of entrepreneurs
have announced plans for commercial launch vehicles in
hopes of capturing some of the strong market for launch
services of commercial satellites.

As the 21* century begins, NASA seeks to forge a “High-
way to Space” that will enable citizens to travel, work, and
live in space as a matter of routine. Because of NASA
research, it will be possible for the private sector to make
space transportation economical. This, in turn, will create
enormous opportunities for commercial endeavors, new
services, scientific and medical research, and other uses not
yet imagined.

The space industry is changing dramatically as it transi-
tions from government-driven needs to market-driven
growth. However, this industry is less mature than the
aviation industry and the technologies are more complex.

Technology has a significant role in meeting these chal-
lenges. Advanced physics-based modeling, simulation, new
materials and structural concepts, and other technologies will
enable quieter, more efficient aircraft and more robust and
affordable spacecraft. As the space transportation system
grows, it will be, in the future, linked increasingly with the
aviation system.

The main challenges for the space industry continue to be
reliability and cost. New technologies that enable simplified
space transportation operations, robust design and operating
margins, and near complete reuse of hardware have the
potential to reduce costs dramatically. Safe, low-cost space
transportation will make space commercially accessible for
both passenger and cargo operations. Equally important are
new propulsion technologies that will enable new in-space
operations, such as economical travel between low Earth orbit
and geo-stationary orbits, faster travel to other planets, and
ultimately, the stars. It will also allow the continued expan-
sion of human and robotic exploration throughout our solar
system.

Biological and Physical Research

Space Shuttle flight has been synonymous with science
research in biology, physics, chemistry, and engineering since
the Shuttle program’s inception. In the year 2000, NASA’s
Biological and Physical Research Enterprise began focusing its
scientific research on biological sciences in preparation for
full scientific utilization of the International Space Station in
the coming decade. This focus adds cutting-edge interdiscipli-
nary sciences of the 21* century to the space program, such as
space genomics, biomolecular physics, macromolecular
biotechnology, and nanotechnology.

Continual research on Earth and in space provides
fascinating opportunities to improve life on Earth. For
example, industry has planned to invest over $6 million to
develop a bone replacement ceramic-metal composite that is



highly porous, allowing blood vessels, nerves, and even bone
to grow through and around it. By optimizing the pore size,
distribution, and strength of a composite material, industry
hopes to perfect materials for more durable bone replace-
ments. Eventually research could lead to products that could
dissolve into the body as natural bone cells grow into an
implant.

In addition, conducting scientific research in space, where
gravity is one-millionth that of Earth, allows researchers to
observe properties of solids, liquids, and gases that could
potentially change industrial practices and products in ways
that are unimaginable today.

While perfecting research that will enable humans to exist
off the planet, ground research and flight opportunities on the
Space Shuttle and International Space Station will use the
unique characteristics of space for research to improve most
facets of life on Earth in the coming decade—your health,
home, environment, transportation, and commerce.

Earth Science

NASA’s Earth Science Enterprise (ESE) is dedicated to
understanding the total Earth system and the effects of
natural and human-induced changes on the global environ-
ment. NASA’s commitment to share the benefits of Earth
Science discoveries with the broad public is evidenced in the
Enterprise’s commitment to translate NASA-funded Earth
Science and technology research results to the development of
remote sensing applications for practical, everyday use.

NASA spearheaded efforts to share Earth Science discover-
ies and applications through a federation of Earth Science
Information Partners (ESIPs). The federation is comprised of
partners from government agencies, —
national laboratories, universities,
nonprofit organizations, and
commercial providers of data and

information services. The partners
work together to ensure that quality
scientific data and information are
made available to a wide commu-
nity of scientists and non-scientists
alike.

Under ESIP, NASA’s Earth
Science Enterprise partnered with
the National Broadcasting Com-
pany (NBC) and General Electric
Corporate Research & Develop-
ment to utilize ESE data in
operational weather forecasting. By
integrating NASA’s remotely sensed

Using NASA-gathered imagery, StormWatch
viewers receive a side-by-side comparison of
the Pamlico River at various points during the

summer of 1999.

S1orm CENTER D s

data into daily weathercasts, NBC became the first television
network to offer high-resolution imagery to the public on a
routine basis. The public benefited by receiving better
information and an increased awareness of the practicality of
NASA’s remote sensing applications.

Dave Jones, a meteorologist and President-CEO of
StormCenter.com, LLC, first piloted the television
weathercasts on NBC4 in Washington, D.C., on January 1,
2001. Through StormCenter.com, the partnership with NBC
continues and allows each of the 13 NBC-owned and
operated television stations to use advanced remote sensing
imagery in their local newscasts.

“This capability translates into a much better product for
viewers of local NBC newscasts in major markets nation-
wide,” says Jones. “Utilizing more advanced visuals and
graphics developed from high-tech satellites will engage the
public to learn more about their environment and how their
behavior affects our weather and climate. People really do
want to understand what is happening with our planet and
what they can do to make sure the Earth remains healthy for
future generations. Providing this type of information on
network news will allow for greater local awareness for
communities and individuals to participate in this high-
interest area.”

StormCenter.com will be expanding its reach into other
types of media by attracting media partners across the nation.
These partners will use StormCenter.com content for
newspapers, radio and television web sites, and wireless

lications.
applications (Continued)
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(Continued)

This partnership serves as a successful model for translat-
ing NASA’s Earth science into new and innovative informa-
tion products that extend the social and economic benefits of
NASA’s Earth science research to a broad user community.

Human Exploration and Development of Space

NASA’s Human Exploration and Development of Space
(HEDS) Enterprise includes the International Space Station
(ISS), Space Shuttle, Space Communications, and Space
Access offices. The mission of HEDS is to open the space
frontier by exploring, using, and enabling space development,
and to expand the human experience into the far reaches of
the universe.

The ISS, a key HEDS program, is capable of performing
unique, long duration, space-based research in a variety of
disciplines, while providing a unique platform for observa-
tions of the Earth, Sun, and other astronomical objects. The
ISS is crucial to fulfilling NASA’s mission to explore, use, and
enable the development of space for human enterprise.

The past year has seen a tremendous surge of program
activity, as the ISS grew from the Unity and Zarya modules to
become a permanently inhabited and premier research
laboratory in space. Since May 2000, NASA and its partners
at the Russian Aviation and Space Agency executed 11
successful launches and dockings to the space station. Among
the elements now on orbit are the Zvezda Service Module,
Russia’s keystone contribution, and the U.S. laboratory,
Destiny.

Permanent human habitation began aboard the space
station in November 2000. The ISS commercialization efforts
include opportunities for investors to develop new capabilities
for the station through
submission of Entrepre-
neurial Offers. These are
private investment propos-

als to NASA.

In the grasp of the Shuttle’s remote
manipulator system robot arm, the
Destiny laboratory was moved from
the cargo bay of the Space Shuttle
and attached to the International
Space Station in February 2001.
Destiny is the first of six
international research laboratories.

NASA HEADQUARTERS

In addition, HEDS Technology and Commercialization
Initiative advances several strategic goals and objectives that
enable the commercial development of space. Activities
include 1) systems analysis, concepts and modeling, 2)
enabling research and technology, and 3) technology flight
demonstrations. In fiscal year 2001, a competitive cooperative
agreement notice was released to solicit proposals, and it is
anticipated that initial awards will be announced as early as
May 2001.

The HEDS Enterprise also provides support for Space
Shuttle payload buildup, test and checkout, integration,
servicing, transportation and installation, as well as support
for NASA missions launched on Expendable Launch Vehicles.
HEDS also provides command, tracking, and telemetry data
services between ground facilities and flight mission vehicles.

Space Science

The Space Science Enterprise is poised to enter the new
millennium with a solid foundation upon which to build, as
well as expand new capabilities to explore the farthest reaches
of the universe and the solar system.

The Office of Space Science is looking for answers to
questions such as: How did the universe, galaxies, stars, and
planets form and evolve? How can exploration of the universe
and our solar system revolutionize our understanding of
physics, chemistry, and biology? Are there Earth-like planets
beyond our solar system? Does life in any form, however
simple or complex, carbon-based or other, exist elsewhere
than on planet Earth?

Long-term goals of the Space Science Enterprise are to

establish a virtual presence throughout the solar system and




Backdropped against the blue and white Earth and sporting a readily
visible new addition in the form of the Canadarm?2 or Space Station
robotic arm, the International Space Station was photographed
Jollowing separation from the Space Shuttle Endeavour.

probe deeper into the mysteries of the universe and life on
Earth and beyond; to pursue space science programs that
enable future human exploration beyond low Earth orbit; to
develop and utilize revolutionary technologies for missions
impossible in prior decades; and to contribute measurably to
achieving the science, mathematics, and technology education
goals of our nation.

To better study solar variability and understand its effects
on humanity, NASA is starting a program called “Living With
A Star,” a set of missions and enhancements to current
programs which will eventually encompass a number of

spacecraft and systems. “Living With A Star” will also pursue
partnerships with other Federal agencies that are concerned
with the effects of the Sun on the Earth. The goal is to
provide an exciting new capability for understanding, and
ultimately predicting “solar weather,” which affects Earth.
The “Living with A Star” initiative will: 1) observe the
entire Sun simultaneously using a few well-positioned
spacecraft, including Solar Sentinel spacecraft, which will
observe the side of the Sun away from the Earth, the first
spacecraft capable of doing so; 2) track solar storm regions
both above and below the solar surface for the first time,
using an advanced spacecraft called the Solar Dynamic
Observatory (SDO), which will also probe the interior of the
Sun to help us understand the source of solar variability; 3)
use the Sentinels, the SDO, and dozens of low cost
microsatellites in critical regions around Earth to track Earth-
directed solar mass ejections and their impact on the Earth’s
space environment; 4) use one of the most intriguing and far-
reaching technologies currently under development, the large
Solar sails, which will use the energy in sunlight to reach their
stationary positions above the poles of the Earth and in polar
orbit about the Sun; 5) miniaturize spacecraft and instru-
ments in order to orbit numerous “space buoys” similar to
ocean buoys, which will probe the Earth’s upper atmosphere
and space environment, and their response to solar storms.
NASA’s Space Science Enterprise has experienced a
number of tremendous successes. Some of the top highlights
include Hubble scientists’ measurements of how fast the
universe is expanding, and astronomers’ searches of the galaxy
that led to the discovery of six new planets, bringing the total
to 28 of known planets outside the solar system. The Mars
Global Surveyor provided the first global 3-D map of Mars,
which includes an impact basin deep enough to swallow
Mount Everest. NASA’s Compton Gamma Ray Observatory
alerted astronomers of one of the most powerful explosions in
the universe, enabling them to take the first optical images of
the gamma ray burst explosion that occurred on January 23,
1999. The deployment of the Chandra X-ray Observatory
into orbit provided a stunning image of the Crab Nebula.
Several NASA spacecraft observed that the solar wind and
auroral display at the North Pole virtually disappeared from
May 10-12, 1999, the most drastic and longest-lasting
decrease ever seen. The crew of the Space Shuttle Discovery
replaced Hubble’s gyros, made numerous improvements to
battery power and guidance systems, and replaced the outer
layers of thermal protection, making it better than new. [
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Ames Research CenTer

ASA’s predecessor, the National Advisory
k Committee for Aeronautics (NACA), established
Ames Research Center over 60 years ago on
December 20, 1939, as an aircraft research laboratory. Located
on 2,000 acres, Ames sits in the heart of California’s Silicon
Valley in the San Francisco-San José Bay area. With world-
renowned researchers, scientists, and an array of state-of-the-
art facilities, Ames is responsible for the performance of a
tightly coupled, multidisciplinary research base directed
toward NASA’s missions. Ames achieves scientific and
technical excellence through its first-rate management team,
critical mass of top-tier scientists, “excellence-driven” research
environment, and collaboration with distinguished academic,
corporate, and non-profit organizations.

Ames budget for fiscal year 2001 is $720 million. The
Center has nearly 1,500 civil servants and over 3,000 on-site
contractors in its work force. Ames is NASA’s Center of
Excellence for information technology and has additional core
technology competencies in biotechnology and
nanotechnology. Ames pursues NASA missions in aerospace
operations systems and astrobiology. The Center has core
scientific competencies in fundamental space biology and all
disciplines of the Agency’s multifaceted astrobiology thrust.
The Center also performs key work in support of NASA
missions in computational systems, aviation capacity, air
traffic management, thermal protection systems, and a host of
other areas.

The grand challenge of NASA’s mission to explore space
and study the origin and role of life in the universe is driving
the Agency’s focus on the technology triad of information
technology, biotechnology, and nanotechnology. These arenas
are widely accepted as the most likely sources of breakthrough
technologies in the next decade. Ames is unique within NASA
in its ability to provide the integrated research environment
required to exploit the crossover potential, as well as the
individual fields of the technology triad, to meet the Agency’s
mission needs.

Fundamental research and technology development is
performed in the areas of nano-scale assembly, computational
nanotechnology, nano-scale computing and sensing elements,
and nano-scale architecture, and systems integration. The
Center is pursuing the development of protein-based
nanotubes, a crossover technology potentially capable of self-
organization and replication.

Ames conducts research and develops technologies biologi-
cally-inspired and employed within basic biological processes,
including biomimetics, bioinformatics, and space genomic/
protonomic systems (analytical and sensing systems that
enable in situ character studies of genetic materials and
proteins in space and extraterrestrial environments).

The Center specializes in the research and development of
methods, technologies, and processes in autonomous reason-
ing, human-centered computing, and intelligent data under-

AMES RESEARCH CENTER

Ames Research Center conducts innovative research regarding nano-scale
assembly, computational nanotechnology, nano-scale computing and sensing
elements, and nano-scale architecture and systems integration. The Center is
pursuing the development of protein-based nanotubes, potentially capable of
self~organization and replication.

standing for broad application to NASA’s mission require-
ments. Ames is NASA’s pathfinder in single-system image
parallel computers, quantum computing, distributed hetero-
geneous computing, revolutionary computing, and high
performance networks.

As the NASA lead for astrobiology, the Center studies the
origin, evolution, distribution, and destiny of life in the
universe. Astrobiology represents the synthesis of disciplines
from astronomy to zoology, from ecology to molecular
biology, and from geology to genomics. Ames hosts the
NASA Astrobiology Institute, which conducts and integrates
groundbreaking astrobiology science with the assistance of its
11 founding member institutions and numerous affiliated
consortiums.

Life in the unique environments of space, including
microgravity, high radiation and temperature extremes, and
planetary protection, are key themes of Ames’ space biology
science base. The convergence of space biology with the
technology triad provides fundamental enabling knowledge
for human exploration. Ames exploits the potential knowl-
edge transfer to Earth-based health issues through the
establishment of partnerships with the medical community,
including the National Cancer Institute.

The complexity of and performance demands on acrospace
operational environments are increasing significantly. The
national response to this rise in requirements is the increased
application of automation and autonomous reasoning
methodologies. Ames is at the forefront of the development of



automated aerospace operation for applications from decision
tools for air traffic management deployed by the Federal
Aviation Administration (FAA), to autonomous reasoning
control of spacecraft in unpredictable environments.

Ames works with the FAA and the aircraft operations
industry to meet the nation’s expanding air transportation
demands by developing and demonstrating pioneering
concepts and technologies to improve safety, increase effi-
ciency, and enhance environmental protection. In particular,
Ames s striving to provide the research and technology
products needed to achieve the President’s challenge to
improve aviation safety.

The Ames base program develops advanced research and
technology to enable revolutionary advances in understanding
concepts, methods, and procedures of aviation operation
systems.

Ames Future Flight Central (FFC) is the world’s premier
technical design studio for 21st century airport operations
and planning. The facility is able to replicate a 360-degree
high-fidelity visual simulation of any airport in the world.
FFC can provide a functionally accurate, physical and
software replication of any airport’s current or future tower or
operations center. Airport research and operations staff can
work with NASA experts using the FFC to: plan new runway
configurations, test new ground traffic and tower communi-
cation procedures, and validate air traffic planning simula-
tions based on airport and airline planning tools.

The Surface Movement Advisor (SMA) project is a joint
FAA and NASA undertaking to help current airport facilities
operate more efficiently. The SMA system integrates airline

schedules, gate information, flight plans, radar feeds, and
runway configuration (departure split and landing direction).

This integrated information is then re-transmitted over the
network and shared between the key players at an airport.

The Center also plays a major role in efforts to enable
major increases in the capacity and productivity of the
national airspace system through the development of revolu-
tionary operations systems and vehicle concepts. Terminal
Area Productivity will increase the capacity of existing major
U.S. airports that experience delays in non-visual or instru-
ment meteorological conditions. This Ames project will
increase capacity and reduce delays by decreasing spacing
requirements between aircraft approaching an airport and by
expediting ground operations while meeting FAA safety
guidelines.

Ames’ scientists conduct advanced research in a unique
flight simulation complex. Ames provides researchers with
exceptional tools to explore, define, and solve issues in both
aircraft and spacecraft design. Ames’ vertical motion simulator
offers fast and cost-effective solutions using real-time, piloted
simulations, realistic sensory cues, and the greatest motion
range of any flight simulator in the world.

Ames is the lead center for Aviation Systems Technology
Advanced Research (AvSTAR). AvSTAR will accelerate the
development of selected NASA air traffic management
technologies that have been identified by industry and the
FAA to improve the capacity and reliability of the current
system. It will also provide the foundational research and
long-term exploratory investigations for the air transportation
system of the future.

Mission success starts with safety, and Ames is leading the
NASA Design for Safety (DFS) development effort with a
vision of achieving ultra-high levels of safety and mission
success through the infusion of advanced technologies. To
that end, DFS will develop advanced technology methods for:
reasoning, model-based, risk-advised system engineering to
provide continuous, systematic, quantified assessment of risk
and high-assurance systems; continuous lifecycle knowledge
capture, evaluation, and utilization; and highly adaptive,
resilient systems to provide intelligent responses to both
known and unanticipated hazards.

The DFS project will ensure that the techniques developed
are applied throughout the lifecycle of NASA systems and
programs. Further, it will seek to tailor, mature, and infuse
the technologies developed into all NASA enterprise missions.

DFS will incorporate a number of elements and thrusts,
including intelligent system risk management, model-based
reasoning and architecture, knowledge engineering and
development of resilient, self-monitoring systems based on
advanced sensor research, and artificial intelligence. 0

Ames Research Center performs research and development of biologically-
inspired technologies employed within basic biological processes. These include
biomimetrics, bioinformatics, and space genomiclprotonomic systems (analytical
and sensing systems that enable in situ studies of the character of genetic
materials and proteins found within space environments).
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——— Dryden Flight Research Center

ASA’s Dryden Flight Research Center is a national
gateway to the skies—and beyond. Dryden’s

\

from airplanes that use solar power to fly higher than ever

responsibility for flight research includes everything

before, to a future “space lifeboat” that could safely return
crews to Earth in an emergency.

Present ongoing projects at Dryden, located in California’s
Mojave Desert include: aerospace research that bridges speeds
ranging from 25 miles an hour to 10 times the speed of
sound; using computers and satellite positioning technology
to guide aircraft in bird-like tight formations for greater
efficiency and better, safer use of crowded airspace; and
twisting a high-speed jet aircraft’s wings to give it better
maneuverability.

Just as formations of migratory birds use their relative
positions to take advantage of reduced drag, thereby increas-
ing their range, so too can aircraft performance benefit from
specific tight formation flight. One of Dryden’s many projects
focuses on Autonomous Formation Flight (AFF), which looks
for ways to apply this advantage to aircraft.

With that premise, Dryden engineers, in cooperation with
NASA’s Ames Research Center, the Boeing Company, and the
University of California (UCLA), are collaborating on a
sophisticated blend of global positioning system (GPS)
technology and inertial navigation gear that promises to give
measurements of the relative positions of aircraft in formation
with accuracies within six inches. The Dryden-led team
believes this accuracy can be used to autonomously guide
aircraft and keep them in tight formations, allowing them to
reap the benefits of vortex energy caused by the lead aircraft.

Gerard Schkolnik, AFF project manager, explains: “The
goal of the AFF project is to demonstrate a sustained ten
percent fuel savings of the trailing aircraft during cruise

flight.” Air cargo companies are already looking on with

DRYDEN FLIGHT RESEARCH CENTER

interest to see if they might one day achieve such economies
by dispatching their aircraft in formations using follow-on
evolutions of the AFF suite being tested in the skies over
Dryden. Another benefit of a mature AFF technology could
be the ability to safely handle higher volumes of air traffic by
treating formations of aircraft as individual units. And in
space, AFF technology might enable a swarm of small
satellites to congregate, creating a virtual large satellite for a
specific mission.

In cooperation with the U.S. Air Force Research Labora-
tory and Boeing’s Phantom Works, Dryden is researching the
use of lighter-weight flexible wings for improved maneuver-
ability of high-performance military aircraft in the Active
Aeroelastic Wing (AAW) project.

The AAW project goal is to demonstrate improved aircraft
roll control through aerodynamically induced wing twist on a
full-scale aircraft. The test aircraft—an F/A-18A obtained
from the U.S. Navy—has been modified with additional
actuators, a split leading edge flap, and thinner wing skins
that will allow the outer wing panels to twist up to five
degrees. The traditional wing control surfaces—trailing edge
ailerons and the outboard leading edge flaps—are used to
provide the acrodynamic force needed to twist or “warp” the
wing. Project engineers hope to obtain equivalent roll
performance of the production F/A-18 at transonic and
supersonic speeds without using the stabilators and with
smaller control surface deflections. Removing the stabilators’
roll control function will eliminate the “corkscrew” effect
common to the F/A-18, which limits the number of rolls
performed.

AAW research could also enable thinner, higher aspect
ratio wings on future aircraft. This could result in reduced
aerodynamic drag, allowing for greater range or payload and
improved fuel efficiency. Data obtained from flight tests at
Dryden will provide benchmark design
criteria as guidance for future aircraft designs.

AAW technicians have completed installa-
tion and checkout of research instrumenta-
tion and avionics wiring on the modified
F/A-18, along with a full-up systems check-
out of the flight control software developed
by Boeing’s Phantom Works in the AAW
flight control computer.

Structural loads testing in Dryden’s Flight
Loads Laboratory began in mid-March 2001.
Wing twist testing occurred in early April,
followed by more extensive loads calibration
testing. The structural loads testing on the

The X-38 “lifeboat” flies free from its
B-52 mothership.



F/A-18’s modified wings will take almost six months,
followed by painting of the aircraft, a traditional
rollout, and extensive systems tests and simulation
before flights begin. According to Dryden AAW project
manager Denis Bessette, the loads applied to the aircraft
will be up to 70 percent of the design limit load, with
load distribution over the wings a particularly critical
item.

The two-phase AAW flight tests will begin with
parameter identification flights in late 2001. Data
obtained from the first phase flight series will be used to
refine the AAW flight control laws, and after further
software development, the second phase of research
flights should take place in 2003.

The solar-powered Helios Prototype was readied for
a summertime 2001 attempt at a never-before-achieved
milestone in the annals of flight—sustaining horizontal
flight at 100,000 feet above the Earth. Technicians for
AeroVironment, Inc., the giant flying wing’s manufac-
turer, completed installation of high-efficiency solar cell arrays
on all six of the Helios Prototype’s wing sections early this
year. They also completed upgrades to the ground control
station, the tracking antennas, and updated operational
procedures.

The Helios Prototype was shipped to Hawaii in the spring
0f 2001, where AeroVironment engineers and technicians
began reassembly and checkout of the craft at the Navy’s
Pacific Missile Range Facility. The first flight under solar
power, covering functional checkout and flight envelope
expansion, was targeted for early August.

The 247-foot-span ultralight flying wing, whose develop-
ment is being funded and managed under NASA’s Environ-
mental Research Aircraft and Sensor Technology (ERAST)
project, flew six low-altitude airworthiness validation flights
on battery power at Dryden in the fall of 1999.

The 100,000-foot altitude flight is one of two major flight
milestones set for the craft by NASA, the other being a four-
day non-stop endurance demonstration flight above 50,000
feet planned for 2003. Development of a regenerative
hydrogen-oxygen energy storage system which would make
the multi-day continuous flight possible is progressing at
AeroVironment. The system uses excess power generated by
the solar arrays during the daytime to run an electrolyzer that
separates water into its component parts, hydrogen and
oxygen, which are then stored under pressure in specially-
designed tanks. At night, the hydrogen and oxygen are
recombined by the fuel cells, with electricity produced as a
by-product providing power to Helios” motors.

Two subcontractors, Giner and Lynntech, have developed
prototype “short-stack” fuel cells and electrolyzers, which have
undergone rigorous testing. Lynntech is building full-size
units that will be installed in a prototype energy storage
system at AeroVironment. The completed system will then be

Two FIA-18B aircraft fly in tight formation using the
autonomous flight functions developed at Dryden.

subject to both sea level and high-altitude testing in an
altitude chamber. NASA’s Glenn Research Center will
conduct further testing of Giner’s intermediate and full-size
fuel cell and electrolyzer components. Additionally, another
subcontractor, Kaiser Compositek, is developing and testing
composite pressure tanks for storing the hydrogen and
oxygen.

The X-38 is a possible prototype “lifeboat,” designed to
carry up to seven passengers home from orbit in an evacua-
tion or medical emergency. The project combines proven
technology—the lifting body essential for aerodynamic lift,
designed and tested in the 1960s and 1970s—to some of the
most cutting-edge acrospace technology available today, such
as the most powerful electric motors ever used to drive a
spacecraft’s aecrodynamic control surfaces. The X-38 has tested
the largest parafoil parachute in history, with a span of 143
feet. Data from the aerodynamic studies of the lifting body
contributed to the design and operational profile of the Space
Shuttles and is reemerging to help develop a crew return
vehicle.

On loan from the Air Force, the X-40A is an 85 percent
scale version of NASA’s X-37, a flight technology demonstra-
tor testing future launch technologies in orbit and reentry
from the harsh environment of space through Earth’s atmo-
sphere. The X-40A is performing a series of flights and
autonomous landings as part of the X-37 program, intending
to reduce the risk of flight testing the X-37, not from 15,000
feet like the X-40A, but from low Earth orbit. With such a
wide range of aircraft and acrospace research advance-
ments, Dryden Flight Research Center will continue to be
a leading developer of innovative technologies with
aviation applications. [
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——— GlenN Research CeNTER

lenn Research Center, located on the outskirts of

Cleveland, Ohio, is dedicated to creating

technologies that will propel us into the new
millennium. Perhaps it is this, as well as a dedication to
innovation and excellence, that has positioned Glenn a
NASA’s Center of Excellence in turbomachinery. This attitude
and sense of pride is exemplified in the ongoing, cutting-edge
activities being conducted at the Center.

The Glenn-managed Ultra-Efficient Engine Technology
(UEET) Program includes participation from Ames Research
Center, Langley Research Center, and Goddard Space Flight
Center, as well as five engine and two airplane manufacturers.
The six-year, nearly $300 million program’s goal is to
demonstrate new engine technologies that reduce aircraft
emissions, reduce noise, and increase performance. Much of
the success will come from improved materials, new propul-
sion controls, advanced combustors, and turbomachinery
concepts. This technology is in the works, with the integra-
tion of technologies in a working engine, while integrating
the engine into an aircraft airframe is still to come. The
UEET Program will enable future-generation aircraft to travel
a wide range of flight speeds, farther, cleaner, and safer than
ever before.

In 2000, Glenn completed the hardware development of
its Physics of Colloids in Space experiment. The experiment is
one of a series of Glenn-managed microgravity science

GLENN RESEARCH CENTER

experiments scheduled to be conducted on the International
Space Station (ISS). A colloid consists of fine, insoluble
particles suspended in a fluid. Everyday examples of colloids
are paint, milk, salad dressings, and aerosols. The Physics of
Colloids in Space experiment will allow scientists to study the
basic physical properties of colloids without the influence of
gravity. The long-term goal of this investigation is to learn
how to steer the growth of colloids to create new materials
and structures.

Glenn is the co-lead for ISS’s electrical power system with
Johnson Space Center. Glenn is responsible for the technical
design and development of all the individual pieces of the
electrical power system on ISS, and is the proud major
provider of the electrical power equipment for the ISS. Glenn
technologies were carried to the ISS aboard two Shuttle
missions in 2000. STS-92, launched in October 2000, carried
the Integrated Truss Structure Z1, which includes four pieces
of the ISS’s electrical power equipment, all of which Glenn
developed: the plasma contactor, a high-tech grounding rod
for ISS; converter units, which provide grounding and voltage
regulation; the remote power control modules, which are
multichannel high-power circuit breakers for both switching
and protection in case of a short circuit during ISS construc-

tion activities; and circuit isolation devices, which are
manually-activated switches that provide manual shut-off of

high power.

Glenn Research Center’s sapphire
refractive secondary concentrator
will be used with primary
collector-concentrators ro focus
solar energy. The solar energy can
be used in power conversion
systems, thermal propulsion
systems, and solar furnaces.



On STS-97 station assembly flight 4A in November 2000,
the first U.S. photovoltaic (PV) module was carried to the ISS
and installed. The module supplies the ISS with solar power
via solar arrays, batteries, and other power system electronics.
Glenn had a significant role in the design and development of
the PV module and managed the hardware development of
the flight hardware. Also installed on that mission were two
radiators, which remove waste heat from ISS. One of these
radiator panels was tested in the Space Power Facility, the
world’s largest space environment simulation chamber at
Glenn’s Plum Brook Station in Sandusky, Ohio.

Common to many of the space applications that use solar
thermal energy—such as electric power conversion, thermal
propulsion, and furnaces—is a need for highly efficient, solar
concentration systems. An effort is underway at Glenn to
develop a refractive secondary concentrator, which uses
refraction and total internal reflection to efficiently concen-
trate and direct solar energy. When used in combination with
advanced lightweight primary concentrators, the refractive
secondary concentrator will produce very high system
concentration ratios (10,000 to 1) and, of more practical
interest, very high temperatures (>2000 °K).

The innovative refractive secondary concentrator has
significant advantages over all other types of secondary
concentrators. It is very efficient, requires no active cooling,
relaxes the pointing and tracking requirements of the primary
concentrator, and enables very high system concentration

The Physics of Colloids in Space hardware is now flying on the ISS and
producing pictures like the one above of the colloid with polymers experiment.
Scientists varied the amount of polymer in each mixture to cause the suspension

to act like fluid, glass, crystals, or gels.

ratios. This technology can be used in any system that
requires the conversion of solar energy to heat, for example,
materials research furnaces on 1SS and thermal propulsion
systems.

Continuing in its heritage of innovation, Glenn researchers
have developed a new alloy for use in regeneratively cooled
rocket engines. The GRCop-84 alloy has an excellent
combination of conductivity, thermal expansion, strength,
creep resistance, ductility, and low-cycle fatigue life. Its use is
expected to enable significant gains in engine performance
and reliability. The ultimate test was to actually use the new
alloy as a liner and test it in a rocket engine. Two 6-inch-long
liners with inner diameters of approximately 2 inches were
fabricated at Marshall using a vacuum plasma spraying
technique, and then tested at Glenn. Twenty-seven hot fire
tests were conducted, after which the liners showed no signs
of degradation.

As part of NASA’s Aviation Safety Program goals to reduce
aviation accidents due to icing, Glenn is leading a flight
simulator development activity to improve pilot training for
adverse flying characteristics due to icing. Flight simulators
that include the acrodynamic effects of icing will give pilots
realistic exposure to the effects of icing-induced hazards, such
as ice-contaminated roll upset, tailplane stall, or other loss-of-
control events that may result from ice on the airframe.

In order to achieve a high fidelity flight simulation, wind
tunnel tests were conducted on a 6.5-percent-scale model of a
Twin Otter aircraft. These tests
resulted in databases containing
aerodynamic forces and moments, as
functions of angle of attack; sideslip;
control surface deflections; forced
oscillations in the pitch, roll, and yaw
axes; and various rotational speeds.
Some wing and tail surface pressure
data were also recorded. The data-
bases are the foundation for a PC-
based Icing Flight Simulator delivered
to Glenn in fiscal year 2001.

The continued activities at Glenn
make the Center a shining example of
the vast array of NASA’s benefits.
Work conducted at Glenn Research
Center helps to open windows to new
worlds of opportunity both in space
and on Earth. 0
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oddard Space Flight Center, located in

Greenbelt, Maryland, is dedicated to furthering

our knowledge of the Earth and its environment, the
solar system, and the universe, through space observations. By
developing new technologies to advance this mission, the Center
strives to expand our understanding of our planet and beyond.

To support NASA’s Space Science Enterprise, Goddard leads
missions in space-based physics and astronomy that foster
research programs through a broad variety of flight opportuni-
ties. The Center also promotes the development of advanced
technology designed to enhance scientific capabilities at an
affordable cost. Goddard space scientists seek answers about the
composition and variability of stellar objects like black holes and
exploding stars, and how the universe formed and evolved. The
Center also contributes to the quest to learn how planetary
systems are born and evolve. Goddard missions help researchers
study the nature of the Sun’s interaction with its surroundings
and Earth, and determine the physical properties of the planets
and interplanetary space.

NASA’s Hubble Space Telescope is managed by and operated
from Goddard Space Flight Center. In its first 10 years, the 12.5-
ton Earth-orbiting observatory has studied 13,670 celestial
objects, made 271,000 individual observations, and returned 3.5
terabytes of scientific data. Hubble’s scientific hall of fame
includes the current deepest view of the universe in visible light;
images of the majestic birth of stars in spectacular stellar clouds;
observations of extraordinary arcs, shells, and ribbons of glowing
gas sculpted by the deaths of stars much like our Sun; unique
records of mega-megaton blasts produced by comet fragments
falling into the cloud tops of Jupiter; a map of the surface of
distant Pluto; and evidence that galaxies may have been built up
from smaller objects early in the history of the universe.

Goddard-operated space observatories continue to make
discoveries about the Sun and advance our ability to predict the
effects of solar storms on the Earth. Among the important
observatory contributors are the Solar and Heliospheric Observa-
tory (SOHO), a cooperative project being carried out by the
European Space Agency and NASA; and Goddard’s WIND and
Transition Region and Coronal Explorer (TRACE) satellites.

From the local weather to the larger environment, our home
planet changes every day. These changes affect our quality of life,
our health, and our economy. Since the first days of observing
Earth from space in the early 1960s, NASA and Goddard Space
Flight Center have been pioneers in helping scientists,
policymakers, and the general public gain a better understanding
of how and why these changes occur. This research, and the new
technology that pushes it forward, has matured to a point where
we can begin to understand the details of how Earth’s land,
atmosphere, oceans, ice, and life interact with each other, both in
local communities and across vast regions of the globe.

Goddard scientists and engineers contribute daily to NASA’s
Earth Science Enterprise, which consists of research studies,
satellites and aircraft missions, and advanced computer networks
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Fountains of multimillion-degree, electrified gas in the Sun’s atmosphere
revealed the location where the solar atmosphere is heated to temperatures 300
times greater than the Sun’s visible surface. This was discovered while observing
the gas fountains with NASA’s Transition Region and Coronal Explorer
(TRACE) spacecraft.

that transmit data and resulting information to a variety of users
across the world.

A new generation of Earth science—one that studies the
Earth’s land, oceans, air, ice, and life as a total global system—
began with a picture perfect launch of the Terra spacecraft from
Vandenberg Air Force Base, California. Terra is the “flagship” for
the Earth Observing System (EOS) series of satellites, a prece-
dent-setting program in the emerging field of Earth System
Science.

Goddard facilities, especially Wallops Flight Facility, Virginia,
play a large role in many upcoming NASA projects. The High
Energy Solar Spectroscopic Imager (HESSI) will explore the
basic physics of particle acceleration and energy release in solar
flares. The Thermosphere, Ionosphere, Mesosphere, Energetics,
and Dynamics (TIMED) spacecraft will conduct a global study
of a critical region in Earth’s atmosphere. The mission will study
the influences of the Sun and humans on the least explored and
understood region of Earth’s atmosphere. The QuikTOMS
(Total Ozone Mapping Spectrometer) mission is designed to
continue daily mapping of the global distribution of total
column atmospheric ozone. Continuous observation of global
ozone is critical in order to monitor the expected recovery of
ozone as levels of chlorofluorocarbons decrease from their current
maximum as a result of the Montreal Protocol limits.

The Big Bang theory is based on Albert Einstein’s general
theory of relativity and the 1929 discovery that the universe is
expanding. This expansion implies the universe was denser and
hotter in the distant past, and was able to produce the lightest
chemical elements such as hydrogen and helium. The Big Bang



theory correctly predicts the relative amounts of these light
elements. It also predicts that the universe should be bathed in a
faint afterglow of radiation. The Cosmic Background Radiation
appears as a glow that is remarkably uniform in all directions in
the sky (“isotropic”), though the Cosmic Background Explorer
(COBE) discovered very faint non-uniformities (“anisotropy”) in
this glow in 1992. The Microwave Anisotropy Probe (MAP)
satellite will produce a much more detailed picture of the early
universe than COBE did. This information, which is recorded in
the Cosmic Background Radiation, will allow astronomers to
address these key cosmological questions.

Formerly called Earth Observing Spacecraft PM-1, Aqua will
observe changes in the Earth’s radiation energy budget, together
with measurements of changes in land/ocean surface and
interactions with the atmosphere through the exchanges of
energy, carbon, and water.

NASA’s Tracking and Data Relay Satellite-I (TDRS) is next in
a series of communications satellites that will serve as the sole
means of continuous, high-data-rate communications with the
Space Shuttle, the International Space Station, and with dozens
of scientific satellites in low-Earth orbit. TDRS-I is the second of
three satellites that will help replenish NASA’s aging TDRS fleet.

The Ice, Cloud, and land Elevation Satellite, or ICESAT, will
accurately measure the elevations of the Earth’s ice sheets, clouds,
and land, as well as answer fundamental questions about the
growth or shrinkage of the Earth’s polar ice sheets and the future
rise or fall of global sea levels.

Goddard will continue to provide us with innovative research
with some of their future initiatives. NASA’s Ultra Long
Duration Balloon (ULDB) program is developing a revolution-
ary research balloon that could open a new era in scientific
research. The full-scale ULDB is the largest single-cell, super-
pressure (fully sealed), balloon ever flown. The Solar Radiation
and Climate Experiment (SORCE) will continue the precise
measurement of total solar irradiance.

The EOS Aura mission will help answer vital science
questions. Is the Earth’s ozone layer recovering? Is air quality
getting worse? How is Earth’s climate changing? The EOS Aura
instruments have the unique and complementary abilities to
provide data about the Earth’s atmosphere on a global scale. EOS
Aura is the third in a series of Earth Observing Satellites to study
atmospheric chemistry. Through its Earth Observing System
efforts, Goddard is generating new remote sensing and spacecraft
technologies to be used for a joint effort involving NASA, the
National Oceanic and Atmospheric Administration (NOAA),
and the Department of Defense. The National Polar-orbiting
Operational Environmental Satellite System Preparatory Project
(NPP) could potentially improve the capabilities of future polar-
orbiting weather satellites to satisfy both civil and national
security requirements for meteorological, oceanographic,
climatic, and space environmental data. The Global Precipitation
Mission (GPM) is a follow-up to the Tropical Rainfall Measuring
Mission (TRMM). GPM is expected to lead to significant
improvements in the forecasting of extratropical and tropical
cyclones.

Goddard is leading the development of the Next Generation
Space Telescope (NGST); a new type of observatory with
capabilities that will surpass those currently available in existing
ground-based or space telescopes. NGST will employ some of
the most advanced optical systems ever placed into space to
observe the first stars and galaxies in the universe.

The Solar Terrestrial Probe Program science objectives are
directly tied to the quests in the Sun Earth Connection theme.
They describe the system behavior of the magnetic variable star,
our Sun, and its interaction with the entire solar system. Living
with a Star (LWS) is a NASA initiative that addresses the effects
of solar variability on life and society, including human technol-
ogy, humans-in-space, and terrestrial climate.

The Gamma-ray Large Area Space Telescope, or GLAST, is a
future high-energy gamma-ray mission, which promises to be a
significantly advanced tool for answering these questions and
others. Constellation-X is a team of powerful x-ray
telescopes that will orbit closely to each other, like a
constellation of tiny stars, and work in unison to
simultaneously observe the same distant objects. The
Laser Interferometer Space Antenna (LISA) consists of
three spacecraft flying 5 million kilometers apart in the
shape of an equilateral triangle, to observe gravitational
waves from galactic and extra-galactic binary systems.
Swift is a three-telescope space observatory for studying
gamma ray bursts. Swift will have the unique ability to
rotate in orbit and point its gamma ray telescope, x-ray
telescope, and ultraviolet/optical telescope at gamma ray
bursts within minutes of the burst’s first appearance. [

An artist’s concept of NASA'’s Ultra Long Duration Balloon
(ULDB), a revolutionary new balloon system capable of supporting
scientific observations above 99 percent of the Earth’s atmosphere for
durations approaching 100 days.

GODDARD SPACE FLIGHT CENTER
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——— Jer Propulsion Laboratory

ASA returned to Mars on April 7 with the 2001
k Mars Odyssey Orbiter, which roared into space
onboard a Delta II rocket. The spacecraft carries a
suite of scientific instruments designed to tell us what makes
up the Martian surface and provide vital information about
potential radiation hazards for future human explorers.

The 2001 Mars Odyssey mission is managed by the Jet
Propulsion Laboratory (JPL)—NASA’s lead center for robotic
space exploration of the solar system. Nestled in the foothills
of the San Gabriel Mountains above Pasadena, California,
JPL also manages the worldwide Deep Space Network, which
communicates with spacecraft and conducts scientific
investigations from its complexes in California’s Mojave
Desert, Spain, and Australia.

Mid-year, JPLs director of 10 years, Dr. Edward Stone,
announced his retirement, and Dr. Charles Elachi stepped
into his position. Dr. Elachi’s vision for the laboratory is to
continue to do what has never been done before. JPL and
NASA exist to envision and then create for the future.

Engineers sharing Dr. Elachi’s vision are already creating
the technologies of the future, today. Emergency vehicle
warning systems, software to help farmers, networks of small
sensors to help preserve the environment, wearable personal
communications systems, robotic arms to assist with rehabili-
tation therapies, and lightning-speed computer chips are all in
development. Some of these developments will bring about
new discoveries and lead in the search for life on other planets,

This small device, called a pod, can be collected in groups
together to form a new type of instrument called a Sensor Web.
Each pod contains sensors that collect information from the
surrounding environment and communication chips that
transmit the data to other pods. Hopping from pod to pod, the
data eventually arrives at a primary uplink where it can then be
sent to an orbiting satellite for transmission back to Earth.

JET PROPULSION LABORATORY

while also providing breakthrough advances in communica-
tions, the environment, and even in saving lives.

On the local front, a city just 10 minutes from JPL is pilot
testing a technology developed at JPL that will alert motorists
of rapidly approaching emergency vehicles. The Emergency
Vehicle Early Warning Safety System, developed with the
assistance of the Technology Affiliates Program, equips
emergency vehicles with transponders that communicate via
microwave with receivers on large visual displays deployed on
the mast arms above intersections. As an emergency vehicle
approaches an intersection, a police officer or firefighter
activates the transponder by pressing a switch on the dash-
board, which automatically turns the traffic light to yellow,
then red, for cross traffic. The visual display board uses icons
to show the emergency vehicle approaching or leaving the
intersection and the direction it is traveling.

Some of the people closest to the land, farmers, will be the
first to benefit from a new global positioning technology
developed to make NASA satellites more efficient and cost-
effective. Farmers worldwide are putting the new system to
the test through a partnership between JPL and NavCom, a
division of the John Deere Company. NavCom licensed the
technology from JPL and will be equipping tractors with
receivers that will provide location information instantly—

a vital tool for precision farming. The technology will allow
farmers to navigate fields at night and when visibility is poor.
More importantly, with soil sensors and other monitors, it
will let them calculate and map out precisely
where the field may need more water,
fertilizer, or weed control, saving both time
and money.

In Alaska, tiny sensor pods that resemble
a child’s toy form a sensor web that will help
monitor the environment along the Alaskan
pipeline. Alyeska, Inc., is currently working
with JPL engineers to adapt their sensor web
technology to monitor for oil leaks and
preserve the natural habitat along the 800-
mile (1288-kilometer) stretch of pipe. The
pods communicate with each other, creating
a virtual presence allowing large areas to be
monitored continuously. Unlike remote
operations, sensor webs are placed inside the
environment, thus making them capable of
sensitive, on-site measurements not possible
from satellites. Last year, a prototype sensor
web was tested and “planted” in gardens here
on Earth in preparation for missions to help monitor
potential biological activity on planets.

In space, a wearable computer system with audio and
video capability may someday be available to astronauts. The
Wireless Augmented Reality Prototype (WARP) system will



include a lightweight headpiece equipped with a miniature
display, two-way real-time audio, and video capability. Finally,
just what every astronaut needs, a wearable communicator
unit. This system will allow crewmembers onboard the Space
Shuttle and the International Space Station to communicate
via video and audio transmission. The system will allow
astronauts to get instant data from remote computers through
an eyepiece, freeing their hands for other jobs. On Earth, the
potential uses are endless. Imagine owning your own wearable
personal communications system.

Earlier this year, JPL engineers and UCLA neurophysiolo-
gists teamed up to create a prototype, robot-like device that,
when complete, will be used in a rehabilitation program that
could potentially help wheelchair-bound people take their
first steps. The device, still in the developmental phase, could
be part of clinical trials in about three years. This same device
could also be useful to astronauts in maintaining their ability
to walk safely following prolonged periods in micro-gravity,
such as extended missions on the International Space Station.

Defying traditional laws of physics, researchers may have
found a way to blast through roadblocks on the highway to
faster and smaller computers. Using modern quantum
physics, researchers discovered that entangled pairs of light
particles, called photons, can act as a single unit, but perform
with twice the efficiency. This research could enable us to
continue upgrading computers even after traditional manu-
facturing procedures have been exhausted.

New JPL technology developments hold promise for the
coming year. A hopping robot on wheels, an artificial ear
made of nanotubes, machines with human-like vision, and
computers that think for themselves are just a few. Many of
the technologies currently under research and
development will have non-space related
benefits. A hand-held device to measure a
patient’s eye to get a blood glucose reading;

a laser that could perform a spinal tap; and a
nicotine patch that measures calcium loss,
which could be a useful tool in the prevention
and mitigation of osteoporosis, are all being
considered and may be possible in the years
to come. [

The 2001 Mars Odyssey Orbiter was launched
on April 7, 2001, arriving at Mars on October
20, 2001. The Orbiter carries three
instruments: the Thermal Emission Imaging
System (THEMIS), the Gamma Ray
Spectrometer (GRS), and the Mars Radiation
Environment Experiment (MARIE).

The Wireless Augmented Reality
Prorotype, or WARP, is a personal
communications system that will
one day be used aboard the Space
Shuttle and the International
Space Station. The system not only
allows for ease of communication between crewmembers, but also includes a
wearable monitor that can be used to view documents.

JET PROPULSION LABORATORY
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yndon B. Johnson Space Center, established in 1961,

is NASA’s primary center for: design, development

and testing of spacecraft and associated systems for
human flight; selection and training of astronauts; planning
and conducting of human space flight missions; and participa-
tion in medical and engineering experiments carried aboard
space flights. Located just outside of Houston, Texas, the
Johnson Space Center houses NASA Mission Control and is
responsible for all on-orbit Space Shuttle operations.

The International Space Station (ISS) program involves 16
partner nations, 5 space agencies, as well as several languages
and cultures. ISS operations require attention—all day, every
day, all year long—from Mission Control Centers at Johnson,
in Russia, and also from the flight control centers of our
international partners. During the past year, the ISS has
grown to 105 tons—about the mass of a Space Shuttle—and
measures 240 feet wide. In August 2000, the new Johnson ISS
flight control training facility opened. Named the “Red Flight
Control Room,” it is used alone or in concert with the “Blue”
shuttle flight control room and the “White” ISS control room,
to train teams for future assignments. Near the year’s end, on
November 2, 2000, the Expedition One crew arrived in a
Russian Soyuz capsule to begin a new era of continuous
international cooperation in space.

Because Mission Control is a major provider of communi-
cations, Johnson Space Center personnel took pride when
Softphone was installed aboard ISS. Softphone makes calling
someone from orbit as easy as placing a call from any desk at
Johnson. Donning a headset plugged into their laptops, the
astronauts can reach anyone with a Johnson extension by
dialing a five-digit number. Should an astronaut wish to place
a local, long-distance, or international call, they simply dial
nine first.

Softphone, though not critical to keeping the outpost in
orbit, has already become a much-
appreciated luxury. “We're really
enjoying it and getting a lot of use out
of the Softphone,” said Jim Voss in a
voicemail message left for Brett Parrish,
a Johnson engineer who worked on the
project. “Thanks a lot... It’s great to
have it on board.”

For decades, the only way to
communicate with astronauts was via
radio, which had several limitations and
relatively low signal quality. During
those years, only the privileged Capsule
Communicator (CAPCOM) sat in
ready contact with astronauts. Limita-

Astronaut Jim Voss using

the Softphone.
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tions existed as to where and when the astronauts could talk
with their families over the old radio system. “In the past the
CAPCOM was the one that talked to the astronauts and that
was it—period,” Parrish said. “There were a few exceptions
like flight surgeons, the President, or the family in a protected
room. Now it’s as comfortable as calling from the office,
which is something we take for granted. But if you're in a tin
can for six months, it’s a long time to go without talking to
your kids or your spouse.”

Softphone is a dream come true for many people. Johnson
and Cisco Systems updated the phone system for communi-
cations operations on the ground like those in the Mission
Control Center and between certain directorates. Cisco
reengineered its Softphone program, because the design was
not able to survive the NASA satellite network. The network
sometimes requires signals to be bounced around for tens of
thousands of miles before reaching their target—in this case
the ISS. But, technical problems arose involving signal delay
and the inability of the Shuttle and ISS communication
systems to carry Internet Protocol “packets” of information.
Cisco engineers revamped the program until it could handle
all of the difficulties.

The Softphone, as well as other advanced communication
capabilities, could not exist without the help of the Orbiter
Communication Adapter (OCA). The little computer card
and routing equipment have revolutionized data transfer,
networking, and communications with vehicles in orbit. The
OCA “tricks” old NASA satellite links into thinking they are
a modern Ethernet network. It can be built into almost any
communication system, and can serve as a relatively inexpen-

sive basis for communication systems that used to cost
millions.




Another NASA project uses Johnson-developed technology
to help in the search for “heavenly coffee.” The mission will
use an unpiloted aircraft, known as an “Uninhabited Aerial
Vehicle” or “UAV,” to aid Hawaiian coffee growers by
providing the growers with color images of their crops. From
this information the growers will know, down to the day, the
best time for harvesting the beans, thus bringing the best
flavor to consumers.

Part of NASA’s UAV-based science demonstration pro-
gram, these flights will show the ability of this aircraft to carry
Earth-viewing scientific payloads in long-duration missions at
altitudes exceeding the endurance of a pilot in a traditional
aircraft.

The research team will use the Pathfinder-Plus aircraft; a
high-flying solar-powered UAV built by AeroVironment, Inc.,
Monrovia, California. The craft will loiter over crop fields for
long periods during the harvest season. After the flights, the
Kauai Coffee Company plantation and a research team led by
Clark University, Worcester, Massachusetts, will brief coffee
industry officials on its findings.

The mission will allow NASA to provide the benefits of
aerospace research to the multi-billion dollar coffee industry,
while exhibiting capabilities that will benefit both scientific
and commercial objectives well into the new millennium.
“This mission is both scientifically exciting and commercially
appealing. While validating this new breed of aircraft we're
also providing sound science with real-world, practical
applications to the American people,” said Dr. Ghassem
Asrar, Associate Administrator for Earth Sciences, NASA
Headquarters, Washington, D.C.

One particular Johnson triumph was the successful test
flight of the X-38 prototype “lifeboat,” assembled at Johnson
Space Center. The X-38 floated to a successful touchdown
under the world’s largest parafoil at NASA’s Dryden Flight
Research Center at Edwards Air Force Base, completing the
seventh large-scale free flight test for the X-38 project.

The landing test began at an altitude of about 37,500 feet,
when the X-38 was released from NASA’s B-52 aircraft. The
test verified recent enhancements made to the X-38s flight
control software and also checked advances in the two-stage
repositioning deployment of a drogue parachute that initially
slows the vehicle from 600 miles an hour to about 60 miles an
hour. The parachute also sets the stage for deployment of the
7,500-square-foot-parafoil wing. After a 13-minute gliding
descent, the unmanned X-38 touched down at a speed of less
than 40 miles an hour.

The X-38 Crew Return Vehicle program not only con-
ducted the first successful test flight of the world’s largest
parafoil, but also reached several other X-38 milestones in
2000. These include the testing aboard shuttles of the X-38
navigation system and the test flight of the X-38’ final body
shape configuration.

Johnson made significant progress during 2000 in critical
research and development areas. The new “glass cockpit” on
Space Shuttle Atlantis gives pilots more information in a more
capable display. Congress provided additional funding for key
safety upgrades designed to reduce the risks during ascent,
orbit and re-entry, and to increase the “situational awareness”
of Shuttle crews during flight.

In the area of space operations, Johnson’s Space Operations
Management Office worked to consolidate human spaceflight
communications and data services. The launch of the latest
Tracking and Data Relay Satellite marked a major achieve-
ment in this area. Through the ongoing efforts of Johnson
researchers and engineers, the Center will continue to place a
strong emphasis on the development and commercialization
of key NASA assets and capabilities—helping U.S. businesses
to “do business” in low Earth orbit as the commercial space
industry rapidly expands. O

(= | OERRE T

ol — 4

o 2
. n'.'ﬁ.;_‘n,_

The Multifunction Electronic Display Subsystem (MEDS), otherwise known as
the “glass cockpit,” is shown in the fixed base Space Shuttle mission simulator at
Johnson Space Center’s Mission Simulation and Training Facility. MEDS is
installed on the Space Shuttle Atlantis.

JOHNSON SPACE CENTER
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——— Kennedy Space Center

hree, two, one, and we have liftoff. . .as the Space

Shuttle heads for Earth orbit from the John E

Kennedy Space Center, America’s premier spaceport.
On April 19, 2001, Kennedy celebrated the 20™ anniversary
of the first Shuttle launch with the launch of STS-100 on
Endeavour. During the past 20 years, the Shuttle has trans-
ported approximately three million pounds of cargo, and
hundreds of astronauts have had the unique privilege of
traveling aboard this unrivaled space vehicle. At the same
time, more than 100 modifications have been made to make
the Shuttle safer and more efficient and reliable, as well as to
expand its capabilities. Shuttle upgrades include a “glass
cockpit,” composed of 11 new, full-color, flat-panel displays
on the flight deck; a relocated airlock to prepare for Interna-
tional Space Station (ISS) assembly flights; an updated
communications system; and better protection elements for
the orbiter’s cooling system.

Weather is very important to the Shuttle program. Because
Florida is known as “the lightning capital of the U.S.,”
lightning detection systems play an important role at
Kennedy. A technology that determines the ground strike
point of lightning in the immediate vicinity of the shuttle
launch pads is valuable in determining which electronic
equipment or system needs to be retested following a light-
ning strike. The lightning detector technology has commer-
cial potential in sensitive manufacturing facilities, missile
storage facilities, or hazardous chemical storage bunkers.

Testing of the
personal cabin
pressure monitor is
conducted in the
altitude chamber at
Tyndall Air Force
Base, Florida.

KENNEDY SPACE CENTER

As NASA’s designated Center of Excellence in launch and
payload processing systems, Kennedy’s primary responsibili-
ties include Space Shuttle processing, the acquisition and
management of Expendable Launch Vehicle launch services,
payload carriers, payload processing, and support. Kennedy’s
Spaceport Technology Center (STC) initiative is an evolving
component of Kennedy’s dual mission in Space Launch
Operations and Spaceport and Range Technologies. The STC
is designed to align and enhance existing Kennedy technology
development product lines with the needs of current and
future reusable and expendable space transportation systems
and their payloads. Kennedy has established unique develop-
ment capabilities (personnel and laboratory/test bed facilities)
for collaborative technology development efforts in several
technology thrust areas called spaceport technology develop-
ment initiatives (STDIs). The STDIs are: fluid system
technologies, spaceport structures and materials, process
engineering, range technologies, and command, control, and
monitoring technologies. Kennedy also has product lines for
“spaceport design and systems development,” which test and
integrate an array of component technologies in order to
build and deploy an operational spaceport system. Kennedy’s
complementary advanced spaceport technologies and systems
will benefit current and future spaceports on Earth and
beyond.

An ongoing project at Kennedy is a study of the extent to

which electrostatic charge can be generated and how it can




accumulate on lunar soil and dust particles. The findings of

this research will provide critical information and techniques
for the successful operation of an extraterrestrial spaceport by
eliminating potential hazards relating to dust accumulation
on equipment surfaces, astronaut suits, solar panels, habitat
filters, thermal radiators, and other equipment. Dust accumu-
lation could lead to a loss in performance, or even render
equipment unusable. Commercial applications may be found
in the antistatic, paint, and grain industries.

As the quest continues to construct an orbiting research
facility, Kennedy endeavors to help ensure safe and successful
ground operations for the ISS flight hardware. Kennedy
successfully completed Phase I of Multi Element Integrated
Testing (MEIT), involving the U.S. Laboratory Destiny,
electrical power, control and communication modules, a
docking port, and the Canadian-built robot arm. Kennedy
teams focused their efforts on MEIT Phase II test planning
and completed the first MEIT II test configuration involving
a Kennedy-developed ground support U.S. Lab Emulator,
additional power modules, and the Mobile Transporter. One
of the first payloads to reside on the Station, the Protein
Crystal Growth-Enhanced Gaseous Nitrogen Dewar, was
processed at Kennedy Space Center for flight STS-106. It was
returned from orbit on flight STS-92, demonstrating the full
cycle for ISS hardware performing research in space.

A technology has been developed at Kennedy that may be
beneficial to ISS and other Low-Earth Orbit (LEO) vehicles
such as the Space Shuttle, as well as long-duration interplan-
etary vehicles and future planetary habitats. The personal

The Nitrogen Oxide Waste
Conversion Scrubber installed
at the oxidizer farm on
Launch Complex 394 at
Kennedy Space Center.

cabin pressure monitor warns, by means of audio, vibratory,
and visual alarms, of the impending danger of hypoxia when
cabin pressure has fallen to pre-programmed threshold levels.
This device can also be used in a variety of aviation, aero-
space, and non-aerospace applications where knowledge of
one’s exposure to low partial pressure of oxygen is important.

Due to its location on the Merritt Island National Wildlife
Refuge and its biological diversity, Kennedy Space Center has
developed a biological sciences capability that includes
spaceport ecosystem assessment. Under the Endangered
Species Act and the National Environmental Policy Act,
launch operations require evaluation and impact minimiza-
tion. Approximately 100 wildlife species found at Kennedy
are the subject of conservation concerns. Monitoring focuses
on combining field and remote sensing data with predictive/
interpretive models on marine turtles, gopher tortoises, indigo
snakes, wading birds, shorebirds, scrub jays, beach mice, and
manatees. A technology developed to reduce hazardous
rocket-fuel waste has also resulted in positive effects to the
environment at Kennedy. The Nitrogen Oxide Waste
Conversion Scrubber converts hazardous waste to a high-
grade fertilizer, while reducing air pollution. Its commercial
applications include possible use in power plants.

As we move into the 21* century, Kennedy Space Center
faces many challenges. The strategic goals, vision, and guiding
principles developed at Kennedy mirror the dedication,
excellence, and integrity of investing in America’s future
through continued space exploration. [J
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——— Langley Research Center

rom Hampton, Virginia, Langley Research Center

contributes to a broad range of acrospace technologies,

from making space access a routine venture, to
developing down-to-Earth ideas about aircraft safety and on-
time operations. Langley is also adding to our knowledge of
atmospheric science, providing scientific data for informed
national decision-making about our environment.

NASA’s Space Launch Initiative (SLI) has been established to
find a more affordable and reliable highway into space. Whether it
is doing business in Earth orbit or exploring distant worlds, the
toughest part of the journey is the first few hundred miles up
through the atmosphere to space. Consequently, it is critical that
the airframe of any future vehicle be optimized for maximum
performance while incorporating minimum weight—the classic
aerospace dilemma.

Langley, world renowned for its research into the performance
of winged vehicles and space vehicles, will lead the development
and demonstration of airframe technologies for SLI: lightweight
temperature-resistant structures and materials, acrodynamics,
systems engineering and analysis to help define needed technolo-
gies, and advanced cockpit technologies to improve safety and
reliability. Langley is working with Marshall Space Flight Center in
the development of cryogenic tanks to hold super-cold liquid
hydrogen fuel, with Ames Research Center on thermal protection
systems, and with Johnson Space Center on cockpit technologies.

The first experiment to be performed on the International
Space Station (ISS) was contributed by Langley. The Materials
International Space Station Experiment (MISSE) is designed to
evaluate the performance, stability, and long-term survivability of
more than 700 materials and components planned for use by
NASA, the Department of Defense, and commercial spacecraft
manufacturers. “Space is a hostile environment, destructive to
many materials,” said William Kinard, program scientist for
MISSE. “New, affordable materials are the enablers for
advanced spacecraft. In-situ space testing, as provided by
MISSE on the ISS, is an essential part of the development
process for these new space materials.”

For the next two decades, a series of robotic missions
made up of orbiters, landers, and rovers will explore Mars
looking for evidence of past or present life. Langley will
contribute aerodynamics, acrothermodynamics, atmospheric
flight simulation, guidance and control research—everything
required to make a successful flight through the atmosphere
of Mars. Langley performed a 70-day simulation of
aerobraking around Mars for the Mars Odyssey Orbiter,
launched in April 2001. One of the Center’s jobs is to figure
out how deep the orbiter should go on each pass. If the
passes are too deep, the solar panels could burn up; if the

Clean room personnel place material samples into trays to be installed in
the Passive Experiment Containers (PEC) for the Materials International
Space Station Experiment (MISSE); a project that will characterize the
performance of over 700 materials.

LANGLEY RESEARCH CENTER

passes are too shallow, the mission could end up in a useless
orbit. For the 2003 Mars Exploration Rovers, Langley is
developing the end-to-end flight simulation and aerodynamic
database for flight from atmospheric interface all the way to
touchdown on the surface of Mars.

Another group of researchers are exploring revolutionary
aircraft technologies in a program called 21st Century Aerospace
Vehicle. These researchers believe that aircraft of the future will
benefit by taking on some of the form and function of birds. The
aircraft will have “smart” materials with embedded sensors and
actuators. Sensors, like the “nerves” of a bird, will measure the
pressure over the entire surface of the wing and direct the
response of the actuators—the “muscles.” These actuators will
change the shape of the wing for optimal flying conditions.
Intelligent systems made of these smart sensors, micro processors,
and adaptive control systems will enable vehicles to monitor their
own performance, their environment, and their operators in
order to avoid crashes, mishaps, and incidents. Distributed as a
network throughout the structure, they will provide the means
for imbedding a “nervous system” in the structure and stimulat-
ing it to change shape. They will also serve as the means for
sensing any damage or impending failure long before it becomes
a problem.

In the near term, aircraft will be safer thanks to NASA
contributions to the national Aviation Safety Program. For
example, close calls between aircraft and ground vehicles or other
planes have grown steadily in recent years, with 320 incidents

reported in 1999 alone. Reducing runway incursions has become
the Federal Aviation Administration’s number one safety priority.
In one research project, an advanced cockpit display system,
developed by engineers at NASA Langley, could help prevent
runway incursion incidents and near accidents on airport




Langley researchers and engineers are currently working on a concept aircraft
which will incorporate “smart” materials that will allow the wings of a craft
to change shape for optimal flying conditions.

runways, taxiways, and ramps. The system combines a head-
down display of an electronic moving map of airport runways
and taxiways with a head-up screen that gives the pilot real-time
guidance. The system shows and sounds an alert if another plane
or vehicle is about to encroach onto the runway. The system
would improve aviation safety and efficiency several ways,
including allowing more aircraft to land on time in bad weather.

Airline passengers frustrated with delays at U.S. airports may
be able to reach their destinations faster in the future because of
advances in predicting aircraft wake turbulence on final
approach. With this new technology, called Aircraft Vortex
Spacing System (AVOSS), Langley developments will help
airliners achieve optimal spacing and efficiency. The system
determines how winds and other atmospheric conditions affect
the wake vortex patterns of different types of aircraft. AVOSS
uses a laser radar or lidar technology to confirm the accuracy of
those forecasts. The information is processed by computers,
which can then provide safe spacing criteria automatically. All
aircraft produce wake vortices that act like two small, horizontal
tornadoes trailing behind the wing tips that can be felt as mild-
to-severe turbulence by following aircraft. Lack of an accurate
prediction system forces air traffic controllers to use rigidly fixed
distances to separate different classes of aircraft, especially during
bad weather, causing air traffic delays that disrupt flight schedules
and increase costs. AVOSS is expected to provide the informa-
tion needed for safe, efficient separation, from approach to
landing. AVOSS is a part of the NASA Aviation Systems
Capacity Program, headquartered at Ames Research Center,
Moftett Field, California.

This is a pivotal time for NASA’s general aviation efforts. The
Advanced General Aviation Transport Experiments (AGATE)
program, based at Langley, has concluded its seven-year research
agenda, boasting of many successes in its efforts to revitalize

general aviation. The government-industry-university consor-
tium is a model for how to work together to make the most of
tax dollars on behalf of the nation. Successes include the
development of airborne technologies like near real-time weather
and synthetic vision for safety and efficiency, and highway-in-
the-sky displays to aid in navigation. The FAA worked as an
AGATE member to streamline certification processes for new
aircraft, helping make aircraft of the future more affordable.
Embry-Riddle Aeronautical University, another AGATE
member, worked to create simplified piloting curricula to
encourage more people to become pilots.

A new NASA-led program, housed at Langley, called the
Small Aircraft Transportation System (SATS), will demonstrate
how single-engine aircraft can offer an attractive alternative to
existing transportation systems for trips from about 150 to 1,000
miles. SATS is seen as freeing people and products from existing
transportation system delays, by creating access to more commu-
nities in less time. The SATS concept of operations uses small
aircraft for business and personal transportation, for on-demand,
point-to-point travel between smaller regional, reliever, general
aviation, and other landing facilities, including heliports. The
five-year SATS program will culminate in a joint NASA/FAA/
industry demonstration of selected operational capabilities at
designated “SATSLab” airports. The results will establish the
basis for future decisions by local, state, and federal policy makers
regarding SATS and air transportation.

Langley is making use of measurements from aircraft and
satellites to better understand natural and man-made changes to
our atmosphere. Long-term, global studies include the tracing of
seasonal airflow from Asia across the Pacific in the Transport and
Chemical Evolution over the Pacific (TRACE-P) experiment.
Emissions are expected to increase in this part of the world as
East Asia continues to industrialize. This is an opportunity for
researchers to study how chemical reactions and movement affect
the air as it moves at a sun-filled tropical latitude. TRACE-P is
the latest in a long series of NASA-led Global Tropospheric
Experiments (GTE) aimed at a better understanding of world-
wide chemistry of the troposphere—the part of the atmosphere
closest to the Earth’s surface.

In another study, Langley researchers are helping to document
the important role of polar stratospheric clouds in the destruc-
tion of protective ozone over the Arctic. Ozone in the upper
atmosphere protects plants and animals on the surface of the
Earth from harmful ultraviolet radiation. The Sage III Ozone
Loss and Validation Experiment (SOLVE) revealed large-scale
characteristics of polar stratospheric clouds, including their extent
and chemical properties. In sunlight, these high-altitude clouds
help release ozone-destroying chlorine from otherwise non-
harmful gases. Once details of this process are incorporated into
chemistry and climate models, scientists will have a better idea of
the extent of future ozone destruction in the Arctic and the
possibility of an eventual “ozone hole” over the Arctic. [
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——— Marshall Space Flight Center

s NASA’s lead center for space transportation
A V| systems and development, and the Center of
M\ ¥ Excellence for space propulsion, the George C.
Marshall Space Flight Center in Huntsville, Alabama, leads
NASA’s mission to develop safe, reliable, and affordable space
transportation systems. The Center also maintains propulsion
systems for America’s current space fleet.

Marshall leads NASA's efforts in microgravity research—
experiments conducted in the low gravity inside orbiting
spacecraft—as well as in the development of space optics
manufacturing technologies. The Center also delivers practical
applications of NASA space research and technologies here
on Earth.

Marshall is managing the Space Launch Initiative, NASA’s
comprehensive research and technology development effort to
dramatically increase the safety, reliability, and affordability of
space transportation systems. The initiative calls for a focused
investment of $4.8 billion through fiscal year 2006 to develop
concepts and technologies needed to create a second genera-
tion reusable launch vehicle—one that is expected to be 10
times cheaper and 100 times safer than today’s space launch
systems.

The Advanced Space Transportation Program at Marshall
looks beyond second generation systems, keying on flying
third and fourth generation reusable launch vehicles. These
programs are tackling the difficult task of lowering the current
$10,000-per-pound cost of putting payloads into space—first
to $1,000 per pound, then to as low as $100 per pound.

NASA’s Marshall Space Flight
Center manages the Agency’s Space
Launch Initiative, a comprehensive
research and technology
development effort intended to
increase safety, reliability, and
affordability of space transportation
systems. This artist’s rendering of a
Sfuturistic two-stage flight vehicle is
Just one concept of such a system.

MARSHALL SPACE FLIGHT CENTER

To reach these goals requires revolutionary aerospace
technologies—from magnetic, chemical, and propellantless
propulsion systems to new energy sources such as space solar
power or antimatter propulsion. These and other advances are
now being studied, developed, and tested at Marshall.

The Center leads NASA’s government team in develop-
ment and testing of the X-37 space plane, which is expected
to make history as the first reusable demonstrator to fly in
both orbital and reentry environments. Designed to demon-
strate dozens of advanced airframe, avionics, and operations
technologies that can support various launch vehicle and
spacecraft designs, the X-37 will travel up to 25 times the
speed of sound, remain in orbit up to 21 days, and land on a
conventional runway.

Today and continuing well into the future, the Space
Shuttle remains unmatched by any other launch system.
Marshall manages all Space Shuttle propulsion elements,
including the Main Engine, External Tank, and Solid Rocket
Boosters. In 2001, a redesigned Shuttle Main Engine makes
its debut flight. The updated Block II engine includes a new
high-pressure fuel turbopump designed to increase the
number of flights between required overhauls. Additional
upgrades to the Shuttle’s propulsion systems are planned for
completion by 2005.

Marshall scientists and engineers routinely contribute to
new processes and technology innovations in areas as diverse
as manufacturing, communications, and electronics.

Microgravity research conducted in Earth orbit furthers our




understanding of critical biological,
chemical, and physical processes—
opening doors to the commercial develop-
ment of space.

Until recently, microgravity research
was limited to relatively short-duration
Space Shuttle flights. This changed with
the addition of the Destiny Laboratory
Module to the International Space Station
in 2001. One of numerous Space Station
elements built and tested at Marshall,
Destiny allows for long-duration
microgravity experiments and is the
premier laboratory for this research.

As Space Station construction contin-
ues in orbit, the Center maintains a key
role in hardware development and science
operations for the orbiting research
outpost. Marshall is overseeing develop-
ment of Station Nodes 2 and 3—modules
that serve as hubs for distribution of water, electrical power,
and thermal controls for the Space Station—as well as the
Station’s Environmental Control and Life Support System, a
water recycling and oxygen generation system.

Marshall also oversees development and operation of the
Space Station’s Multipurpose Logistics Modules, Italian-built
modules that will carry laboratory racks filled with equip-
ment, experiments, and supplies to and from the Station.

The Payload Operations Center at Marshall is NASA’s
primary Space Station science command post, coordinating
all science aboard the Station and communications between
researchers on Earth and their on-board experiments.
Marshall is also responsible for coordinating and managing all
Station microgravity science and commercial research
payloads.

With more than 30 years” experience developing optical
systems for space exploration, Marshall leads NASA’s space
optics manufacturing technology development, including
optics design, fabrication, testing, and analysis.

The Space Optics Manufacturing Technology Center at
Marshall is spearheading NASA’s development of advanced,
ultra-lightweight optics materials, fabrication technologies,
precise measurement standards, and state-of-the-art test
facilities. The Center currently supports NASA’'s Goddard
Space Flight Center by leading optics technology develop-
ment for the Next Generation Space Telescope, the successor
to the Hubble Space Telescope. The Center is also developing
ultra-lightweight optics for the Constellation X-ray mission,
the successor to the Chandra X-ray Observatory, which was
designed and developed at Marshall and launched with

spectacular results in 1999.

Team members in the Payload Operations Center
at Marshall—NASA's primary Space Station
science command post—coordinate all science on
the International Space Station and
communications between researchers on Earth and
their on-board experiments.

Marshall partners with Alabama universities, industry, and
other federal agencies in the new National Space Science and
Technology Center. Opened in Huntsville, Alabama, in 2001,
the center is a collaborative effort that enables scientists and
educators to partner on cutting-edge advances in space
science, materials science, biotechnology, Earth sciences,
propulsion, information technology, optics, and other areas
that support NASA’s mission.

In collaboration with Stanford University researchers,
Marshall scientists are developing a sophisticated experiment
called Gravity Probe B, designed to prove or disprove portions
of Albert Einstein’s general theory of relativity. The Gravity
Probe B mission is scheduled to launch in late 2002.

Marshall’s aggressive reach for the stars is intended to do
more than advance humanity’s drive to explore. Technologies
derived from America’s space program—offering a wealth of
benefits such as new medicines, manufacturing processes, and
electronics—are available to private industry, universities, and
government agencies through the Center’s Technology
Transfer Department. The technology transfer program
encourages a broad use of Marshall innovations and expertise
by American private enterprise. []

MARSHALL SPACE FLIGHT CENTER

37

INFNdOTIAIA ANV HOIVISIY IOVdSOdIY

100¢ O 44ONIdS VSVN



AEROSPACE RESEARCH AND DEVELOPMENT

NASA SPINOFF O 2001

38

——— STENNIS Space CENTER

ituated near Mississippi’s Gulf Coast, just 45 minutes

from New Orleans, John C. Stennis Space Center is a

unique federal city that continues to feel the positive
results from increased construction, expansion, and collabora-
tion. The Center is seeing tremendous growth by its existing
tenants and the addition of new agencies, companies, and
groups to the facility.

NASA’s mission at Stennis includes managing NASA’s
rocket propulsion test programs and facilities for current and
future space vehicles, and providing test services for govern-
ment and commercial customers, while another mission
includes Earth science applications. Scientists at Stennis
conduct a broad range of remote sensing applications projects
with a focus on developing systems and tools to better
monitor and manage the health and productivity of our
nation’s land and coastal resources.

A TRW 650K Low Cost Pintle Engine undergoes hot fire
testing at Stennis’ E-1 test stand. The test article achieves a
high level of power without a high cost because of the
simplicity of its design. Physically, the TRW 650K is the
second largest engine ever tested in the United States.

Stennis Space Center is NASA’s lead center for rocket
propulsion testing and manages the Agency’s rocket propul-
sion test assets, including facilities at the Marshall Space
Flight Center in Alabama, the White Sands Test Facility in
New Mexico, and the Glenn Research Center Plumbrook
Station in Ohio.

Building on a role in engine and vehicle testing that spans
30 years, Stennis is the Center of Excellence for propulsion
testing. Every Space Shuttle Main Engine (SSME) undergoes
acceptance testing at Stennis. The engine is installed vertically
in one of two large test stands where a series of test firings are

STENNIS SPACE CENTER

performed. Once proven flight worthy, the engine is trans-
ported to the Kennedy Space Center in Florida where it is
installed on an orbiter.

Safe and affordable space transportation is the highest
priority for NASA’s Space Launch Initiative. This priority
provides commercial industry with the opportunity to meet
NASA’s future launch needs. By conducting testing on
engines for the X-33 and X-34, Stennis researchers gained a
wealth of technology that can be used for future vehicles.
This is vital since Stennis will continue to play an integral
role as the lead center for propulsion testing in testing future
component and propulsion systems.

Commercial test programs are also conducted at Stennis
Space Center. For example, the Center has been selected to
assemble and test the RS-68 engine and the common booster
core for the Boeing Company’s Delta IV rocket. The RS-68 is
the world’s largest liquid-hydrogen, liquid-oxygen engine.
Boeing has leased the B-1 test stand from NASA for these
tests.

Stennis’ E-Complex test facility serves as a developmental
rocket engine component test facility for future generation
rocket engines. The flexible three-stand complex can carry
out rocket engine testing and other types of testing involving
ultra high-pressure gases and high-pressure, super-cold fluids.
One of its first uses was to ground test rocket engine compo-
nents for the Reusable Launch Vehicle (RLV) program.

Stennis research engineers also use the E-Complex facility
to advance knowledge in test technology areas, such as
instrumentation, the study of exhaust plumes, test facility
design and capability, and data acquisition.

Stennis Space Center is also NASA’s lead center for Earth
science applications. Its mission is to “extend the benefits of
Earth Science Enterprise’s (ESE) discoveries, knowledge,
technology, and data beyond the traditional science commu-
nity—to turn Earth science results and capabilities into
practical tools for solving practical problems.”

In support of NASA’s ESE, the Geospace Applications and
Development Directorate (GADD) at Stennis conducts a
broad range of remote sensing applications projects. Remote
sensing is a way to gather information about the Earth using
aircraft or satellites. By using digital images, interpreting
photographs, and comparing results to ground truth data, the
GADD provides information that has real-world applications.
These applications have the potential to enhance our quality
of life and to create new products, services, and industries
based on NASA-developed technology. Some of these
applications include land-use mapping, flood plain manage-
ment, crop condition monitoring, forest management,
environmental monitoring, and natural hazard assessments.
This emerging multibillion-dollar industry has the potential
to increase U.S. economic competitiveness in world markets
while providing NASA with a reliable commercial source for
scientific data.



Scientists at Stennis also conduct
coastal aquatic research using remote
sensing technologies. Remote sensing
instruments, both airborne and
satellite, are integrated with scientific
disciplines such as biology and
geochemistry to study the role of
coastal environments in marine
biochemical cycles. This research is
important in understanding how light
is transmitted and reflected through
water, and how this may be applied
through the use of remote sensing in
coastal environments.

NASA personnel are also involved in seatruthing, which
involves going out to an area of the ocean and taking mea-
surements of phytoplankton, sediment, and other constitu-
ents of the sea. Seatruthing, used to verify and calibrate data
acquired by remote sensing satellites such as the Sea-viewing
Wide Field-of-view Sensor (SeaWiES), is expected to play a
major role in global climate change research.

The advancement and application of new technologies in
government and commercial products and services has always
been important to the well-being of the United States. Since
its inception in 1958, NASA has been an important source of
much of the nation’s new technology. The Office of Technol-
ogy Transfer at Stennis works to identify technology develop-
ment opportunities and make these available to domestic
companies as commercial products. It does so by making
technologies available through public licenses and partner-
ships, providing technical advice, and acting as a clearing-
house for technology needs. NASA's Commercial Technology
Program provides a variety of opportunities for the American
public to work with NASA in the transfer of technology,
including licensing opportunities, dual-use projects, Small
Business Innovation Research and Small Business Technology
Transfer (SBIR/STTR), and technology assistance.

An integral part of the Stennis community is its education
programs. The Office of Education is dedicated to fostering a
continued growth in student participation and success in the
areas of science, mathematics, geography, and technology. The
Office is also responsible for the design and implementation
of other educational programs aimed at improving America’s
schools and supporting the nation’s education goals. Programs
developed at Stennis are supported or implemented at the
local, state, and national levels.

NASA’s Educator Resource Center (ERC) offers a vast
collection of material for educators, including hundreds of
videotapes, computer software, printed materials, and lesson
plans that reflect the most recent scientific discoveries about
space, oceans, and the Earth. The ERC also provides profes-
sional development opportunities for educators through
workshops and seminars. A computer center and the Missis-

Dr. Richard Miller, lefi, chief of NASA's Earth System Science Office (ESSO) ar
Stennis Space Center, works with post-doctoral student Yuan Jinchun, right,
and a crew member in preparing a bio-optics package for underwater data
collection.

sippi Interactive Video Network help teachers integrate state-
of-the-art technology into their classrooms.

NASA played a key role in creating the Gulf Coast
Education Initiative, an innovative effort to promote and
support the efforts of six Mississippi counties and one
Louisiana parish to develop a quality education system. This
program was designed to ensure that students master the skills
necessary for future success in America’s high-tech environ-
ment.

New business is booming at Stennis. The State of Missis-
sippi is constructing a new high-tech aerospace park at
Stennis and the first occupant will be the Lockheed Martin
Propulsion, Thermal, and Metrology Center. Adjacent to this
park will be the new Department of Defense Space-Based
Laser Performance Test Facility.

Lockheed Martin’s Space Systems and Technology Services
companies teamed with the State of Mississippi, Hancock
County, and NASA to develop the Lockheed Martin Propul-
sion, Thermal, and Metrology Center. Construction of the
220,000-square-foot facility began in 2001 and will produce
propulsion systems, such as thrusters, used for satellites and
other spacecraft the company produces. The thermal control
systems produced at the facility will protect space vehicles
from the extreme temperatures of the space environment.

The Pentagon’s Ballistic Missile Defense Organization has
slated construction of a $140 million facility at Stennis to test
its proposed Space-Based Laser (SBL) to begin in the first
quarter of fiscal year 2002. The facility will be used to
evaluate beam quality, efficiency, and power levels for a
prototype megawatt-class hydrogen fluoride laser.

The future is certainly bright for Stennis Space Center. Its
employees take pride in meeting the challenges of providing
excellent customer service and fulfilling the needs of the
American taxpayers who deserve high returns on their
investments. [J
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Special Millennium

As we begin the new millennium, we look forward to more revolutionary
new technologies, products, and services that will be the culmination of
partnerships between NASA and the private sector. In this year’s Spinoff;
we take a look back at the many innovations spun off from NASA’s space
research that provided numerous benefits in the daily lives of the American
public, ranging from home and recreation products, to health and medicine
technologies, to environment and resources management, as well as industrial
productivity and manufacturing technologies. The Special Millennium Feature
takes a nostalgic glimpse into the past and revisits some of the products that
most heavily impacted our lives. This section sums up the many years of hard
work and dedication from the NASA field centers and industry that resulted in
solid returns on America’s investment in the Space Program.



——— Ames Research Center=Spinoff 1997

SPECIAL MILLENNIUM FEATURE
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NEW HELP FOR MS PATIENTS

ultiple sclerosis (MS) is a chronic, progressively disabling disease
of the central nervous system that strikes men and women in the
prime of life. Wasting of the nerves, caused by loss of a body
substance known as myelin, can affect thought processes, vision,
dexterity, balance and sensation.

Myelin normally forms a coating around the nerves like insulation
around a wire. This insulation allows signals to be conducted through the
nervous system; conversely, its absence bars proper functioning of the

nervous system. More than 30 years ago it was discovered that body cool-
ing can produce a dramatic improvement in MS symptoms. Experimental
data shows that conduction can be temporarily restored to "demyelinated"
nerves by cooling tire body's core temperature only one degree Fahrenheit.
Therefore, physicians have long used cold showers,
A SPACE-DERIVED pools and air conditioning to lower the body
temperatures of MS patients.
Such treatment is sometimes useful but it has
PERSONAL COOLING  drawbacks. It is not practical for severely disabled
patients and it can be uncomfortable Moreover:
SYSTEM HEADS A patient immersion in a pool can sometimes be self
defeating, because body mechanisms—such as
shivering and vasoconstriction (constriction of the
SAMPLING OF SPINOFF  blood vessels)—go to work to prevent a drop in
core temperature.
However, many patients are now benefiting
from a body cooling technique that does not
require immersion, nor does it induce shivering or
THE FIELD OF HEALTH  vasoconstriction It involves use of a "cool suit," a
device more formally known as the Mark VII
MicroClimate® Medical Personal Cooling System.
The suit, which consists of a head cap and a torso
vest, is a spinoff from space technology developed
by Life Support Systems, Inc. (LSSI), Mountain View, California. The

DEVELOPMENTS IN

AND MEDICINE

Mark VII is being used to treat symptoms of MS and other illnesses where
temperature regulation can be beneficial, such as HED (hypohidrotic
ectodermal dysplasia), peripheral neuropathy, epidermolysis bullosa, spina
bifida and cerebral palsy.

The Mark VII system includes a control console—either fixed or
portable versions—with a cooling unit and a pump. The pump circulates
a water-based fluid, cooled to about 50 degrees Fahrenheit, through "veins"
or tubes in the vest and cap. Due to its efficient heat transfer, it can lower
a patient's core temperature one degree Fahrenheit in 30 to 40 minutes,
with sometimes dramatic improvement in symptoms that continues for two
to four hours after a cooling session.

The cooling system is not a cure, nor does it help every MS patient.
It has, however, helped many patients although it is still relatively new,
and those for whom it works are lavish with their praise. LSSI has received
a number of testimonials like this from author/journalist Charles Fox:
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A multiple sclerosis (MS)
patient at a Glassboro, New
Jersey barrier-free housing
facility is using a spinoft " cool
suit” to lower her temperature

and alleviate MS symptoms.
The suit consists of a head
cap, a torso vest and the cool-
ing unit shown in the fore-
ground. With the patient is
John Hudson, Sr., founder
and president of the Multiple
Sclerosis Association of
America, which has placed
cool suits in more than 50 MS
care centers in the U.S.

"It improves my speech, breathing and thinking. | have fully integrated

the use of the Mark VIl into my life. It's part of my life, and has brought

me more relief than anything | have tried in the last twenty-threc years."
And this from registered nurse Sharon Giberson: "My neuropatltly, speech
and overwhelming fatigue improves. My depression subsides. | am
blessed with a better quality of life and wouldn't want to live without it

(the Mark VI1)."

The Multiple Sclerosis Association of America (MSAA) has sponsored
a 12-week, 12-patient detailed study of the effectiveness of the MicroCli-
mate system; the study was conducted by Dr. Wallace Tourtellotte of the
UCLA Medical Center. Final results were pending at publication time, but a
preliminary report indicated that most subjects experienced reduced fatigue
and improved mobility immediately after and up to three hours after coo-
ling; four patients reported long term improvements in life quality over the
six weeks in which they received daily cool suit treatments.

More MS patients will have the opportunity to see what the cool suit
can do for them, since MSAA is expanding the availability of MicroClimate
cooling The association has bought and placed cool suits in more than
50 MS research care centers in the U.S. and it is estimated that, through
these clinics, more than 100,000 MS patients will be able to get MicroCli-
mate treatment. (Continued)

®MicroClimate is a registered trademark of Life Support Systems, Inc.
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NEW HELP FOR MS PATIENTS
(CONTINUED)

Life Support Systems, Inc. (LSSI) did not start out with the intention of
producing medical systems. The medical application of the company's
cooling technology sought the company. It resulted from nationwide
publicity when LSSI began providing cool suits for children afflicted with
HED (hypohidrotic ectodermal dysplasia), who have no natural cooling
system because they were born without sweat glands. The extraordinary
success that accompanied use of the LSSI Mark VII MicroClimate System
for alleviating HED symptoms prompted a flood of inquiries from people in
the U.S. and abroad about the LSSI cooling technology and sparked devel-
opment of units especially designed for medical applications.

By that time—in the latter 1980s—LSSI was already an established
company, a NASA spinoff company, in fact; its entire line of temperature
regulation products stemmed from a NASA technology that the company
modified and refined to produce a variety of cooling systems for military,
recreational and industrial applications.

The MicroClimate technology had its origin in a 1968 NASA develop-
ment program at Ames Research Center that produced a spacesuit under-
garment for cooling astronauts on the surface of the moon or during
extravehicular forays outside a spacecraft or space station; the system circu-
lated a fluid, cooled by a heat exchanger and delivered by a battery-
powered minipump, through a network of tubes in the garment.

In 1971, Ames awarded a contract to Acurex Corporation for an
extension of the technology: a heat stress alleviating liquid-cooled helmet
liner for helicopter pilots. In the mid-1970s, NASA, Acurex and the Bureau
of Mines carried the technology a step further with development of a self-
contained cooling system for mine rescue work.

In 1980, William Elkins, formerly with Acurex and long associated
with cooling system research, founded LSSI to pursue commercial uses of
the technology. In the years since, LSSI has refined the technology and
brought to the commercial marketplace three generations of improvements.

The Life Support Systems, Inc.
(LSSI) Mark VI cooling/
control unit can be mounted
on the rear platform of a
patient's wheel chair; the unit
feeds fluids to the cool suit
through an umbsilical tube.

In the near photo is an alterna-
tive type of vest cooled by a
quick-change ice cartridge.
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Wearing an LSSI Integrated

Cooling System (blue chest
pack and cap), a Hazmat team
member is helped into a
protective vapor suit by a
teammate. The chest pack
includes a cooling cartridge

and controls.

The company has
grown into a thriving
business that has
expanded both horizon-
tally—more and more
applications—and verti-
cally—increasing
orders for some of the
principal applications.
MicroClimate cooling
systems are in service
with U.S. and foreign
military services who
must perform arduous
tasks while wearing hot
and bulky protective
gear; for airmen flying
unpressurized aircraft; for armored vehicle crews; and for shipboard personnel engaged
in such heat stressful work as operations in boiler rooms or steam catapult rooms

The range of civil applications is even broader. It includes protection for public
service and industrial firefighters, plus workers in such industries as nuclear power,
primary metals reduction, glass manufacturing, chemical processing, petrochemical
refining, paper production, steel mills and foundries, and agricultural crop dusting.

LSSI has also moved into the
sports and recreational field by

providing cooling equipment for Avariation of the MS
professional race car and hydroplane patient’s cool suit is
drivers; the list of users reads like a the Mark I Surgical
Who's Who of those sports. Personal Cooling

For its importance and broad System for medical

potential, LSSI's cool suit was
elected to the U.S. Space
Foundation's Space Technology Hall
of Fame in 1993.

LSSl recently introduced a
MicroClimate unit especially
designed for hazardous materials
handlers who must wear protective
clothing for long periocls. This
system, along with the medical
systems, represents a fourth
generation of LSSI development of
the original technology. The
company expects to sell between
5,000 and 10,000 MicroClimate
systems over the next five years—
and that doesn't include the hazmat
and medical systems, whose sales
potential have not yet been
evaluated®

personnel who must
wear protective
clothing in hot
operating room

environments.
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que Center of /A\ttention

ith the dizzying amount of software

available on the market today,

communication across different
computer platforms and applications has become
a must. A data-collection and processing
“middleware” package that was developed with
NASA’s Small Business Innovation Research
(SBIR) funding is making strides in computer
systems integration.

Creare, Inc., of Hanover, New Hampshire, has

made it possible to synchronize interaction among
different computer applications. Originally created

>

Creare, Inc. s DataTurbine™ serves as “‘glueware,’
allowing communication among multiple users and
dissimilar computer platforms.

46
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——— Dryden Flight Research Center-Spinolff 1997 —

in conjunction with NASA’s Dryden Flight Research
Center for collecting and processing aircraft vibration
test data, DataTurbine™ is now used as a software
tool for industrial monitoring, collaborative simula-
tion and modeling, and multimedia data streaming.
DataTurbine serves as “glueware,” allowing
communication among dissimilar computer platforms
and permitting analysis, storage, and acquisition of
shared data. The middleware technology solves many
problems posed by real-time or online data manage-
ment in collaborative environments. These environ-
ments must be capable of exchanging large volumes

omitor

Analyzeandipublish

istnpuie



of data from dissimilar systems at local and remote
sites. DataTurbine’s underlying technology,
Creare’s patent-pending Ring Buffered Network
Bus (RBNB), is a software server that provides a
buffered network data path between suppliers and
consumers of information. Diverse distributed
applications pool and share data using DataTurbine
as a common intermediate point of contact. There-
fore, the RBNB manages all aspects of inter-
application data traffic, including storing, retriev-
ing, and routing information within the network.

The RBNB acts as a nerve center within a
network of applications, enabling synchronized
data distribution, application integration, and
collaborative processing. Like a neuron, RBNB
uses a mechanism to receive, store, process, and
forward signals from many sources to many
destinations. A network of DataTurbine servers
creates a type of nervous system that bonds
applications and data sources together.

The software allows connected users to extract
or input audio and video information nearly
instantaneously, no matter what type of computers
they are using. DataTurbine can separate informa-
tion, as well as integrate it. If a user wishes to
receive only news from a data stream that also
includes sports and concert information, he or she
can use DataTurbine to filter out only the news

information. Using this method of data extraction, the
RBNB can also be used for securing information
through authorization restriction on a client-by-client
basis.

Many applications for DataTurbine continue to
emerge. Advantages of this technology include a
possible network-oriented infrastructure for managing
information on an aircraft. Continuous updates of
weather information to and from an aircraft can be
integrated with engine health monitoring and other
tools.

The RBNB fills multiple needs that would other-
wise require ad hoc and expensive software develop-
ment. Given the benefits of DataTurbine off-the-shelf
products, faster development of more useful software
is possible.

DataTurbine™ is a trademark of Creare, Inc.
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A Giant Skep in Jefliner Propulsion

A cleaner; quieter, 1995, the General Electric GE90

more economical
aircraft engine
heads technology
transfers in the

field of

transportation

turbofan engine made its flight debut aboard a
Boeing 777 jetliner operated by British Air-
ways. Developed and manufactured by GE
Aircraft Engines (GEAE), Cincinnati, Ohio, in
concert with program participants in France,
Italy and Japan, the GE90 is one of the most
powerful air breathing engines ever flown. It is
also one of the most efficient, one of a trio of
advanced technology, very high thrust jetliner
engines that offer new levels of operating
economy and environmental acceptability.

The GE90’s history underlines the lengthy
time and large investment—3$1.5 billion in this
instance—required to bring a major aerospace
system from concept to service entry. By the
time it was certified in 1995, the engine had
been several years in development. Actually,
though, some of the

key technologies f
incorporated in the
GE90 trace their roots
to joint GE/NASA
research in the 1970s.

A GE Aircraft Engines
technician is dwarfed by the
mammoth GE90 jetliner
engine, which incorporates
multiple technologies
developed in joint GE/NASA
research programs. The large

sphere is a test structure.

48 REPRINTED FROM SPINOFF 1996

The GE90 was initially certified at 84,700
pounds thrust, but it is capable of thrust levels
well beyond that. Only two engines are re-
quired to power the big widebody 777, which
approaches in size the four-engine Boeing 747
jumbo jet.

Itis a type of engine known as a high bypass
turbofan. Used in most modern airliners, the
turbofan is a propulsion system in which some
of the air taken in is compressed, burned in a
combustor and expelled to generate power for
driving the fan and compressor. A greater
amount of the air bypasses the combustion
process. In the GE90, the relatively cool bypass
air is pushed rearward by a huge (123-inch-
diameter) multibladed fan to mix with the hot
exhaust gas; the result is a very large gain in
overall thrust with minimal fuel expenditure.

R L L%




Propulsion engineers use the term “bypass
ratio” to indicate how much of the ingested air
bypasses the combustion chamber; generally
speaking, the higher the ratio, the more
efficient the engine. The GE90’s very high 9:1
ratio makes a big contribution to noise and
fuel burn reductions. Specifically, the GE90
features a fuel consumption rate 10 percent
better than the large commercial turbofans of
the pre-1995 generation; a noise level two
decibels lower; and emission reductions of
oxides of nitrogen (35 percent), carbon
monoxide (25 percent) and unburned
hydrocarbons (60 percent).

These features have great attraction for airline
operators. Fuel is one of the major elements of
total operating costs, and fuel efficiency of the
order the GE90 offers is vitally important to
the world’s airlines, who are just beginning to
recover financial equilibrium after years of
heavy losses. The engine’s environmental
characteristics provide a valuable bonus, not
only in community good will but in a further
contribution to improved airline earnings
through avoidance of noise and emissions
taxes now being levied by foreign nations.

Although GEAE spent years refining them, the
basic fuel consumption and environmental
improvement technologies that provided the
springboard for what eventually became the
GE90 stemmed from the company’s participa-
tion in two NASA research programs.

The first, initiated in 1969 and continuing
through the 1970s, was the Quiet Clean Short-
haul Experimental Engine (QCSEE) program
conducted by Lewis Research Center. QCSEE
focused on then-advanced technologies to
lower engine noise and address the most
troublesome aircraft-emitted contaminants.
The program was eminently successful; ground
tests of research engines in the 40,000-pound-
thrust class demonstrated noise reductions 8-12
decibels (60-75 percent) below the quietest
engines in civil transport service. They also
demonstrated new technologies to effect sharp
reductions in emissions of carbon monoxide
and unburned hydrocarbons.

Also in the 1970s, GEAE joined with NASA in a
joint Energy Efficient Engine (E®) program
managed by Lewis Research Center. Like
QCSEE, E’ targeted emission reductions, but
emphasized new design techniques for mini-
mizing fuel burn. Highlighting that program
was development of a new type of compressor
core and an advanced combustor. The GE90’s
compressor and dual-dome combustor are
direct descendants of technology developed in
the E? program and thoroughly proven in
extensive ground tests; they are the principal
factors in the engine’s economical fuel burn,
reduced emissions and low maintenance cost
features.

In developing the GE90, the company drew
upon technology gained from multiple sources,
including the NASA experience; expertise
acquired in building high thrust systems for
military aircraft; and GEAE’s development and
manufacture—in cooperation with SNECMA of
France—of the CF6 and CFM56 families of
engines, which have years of service with many
of the world’s airlines.

The development effort began in the late 1980s
and progressed to hardware test in 1992. The
ground and flight test program was the most
exhaustive ever undertaken by the company,
involving some 7,600 hours and 19,000 cycles
of endurance testing to simulate more than two
years of actual airline experience and
maintenance.

Thrust levels of the GE90 series continue to
increase. The first growth model—the GE90-
92B—achieved its rated thrust of 92,000
pounds in the spring of 1996. Research engines
have topped that; the GE90 has operated for
more than 150 hours at thrust levels above
100,000 pounds, and has demonstrated a thrust
capability of 110,000 pounds. The engine is
designed to power all models of the 777 in
development or planned, plus other subsonic
commercial widebodies contemplated for
introduction over the next 20 years.
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Auto Design
he accompanying
photos show exterior

I and interior views of

the 1987 Honda Acura
Legend Coupe, which was
designed with the aid of
the NASA-developed
NASTRAN® computer pro-
gram. The Legend is among
the latest cars designed by
Honda R&D Company,
Ltd., Japan, a longtime user
of the NASTRAN program.
The program is an off-
shoot of the computer design
technique that originated in
aircraft/spacecraft develop-
ment. Engineers create a
mathematical model of the
vehicle and “fly” it on the
ground by computer simula-
tion. This allows study of the
performance and structural
behavior of a number of dif-
ferent designs before settling
on a final configuration.
From that base of experi-
ence, Goddard Space Flight
Center developed the NASA
Structural Analysis Program
(NASTRAN), a general pur-
pose predictive tool appli-
cable to structural analysis of
automotive vehicles, railroad
cars, ships, nuclear power
reactors, steam turbines,
bridges, office buildings—
and that's just the beginning
of a lengthy list.

REPRINTED FROM SPINOFF 1988

The NASTRAN program
takes an electronic look at a
computerized design and
predicts how the structure
will react under a great many
different conditions. Quick
and inexpensive, it mini-
mizes trial-and-error in the
design process and makes
possible better, lighter, safer
structures while affording
significant savings in devel-
opment time. One of the
most widely used of all aero-
space spinoff technologies,
the NASTRAN program is
available through NASA's
Computer Software Manage-
ment and Information Cen-
ter (COSMICY at The Uni-
versity of Georgia

Virtually all U.S. auto-
makers now employ the
aerospace-derived computer
design technique and most
employ the NASTRAN pro-
gram or other NASA-devel-
oped programs in the design
process. Honda R&D Com-
puter Ltd. has been using
NASTRAN for more than a

——— Goddard Space Flight Center-Spinoft 1988 ——

decade for structural analysis
of auto bodies, motorcycles
and such components as
tires, wheels, engine blocks,
pistons, connecting rods and
crankshafts. All of the

Honda auto products
designed in the 1980s have
been analyzed by the
NASTRAN program.a

®NASTRAN and COSMIC are
rcgistered trademarks of the National
Aeronautics and Space Administration.
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DIGITAL IMAGING

Image analysis is the art of
obtaining information from
pictures, for example,
through visual examination
of a photograph or x-ray.
But visual extraction and in-
terpretation of information
is slow, tedious and error
prone because it is subjec-
tive. To support space
requirements, NASA—in
particular Jet Propulsion
Laboratory (JPL)—deve-
loped the technique of
digital imaging, computer-
processed numerical repre-
sentation of physical images,
such as the planets and
moons of the solar system.
JPL also played a lead role
in developing digital image
processing, or enhancement
of images to improve their
quality and make them eas-
ier to interpret. Quantitative
digital image analysis goes a
step further and includes lo-
cation of objects within an
image and measurement
of each object to extract
quantitative information.

In the decade of the
1980's, these technologies

are finding scores of non-
aerospace applications. In
medicine, for example, CAT
scanners and diagnostic ra-

tific uses in addition to

its clinical applications.
Introduced to the com-

mercial market in 1985, the

diography systems are based PSICOM 327 is manufac-

on digital imaging; three-di-
mensional reconstruction
techniques are proving a
valuable aid to microscopy;
and computerized image
analysis of cardiological
X-rays is providing quantita-
tive data on heart valve and
artery functions. In industry,
digital imaging is notably
employed in quality control
inspection systems; it also
has applications in chemis-
try, cartography, manufac-
ture of printed circuitry,
metallurgy, ultrasonics and
seismography, in addition
to many aerospace uses.
Shown in the accompany-
ing photo is the PSICOM
327, a stand-alone work sta-
tion designed to perform all
of the commonly used func-
tions in quantitative digital
image analysis. The photo
shows a medical applica-
tion—quantitative measure-
ments of a microscope spec-
imen—but PSICOM 327 is a
general purpose system with
broad industrial and scien-

tured by Perceptive Systems,
Inc. (PSI), Houston, Texas.
PSl is a NASA technology
transfer company employing
a number of personnel with
NASA-acquired technical ex-
pertise, operating under a
NASA patent license, and in-
corporating in its products
digital imaging technology
developed by JPL. The com-
pany was founded in 1984
by Dr. Kenneth Castleman,
now vice president—
research and development,
and Don Winkler, vice presi-
dent engineering. Both

are former NASA digital im-
aging experts, Castleman
with JPL and Winkler with
Johnson Space Center.

The PSICOM 327, now in
use at several universities
and industrial facilities, is
PSI's first product. The com-
pany recently introduced a
new PSICOM 427 high reso-
lution imaging system to
meet market demand for
greater accuracy and image
resolution in some applica-
tions, and it also developed
the first model of a 200 Se-
ries that will feature lower
cost, smaller, more mobile
systems designed for spe-
cific rather than general
purpose applicationsa
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Spinoff from a
Moon Tool

Cordless products based on
Apollo technology typify
aerospace derivatives for home,
consumer and recreational use

Among the most important tasks
performed by Apollo astronauts on
the moon was collection of lunar
rock and soil samples for later
analysis on Earth. Much of the
material was gathered on the surface,
but, for comprehensive assay of the
moon’s crust, scientists also wanted
to look at subsurface soil. This
necessitated development of a
special lunar drill capable of
extracting core samples from as
much as 10 feet below the surface.

The drill had to be highly efficient
to cut through the sometimes hard
lunar surface layer, and, like
everything that went to the moon, it
had to be lightweight and compact.
Most importantly, it had to have its
own independent power source.
Although the tool could have
operated on power from the Lunar
Module, the astronauts’ home and
operating base, scientific
requirements dictated sampling at
diverse locations, some of them far
from the base.



The job of developing the drill was home or auto. The Dustbuster has muckel-cadmium batteries when

entrusted to The Black & Decker
Manufacturing Company, Towson,
Maryland, which responded with a
battery-powered, magnet-motor
system that proved successful in
lunar work. In the course of the
development, Black & Decker used
a specially-developed computer
program to optimize the design of
the drill's motor and insure minimal
power consumption. That computer
program, along with the general
knowledge and experience gained in
developing the drill, provided a
stronger technology base for
continuing company development of
battery-powered implements. Black
& Decker has refined the original
technology and now produces a line
of consumer, medical and industrial
cordless tools and appliances.

The most recent device to reach
the commercial market is the
“Dustbuster,” a miniature,
hand-held vacuum cleaner for the

Black & Decker’s Dustbuster

hose, no cord, is only 14 inches lonthe appliance is not in use.

and weighs less than two pounds; Along with the Dustbuster, Black
thus, says the company, it offers a & Decker’s line of home-use
convenient means of quick cleanup cordless implements includes drills
after spills without wrestling the for the handyman or hobbyist, shrub
standard home vac out of the closettrimmers and grass shears, all of
The Dustbuster also provides an  which are rooted in Apollo

easy way to clean hard-to-reach  technology. The company also
places where dirt and crumbs manufactures a number of cordless
accumulate, such as corners, tools used in the sheet metal,
shelves, stairs, around plants and automobile and construction
behind cushions. The mini-vac industries, and a line of cordless
comes with a storage bracket that orthopedic instruments for

also serves as a recharger; pluggedhospital use.

into a home outlet, it charges the

(opposite page), a cordless miniature =

vacuum cleaner for quick pickup in
hard-to-reach places, traces its origin
to a battery-powered lunar drill
developed by the company for the
Apollo program. Among other Black
& Decker cordless products rooted
in the same technology is a
hand-held home drill (upper photo)
also usable in construction tasks
(right) where a power source is not
readily available.
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Sporting Goods Lubricants

hat crawls at one mile per hour, weighs
m six million pounds, and is always hungering for a
lube job? That may sound like something out of a
science fiction film. But in truth, this beast is the huge
Mobile Launch Platform, needed to haul the fully
assembled Space Shuttle from the Kennedy Space
Center Vehicle Assembly Building to a launch pad.

In 1994, Lockheed Martin Space Operations was
searching for an environmentally-safe lubricant for the
lumbering, gigantic transporter. Sun Coast Chemicals of
Daytona, Inc., Flagler Beach, Florida was contracted to
formulate a spray lubricant free of environmental
drawbacks. Demanding specifications were placed on
the lubricant, along with the task of providing the
crawler with the utmost in lubrication safeguarding.

Reel . i
LUBE & 1 7*F
GREASE

REPRINTED FROM SPINOFF 1997

Working with Lockheed Martin, Sun Coast Chemicals
of Daytona (SCCD) was victorious in devising a Crawler
Track Lubricant. From this work, SCCD created and
introduced three spinoff products: Train Track Lubricant,
Penetrating Spray Lube for rust prevention and other
related problems, and Biodegradable Hydraulic Fluid.

SCCD has moved forward with yet another two new
products, sparked by the original lubricant work.

The X-1R® Super Gun Cleaner and Lubricant (SGCL)
has been created for the gun devotee. This product impreg-
nates the gun’s barrel and trigger mechanism with micro-
scopic metal pores. Just three to five microns in size, these
pores help protect against galling while increasing the
velocity action of the gun. A reduction in the heat build-up
from rapid fire is also realized.

Designed to clean and lubricate in one step, the X-1R
SGCL replaces solvent and oil now commonly used by gun
owners. No particulates, such as Teflon® or graphite, are
carried in the gun cleaner and lubricant. The environmen-
tally safe, non-hazardous, non-flammable product is
fortified with IR-39, a special SCCD advanced rust
inhibitor. Making use of the X-1R SGCL protects a gun
from rust and corrosion caused by extreme environmental
conditions.

Sun Coast Chemicals of Daytona has announced
another new product, an offspring from their NASA
Crawler Track lubricant work. For the fishing enthusiast,
SCCD is marketing the X-1R Tackle Pack.

Due to the high cost of fresh and saltwater reels today,
preventative maintenance is a must. With the angler in
mind, Sun Coast has developed a premium preventative
maintenance package to assure optimum lubrication

The Reel Lube ¢ Grease is an
environmentally safe cleaner
and lubricator.



protection against rust and corrosion. The X-1R Tackle Pack
is a blend of SCCD’s special Rod and Reel Lube and All
Reel Grease. This powerful twosome is a preparation that
penetrates, cleans, reduces friction, lubricates, and provides
extra protection against rust and corrosion. An angler can
cast further with smoother retrievals thanks to the X-1R
Tackle Pack.

Once again, the X-1R Tackle Pack is environmentally
harmless, non-hazardous, non-flammable, and is used and
endorsed by both fresh and saltwater guides and certain reel
manufacturers.

Sun Coast Chemicals of Daytona has entered the two
new products into retail and wholesale sporting goods
markets through the U.S. west coast-based Oshman’s
Sporting Goods and Academy Sporting Goods chains.
SCCD has received its vendor acceptance from the Wal-
Mart Super Store chain, as they too have expressed an
interest in the SCCD environmentally safe lubricant
product line.

Not bad for a company that started out “crawling” just a
few years ago, now to become a fast-paced producer of a
broad family of environmentally-friendly products.

®X-1R is a registered trademark of Sun Coast Chemicals of Daytona, Inc.

®Teflon is a registered trademark of E. I. du Pont de Nemours and Company.

Gun \\#
LUBE ¥
CLEANER
& GREASE

For the hunting enthusiast, the biodegradable Gun Lube

Cleaner & Grease protects against corrosion.
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FLEXIBLE CIRCUITS

REPRINTED FROM SPINOFF 1986

Flexible circuitry is an ar-
rangement of printed wiring
that offers certain advan-
tages over other means of
interconnecting the compo-
nents of an electronic sys-
tem. First applied on mili-
tary aircraft and missiles,
where size, weight and reli-
ability are of primary impor-
tance, the circuitry’s flexibi-
lity allows it to be molded to
the shape of a chassis for
marked reduction in bulk.
Although flex circuits gener-
ally cost more than conven-
tional connectors, they
nonetheless offer savings in
some applications because

they are less costly to install.

The flexible circuit is also
attractive in dynamic appli-
cations, those that involve
continuous or periodic
movement of the circuitry;
in such applications, where
reliability must be main-
tained over millions of
flexing cycles, flexible cir-
cuits have demonstrated
excellent performance.
Now being used in a
broad range of civil applica-
tions as well as in military
and space systems, flexible
circuits are produced by
combining three materials:
an insulating plastic film; a
metallic conductor, usually
copper foil; and an adhe-
sive, one of several types of
polymers, to bind the insu-
lator and the conductor into

a laminated circuit. The ad-
hesive is important to the
overall performance of the
circuit and it is selected with
care, taking into consider-
ation such factors as bond
strength; resistance to tem-
perature during processing
and in the operation of the
end product; resistance to
moisture, which can create
“voids” or defects in the
bond; insulation resistance;
and the flexible lifetime of
printed circuit.

A new type of laminating
adhesive has made its ap-
pearance in commercial
manufacture of flexible elec-
tronic circuits. Developed
by Langley Research Center,
it is a thermoplastic
polyimide resin known as
LARC-TPI; it is being used
to produce laminates under
an exclusive NASA license,
by Rogers Corporation’s
Circuit Materials Division,
Chandler, Arizona, one of
the nation’s largest manufac-
turers of flexible circuits.
NASA has granted a license
to Japan’s Mitsui Toatsu
Chemicals to produce the
resin and Mitsui has built a
plant for commercial pro-
duction of the adhesive;
NASA is in the process of li-

censing Rogers Corporation
and three other companies
to make the resin.

The family of linear
polyimides of which LARC-
TPl is a member are gener-
ally tough, flexible and have
excellent mechanical and
electrical characteristics over
a wide temperature range.
Hence, they have been used
—and are being considered
for broader future use—as
structural adhesives for
bonding together parts of
aircraft, missiles and space-
craft subjected to high tem-
peratures, for example, en-
gine nacelles and cowls, or
the friction-heated leading
edge of a high speed air-
plane. The problem with
linear polyimides is that
they have been difficult to
process.

Special requirements for
bonding components of a
proposed space system led
Langley Research Center to
undertake development of
an advanced structural adhe-
sive by chemically altering
the structure of the linear
polyimide to improve its
overall characteristics and
eliminate processing prob-
lems. The resulting LARC-
TPI has substantially im-
proved processability; it can
be processed at lower tem-
perature and it has good
moisture resistance, both of
which contribute to prevent-



ing formation of voids; and
it has excellent adherence
to a large number of plastics
and metals. Although origi-
nally developed as a struc-
tural adhesive, LARC-TP1
was found to have special
utility in laminating flex cir-
cuits and it has other appli-
cations, such as a matrix for
fiber reinforced composite
materials; for high tempera-
ture resistant films, foams
and fibers; and as a molding
powder for void-free

molded parts.

In its initial commercial
application by Rogers Cor-
poration’s Circuit Materials
Division it is being used as
the adhesive that binds the
insulating film Kaptofi to
copper foil conductor mate-
rial in the manufacture of
flexible circuits; the photo at
left shows a spool of copper
foil and a spool of Kaptdh In
the other photos are repre-
sentative Rogers Corporation
flexible circuits; the coins in-
dicate size. The product line
of the Circuit Materials Divi-
sion spans a broad spectrum
that includes flexible circuits
for such consumer products
as electronic watches, cam-
eras, TV games, calculators
and burglar alarms; industrial
applications such as display
panels, medical instruments,
test instrumentation, optical
controls and electrostatic
copiers; computer jumpers,

memories, terminals and
printers; aerospace systems
such as missiles, transpon-
ders, telemetry and avionics;
such automotive applications
as dashboard clusters, fuel
controls, engine controls and
pollution controls; and, in
communications, CB radios,
telephone receivers, tele-
phone switching equipment,
pagers and antennas.

® Kapton is a registered trademark
of E.I. du Pont de Nemours and Company.
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IDENTIFICATION SYSTEM

The parts count for a Space Shuttle is a whopping number in
the millions. Take for instance a Shuttle orbiter’s protective veneer
of heat shield tiles. Each of the thousands of tiles is catalogued as to
size, type of tile, and location on the vehicle. To identify, track, and
record keep these tiles, digital data matrix technologies were
developed at the Marshall Space Flight Center.

Today, individual heat shield tiles on the fleet of orbiters
are marked with a high data-density, two-dimensional,
machine-readable symbol. This NASA-developed technology
helped to launch a new commercial endeavor in product coding.

Through a NASA Space Act agreement, CiMatrix Corp.
of Canton, Massachusetts has been able to commercialize the
product coding idea by establishing the Symbology Research
Center (SRC) of Huntsville, Alabama. Opening its doors for
business in August 1997, SRC is commercially marketing a
new method of identifying products with invisible and
virtually indestructible markings. These laser-etched markings are
termed “compressed symbologies.”

SRC offers compressed symbologies as a way to automate
inventory and cut warchousing costs and avoid part shortages.
Other benefits of direct parts marking are updating the part’s
history in real-time, increasing read rates to virtually
100 percent, guaranteeing part/component integrity, and eliminat-
ing paper labels and tracking paperwork.

No longer does a company have to face missing paper labels—
labels that can fall off a high-value part or product due to heat,
cold, rain, wind, and other inhospitable conditions.

The permanent digital data matrix codes work on practically
any surface, be it steel or metal, even plastics, glass, paper, fabric,
ceramics, or other material. Compressed symbologies can with-
stand extreme fluctuations of temperatures, up to 2,200 degrees
Fahrenheit and an air flow exceeding 18,000 miles per hour. That
is the heat load and speed associated with a Shuttle orbiter during a
space mission.
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Director of Symbology Research Center, Donald
Roxby, inspects laser-applied product labeling.

REPRINTED FROM SPINOFF 1998

——— Marshall Space Flight Center-Spinoff 1998 ——

Permanent direct marking of products assures ease

of tracking and record keeping.

The coding technology provides up to 100 times as much
information as linear bar coding symbology in the same or less
space. Markings can range in size from a mere four microns
(read microscopically) to as large as two square feet (read
telescopically). Commercial uses for the new labeling technology
abound. According to Donald Roxby, SRC’s Director, the
marking system is attracting a varied clientele with a range of
commercial interests. “Everything from electronic parts to
pharmaceuticals to livestock,” Roxby reports. He sees a growing
need for an identification system that can be placed directly on a
product, regardless of that product’s shape, size, color, and other
features.

Additional commercial markets for the marking technology
have been targeted. These include counterfeit fasteners that can
be discovered and removed without replacing every fastener on
the product. Engine parts can be accurately tracked during the
product’s 