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Executive Summary

Note: only this volume reports on combined calendar year
1989 and fiscal year 1990 activities. Reports published
bereafter in this series will be based on annual fiscal year
activities.

This executive summary briefly describes the aero-
nautics and space accomplishments of each of the 14
participating Government organizations for calendar year
(CY) 1989 and fiscal year (FY) 1990. The remaining
chapters, then, will provide more detail on each
organization's aeronautics and space activities for these
years.

National Aeronautics and Space
Administration

Human Space Flight

Major efforts in the National Aeronautics and Space
Administration’s (NASA) human space flight program
focused on developing space transportation capabilities,
carrying out space flight operations, and sending people
to work in space. NASA successfully completed eight
shuttle missions in CY 1989 and FY 1990. These missions
involved deploying a Tracking and Data Relay Satellite,
the Magellan Venus probe, the Galileo Jupiter probe,
Syncom IV (a Navy communications satellite), the Hubble
Space Telescope, the retrieval of the Long Duration
Exposure Facility, and three classified Department of
Defense missions.

Another significant activity of 1989 was the naming
of the new shuttle orbiter. The name “Endeavour,”
submitted by school children in the orbiter-naming con-
test, was selected for Orbiter Vehicle 105. Endeavour is
scheduled to be completed and delivered to NASA in
1991.

A major reassessment of the space station budget
occurred in 1989, prompted by a shortfall in the Congres-
sional appropriation for FY 1990. During this review,
some management and budget changes were imple-
mented, and some capabilities were deferred until later in
the program. However, the goal for the launch of the first
element of the station continued to be March 1995.

In FY 1990 the Space Station program made consid-
erable headway on preliminary design of hardware
elements such as the habitation module, the U.S. labora-

tory, the truss structure, the mobile transporter, power
and propulsion systems, and the Attached Payloads
Accommodation Equipment. NASA extensively tested
hardware for the environmental control system and
selected technologies for use in the air and water recovery
loops. The program also refined the requirements for
building and implementing all the ground infrastructure
essential to operate, use, and support the station over its
projected 30-year life. Other major program accomplish-
ments included reducing weight, power, and extra-
vehicular activity requirements associated with the cur-
rent design.

In addition, NASA continued to work closely with its
international space station partners in Europe, Canada,
and Japan. Several coordinated studies and reviews were
completed, and NASA and the partners continued to work
together on the program-level Integrated System Prelimi-
nary Design Review expected to conclude near the end
of 1990. All four partners agreed on an International
Standard Payload Rack that would facilitate commonality
and payload interchangeability.

Finally, NASA conducted advanced systems studies
and planning efforts to identify preliminary reference
configurations for potential evolution of the station. This
included analysis of possible requirements to support the
Space Exploration Initiative (SED).

The SEI was approved by President Bush on Feb-
ruary 16, 1990 as a far-reaching program to return to the
moon and press on toward exploration of Mars. On May
11, 1990, the President established a goal for human
beings on Mars by 2019. In response to this challenge, on
May 31, 1990,NASA established theSEIOutreachProgram.

Unmanned Expendable Launch Vehicles

There were 28 unmanned expendable launch ve-
hicle (ELV) launches during the nearly two-year period of
this report. Four spacecraft, originally assigned for launch
from the shuttle, were reassigned to ELVs as a part of the
mixed fleet strategy developed to assure access to space.
All four of these spacecraft—the Roentgen satellite, the
Combined Release and Radiation Effects satellite, the
Extreme Ultraviolet Explorer, and the Mars Observer—
were launched or were under contract to launch on ELVs.
Also, NASA, in its role as “service provider,” allowed
access to NASA facilities at direct cost to the commercial
launch industry.



The Syncom IV-5 Navy communications satellite ieaving the cargo bay of STS-32, Columbia,
January 10, 1990.

NASA also sought to expand cooperative efforts
with U.S. industry to develop space and accelerate the
commercial application of space technologies. During
1989 and FY 1990, NASA made special progress in
defining an overall program of commercial space devel-
opment. To this end, its Office of Commercial Programs’
Centers for the Commercial Development of Space engaged
significant numbers of U.S. firms in commercial space
development. New technologies, products, supporting
transportation and infrastructure systems, and business
enterprises have emerged as a result of these cooperative
efforts. The challenge to produce a program that develops
commercial space markets, low-cost commercial space
transportation systems, and commercial space infrastruc-
ture that strengthens U.S. industrial competitiveness is
being addressed through these efforts.

Space Science and Applications

NASA has continued its ongoing efforts to support

future space science missions
in the solar system. Calendar
year 1989 heralded the be-
ginning of a burst of new
activity. In May, the shuttle
deployed the Magellan Ve-
nus probe, where it arrived
in August 1990 and began a
multi-year mission mapping
its surface. In August 1989,
after traveling 4.4 billion miles
for 12 years, Voyager 2 flew
past the planet Neptune ex-
citing the world with its many
discoveries, such as active
volcanoes on its moon Triton.
In September 1989, the im-
portance of a small mission
was demonstrated when an
instrument aboard a sound-
ing rocket captured the most
detailed series of solar flare
images ever obtained. In
October 1989, the Galileo
space probe began its cir-
cuitous journey to Jupiter
after launch from the shuttle. Finally, in November 1989,
the Cosmic Background Explorer was launched carrying
instruments to measure the radiation from the “Big Bang,”
the primordial explosion thought to have marked the
creation of the universe.

NASA also cooperated in search-and-rescue and
disaster medical aid in 1989. COSPAS-SARSAT, a satellite-
based search-and-rescue system, has saved more than
1,400 lives in total, and the Telemedicine Spacebridge has
provided medical advice to earthquake victims of Soviet
Armenia and later to victims of other Soviet disasters.

The ambitious achievements of 1989 were contin-
ued through FY 1990 with a full range of scientific
disciplines that included the launches of various satellites
including the Pegsat, the Hubble Space Telescope, the
Roentgen satellite, and the Combined Release and Radia-
tion Effects satellite. A new start was approved for CRAF-
Cassini, a program that will provide unprecedented
information on the origin of our solar system. CRAF (the
Comet Rendezvous/Asteroid Flyby) will analyze for the



first time the solid material of which a comet is made.
Cassini, after a four-year study of Saturn, will measure the
atmosphere of its largest moon, Titan.

Space Communications Operations

In 1989, the Tracking and Data Relay Satellite
System CI'DRSS) became fully operational in geosynchro-
nous orbit, providing communications support to space-
craft in low-Earth-orbit. This network provides communi-
cation and tracking for over 85 percent of each spacecraft
orbit around Earth, a major advancement in space com-
munications. With the previous ground-tracking network,
coverage was limited to only about 15 percent of a
spacecraft orbit. This event brought to reality the long-
awaited transition from a ground-based tracking network
to a space-based tracking capability for low-Earth-orbit
missions. The operational Space Network allowed NASA
to close or transfer to other agencies the four ground
stations. In January 1990, the Second TDRSS Ground
Terminal was dedicated in New Mexico. The new facility
provides backup to the first ground terminal and adds the
capability to operate future TDRSS satellites when de-
mand increases.

The Ground Networks of NASA included the
Spaceflight Tracking and Data Network, the Deep Space
Network, the Aeronautics, Balloon, and Sounding Rocket
programs. All were effectively utilized in 1989 and 1990.
They provided tracking and data acquisition support
services to all NASA missions for vehicles in high-Earth
orbit, in deep space, and for sub-orbital flights. In August
1989, for example, the Deep Space Network performed a
nearly flawless operation during the Voyager 2 encounter
with Neptune, which was the culmination of a 12-year
mission. The Deep Space Network was augmented by
non-NASA facilities in Australia, Japan, and New Mexico
for this encounter. In 1990, the Ground Networks also
provided launch and landing support for shuttle missions
and tracking and data acquisition support for Magellan,
Galileo, and Ulysses. Foreign missions were also supported
to collect data from Earth and the moon.

Space Research and Technology

The primary goal of the Space Research and Tech-
nology program is to develop technologies that enhance

or enable our space missions and thereby support U.S.
leadership in space through a broad-based research
program. This program has continued in a quiet but
efficient manner for many years. It serves to advance
technology at the concept, subsystem, and system level;
to develop technical strengths in the engineering disci-
plines within NASA, industry, and academia; and to
perform critical flight experiments where testing in space
is necessary.

The Space Research and Technology program is
structured into five technology thrusts related to Space
Science, Space Transportation, Space Station, Explora-
tion, and Breakthrough Technologies. In addition, a key
element of the Space Research and Technology program
is developing and sustaining a strong partnership with the
university community through the University Space Re-
search program. This is an integral part of the strategy to
strengthen the space research and technology capabilities
of the Nation. In 1989 and 1990, significant progress was
accomplished in many key disciplines such as propul-
sion, power, information and controls, materials and
structures, aerothermodynamics, and space flight ex-
periments. This progress will contribute to achieving our
future objectives in space science, space transportation,
space station, and exploration.

Aeronautics Research and Technology

NASA’s aeronautics program implementation, in
close coordination with industry, the Federal Aviation
Administration, the Department of Defense, and other
Government agencies, continued to be accomplished
during 1989 and 1990 through pursuit of six key thrusts.
The first thrust, subsonic transport, is focused on devel-
oping technology that will increase the productivity,
affordability, and competitiveness of U.S. commercial
transport aircraft. The second thrust, high-speed trans-
portation, is based on resolving critical environmental
issues and establishing the technology for economical,
high-speed air transportation. The research program’s
goals focus on resolving problems with atmospheric
effects, airport community noise, and sonic booms. The
third of these, the high-performance aircraft research
program, is structured to develop technologies having
important military applications. The fourth, the hypersonics
and transatmospheric research program, is an integrated



multi-disciplinary effort aimed at building fundamental
technical understanding of the controlling physical phe-
nomena of airbreathing hypersonic vehicles. Research
has been focused on development of technologies re-
quired for hypersonic cruise in the atmosphere, single-
stage-to-orbit using airbreathing primary propulsion, and
horizontal takeoff and landing. The fifth, the fundamental
technology base thrust, has been pursuing revolutionary
advances in the basic sciences necessary for the design
and operation of next-generation aeronautical systems.
And finally, NASA has embarked on a sixth key thrust, a
five-year revitalization program for the unique, high-
value experimental wind tunnels, some now more than 30
years old.

Department of Defense

Calendar year 1989 and fiscal year 1990 could best
be characterized as a period of sustained emphasis for the
Department of Defense (DOD) in the space area. Notable
space achievements for the agency included the Defense
Advanced Research Projects Agency (DARPA) sponsored,
commercially developed programs culminating in the first
Pegasus launch on April 5, 1990 and the first Titan IV
successful launch in June 1990.

DOD space launches for the two-year period re-
volved around orbiting a number of communications and
navigation satellites, including the Fleet Satellite Commu-
nication System (FLTSATCOM) FLTSAT 8, and the Defense
Satellite Communication System (DSCS) II and III. In
addition, DARPA launched its first-generation LightSat
communication satellite aboard a Scout booster in May
1990. The first five operational Global Positioning System
(GPS) Block IIR satellites were launched during the same
year and by December approximately 4,000 DOD GPS
receivers were in use or on order to provide real-time
flight-following capability for DOD aircraft and ships.

Furthermore, during 1989 the Under Secretary of
Defense for Acquisition elected to proceed with an inter-
Service program to develop a ground-based kinetic
energy anti-satellite capability. The Army was named as
the lead Service in this effort. One of the critical DOD
space-oriented activities of 1989 and FY 1990 was the
development of new technologies for assured defense
from nuclear attack. The Strategic Defense Initiative
program proceeded with a record number of successful

major experiments and tests.

In the aeronautics area, flight tests of the B-2
Advanced Technology Bomber began in July 1989 and it
flew 16 test missions for a total of over 67 hours with no
major problems. Additional acquisition efforts for the C-
17 transport, the advanced tactical fighter, the small
intercontinental ballistic missile, and several other programs
continued during the two-year period.

Of critical importance, the National Aero-Space
Plane program proceeded and, after review by the
National Space Council, was reaffirmed by the President
inJuly 1989. The X-29 Advanced Technology Demonstrator
testing also continued successfully, as did flight testing of
the F-15 Short-Takeoff and-Landing/Maneuver Technol-
ogy Demonstrator.

Department of Commerce

The Department of Commerce (DOC) has four
components involved in space activities. As the Earth
systems agency, the National Oceanic and Atmospheric
Administration (NOAA), through its National Environ-
mental Satellite, Data, and Information Service, is the
largest space arm of DOC. NOAA is responsible for both
the operational polar orbiting and geostationary satellites
and will have several instruments on NASA’s Earth
Observing System. As operational satellite-derived products
are refined and developed, they are used by the country’s
weather and climate services—Government, academic,
and private. Satellite data were used in operational
forecasting and in studies of severe weather and tropical
storms. Expansion continued in the distribution of satellite
information—from the Advanced Very High Resolution
Radiometer, from the Visible and Infrared Spin-Scan
Radiometer Atmospheric Sounder, and by using GOES-
Tap (a program enabling users to acquire high-quality
Geostationary Operational Environmental Satellite imagery
over telephone data circuits). Studies continued on ozone,
cloud occurrence, and snow cover—factors critical to our
study of climate change. A new operational program was
CoastWatch—NOAA's coastal land and water program
which obtains environmental information on coastal
physical oceanography and meteorology and provides
environmental alerts to coastal communities. NOAA ini-
tiated projects to acquire, archive, and disseminate data
packages needed in monitoring the global climate and its



change. In international activities, two operational pro-
grams continued—COSPAS/SARSAT and a revitalized
PEACESAT (Pan-Pacific Educational and Cultural Ex-
periments by Satellite).

The newest space activities component of DOC is
the Office of Space Commerce, which was formally
established in 1988. It is the Department’s principal unit
for the coordination of commercial space-related issues,
programs, and initiatives.

Commerce’s National Telecommunications and In-
formation Administration (NTIA) continued its presence
on international committees and working groups, as well
as working with foreign satellite consortia. NTIA continued
in the World Administrative Radio Conference in 1989,
participating in an assessment of the 1988 U.S. position
paper of importance to U.S. space interests. Planning
continued for the experiments to be conducted for the
Advanced Communications Technology Satellite—under
development by NASA. The deployment of mobile milli-
meter wave measurement systems continued for use in
Earth-spacecraft communications.

Finally, Commerce’s National Institute of Standards
and Technology, formerly the National Bureau of Stan-
dards, participated in space programs support including
the spectrograph calibration on the Hubble Space Tele-
scope, resolution of unexpected satellite technical de-
velopment problems, and numerous other calibration
and standardization studies. Certain high-performance
aerospace materials, that is, metallic substances, heat
exchangers, and advanced ceramics were under study. In
space science research, several spectroscopic studies and
analyses of stellar features continue. Research in gravi-
tational and tectonic areas also is going on. In atmospheric
research, the following are under study: ozone depletion,
the greenhouse effect of other gases, and methods of
investigating other chemical atmospheric constituents.

Department of Energy

The U.S. Department of Energy (DOE) provides
nuclear power sources for NASA space missions. Such
power units have enabled spectacular missions like the
Voyager flyby of Neptune and the Apollo lunar-surface
scientific work. A summary of 1989 and 1990 progress
follows.

The Radioisotope Thermoelectric Generator (RTG)
program develops and builds devices that directly convert
heat from the fuel Plutonium-238 into electricity. Progress
included the successful launch of the RTG-powered
Galileo and Ulysses spacecraft; continued life testing of
over 49,000 hours of a qualification RTG unit; and various
actions intended to upgrade and maintain RTG produc-
tion facilities. In the Turbine Energy Conversion System
program, designed to achieve 18 to 25 percent energy
conversion efficiencies from Plutonium-238 fuel, progress
included the following: selection of the optimized design
parameter; completion of a preliminary turbine alternator
compressor design; testing of various subcomponents;
and examination of potential missions.

The purpose of the SP-100 Space Reactor program
is to develop, demonstrate, and make available to NASA
and DOD space reactor power in the tens to hundreds of
kilowatts-electric power range. Progress included
completion of major system design activities; manufacturing
of 75 percent of the ground-test reactor fuel; an increase
in power density of nearly tenfold over present thermo-
electric technology; a demonstration that the reactor
vessel and internal structures could be fabricated; and
fabrication of a more prototypic thermoelectric cell.

The Thermionic Fuel Element Verification program
is intended to resolve issues enabling thermionics to be
a viable technology for future space reactor systems.
Activities consisted of lifetime component testing in
accelerated and real-time environments.

An additional DOE responsibility is providing satel-
lite equipment for continuous monitoring of nuclear
detonations anywhere within Earth’s atmosphere or
neighboring interplanetary space. This program supports
treaty verification, intelligence gathering, and military
goals.

Department of the Interior

The Department of the Interior uses data acquired
by satellite and aircraft sensors to inventory natural
resources and monitor changes on lands under its man-
agement and maintains an active program of research and
technique development in remote sensing. In 1989 and
1990, the Department continued to archive, process, and
distribute Landsat and Advanced Very High Resolution



Radiometer satellite data. The National Aerial Photogra-
phy and Side-Looking Airborne Radar programs acquired
data over priority U.S. areas. Major land-management
applications of remote sensing included land-use and
land-cover mapping (especially in Alaska), vegetation
mapping, wildfire mapping and monitoring, irrigated
lands inventory, and wetlands mapping and inventory.
Hydrologic applications included snow-cover mapping
and monitoring and modeling of reservoir surface-water
parameters. Oceanographic applications included moni-
toring of marine-mammal migration. Geologic applications
included digital image processing for geologic mapping
and mineral resource assessment in semiarid terrains,
surface coal-mine monitoring, landslide hazard assessment,
and volcano monitoring. Planetary studies included data
archiving, the Voyager flyby of Neptune’s moon, Triton,
and observation of Earth-approaching asteroids. Carto-
graphic applications included satellite image mapping,
digital image-processing research, and studies using Global
Positioning Systems. Global change research included
studies of sea ice, snow, ice sheets, and glaciers, and
studies of detailed coastal morphology related to sea-level
change. Work began to develop information systems to
improve access to land-related, remotely sensed, and
Earth-science data for global-change research, and de-
velopment of techniques to produce and distribute re-
gional, continental, and global land data sets. International
programs were carried out in Africa, the Middle East, Latin
America, Iceland, and Antarctica.

Department of Agriculture

In 1989, space-related activities of the U.S. Depart-
ment of Agriculture included basic research on develop-
ment of plant-growing systems that could be adapted to
manned space vehicles and remote-sensing applications
research. Although focused on finding optimum growing
conditions given certain environmental stress factors, the
basic research on development of plant-growing systems
can be directly related to plant growth and productivity in
the closed environment of a spacecraft. Remote-sensing
applications research included demonstrations of the use
of digital Landsat data for monitoring sediment in lakes
and reservoirs and for monitoring the destruction of
defoliated cotton stalks for bollworm control. An airborne

laser profiler was used to determine soil loss caused by
erosion.

Federal Communications Commission
Communicatlons Sateiiites

The Federal Communications Commission granted
authority to the Communications Satellite Corporation
{Comsat) to participate in the launch of the final INTELSAT
V series satellite and the first three INTELSAT VI series
satellites. The International Telecommunications Satellites
Organization’s second INTELSAT VI launch failed to
achieve geostationary orbit. The United States and the
United Kingdom completed Article XIV(d) consultation
with INTELSAT for two more U.S. international satellites
to be used by the Orion Satellite Corporation for service
between the United States and the United Kingdom.

In 1989, the Commission decided that the public
interest requires that the International Maritime Satellite
Organization (INMARSAT) aeronautical mobile-satellite
services be made available to users in the United States
and that these services are best suited for aircraft that are
in international flight. The Commission also permitted
Comsat to be the U.S. provider of INMARSAT aeronautical
space segment capacity. INMARSAT issued a Request for
Proposals for a third-generation satellite system. The
specifications for this system include spot beams and the
capability to operate within the full maritime and aero-
nautical mobile-satellite spectrum. In mid-1990, the
INMARSAT Council authorized the Director General to
negotiate and award a contract by the end of 1990 for the
purchase of three or four INMARSAT III satellites.

In 1989, the Commission authorized the American
Mobile Satellite Corporation to construct, launch, and
operate three satellites in the mobile satellite service,
which is expected to be implemented in 1993 and 1994,
to provide a variety of domestic land, aeronautical, and
maritime mobile-satellite services.

Geostar Positioning Corporation commenced two-
way start-up radiodetermination satellite service in the
United States in 1989. The Commission also authorized
Qualcomm Corporation to construct and operate a two-
way mobile data communications network to provide a
variety of data services between a customer’s operation
center and its mobile users.



Department of Transportation
Federal Aviation Administration

Pursuing its mission to promote the efficiency and
safety of civil aviation, Transportation’s Federal Aviation
Administration (FAA) engaged in a broad range of research
and development. One major objective was the continued
modernization of the Nation’s system of air navigation
and air traffic control. For example, production began for
the first segment of the Advanced Automation System,
which will eventually provide air traffic controllers with
new workstations and greatly expanded capabilities.
Another noteworthy milestone was the New York Terminal
Approach Control facility’s attainment of the ability to
track 1,700 aircraft simultaneously as part of an ongoing
upgrade. To supplement such improvements to its ground
facilities, the FAA pressed ahead with the airborne Traffic
Alert and Collision Avoidance System.

The agency’s efforts to enhance airport capacity
included operational demonstrations of Precision Runway
Monitor prototypes using radar with high update rates.
Aeronautical Data Link applications played an important
role in airport demonstrations of an innovative clearance
procedure for speeding departing flights, and work
proceeded on new automated techniques for managing
aircraft in the air and on runways and taxiways. Among
its many weather-related programs, the agency conducted
operational evaluations of two Terminal Doppler Weather
Radars and placed its first Automated Weather Observing
System in service.

FAA published a National Aging Aircraft Research
Program Plan, began work on a new system to rapidly
collect and disseminate airworthiness data to worldwide
users of U.S. aircraft, and pursued a vigorous program of
human factors research. Steps to strengthen aviation
security included deployment of the advanced Thermal
Neutron Analysis system for detecting explosives in
baggage. Other safety projects yielded useful data on such
varied issues as crashworthiness, alternative fuels, bird
ingestion by jet engines, and evacuation of smoke from
in-flight fires. FAA also engaged in research activities to
foster civil use of rotorcraft and tiltrotors.

Commercial Space Transportation

This period marked a turning point for the Depart-

ment of Transportation’s Office of Commercial Space
Transportation and the U.S. commercial launch industry.
The first suborbital and orbital U.S. commercial launches
licensed under the Commercial Space Launch Act took
place. On March 29, 1989, Space Services Inc. of America
conducted a suborbital launch from the White Sands
Missile Range in New Mexico. On August 27, 1989, a
McDonnell Douglas Delta rocket lifted off from Cape
Canaveral carrying a British communications satellite. A
total of 10 successful launches took place during fiscal
years 1989-1990.

Other important highlights for the year include the
issuance of 14 launch licenses, completion of a study of
the scheduling practices and launch operations at existing
U.S. ranges, and completion of a preliminary safety
review of two proposed commercial launch sites in
Hawaii. In addition, the Office of Commercial Space
Transportation continues to monitor developments in the
world commercial market and advocates U.S. policies to
strengthen the competitive position of U.S. launch firms
in the world market. The Office of Commercial Space
Transportation also issued six Commercial Launch
Manifests. The latest launch manifest, issued in July 1990,
lists a total of 35 commercial launch contracts.

Environmental Protection Agency

The U.S. Environmental Protection Agency (EPA),
through its Environmental Monitoring Systems Laboratory
in Las Vegas, NV, routinely conducts research and tech-
nical support using remote sensing as part of an overall
environmental monitoring program. Large-scale aerial
photography is collected and interpreted to support the
provisions of the Resource Conservation and Recovery
Act and the Comprehensive Environmental Response,
Compensation, and Liability Act; medium-scale photogra-
phy is collected and interpreted to support non-point-
source pollution studies, wetlands protection, coastal
zone studies, and forest-ecosystem decline caused by
acid deposition; and high altitude photography is inter-
preted for broad area studies in the coastal zone and to
contribute land-use and land-cover information in risk-
assessment studies. Airborne and satellite multispectral
scanner data are collected and interpreted to support
water-quality, non-pointsource pollution, hazardous-
waste, and critical-habitat investigations. Airborne laser



systems are developed which contribute to air and water
monitoring, and a geographic information system is used
to integrate multiple data sets in support of all EPA
programs.

National Science Foundation

The National Science Foundation (NSF) is the prin-
cipal supporter of academic research in atmospheric
sciences and ground-based astronomy. Major events in
the astronomical sciences during 1989 included the use of
the Very Large Array radio telescope, in conjunction with
NASA's Deep Space Network, to acquire data relayed by
the Voyager 2 spacecraft during its encounter with
Neptune. During 1989, astronomers mapped the galaxy
distribution in the nearby universe, revealing an
inhomogeneous distribution of matter, challenging cur-
rent theories of cosmology. Astronomers also reported
the discovery of a population of faint blue galaxies,
perhaps the first in the universe to be formed. A combination
of measurements by cosmologists at the South Pole and
a NASA satellite allowed the cosmic microwave back-
ground radiation spectrum to be measured over a wider
wavelength range than possible from elsewhere on Earth
or space.

In atmospheric sciences, the MAX'91 program,
designed to study solar disturbances during the current
period of high solar activity, was launched. During 1989,
scientists reported that studying solar-like stars can assist
in predicting our own sun’s activity cycles, thus increasing
our ability to project future trends in global climate
change. In Antarctica, measurements were taken of very-
low-frequency radio waves transmitted by the Soviet
satellite AKTIVNY. Also in Antarctica, NSF’s ultraviolet-
radiation monitoring system was upgraded to provide a
data center with high standards of quality assurance.

Smithsonian Institution

The Smithsonian Institution conducts space science
research at the Smithsonian Astrophysical Observatory
(SAO) in Cambridge, MA, and at the Center for Earth and
Planetary Studies and the Laboratory for Astrophysics at
the National Air and Space Museum in Washington, D.C.
The Museum’s exhibits, lectures, and education programs
contribute significantly to public understanding of space
research. SAO also conducts programs designed to im-

prove pre-college science instruction and serves as North
American gateway for SIMBAD, the international astro-
nomical computer database. The Roentgen satellite
launched June 1, 1990, carries a High-Resolution Imager
built by SAO to make detailed studies of cosmic x-ray
sources. X-ray data on thousands of objects produced
earlier by the Einstein (HEAQ-2) satellite was converted to
CDROM (compact disc-read only memory) format and
made available to all qualified scholars at no cost.
Additional observations obtained during the slew mode
of the Einstein survey, long believed to be unusable, were
retrieved by SAO scientists and converted into a new sky
catalog. A rocket-borne SAO-IBM telescope made the
highest resolution x-ray images ever of the sun’s corona;
another instrument carried by a NASA balloon over
Australia observed a host of x-ray objects, including the
Crab Nebula and Supernova 1987a. And, nearly two
decades after Apollo astronauts returned samples of lunar
soil, an SAO researcher identified a completely new rock
type amidst the lunar material.

Department of State

The Department of State, through its Bureau of
Oceans and International Environmental and Scientific
Affairs, works with NASA on all international and foreign
policy aspects of American space programs. Department
of State activities during this period have included hosting
a Government-level review of international space station
cooperation and negotiation of arrangements for space
shuttle emergency-landing facilities in countries around
the globe. The State Department’s Bureau of International
Communications and Information Policy has taken the
lead in representing U.S. interests in INTELSAT (the
International Telecommunications Satellite Organizations)
and INMARSAT (the International Maritime Satellite Orga-
nization), two international organizations involved in
space issues.

Arms Control and Disarmament Agency

The United States Arms Control and Disarmament
Agency (ACDA) has a role in space policy and research
because of its arms control mandate. During FY 1990,
ACDA served as a principal support agency in U.S.
negotiations with the Soviet Union in the Defense and
Space Talks in Geneva. Furthermore, during FY 1990,



ACDA was the lead U.S. agency at multilateral discussions
on space arms control at the United Nations General
Assembly and at the Conference on Disarmament in
Geneva. ACDA is represented at National Space Council
meetings when issues related to arms control are dis-
cussed. ACDA is a member of the Arms Control Policy
Coordinating Committee, whose charter includes arms
control issues related to space, and the Nonproliferation
Policy Coordinating Committee, whose charter includes
certain space-related issues in the context of missile
nonproliferation policy.

United States Information Agency

During the 20th anniversary of the Apollo lunar

landing, the United States Information Agency (USIA)
highlighted NASA's historic role in space exploration and
increasingly important scientific missions to help protect
Earth’s environment. The Hubble Space Telescope and
prospects for enhanced international cooperation in
space exploration, as well as the President’s call for the
establishment of a manned scientific outpost on the
moon, insured continuing overseas interest in USIA’s
coverage of NASA’s many activities. With a wide variety
of means at its disposal to publicize NASA initiatives to
foreign audiences, ranging from WORLDNET (USIA’s
international satellite television network) TV interviews,
international teleconferences and Voice of America
broadcasts to Wirefile File articles, and American experts
traveling overseas, USIA remains uniquely equipped to
continue to tell the world about U.S. progress in space
sciences and exploration.



National Aeronautics and
Space Administration

The National Aeronautics and Space Administration
(NASA), established in 1958, is responsible for planning,
conducting, and managing civilian research and
development activities in aeronautics and space. Other
Federal agencies, State, local, and foreign governments,
as well as educational institutions and private industry,
also share in NASA’s programs.

NASA's mission continues to reflect the intent of
Congress in creating the agency: that is, to explore space
for peaceful purposes with international cooperation, for
the benefit of all humankind. Technological advances
have resulted in significant economic and social benefits
for the United States and other nations and remain the
catalyst for national pride, progress, and achievement.
The continued success of NASA’s programs will allow the
United States to maintain its leadership status in aeronau-
tics and space.

Space Science and Applications

NASA’s Office of Space Science and Applications
plans, directs, executes, and evaluates NASA programs
directed towards the space environment; conducts a
scientific study of the universe to solve practical problems
on Earth; and provides the scientific research foundation
for expanding the human presence beyond Earth into the
solar system. Research and program activities involve the
characterization of Earth and its environment, the explo-
ration of the solar system and near universe, and the
observation of the distant universe. Disciplines within the
Office of Space Science and Applications include astro-
physics, solar system exploration, space physics, Earth
scicnee and applications, life sciences, microgravity sci-
ence and applications, and communications and informa-
tion systems.

Astrophysics

The NASA Astrophysics program has as its objective
the study of the origin and evolution of the universe, the
fundamental physical laws of nature, and the birth of
stars, planets, and ultimately life. Research in these areas
requires observations at wavelengths absorbed by Earth’s
atmosphere, and therefore must be conducted from
space-borne observatories. The program is centered
around a series of space observatories, supported by a

10

Retrieval of the Long Duration Exposure Facility by the Space
Shuttle Columbla (STS-32), January 12, 1990, using the
Canadian-built remote manipulator system.
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Artist’s renditlon ofthe Cosmic Background Explorer, launched
November 19889.



Near-infrared image showing a new view of the Milky Way
obtained by the Diffuse Infrared Background Experiment on
the Cosmic Background Explorer.

research base of instrument developments, sub-orbital
research activities, data analyses, and theoretical studies.

The four Great Observatories—the Hubble Space
Telescope, the Gamma-Ray Observatory, the Advanced
X-ray Astrophysics Facility, and the proposed Space
Infrared Telescope Facility—will provide significantly
improved sensitivity and resolution over their respective
regions of the electromagnetic spectrum. Smaller space-
craftin the Explorer series are used for exploration, all-sky
surveys, specific studies, or unique investigations inap-
propriate for the Great Observatories. As part of the sub-
orbital program, rockets, balloons, and aircraft provide
the means to make preliminary observations, conduct
selected low-cost investigations, test instrumental con-
cepts, and to train groups capable of developing instru-
ments for future space missions.

Cosmic Background Explorer. The Cosmic
Background Explorer (COBE) was successfully launched
on November 18, 1989 and carries three highly sensitive
instruments which have been focused on unlocking the
mysteries of the early epochs of the universe. Two of
these instruments were designed to examine radiation
(millimeter and submillimeter radio waves) from the Big
Bang, the primordial explosion thought to have marked
the creation of the universe. The third instrument maps
the sky in the far-infrared wavelengths, searching for

The Hubble Space Telescope before its release from STS-31
Discovery’s remote manipulator system, with the solar panels
extended but the antennae not yet deployed.

emissions that may originate from the earliest stars and
galaxies. On June 16, 1990, COBE completed its first all-
sky survey. COBE’s supply of liquid helium, used to
maintain the extremely low temperatures required for its
observations, was fully depleted on September 21, 1990,
as COBE entered a new phase of operations.

Hubble Space Telescope. During 1989, NASA
completed final preparations for the launch of the Hubble
Space Telescope (HST). On April 24, 1990, HST was
launched aboard the orbiter Discovery as part of the STS-
31 mission. Initial on-orbit observations revealed that
HST’s primary mirror was impropertly fabricated, produc-
ing spherical aberration, and resulting in an inability to
focus light in a single, precise point. Despite this error,
early results from HST include impressive images that are
providing important scientific information. Preparations
are under way to alter the optics of the second generation
instruments to fully alleviate the effects of the spherical
aberration. Preparations are also continuing for the pre-
viously planned servicing mission in 1993.

Gamma-Ray Observatory. As an integral part of
NASA’s Great Observatories program, the Gamma-Ray
Observatory (GRO) will make possible a better under-
standing of the structure and dynamics of our Milky Way
galaxy, the formation of elements, and the origins and
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evolution of the universe. GRO includes four large,
sophisticated instruments designed to study a broad
range of gamma rays. These advanced instruments can
detect gamma-ray photons, measure their energies, and
determine their origin with unprecedented resolution and
sensitivity. GRO will be deployed from the space shuttle
as part of the STS-37 mission during 1991. Initially, GRO
will conduct a more detailed survey of the gamma-ray
universe than previously obtained. Later, GRO will ob-
serve in greater depth intriguing objects that were iden-
tified during the initial survey.

Advanced X-ray Astrophysics Facility. The third
of the Great Observatories, the Advanced X-ray Astro-
physics Facility (AXAF) will observe celestial sources in
the x-ray part of the electromagnetic spectrum. Many of
the most fundamental and exciting objects in the universe
radiate in x rays, permitting AXAF to address some of the
most fundamental questions in astronomy and astrophys-
ics. During 1989, NASA initiated the development of the
first and largest pair of AXAF's mirrors, which are sched-
uled for completion in 1991. During 1990, the develop-
ment of AXAF's science instruments was initiated and
significant progress was made on the mirror development
effort. AXAF is being designed for a 1997 launch aboard
the space shuttle.

Space Infrared Telescope Facility. The fourth
Great Observatory, the proposed Space Infrared Tele-
scope Facility (SIRTF) will observe in the critical infrared
wavelengths, completing coverage by the Great Obser-
vatories of each of the four major regions of the elec-
tromagnetic spectrum. SIRTF, a 1-meter-class, cryogeni-
cally-cooled observatory, will be used to study the birth
and death processes of stars and distant galaxies, and the
origins and evolution of comets, asteroids, and the cold
planets of our solar system. Studies completed during
1989-90 concluded that SIRTF should be placed in high-
Earth orbit at an altitude of approximately 100,000 kilo-
meters. In addition, these studies provided significant
insight into the primary and secondary mirror mecha-
nisms, as well as the detector materials that will used in
SIRTF’s scientific instruments.

Roentgen Satellite. A cooperative flight project

with the Federal Republic of Germany and the United
Kingdom, the Roentgen satellite (ROSAT) will provide an
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On the right Is the clearest picture ever of the planet Pluto,
and its huge companlon “moon” Charon, using ESA’s Faint
Object Camera on the Hubble Space Telescope, October
1990. On the left, for comparison, Is the best ground-based
Image ever taken using the Canada-France-Hawaii telescope
In Hawail.

all-sky, x-ray survey of unprecedented sensitivity. During
1989, the Germans completed all remaining structural and
environmental testing, and completed integration of the
scientific instruments into the spacecraft. ROSAT was
delivered in late 1989 to the Cape Canaveral Air Force
Station, where it was launched on June 1, 1990, aboard a
Delta-1II expendable launch vehicle supplied by the
United States. ROSAT has completed its planned on-orbit
check-out period and has initiated its all-sky survey,
which is planned for completion in early 1991. The
pointed phase of ROSAT’s operations will commence
upon completion of the all-sky survey. During this phase,
which includes U.S. Guest Observer participation, ROSAT
will point at selected regions of the sky for more detailed
studies of various x-ray sources.

Stratospberic Observatory for Infrared
Astronomy. The proposed Stratospheric Observatory for
Infrared Astronomy (SOFIA) is a joint project being
studied by NASA with the Federal Republic of Germany.



Mysterious gaseous ring seen with unprecedented detall
around Supernova 1987a, with the tightly knotted debris from
the stellar explosion at the center of the ring, taken with
ESA’s Faint Object Camera on the Hubble Space Telescope,
August 23, 1990.

This project consists of a 2.5-meter-diameter infrared
telescope mounted in an airborne observatory. An open
port in the upper side of a modified Boeing 747 aircraft
provides viewing. With a planned 20-year lifetime, SOFIA
will provide a foundation for research, instrument devel-
opment, and the training of young scientists. Its excellent
spatial and spectral resolution will assure complimentary
support of the Great Observatories. NASA will supply a
major part of the telescope system and participate in the
flight program. During 1989, concept definition studies
on the aircraft and the telescope were completed. Tech-
nology demonstration studies were initiated on critical
telescope issues, as well as wind tunnel tests to verify the
aircraft opening design concept. During 1990, a Non-
Advocate Review (NAR) of the SOFIA program was
completed with the NAR team endorsing, without major
revision, SOFIA’s continued development.

Explorer Platform Missions. During 1989, the
development of the scientific instruments for the Extreme
Ultraviolet Explorer (EUVE), the first payload to use the
reusable explorer platform spacecraft, was completed
and calibration was begun. The instruments were deliv-
ered to the Goddard Space Flight Center in early 1990 for

Image of Satumn taken with the Hubble Wide Field/Planetary
Camera, showing greater detall in the planet’s ring system
and cioud belts than can be achieved with ground-based
telescopes, August 26, 1990.

integration into the payload module. The explorer plat-
form is currently under development and will be deliv-
ered to Goddard in late 1990 for integration with the EUVE
payload module. EUVE is scheduled for launch in 1991,
aboard a Delta Il expendable launch vehicle. The X-ray
Timing Explorer (XTE), the second payload scheduled for
use on the explorer platform, completed its definition
phase and initiated its development phase during 1989.
The XTE payload will replace the EUVE payload during
an on-orbit changeout performed by a space shuttle crew,
scheduled for early 1995.

Small Explorer Program. During April 1989, three
missions were selected for development under the Small
Explorer program: the Solar, Anomalous, and Magneto-
spheric Particle Explorer (SAMPEX); the Fast Auroral
Snapshot Explorer (FAST); and the Submillimeter Wave
Astronomy Satellite (SWAS). SAMPEX is scheduled for
launch on a Scout expendable launch vehicle in mid-1992
and will determine the origin of various contributions to
the energetic, charged particles arriving at Earth from the
sun and interstellar space. FAST will examine physical
processes high above Earth that result in aurora, while
SWAS will determine the presence of water and other
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important molecules in interstellar space. By the end of
1989, the development of SAMPEX was well under way.
During 1990, NASA completed concept studies and
initiated a review of the proposed launch dates for FAST
and SWAS (originally 1993 and 1994, respectively).

Astro-D. The Astro-D mission is a cooperative flight
project with Japan, which is scheduled for launch in
February 1993, from the Kagoshima Space Center in
Japan. Astro-D will conduct x-ray astronomy and spec-
troscopy; NASA's contribution will include lightweight x-
ray mirror assemblies and spectroscopic x-ray detectors,
which will be delivered to Japan in 1991. During 1989-90,
work continued on the design and development of the
scientific instruments and the fabrication of breadboards.

X-ray Multi-Mirror Mission. During 1989-90, the
European Space Agency (ESA) continued moving for-
ward with this approved “cornerstone” mission. The X-
ray Multi-Mirror Mission (XMM) is devoted to high
throughput x-ray spectroscopy of celestial objects such as
stellar coronae, binary star systems, supernova remnants,
and active galactic nuclei. XMM will be launched into an
eccentric high-Earth orbit in 1998. NASA has agreed that
U.S. science teams will provide key components of two
scientific instruments on XMM and two mission scientists,
which will secure optimal scientific return from the
mission.

High Energy Astronomy Observatories. Analysis
of data from the three missions in the High Energy
Astronomy Observatories (HEAOs) series of x-ray and
gamma-ray astronomy project continued in 1989-90, with
emphasis on archiving the most essential data products.
A source catalog of several thousand valuable sources
detected by HEAO-2 (Einstein) has been produced on
compact disk and distributed to the scientific user com-
munity. Data from the HEAO missions are now part of the
Astrophysics Data Program archives and remained in
active use by the astrophysics community during 1989-90.

International Ultraviolet Explorer. During 1990,
the International Ultraviolet Explorer (IUE) entered its
13th operational year and continued to contribute thou-
sands of astronomical spectra observations of such ob-
jects as comets, planets, all manner of stars, and even
distant extragalactic objects such as quasars. In August
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1989, IUE provided contemporaneous ultraviolet spectra
of Neptune and Triton at the time of the Voyager flyby.
Also, development of a single-gyro control system for IUE
(initially designed for three gyros) brightens the prospects
for continued operations of this geosynchronous satellite
observatory.

Infrared Astronomical Satellite. Scientific inter-
est remains high in the Infrared Astronomical Satellite
(IRAS) data nearly 7 years after the end of satellite
operations. Significant discoveries continue using IRAS
data, including evidence that distant galaxies go through
explosive episodes of stellar formation much more often
than galaxies in the immediate proximity to Earth and that
all sun-like stars are surrounded by material that may
condense into planetary systems. IRAS data have been
collected in a new catalog of infrared sources containing
over 100,000 previously unknown galaxies and another
100,000 previously unknown stars.

Solar System Exploration

NASA's Solar System Exploration program includes
scientific exploration of the various bodies in the solar
system—other planets, their moons, comets, and aster-
oids—and of the interplanetary medium around them.
The objectives of solar system exploration are the follow-
ing: 1) to determine the nature of planets, moons, and
small bodies (comets and asteroids) in order to under-
stand the origin, present condition, and evolution of the
solar system; 2) to understand Earth better through
comparative studies of other planets and the processes
that shape them; 3) to understand how the physical and
chemical characteristics of the solar system contributed to
the origin and development of life; and 4) to provide
scientific assessments of potential resources available in
near-Earth space.

Achieving these goals involves a balanced and
progressive program to study all solar system objects: the
terrestrial (Earth-like) inner planets, the giant (Jupiter-
like) outer planets, and the small bodies (comets and
asteroids). Spacecraft missions to these objects are carried
out in an evolutionary series, beginning with relatively
simple flyby reconnaissance missions. These missions are
followed by more complex ones (orbiters, landed sta-
tions, and sample returns) that provide increasingly
detailed and specialized information. The spacecraft



Photomosaic taken by Voyager 2 of Neptune's iargest satellite,
Triton, assembled from 14 individual frames, showing the
great variety of its surface features, including the “cantaloupe”
terrain in the upper left. Note the dark voicanic plumes visible
in the lower center.

missions are supported by an essential foundation of
diverse ground-based activities-——mission operations and
data analysis, scientific research and analysis, and ad-
vanced programs studies.

Pioneer Missions. Pioneers 10 and 11 (as well as
Pioneers 6, 7, and 8) continue to collect valuable data
about the fields, particles, and plasma waves of the outer
solar system. In flight for nearly two decades, and
operating beyond their qualification limits, Pioneers 10
and 11 remain in working order, with most of their
scientific instruments functioning well. In 1990, Pioneer
10, the furthest manmade object from Earth, had traveled
more than 50 astronomical units (the distance of Earth
from the sun) away from Earth, toward the heliosphere.
Having passed beyond the farthest planets, the Pioneers
will continue to explore the far edges of the solar
heliosphere as they leave the sun in opposite directions.
They will investigate the boundary of the sun’s magnetic
and plasma environment, the interaction of the solar fields
with interstellar space, and, if possible, measure the
properties of interstellar space itself beyond the sun’s
influence. Both spacecraft are powered by radioactive
thermal generators (RTGs) whose power has been re-
duced by about one half since launch. Pioneer 10 is

expected to have enough power to continue operating
until late 1996, while Pioneer 11 will run out of power in
late 1992.

Pioneer Venus Orbiter. The Pionecer Venus Or-
biter (PVO) continues to collect important scientific data
from its orbit around Venus after more than a decade of
operations. Electrical power available from the solar cells
has slowly declined because of damage by the intense
solar radiation, but the spacecraft battery continues to
operate and the instruments continue to function. The
PVO studies the chemical and physical processes of
Venus' upper atmosphere, particularly through its inter-
action with the solar wind. Before PVO enters the
Venusian atmosphere and burns up in 1992, the remain-
ing spacecraft fuel will be used to control the orbit’s
orientation and altitude to maximize the data obtained
about the planet’s atmosphere.

Voyager. In August 1989, the Voyager 2 spacecraft
made its fourth planetary flyby, this time past the mysterious
blue planet Neptune, more than 4.43 billion kilometers
(2.75 billion miles) from Earth. In this encounter, the first
time Neptune has ever been observed close up, Voyager
2 provided exciting new information about Neptune’s
atmosphere, magnetic field, rings, and moons, sending
the data to Earth in radio signals that, even at the speed
of light, took over 4 hours to arrive. The Voyager 2
spacecraft performed flawlessly despite its tremendous
distance from Earth, which forced substantial new modi-
fications in both the operation of the spacecraft and its
instruments and in the reception and processing systems
on Earth. The images returned of Neptune and its largest
satellite, Triton, were of remarkable quality and the initial
scientific reports, published in Science, indicated that the
scientific data collected will prove to be significant.
Voyagers 1 and 2 are now leaving the solar system, in
approximately the same direction as Pioneer 11. As the
Pioneers cease to operate, the Voyagers will continue to
explore the outer heliosphere.

New Age for Solar System Exploration. During
1989 and 1990, several near-term solar system exploration
goals were spectacularly achieved. In 1989, the Magellan
and Galileo missions were successfully launched by the
space shuttle toward Venus and Jupiter, respectively, the
first planetary missions to be launched in more than a
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As Voyager 1 left the solar system it captured, on February 14,
1990, this first ever “portralt” of our solar system as seen
from the outside. These blown-up images are of six of the
planets: Venus, Earth, Jupiter, Saturn, Uranus, and Neptune.

decade. And a major step in exploration of the outer solar
system was taken with the 1990 launch of the Ulysses
spacecraft, also to Jupiter, and the approval of the dual
CRAF-Cassini mission, which will be launched in the mid-
1990s to explore an asteroid, a comet, Saturn, and its large
moon, Titan.

Magellan. On May 4, 1989, the Magellan mission
was launched toward Venus by the space shuttle to
completely map the planet’s surface landforms. It was the
first planetary mission launched by the space shuttle, and
the first shuttle-launched spacecraft to leave near-Earth
orbit for interplanetary space. Magellan arrived at Venus
on August 10, 1990. The spacecraft began radar mapping
operations in late FY 1990, after early radar test images
were released in August. Magellan is exploring the surface
topography and interior structure of Venus through the
use of high resolution radar mapping, altimetry, micro-
wave radiometry, and through the precise measurement
of Venus' gravitational field. The Magellan mission will
add to our knowledge of Venus gained from previous
missions like the Pioneer Venus Orbiter, Arecibo, and the
Soviet Venera investigations. Magellan’s scientists include
participants from each of these earlier investigations.

Galileo. On October 18, 1989, the Galileo space-
craft was launched toward Jupiter. The second planetary
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This drawing shows the 60 frames taken by Voyager 1 to
obtain the portrait of six of the planets.

mission to be launched by the space shuttle, Galileo is
heading back toward Earth from Venus, having made the
first of three planetary gravity-assist swingbys (one at
Venus and two at Earth) needed to carry it out to Jupiter
in December 1995. There, the Galileo mission will be the
first to make direct measurements from an instrumented
probe within Jupiter’s atmosphere and the first to conduct
long-term observations of the planet, its magnetosphere,
and satellites from orbit. Galileo’s probe will be the first
atmospheric probe for any of the outer planets. Along the
way, Galileo will use its flybys to explore several other
worlds: Venus, Earth, the moon, and two asteroids.

Ulysses. The Ulysses mission, launched aboard the
shuttle and an inertial upper stage on October 6, 1990, is
an international cooperative mission developed by NASA
and the European Space Agency (ESA). The mission will
explore the sun and the heliosphere at previously unex-
plored high solar latitudes, collecting scientific data in the
solar pole regions. To view the solar poles, the spacecraft
must leave the ecliptic plane, the plane in which Earth
orbits the sun. The spacecraft will make detailed measure-
ments of the sun’s corona, the origin and acceleration of
the solar wind into space, and the composition and
acceleration of energetic atoms from the sun in solar flares
and violent solar events. Ulysses is traveling towards
Jupiter, where it will be projected out of the ecliptic plane



Magellan as it leaves the cargo bay of the Space Shuttle
Atlantis (STS-30), in orbit over the city of New Orleans.

toward the sun’s southern pole. It will begin investigation
of the higher latitudes of the sun’s south pole in May 1994
and conclude its investigation in September 1995 at the
sun’s north pole.

Mars Observer. The Mars Observer mission will
expand the pioneering discoveries of Mariner 9 and
Viking by making a 2-year global scientific survey of the
red planet, including the mineral and chemical compo-
sition of its surface, the composition and dynamics of its
atmosphere and volatiles, and the nature of its magnetic
and gravitational fields. The Mars Observer mission is
planned for launch in 1992 on a Titan-3/transfer orbit
stage expendable launch vehicle combination. Arriving at
Mars in 1993, the spacecraft will be inserted into a polar
orbit. Mapping will start in December 1993 and will
continue for a full Martian year (about 2 Earth years).
Critical design reviews for the spacecraft and many of the
instruments were completed in 1989, with hardware
development continuing in 1990.

CRAF-Cassini. The CRAF-Cassini program was
approved in 1989 as a new start for FY 1990. Building on
Pioneer and Voyager discoveries, these two missions will
provide unprecedented information on the origin and
evolution of our solar system and will help us understand
how the chemical building blocks necessary for the

A full-resolution mosalc of data collected by Magelian between
September 15-18, 1990 during the first orblts of Venus. View
shows three large Impact craters.

evolution of life were formed. A joint program with the
European Space Agency, the CRAF-Cassini program, the
missions will utilize a common Mariner Mark 11 spacecraft
and common elements of design, fabrication, test, and
integration. CRAF (the Comet Rendezvous/Asteroid Flyby)
will be launched in 1995 to fly closely by the asteroid
Hamburga in 1998 and then to rendezvous with comet
Kopff in the year 2000 for a 3-year period of intensive
study. During this period, CRAF will implant a penetrator
in the comet’s nucleus to analyze for the first time the solid
material of which a comet is made. Cassini will be
launched in 1996. It will fly past the asteroid Maja in 1997,
execute a gravity-assist flyby past Jupiter in 2000, and
arrive at Saturn in 2002 for a 4-year study of the Saturnian
system. After entering orbit around Saturn, Cassini will
deploy a probe to pass through the thick, orange atmo-
sphere of Saturn’s largest moon Titan and measure its
atmospheric composition. The orbiting spacecraft will
observe Saturn and its moons, using its radar to map
Titan’s hidden surface.

Research and Analysis. In 1989 and 1990, the
Research and Analysis program supported active research
in several important disciplines—planetary astronomy,
planetary atmospheres, planetary materials and geo-
chemistry, and planetary geology and geophysics. These
activities, most of which focus on university-based research
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groups and on training new scientists, support the Solar
System Exploration program by developing the research
base and instrumentation needed for future missions, by
providing effective analysis and long-term use of mission
data, and by generating exciting research results that
cannot be obtained from flight missions.

Mission Operation and Data Analysis. Mission
Operation and Data Analysis (MO&DA) supported the
operations of currently active missions—Pioneers 6-8, 10,
and 11; Pioneer Venus; and Voyager 1 and 2—and
analyzed their data. The MO&DA program also continued
its activities in support of launch operations for Ulysses
and the upcoming Mars Observer launch.

Advanced Programs. Advanced programs sup-
port essential studies for planning future planetary mis-
sions. In 1989, significant progress was made on advanced
studies, including work on the Lunar Observer mission,
which will make a global scientific exploration of the
moon. Advanced studies also continued for Mars missions,
particularly a Mars Rover sample return. In addition to the
moon and Mars studies, two important payloads are
under study for possible inclusion in the initial phase of
Space Station Freedom in the mid- to late 1990s: the
Cosmic Dust Collection Facility, which will capture small
dust particles that may have come from comets or from
interstellar space, and the Astrometric Telescope Facility,
which will initiate a long-term search for planets around
other stars.

Space Physics

The NASA Space Physics program focuses on: 1) the
sun, both as a star and as the dominant source of energy,
plasma, and energetic particles in the solar system,; 2) the
interactions between the solar wind and solar-system
bodies including Earth and other planets; 3) the nature of
the heliosphere both in its steady state and in its dynamic
configuration; and 4) the origin, acceleration, and trans-
port of solar and galactic cosmic rays. In 1989, a new
period of maximum solar activity occurred, with its
attendant increase in radiation associated with solar
flares. As planning for the manned exploration of the
moon and Mars proceeds, under the aegis of the Space
Exploration Initiative, it becomes even more important to
possess an accurate understanding of these phenomena.
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Workers at the Kennedy Space Center prepare the joint
NASA /DOD Combined Release and Radiation Effects Satellite
for encapsulation in the nose fairing of an Atlas Centaur
rocket.

Combined Release and Radiation Effects Satel-
lite Program. The NASA objectives of the Combined
Release and Radiation Effects Satellite (CRRES) program
are to study the ionospheric and magnetospheric plasma,
and Earth’s magnetic field through chemical releases.
Three elements of the CRRES program were accomplished
in 1990. In April, the Pegsat spacecraft was launched on
the first Pegasus vehicle and conducted two chemical
releases over northern Canada. In July 1990, the CRRES
spacecraft, a joint NASA/DOD mission, was launched. In
September 1990, the first 4 of 20 chemical releases
planned for the CRRES spacecraft were successfully
completed.

International Solar-Terrestrial Physics Pro-
gram. In 1989 and 1990, NASA continued to participate
in the development of a coordinated program to measure
the sun-Earth space environment in the 1990s. The
International Solar-Terrestrial Physics (ISTP) program
comprises two major subprograms: the Global Geospace
Science (GGS) program and the Solar-Terrestrial Science
Programme. NASA participates jointly in this effort with
the European Space Agency (ESA) and the Japanese
Institute of Space and Astronautical Sciences (ISAS). The
GGS program explores global mass, energy, and momen-



tum transfer mechanisms in and between key regions of
Earth’s magnetosphere. Several missions are slated to
accomplish this: Wind (NASA), scheduled for launch in
December 1992; Polar (NASA), scheduled for launch in
July 1993; and the joint Japanese/NASA Geotail mission
scheduled for launch in June 1992. Wind will provide data
on the solar wind. Polar will provide data on energy input
to the polar ionosphere. The two missions will operate in
tandem and in conjunction with Geotail and CRRES,
which will investigate the energy-storage region both in
the deep magnetotail and in the Van Allen radiation belts.
The ESA/NASA Solar-Terrestrial Science Programme
comprises two missions: the four-spacecraft Cluster mis-
sion and the Solar and Heliospheric Observatory (SOHO).
Cluster will conduct a three-dimensional microphysics
investigation of the polar magnetosphere and the SOHO
will investigate the sun's interior structure, the solar
corona, and the solar wind. In 1989, NASA’s Global
Geospace Science missions, Wind and Polar, completed
preliminary design review of the spacecraft systems.
Work on the critical design review occurred in 1990. Also
in 1989, the Memorandum of Understanding between the
ISAS and NASA concerning Geotail was signed. Geotail,
under development by the Nippon Electronics Corpora-
tion, moved toward a flight system critical design review
in 1990.

Orbiting Solar Laboratory. Studies continued on
the proposed Orbiting Solar Laboratory (OSL). The OSL
is a free-flying satellite in a sun-synchronous polar orbit.
Under consideration as a candidate new start mission, the
mission will produce continuous solar observational data
of unprecedented detail in white-light, ultraviolet, and
extreme-ultraviolet images and spectra simultaneously.
The net result will be virtual movies of solar processes as
they emerge from the sun’s interior and are transformed
and/or evolve through the upper layers of the sun’s
atmosphere. Knowledge derived from the OSL will con-
tribute seminally to our understanding of the spectacular
eruptions of solar flares, which may improve our solar
cycle prediction abilities, and prove valuable during times
of high activity when astronauts risk prolonged exposure
to harmful radiation. In 1989 and 1990, the phase B
science and instrumentation work on the OSL proceeded.

Solar-A Program. NASA is providing one of the
four instruments for the Japanese Solar-A mission, which

will generate images of soft and hard solar x rays during
the current period of maximum solar activity. The joint
mission progressed satisfactorily in 1989 toward its sched-
uled launch in 1991.

Tetbered Satellite System. The Tethered Satellite
System (TSS), sponsored jointly with Italy, will examine
the electrodynamic effects of large, conducting space
systems as they interact with ambient plasma and Earth’s
magnetic field. The spacecraft is to be tethered at a
distance of 20 km (approximately 12 miles) from the
space shuttle. In 1989, fabrication of the spacecraft and
the machinery that will be used to deploy it was com-
pleted. The NASA flight instrument, Research on Orbital
Plasma Electrodynamics (ROPE), was also completed and
delivered. In 1990, fabrication and development work
continued on four other U.S. and five Italian flight
instruments. Three Italian payload specialists were also
selected and began training for a flight scheduled in 1991.

Solar Maximum Mission. On December 2, 1989,
the Solar Maximum Mission (SMM) spacecraft re-entered
Earth’s atmosphere over the Indian Ocean and disinte-
grated, ending nearly 10 years of productive observation.
SMM was launched on February 14, 1980 at the height of
the last solar cycle. With the successful 1984 SMM on-orbit
repair mission by the space shuttle crew, the mission’s
scientifically productive life was extended to study the
current maximum of the solar cycle that began in 1986.
SMM observations provided a better understanding of the
pre-impulsive phase that precedes the first large energy
release in a solar flare. SMM also provided the first
measurement of sunspots in three dimensions, as well as
discoveries unrelated to solar-maximum activity, for ex-
ample, detection of emissions from Supernova 1987a, 10
collisions of comets with the sun, and small increases in
high-altitude ozone levels in Earth’s atmosphere that may
be associated with global warming.

Explorer Program. The International Cometary
Explorer (ICE) continued to operate in 1989 and 1990 in
a heliocentric orbit at Earth’s distance from the sun, but far
from Earth itself. ICE data sets from comet Giacobini-
Zinner and Earth’s geotail region continued to be studied.
Interplanetary Monitoring Platform-8 investigations in-
cluded studies of solar modulation of cosmic rays, solar-
wind/magnetosphere coupling, solar-wind dynamics, and
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magnetospheric dynamics. IMP-8 remains critical to the
support of deep-space missions such as Ulysses, Pioneer,
and Voyager and has become the primary monitor of solar
activity as it builds to a new maximum. Dynamics
Explorer continued to provide data for investigations of
the coupling of energy, electric currents, electric fields,
mass, and waves between the magnetosphere, the iono-
sphere, and the atmosphere.

Active Magnetospberic Particle Tracer Ex-
plorer/Charge Composition Explorer. The Active
Magnetospheric Particle Tracer Explorer/Charge Compo-
sition Explorer (AMPTE/CCE) spacecraft ceased useful
operations in 1989 after more than 4 productive years.
During the mission’s lifetime, AMPTE/CCE investigators
conducted numerous studies of the contributions of
ionospheric matter and solar wind to Earth’s radiation
zones, of the interaction between an artificially injected
cold plasma and the natural, flowing space plasmas; and
of the chemical composition, electrical charge state,
temperature, and temporal changes of natural-particle
populations in the Van Allen radiation belt region of the
magnetosphere.

Suborbital Program. Scientific experiments in
space can often be performed inexpensively through the
use of sounding rockets or balloons, allowing project
teams to design, build, and fly experiments within a
period of 1to 2 years. The quick turnaround time not only
allows for major scientific results, but also serves very
effectively as a means of training graduate students and
young scientists for advanced experimental research.
NASA can support 30-40 sounding rocket launches annu-
ally. In September 1989, a NASA Black Brant X sounding
rocket carried a new x-ray imaging instrument created by
the Smithsonian Astrophysical Observatory and IBM.
Using a multilayer mirror-coating technique developed
by IBM, the instrument was able to form precisely focused
optical images of the sun as revealed in soft x-ray
emissions at the exact moment of a solar flare. The result
was the most abundantly detailed series of solar flare
images in soft x-rays ever obtained. The technology used
may have applications in projects planned for the 1990s
as it registers a significant step toward our development
of the ability to anticipate and respond to solar flares.

NASA continues to maintain the capacity to launch
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40-50 scientific balloons annually. A successful test in
November 1989 involved a 40-million-cubic-foot balloon
that proved capable of carrying a 5,600-pound suspended
weight to an altitude of about 123,000 feet. The Australian
campaign continued the investigation of Supernova 1987a.
Preparations were completed in 1989 for a series of test
flights in a newly established NASA/NSF program to
develop the capability for long-duration balloon flights in
Antarctica.

Advanced Studies. During 1989 and 1990, ad-
vanced studies continued on both major and moderate
missions. Emphasis continued to be given to the Solar
Probe, which is designed to measure small-scale solar
plasma phenomena, especially particles and fields, di-
rectly from within three solar radii of the sun’s surface.
Results of this project promise to be revolutionary, since
the portion of the solar atmosphere to be studied (the
inner corona) is presently accessible only to remote
sensing devices. Launch may be possible by 1999. In June
1989, three investigations were selected for the Astromag
facility being planned jointly by the United States and Italy
for Space Station Freedom. This facility will use a super-
conducting magnet attached to the space station to
analyze very-high-energy cosmic rays in order to investi-
gate the origin and evolution of matter in the galaxy and
search for antimatter. Seven proposals to use the Earth
Observing System polar platform were also selected.
Studies continued on systems such as the Neutral Envi-
ronment with Plasma Interactions Monitoring System,
which would allow monitoring of many plasma, gas, and
optical processes that affect Space Station Freedom pay-
loads and operations. Further definition continued on a
multiwavelength, x-ray/ultraviolet, high-resolution pay-
load for solar physics.

Earth Sclences

The NASA Earth Science and Applications program
is responsible for broad, space-based scientific studies of
Earth as an integrated whole, and the processes compris-
ing Earth system science. The U.S. Global Change Research
program, coordinated by the Committee on Earth and
Environmental Sciences under the Office of Science and
Technology Policy, is a guiding force in setting priorities
for the NASA Earth Science and Applications program.



Upper Atmosphere Research Satellite. The
Upper Atmosphere Research Satellite (UARS) is the spear-
head of a long-term, international program of space
research concerning global atmospheric change. The
UARS program will conduct the first systematic, detailed
satellite study of Earth's stratosphere, mesosphere, and
lower thermosphere and establish the comprehensive
database needed to understand stratospheric ozone
depletion and to assess the role of human activities in
atmospheric change. Scheduled for launch in 1991, the
UARS mission will also lay the foundation for a broader
study of upper atmosphere influence on climate and
climate variations. The UARS observatory instrument
module structure completed qualification testing in 1989,
with all 10 of the instruments delivered by January 1990.
Full integration and testing of the spacecraft and instru-
ments was completed in summer of 1990.

TOPEX/POSEIDON. TOPEX/POSEIDON is a joint
U.S. (NASA) and French (CNES) mission designed to
make substantial contributions to the understanding of
global ocean dynamics. Radar altimeters on a well-
tracked satellite will make accurate observations of the
oceanic sea-surface topography. These data will enable
the study and modeling of oceanic circulation and heat
transport and its interaction with the atmosphere. The
TOPEX/Poseidon mission is a precursor to the altimetry
instruments included in EOS. TOPEX/POSEIDON is
scheduled for a mid-1992 launch aboard an Ariane 1V
rocket. During 1989, significant progress was made in the
satellite’s design with the critical design review being
successfully conducted in May 1989. Hardware fabrica-
tion for both the satellite system and instruments began
in 1989 and continued through 1990, with integration of
the satellite beginning in the spring of 1991.

NASA Scatterometer. When the U.S. Navy Remote
Ocean Sensing System satellite was canceled in 1988,
NASA submitted a proposal to NASDA, the Japanese
space agency, to include the NASA Scatterometer (NSCAT)
as part of the Japanese Advanced Earth Observing Satel-
lite (ADEOS) payload. During 1990, NSCAT was confirmed
for flight on ADEOS and is developing into an interna-
tional cooperative effort. NSCAT will contribute system-
atic high-resolution wind observations over the ocean,
serving as a precursor to the scatterometry elements of the

Earth Observing System program. These data are critical
to understanding processes in which the oceans and
atmosphere play a role in moderating Earth’s climate.
NSCAT will be a key contributor to international ocean
research. NSCAT is planned to be incorporated into the
new Earth Probes program, proposed for a new startin FY

1991.

Eartb Observing System. The Earth Observing
System (EOS) is a comprehensive program of Earth
system science, which will obtain and analyze long-term
comprehensive observations from space. EOS is a critical
element of NASA’s Mission to Planet Earth program and
the major NASA contribution to the interagency U.S.
Global Change Research Program (USGCRP). EOS sci-
ence will benefit from an extensive data and information
system, supported by a series of polar-orbiting platforms
carrying a suite of internationally provided instrumenta-
tion. The Earth Observing System is proposed as a new
start for FY 1991. In 1989, a non-advocacy budget review
was conducted in preparation for the submission of the
FY 1991 EOS initiative. During 1990, the National Acad-
emy of Sciences conducted and released their review of
the USGCRP and the important contribution of EOS to that
program.

The interdisciplinary research investigations se-
lected in 1988 continued to provide the scientific founda-
tion for EOS. Definition and preliminary design phase
studies for the EOS instruments continued in 1989 and
1990, leading to final confirmation of the payload for the
first platform expected in October 1990. Planning for the
EOS Data and Information System (EOSDIS) also made
significant progress in 1989 and 1990, with planned
release of the Request for Information for EOSDIS sched-
uled for October 1990.

International cooperation continued through the
Earth Observations International Coordination Working
Group (EO-ICWG), which met twice in 1989 in Ottawa,
Canada (ApriD, and Washington, DC (November), and
once in 1990 in Paris (June). EO-ICWG is coordinating the
payload planning for the NASA, European Space Agency
(ESA), and Japanese polar platforms, as well as addressing
common instrument interfaces and developing agree-
ments on various aspects of the polar Earth observation
program which could be formalized in the future.
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Sea-Viewing Wide Field Sensor. The Sea-View-
ing Wide Field Sensor (SeaWiFS) is a global ocean color
mission designed to deliver worldwide observations of
ocean radiance for research in biogeochemical processes,
climate change, and oceanography. SeaWiFS is planned
for launch as a precursor to the EOS and is a follow-on
ocean color sensor to the Coastal Zone Color Scanner, the
first and only ocean color satellite instrument to date,
which flew on Nimbus 7. During 1989 and 1990, NASA
worked to define the mission requirements to develop the
SeaWiFS as a commercial satellite mission. In this sce-
nario, NASA would procure the data stream from a
commercial entity which would build, own, and operate
the instrument and retain rights to sell the data stream to
other potential clients.

Operational Meteorological Satellites. NASA
continues to support the National Oceanic and Atmo-
spheric Administration’s (NOAA) operational polar and
geostationary weather satellite program by acting as
NOAA's agent to procure the needed satellites and
instruments and to arrange for launch and on-orbit
checkouts prior to transferring control of them over to
NOAA for routine operations. The polar-orbiting NOAA-
10 (launched in September 1986) has far exceeded its 2-
year design life; its intended replacement, NOAA-D, is
currently in storage to be launched no earlier than the
spring of 1991. Integration and test of NOAA-I, the
intended replacement for NOAA-11, is proceeding
smoothly and the spacecraft is scheduled to be delivered
by late 1991. Since the failure of the geostationary GOES-
6 in January 1989 (9 months beyond its 5-year design life),
U.S. coverage has been provided by a single satellite,
GOES-7, which is moved seasonally to provide optimal
hurricane and winter storm coverage. GOES-I, scheduled
for launch no earlier than early 1992, will replace GOES-
6. A preliminary definition study of the next generation of
geostationary weather satellites began in June 1989 and
was completed in 1990.

Airborne Arctic Stratospheric Expedition.
NASA and NOAA jointly coordinated the 6-week Airborne
Arctic Stratospheric Expedition to study stratospheric
chemistry and meteorology over the Arctic. This expedi-
tion was a follow-on to a similar aircraft study in 1987 of
ozone loss over Antarctica. The Arctic expedition took
place during early winter when polar stratospheric clouds
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are most likely to form. During early 1989, NASA ER-2 and
DC-8 aircraft carrying many instruments of the same type
used in the Antarctic, flew 28 missions over the Arctic as
far as the North Pole to investigate the chemical and
dynamical processes controlling ozone in the Arctic polar
stratosphere. Preliminary results from this study indicate
that the chemical composition of the Arctic polar strato-
sphere is highly perturbed and that these perturbations
occur over a wide range of altitudes in the stratosphere.
While no large ozone losses have been observed in the
Arctic, strong perturbations in active chlorine were ob-
served.

Ozone Measurements. The Total Ozone Mapping
Spectrometer (TOMS) instrument provides high-resolu-
tion global mapping of total ozone on a daily basis. NASA
reached final agreement with the Soviet Union in the
summer of 1990 to fly a TOMS instrument on the Soviet
Meteor-3 spacecraft in the fall of 1991; initial delivery of
a TOMS flight unit delivery to the Soviet Union was
expected in October 1990. In addition, TOMS missions in
1993, aboard a U.S. Scout spacecraft, and 1995, aboard the
Japanese ADEOS spacecraft, are being prepared for
submission as part of the Earth Probes initiative in the FY
1991 budget. A Solar Backscatter Ultraviolet (SBUV)
instrument flew on the shuttle in October 1989 to gather
on-orbit data needed to calibrate direct ozone measure-
ments by TOMS and other NASA and NOAA satellite
instruments. Preliminary analysis of the 1989 flight was
conducted in the summer of 1990, with a second SSBUV
mission planned for October 1990.

International Climate Assessments. Article 6 of
the Montreal Protocol on Substances that Deplete the
Ozone Layer requires that its international ozone control
measures be reviewed in 1990 and every 4 years thereafter
on the basis of currently available scientific, environmen-
tal, technical, and economic information. NASA scientists
participated on panels of experts organized by the United
Nations Environmental Programme (UNEP) to review
relevant information. Preliminary conclusions include the
prediction that total chlorine and bromine loadings of the
atmosphere will approximately triple by the year 2050
and lead to continued ozone depletion. Antarctic and
Arctic ozone loss would likely worsen, and the Antarctic
ozone hole would not disappear until levels of atmospheric
chlorine were reduced to the levels of the early 1970s.



NASA researchers also participated in the working group
that prepared the Scientific Assessment of Climate Change
for the Intergovernmental Panel on Climate Change
(IPCO).

Climate Research. Earth Radiation Budget Ex-
periment (ERBE) research and operations continued in
1989 and 1990 with published research discussing the
cooling effect of global cloudiness and the nature of
energy transfer. In addition, two scientists at Marshall
Space Flight Center released the results of satellite mea-
surements of global atmospheric temperature over the
last 10 years. Their research validated the use of satellite
observations by showing the close correlation between
such measurements and ground and balloon measure-
ments of the same areas. The International Satellite Cloud
Climatology Project (ISCCP) is part of the World Climate
Research Program which aims to produce a global,
calibrated radiance data set, together with other basic
information on the radiative properties of the atmosphere
and surface from which cloud properties can be derived.
A validated global cloud climatology will serve as an
important component for a comprehensive understand-
ing of global change. ISCCP data collection and process-
ing is planned to continue through 1995.

First International Satellite Land Surface
Climatology Project Field Experiment (FIFE-89).
This activity was an extension of the successful 1987
activity in Kansas known as FIFE. Over 150 investigators
in 30 teams reoccupied the Konza Prairie near Manhattan,
KS for 21 days in August. Supported by six aircraft bearing
state-of-the-art remote sensing systems and data from
Landsat, SPOT (the French Satellite pour ’Observation de
la Terre), NOAA-10, NOAA-11, and GOES, the team
studied the late summer dry-down of the prairie vegeta-
tion. The study relates remote sensing measurements to
biological productivity and evapotranspiration, laying the
groundwork for future climatic and ecological studies
including problems of global warming and desertifica-
tion. The 1989 experiment also provided an opportunity
to enlarge the international participation in the experiment
to include nine investigators from the Soviet Union.

Global Backscatier Experiment. The Global
Backscatter Experiment (GLOBE) aircraft expedition of
November 1989 measured the number and size distribu-

tion of atmospheric particles, called aerosols, over remote
areas of the tropical Pacific and the northern and southern
hemispheres. This was accomplished using lidar (“light
detection and ranging” laser radar) instruments mounted
on a NASA DC-8 research aircraft from Ames Research
Center, coordinated with measurements from research
aircraft from Japan, Australia, and New Zealand. GLOBE
baseline data are contributing to development of NASA’s
Laser Atmosphere Wind Sounder (LAWS) instrument,
scheduled for flight in the EOS program. A second
campaign (GLOBE-2) was conducted in May 1990 to
conduct similar measurements during a dilferent season.

Loma Prieta Eartbquake. NASA's Geodynamics
program responded quickly to the Loma Prieta earth-
quake of October 17, 1989, with fault motion measure-
ments coordinated with the National Geodetic Survey at
three mobile very long baseline interferometry (VLBD
sites and with the U.S. Geological Survey at a network of
Global Positioning System sites in the region of the San
Andreas Fault. Since 1983, the VLBI sites have been
monitored at a deformation rate of about 1 millimeter per
year. Measurements in the days after the earthquake were
designed to monitor immediate post-seismic slip in the
epicentral region of the earthquake.

Amazon Deforestation. In 1989, studies of defor-
estation in the Amazon basin using the vegetation index
and thermal data from the NOAA Advanced Very High
Resolution Radiometer (AVHRR) were expanded to in-
clude the tropical forest regions of Africa and Asia. The
goal is to generate coarse-resolution, global-scale esti-
mates of tropical deforestation. AVHRR thermal data are
also being used to better understand the role of fire in the
deforestation process and to assess its effect on the
atmosphere.

Mesoscale Atmosphberic Research. During 1989,
work progressed on WetNet, a S-year pilot program
examining the role of a remote interactive computer
network in an Earth science research environment. WetNet
isan important precursor to the EOS Data and Information
System (EOSDIS). The primary data source is the Special
Sensor Microwave/Imager and is of interest to the atmo-
spheric, oceanographic, cryospheric, and land process
communities. The research and data network is designed
to enhance scientific analysis and encourage an interdis-
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ciplinary approach to the study of the global hydrologic
cycle. WetNet entered its operational phase in the sum-
mer of 1990.

Publication of Global Data Sets. NASA is in the
process of improving archiving and distribution of exist-
ing Earth science data sets to the research community.
Notable among these efforts was the analysis, archiving,
and distribution of Coastal Zone Color Scanner data on
optical disks. Other efforts focused on making Earth
science data sets more accessible, including conversion to
CD-ROM (compact disk-read only memory) and optical
disk formats.

Life Sciences

Life Sciences research encompasses basic re-
search and clinical practice, focusing on the development
of countermeasures and life support systems for human
spaceflight. It also includes the study of exobiology, space
medicine, space biology, biospheric research, and con-
trolled ecological life support systems. Ground-based
research is conducted in parallel with space flight inves-
tigations on space shuttle missions and on Soviet biosat-
ellites. Future flight activities will also occur on extended
duration orbiter missions, a recoverable reentry satellite
(Lifesat), the Soviet Union’s Mir Space Station, and Space
Station Freedom.

Spacelab Life Sciences-1. In 1989, preparations
were completed for Spacelab Life Sciences-1 (SLS-1),
which will be the first space shuttle mission dedicated to
life sciences research. It is scheduled to fly in 1991. The
20 flight investigations selected for SLS-1 comprise an
integrated package that will address some important
questions about how living systems adapt to the
microgravity environment of space and how they readapt
to Earth’s gravity. Full-time crew training began in the
spring of 1989 and continued through 1990.

Extended Duration Orbiter Medical Program.
Most space shuttle missions flown in 1989 and 1990
carried biomedical investigations that were part of the
Extended Duration Orbiter (EDO) Medical Program, a 3-
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year program intended to ensure the health, safety, and
productivity of crew members on EDO space shuttle
missions of 16-28 days, especially during landing and
egress. Continuing this practice, the International
Microgravity Laboratory 1 (IML-1), to be launched in 1991,
will fly life sciences experiments from NASA, the Euro-
pean Space Agency, Japan, Canada, and Israel.

Centrifuge Facility. In 1989, Phase B studies were
initiated for the Centrifuge Facility, the major life sciences
research facility on Space Station Freedom. The centrifuge
will enable a wide variety of variable gravity investiga-
tions on the station. This program has continued in 1990,
with a Phase C/D expected to begin in 1991.

Cosmos. More than 70 NASA-sponsored research-
ers from 19 States and three foreign countries participated
in 31 cooperative life science investigations that were
flown on the Soviet Cosmos 2044 biosatellite mission
launched in September 1989. Cosmos is an unpiloted
recoverable spacecraft that accommodates plant and
animal experiments. In 1989, NASA also initiated design
studies for Lifesat, a biosatellite that will enable further
studies on biological responses to cosmic radiation expo-
sure and microgravity.

Controlled Ecological Life Support Systems.
Controlled Ecological Life Support Systems (CELSS) is a
program to produce biogenerative life support systems
capable of providing food and clean air for space crews.
In 1989, a CELSS flight program plan was prepared that
will include payloads on the shuttle and Space Station
Freedom. In 1990, work progressed on a CELSS bread-
board facility at Kennedy Space Center. The large-scale,
closed, plant-growth facility became operational and
successfully grew wheat, soybeans, and lettuce. At Ames
Research Center, a prototype of the “salad machine” for
Space Station Freedom was developed and successfully
tested.

Space Medicine. NASA’s operational medicine
program provides medical care to the crew during space
missions. This care includes pre- and post-flight medical
evaluations, inflight health care, and the maintenance of
a database to identify how crews adapt to spaceflight. In
1989, NASA scientists developed a medical toxicology
database of information on potential toxins during shutde



missions, including medical treatment options in case of
contamination. In the area of countermeasures to space
adaptation, a lower body negative pressure device de-
signed to condition crew members against orthostatic
intolerance was flown for the first time on STS-32 in 1989.
In the field of human factors and performance
research, a biomechanics integrated measurement sys-
tem, developed at Johnson Space Center, became opera-
tional in 1989. In addition, a new laser-based
anthropometric mapping system (LAMS) was set up in
1989. The LAMS will be used to design individual seat size
and position and location of restraints on shuttle seats.

Telemedicine Spacebridge. One of the most sig-
nificant life sciences activities in 1989 was the operation
of a Telemedicine Spacebridge to Soviet Armenia after the
December 1988 earthquake. Via satellite, physicians at
NASA and other U.S. organizations provided medical
advice and assistance to doctors treating earthquake
victims. The Spacebridge was so successful that it was
extended to assist in another disaster, the Ufa gas explo-
sion in May.

Space Biology. During March 1989, STS-29 carried
a chromosome and plant cell division experiment, called
CHROMEX. This dual-purpose experiment tested bio-
technology capabilities by growing plants from cloned
cell cultures rather than seeds and evaluated the effects of
microgravity on cells crucial to the normal development
of plant root tips.

Exobiology. The exobiology program concen-
trates on the pathways of the biogenic elements from the
origin of the universe to the evolution of living systems.
In 1989 and 1990, work on a space station experiment to
collect cosmic dust was begun. This experiment will
enable better understanding of biogenic compounds
necessary for the origin of life. Exobiology also includes
the study of prospects for extraterrestrial life, including
intelligent life. The Search for Extraterrestrial Intelligence
Microwave Observing Project, to be initiated in 1992, will
use ground-based radio telescopes to search for radio
signals of extraterrestrial origin. In 1989 and 1990, proto-
types of a multichannel spectrum analyzer and a proto-
type radio surveillance subsystem were installed and
tested at the Arecibo Observatory in Puerto Rico, one of
the sites that will be used for the project.

Microgravity Sclence and Applications

The Microgravity Science and Applications program
sponsors basic and applied research requiring low gravity
conditions. In space, the absence of gravity-induced
phenomena, such as buoyancy-driven convection, sedi-
mentation, and hydrostatic pressure, provides a unique
opportunity to study many physical processes and mate-
rials. Disciplines studied include fluid phenomena, com-
bustion, materials science, and protein crystal growth. In
1989 and 1990, most of the microgravity payloads flown
involved protein crystal growth experiments. Work con-
tinued on the development of experiments, in other
disciplines, which will be flown on upcoming Spacelab
flights.

Protein Crystal Growth. The Protein Crystal
Growth (PCG) facility was flown aboard STS-29, STS-30,
and STS-32 in 1989 and 1990, each completing 60 different
experiments using 19 different proteins. The PCG appa-
ratus is planned for several other flights. This experiment
will supply information on the scientific methods and
commercial potential for growing high quality crystals in
microgravity. Protein crystals grown in microgravity are
generally larger and more defect-free than crystals grown
on Earth. These crystals may be used to help determine
the three-dimensional molecular structure of proteins.
Such knowledge may vield important insights into bio-
logical processes and could potentially be used in appli-
cations such as the development of new pharmaceuticals
and products that enhance the disease resistance of
agricultural crops.

Ground-Based Research. Ground-based rescarch
facilities, such as drop towers and aircraft, play an
important role in microgravity science investigations.
Extensive testing is performed in these facilities before
committing to costly space experimentation. In 1989 and
1990, numerous investigations in fluids phenomena,
combustion, and materials science were carried out at
Lewis Research Center. Studies at Marshall Space Flight
Center focused on materials science and containerless
processing.

Space Flight Facility Development. In 1989 and

1990, NASA continued to support the development of
over 30 experiments to be flown on the shuttle. The
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hardware being developed includes both investigator-
specific and multi-user apparatus. Several of the multi-
user facilities are precursors to the six facilities that are
planned for the Space Station Freedom. These are the
Space Station Furnace Facility, the Modular Containerless
Processing Facility, the Advanced Protein Crystal Growth
Facility, the Biotechnology Facility, the Modular Combus-
tion Facility, and the Fluid Physics/Dynamics Facility. This
is an evolutionary approach to space station utilization
which will allow NASA to benefit from the on-orbit
experience gained on shuttle flights.

Communications and Information Systems

The communications and information systems pro-
gram identifies and applies advanced communications
and information systems technologies for NASA space
science needs, the satellite communications industry, and
the public sector.

Advanced Communications Technology Satel-
lite. During 1989 and 1990, NASA continued Advanced
Communications Technology Satellite (ACTS) develop-
ment activities. ACTS is scheduled for a 1992 launch.
Delivery of all engineering models and several flight
model subsystems and the completion of the ACTS system
critical design review occurred. Flight model manufactur-
ing began. Significant progress was also made in working
with industry to develop a wide-ranging set of applica-
tions-oriented experiments and demonstrations for ACTS.

Mobile Satellite. The mobile satellite program,
which is a joint Government/industry endeavor, will
provide two-way satellite-assisted communication with
cars, trucks, trains, boats, and aircraft within the next 3 to
4 years. During 1989 and 1990, L-band technologies were
successfully tested in land/aeronautical mobile applica-
tions. American Mobile Satellite Corporation has adopted
the concepts developed in the program as its baseline
digital service approach. Internationally, the program
significantly influenced mobile system design and Canada
and Australia have shown interest in the developed
mobile equipment. NASA played a lead role in the
regulatory activities that led to the securing of the L-band
frequency allocation and to the formation of the provider,
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American Mobile Satellite Corp. Search and Rescue.
NASA'’s Search and Rescue program is part of COSPAS-
SARSAT, an international satellite-based search and res-
cue system that locates distress beacons from endangered
ships and aircraft. The program is a joint venture between
the United States, the Soviet Union, Canada, and France.
U.S. patticipation includes efforts by NASA, the National
Oceanic and Atmospheric Administration, the Coast Guard,
and the Air Force. As of the end of 1990, the COSPAS-
SARSAT system was credited with saving a total of more
than 1,450 lives. In 1990, NASA also began to focus on
plans for the next spaceborne search and rescue system,
which will offer new services and improved response
times.

Advanced Technology and Systems Develop-
ment. In 1989-1990, NASA continued development of key
technology and systems to address future space commu-
nications needs and the increasing demand for commu-
nication bandwidths. Technologies and systems under
study include the following: optical communications for
wide bandwidth, data transmission techniques, robotics,
and space-based antennas. The latter will be tested and
calibrated on the space station.

Information Systems. The information systems
program provides NASA science divisions with access to
data archives and directories through the National Space
Science Data Center (NSSDC) and, in the future, through
the NASA Master Directory. It also provides networking
services to the NASA science community through the
NASA Internet system and access to high-performance
computing facilities. In 1989, NASA initiated work on the
NASA Master Directory, a directory with brief, high-level
information about available data sets on Earth and space
science. This directory provides a starting point for
computer-aided searches of data sets. Also in 1989, NASA
awarded a contract to Cray Research, Inc. to provide
advanced supercomputing facilities to Goddard Space
Flight Center and Lewis Research Center. The
supercomputers will support the scientific computing
needs of Goddard, Lewis, other NASA centers, and NASA-
sponsored university research programs. During 1989
and 1990, work also continued on defining the Applied
Information Systems Research program. This program is
being conducted to apply new information systems



research and technology in support of NASA’s space
science programs. Technologies under study include
graphics and visualization, algorithms, data storage, and
access methods.

Flight Systems

The flight systems program provides support to the
Office of Space Science and Applications through the
management of Spacelab missions and planning for
science utilization of Space Station Freedom.

Spacelab Flight Program. During 1989 and 1990,
extensive preparations were made for several Spacelab
flights. Three flights were scheduled for 1990, but were
delayed because of a hydrogen leak in the space shuttle.
The Astro-1 mission, composed of one x-ray and three
ultraviolet telescopes, will make complementary mea-
surements of a variety of stars and galaxies. Astro-1 is
scheduled to fly in early FY 1991. Spacelab Life Sciences-
1 (SLS-1), a mission dedicated solely to life sciences
research, is scheduled to fly in mid 1991. Later in the year,
the International Microgravity Laboratory (IML-1) will be
flown. IML-1 includes life and microgravity sciences
payloads from the United States, Europe, Canada, and
Japan. Both SLS-1 and IML-1 are undergoing physical
integration at Kennedy Space Center. Preparations are
also under way for a 1991 microgravity mission with the
Japanese, called Spacelab-J. Also in work are preparations
for the Atmospheric Laboratory for Applications and
Science (ATLAS) missions, the first of which is scheduled
to be flown in 1992. The ATLAS missions will measure the
sun’s radiation over the 11-year solar cycle, its effect on
Earth’s upper atmosphere, and the global distribution of
key molecular species in the middle atmosphere. Also in
1992, a series of missions dedicated to microgravity
research will be initiated with the first flight of the U.S.
Microgravity Laboratory (USML).

Space Station Activities. In June 1989, NASA an-
nounced the selection of the space station attached
payloads. The selections included four investigations in
cosmic ray physics, two in astrophysics, one in solar
physics, one in communications research, three cosmic
dust collection experiments in life sciences and solar
system exploration, and three instruments which are part

of the Earth Observing System (EOS) program. In 1990,
planning for space station utilization continued, with
studies focusing on both attached payloads and on life
and microgravity science investigations.

Space Transportation

As part of NASA’s mission, derived from the
President’s National Space Policy, the Office of Space
Flight is responsible for developing space transportation
capabilities, carrying out space flight operations, and
planning for men and women to work in space. In
addition, the Office continues to support future science
and human exploration missions in the solar system and
the permanent presence of human beings in space. It has
also assisted in the commercialization of space and the
privatization of space transportation systems.

The Space Shuttle

Orbiter. The space shuttle’s primary purpose is to
transport people and cargo into low-Earth orbit (100 to
350 nautical miles altitude). There are presently three
active orbiters: Columbia, Discovery and Atlantis. Each
orbiter’s cargo bay is 15 feet in diameter, 60 feet long and
has the baseline capability to carry up to 55,000 pounds.
The orbiter can accommodate a flight crew of up to 8 and
has a basic mission of 7 days in space. Typical missions
range from 4 to 9 days duration, with crews numbering
from 5 to 7.

In May 1989, the name “Endeavour’—submitted by
school children in NASA's “Name the New Orbiter”
contest—was selected for Orbiter Vehicle-105, which is in
production. The assembly of the major structural compo-
nents and integration of systems of OV-105 continued to
progress through FY 90. By the end of September 1990
many of the structural components of Endeavour had
been mated. Yet to be mated were the forward Reaction
Control System, the Orbital Maneuvering System pods,
and one payload bay door. Some of the changes made for
the new orbiter include a drag chute, a regenerative
carbon dioxide removal system, a new waste collection
system, and an improved star tracker. The vehicle had
begun a full check-out of all of its systems, including
power-on testing. Endeavour is scheduled to be delivered
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to the Kennedy Space Center in May 1991, and to make
its first flight in early 1992.

In addition to work on Endeavour, 25 modifications
were installed on Columbia (OV-102), 106 installed on
Discovery (OV-103), and 47 installed on Atlantis (OV-104)
in FY 1990. This was in addition to nearly 300 total
improvements incorporated into the three-shuttle fleet in
CY 1989. The most significant orbiter improvement in FY
1990 was the initial installation of carbon brakes.

Work also continued in 1989 and 1990 on the
Extended Duration Orbiter (EDO) program, which will
provide a 16-day mission capability. NASA plans to
modify Columbia for this capability and to construct
Endeavour such that the option will exist to go beyond a
16-day mission. Modifications that enable extended flight
include the addition of a new cryogenic pallet containing
four tank sets of oxygen and hydrogen for additional
power generation, a regenerative carbon dioxide removal
system, an improved waste management system, and
increased stowage. Extended missions will be approached
incrementally with 10- and 13-day flights prior to STS-63,
the first 16-day EDO flight. The 10-day STS-32 mission,
which flew from January 9 to January 20, 1990, was the
first in a series of flight tests leading to EDO testing.

Space Shuttle Main Engine. The Space Shuttle
Main Engine (SSME) program continued its very active
test program in 1989 and 1990. Eighty-three ground tests
for 35,318 seconds were conducted in support of the
development, certification, and flight programs during
1989. During the first 9 calendar months of 1990, 102 tests
were conducted for a total of 39,855 seconds. This
increased the total since January 1986 to 412 tests for just
over 165,000 seconds with a renewed emphasis on
reliability, safety, and life enhancements.

The Technology Test Bed Program, which furnishes
NASA with critical basic propulsion research and tech-
nology capability, was initiated in 1989 at Marshall Space
Flight Center in Huntsville, AL. Eleven tests for 800
seconds were successfully conducted on advanced SSME
designs. During the first 9 months of 1990, 11 tests were
conducted for a total of 1,120 seconds on the advanced
SSME designs.

Solid Rocket Booster. The redesigned solid rocket

motor (RSRM) is the propulsive element of the solid
rocket booster (SRB), which, along with the SSME,
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powers the space shuttle into space. The RSRM has been
operational since completion of a rigorous qualification
program. The last qualification static test firing was
accomplished in January 1989 and qualified the RSRM for
the low-temperature specification limits. A limited de-
velopment effort continued for improvement of the
design, elimination of waivers to flight requirements, and
improvements to launch preparation procedures.

Advanced Solid Rocket Motor. In May 1990, NASA
awarded contracts to Lockheed Missiles and Space Com-
pany for the design, development, test, and evaluation of
the Advanced Solid Rocket Motor, as well as for the design
and construction of the facility at the abandoned Yellow
Creek nuclear facility at Tuka, MS. The new motor will
increase safety and reliability, improve the performance
of the booster, and increase overall efficiency. The motor
design consists of three segments: bolted field joints,
welded factory joints, and a carbon integral throat en-
trance nozzle.

Static testing of the motor will be accomplished at
the Stennis Space Center, Bay Saint Louis, MS, while
nozzle manufacturing will be conducted at the Michoud
Assembly Facility, Slidell, LA and subscale motor testing
will take place at the Marshall Space Flight Center,
Huntsville, AL. The first flight utilizing the new rocket is
targeted for 1996.

1989 and FY 90 Shuttle Missions. NASA suc-
cessfully completed five space shuttle missions in 1989
and three during the first 9 months of 1990. The missions
included STS-29, STS-30, STS-28, STS-34, STS-33, STS-32,
STS-36, and STS-31.

STS-29 (Discovery) was a 5-day mission that was
launched on March 13, 1989, from Kennedy Space Center,
Florida. The primary objective of the flight was to deploy
a Tracking and Data Relay Satellite (TDRS-D), which was
successfully accomplished on the first day. TDRS-D
replaced TDRS-A over the Atlantic Ocean and joined
TDRS-C (in geosynchronous orbit over the Pacific Ocean)
in completing the constellation of on-orbit satellites for
NASA'’s advanced space communications system. TDRS-
A is used as a spare. The TDRS satellites provide commu-
nication and data links between Earth and spacecraft such
as the space shuttle. The orbiter landed safely at Edwards
Air Force Base in California on March 18, 1989.

The second launch of 1989 occurred on May 4,
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The Syncom IV-5 communications Is seen In orbit over Zalre.
It was put Into space from Space Shuttle Columbia (STS-32).

aboard Atlantis (STS-30). The primary objective of the 4-
day mission was the deployment of the Magellan satellite,
which was accomplished successfully about 6 hours after
lift-off. Magellan will map up to 90 percent of the surface
of Venus with a high degree of resolution. Insertion of
Magellan into Venus’ orbit was accomplished in August
1990. The landing of Atlantis occurred on May 8, 1989.

The next launch, STS-28, was on August 8, 1989,
aboard Columbia. The 5-day flight was a classified DOD
mission. After a successful mission, Columbia landed
safely at Edwards Air Force Base on August 13.

The STS-28 mission was followed by STS-34 (Atlantis),
which was launched on October 18, 1989. The main
objective of the STS-34 mission was the deployment of the
Galileo satellite, which occurred on Flight Day 1. Galileo
is now on its journey to Jupiter to study the planet's
atmosphere, satellites, and surrounding magnetosphere.
On its 6-year trip to Jupiter, Galileo’s trajectory swings
around Venus, the sun, and Earth to acquire additional
energy from Earth’s gravitational forces. The Venus flyby

was successfully accomplished in February 1990. The
Orbiter’s crew ended another successful mission when
Atlantis landed on October 23, 1989.

The fifth and last shuttle flight in 1989 was aboard
Discovery (STS-33). Discovery lifted off on November 22
and was a classified DOD mission. The mission ended on
November 27 with a safe landing at Edwards.

On January 9, 1990, Columbia was launched on a
nearly 11-day flight that was highlighted by the deploy-
ment of a Navy synchronous communication satellite,
Syncom IV-5, for Hughes Communications, and the
retrieval of the Long Duration Exposure Facility (LDEF).
LDEF is an open-grid structure containing 57 scientific
experiments which was launched and deployed aboard
Challenger on Mission STS-41C in April 1984. This flight
also represented the first in a series of flights leading to
extended duration orbiter testing. After successful
completion of its mission objectives, Columbia landed
safely at Edwards on January 20, 1990.

Shuttle Mission STS-36, a classified DOD payload
carried on the orbiter Atlantis, was launched from Kennedy
Space Center on February 28, 1990. Atlantis landed safely
at Edwards on March 4, 1990.

The 35th flight of the space shuttle, STS-31, was
highlighted by the deployment in Earth orbit of the
Hubble Space Telescope using the orbiter Discovery.
Discovery was launched from Kennedy Space Center on
April 24, 1990, with the mission being was completed
successfully when Discovery landed safely at Edwards on
April 29, 1990.

Hydrogen Leaks. During the launch attempt for
the STS-35 (Columbia) mission on May 29, 1990, a
hydrogen leak was detected, in excess of limits estab-
lished to maintain safe operating conditions, scrubbing
the mission. Subsequently, during a tanking test of the
STS-38 (Atlantis) Shuttle Vehicle, a hydrogen leak was
discovered, similar to the temperature and flow rate-
dependent leak that grounded STS-35. While investigat-
ing the sources of the leaks aboard Columbia and Atlantis,
NASA elected to ground the shuttle fleet in the interest of
safety. Investigations and repairs lasted throughout the
summer of 1990.

In September, NASA was twice again forced to scrub
the launch of STS-35 because of recurring hydrogen leaks,
which, although not serious enough to cause an explo-
sion, were high enough to exceed NASA’s self-imposed
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limits. At the end of the fiscal year, Columbia was
undergoing repairs on Pad A at the Kennedy Space Center
while preparations were under way for the October 6
launch of STS-41 (Discovery), carrying the Ulysses inter-
planetary probe, and STS-38 (Atlantis) was being prepared
for a classified DOD payload scheduled for a November
1990 launch.

Future Flights. The NASA “Mixed Fleet Manifest of
Shuttle and ELV Flights” was published in January 1990.
This publication depicted planned launch dates for the
space shuttle and expendable launch vehicles (ELV) that
support NASA and NASA-related payloads projected
through FY 1996. This schedule called for 8 shuttle flights
in 1990, 10 in 1991, 11 in 1992 and 1993, and 12 in each
of the remaining years. Unfortunately, the hydrogen leaks
resulted in the loss of three scheduled flights in FY 1990.
The future shuttle schedule is currently under review.
There were 37 ELV launches projected for this period.

Expendable Launch Vehlcles

1989 Launches. NASA completed its 30-year man-
agement of the Atlas-Centaur and Delta Launch Vehicle
programs in 1989 with the successful launch of the Navy
FltSatCom satellite on an Atlas-Centaur in September and
the Cosmic Background Explorer (COBE) on a Delta in
November. NASA also moved into its new role as service
provider to the commercial expendable launch vehicle
industry by providing NASA facilities and services on a
direct cost basis to the commercial launch vehicle indus-
try.

Following the Challenger accident, NASA estab-
lished a policy of reliance on a mixed fleet of launch
vehicles, utilizing both the human-piloted space shuttle
and unmanned expendable launch vehicles (ELV) for its
space transportation needs. To formalize its decision
process on payload flight assignment between the hu-
man-piloted shuttle and unmanned ELVs, NASA estab-
lished the Flight Assignment Board on September 7, 1989.
The guiding premise used by the Board is that payloads
would be assigned for launch on an ELV unless they
required the presence of a human being, another unique
capability of the shuttle, or another clearly specified and
compelling reason, such as the unavailability of a suitable
ELV.

The membership of the Flight Assignment Board
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includes both Office of Space Flight representatives and
the Associate or Deputy Associate Administrators from
the NASA community. The Board is chaired by the
Associate Administrator for Space Flight. The Board’s
recommendations are forwarded to the NASA Administra-
tor for review and approval. The Board has met three
times, on September 19 and November 14, 1989 and on
July 23, 1990. Its significant accomplishments in 1989
included the development and approval of payload
assignment criteria and the review of each payload on the
June 1989 shuttle manifest against that payload criteria.
Implementation of the strategy resulted in the reassign-
ment of four spacecraft from the shuttle to ELVs. All four
of the spacecraft—the Roentgen Satellite (ROSAT), the
Combined Release and Radiation Effects Satellite (CRRES),
the Extreme Ultraviolet Explorer (EUVE) and the Mars
Observer—have been launched or are under contract to
be launched on ELVs.

The ROSAT mission was launched June 1, 1990 on
a Delta II vehicle procured from DOD. The CRRES
mission was launched July 25 on a commercial Atlas
purchased from General Dynamics. When the EUVE
mission is launched in August 1991, it also is scheduled
to be aboard a DOD Delta, while the Mars Observer is
manifested to fly on a Martin Marietta Commercial Titan,
Inc. ELV in 1992, Martin Marietta Commercial Titan, Inc.
was awarded a firm fixed-price contract to provide the
Titan III launch services for Mars Observer in November
1989. The development of a new Delta 10-foot fairing for
the ROSAT mission was completed in 1990 and was
utilized for the ROSAT mission.

At its July 23, 1990 meeting, the Flight Assignment
Board assigned seven payloads to ELVs, and one, the
Advanced X-ray Astrophysics Facility (AXAF), to the
shuttle.

Upper Stages

Inertial Upper Stage. The inertial upper stage
(IUS) is a USAF-developed vehicle that can transport
payloads from low- to high-Earth orbit (geosynchronous)
as well as to planetary trajectories. The IUS is launched
into space on the space shuttle or a Titan 1II/IV expend-
able launch vehicle. During 1989, the shuttle/IUS success-
fully launched NASA's Magellan, Galileo, and Tracking
and Data Relay Satellite (TDRS) D missions. Current plans
target shuttle/IUS launches for the Ulysses spacecraft in



First launch of the commercial Titan from Cape Canaveral Air
Force Station on December 31, 1989, carrying two
communications satellites: Japan’'s JCSAT 2 and the United
Kingdom’s Skynet 4A.

October 1990 and a series of additional TDRS missions
throughout the early 1990s.

Transfer Orbit Stage. The transferorbitstage (TOS),
developed commercially by Orbital Sciences Corpora-
tion, is designed to place payloads into geosynchronous
transfer orbit or other high-energy trajectories. It can be
carried into space by either the space shuttle or the
commercial Titan II. Development, qualification, and
mission integration activities continued during 1989 and
1990 for two TOS vehicles to support launch of the
Advanced Communications Technology Satellite (ACTS)
with a shuttle/TOS in mid-1992, followed by a launch later
in 1992 on a Titan III/TOS for the Mars Observer
spacecraft.

Spacelab Carrier System

Spacelab, a reusable science observatory/labora-
tory flown in the shuttle payload bay, was developed by
the European Space Agency. It includes a pressurized
module that provides a shirtsleeve environment for the
crew, as well as a number of unique unpressurized
platform pallets for unmanned research activities. NASA
has added a number of different experiment carrier
systems to complement the original Spacelab hardware.
These carrier systems can provide scientists with an in-
bay capability to support small experiments up to a full-
up life science or micro-gravity module mission.

The NASA mixed fleet manifest shows an extensive
use of Spacelab carrier system hardware starting in 1990
and continuing through 1996. Mission planning and
integration of flight experiments with Spacelab hardware
has been completed for the Astro-1/BBXRT mission.
Integration of the flight experiments with the Spacelab
hardware for the Spacelab Life Sciences-1, International
Microgravity Laboratory-1, Atlas-1, and TSS-1 missions
continued throughout FY 1990. The Starlab mission was
removed from the shuttle manifest.

In addition, the enhanced pallet successfully com-
pleted checkout and acceptance testing in 1990 and flight
equipment was received in time to support the Tethered
Satellite System (TSS) mission processing activities. The
Hitchhiker program continues to play an important role
in the flights of Spacelab carrier equipment. As many as
14 Hitchhiker missions arc listed on the latest shuttle
manifest.

Tethered Satellite System

The Tethered Satellite System (TSS) is a shuttle-
based facility for deploying a satellite connected by a
tether to the shuttle for distances up to 62 miles. The TSS
allows satellites to be deployed into areas previously
unreachable and perform unique “in situ” science. The
TSS is a cooperative program between NASA and the
Italian Space Agency.

In 1990, the deployer and satellite completed sys-
tem qualification at which time the deployer was deliv-
ered to Kennedy Space Center to begin the ground
operations phase of shuttle integration. The satellite was
placed in storage until it is needed at Kennedy in early FY
1991. Acceptance testing of deployer-based scientific
instruments was nearing completion at the end of FY 1990
and is scheduled for delivery early in FY 1991. Shuttle
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integration activities remained on schedule in support of
the planned launch dates.

The 1991 schedule calls for completion of ground
processing activities and finalization of mission planning.
Shuttle processing will occur consistent with the planned
launch date. The first TSS mission is expected to be
manifested for flight in 1992.

Advanced Program Development

Advanced Programs activities focus on future space
transportation concepts and related operations and on-
orbit servicing systems. The scope of Advanced Programs
includes concept definition (Phase A), systems definition
(Phase B), and advanced development efforts to demon-
strate emerging technology for application in existing as
well as future transportation systems. The Civil Needs
Data Base (CNDB)—a compilation of civil space-mission
needs from 1990 to 2010—is a key tool for advanced
program planning. Following are some of the studies
currently under way in Advanced Program Development:

Shuttle-C. The Shuttle-C is a space shuttle-derived,
unmanned, heavy-lift cargo vehicle concept which would
have the capability to lift 75-ton payloads into low-Earth
orbit. Shuttle-C would utilize existing space shuttle hard-
ware and facilities.

Advanced Launch System. The Advanced Launch
System (ALS) program is a joint DOD/NASA program to
work toward providing a flexible, robust, reliable, re-
sponsive launch system to meet future national launch
needs at significantly lower cost than existing systems.
The program is responsive to the January 1988 report to
Congress signed by President Reagan. While DOD has
overall program management responsibility, NASA has
specific management responsibility for the advanced
development phases and liquid engine development
programs.

Next Manned TransportationSystem. Studies are
continuing for the upgrade or eventual replacement of the
space shuttle system. The primary focus of the Next
Manned Transportation System activity has been on the
Shuttle Evolution and Personnel Launch System concepts
with only minor activity on the Advanced Manned Launch
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System concept. The Shuttle Evolution effort investigated
a wide range of activities from countering obsolescence,
which requires only minor interference to implement, to
major modifications requiring block upgrades.

The Space Shuttle Program Office, through its
Assured Shuttle Availability Program, initiated activities
on near-term problem areas identified by the Shuttle
Evolution studies. Hence the Shuttle Evolution program
will focus on the far-term improvements and modifica-
tions. Personnel Launch System studies addressed both
the biconic (low lift/drag) configurations and the lifting
body (medium lift/drag) configurations. Contracts were
recently initiated to augment the in-house analysis per-
formed over the last year.

Assured Crew Return Vebicle. NASA is continu-
ing studies of an Assured Crew Return Vehicle (ACRV)
which would be based at Space Station Freedom to return
the crew in case of 1) crew illness or injury; 2) Space
Station Freedom catastrophic failure; or 3) space shuttle
unavailability to return crew. During 1990, requirements
validation and preliminary design studies were com-
pleted.

Advanced Upper Stages. The National Space
Policy recognizes the need for “in-space transportation
systems.” The Space Transfer Vehicle (STV) concept, in
response to this need, is a high-performance, advanced
upper stage to support future science and human explo-
ration missions beyond low-Earth orbit. In 1989 upper-
stage concepts and requirements became a focal point of
interest and activity because of the President’s stated July
20 objectives that included a return to the lunar surface
and placing human beings on the planet Mars.

Two parallel 18-month Phase A conceptual design
studies were initiated in 1989 to define a STV to meet the
needs of the late 1990s and beyond. The STV would have
the capability to deliver payloads to geosynchronous
Earth orbit, to the moon, and other planetary missions.
The STV would thus extend beyond low-Earth orbit the
cost effectiveness and operational flexibility provided by
the national launch vehicle fleet.

Advanced Space Systems. Formerly Satellite Ser-
vicing, the branch name was changed in 1990 to better



reflect on-going activities. These activities include ad-
vanced hardware development, flight demonstrations,
satellite servicing, tether applications, and orbital debris.

Advanced development projects apply existing
technology to flight hardware for use on the shuttle, other
NASA spacecraft, and satellite servicing. In 1990, work
continued on the flight support structure hydrazine
coupling and servicing aid, the protoflight superfluid
helium coupler, and low force connectors. Flight demon-
strations of the Voice Command System and Optical
Communications Through the Window were completed
for flights on STS-41 and STS-43, respectively. These
demonstrations will provide on-orbit experience with
voice command of the closed circuit cabin television
cameras and of high-data-rate, fiber-optic communica-
tions through the aft flight-deck window. The Dexterous
End Effector Flight Demonstration will demonstrate the
on-orbit use of a force-torque sensor and magnetic end
effector. Operational application of this technology could
potentially provide significant cost and weight savings for
on-orbit assembly and servicing operations. The Super-
fluid Helium On-Orbit Transfer demonstration planned in
late 1992 has alrcady yielded many cryogenic manage-
ment techniques which are being used on the Advanced
X-ray Astrophysics Facility (AXAF), the Space Infrared
Telescope Facility (SIRTF), and other spacecraft. The
Satellite Servicer System Flight Demonstration Phase B
procurement documentation was completed.

Planning has continued for several tether applica-
tions flight demonstrations scheduled to fly on Delta
launch vehicles in 1992. The Small Expendable Deployer
System (SEDS) is a low-cost test bed designed to demon-
strate the feasibility of tether operational concepts using
existing technology. SEDS I, approved for flight in June
1992, will address severed tether dynamics, confirm basic
tether principles, and validate existing models. The mis-
sion design for SEDS II will focus on the feasibility of
tether-initiated rapid sample return and waste disposal
alternatives for possible future space station application.
Another tether applications flight demonstration, the
Plasma Motor Generator (PMG), is an electrodynamic
mission planned for flight in mid-summer 1992. The PMG
is designed to demonstrate that a hollow cathode attached
to the end of a conductive tether (wire) passing through
space plasma will generate electric power.

Orbital Debris. The population density of man-
made orbital debris in space at both low-Earth orbits and
geostationary-Earth orbits is growing as a direct result of
an expanding space launch rate. In recent years spacefaring
nations have been increasingly concerned that orbital
debris could pose a hazard to future space missions—
possibly to unacceptable risk levels early in the 21st
century. NASA has devoted a considerable effort over the
years toward understanding the orbital debris environ-
ment and its trends. Using up-to-date models of the debris
environment, hazard analyses have been performed for
space programs and appropriate protection measures
have been instituted to assure a high probability of safe
and reliable space operations.

The NASA space debris population density model
was formally reviewed by the NASA Technical Coordina-
tion Committee and the Orbital Debris Steering Group.
Upon endorsement, the model was accepted as a baseline
for the Space Station Freedom design and hazard analy-
ses. The model will be updated periodically as new data
from debris measurements and hypervelocity testing
become available.

During 1989, NASA held meetings with ESA repre-
sentatives to share information on the debris issue and
discussed the issues with the space agencies of Japan,
Canada, and the Soviet Union. ESA has established an
Orbital Debris Working Group and an agreement has
been enacted between NASA and ESA to exchange
technical data and study results. Additionally, in 1989, a
cooperative agreement was established between NASA
and BMFT, the West German government research and
technology agency.

In an attempt to expand the communication net-
work to more than bilateral, one-on-one discussions,
NASA organized an AIAA-administered international or-
bital debris conference in April 1990. There was strong
participation by both the United States and the interna-
tional members of the debris community with a good
exchange of the latest and planned research programs.
The conference conclusions highlighted the need for
better communications and data exchanges, the need for
improved models of debris population density, and an
endorsement of the position that it is premature to
consider establishing regulatory guidelines until further
studies and tests have been completed.
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Space Station Freedom

In President Bush’s first budget, submitted to Con-
gress in February 1989, he affirmed the importance of
space and the space station to our Nation’s future:

“Our commitment to space is important to our
national security, continued economic growth, and our
quality of life here on Earth. Space is where important
scientific and commercial breakthroughs of the future
may be made, where medicines of the future may be
manufactured, where some of our descendants may even
make their living. . . . Space Station Freedom, planned for
operation in the mid-1990s, is a keystone of the Nation’s
space policy.”

The space station is now 1 year closer to the first
element launch, scheduled for March 1995. Significant
progress was made in the development of all space station
systems and elements. This progress is reflected not only
in more complete designs of space station components
and assemblies but also by the fabrication of hundreds of
pieces of pre-flight development hardware including
breadboards, testbeds, technology demonstration hard-
ware, and other pre-flight development test articles.

The Space Station program continucs to move
forward with the design and development activities.
Review of the integrated program preliminary design is
planned for December 1990. Following this review, en-
gineers at each Work Package will continue detailed
design based on the approved preliminary design. These
final, detailed designs will be used for manufacture of the
various flight hardware elements of the space station.
Thus, completing the preliminary designs is a crucial and
significant milestone in the Space Station program.

The next milestone for design and development
efforts will be the critical design review planned for 1992.
This will begin the program’s transition to large-scale
fabrication of flight hardware.

With respect to management, the Level 1 organiza-
tion at NASA Headquarters has been modified as a result
of merging the Office of Space Station with the Office of
Space Flight. This merger was undertaken to ensure that
NASA's human space flight programs are completely
coordinated. The program management has been
strengthened by the addition of some of NASA’s most
experienced managers from the Space Shuttle program.
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An artist’s concept of a typical work day onboard Space
Station Freedom, with five of the international crew of eight
at work in the U.S. laboratory module.

Program Accomplishments

The contractors’ design efforts were complemented
by the fabrication and test of various pieces of develop-
ment hardware to supply data needed to support design
efforts for space station systems and elements. Consider-
able progress was made on such elements as the habita-
tion module, the truss structure, mobile transporter,
power and propulsion systems, and Attached Payloads
Accommodation Equipment. Engineering hardware for
the environmental control system has been tested, and
technologies have been selected for use in the air and
water recovery loops. In addition, NASA began to design
ground facilities to support space station operations,
awarded hardware contracts for the Flight Telerobotics
System and core electronics, and initiated long-lead
procurements of some elements.

In addition to hardware progress, major program
accomplishments include the progress that the Prelimi-
nary Design Review Resources Board has made toward
reducing space station weight and power requirements.
EVA requirements have also been addressed, and signifi-
cant reductions in projected EVA requirements have been
made.



An artist’s concept of an exterior view of the underside of
Space Station Freedom which will serve as a platform for
several Earth-viewing experiments. Also shown is an astronaut
in the foreground being moved on the end of Canada’s Mobile
Servicing Center manipulator arm, the Japanese Experiment
Module on the right, and the space shuttle on the left.

International

NASA continued to work closely with space station’s
international partners—Europe, Canada, and Japan. Sev-
eral coordinated studies and reviews were completed,
and all the partners are participating in the Space Station
program level Integrated Systems Preliminary Design
Review. Other multilateral activities included the first
government-level Space Station Cooperation Review,
held at the State Department in the summer of 1989. The
Canadian Space Agency completed its preliminary design
review as well as an interim design review, and the
European Space Agency and the Science and Technology
Agency of Japan are working toward their preliminary
design reviews in the next 2 years. ESA also initiated a
study of Man-Tended Free Flyer servicing requirements
and selected a polar platform design.

An agreement was made among all four partners on
an International Standard Payload Rack that will facilitate
commonality and payload interchangeability. This agree-
ment is indicative of the progress that the partners have
made toward the design of integrated, common systems.

Several joint program reviews were held between
NASA and each of the partners for issue resolution and to
discuss major program milestones.

Operations and Utilization

During FY 1990, major progress was made in
defining the Operations/Utilization Capability Develop-
ment requirements. Program activities associated with
Operations/Utilization Capability Development include
building and implementing all ground infrastructure
essential to operate, use, and support the manned base
over its 30-year or more lifetime.

Tactical- and execution-level Function Control
Documents, which define the functions required of the
ground systems of each NASA center and international
partner ground systems, have undergone two multilateral
reviews. Baselining these documents will be part of the
Integrated Systems Preliminary Design Review. A major
operations support contract was awarded and ground
was broken for the Johnson Space Center Neutral Buoy-
ancy Laboratory, a facility to enable development and
verification of space station assembly concepts.

In the area of utilization, significant progress was
made in assisting user communities, including Govern-
ment, academic, and commercial, to understand the
unique capabilities of Space Station Freedom. Several
utilization documents are nearing completion including
“A Space Station Freedom Users Guide,” “An Introduction
to Space Station Freedom,” and a brochure describing the
utilization disciplines on the space station. Two major
workshops were also held with potential commercial
users to highlight Space Station Freedom’s utilization
potential and receive feedback from the commercial
community on interests and needs.

A mechanism to collect and integrate user require-
ments for manifesting was identified. The first multilateral
utilization study was completed, which provided an
assessment of the user accommodations of the Freedom
design. A follow-on activity of the multilateral utilization
study has been initiated, which is simulating the strategic
and tactical integration planning process. A prototype
user-requirements database was developed which can
electronically transfer information between the partner’s
database and the United States.
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We have begun consulting with the partners on
space station crew selection requirements. Working groups
have been established with participation from the part-
ners to finalize the Space Station Freedom Astronaut
Selection Criteria.

Evolution

Advanced system studies in FY 1990 identified
preliminary reference configurations for evolution of the
baseline space station, and also recommended associated
design provisions (“hooks and scars”) and technology
requirements to protect options for future evolution. The
Evolution Engineering Data Book has been completed
and will guide designers as they make near-term deci-
sions with long-term implications. Other major activities
included the analysis of proposed revisions to the baseline
space station configuration and a study of space station
accommodation requirements for the Space Exploration
Initiative.

Space Station Freedom might perform several func-
tions to support the Space Exploration Initiative. First,
Space Station Freedom can enable some research and
technology activities required to support this initiative,
many of which need to be conducted in the space
environment. Second, it could serve as a transportation
node for assembling, testing, launching, and recovering
lunar and Mars vehicles. Space Station Freedom could
also supply some crew support, data management and
communication systems, and logistics services to accom-
plish these activities.

Conclusion

Space Station Freedom is an investment in the future
and an important step toward advancing American lead-
ership in space. In the words of President Bush, it will
serve as “a new bridge between the worlds, and an
investment in the growth, prosperity, and technological
superiority of our Nation.”

The Space Station program has made substantial
progress in FY 1990. Preliminary designs will soon be
replaced by detailed designs, to be followed by construc-
tion of component hardware.

Space Station Freedom is a cornerstone of our civil
space policy and a symbol of our commitment to interna-
tional leadership and cooperation in the peaceful explo-
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ration of space. By building Space Station Freedom, the
United States will affirm its preeminent role as the leader
in space exploration and achievement.

Safety and Mission Quality

with more than 85 percent of NASA’s budget
funding various industry contracts, the Quality and Pro-
ductivity Improvements Program Office, established in
1982, has implemented new plans and increased on-
going efforts to ensure continuous improvements
throughout the NASA/contractor team.

The Sixth Annual NASA/Contractors Conference,
held in Huntsville, AL, in October 1989 drew over 800
people representing more than 200 organization/busi-
ness units from Government and the aerospace industry.
The conference covered a broad range of topics including
service industry techniques, ideas to improve the quality
of the workplace, exploring Government initiatives re-
garding quality improvement, customer satisfaction, and
improving technology management.

During the Sixth Annual NASA/Contractors Confer-
ence, NASA announced the Lockheed Engineering and
Sciences Company, Houston, TX, was the recipient of the
1989 NASA Excellence Award for Quality and Productiv-
ity. Lockheed was selected from among eight highly
qualified finalists. The administrator added a small busi-
ness category for its NASA Excellence Award for 1990 to
further encourage its contractors to use quality principles
and tools.

NASA has put in practice the principles and philoso-
phy of “total quality management” with NASA employee
teams, suggestion programs, conferences, and awards.
NASA's total quality management initiatives are designed
to foster improved quality and productivity among both
the civil servant and contractor workforces. NASA's Lewis
Research Center, in Cleveland, OH, and Johnson Space
Center, in Houston, TX, were named quality improve-
ment prototypes by the Office of Management and
Budget—as such, they are models for other Federal
agencies.

Office of Commercial Programs

As 1989 marked the 20th anniversary of the first



lunar landing, it also reminded us that our Nation’s
investment in space enterprise has rendered countless
benefits to its citizens. Technological advances have
improved the quality of our lives and have had positive
impacts on our national economy. Through cooperative
efforts with U.S. industry to commercially develop space
and accelerate the commercial application of space
technologies, NASA continues to seeck expanded eco-
nomic returns from our public investment,

Significant progress was made in defining an overall
program for the commercial development of space.
NASA’s Office of Commercial Programs categorized and
scoped the different types of commercial space activities,
assessed the unique requirements and issues affecting the
growth of each, and developed mechanisms to carry out
a comprehensive program.

Establishing a Strategic Vision

Space harbors valuable resources that represent an
underdeveloped economic frontier. With strong foreign
competition in space-related industries, a strategic plan
for U.S. commercial space development is clearly needed.
In 1989, several key initiatives were carried out by NASA
that will culminate in a strategic plan founded in national
space policy goals.

Both the Commercial Programs Advisory Commit-
tee, in its formal report entitled “Charting the Course: U.S.
Space Enterprise and Space Industrial Competitiveness,”
and the American Institute of Aeronautics and Astronau-
tics, in a study document entitled “Issues in Strategic
Planning for Commercial Space Growth,” addressed criti-
cal policy issues affecting commercial space development
and the roles of Government, industry, and academia in
space commerce.

Based upon these major efforts, NASA is developing
a strategic plan based on three key goals: 1) actively
fostering the development of space-related markets; 2)
improving availability of and access to transportation and
infrastructure to support emerging markets and new
ventures; and 3) using NASA resources to support the
development and growth of successful commercial space
ventures.

In August 1990, NASA announced its intentions to
establish a Space Commerce Steering Group, composed
of senior NASA officials, to provide a high-level overview
of commercial applications of space technology. The

group will draw on expertise and support from the
Commercial Programs Advisory Committee in directing
future coherent, consistent NASA policies related to space
commerce.

Industrial Research and Development in Space

The return to flight of the space shuttle triggered a
resurgence of industrial research and development activ-
ity in FY 1989. Most of the commercial interest was
directed toward focused or applied research in the
behavior and processing of materials in the microgravity
environment of space.

NASA’s 16 Centers for the Commercial Develop-
ment of Space (CCDS) are consortia of university, indus-
try, and Government conducting early research and
testing of potential commercial products or services. An
important goal of the program is to encourage the active
involvement of U.S. firms in commercial space develop-
ment. Over the last year, the number of corporations
affiliated with the CCDSs has grown to 175, and their share
of financial contributions has continued to increase. The
ratio of private-to-Government support of the CCDS is
now approximately 3-to-1.

In the last year the CCDS have made significant
accomplishments in materials processing in space.
Microgravity processing has resulted in superior protein
crystal formations that can advance medical research in
cancer, AIDS, and other serious diseases; well-ordered,
porous, thin, film membranes that can be used in filtra-
tion, dialysis, and other separations-industry applications;
and high-purity indium for use in the production of
advanced electronic devices. Thus far, the CCDSs have
been awarded 18 patents for their research work and have
many more pending approval.

In 1989, the first CCDS technology and corporate
spinoffs took place. Maxwell Laboratories, of San Diego,
CA, in collaboration with the Center for Commercial
Development of Space Power, developed a stronger,
more efficient power supply. And BioCryst, a pharmaceu-
tical firm in Birmingham, AL, was incorporated to com-
mercially market the technologies being developed by
the Center for Macromolecular Crystallography.

In an effort to match space transportation and
support capabilities with the anticipated growth in mate-
rials processing requirements, NASA initiated grant fund-
ing for a commercial sounding rocket program. The
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March 29, 1989, launch of materials processing experi-
ments developed by a NASA CCDS aboard Space Services
Incorporated’s Starfire rocket represented the first Feder-
ally licensed commercial launch. Two subsequent launches
of the Starfire rocket took place in November 1989 and
May 1990,

NASA recently announced support for plans to
develop the Commercial Experiment Transporter
(COMET), a system for launching and recovering
spaceborne experiments. The CCDS, which initiated the
program, will be totally responsible for system design,
fabrication, test, and operations. Industry will provide key
hardware and services for each segment of the COMET
development and operations.

As part of the CCDS goal of providing cost-effective
hardware for conducting experiments in space, the Wake
Shield facility is being developed by the Space Vacuum
Epitaxy Center in Houston, TX, to permit research in a
high, ultra-pure vacuum during space shuttle flights.

Cooperative Agreements

In 1989 and FY 1990, NASA expanded its partner-
ship with U.S. industry through the signing of cooperative
agreements providing technical assistance and access to
launch facilities and services to support industrial space
research, commercial space transportation, and the pri-
vate development of space infrastructure and services.
NASA uses these and other innovative agreements to help
reduce the risks associated with commercial development
of space.

The Coca-Cola Company signed a Memorandum of
Understanding (MOU) with NASA in June 1989, to sup-
port the firm’s investigation of fluid dynamics, gas-liquid
separation, and metering technologies in space. More
recently, in September 1990, NASA signed an MOU with
Technology and Administrative Services Corporation for
the exchange of information on closed-environment
system technology.

NASA signed agreements with Conatec Incorpo-
rated, in May 1989, and Orbital Sciences Corporation, in
July 1990, to support the development of the commercial
expendable launch vehicle industry. In February 1990,
Global Outpost Incorporated and the University Corpora-
tion for Atmospheric Research independently negotiated
agrecments with NASA for use of the space shuttle’s
expended external tanks in suborbital experiments.
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Building U.S. Competitiveness Through
Technology Transfer

During 1989, NASA continued to open new avenues
for the transfer of NASA-developed technologies to the
public and private sectors. By participating in a number
of new cooperative ventures and implementing new
initiatives, NASA’s nationwide technology transfer net-
work has been further strengthened and expanded. With
the addition of eight new affiliates, the network now
extends into 41 States across the country.

Major agreements have been signed by NASA and
individual States to enhance technology transfer efforts
and to have a favorable impact on the States’ economies.
One such cooperative venture between NASA and the
State of California is expected to help advance research in
superconductivity. An agreement with the Center for New
West, a nonprofit policy research organization, will link
members and affiliates in 18 western States with the NASA
technology network.

NASA is also working closely with the Department
of the Navy to assist in developing a Navy Technology
Transfer Center. The Navy is interested in identifying
state-of-the-art technology available in industry, academia,
and other Government agencies and bringing it into Navy
repair and maintenance facilities to solve critical prob-
lems.

NASA’s direct support of technology application
efforts in 1989 helped to advance a range of industries
from medicine to transportation. There are 73 joint-
sponsored application projects currently being conducted
at nine NASA field installations.

Application projects are geared toward the solution
of public- and private-sector problems that have been
identified by user organizations. The projects are coop-
erative efforts, with partial funding and complete market-
ing of the resulting technology provided by the industrial
partner.

One technology resulting from an applications
project has led to major advances in diabetes control.
Known as the Rechargeable Physiologic Sensor, the
implantable device monitors glucose levels for insulin-
dependent diabetics.

Two new technological developments have also
emerged from the research activities of NASA’s Industrial
Application Centers: a combination worklight/general-
purpose flashlight called TANDEM, and a “fail safe”



screen pop-out system designed to protect the structural
elements of screened enclosures used in hurricane-prone
regions.

In 1989, the economic impact of NASA technology
transfer was assessed by the Chapman Research Group
Incorporated, in a report entitled “An Exploration of
Benefits from NASA ‘Spinoffs.” The study found that
technology applications have generated $21.3 billion in
sales of new or improved products and nearly $356
million in Federal income tax revenues. Additionally,
352,000 jobs were projected to have been created or
retained because of the increased revenues attributed to
these spinoffs.

Small Business Innovation Research Program

Small Business Innovation Research (SBIR) pro-
gram objectives include stimulating technological innova-
tion in the private sector, strengthening the role of small
businesses in Federal research and development (R&D)
programs, fostering and encouraging greater participa-
tion of minority and disadvantaged persons in technologi-
cal innovation, and increasing private-sector commercial
development of innovations derived from Federal R&D.

A 1989 survey conducted by NASA, with which the
General Accounting Office concurred, indicated that the
program had become a highly regarded element of
NASA'’s overall R&D activities. The survey found that the
quality of research conducted in SBIR projects was as high
or higher than comparable research funded through other
R&D means. The results of more than half the SBIR
projects reviewed have already been incorporated, or will
soon be incorporated, into NASA mission programs.

NASA’s assessment also found that at least one-
fourth of the projects had already resulted in commercial
products or enterprises by the small businesses, and that
a substantial number of minority and disadvantaged firms
had won SBIR contracts for high-technology projects.

In an effort to anticipate and encourage winning
companies to develop the commercial potential of SBIR
results, the SBIR Office has initiated a program to follow
and report on projects as they proceed.

NASA’s Office of Commercial Programs has pro-
vided a focus for action to stimulate and assist an
expanded involvement by the U.S. private sector in civil
space activities. Strengthened by a rich tradition of NASA
cooperation with industry, the program has supported

high-technology commercial space ventures, the com-
mercial application of existing aeronautics and space
technology, and greater access by commercial firms to
NASA capabilities and services.

The challenge remaining has been to organize these
efforts into a program that develops commercial space
markets, low-cost commercial space transportation sys-
tems, and commercial space infrastructure to strengthen
U.S. industrial competitiveness.

Space Operations

The Space Operations program continues to pro-
vide spacecraft operations and control centers; ground
and space communications; data acquisition and process-
ing; flight dynamics and trajectory analyses; spacecraft
tracking and applied research; and development of new
technology.

Space Network

In 1989, a key milestone was achieved in the
evolution of NASA’s Space Network when the Tracking
and Data Relay Satellite System (TDRSS) became fully
operational in geosynchronous orbit, providing support
to low-Earth-orbit missions. This represented a major
advancement in space communications. The operational
space network provided communication and tracking for
over 85 percent of each spacecraft orbit around Earth.
With the previous ground tracking network, coverage
was limited to about 15 percent of a spacecraft orbit. This
event brought to reality the long-awaited transition from
a ground-based tracking network to a space-based track-
ing capability for low-Earth orbital missions. The opera-
tional Space Network allowed NASA to execute its plans
to close or transfer to other agencies the four ground
stations located at Ascension Island, Guam, Hawaii, and
Santiago, Chile. Many stations were closed earlier in
anticipation of the Space Network becoming operational.

The Second TDRSS Ground Terminal (STGT) was
dedicated in January 1990. This new facility at White
Sands, NM will eliminate a critical single point of failure
and add the necessary capability to operate additional
TDRS in the future when user spacecraft demand in-
creases. The completion of this building, together with
the construction of the associated antenna foundations,
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made the facility ready for the introduction of the new
ground communications equipment. Contractors were
selected and have initiated preliminary design (Phase B)
studies for the Advanced Tracking and Data Relay Satellite
System (ATDRSS) program. The purpose of the ATDRSS
program is to maintain and augment the current TDRS
system when available satellite resources are expended in
the latter part of the decade, meet evolving needs for
satellite tracking and communications through the year
2012, and introduce new technology to reduce system
life-cycle cost.

Ground Networks

The Ground Network is comprised of the Space-
flight Tracking and Data Network, the Deep Space
Network (DSN), and the Aeronautics, Balloon, and
Sounding Rocket programs. They have continued to
provide tracking and data acquisition support services to
all NASA science and engineering missions for vehicles in
high-Earth orbit, in deep space, and for sub-orbital flights.

In August 1989 the DSN performed a nearly flawless
operation in the Voyager 2 encounter with Neptune,
which was a culmination of a 12-year mission to tour the
four giantouter planets. The DSN was augmented by non-
NASA facilities in Australia, Japan, and New Mexico for
this encounter. Because of the need to overcome the great
distance involved, more receiving capability was created
for the Voyager 2 Neptune encounter during the summer
of 1989 in order to increase the number of pictures to be
equivalent to that taken at Uranus in 1988. The Australian
government provided the Parkes Radio Telescope to be
used in combination with the DSN site at Canberra. The
Japanese Deep Space Station at Usuda was used during
the closest approach to Neptune on August 25 to provide
radio science data as Voyager 2 passed behind Neptune
and its moon, Triton. The National Science Foundation’s
Very large Array (VLA) in Socorro, NM, was also em-
ployed for the encounter. The VLA consists of twenty-
seven 25-meter antennas, whose signals were combined
into one and then further combined with those at the DSN
site in Goldstone. Also, in 1989, the DSN successfully
supported the launches of Magellan and Galileo space-
craft. Magellan will study the planet Venus, and Galileo
will probe the atmosphere of Jupiter and tour its family of
satellites.
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In 1990, the Ground Networks provided launch and
landing support for the shuttle missions and tracking and
data acquisition support was provided to the Magellan
spacecraft on its mission to map the surface of Venus; to
Galileo on its journey to Jupiter and Titan; and to Ulysses
on its mission to the sun. Data acquisition and communi-
cations support was also provided to flight research
projects and atmospheric research activities. Telecommu-
nications support was successfully provided to NASA’s
interplanetary and planetary spaceflight missions. These
missions are gathering considerable data on Venus and
the outer reaches of the solar system. Foreign missions,
some of which were cooperative, were also supported to
collect data from Earth and the moon.

The Spaceflight Tracking and Data Network com-
prises three operational ground stations, their primary
function is to provide launch and landing services for both
human-piloted and unmanned spacecraft. In 1989 the
STDN was further reduced from a worldwide network of
seven stations which were primarily used to provide
tracking and data acquisition for low-Earth-orbit space-
craft. The successful implementation and operation of the
TDRSS Space Network permitted the closure or transfer to
other agencies of the four ground stations at Hawail,
Guam, Ascension Island, and Santiago, Chile. Merritt
Island, FL and Bermuda have been retained to provide
essential launch and landing support. The Dakar, Senegal
station is used as a TDRS back-up for emergency commu-
nications during shuttle launches.



Communications and Data Systems

The elements of the Communications and Data
Systems program form the vital link between the data
acquisition stations and the scientific users and project
facilities. The basic elements are the following: two
communication systems, spacecraft mission control cen-
ters, and data processing facilities. The program also
includes national and international coordination of the
electromagnetic-frequency spectrum allocation process
and usage.

The Communications Program continued to pro-
vide two agency-wide communications systems, NASA
Communications Network (NASCOM) and Program Sup-
port Communications Network. These global systems
interconnect NASA’s foreign and domestic tracking and
data acquisition stations; NASA’s launch complexes, mis-
sion and network control centers; and NASA’s field
centers, major contractors, investigator sites, and interna-
tional partners.

The Mission Control program continued to provide
the control and performance analyses of NASA’s un-
manned Earth-orbiting spacecraft. These control facilities
generate the instructions for the spacecraft to make
observations and measurements, monitor spacecraft sta-
tus, and maneuver the spacecraft. In 1990, the mission
control and data processing facilities supported the launch
and early orbit checkout of Cosmic Background Explorer
and Hubble Space Telescope. These facilities also pro-
vided routine mission operations for six on-orbit space-
craft. The productive Solar Maximum Mission operations
were concluded. Also two major data processing facilities
were completed: the Generic Time Division Multiplexer
Facility, which will provide support to satellites that use
time-division telemetry, and the Packet Processing
(PACOR) Facility, which will support packet telemetry
satellites. The Spacelab Data Processing Facility is ready
to support the Astro/Broadband X-ray Telescope (BBXRT)
mission in 1991.

Definition studies and preliminary design for the
Customer and Data Operations System (CDOS) were
completed in June 1990 by two independent contractors.
These studies provide the basis for a preliminary system
architecture. CDOS will provide the data handling, pro-
cessing, and distribution functions for the Space Station
Freedom and Earth Observing System era.

Advanced Systems

The Advanced Systems Program continued to focus
on assessing and employing technological advances in
telecommunications, electronic micro-circuitry, and com-
puter sciences. These efforts are essential for the cost-
effective application of new technology to meet future
mission requirements. The work on low-cost, high-
electron-mobility transistor amplifiers allowed use in
1989 for the full capability of the National Science
Foundation’s Very Large Array for receiving telemetry
during the Voyager encounter with Neptune. Without this
capability, cost and reliability issues would have pre-
vented the use of the full array and significantly reduced
the data obtained in the Neptune encounter.

Aeronautics Research and Technology

Within NASA, the Office of Aeronautics, Explora-
tion, and Technology is responsible for the planning,
advocacy, direction, execution, and evaluation of projects
and research activities concerned with aeronautics re-
search and technology. NASA’s strategy for aeronautics
research and technology represents a response to the
challenges to the Nation’s aviation leadership and the
opportunities for technological advances identified by the
Executive Office of the White House, Office of Science
and Technology Policy’s 1985 and 1987 reports. Together
these reports outlined national goals in the trans-
atmospheric, supersonic, and subsonic flight regimes to
focus high-leverage technology developments and con-
cluded with a broad strategy for revitalizing the Nation’s
capacities for innovation in aeronautical research and
technology. To implement this strategy NASA is pursuing
the following six key thrusts:

e Subsonic transports—develop high-leverage
technologies to ensure future competitiveness of U.S.
subsonic aircraft and to enhance the safety and produc-
tivity of the National Airspace System;

e High-speed civil transport—resolve the critical
environmental issues and establish the technology foun-
dation for future decisions on economical, high-speed air
transportation;

e High-performance aircraft—provide technology
options for revolutionary new capabilities in future high-
performance fixed and rotary wing aircraft;
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e Hypersonics/transatmospherics—develop criti-
cal technologies to support development of future hyper-
sonic and transatmospheric vehicles;

e Fundamental technology base-—pioneer the de-
velopment of the fundamental knowledge base for the
design and operation of advanced aerospace systems;
and

e Critical national facilities—develop, maintain,
and operate critical national facilities for aeronautical
research and for support of industry, DOD, and other
NASA programs.

The NASA aeronautics program itself is conducted
at NASA research centers located in California, Ohio, and
Virginia. Each center has unique facilities and research
staff expertise that provide a significant national resource
for the pursuit of new advancements in aeronautical
technology. All three centers conduct extensive in-house
research utilizing special facilities and equipment. In
addition, each center conducts research in close coordi-
nation with other Government agencies, universities, and
industry.

The Ames Research Center, in Moffett Field, CA,
utilizes its unique capabilities in computational fluid
dynamics and computer science applications to focus on
the development of new analytical methods. The Center
also has advanced aerodynamic testing and flight simula-
tion facilities for validating analytical methods and con-
ducting research investigations of both small- and large-
scale aeronautical vehicle configurations. Ames also con-
ducts human factors, aircraft and air traffic control auto-
mation, flight dynamics, and guidance and digital controls
research. The extensive flight test research capability of
the Ames/Dryden Flight Research Facility complements
Ames’ ground-test capability. Key systems-technology
areas include propulsion/airframe integration, powered
lift technology, and rotorcraft aeromechanics.

Propulsion is the primary focus of the Lewis Re-
search Center, located in Cleveland, OH. The Center's
research and technology expertise has been divided into
four main thrusts for strategic planning purposes:
aeropropulsion, space propulsion, space power, and
space science and applications. The objective of the
aeropropulsion thrust is to advance and strengthen
acropropulsion technology that will contribute signifi-
cantly to the development of U.S. civil and military
aircraft.
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The Langley Research Center, in Hampton, VA,
pursues research in fundamental aerodynamics and fluid
mechanics, computer science, unsteady aerodynamics,
human factors, and aeroelasticity. Aerodynamic testing to
support the research in each of these areas is a major focus
of the Center. In addition, the Center is a leader in
structures and materials research, with a primary focuson
the development and validation of structural analysis
methods and research in airframe metallic and composite
materials. Langley also conducts fundamental research on
fault-tolerant electronic systems and flight control. Other
research areas include simulation and evaluation of
advanced operational aircraft systems, acoustics and
noise reduction, and propulsion/airframe integration.

Disciplinary Research and Technology

NASA’s disciplinary research is aimed at establish-
ing and maintaining a solid foundation of technology in
the traditional areas of aerodynamics, propulsion, mate-
rials and structures, information sciences and human
factors, and flight systems and safety. Rescarch objectives
include development and validation of computational
methods for analysis and prediction of complex external
and internal flows, structural mechanics, control theories
and their interactions; development of design and valida-
tion methods for highly reliable, integrated, and interac-
tive control of aerodynamics, structures, and propulsion
systems; development of human-error-tolerant, computer-
aided piloting systems; development of design method-
ologies and life prediction modeling techniques for
advanced high-temperature materials; and development
of a solid research base to enable new innovative
concepts.

Aerodynamics

The NASA aerodynamics effort provides the tech-
nology base upon which vehicle advancements can be
made throughout all speed regimes and aerospace ve-
hicle classes. Disciplinary research in aerodynamics is
structured in a program of closely integrated efforts in
theoretical analyses, numerical simulation, wind-tunnel
testing, instrumentation development, and selected flight-
research projects.



Computational Fluid Dynamics. A major re-
search emphasis in aerodynamics is development of
Computational Fluid Dynamics (CFD) methods and codes
to advance understanding and prediction of complex
aerodynamic phenomena. Research includes flow diag-
nostics using Navier-Stokes and Euler computations to
improve the understanding of detailed mechanisms asso-
ciated with induced drag. CED is continuing to provide
powerful analytical, simulation, and predictive tools to
describe the complex physics of aerodynamic flow.
Recent accomplishments using CFD to study aerody-
namic flow include the use of Reynolds-averaged, Navier-
Stokes codes and a high-resolution grid to analyze vortex
breakdown over a double delta wing. In addition, the
Navier-Stokes solution for a flat-plate delta wing with two
simulated jets issuing from the underside of the wing has
compared favorably with experimental results. In other
studies, direct numerical simulation of flow in a channel
has produced valuable insights into the physical mecha-
nisms which lead to the development of turbulent flows.,

Supersonic Riblets. Modification of aerodynamic
surfaces with streamwise grooves, called riblets, has been
shown to reduce turbulent skin friction. At subsonic
speeds riblets produce up to a 10-percent reduction in
drag across the Reynolds number range. This past year an
F-104 aircraft with a flight-test fixture mounted on the
underside was used to test riblets at supersonic speeds. A
5- to 10-percent reduction in skin friction was observed
at Mach numbers up to 1.8 and altitudes up to 45,000 feet.
The data suggest that passive concepts such as riblets
could provide reduced fuel consumption and increased
range for a number of commercial and military aircraft

types.

Unsteady Aerodynamic Simulation. This type of
computational tool uses the capability of CFD to simulate
flows about realistic aerodynamic bodies in relative
motion. The computation is done using a time-dependent
Navier-Stokes solver and a dynamic overlapping grid
scheme and is applied to a wide range of problems,
including space shuttle and Shuttle-C solid-rocket-booster
and external-tank separation sequences, separation of
payloads and spent external fuel tanks from high-perfor-
mance aircraft, staging sequences of multistage launch
vehicles, ground/aircraft interaction during takeoff and

landing of short-take-off-and-vertical-landing (STOVL)
aircraft, and release sequence of the Pegasus satellite
launch vehicle.

Hybrid Laminar Flow Control Flight Experi-
ment. Hybrid Laminar Flow Control (HLFC) is a recently
developed technique for maintaining low-drag flow on an
aircraft wing by air suction near the leading edge and
special wing-surface contouring. Research has suggested
that 8- to 10-percent reductions in aircraft drag can be
realized. In 1990 an HLFC section was developed for a B-
757 transport aircraft wing and flight tested in a coopera-
tive research program with Boeing and the U.S. Air Force.
The experiment established that HLFC operation for the
wing mid-span is plausible. Laminar flow was observed
back to 65 percent chord.

STOVL E-7A Tests. The E-7A program is part of an
overall NASA effort in the development of short-take-off-
and-vertical-landing (STOVL) technology. In 1989 the
full-scale powered model of an E-7A aircraft was tested in
both the 40-x-80-foot and the 80-x-120-foot test sections
of the National Full-Scale Aerodynamics Complex at the
Ames Research Center. The primary objectives of these
tests were to determine augmentation ratios and acceler-
ating and decelerating performance margins. Tests of the
model at simulated forward flight velocities ranging from
25 to 120 knots demonstrated that the aircraft has ad-
equate acceleration and deceleration performance, en-
abling it to transition from hover to forward flight and
back to hover in level flight. These efforts are expected to
lead to a STOVL flight demonstration program enabling
the development and deployment of a new class of
supersonic STOVL combat aircraft in the United States.

Propulsion

Advanced propulsion technology is the key to
realizing major improvements in many new aeronautical
vehicle concepts. Propulsion system technology is built
upon a solid base of focused discipline research in areas
of Internal Fluid Mechanics (IFM), high-temperature
materials, advanced control concepts, and new instru-
mentation techniques. Discipline research in IFM pro-
vides analytical tools necessary for describing complex
flows in turbomachinery, high-speed inlets, exhaust nozzles
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Model of the E-7A Short-Take-Off-and-Vertical-Landing Aircraft
in a Wind Tunnel at Ames Research Center.

and ducts, and chemically reacting flows in combustors.
The ability to analyze three-dimensional chemically react-
ing flows in converging-diverging ducts for ramjets and
scramjets was recently demonstrated by the Lewis Re-
search Center. Significant progress had been made during
1989 in the development of high-temperature instrumen-
tation technology. Silicon carbide semiconductor devices
were demonstrated to retain diode characteristics up to
550 degrees Celsius.

Turboprop Flight Testing. During 1980 the Propfan
Test Assessment aircraft was used to obtain a unique
database for en route noise in cooperation with the
Federal Aviation Administration. Ground-noise measure-
ments, taken in conjunction with in-flight measurements
during typical cruise operation, provide the basis for
understanding source-noise propagation to ground level
and its variation caused by atmospheric conditions.
Propeller-blade-surface steady and unsteady pressure
measurements were acquired to augment the fundamen-
tal coupling of aerodynamics and acoustics. During 1990
these data were analyzed to help develop and verify
advanced multidisciplinary analytical noise prediction
codes that include the aerodynamics, structures, and
acoustics of rotating propeller blades for future design
application.
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Turbomachinery Multistage Flow Analysis. A
multistage, average-passage turbomachinery analytical
code was developed that provides the first adequate
three-dimensional description of complex flow fields,
including secondary vortices caused by viscous effects.
Application of this code to four full compressor stages
predicted the same flow choking phenomena seen in
experiments but previously uncaptured by analytical
techniques. Ongoing large, low-speed centrifugal
turbomachinery experiments have provided the basic
secondary flow and separation validation database for
advanced three-dimensional codes that properly capture
the complex flow physics.

Transport Propulsion Integration. Using Euler
codes based on analytical capability developed in the
Turboprop program, an advanced wing was designed to
account for local interference of the propulsion pylon.
This activity represented the first attempt to design an
integrated wing-pylon-nacelle system and subsequent
testing confirmed the absence of pylon interference.

Materiais and Structures

Advancements in materials and structures technol-
ogy enable introduction of new civil and military aeronau-
tical vehicles with improved performance, durability, and
economy. New materials and structural concepts are
being investigated that withstand high aerothermal load-
ing cycles in complex, lightweight airframe configura-
tions.

In 1989 progress was achieved in development of
enhanced diffusion bonding (EDB) for fabrication of
titanium aluminide honeycomb-core sandwich panels.
EDB has been shown to offer considerable potential for
fabricating lightweight, high-temperature structures. Pan-
els as light as 0.5 pounds per square foot have been
successfully fabricated.

Research in superplastic forming has resulted in
demonstration of compression panels with superplastic-
formed aluminum stiffeners capable of sustaining loads
50 percent higher than the load capacity of panels having
conventionally formed stiffeners. Material-research engi-
neers have also established superplastic-forming param-
eters which permit unique shapes and configurations
desired by the aircraft designer to achieve improved
structural efficiency.



NASA has sponsored a program to develop low-cost
fabrication processes for complex airframe structures,
The geodesic-stiffened spar web developed as a result of
this effort has proven to be a cost-effective and damage-
tolerant airframe design approach. The objective of this
effort was to achieve significant cost reductions in fabri-
cation of composite structures by utilizing automated
filament winding techniques, which reduce costs by 50
percent compared to conventional hand lay-up methods.
Accomplishments to date include development of a
method to filament wind composite spars in pairs using
a one-step, fully automated process.

NASA'’s Advanced High-Temperature Engine Mate-
rials Technology program focuses on providing revolu-
tionary composite materials and structures techniques for
21st-century transport engines. Emphasis is on polymeric-
matrix composites, metal/intermetallic-matrix compos-
ites, and ceramic-matrix composites. Composites have
been fabricated which maintain strength and toughness
after thermal cycling from room temperature to 1,100
degrees Celsius for over 500 cycles without failure.

Research on supersonic flutter has been initiated
using the Langley 16-foot Transonic Dynamics Tunnel at
speeds to Mach 1.2. The wind-tunnel tests examined
structural relationships between the supersonic-flutter
problem and the weight of fuel carried in internal, wing
fuel tanks. Researchers have developed capability to
computationally predict unsteady transonic aerodynamic
loads on realistic aircraft configurations. The new code
can predict both the steady and unsteady pressure
distributions over the entire aircraft surface. Shock-wave
location and strength as well as aerodynamic interference
between bodies can also be predicted. The capability has
been verified by comparison with wind-tunne] data.

Information Sciences and Human Factors

New missions that stretch piloting capability and
integrated systems that demand high-speed computa-
tional processing are the challenges confronting NASA’s
information sciences and human factors program. The
technologies emerging from this rapidly expanding field
of science provide the key to understanding, controlling,
and optimizing a new family of aeronautical vehicles.

Controls and Guidance. Controls and guidance
research is providing advanced technology to exploit

concepts which dramatically improve the operational
capabilities of civil and military aircraft. Major advances in
aircraft control methodologies, reliability and validation
techniques, and guidance and display concepts are taking
place which greatly increase the efficiency and effective-
ness of the next generation of fixed-wing aircraft and
rotorcraft. The Advanced Transport Operating System B-
737, used for in-flight applications of artificial intelligence
to flight-control system software, has been returned to
flight status following a modernization upgrade.

Human Factors. Human factors research endeav-
ors to develop information display concepts that increase
the pilot’s understanding of an aircraft's performance
while simultaneously reducing the pilot workload and
error. NASA has developed an Engine Monitoring and
Control System that allows the pilot to quickly assess the
performance and status of the aircraft engines, crucial in
high workload situations like takeoff and landing. Tests
with a variety of pilots have indicated a high level of
engine fault or abnormality detection that were missed
about half of the time by the pilots using traditional
displays.

The NASA rotorcraft, automated, nap-of-Earth (NOE),
flight-research program is a cooperative activity with the
U.S. Army, aimed at developing and demonstrating con-
trol, guidance, and sensing technologies for enhancing
low-altitude/NOE flight. During 1989, pilots representing
NASA, the Army, and the Air Force evaluated a computer-
aided, low-altitude, flight-path guidance system for heli-
copters via simulation.

Computer Science. Fundamental studies of new
architectures and algorithms for exploiting the full power
of computers are being conducted at the Research Insti-
tute for Advanced Computer Science established at the
Ames Research Center. The results will make significant
contributions to computational fluid dynamics, computa-
tional chemistry, and other disciplines. The Sparse Dis-
tributed Memory project is investigating theory and
applications of a massively parallel computing architec-
ture that will support storage and retrieval of sensor and
motor patterns required by autonomous systems.

Flight Systems

In each discipline area such as aerodynamics,
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structures, flight controls, and propulsion, there exists a
need to validate research through actual flight testing of
new components and systems. In some instances, aero-
nautical research can only be performed or validated in
flight. This in-flight validation is frequently accomplished
using high-performance aircraft as test platforms.

Heavy Rain. Heavy-rain effects on aerodynamic
performance of aircraft in flight came under suspicion as
a result of a DC-9 accident that occurred in heavy rain.
NASA initiated small-scale, wind-tunnel tests to obtain a
preliminary evaluation of heavy-rain effects. These tests
showed a marked reduction (approximately 15 percent)
in the maximum lift a wing can generate when it is
operating in heavy rain (15 to 40 inches per hour).
Though seemingly high, rain rates of these magnitudes
have been measured for short durations of time.

The Aircraft Landing Dynamics Facility (ALDF) at
the Langley Research Center was modified to incorporate
an overhead sprinkling system capable of generating
simulated heavy rainfalls. An airfoil was installed on the
ALDF sled and a series of tests were performed to measure
lift loss on a full-scale airfoil with a leading-edge slat and
a double-slotted flap. The tests verified subscale data for
the largest level of rainfall (that is, 40 inches per hour).
Data from these tests will enable simulation of heavy rain
effects on operational aircraft.

Icing Research. NASA has conducted a joint wind-
tunnel investigation with Boeing on the effects of aircraft
deicing fluids on aircraft aerodynamics. The investigation
covered transport and commuter aircraft. It was deter-
mined that hold-over times critically affect fluid effective-
ness. Typical hold-over times for fluids used in the United
States average 5 minutes or less. While newer (thickened)
deicing fluids increase this time by a factor of 4 to 6, these
thickened fluids may not completely dissipate during
takeoff roll for commuter aircraft, thereby causing aero-
dynamic penalties similar to those experienced by heavy
rain.

Vortex Flap. Aerodynamic and performance flight
tests of the vortex flap fitted to the NASA F-106B research
aircraft has expanded the flight envelope to 4 g’s. The
wing/flap pressures, handling qualities, and the stability
and control characteristics are being documented. Flight-
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test data are confirming and exceeding predicted perfor-
mance improvements. A review of test results and flight
experiment status have been presented to both the
Boeing and the Douglas Aircraft companies.

High Angle-of-Attack Technology Program. This
NASA program is a comprehensive aerodynamics, flight
dynamics, and control research program that contains
analytical, computational, wind-tunnel, and flight re-
search elements. Emphasis is placed on the acquisition of
detailed, flight-validated databases in high angle-of-attack
environments (that is, to 70 degrees and beyond). A thrust
vectoring control system has been installed that will
enable extended pitch-and-yaw control on the test air-
craft. The system is currently completing preflight tests
and the first flight is scheduled for early October 1990.
Vortex generators which will enable yaw control from the
forebody of the aircraft are also being designed, devel-
oped, and tested. These devices will provide yawing
moment forces by manipulating vortices shed from the
forebody during high angle-of-attack flight.

A detailed database has been developed for the
conventionally controlled F/A-18 aircraft. Data have been
obtained enabling comparisons between predicted and
flight-measured, aerodynamic flow characteristics. Ad-
vances in computational capabilities and in-flight flow
visualization techniques have enabled comparisons of the
flow characteristics within the boundary layer on the
surface of the airplane, and in the vortices shed by the
forebody.

Flight Research of F-15 Aircraft. NASA and the
USAF successfully completed the first phase of the Self-
Repairing Flight Control System (SRFCS) program. This
program provided flight evaluation of a system designed
to detect and isolate flight-control system failures, provide
alert status to the pilot, provide onboard maintenance
diagnostics, and assist in a reconfiguration strategy. Flight
research for this program began in December 1989 at the
NASA Ames-Dryden Flight Research Facility, in Edwards,
CA, using the NASA F-15 Highly Integrated Digital Elec-
tronic Control (HIDEC) aircraft and was completed in
June 1990. Flight research results confirm that SRFCS can
detect and compensate for a simulated 80-percent loss of
a horizontal stabilizer, for a fixed and locked stabilizer,
and can perform maintenance diagnostics. SRFCS com-



pensates for failures by movement of the remaining
rudder, ailerons, and horizontal stabilizer surfaces to
control pitch, roll, and airspeed.

The NASA Performance Seeking Control (PSC)
program is also undergoing testing on the F-15 HIDEC
aircraft. This program’s objective is to increase overall
aircraft thrust (defined as net propulsive force) and range
performance by real-time-optimized control of the en-
gine, nozzle, inlet, and horizontal stabilizers. A perfor-
mance-seeking algorithm is designed to minimize fuel
consumption during aircraft cruise; maximize excess
thrust during climbs and dashes; and extend engine life
by reducing fan turbine inlet temperature. PSC will
optimize control of five engine variables, three aircraft
inlet parameters, and the horizontal stabilizer position.
Aircraft thrust increase in the subsonic flight envelope is
predicted to range between 10 and 15 percent. Maximum
power thrust in the supersonic flight regime is predicted
to increase between 4 to 6 percent.

Systems Research and Technology

Systems technology programs carry new and inno-
vative technology from the laboratory experiment into
experimental and verification systems testing. These
programs also provide for the design, fabrication, and
testing of multidisciplinary aeronautical systems in order
to greatly reduce technical risks associated with ultimate
application.

Subsonic Transports

A major goal of the subsonic transport program is to
establish technology that will enable the doubling of fuel
efficiency of today’s best subsonic transport aircraft, while
substantially increasing productivity and affordability.
Representative of efforts in drag reduction for subsonic
aircraft is the cooperative program conducted with Boeing
to obtain high-Reynolds-number data on advanced tech-
nology wings for computational fluid dynamics code
development. Research efforts on the Takeoff Perfor-
mance Monitoring System have completed full-task simu-
lations with 41 experienced multi-engine pilots. The
technology developed will enable a pilot to monitor not
only the aircraft systems but the outside ambient environ-
ment as well. Payoff from this research is the potential
reduction in takeoff-and-landing accident rates.

Rotorcraft

Rotorcraft research is focused on those barrier
technologies which lead to development and validation
for cost-effective design of highly efficient, low-noise-
and-vibration rotorcraft. Overall program goals are to
conduct systems studies to define configurations and
technology requirements; focus research and technology
efforts on high-performance rotorcraft; assess needed
contributions from basic disciplines; and define a pro-
gram of supporting technology for a high-speed rotor-
craft. Recent emphasis in rotorcraft research has been
focused on acquisition of an extensive rotor-airloads
database, high-speed rotorcraft technology, and tiltrotor
research in noise and performance enhancement. Joint
programs with the DOD, the Federal Aviation Administra-
tion, and the U.S. helicopter industry result in constructive
and closely coordinated national research efforts for
rotorcraft technology.

Tiltrotor Tecbnology. Tiltrotor research contin-
ued to support the U.S. Navy V-22 Osprey development
by conducting a test of a 2/3-scale rotor in the 40-x-80-foot
wind tunnel at Ames Research Center to measure rotor
performance in forward flight. Testing also investigated
download on the tiltrotor wing in hover. Measurements of
the download were acquired for a wide range of rotor-
thrust conditions and wing-flap angles. The effects of
rotor rotation direction and rotor nacelle angle were also
assessed. In cooperation with the Federal Aviation Ad-
ministration (FAA), NASA is conducting a Tiltrotor Appli-
cations Study to investigate factors relating to an environ-
mentally compatible and economically viable civil tiltrotor
operating in the National Transportation System. The
study is intended to identify areas of highest research
payoff for best commercial vehicle configuration based
on estimates of maximum market size. It is also intended
to develop a better understanding of economic factors
that influence successful commercial operation; identify
changes for improved commercialization; conduct an
operational analysis of design criteria and certification
guidelines; and develop a comprehensive flight valida-
tion plan. NASA also conducted steep-approach simula-
tions for the FAA that show promise for reducing noise
and other siting restrictions.

Advanced Rotorcraft Tecbnology. A compre-
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hensive rotor airloads program is under way to provide a
database of airloads, blade dynamics, vibrations, and
acoustics on a modern four-bladed helicopter. This coop-
erative effort with the U.S. Army conducts small- and
large-scale wind-tunnel experiments and flight research
with highly instrumented rotors. A UH-60 Blackhawk
helicopter is being used in the flight research program.
Pre-flight theoretical predictions using several rotorcraft
analytical computer programs have been completed. The
first phase of the flight investigation focused on rotor
structural limits at high speed. In aeroacoustics, NASA is
supporting innovative industry concepts for noise reduc-
tion. Validation of global-noise analysis was performed
on two helicopters and the XV-15 and will continue on the
UH-60 and the V-22 tiltrotor. Prediction methodologies
for vibration analysis have been developed to assess rotor
and fuselage structural dynamics. Mass tuning of the rotor
and active vibration control techniques are being inves-
tigated to reduce vibratory loads. Active control is also
being assessed for improved maneuverability through the
use of rotor state control and individual blade control.

High-Performance Aircraft

NASA'’s high-performance aircraft research program
is an integral and critical part of the overall aeronautics
program. The program is structured to develop and
mature technologies that have important military and civil
applications. The technology programs are carefully
selected to demonstrate significant improvement in per-
formance or to show new capability that has high payoff.

Supermaneuverability. Achieving stable and
controllable flight at extreme angles-of-attack approach-
ing 90 degrees to the free stream airflow offers dramatic
payoffs in military effectiveness. Collectively the technol-
ogy is referred to as “supermaneuverability.” Unprec-
edented high angle-of-attack capabilities utilizing propul-
sive control concepts were demonstrated with free-flying
wind-tunnel models and simulation studies. Emphasis is
placed on analysis and control of the flow in the high
angle-of-attack environment (70 degrees and beyond).

X-29 Program Status. The X-29 program is a joint

venture by NASA, the Air Force, and the Defense Ad-
vanced Research Projects Agency to investigate perfor-
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V-22 Tiltrotor 2/3 Scale Rotor Performance Test in the Ames
Research Center 40-x-80-foot Wind Tunnel.

mance advantages and new options in configuration
integration of forward-swept-wing, fighter-class aircraft.
Concurrently, the opportunity was seized to test several
other emerging technologies of high potential. These
include relaxed static stability; three-surface longitudinal
control; aeroelastic-tailored, composite, thin, supercritical
wing; and digital flight-control systems.

The second X-29 aircraft, which is configured to
expand the angle-of-attack envelope, first flew in May
1989. Functional-check flights and spin-chute-system
flights were completed in July 1989. As of January 18,
1990, the second aircraft had completed 15 flights and
cleared the 1-g flight envelope up to 43 degrees angle-of-
attack. The aircraft has exhibited excellent roll-and-yaw
characteristics, outperforming predictions. Currently, a
military utility evaluation at high angle-of-attack is under
way and is scheduled to be completed by the end of
calendar year 1990.

Short Take-off and Vertical Landing Aircrafi.
The United States and the United Kingdom are nearing the
end of a five-year program to develop advanced short
take-off and vertical landing (STOVL) technologies aimed
at reducing technological risk associated with the devel-
opment of a next generation STOVL aircraft. One technol-
ogy thrust was to develop airframe configurations that
minimize hot-gas ingestion from the propulsion system



recirculating back into the engine inlets, resulting in
hover-performance degradation. An experimental activ-
ity was initiated at the Lewis Research Center's 9-x-15-
foot, low-speed, wind tunnel to develop the analytical
capability to predict when reingestion will occur and to
provide for newly developed computational fluid dynam-
ics codes.

Supersonic Cruise

U.S. trade with the Pacific community has increased
dramatically, accelerating well beyond the volume of
trade with Europe. Passenger aircraft that feature 350-
passenger capacity, transpacific range, and cruise speeds
in excess of two times the speed of sound will link the
farthest reaches of the Pacific Rim area. A major techno-
logical challenge is the development of propulsion sys-
tems that will meet acceptable emission and noise stan-
dards and provide substantial reduction in fuel consump-
tion while offering extended engine life at high, sustained
operating temperatures. Other challenges include reduc-
ing airframe structural weight fractions, increasing cruise
lift-to-drag ratio via supersonic laminar-flow control, and
developing technologies to alleviate the impact of sonic
boom for overland flight.

Boeing and McDonnell-Douglas have reported their
findings from initial studies of market and technical
viability of a high-speed civil transport. The studies
identified barrier technologies arising from airport noise,
sonic boom, and propulsion systems emissions that must
be overcome in order to successfully implement a next-
generation supersonic transport. NASA has subsequently
defined a High-Speed Research program to address the
barrier issues.

The engine emissions of primary concern are nitro-
gen oxides which, through a series of catalytic reactions,
could have an adverse impact on Earth’s protective ozone
layer. Recent tests at the Lewis Research Center have
demonstrated a six-fold reduction in nitrogen oxide
production in a lean, premixed, prevaporized combus-
tion rig.

Aircraft noise and its propagation in airport vicini-
ties is a subject of significant concern. Technology devel-
opment for supersonic transport noise reduction will
combine both propulsion-system advances and the effect
of improved lift-to-drag ratios on aircraft operation into an

integrated role for reduction in overall noise levels near
airports. Progress in cooperative efforts with industry
include a 12-decibel reduction for mixer-ejector-type
nozzles that retain the weight and performance character-
istics required for operational systems.

Sonic boom is the result of a pressure disturbance
caused by an aircraft flying at supersonic speeds. The
goals for sonic-boom reduction research are to establish
acceptability criteria for overland cruise; to develop
predictive methodology for minimum boom concepts;
and to verify prediction capability, particularly for atmo-
spheric propagation. Analysis has shown that low-boom
levels at high altitudes have significantly less “startle”
effects on the ground.

Generic Hypersonics

The Generic Hypersonic program is an integrated,
multi-disciplinary program aimed at continuing
airbreathing hypersonic vehicle database development.
The program focuses on key issues in hypersonics and
emphasizes the establishment of hypersonic “know-how”
independent of specific applications. The program stresses
fundamental technical understanding of the controlling
physical phenomena as well as innovation and provides
capability to respond to both NASA and DOD future
mission and application needs.

Ames Research Center has conducted investigations
in aeroheating, control concepts, lightweight ceramic-
matrix composites, and improvements to an arc-jet facility
used to test and evaluate high-temperature insulation
concepts. Langley efforts consisted of the development of
three-dimensional, non-equilibrium, computational-fluid-
dynamics flow field code; characterization of thin-gauge,
metallic-substrate material formed by deposition; evalua-
tion of high-L/D waverider configurations; investigations
of the effects of contaminants on scramjet combustion;
and analysis of actively cooled structural concepts. Lewis
efforts focus on advanced high-speed propulsion inlet
configurations, fundamental fuel/air mixing, and devel-
opment of high-temperature reinforced composites.

NASA’s expertise in hypersonic technology is being
fully applied to the National Aero-Space Plane with the
realization that its extremely broad range of technological
needs challenges all disciplines. Future hypersonic ve-
hicle concepts will be designed with the database devel-
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oped from the multidisciplinary technology of the Ge-
neric Hypersonic program.

Wind-Tunnel Revitalization

In the conduct of aeronautical research and technol-
ogy programs, NASA utilizes a unique complement of
experimental wind-tunnel facilities. These facilities, val-
ued at several billions of dollars, play a key role in
supporting American industry in developing the Nation’s
civil and military aircraft. Unfortunately, many of these
wind tunnels are now more than 30 years old.

A team of independent experts had conducted a
critical assessment of the physical condition and produc-
tivity of the wind tunnels and projected demands for their
use. The assessment indicated a serious need for modern-
ization or refurbishment of many of the tunnels and their
instrumentation, support equipment, and data systems.
These findings were confirmed in separate reviews by
NASA's Aeronautics Advisory Committee and the National
Research Council’s Aeronautics and Space Engineering
Board.

NASA is in the process of carrying out a major 5-
year, wind-tunnel revitalization program, scheduled to be
completed in 1993. Current activity involves design work
on three of the most urgent projects: replacement of the
structural shell and refurbishment of the test section and
equipment for the Ames Research Center’s 12-foot pres-
sure wind tunnel; rehabilitation of motors and critical
cquipment for the Lewis Research Center’s 10-x-10-foot
supersonic tunnel; and modernization of nozzles, heaters,
and controls for the hypersonic facilities complex at the
Langley Research Center. Construction on the Lewis
tunnel and the Langley facilities began early in 1989.

National Aero-Space Plane

The National Aero-Space Plane (NASP) program
was initiated in 1986 as a joint effort of NASA and the
Department of Defense (DOD) to develop technologies
for a new generation of aerospace vehicles for hypersonic
cruise in the atmosphere or single-stage-to-orbit using
airbreathing primary propulsion and horizontal takeoff
and landing. NASP research and development is shared
with NASA and DOD by a team of five major contractors.
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Pratt and Whitney and Rocketdyne are conducting work
on propulsion; General Dynamics, McDonnell Douglas,
and Rockwell are executing tasks related to the airframe
and total vehicle integration. The program is defined to
culminate with flight tests by an experimental vehicle, the
X-30.

The National Space Council reviewed the NASP
program in 1989. It reaffirmed the program objectives and
recommended stretching the schedule by two and a half
years to reduce technical risk. The decision to proceed
with building and flight testing the X-30 is now projected
to be made in the spring of 1993.

Wind-tunnel tests of scaled-model, X-30 configura-
tions have significantly increased the experimental data-
base from takeoff to hypersonic speeds. NASA’s Numeri-
cal Aerodynamic Simulator has allowed analyses of highly
complex flows through application of computational
fluid dynamics. One example is the flow about a repre-
sentative X-30 configuration at Mach 25 in which the air
is chemically altered by the extreme heat of both friction
and compression from shock waves.

Structures and materials technology continues to
focus on high strength, light weight, and resistance to
extreme heat loads. Material development has produced
a substantial database on titanium aluminides, metal-
matrix composites, and refractory composites. Theoreti-
cal chemistry and laboratory experiments are answering
questions concerning compatibility of materials with
hydrogen fuel. Structures work has demonstrated pro-
duction techniques for fuselage panels and control sur-
faces developed from metal-matrix composites. Coated
carbon-carbon specimens have survived combined me-
chanical and thermal loads simulating over 300 cycles of
flight.

Propulsion research was highlighted by wind-tun-
nel tests at Mach 4 to 8 with scale models of four types of
engines. Computational fluid dynamics and other analyti-
cal methods explored details of such phenomena as fuel/
air mixing and combustion within the supersonic com-
bustion ramjet at flight speeds above Mach 6. Work has
included calculations at the molecular chemistry and
physics level for combustion in ultra-hot, high-speed
flows. Techniques for production and handling of slush
hydrogen, kept at -423 degrees Fahrenheit, have been
demonstrated. This denser fuel permits reductions in
vehicle size and weight.



New design for the X-30 National Aero-Space Plane based on
the best features of the individual designs of the five prime
contractors.

Space Research and Technology

The primary goal of the Space Research and Tech-
nology program is to develop advanced technologies that
enhance or enable our Nation’s future space missions
and, thereby, continue to ensure U.S. preeminence in
space and space-related activities. To achieve this goal, a
broad-based research activity program is conducted to
advance the state-of-the-art in technology at the concept,
subsystem, and system level; to develop technical strengths
in the engineering disciplines within NASA, industry, and
academia; and to perform critical flight experiments in
areas where testing in the space environment is necessary
for technology development.

Under the President’s direction, the Nation will
embark upon a bold new vision of space exploration for
the 21st century. In this effort, NASA will develop the
technology, capability, and infrastructure to monitor and
study our own “spaceship” Earth, to return to the moon,
and to go onward to Mars. In addition to manned
exploration, a vigorous program to explore the solar
system with robotic explorers will be pursued.

The Space Research and Technology program is
structured into five technology thrusts related to Space
Science, Space Transportation, Space Station, Explora-
tion, and Breakthrough Technologies. To accomplish the

technology for these thrusts, the Space Research and
Technology program is composed of two complementary
parts: the research and technology (R&T) base program
and the focused technology programs.

The R&T base serves as the seed bed for new
technologies and capability enhancement. Through the
R&T base program, usually at a sub-scale level, scientists
and engineers develop forecasts regarding the potential
applicability, usefulness, and overall benefit associated
with new technologies. Once the potential applicability of
a new capability is documented, decisions are made to
carry selective discoveries into focused technology. A key
element of the Space Research and Technology program
is developing and sustaining a strong partnership with the
university community. The goal of the R&T base Univer-
sity Space Research program is to enhance and broaden
the capabilities of the Nation’s engineering community
through active research participation in the U.S. civil
space program. The program is an integral part of the
strategy to strengthen the space research and technology
capabilities of the Nation.

Focused development is initiated based on the
identified and projected needs of both current and future
missions. Three focused programs have been initiated
since 1988: the Civil Space Technology Initiative, the
Exploration Technology (formerly called Pathfinder) pro-
gram, and the In-Space Technology Experiments pro-
gram. In the focused programs, technologies are devel-
oped for specific applications and products are delivered
in the form of large-scale, hardware-technology demon-
strations, software, and design techniques and methods.

This technology development is the vital first step in
providing the capability to move out from Earth and
expand our presence into the solar system. Significant
progress was made in 1989 and 1990 in each of the
principal thrusts and continuing efforts promise to show
even greater results. Recent examples are described in the
following sections.

Space Science Technoiogy Thrust

NASA'’s Space Science and Applications program is
divided into six major areas: Earth Science, Solar System
Science, Astrophysics, Space Physics, Space Communica-
tions, and Microgravity. The Space Science Technology
thrust supports technology efforts to expand capability
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Advanced Photovoltaic Solar Array deployment tests.

and reduce costs through disciplinary advances, which
increase science information return and spacecraft perfor-
mance and enable the next generation of space science
missions in these program areas. Missions such as the
Earth Observing System will benefit from major technol-
ogy advances in sensors, data storage, and onboard
processors. Larger and inherently more flexible spacecraft
will require that interactions between the control systems
and the structure be better understood such that the total
structure can be controlled to high levels of precision.
Technology developments in advanced detectors can
result in dramatic increases in Earth science data return
because of increased detector sensitivity and resolution.
Improvements in cooler technology can produce cost-
effective results by extending mission duration and by
increasing the effectiveness of detectors.

Advancements in thermoelectric materials, photo-
voltaic cells, and photovoltaic arrays could provide lighter
weight, more efficient, nuclear- and solar-power sources
for future planetary science missions and for solar electric
propulsion systems for orbit transfer and interplanetary
exploration. Technology development for in-space as-
sembly and precision control of large multi-panel reflec-
tors will enable large astrophysical telescopes to be
assembled and used in space. The demonstration of
submillimeter sensors and components will enable the
study of galactic and stellar origins as well as atmospheric
constituents.
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Significant accomplishments were achieved in 1990
in several science-oriented technology programs. Ad-
vances were made in real-time data systems, propulsion,
sensors and controls, and power systems. An example in
real-time data systems is the Spacecraft Health Automated
Reasoning Prototype (SHARP), an expert system de-
signed to monitor the condition of interplanetary space-
craft and ground operations. SHARP demonstrated a
significant leap in automation technology during the
tough operational environment of Voyager mission op-
erations during the encounter with the planet Neptune.
The SHARP system automatically confirmed that a prob-
lem existed in attempting to recover and process data
from the Voyager transmissions from Neptune. It then
defined the magnitude and aided in the determination of
the cause of the malfunction to a specific failed electronic
unit on the ground which was replaced. Using traditional
methods, this process of problem identification and
isolation would have been both laborious and time-
consuming.

In 1990, a submillimeter-wavelength, backward-
wave oscillator (BWO) prototype was demonstrated. This
enables the design of a high-frequency oscillator that is
capable of significant power while being continuously
tunable at submillimeter wavelengths. As a result, sensors
can be developed in the use of very high-frequency
submillimeter wavelengths for the space spectroscopy
required for space astrophysics, upper atmosphere re-
mote sensing, and solar system exploration.

The development of a high-efficiency, lightweight,
rugged, radiation-resistant solar cell is an essential ele-
ment of the NASA goals to achieve 300 watts per kilogram
for a deployable planar array and 300 watts per square
meter at 100 watts per kilogram in concentrator arrays. To
achieve this development, researchers at NASA’s Lewis
Research Center are focusing on indium phosphide and
gallium arsenide solar cells. Building upon last year’s
achievement of a record 22 percent efficiency in a prism-
covered gallium arsenide cell operating in a simulated
space solar intensity, Lewis researchers have developed
a domed Fresnel lens which provides a working concen-
tration ratio of 100:1. The use of this plastic lens means
that it will be possible to build cheaper, lighter weight
concentrator arrays for high-efficiency operation.

At the same time, NASA’s Jet Propulsion Laboratory
(JPL) has been working to develop an ultra-lightweight,



high-performance, advanced, deployable, photovoltaic-
array design that will be suitable for a broad range of long-
term NASA space applications for the period beyond
1990. The goal of the effort is to achieve a specific power
of 130 watts per kilogram, which is about six times higher
than most arrays and twice as high as the high-perfor-
mance experimental Solar Array Flight Experiment (SAFE)
that NASA flew on the space shuttle in 1984. Analysis
based on the components built and the detailed engineer-
ing drawings indicates that TRW, under contract to JPL,
has achieved the 130-watts-per-kilogram goal.

Space Transportation Technology Thrust

The Space Transportation Technology thrust ad-
dresses the technologies that will provide safer and more
efficient access to space while reducing the overall costs
associated with space launch. Although, in some cases,
these technologies will also provide additional capability
for existing launch vehicles, these efforts are focused on
providing the technology for the design of a new fleet of
space vehicles, including new expendable and partially
reusable cargo launch vehicles, fully reusable manned
vehicles, and expendable and reusable space transfer
vehicles. The thrust has been organized to address the
pressing technology needs in the areas of Earth-to-orbit
propulsion and transfer vehicle technology.

In order to significantly reduce the cost of access to
space, transportation vehicles will have to be robust,
operationally simple, and flexible. Technology advance-
ments are required for more efficient vehicle structures,
lightweight and more durable thermal protection materi-
als, and lightweight and long-life cryogenic tankage.
Approaches to lower manufacturing cost and improved
productivity; autonomous systems; improved aerody-
namic and aerothermodynamic prediction capability to
increase vehicle margins; and adaptive guidance, naviga-
tion, and control systems for reduced sensitivity to
changes in launch conditions are needed to reduce cost
of both ground- and space-based operations.

Benefit studies indicate that significant weight and
cost savings can be realized from a recent technology
accomplishment in the materials and structures technol-
ogy area. Panels of aluminum alloy were superplastically
formed into stiffeners and spot-welded to aluminum skin
structures. Tests of these structural components indicate

their usefulness in the fabrication of cryogenic tanks for
space transportation vehicles. Current research is focused
on developing optimum cryotank structures through
superplastic forming and resistance spot-welding of alu-
minum-lithium alloys. Weight reduction of 20 percent and
cost reduction of 25 percent appear attainable.

Space propulsion technology accomplishments in
1989 and 1990 included the demonstration of a high-
temperature, oxidation-resistant coating for uncooled bi-
propellant thrusters. The advanced thrust chambers in-
crease life 10 times and specific impulse by at least 10
percent over existing thruster capability. This is made
possible because the oxidation-resistant iridium coating
enables the use of rhenium which is capable of operating
at temperatures up to 4,000 degrees Fahrenheit, approxi-
mately twice that of conventional materials, but cannot
withstand the effects of oxidation. The coatings are
applied using a chemical vapor deposition technique.
The program investigated the feasibility of extending the
operating life of the shuttle’s reaction-control-system
vernier engines, by replacing the silicide-coated niobium
chambers with those made of iridium-coated rhenium.
The results of this investigation clearly showed that
iridium/rhenium technology could eliminate or signifi-
cantly reduce vernier chamber replacements.

As an element of a future onboard ascent-guidance
system, the potential range of five different laser sensors
was evaluated for use in lidar (“light detection and
ranging” laser radar) wind sensors on launch vehicles.
These laser sensors would provide data on the velocity of
winds aloft and ahead of the vehicle. Using this informa-
tion, adaptive guidance algorithms would compute struc-
tural-load alleviation trajectories for safe passage of the
vehicle to orbit. This approach expands the wind velocity
envelope into which a vehicle could be launched, provid-
ing operations savings and better on-time launch capabil-
ity.

Also, during 1989 and 1990, a lifting-body design for
an Assured Crew Return Vehicle for Space Station Free-
dom was analyzed. The lifting body, one of several
options being studied, has the capability to provide large-
entry cross-range, low-entry accelerations, and runway
landing. The assessment of the lifting-body concept
involved wind-tunnel studies and trajectory, performance,
structural, and subsystems analyses. Additional research
is continuing in entry and landing simulations and defini-
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tion of structural concepts that offer ease of manufacture
and access for maintenance.

One of the challenges of hypersonic flow-field
simulation is the proper modeling of nonequilibrium
processes within a computational fluid dynamics (CFD)
code. A second challenge of hypersonic flow-field simu-
lation, which is shared by simulations over all speed
ranges, is the development of an algorithm which can
effectively utilize the most advanced supercomputers to
decrease the computational time required for a solution.
The Aerothermodynamic Upwind Relaxation Algorithm,
an advanced CFD code, has been developed to address
these issues. This code, which provides numerical solu-
tions to the governing equations for three-dimensional,
viscous, hypersonic flows, has been implemented on a
CRAY-2 computer. It can also effectively utilize both
synchronous parallel and asynchronous parallel
supercomputer architecture. The present capability rep-
resents the most comprehensive and generally available
code for the study of thermochemical nonequilibrium
effects in three-dimensional, continuum, hypersonic flows
around advanced aerospace vehicles such as the
aeroassisted space transfer vehicle.

Space Station Technology Thrust

The Space Station Technology thrust addresses the
technologies that will increase safety and human produc-
tivity on the initial space station, enhance its productivity
and efficiency as a laboratory and testbed for science and
technology, and enable future growth.

Automation and robotics are areas receiving spe-
cific emphasis. Several technologies, such as the develop-
ment of artificial intelligence applications to enable
systems autonomy for routine operations and fault detec-
tion and telerobotics to reduce the astronaut EVA time for
maintenance and payload operations, are being pursued.
Significant accomplishments include the laboratory dem-
onstration of the first dual-arm telerobotic manipulator.
The arms have seven degrees of manipulative freedom
and can be used both in the teleoperator and robotic
mode to perform external maintenance tasks. An addi-
tional important achievement during the past year was the
development of a high-fidelity graphics phantom robot
that uses the latest graphics display techniques to simulate
the dual-arm robotic action in response to teleoperator
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commands and thus enable the precise planning of the
telerobotic tasks.

The data collected on space environmental effects
from the Long Duration Exposure Facility (LDEF) are
playing a significant role in the space station design. The
LDEF, which was retrieved by the shuttle in January 1990
after five and a half years in low-Earth orbit, carried 57
technology experiments contributed by NASA centers,
other Federal laboratories, U.S. industries, and universi-
ties, as well as space agencies and universities of foreign
countries. Over 10,000 specimens of construction, ther-
mal protection, and solar-cell materials are now being
evaluated for their resistance to the corrosive effects of
atomic oxygen and radiation. Because of the extended
time the spacecraft spent in space, it is also providing
extremely valuable data on the number and size of
meteoroid and space-debris impacts. The LDEF data will
enable the characterization of the environment that the
space station will encounter during its planned 30-year
lifetime and aid in decisionmaking on the choice of
materials for construction, debris shielding, and other
important factors.

A new space construction technique recently devel-
oped by the Langley Research Center and demonstrated
in the Neutral Buoyancy Facility at the Marshall Space
Flight Center could enable astronauts to construct large
structures such as the space station truss seven times faster
than the fully manual method presently planned. This
technique utilizes an astronaut mobility platform on either
side of a general-purpose mobile transporter. The plat-
forms are suspended from the transporter by arms that
allow the astronauts fully controlled planar motion (back-
forth, up-down) along the truss bay. The transporter holds
magazines that automatically dispense each truss element
as needed. After constructing a section, the transporter
would crawl along the recently constructed structure and
become a platform for the construction of a new segment.

In preparation for increasing the power capability of
the space station via solar dynamic power, a new material
for thermal energy storage has been identified and tested.
Germanium metal has high thermal-storage capacity on
melting and lacks the disadvantage of the low thermal
conductivity in the solid state that the salts (which are
presently the thermal-storage materials of choice) exhibit.
The major drawback of germanium, its highly corrosive
action on common container materials, has been over-



Exploration Technology program’s multi-chassis, six-wheeled
planetary rover being tested in rugged terrain at the Jet
Propulsion Laboratory.

come by using graphite. Germanijum specimens in graph-
ite capsules have been cycled 600 times at the appropriate
temperatures without measurable corrosion on the con-
tainer. New design techniques and materials could enable
the construction of lightweight concentrators, heat receiv-
ers, and thermal energy storage for the solar dynamic
modules now under development for Space Station
Freecdom.

Exploration Technology Thrust

The objective of the Exploration Technology thrust
is to develop the critical technologies required for future
solar system exploration missions including establish-
ment of a base on the moon and manned exploration of
the planet Mars. This effort will develop a broad set of
technologies that will enable new and innovative capa-
bilities, increase reliability and reduce risk for human
missions beyond low-Earth orbit, reduce development
and operations costs for long-term exploration efforts,
and enhance performance for human and robotic mis-
sions.

The Exploration Technology program, which was
started in the fall of 1988 as the Pathfinder program,
supports the President’s National Space Policy directing
that we begin to plan for future solar system exploration

missions. On July 20, 1989, President Bush challenged the
Nation to set forth with a renewed commitment to
exploration:

“First, for the coming decade, for the 1990’s, Space
Station Freedom, our critical next step in all our space
endeavors. And next, for the new century, back to the
Moon. Back to the future. And this time, back to stay. And
then a journey into tomorrow, a journey to another planet:
a manned mission to Mars.”

The Exploration Technology program is a critical
step supporting that Presidential directive by establishing
a foundation of technology for these future missions of
exploration. The Exploration Technology program, as a
partnership between NASA, industry, and academia, will
enhance our Nation’s “cutting edge” in the highly com-
petitive arena of aerospace technology. The Exploration
Technology program is developing new technologies in
several broad areas to enable future robotic and piloted
solar system exploration: surface exploration, in-space
operations, human support, space transportation, lunar
and Mars science, information systems and automation,
and nuclear propulsion.

During 1989 and 1990, the first 2 years of the
Exploration Technology program, progress was made in
a number of key areas. The Exploration Technology
program supports NASA’s contribution to the ongoing
U.S. space nuclear power research and development
program, the SP-100 program. The SP-100 program,
which is a joint NASA, Department of Defense, and
Department of Energy endeavor, successfully completed
key accelerated life testing of reactor fuel pin elements.
With no appreciable swelling of the fuel pins even after
5 percent fuel burn-up, the testing demonstrated that
lifetimes of 7 years should be achievable with SP-100
technology, a critical step toward bringing this important
technology to maturity for application at a lunar outpost
early in the next century.

Also in 1990, preliminary technology development
in the sensors areas of the Sample Acquisition, Analysis,
and Preservation program was made. In particular, a
spectrometer breadboard for visible and near-infrared
sensing was completed and demonstrated, which could
be applied to sensor systems for early robotic Mars
sampling missions. Also, testing was conducted on rock-
coring techniques and parameters using a research robot-
ics arm and drill fixture in a laboratory environment. In
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addition, in 1990, the Exploration Technology Program
Planetary Rover effort completed fabrication and began
testing of two experimental mobile robot concepts: a
multi-chassis, six-wheeled rover concept and a six-legged
walking rover concept. Both rovers traveled over benign
and rugged terrain as part of this testing phase. These
experimental robots will form the foundation for continu-
ing development of mobile robotics software and naviga-
tion technologies which will support future exploration of
challenging—but scientifically intriguing—areas of both
the moon and Mars.

Inthe area of human support in space, an innovative
exercise facility was completed at the NASA Ames Re-
search Center which will be used to study the human
metabolic response to orbital extravehicular activity (EVA)
work. The facility incorporates a controlled atmosphere
chamber, an EVA work exercise device which duplicates
upper body movements in zero-gravity conditions, hu-
man metabolic instrumentation to monitor blood pres-
sure, body temperature, respiration rates, carbon dioxide
and water expiration, and oxygen intake. Human meta-
bolic responses to simulated EVA work will be obtained
so that thermo-regulatory control methods may be de-
signed to more accurately reflect the EVA work require-
ments resulting in increased astronaut comfort within a
space suit, particularly for increased EVA missions ap-
proaching 8 hours.

In space transportation, the first successful opera-
tion of a compact, high-speed, liquid-oxygen turbopump
with a gaseous oxygen drive was achieved. This type of
turbine, pumping liquid but driven by gas, is crucial to the
development of a future high-performance expander
cycle engine critical to deep-space exploration. In addi-
tion, a major contracted effort was initiated to fabricate an
advanced engine testbed which will enable integrated
component testing.

Breakthrough Technologies Thrust

Within the Space Research and Technology pro-
gram, the purpose of the activities supported by the
Breakthrough Technologies thrust is to advance high
payoft, highly innovative technology concepts that could
provide revolutionary advances in the approach to future
space missions and programs. These efforts, which are
often referred to as a technology “push” as compared to
a requirements-driven “pull,” stimulate and nurture inno-
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vative and creative ideas and support fundamental re-
search in space technology at the NASA centers and
national laboratories, in universities, and with industry.

Breakthrough technologies may produce a signifi-
cant jump in the performance level of a space system
above the extrapolated performance that would result
from just the normal, expected growth in the technology
state-of-the-art. They may provide new instruments, tools,
and techniques that permit solutions to problems that
have been previously conceived as not solvable. Break-
throughs may also allow space operations to occur in
performance regimes that were previously technically
impossible.

As an illustration, breakthrough technologies in
advanced propulsion concepts range from high energy/
density propellants, advanced fission/fusion, remotely
energized (beamed) propulsion, and anti-matter. Ad-
vanced power concepts include fuel cells using in-situ
materials as reactants and laser-power beaming which
involves beaming power from a solar-collecting satellite
to a planetary surface. Advanced materials include long-
duration space lubricants and advanced composites.

During 1989 and 1990, two breakthrough activities
reached fruition and provided excellent examples of
revolutionary advances in space technology. One activity
was the demonstration of a computer program called
AUTOCLASS which uses artificial intelligence techniques
to automatically classify data. The benefit of AUTOCLASS
is that it can provide for the automatic discovery of
patterns in very large data sets. Dramatic results were
achieved in the analysis of results from the Infrared
Astronomy Satellite (IRAS) through the automatic discov-
ery of several unexpected patterns of data, which are now
being investigated. Many applications for this technology
are being examined, including pattern discovery in weather
and medical data.

A second example is the Sparse Distributed Memory
program which was successfully completed with shape,
speech, and text translators demonstrated. This associa-
tive memory with massively parallel architecture provides
an extremely large address space and enables information
to be structured, filtered, and linked to other stored
information in the process of storing data. Based on an
effort to understand human long-term memory, it is
capable of abstraction and generalization and provides
the basis for future autonomous systems that can learn
from experience. This could provide artificial intelligent



The VLSI (Very Large Scale Integrated) chip developed for
operational use as part of the Hubble Space Telescope ground
data system by the University of Idaho Center for Space
Engineering Research, shown here on a penny to indicate
scale.

behavior capability for tasks too remote, too hostile, or
too tedious for humans.

University Space Research

Nine university centers, selected in 1988 to partici-
pate in the University Space Engineering Research Center
program, completed their first year and have already
shown significant technical and educational benefits. For
example, the Mars Mission Research Center at North
Carolina State University and North Carolina A&T University
are pursuing a joint research activity with the McDonnell
Douglas Company for an in-space Mars aerobrake assem-
bly. They will fabricate a mock aerobrake structure and
assemble this structure in a neutral-buoyancy tank. The
University of Idaho Center for Space Engineering Re-

search for Very Large Scale Integrated (VLSI) System
Design is developing a compression/decompression VLSI
chip for operational use as part of the Hubble Space
Telescope ground data system.

This program has begun to offer valuable educa-
tional benefits as well as attracting more graduate and
undergraduate students to pursue aerospace careers,
supporting new graduate level classes and introducing
new material into undergraduate courses, and supporting
cross-discipline and department thesis topics. This effort
is an important contribution to broadening the Nation’s
engineering capability to meet the critical needs of the
civil space program.

Human Exploration of the Moon and Mars

During 1989 and 1990 the Office of Exploration
(now the Space Exploration Directorate in the Office of
Aeronautics, Exploration, and Technology) continued to
lay the foundation for human exploration of the moon
and Mars. Previous years of study provided a basis for
President Bush’s historic announcement on July 20, 1989
of the Space Exploration Initiative, a long-term commit-
ment to expand human presence beyond the confines of
Earth. The initiative’s goals include the establishment of
a lunar outpost early in the 21st century and human arrival
on Mars by 2019. A near-term plan was developed in 1990
for acquiring the knowledge and capabilities this Nation
needs to pursue its exploration goals. The plan will be
modified based on results from the outreach and synthe-
sis process, an activity developed by NASA and the
National Space Council to search the Nation for new and
innovative ideas and technologies on how best to accom-
plish the Space Exploration Initiative.

1989 Case Studies

During the first several months of 1989, the Office
of Exploration continued the analysis begun in 1988 of
three exploration case studies: 1) Lunar Evolution; 2) Mars
Evolution; and 3) Mars Expedition. These studies, which
follow up four case studies conducted in 1988, were
framed to provide information on the requirements for
human exploration of the moon and Mars. The studies
evaluated requirements in such areas as Earth-to-orbit
transportation, planetary transfer, and planetary surface

57



operations. The Lunar Evolution case study examined
ways to gradually consolidate a permanent lunar outpost
where we could perform life sciences research as well as
take advantage of unique scientific opportunities in
astronomy, geology, physics, and other fields and where
human beings could learn to become self-sufficient away
from Earth. Similarly, the Mars Evolution case emphasized
a flexible and gradual outpost buildup employing ad-
vanced technologies. The Mars Expedition case empha-
sized a quick, visible, non-permanent effort to realize the
first human exploration of Mars using current technolo-
gies and knowledge. Together with the 1988 case studies,
these studies provided NASA with preliminary concep-
tions of key mission requirements.

Announcement of the Space Exploration Initiative

On July 20, 1989, the 20th anniversary of the Apollo
11 moon landing, President Bush articulated a vision for
the U.S. future in space including the establishment of the
space station, a lunar base, and a manned mission to Mars.
This vision, known as the Space Exploration Initiative,
sets the course for the Nation to fulfill the National Space
Policy goal of “expanding human presence beyond Earth
orbit into the solar system.”

90-Day Study

In response to the President’s announcement of a
long-term commitment to human space exploration, the
NASA Administrator created a task force to conduct a
study to validate that the Nation could accomplish the
goals laid out by the President. The “Report of the 90-Day
Study on Human Exploration of the Moon and Mars,” the
task force’s product, drew from much of NASA’s explora-
tion work conducted over the past several years. By
examining five reference approaches to human explora-
tion of the moon and Mars, the report provides reference
material on potential requirements in technology and
other areas, as well as an examination of the scientific
opportunities and other potential benefits. The report
contains no specific recommendations, but does point out
some prerequisite activities for any human exploration
program:

e exploration technologies;

¢ robotic missions;

e heavy-lift launch vehicle;
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e Space Station Freedom;

o life sciences research.
After completing the 90-Day Study, NASA continued
studying various mission architectures and developed a
near-term plan consistent with the needs identified in
these studies and the direction contained in subsequent
Presidential policy directions.

Presidential Policy Directions

On February 16, 1990, President Bush approved the
following policy for the Space Exploration Initiative:

¢ The initiative will include both lunar and Mars
program elements;

¢ It will include robotic science missions as well as
human missions;

¢ The near-term focus will be on technology devel-
opment, with an emphasis on new or innovative ap-
proaches and technology with the potential to make a
major impact on cost, schedule, and/or performance;

e Mission, concept, and system analysis studies
will be conducted in parallel with technology develop-
ment;

¢ Selection of a baseline program architecture will
occur after several years of defining two or more refer-
ence architectures while developing and demonstrating
broad technologies; and

o NASA will be the principal implementing agency,
while the Department of Defense and the Department of
Energy also will have major roles in technology develop-
ment and concept definition.

On May 11, 1990, the President provided a specific
goal for the first human landing on Mars. He said “I believe
that before Apollo celebrates the 50th anniversary of its
landing on the moon—the American flag should be
planted on Mars.”

Outreach and Synthesis

In accordance with Presidential policy, and at the
request of Vice President Quayle, in the summer of 1990
NASA began a nationwide outreach effort to search for
new and innovative concepts and technologies for the
Space Exploration Initiative “to ensure that all reasonable
space exploration alternatives have been evaluated” prior
to embarking on this ambitious effort. Developed by
NASA in coordination with the National Space Council,



Artist’s rendition of an expeditionary outpost on Mar;.

the outreach program solicited inputs in three major
ways: 1) a direct solicitation from universities, industry,
research associations, and the general public, evaluated
by the RAND Corporation; 2) an assessment by the
American Institute of Aeronautics and Astronautics of
ideas from the aerospace community; and 3) inputs from
other Government agencies and national laboratories.
These inputs and others are being evaluated by a high-
level Synthesis Group composed of individuals from
NASA, other Government agencies, industry, and academia.
By early 1991 this group will provide a report to the NASA
Administrator which will include several mission architec-
ture options, technology priorities, and possible early
milestones for the Space Exploration Initiative. The NASA
Administrator will report to Vice President Quayle and the
National Space Council. Results of the outreach and
synthesis process will be the basis for mission studies and
technology development to be conducted over the next
several years, leading to a Presidential decision on a
specific architecture. NASA will modify its near-term plan

where needed to respond to the Synthesis Group’s
recommendations.

Science Studies

Together with the Office of Space Science and
Applications, the Office of Exploration conducted a
number of science workshops and studies in 1989 and
1990 to understand more clearly the scientific opportuni-
ties presented by a program of human exploration and
how best to take advantage of those opportunities. Both
robotic science missions and human interactive science
will be conducted as part of the Space Exploration
Initiative and the opportunities cover a number of scien-
tific disciplines: solar physics, geology, biology, astro-
physics, chemistry, and space physics. A number of
fundamental science themes for the Initiative were iden-
tified in the 90-Day Study:

o How were Earth and the moon born and what
was their shared early history?

¢ Did life ever start on Mars?

e What is the relationship between the sun, plan-
etary atmospheres, and climate?

o Are there worlds around other stars?

e What is the fate of the universe?

An Exploration Science Working Group was estab-
lished in 1990 to refine science goals for the moon and
Mars and to oversee planning for science in the Space
Exploration Initiative.

International Cooperation

When he announced the Space Exploration Initia-
tive, President Bush asked Vice President Quayle and the
National Space Council to determine, among other things,
the feasibility of international cooperation. The National
Space Council concluded that “international cooperation
in this endeavor is feasible and could offer significant
benefits to the United States, subject to the satisfaction of
national security, foreign policy, scientific, and economic
interests.”

On March 30, 1990, the White House announced
that the United States would seek an exploratory dialogue
with other nations on international cooperation in the
Space Exploration Initiative. The dialogue will focus on
conceptual possibilities for cooperation with Europe,
Canada, Japan, the Soviet Union, and other nations as
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Artist’s depiction of an observatory on the far side of the
moon,

appropriate. Guidelines for the dialogue were prepared
by the National Space Council. The initial discussions are
tentatively scheduled for 1991.

Interagency Coordination

The Space Exploration Initiative involves several
Government agencies, To facilitate coordination, NASA
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signed a Memorandum of Understanding with the Depart-
ment of Energy in June 1990. An agreement with the
Department of Defense is under discussion. In addition,
NASA invited other agencies, including the Departments
of Commerce, Education, the Interior, and Transporta-
tion, the National Institutes of Health, and the National
Science Foundation to provide ideas through the out-
reach and synthesis process.

Near-Term Plan

A near-term plan for fiscal years 1992-1996 was
developed to respond to the Space Exploration Initiative
strategy as defined in the President’s policy directive. The
plan will be modified to incorporate the Synthesis Group’s
findings. Key activities of the plan now include:

e Perform mission and system implementation
studies of synthesis architectures;

o Initiate critical technology development to en-
able promising implementation options;

o Initiate other enabling research activities; and

¢ Begin critical long-lead development programs.



Department of Defense

Space Activities

Space Launch. NASA's shuttle launched four DOD
programs continuing a recovery program that began with
the successful mission of Discovery in September 1988
and the flight of Atlantis in December 1988. The remain-
ing DOD shuttle flights are scheduled to end in 1992;
consequently, DOD’s on-orbit capability will increasingly
be provided by Air Force expendable launch vehicles.

The first Titan IV was successfully launched in June
1989. By 1996, Titan IV production enhancements and
dual pads on each coast could provide a launch capacity
of upto 10 per year. Five Delta IIs, carrying Navstar Global
Positioning System (GPS) satellites, were launched in
1989, in addition to three commercial Delta I launches. In
FY 1990, eight Delta boosters were launched carrying
three GPS, one Strategic Defense Initiative Organization,
one NASA, and three commercial payloads. The Atlas 11
launch system, which is being developed to meet the
needs of the Defense Satellite Communication System
beginning in 1991, continued in development. The Titan
I1 is operational for launch of Defense Meteorological
Satellites, as well as other payloads, into unique polar
orbits. In addition, the Air Force will provide near-term
expendable launch vehicle launches on a cost-reimburse-
ment basis to support NASA's mixed fleet launch re-
quirements.

The Defense Advanced Research Projects Agency
injtiated a program in FY 1989 to conduct the initial test
launches of the Pegasus Air-Launched Space Booster. The
Pegasus booster is a three-stage, solid-propellant, iner-
tially guided winged launch vehicle. It is carried aloft by
a conventional transport or bomber-class aircraft to an
altitude of about 40,000 feet where ignition of its first stage
motor is initiated. Pegasus currently has the capability of
placing a 500-pound spacecraft into a 250-nautical mile
circular polar orbit. The first launch of Pegasus occurred
on April 5, 1990, successfully carrying a three-function
payload (PEGSAT) into orbit. A second Pegasus launch is
planned for the spring of 1991.

In the near term, increasing requirements for on-
orbit satellite services will exceed DOD’s launch capabil-
ity. This projection points to requirements for higher
reliability, lower cost, assured access to space. To meet
these future requirements, the Air Force continued con-
cept definition started in 1988 to address a new mixed
fleet of launch vehicles. As a first step in this process,

Pegasus Air-Launched Space Booster being carried to
altitude by a B-52 aircraft for launch on April 5, 1990.

initial concept definition studies were completed for an
Advanced Launch Development program. This effort is
addressing methods to significantly reduce launch costs,
improve operational responsiveness, and meet future
demands for assured access to space. NASA and DOD are
partners in this effort. System design will continue in
support of the pacesetter development of a 580,000-
pound thrust engine that could lead to a family of
versatile, responsive launch vehicles for the next century.

The Navy has also been addressing the problems of
launch cost and responsiveness with a concept called
SEALAR, for Sea Launch and Recovery. SEALAR is a
modern version of an 1960s concept which used simple
pressure-fed rocket motors to launch a floating rocket
directly from the sea. By allowing the lower stages to fall
back into the sea without elaborate recovery methods,
these simple devices offer potential for reuse. Additional
potential benefits are the use of environmentally safe
liquid fuels and the flexibility to select the launch-site
latitude for maximum efficiency. Although the effort
continues in the research stage, drop tests, above- and
below-water test firings of the rocket motors, and full-
duration/full-thrust static tests of the suborbital vehicle
have been successfully conducted.

Commercial Launch Activities. The Department

of Defense continues to support the fledgling American
commercial space launch industry in a number of ways.
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The Air Force space launch centers at Patrick and
Vandenberg Air Force Bases have supported commercial
programs with Government-supplied services, facilities,
and expertise provided on a direct-cost basis. Commercial
space launch services have been selected for the Navy’s
Ultra High Frequency (UHF) follow-on program. The
Navy has entered into a Memorandum of Agreement
(MOA) with Space Science Incorporated of America to
conduct four sounding rocket flights at the Naval Ord-
nance Test Station, White Sands, NM. Through 1989, one
successful launch under a previous MOA and one suc-
cessful launch under the current MOA have been ac-
complished.

Satellite Systems. Satellite on-orbit mission capa-
bility improved, and data distribution to military users
grew in volume and quality in 1989 and 1990. This
measure of merit for responsive DOD space operations
has become increasingly relevant as research and devel-
opment efforts in satellite survivability, mobile ground
processing centers, and secure information distribution
are integrated into the operational inventory. Following is
the status of the various Defense satellite programs.

Communications

Fleet Satellite Communication System. The Fleet
Satellite Communication System (FLTSATCOM) FLTSAT 8
satellite, the last of a series of Navy UHF communications
satellites, was successfully launched in September 1989.
The second FLTSAT Extremely High Frequency package
to be used for testing Milstar terminals was aboard.
Authorization has been received to acquire the full 10
satellite UHF Follow-on constellation which will replace
the FLTSATCOM program. In addition, an Extremely High
Frequency (EHF) package has been authorized for satel-
lites 4 through 9. Hughes Aircraft Corporation, builder of
the system, has signed a contract with General Dynamics
for commercial launch services to place the 10-satellite
constellation into orbit beginning in 1992.

Air Force Satellite Communications/Single-
Channel Transponder. The Air Force Satellite Commu-
nications (AFSATCOM) is a satellite communications
capability providing reliable global communications among
the National Command Authorities and the nuclear-
capable forces via FLTSATCOM, the Defense Satellite
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Communication System/Single Channel Transponder
(DSCS/SCT), and other host satellites. The primary mis-
sions support dissemination of emergency action and
force-directing messages to deployed forces, including
associated report-back communications. The system ter-
minal segment consists of fixed and transportable ground
terminals as well as airborne terminals via a transponder
control system. During 1990, the Single Channel Tran-
sponder (SCT) on the DSCS 111 entered the service. These
measures will provide more survivable Super High Fre-
quency (SHF) service for strategic users. The Milstar
system will begin to replace these missions with assured
EHF communications in the early 1990s.

Defense Satellite Communications System. The
Defense Satellite Communications System (DSCS) is the
long-haul, high-capacity communications system sup-
porting worldwide command and control of our forces. In
addition, DSCS supports the transfer of wide-band data
and users of the Diplomatic Telecommunications System.
The space segment of DSCS is planned for five opera-
tional satellites and two on-orbit reserves. The current
space segment consists of three DSCS IIIs and two DSCS
IIs, as well as two limited-capability DSCS 1Is and one
DSCS III reserve. The launch of a DSCS III and a DSCS 11
satellite in 1989 helped alleviate the marginal status of the
constellation. When the 10 DSCS III satellites now in
production or storage are launched, we will be capable of
supporting the critical user community through 2000.
Concept work continues for a DSCS III follow-on upgrade
program, and on the development of a common, inter-
operable, anti-jam SHF modem for DSCS terminals.

The DSCS control segment provides real-time moni-
toring and control for optimum use of resources, thereby
maximizing user support. Efforts continued to consolidate
all DSCS operations centers under the Army Space
Command. Contracts are also in place to move toward a
contingency control capability during 1991 through 1994.

The ground segment consists of a family of large,
medium, and small Earth terminals with associated com-
munications equipment supporting both the strategic and
tactical user communities. All 39 new AN/GSC-52 fixed
terminals have been accepted for activation through 1991.
With these activations, the total terminal population using
the DSCS exceeds 500. In addition, actions were contin-
ued to define the next-generation Earth terminal needed
to support the expanded requirements of the late 1990s,



and to plan for replacing or upgrading the aging terminals
currently within the networks.

Milstar. Milstar is a multichannel, Extremely High
Frequency/Ultra High Frequency (EHF/UHF) satellite
communications system that will provide survivable,
enduring, jam-resistent, and secure voice/data communi-
cations for the President, the Secretary of Defense, and the
Commanders in Chief of the Unified and Specified
Commands, tactical and strategic forces, and other users.
It will be used for the worldwide command and control
of U.S. strategic and tactical forces during all levels of
conflict. Milstar satellites will be launched into high- and
low-inclination orbits to provide full Earth coverage. The
first satellite is now entering a period of intensive ground
testing prior to an early 1990s launch. Fabrication of the
second and third satellites also continues. The Air Force
is the lead service for the procurement of Milstar satellites,
the dispersed mission control network, and the airborne
terminals. The Army and Navy also have terminal devel-
opment and procurement programs.

The Milstar multi-Service terminal segment opera-
tional test and evaluation has been successfully com-
pleted through Phase III of interoperability testing. Test-
ing on the Navy's terminals was completed in September
1990. The results validated the frequency-hopping wave-
form and other terminal technical characteristics, as well
as demonstrating operations in some field environments.
In a proof-of-concept testing, the three Service terminals
communicated among each other via a Milstar emulator
orbiting on a FLTSATCOM satellite. Each Service terminal
also completed Phase I testing with a breadboard version
of the Milstar satellite payload. The field tests of land, sea,
and airborne terminals included a destroyer, a submarine,
and a transport aircraft. A plan identified the minimum
number of communications nets, satellites, and terminals
to provide an Initial Operational Capability. Low-rate
initial procurement contracts for Air Force terminals was
awarded in CY 1989, and in FY 1990 for the Navy
terminals. The first terminals are well into fabrication.

Satellite Laser Communications. 1n 1989, a joint
technology demonstration effort between the Navy and
the Defense Advanced Research Projects Agency (DARPA)
was conducted to provide the capability to communicate
via the Satellite Laser Communication system from a
spacecraft to a submerged submarine using a laser beam

as the transmitting medium.

LightSats. DARPA launched its first generation
LightSats aboard a Scout booster on May 9, 1990. The two
150-pound UHF-band communications satellites, known
as MACSATSs, provide store-and-forward message relay
(analogous to electronic mail between connected user
terminals) in support of tactical operations and other
defense missions. The spacecraft can additionally operate
with unattended remote sensors to recover stored data,
and to relay commands from a central control facility.
DARPA’s LightSat initiative will continue to develop the
key enabling technologies to improve the performance
and capabilities of future “microspace” defense satellites,
as well as to enhance the cost-effectiveness of major large
satellite systems.

Navigation

Navstar Global Positioning System. The Navstar
Global Positioning System (GPS) is a space-based naviga-
tion system to satisfy requirements for worldwide, accu-
rate, common-grid, three-dimensional positioning/navi-
gation, and precise time transfer for military aircraft, ships,
and ground personnel. The system is composed of three
segments: user equipment, satellites, and the control
network.

In 1989, approximately 4,000 DOD receiver termi-
nals were on order or in use. The first five operational GPS
(Block IIR) satellites were launched during the year on
new Delta boosters. The control segment updates the
satellite broadcasts which provide positional accuracies
for military users to within 16 meters and for civil users to
100 meters.

Initial deliveries of user equipment to all three
Services began in 1989. Installations are well along on
many different ships and aircraft. The current mix of
developmental and operational satellites provides world-
wide, two-dimensional coverage at least 15 hours a day;
the completed constellation of 21 satellites will provide
full-time, three-dimensional navigational information.

Meteorology
Defense Meteorological Satellite Program. In

1989, the two-satellite Defense Meteorological Satellite
Program (DMSP) constellation provided timely, high-
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quality, worldwide visible and infrared cloud imagery,
and other specialized meteorological, oceanographic,
and solar geophysical data to support DOD strategic
missions. DMSP also provided real-time direct readout of
local weather to ground- and ship-based tactical terminals
supporting DOD forces worldwide. This was particularly
important during “Operation Just Cause” in Panama.
DMSP weather data provided real-time support to the on-
scene Commander and gave advance warning of aircraft
icing conditions at key continental U.S. staging bases. As
a result, preventive measures were implemented and
missions proceeded on schedule.

Surveillance and Warning

Defense Support Program. An upgraded De-
fense Support Program (DSP) satellite (DSP-1) was
launched in 1989 on the first Titan-IV space launch
vehicle. DSP-1 will provide DOD with enhanced missile
warning and surveillance capabilities and will include a
second-color focal plane and mission data message
broadcast. The program’s endurability/survivability is
provided by its mobile ground processing system, geo-
synchronous orbit, and satellite characteristics. Air Force
planning is now under way for a DSP follow-on system,
the Advanced Warning System.

Space Control

Kinetic Energy Anti-Satellite Weapon System.
The Kinetic Energy Anti-Satellite Weapon System (KE
ASAT) Program is an effort to develop a near-term,
surface-launched weapon system capable of non-explo-
sive neutralization of satellites. The KE ASAT program is
part of a national ASAT capability to include surveillance
sensors, Battle Management/Command, Control, and
Communications elements, and both Kinetic and, ulti-
mately, Directed Energy Weapons.

The KE ASAT Joint Program Office (JPO) was
established on February 27, 1989, within the U.S. Army
Strategic Defense Command, Huntsville, AL, with the
Army as interim lead Service of the joint-Service effort.

Since then, the JPO performed a Cost and Opera-
tional Effectiveness Analysis Study establishing the na-
tional security need and military utility of a U.S. ASAT
capability; validated program costs before the DOD Cost
Analysis Improvement Group; and selected a best techni-
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cal approach for a missile design.

Based upon a Defense Acquisition Board recom-
mendation, the Under Secretary of Defense for Acquisi-
tion selected a land-based system to meet the U.S.
Commander in Chief of the Space Command’s highest
priority near-term ASAT mission needs and retained the
Army as the lead Service for the KE joint program office.
The Air Force retains responsibility for ASAT battle
management and command, control, and communica-
tions, as well as overall system integration.

Strategic Defense Initiative. The Strategic De-
fense Initiative (SDI) program is in its seventh full year of
research to determine the feasibility of effective defenses
against ballistic missiles, and it continues to make excel-
lent progress across a broad range of technologies.
During 1989 and 1990 we conducted a record number of
major experiments and tests crucial to program success.

To intercept a missile or reentry vehicles, defenses
first must detect (see, discriminate, and identify), acquire,
and track the targets under a variety of conditions. SDI
continues to operate a broad-based program to collect
target signatures. This data collection program includes
numerous sounding rockets to put up sensors to view
targets and decoys against different Earth and space
backgrounds. Italso includes various airborne, shipborne,
and ground-based sensors to collect signature data. The
airborne platforms include an NC-135A equipped with
sensors that operate in the visible- through long-wave-
length infrared bands and a Learjet equipped with ultra-
violet- through medium-wavelength infrared sensors. In
addition, SDI has an aggressive program to explore and
develop multiple technologies to discriminate decoys
from reentry vehicles by passive, active, and interactive
means. This program is supported by activities which
build and test various decoys to see what will stress a
strategic defense system.

Specific 1989 and 1990 accomplishments include
the Janus flight experiment in which a high-resolution
infrared imager was used to collect target signatures of
post-boost vehicles. The Delta Star satellite detected and
tracked numerous launches and provided extensive data
on rocket plume signatures. The Airborne Surveillance
Testbed, a modified 767 to be used to validate airborne
long wavelength infrared (LWIR) surveillance sensor
functional performance and to provide a test bed for
advanced surveillance technology, started flight tests. The



technology advancements to be tested include LWIR
sensor components, real-time onboard signal and data
processing, target signature measurements, and aero-
optic effects and controls. The Excede Il experiment was
launched with two payload modules. An electron beam
module excited the upper atmosphere while a sensor
module measured atmospheric response emissions in the
ultraviolet through the infrared wavebands. Data will be
used to validate predictions of the effects of nuclear
detonations on the upper atmosphere. Other experiments
were launched to collect ultraviolet data on the rocket
plumes of solid- and liquid-fueled rockets and on the bow
shock of an ascending rocket. Ultraviolet background
data were also obtained. After attacking missiles or
reentry vehicles are detected, they would be engaged and
destroyed by interceptors. A series of space-based inter-
ceptor hover tests demonstrated the ability to track rocket
plumes and handover to the missile hardbody. Even more
importantly, this series of tests demonstrated SDI's minia-
turization of electronics, propulsion systems, and naviga-
tion systems, and development of high-strength, light-
weight structures. The first integrated technology flight
experiment from the ground-based High-Endoatmospheric
Defense Interceptor demonstrated the ability to effectively
cool the forebody and sensor window of an interceptor
intended to intercept a reentry vehicle in the atmosphere
during the terminal phase of a ballistic missile’s flight. This
demonstration showed that the sensors would not be
disabled by heat from atmospheric friction. The Brilliant
Pebbles space-based interceptor technology experiment
series was initiated. The initial flight, first of a series of 12
experiments scheduled over the next three years, suc-
cessfully exercised the launch operations, launch vehicle,
and experimental set-up. Launch vehicle motors performed
adequately. However, the launch vehicle did not success-
fully deploy the probe. Hence, specific Brilliant Pebbles
propulsion and sensor systems were not tested. The test
data are being reviewed to determine the source of the
problem and to identify corrective action. In addition,
several Brilliant Pebbles key components, such as sensor,
navigation, and communication systems have been tested
“piggyback” fashion aboard the Delta Star space experi-
ment.

Much progress has also been made in ensuring that
strategic defenses can be integrated and managed, always
with man-in-the-loop control. The National Test Bed is
being established to develop, test, and validate strategic

defense concepts and software. High-fidelity end-to-end
simulations are being built that allow defense concepts to
be tested against a variety of realistic threat models. This
effort provides a basis for the development of command
and control concepts and permits early-user involvement.
An early version of a command center was successfully
demonstrated at the Army Advanced Research Center.
This demonstration showed that, with man-in-the-loop,
there is sufficient time to assess, react to, and engage
attacking missiles throughout the battlespace. A system
software program has been established to address the
large-scale integration of software for a defense system.
During 1990 the National Test Facility hosted three
command-and-control games bringing the total to five.
Game 90-1 involved players from U.S. Space Command
and Strategic Air Command. It was built on a space-based
interceptor architecture and modeled interface with
strategic offensive forces. Game 90-A was an early Bril-
liant Pebbles architecture. The final game of the year
provided an initial Brilliant Pebbles capability. Through-
out the year games were tailored to specific command-
and-control objectives based on lessons learned, new
user requirements, changes in strategic defense archi-
tecture, and increased simulation fidelity.

Ensuring that a strategic defense system will be
survivable was furthered as a result of underground
nuclear tests conducted to validate the survivability of
systems components such as electronics, optics, and
structures in a nuclear environment. Red/Blue team
analyses also were conducted to examine the ways in
which an attacker might try to defeat the defenses and to
establish effective measures to offset those attempts.
Results were fed back into the efforts to design both the
systems and their operational concepts.

Significant progress in advanced technologies, such
as directed energy, has also been made. The key issues
being examined are target acquisition, pointing and
tracking, and beam lethality. During a 1989 ground test,
the Alpha chemical laser demonstrated the capability to
produce a high-power beam. This milestone in the space-
based laser program was a vital step in scaling such
devices to power levels required for strategic defense.
The Beam Experiment Aboard Rockets was the first test
of a neutral particle beam in space. The experiment
employed a relatively lightweight power supply that can
be packaged for space operation. The test demonstrated
that complex directed energy weapons could be reliably
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operated in space. In 1990, the two long-term directed
energy space experiments were launched from Cape
Canaveral: the 2 1/2-year Low Power Atmospheric distor-
tion effects on laser beams; and the 1-year Relay Mirror
Experiment that will demonstrate the relay element of a
ground-based laser. The two experiments were launched
together aboard a commercial Delta II launch vehicle.
Also aboard the LACE (low-power atmospheric compen-
sation experiment) satellite is an experiment package to
gather neutron background data to support development
of neutral particle beams for interactive discrimination.

Tremendous technical progress has been made in
areas such as reduced manufacturing costs and light-
weight structures. SDI is supporting various means to
manufacture large-scale staring and scanning infrared
detector arrays. Research in detector materials, fabrica-
tion, and testing has reduced the cost of imaging sensors
from hundreds of dollars per picture element (pixel) to a
few dollars per pixel. The SDI also supports programs to
fabricate lightweight, high-strength space structures from
advanced composite materials. These and other advances
are being used to reduce costs and enhance the perfor-
mance of prospective components of the Strategic De-
fense System.

Also worthy of note is the wealth of spin-off
applications of SDI technology development to other
Department of Defense missions, Government agencies,
and the commercial sector. SDI technology may have
other defense uses such as reducing the weight and cost
of air-to-air missiles. The space station and the National
Aero-Space Plane should benefit from SDI advances in
computing, signal processing, and lightweight structures.
Optical technologies development could lead to a new
generation of very high-speed, low-cost supercomputers.
Neutral-particle-beam technology may have applications
in areas such as airport bomb detection, cancer therapy,
and non-destructive inspection of manufactured items
such as rocket-motor components. SDI research is creat-
ing commercial opportunities in superconductivity, dia-
mond crystal coatings, communications, industrial manu-
facturing processes, electronics, and microwave tech-
nology.

Hardened Space Electronics Program. The
Defense Nuclear Agency’s (DNA) radiation-hardened
electronics program has successfully demonstrated the
design, fabrication, and technology transfer of very-large-
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scale integrated (VLSD) circuits. During 1990, significant
progress in this advanced VLSI technology was made by
the demonstration of a 256-kilo-bit static random access
memory (SRAM) fabricated on advanced silicon-on-insu-
lator material. These SRAM devices, used in all space-
based computer systems, are immune to the degrading
effects of trapped high-energy charged particles and
random erroneous computer states caused by cosmic
rays. The use of hardened electronics eliminates the need
to remove power from space systems as they pass through
the radiation belts.

In addition, hardened power integrated circuits are
considered essential components in advanced space
systems. During 1990, high-power integrated circuits
were demonstrated that are immune to circuit burnout
and gate rupture from high-energy particles and cosmic
rays. Hard fiber-optic links to these power circuits were
also evaluated.

Progress has also been made in the transfer of
immune-electronics technology to space systems through
the joint DNA/NASA hardness assurance working group.
The development of radiation test facilities, uniform test
methods, and radiation test standards has increased the
application of advanced electronics in space systems
during 1989 and 1990. For example, hardened electronic
circuits have been used in space systems such as Galileo,
GPS, DMSP, and Mars Probe.

Aeronautical Activities

Advanced Technology Tactical Transport.
Flight testing of a 62-percent scale Advanced Technology
Tactical Transport (AT?) proof-of-concept (POC) demon-
strator aircraft was completed by the Defense Advanced
Research Projects Agency (DARPA) in July 1989. An
impressive volume of actual flight-test data were obtained
on a unique tandem-wing design with both long-range
and significant short-takeoff-and-landing (STOL) capa-
bilities. After the highly successful completion of the
flight-test program, the POC airplane was delivered to the
Air Force flight test museum at Edwards Air Force Base.

The demonstrator was designed, built, modified,
and tested by Scaled Composites, Inc., of Mojave, CA,
under an innovative fixed-price contract with specific
payment milestones and no Government acceptance



specifications. The contractor retained responsibility for
all construction, flight testing, configuration control, and
safety, with minimal Government intervention.

After an initial series of tests ended in November
1988, the aircraft was extensively modified by cutting off
the entire cruciform tail section and adding tail booms as
extensions of the two engine nacelles. The resulting twin-
tail configuration greatly improved the directional stabil-
ity and engine-out minimum control speed and enhanced
the cargo loading characteristics. Design performance
goals for a full-scale AT?® include an unrefueled range of
2,400 nautical miles, with a midpoint landing-and-takeoff
roll of 1,000 feet with a 12,000-pound payload. Flight
testing indicated that performance very close to this is
achievable.

The AT? POC established a different approach to the
development of a new aircraft configuration by replacing
conventional wind-tunnel testing with a subscale flight
article. The POC aircraft enabled configuration develop-
ment normally accomplished with a wind-tunnel model,
while simultaneously obtaining test data in flight environ-
ments not possible in wind tunnels.

The objectives of the overall DARPA AT? program
were to identify alternative prototyping and acquisition
approaches and to document the AT? as one example of
a prototype program.

Pilot’s Associate Program. The Pilot’s Associate
program is applying many of the technologies being
developed under the DARPA Strategic Computing Pro-
gram to the problem of real-time, combat-pilot decision
aiding. The Pilot’s Associate is being designed as a
knowledge-based system to be embedded in future
avionics systems, both for new production and for retrofit
to existing aircraft. The specific technologies being de-
veloped and applied include artificial intelligence, auto-
mated planning, advanced man-machine interface, and
the supporting computer technology necessary for their
implementation. The program seeks to demonstrate the
technological feasibility of airborne mission replanning
and execution in response to either command redirection
or drastic differences between the expected and the
encountered situation. A mature Pilot’s Associate will
provide the pilot of a single-seat fighter aircraft with
expert assistance in the highly dynamic and demanding
environment of aerial warfare. The Pilot’s Associate will
support tactical decisions and system management in an

integrated environment of computer-aided situational
awareness. The program includes increasingly challeng-
ing demonstrations in advanced flight simulators repre-
sentative of the fighter aircraft of the mid-1990s.

In early 1989, the Pilot's Associate program demon-
strated a distributed, artificially intelligent mission
replanning system which performed route planning and
threat-avoidance planning during a simulated air-to-
ground attack mission. This system performed in real time
on a network of computer workstations which drive an
advanced panoramic cockpit display in a full-mission
flight simulator.

In late 1989, the Pilot’s Associate program demon-
strated a relatively robust system which performed complex
intercept-and-maneuver planning during a simulated strike
escort mission. This system showed the complexity of
defending a flight of strike aircraft from enemy attack by
coordinating the actions of four escort aircraft against a
concerted attack by four enemy interceptors. The inter-
face to the pilot was controlled by an artificially intelligent
system which modeled pilot behavior in order to deter-
mine pilot display requirements and compensate for pilot
errors and inattention. The distributed system was imple-
mented on a network of advanced laboratory processors
which formed the link between the flight-simulation
facility and an experimental cockpit. The system dramati-
cally demonstrated intercept planning, route replanning,
observable signature management, threat avoidance, at-
tack planning, sensor management, display management,
and aircraft system management at levels of performance
which were considered beyond the capability of the
unaided pilot. Future demonstrations planned for late FY
1991 and early FY 1992, will demonstrate real-time, man-
in-the-loop capability with an ultimate demonstration of
the application of ADA software to real-time artificial
intelligence software.

The program is now identifying the best match
between the possible computer hardware architectures
and the software requirements which have been derived
thus far. Application studies are currently ongoing for
both the F-16 and F/A-18, and a future application
committee made up of industry and service leaders has
been formed to provide guidance for further application
of this technology. Every effort is being made to ensure
that future Pilot’s Associate systems will be compatible
with the emerging aircraft avionics standards for hard-
ware and software.
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National Aero-Space Plane. The National Aero-
Space Plane (NASP) is a joint Department of Defense (Air
Force, Navy, Defense Advanced Research Projects Agency,
and Strategic Defense Initiative Organization) and National
Aeronautics and Space Administration program. The
objective is to develop and demonstrate the enabling
technologies for an entirely new generation of hypersonic
flight vehicles including space launch vehicles capable of
single-stage-to-orbit with horizontal takeoff and landing,
and hypersonic aircraft capable of long-range hypersonic
cruise within the atmosphere. The requisite technologies
can be integrated into the design and fabrication of an
experimental research aircraft, the X-30, for flight test and
demonstration. These demonstrated technologies could
then provide the basis for follow-on military and civil
vehicles capable of: global unrefueled operation, reach-
ing any point on Earth in less than two hours; providing
routine “on demand” access to space; reducing payload-
to-orbit costs by at least an order of magnitude; and
flexibly based, rapid response space launch. Such NASP-
derived aerospace systems would provide a revolutionary
increase in civil and military capability.

While the X-30 design is not yet firm, some charac-
teristics can be specified. The X-30 is envisioned to be a
manned aerospacecraft powered by ramjet/scramjet en-
gines that will be fueled by liquid or slush hydrogen. It
will have auxiliary rocket engines for final orbit insertion
and on-orbit maneuvering. The vehicle structure will be
manufactured from advanced, high strength, lightweight,
heat-resistant materials and critical portions of the structure
will be actively cooled with the super-cold hydrogen fuel
before it is burned in the engine.

The NASP program is making solid progress. The
airframe and engine designs meet the program goals, and
component hardware fabrication and ground tests are
producing impressive results. Among recent accomplish-
ments of the program are the following:

e Major structural demonstration components in-
cluding cryogenic tankage and wing/fuselage attachment
structures were fabricated.

o X-30 designs which meet program goals were
refined based on extensive test and computational data.

o Scale-up of durable, high-temperature materials
(such as titanium aluminides, titanium metal matrix
composites, oxidation-resistent coated carbon-carbon)
was begun.

e Computational-fluid-dynamics codes were up-
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dated and validated with wind-tunnel data. Effects of
chemical reactions have been included in the codes.

e Tests on leading edges, nose caps, and actively
cooled surfaces were successfully completed.

¢ Mach-8 engine test facilities were checked out
and high-speed, ramjet/scramjet engines (component
and subscale engines) were tested.

During the current technology development phase
of the program the NASP contractors are contributing over
$700 million of their own resources to the program.

B-1B. Several Air Forceand DOD reviews highlighted
the fact that the B-1B has, for the most part, achieved its
baseline requirements. Progress has been made in solving
the defensive system shortfalls. In July 1989, the ALQ-
161A “Core” contract was awarded and established an
achievable baseline for the defensive system which will
provide effective countermeasures against the most critical
threats to the B-1B. In September 1990, on schedule, the
Air Force began the critical laboratory testing of this “core”
system. When combined with the B-1B’s low-altitude,
high-speed ingress capability, these defensive measures
will result in excellent penetration capability for the
aircraft.

The B-1B’s ability as a bombing platform was
superbly demonstrated in the Strategic Air Command’s
1989 bombing and navigation competition (Bomb Comp).
The B-1B placed first and third in the overall competition,
winning the coveted Fairchild trophy. A B-1B unit was
awarded the Crumm trophy for the best bomber unit. For
the second year in a row, B-1B units swept the Dougherty
static random access memory (SRAM) competition, win-
ning first, second, and third places. In a 1989 Operational
Readiness Inspection, a B-1B aircraft and crew scored the
best bomb scores in the Strategic Air Command’s history.

B-2 Advanced Tecbnology Bomber. Flight testing
of the B-2 began on July 17, 1989, with a 1-hour-and-53-
minute flight from Palmdale, CA, to Edwards AFB, CA.
The B-2 design is an highly aerodynamic, efficient, flying
wing which produces a high-payload and long-range
capability and employs low observable or stealth technol-
ogy. Northrop is the prime contractor with Boeing, LTV,
and General Electric Aircraft Engine Group being some of
the major subcontractors. The unique cap