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FY 1995 NEW BUDGET STRUCTURE 

FY1994 HUMAN SCIENCE, MISSION INSPECTOR 

SPACE FLT AERO & TECH SUPPORT GENERAL TOTAL 

RESEARCH & DEVELOPMENT 2,435.2 4,724.8 369.3 7,529.3 

Space Station 1,907.0 39.0 1,946.0 

Space Transportation Cap Dev 478.2 50.1 134.3 662.6 

Space Science 50.0 1,721.9 1,771.9 

Life & Microgravity Sciences 476.3 476.3 

Mission to Planet Earth 1,004.5 63.9 1,068.4 

Advanced Concepts & Technology 432.7 432.7 

Aeronautical R& T 890.2 136.8 1,027.0 

Tracking & Data Advanced Systems 24.6 24.6 

Safety, Reliability & Quality 34.3 34.3 

Academic Programs 85.5 85.5 

SPACE FLIGHT, CONTROL & DATA COMM 3,601.0 860.4 392.1 4,853.5 

Shuttle Production 1,035.1 1,035.1 

Shuttle Operations 2,565.9 177.7 2,743.6 

Space Communications 546.9 214.4 761.3 

Launch Services 313.5 313.5 

RESEARCH & PROGRAM MANAGEMENT 1,635.5 1,635.5 

CONSTRUCTION OF FACILITIES 33.5 262.1 222.1 517.7 

INSPECTOR GENERAL 15.4 15.4 

TOTAL 6,069.7 5,847.3 2,619.0 15.4 14,551.4 

FY1993 HUMAN SCIENCE, MISSION INSPECTOR 

SPACE FLT AERO & TECH SUPPORT GENERAL TOTAL 

RESEARCH & DEVELOPMENT 2,602.1 4,097.8 394.4 7,094.3 

Space Station 2,122.5 2,122.5 

Space Transportation Cap Dev 479.6 26.8 142.8 649.2 

Space Science 1,508.4 1,508.4 

Life & Microgravity Sciences 407.5 407.5 

Mission to Planet Earth 884.0 70.1 954.1 

Advanced Concepts & Technology 438.1 438.1 

Aeronautical R& T 716.8 148.8 865.6 

Tracking & Data Advanced Systems 23.3 23.3 

Safety, Reliability & Quality 32.7 32.7 

Academic Programs 92.9 92.9 

SPACE FLIGHT, CONTROL & DATA COMM 3,878.0 672.2 508.6 5,058.8 

Shuttle Production 1,053.0 1,053.0 

Shuttle Operations 2,825.0 174.9 2,999.9 

Space Communications 491.4 333.7 825.1 

Launch Services 180.8 180.8 

RESEARCH & PROGRAM MANAGEMENT 1,634.8 1,634.8 

CONSTRUCTION OF FACILITIES 191.9 138.7 189.4 520.0 

INSPECTOR GENERAL 14.6 14.6 

TOTAL 6,672.0 4,908.7 2,727.2 14.6 14,322.5 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1995 BUDGET ESTIMATES 

GENERAL STATEMENT 

• 
The National Aeronautics and Space Administration (NASA) leads the United States' preeminent programs in 
aeronautics, space exploration and flight activities for peaceful purposes. Its unique mission of 
exploration, discovery and innovation has preserved the United States role as both a leader in world 
aviation and as the preeminent spacefaring nation. 

The NASA budget request of $14.300 million has been restructured in FY 1995 into four appropriations: 

Human Space Flight - providing funding for the Space Station and Space Shuttle programs. including 
flight support for cooperative programs with Russia: 

Science. Aeronautics and Technology - providing funding for NASA's research and development 
activities. including all science activities. global monitoring, aeronautics. technology investments. 
education programs, mission communication services and direct program support: 

Mission Support - providing funding for NASA's civil service workforce. space communication services, 
safety and quality assurance activities. and maintenance activities for the NASA institution. 

Inspector General - providing funding for the manpower and support required to perform audits and 
evaluations of NASA's programs and operations. 

This budget request reflects the President's strong commitment to space and aeronautics. It also signals a 
continuing commitment by NASA to conduct its activities in the most efficient and effective manner. to be 
aggressive in pushing the entire community involved in NASA's programs to gain the maximum value from every 
dollar spent. NASA was actively involved in the National Performance Review (NPR). and is proceeding to 
implement the recommendations of the NPR. both as they relate specifically to NASA and to the federal 
government in general. A strengthened program management system has been implemented which will focus senior 
management attention on program performance. The FY 1995 budget request signals a new way of doing business 
in all aspects of NASA's program planning and execution. 

The FY 1995 budget request concentrates on: 

Implementing a fundamentally expanded program of human cooperation in space. combining the efforts of 
Europe. Japan. Canada. Russia. and the United States in a broad range of human space activities: 
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Continuing the nation's premier program of space exploration. to expand our knowledge of the solar 
system and the universe as well as the Earth. and understand the nature of global environmental 
problems: and, 

Investing in the development of new technologies, particularly in aeronautics, to strengthen the 
leadership position of the United States as an innovator and to ensure the future competitiveness of 
the Nation. 

This budget has been formulated with the imperative of conserving the financial resources of the Nation by 
making difficult decisions concerning the priorities of the Nation's space and aeronautics program. The 
resulting budget supports a program which will encourage innovation, return valuable scientific results. 
strengthen the research capabilities of the nation. and benefit the United States taxpayers and also demand 
strict accountability for results. The five year budget plan for NASA requires continuing. significant 
reductions in the cost of executing programs and supporting activities funded within all appropriations. 
NASA is committed to reducing program overhead and eliminating activities with only marginal benefit. 
Savings generated by these actions will be applied to enable a more robust NASA program. 

The NASA budget has been restructured to consolidate funding for human space flight activities, for science, 
aeronautics and technology activities. and for the basic support of NASA programs into separate 
appropriations. This new budget structure will provide a focused discussion of space activities, and 
provide a framework for policymakers to emphasize program priorities. 

HUMAN SPACE FLIGHT 

This new appropriation encompasses all the human space flight activities. including development of the Space 
Station and the safe and efficient operation of the Space Shuttle. An intensive redesign of the Space 
Station was conducted in 1993. During that review. the possibility of including Russia as a partner in the 
program was examined. The partners of the international Space Station, led by the United States. extended 
an invitation to Russia to join them in the development of the space-based, orbiting laboratory. and an 
unprecedented agreement was reached with Russia to become a partner in the effort to produce an 
international Space Station. Russia brings extensive experience in long-term space habitation, which 
includes expertise on the effects of long-duration space flight on humans and experience in the design and 
operation of space stations. The opportunity to conduct cooperative missions of several months on the 
Russian Mir Space Station will provide valuable experience and test data which will greatly reduce the risks 
associated with the construction and operation of the international Space Station. The participation of 
Russia in the Space Station program will advance the space programs of both the United States and Russia and 
benefit the aerospace industries of both countries. 
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The transition to the redesigned Space Station program is being completed. A new management structure has 
been put in place which establishes a clear line of management responsibility and accountability. The new 
design maximizes the use of the previous Space Station Freedom design. and preserves the modular approach to 
development and assembly. The civil service workforce supporting the program is being reduced. reflecting 
the reduction in management layers incorporated into the program management structure. A Systems Design 
Review on the redesigned Space Station is scheduled for March 1994. An integrated schedule. incorporating 
the development of the United States and Russian hardware elements, is being finalized which will result in 
a total assembly schedule for the program. The Russian contributions to the program will include 
transportation services. a service module. a "tug module" for early station attitude control and reboost. 
and a crew rescue vehicle for rescue and crew rotation. The contributions of the Japanese. European and 
Canadian partners remain the same as previously planned. 

Funding is included to implement an expanded program of cooperative efforts with the Russians which 
encompass early use of the Space Shuttle and Russian Mir Space Station. In October 1992, the United States 
and Russia agreed to cooperate in a limited number of joint space flight activities involving exchange of 
visits by United States astronauts and Russian cosmonauts to the Mir and on the Space Shuttle. In 
December. 1993. the United States and Russia expanded the scope of this agreement to include four or more 
U.S. astronaut flights on the Mir station for a total on-orbit stay time of approximately 24 months and up 
to ten Shuttle flights to Mir between 1995 and 1997. Funding is included to support the mission planning, 
development of the experiment hardware, and procurement of the Shuttle hardware to enable docking of the 
Space Shuttle to the Mir station. Funding is also included for a fixed-price contract with the Russian 
Space Agency for $100 million for each fiscal year, between FY 1994 and FY 1997. This contract will provide 
for delivery of hardware elements and services in support of the U.S.-Russian cooperative activities. which 
are currently being defined. 

The Space Shuttle continues to provide several unique capabilities to the United States space program. In 
1993, seven missions were conducted, including the highly-successful repair of the Hubble Space Telescope. 
That mission included a record number of hours of extravehicular activity. which will also prove highly 
beneficial in planning future spacecraft repair missions and assembly of the Space Station. Eight Shuttle 
missions are planned for each of FY 1994 and FY 1995, and will feature Spacelab flights focusing on 
Materials Science, Astrophysics. Earth Sciences and Life Sciences. 

The Space Shuttle program continues to aggressively search for ways to reduce costs without sacrificing 
safety. Contractor manpower levels supporting the preparation of payloads. mission planning, and hardware 
processing activities will be reduced. The program also incorporates a revised role and responsibilities for 
NASA civil servants. with less reliance on support contractors in given areas where it is appropriate for 
NASA civil servants to move into a "hands-on" role. Funds are included to continue the implementation of 
high-priority safety and performance upgrades to the Shuttle initiated in previous years. Spacelab flights 
will continue through 1997. Beginning in FY 1995, future Spacelab-type missions will be transitioning for 
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deployment on the redesigned Space Station. As a result of the Russian cooperative program and the 
opportunities for long duration flights on Mir, there is a greatly reduced justification for the Space 
Shuttle/Spacelab stand-alone long-duration capability. Accordingly, NASA is proposing the termination of 
the Long Duration Orbiter development. 

SCIENCE, AERONAUTICS AND TECHNOLOGY 

Space Science 

The Space Science program is designed to expand our scientific understanding as we move away from the Planet 
Earth. This ranges from understanding the origin and evolution of the universe, to the nature and evolution 
of galaxies, stars and planets. to the makeup and dynamics of the different layers of space plasmas which 
make up 99 percent of the universe. Each program conducts development. operation and research activities in 
their respective science disciplines. 

Development activities continue on the Advanced X-ray Astrophysics (AXAF) and Cassini missions. In 1992, 
the AXAF mission was restructured into two smaller missions; AXAF-I. which focused on high resolution 
imaging and dispersive spectroscopy. and the AXAF-S which focused on high spectral resolution spectroscopy. 
AXAF-I is proceeding on its development schedule, with launch on the Shuttle scheduled for FY 1998. The 
Congress directed in the FY 1994 HUD-VA-Independent Agencies Appropriations Act (P.L. 103-124) that activity 
on AXAF-S be terminated. and to pursue flight of the X-Ray Spectrometer (XRS) instrument aboard the Japanese 
Astro-E mission. Due to the lack of detailed definition or the U.S. involvement, a specific funding request 
has not been made in this budget The funding provided for this purpose in the FY 1994 appropriation is 
being applied to study instrument modifications and spacecraft interfaces. The joint. U.S.-Japan studies 
include assessments of scientific merit, amount of U.S. funding required. and development schedules. If, 
upon completion of these studies, the joint program is determined to be scientifically meritorious and 
programmatically feasible, NASA will provide the results to the Congress and propose appropriate changes to 
the FY 1995 budget request. 

The Cassini mission will continue the United States' leadership position in planetary exploration by 
conducting extensive investigations of Saturn. its rings. and its satellites. In an effort to reduce total 
program costs and improve mass and schedule margins, the program was restructured in 1992. Despite 
significant changes to the spacecraft design, the science payload remains essentially intact. Development 
activities are currently underway with the launch scheduled for October 1997 aboard a Titan IV launch 
vehicle. The Magellan spacecraft has mapped approximately 99 percent of the surface of the planet Venus to 
a ground resolution of about 150 meters. The spacecraft successfully completed an aerobraking experiment to 
circularize its orbit in the summer of 1993, and is currently collecting high resolution gravity data from 
this new orbit. Extensive data processing and analysis of existing radar data sets are underway as well. 
Mission operations are planned for termination by the end of FY 1994. The planet Mars has been a primary 
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program focus due to its potential for previous biological activity and for comparative studies with Earth. 
The Mars Observer mission was launched in September 1992 and arrived at Mars in August 1993. Unfortunately, 
communications with the spacecraft were lost just prior to orbit insertion. Funds are included to initiate 
the Mars Surveyor program, a series of small missions designed to resume the detailed exploration of Mars. 

Funding is also included to continue development of two missions initiated in FY 1994. the Mars 
Environmental Survey (MESUR) Pathfinder and the Near Earth Asteroid Rendezvous (NEAR) missions. These 
missions are the first two Discovery missions that will demonstrate the viability of low-cost. quick design
to-flight planetary missions. A Discovery mission development cost (phase CID through launch plus 30 days) 
must be within $150 million (FY 1992 $) and must launch within three years from start of development. MESUR 
Pathfinder will provide information on the atmosphere and surface characteristics of Mars. NEAR will 
conduct a comprehensive study of the near Earth asteroid 433 EROS. Both missions are planned for launch on 
Delta II expendable launch vehicles. MESUR Pathfinder is scheduled for launch in December 1996: NEAR is 
scheduled for launch in February 1996. 

Funding is also included to continue development of the Relativity Mission. which combines two previously 
separate programs, the Gravity Probe-B mission and the Shuttle Test of Relativity Experiment. The Global 
Geospace Science spacecraft, Wind and Polar, are schedu+ed for launch in FY 1994. Current indications are 
that the launch of Polar, and possibly Wind, could slip into FY 1995. Upon completion of this assessment, 
the agency will determine what additional funding is required in FY 1994 and FY 1995. The Explorer program 
continues to support the X-ray Timing Experiment and the Submillimeter Wave Astronomy Satellite. both 
scheduled for launch in 1995. Development of the Advanced Composition Explorer was initiated in FY 1994 in 
preparation for launch in 1997. 

The Hubble Space Telescope (HST) Servicing Mission in December 1993 restored the capabilities of the HST to 
the original design specifications. and the HST is now able to see ten times farther than before the optical 
correction was made. This has increased the field of objects available for study by 1.000 times. Mission 
Operations funding will support the science investigation teams for HST and the preparations for future HST 
servicing missions planned for 1997 and 1999. Mission Operations and Data Analysis (MO&DA) funding will 
also support development of unique ground systems elements of the AXAF program, final preparations for 
Galileo's arrival at Jupiter in December 1995, and continued data and analysis activities for the Compton 
Gamma Ray Observatory mission. the Extreme Ultraviolet Explorer mission and other missions. The Research 
and Analysis (R&A) program provides ongoing support for basic and applied research, new technology 
development and theory-building at NASA centers. universities, industrial laboratories. and other government 
laboratories. Advanced studies will also continue to define technical and scientific requirements for 
future space science missions. 

Funding for science data management. archiving and science networking are also provided for under the Space 
Science program. Due to Agency budget constraints, the FY 1995 budget request in several of these areas has 
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been held to the FY 1994 level, i.e., without provision for inflation. and in other areas has been reduced 
below the FY 1994 level. Some activities will be reduced or possibly terminated. An assessment of overall 
program requirements is currently underway to assess priorities and determine candidates for reduction or 
termination. 

Life and Microgravity Sciences 

Funding is included for continuing research activities in understanding the response of biological 
mechanisms and materials science to weightlessness, and the development of experiment hardware for use on 
the Space Shuttle and Space Station. In Life Sciences, definition and development of experiments and 
hardware for the Spacelab Life Sciences (SLS) series and other international flight opportunities will 
continue. including the design and development of payloads for the joint program with Russia which focus on 
understanding biomedical problems associated with long-duration missions and other microgravity and 
biotechnology research. A main theme in the research conducted in Life Sciences is the use of gravity as an 
experimental variable to define the responses of biological systems to a micro- or zero-gravity environment. 
Funding for the development and utilization of Space Station-based experiment facilities is included in this 
budget. Continued emphasis is placed on cooperation with the National Institutes of Health (NIH) in 
biomedical research programs. Specific research initiatives are under development to expand participation 
of the mainstream biomedical community in the NASA Life Sciences program. 

Funding for Microgravity research will continue basic and applied research activities as well as the payload 
development effort, using Shuttle middeck. Spacelab, Mir, and cargo-bay experiments. A series of future 
flights is planned over the next several years which will provide opportunities for evolving microgravity 
experiments from short- to long-duration periods of on-orbit operations. Preparation for the advent of 
Space Station operations will intensify in FY 1995, with substantial work planned for the initiation of 
payload facility development. integration, training and operations activities. 

Mission to Planet Earth 

NASA is a major participant in the U.S. Global Change Research program. The Earth Observing System (EOS) 
program and Earth probes are major elements of this program, and will contribute an understanding of the 
global climate system. The EOS will provide long-term data sets for use in modeling and understanding 
global processes, and the first EOS satellite. AM-1, is scheduled for launch in mid-1998. The Earth probes 
will provide data in specialized areas. such as tropical rainfall, ocean wind speed and direction, and 
global ozone concentrations. There are three Earth Probes currently under development. The Tropical 
Rainfall Measurement Mission (TRMM) spacecraft is scheduled for launch in 1997 by a Japanese launch vehicle. 
The NASA Scatterometer (NSCAT) is scheduled for launch on the Japanese Advanced Earth Observing System 
(ADEOS) Satellite in 1996. The Total Ozone Mapping Spectrometer (TOMS)Scatterometer program includes a set 
of instruments which will be flown in 1994. 1996 (also on the ADEOS satellite) and will be available for a 
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flight opportunity in 1998. The EOS Data Information System (EOSDIS) will provide the processing. storage. 
and distribution of the EOS science data and resulting scientific products. Development of the EOS. EOSDIS 
and Earth Probes is a high priority of NASA. and funding is included to support the first EOS spacecraft, 
AM-1, the Earth Probes under development, and the EOSDIS. The budget estimates assume some delay in the 
EOS-PM and Chemistry spacecraft development schedules. In part. this reflects the delay in the procurement 
schedule for the common spacecraft bus. The EOS-PM and related spacecraft bus detailed definition phase was 
extended to permit further consideration of spacecraft configurations compatible with a medium-class 
expendable launch vehicle. If this approach is determined to be technically feasible and consistent with 
EOS program requirements, it could result in reduced funding estimates for for launch vehicles and a revised 
cost and schedule plan. The current program schedules and funding plans assume a larger spacecraft platform 
and commensurately sized ELV. Also included is funding for development of the first Space Station attached 
payload in Mission to Planet Earth, the Stratospheric Aerosol and Gas Experiment III (SAGE-III). Consistent 
with the new budget structure, the budget request for the Science. Aeronautics and Technology appropriation 
includes funding to continue construction of the Earth Systems Science Building, which will house civil 
service. contractor. and visiting science personnel conducting global change and Earth science research 
using EOS. 

Consistent with fiscal constraints. the budget provides for the highest priority operation, data analysis 
and supporting research activities of the Mission to Planet Earth program. The budget also provides for 
continued land remote sensing program activities. with a revised approach to the Landsat program under 
consideration. 

Aeronautical Research and Technology 

The Aeronautics Research and Technology program provides a broad foundation of advanced technology to 
strengthen the United States leadership in aviation. an industry which plays a vital role in the economic 
strength, transportation infrastructure and national defense of the United States. NASA's unique research 
capabilities contribute to the strengthening of America's aviation industry in many ways. and the FY 1995 
program continues important investments required to pursue the high leverage technologies required to 
support both the subsonic and high-speed civil transport economic viability. These investments are 
essential to the technology to ensure U.S. leadership for a future high-speed civil transport and to address 
the important capability and capacity issues associated with future subsonic transport aircraft. Funding is 
also included to continue NASA's leadership role in the multi-agency High Performance Computing and 
Communications (HPCC) program. The NASA HPCC program is focused to enable broad advances in aerospace 
vehicle design, Earth and space systems science research. access to databases of remote sensing images and 
K-12 science education. Funding for Hypersonics Research has been transferred from the Research and 
Technology Base and consolidated in the Systems Technology Program budget to focus the program on 
development of the key enabling technologies for hypersonic air-breathing aircraft. Funding appropriated in 
FY 1994 for the National Aerospace Plane is not included in this program. Funding for the program support 
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a~tivities of the Research and Technology Base has been reduced to meet overall Agency budget levels: 
however. the budget request still supports a strong and challenging fundamental foundation for future 
aviation advances. Most of the FY 1994 funds for wind tunnel facilities will be made available in FY 1995 
for the definition of requirements and design. in collaboration with industry. of new or drastically 
modified wind tunnels. 

Advanced Concepts and Technology 

The implementation of the new Office of Advanced Concepts and Technology (OACT) is complete, and the 
programs of the Space Research and Technology budget and the Commercial Programs budget have been merged. 
This new office will lead NASA's efforts to support the development and application of technologies critical 
to the economic, scientific, and technological competitiveness of the U.S. and to promote U.S. industrial 
preeminence through strengthened linkages between the private sector and NASA technology efforts. The 
Advanced Concepts and Technology budget is organized around areas of customer focus: advanced space 
transportation, spacecraft and remote sensing, space communications. space processing. technology transfer, 
and flight programs. The technology programs which support each of these areas include a range of 
technology efforts from near-to mid- to longer-term durations. Each program also involves balanced 
participation by NASA field centers, universities. and industry. including the Centers for the Commercial 
Development of Space. 

The budget request for OACT in FY 1995 will support continued efforts to aggressively pursue the transfer of 
technology from NASA to the private sector. Funding is included to continue two programs initiated in FY 
1994 as part of the President's New Technology Investments. The Advanced Small Satellite Technology program 
is focused on efforts to develop and apply advanced miniaturization technology for small spacecraft. This 
program is conducted in partnership with industry, universities, and other government agencies, with a 
significant focus on proactive technology transfer. The second initiative. the Industry Technology Program, 
will support technology development and application projects which support high-risk and high pay-off 
opportunities that demonstrate strong potential for commercial benefits. 

Funding for Advanced Space Transportation includes efforts previously distributed in several programs. 
including the Solid Propulsion Integrity Program (SPIP), the Advanced Launch Technology effort and the 
Advanced Programs. The Administration is presently conducting an interagency review of the National Space 
Launch policy to determine a future course of action for supporting near-. mid-, and long-term space launch 
requirements. This review will be conducted during the first half of 1994. The NASA program plan and 
budget for Advanced Space Transportation research and technology development activities will be altered 
consistent with the policy determinations of the Administration and will be submitted to the Congress in 
accordance with established procedures. 
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Academic Programs 

Science and mathematics achievement is an integral element of the National Education Goals, and NASA's 
Academic Program strongly support making U.S. students first in the world in science and mathematics 
achievement by the year 2000. NASA's programs at the pre-college. college. and graduate levels are designed 
to capture and channel student interest in science. engineering. mathematics and technology as well as 
enhance teacher knowledge and skills related to these subjects. NASA is actively involved in the activities 
of the National Science and Technology Council/Committee on Education and Training (CET). This budget 
request supports the milestones outlined in the CET Strategic plan. 

NASA has made a major commitment to playing a leadership role in strengthening the capabilities of minority 
universities to compete for "mainstream" federal research funding. The FY 1995 budget request for the 
Minority University Research and Education program will enable NASA to significantly increase its efforts to 
strengthen the research infrastructure of the Historically Black Colleges and Universities and Other 
Minority Universities. particularly Hispanic-Serving Institutions. 

Mission Communication Services 

Beginning in FY 1995, NASA's communications program will be split between in the Science. Aeronautics and 
Technology and the Mission Support appropriations. Support which is most directly related to NASA's science 
and aeronautics programs, including ground network support, mission planning for robotics spacecraft 
programs, suborbital mission support. and support to aeronautics test programs. is included in the Science. 
Aeronautics and Technology appropriation. Funds are included in this budget to operate and sustain NASA's 
Deep Space Network, Wallops Flight Facility (and subsidiary facilities). and the Western Aeronautical Test 
Range which provide support for NASA's robotic science. aeronautics and suborbital programs: and the 
Spaceflight Tracking and Data Network. 

MISSION SUPPORT 

Safety. Reliability and Quality Assurance 

NASA is committed to providing leadership in quality management of science and engineering programs. The 
Office of Safety and Mission Assurance (OS&MA) is responsible for the development and implementation of risk 
management practices and Safety. Reliability and Quality Assurance (SR&QA) practices into all NASA 
activities. The funding requested in FY 1995 will continue a wide range of activities under~ay through 
which SR&QA practices are integrated into the earliest phases of development for space and aeronautics 
programs. The OS&MA will continue to focus on the Agency's complex software requirements. as it begins 
operation of the Independent Verification and Validation (IV&V) Facility in West Virginia. This facility 
will provide leadership in the research and development of software IV&V techniques and standards. 
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Space Communication Services 

Consistent with the new appropriations structure. funding for the operation. sustainment. and replenishment 
of NASA's Space Network is now funded in NASA's Mission Support appropriation. This program supports the 
operation of the Tracking and Data Relay Satellite System, the ground terminals at White Sands, New Mexico. 
and the NASA Control Center at Goddard Space Flight Center. Funds for services provided to non-science 
users of the TDRSS are included under this program. The NASA Communications (NASCOM) system and the Program 
Support Communications Network (PSCN) are also funded by this appropriation. Completion of the F-7 
spacecraft. and the initiation of procurement activities for the Replenishment TORS spacecraft (F-8 through 
F-10) are expected to occur in FY 1994. FY 1995 funding provides for start of the development contract for 
the Replenishment TORS spacecraft in FY 1995. The Second TORS ground terminal is scheduled to begin 
operations in Spring 1994. Funding is included to continue the upgrade of the White Sands Ground Terminal. 
which is scheduled for completion in 1995. 

Research and Program Management 

The NASA workforce is the foundation underpinning the successful achievement of NASA's goals. Funding for 
the salaries. travel support and other personnel expenses for the entire NASA workforce is included. 
Consistent with the new appropriations structure. funding for support activities to the NASA workforce and 
physical plant identified as Research Operations Support has been transferred into the Mission Support 
appropriation and included in Research and Program Management (R&PM). 

Legislation is proposed in the President's Budget Request to cover a shortfall in the R&PM appropriation 
caused by the implementation of locality pay and by the delay in enactment of buyout authority. The 
rescission of $95.0 million appropriated in FY 1994 to Research and Development/Space Flight, Control and 
Data Communications is proposed to enable a supplemental appropriation for FY 1994 of $60 million in R&PM. 
This supplemental appropriation is required to avoid the extended furlough of the entire NASA workforce. 
Rescission of the greater amount of funds from the Research and Development and the Space Flight. Control 
and Data Communications appropriations is required to keep the supplemental action outlay neutral. 

Construction of Facilities 

Funding is included for discrete projects to repair and modernize the basic infrastructure and institutional 
facilities. the minor repair, rehabilitation and modification of existing facilities. minor new consruction 
projects. environemtnal compliance and restoration activities. the design of facilities projects. and the 
advanced planning related to future facilities needs. Funding for the construction of programmatic 
facilities has been moved to the appropriate program budgets. consistent with the new appropriations 
structure. 
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NATIONAL AERONAUTICS & SPACE ADMINISTRATION 

FY 1995 BUDGET SUMMARY 
(IN MILLIONS OF REAL YEAR DOLLARS) 

BUDGET PLAN 

HUMAN SPACE FLIGHT 

SPACE STATION 
RUSSIAN COOPERATION 
SPACE SHUTTLE 
PAYLOAD AND UTILIZATION OPERATIONS 

SCIENCE, AERONAUTICS AND TECHNOLOGY 

SPACE SCIENCE 
LIFE AND MICROGRAVITY SCIENCES AND APPLICATIONS 
MISSION TO PLANET EARTH 
AERONAUTICAL RESEARCH AND TECHNOLOGY 
ADVANCED CONCEPTS AND TECHNOLOGY 
LAUNCH SERVICES 
MISSION COMMUNICATION SERVICES 
ACADEMIC PROGRAMS 

MISSION SUPPORT 

SAFETY, RELIABILITY AND QUALITY ASSURANCE 
SPACE COMMUNICATION SERVICES 
RESEARCH AND PROGRAM MANAGEMENT 
CONSTRUCTION OF FACILITIES 

INSPECTOR GENERAL 

TOTAL BUDGET AUTHORITY 
TOTAL OUTLAYS 

1993 

6,672.0 

2,162.0 
79.5 

3.988.2 
442.3 

4,908.7 

1.510.4 
407.5 
936.3 
769.4 
464.9 
180.8 
546.5 

92.9 

2,727.2 

32.7 
333.7 

2.171.4 
189.4 

14.6 

14,322.5 
14,304.3 

1994 

6,069.7 

1.937.0 
170.8 

3,549.3 
412.6 

5,847.3 

1.721.9 
515. 3 

1.024.5 
1.102.2 

495.3 
313.5 
589.1 

85.5 

2,619.0 

34.3 
214.4 

2,148.2 
222.1 

15.4 

14,551.4 
14,201.0 

1995 

5,719.9 

1,889.6 
150.1 

3,324.0 
356.2 

5,901.2 

1. 766.0 
470.9 

1.238.1 
898.5 
608.4 
340.9 
481. 2 

97.2 

2,662.9 

38.7 
268.9 

2,220.3 
135.0 

16.0 

14,300.0 
14,459.0 

• 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1995 ESTIMATES 

SUMMARY RECONCILIATION OF APPROPRIATIONS TO BUDGET PLANS 
(Thousands of Dollars) 

TOTAL R&D SFC&DC COF 

FISCAL YEAR 1993 

APPROPRIATION P.L. 102-398/BUDGET PLAN 14.330.376 7,089,300 5.086.000 525.000 

APPROPRIATION TRANSFER P.L. 103-50 5,000 -5.000 

RESCISSION/SUPPLEMENTAL PURSUANT 
TO P.L. 103-50 -7.200 -27,200 

LAPSE OF FY 1993 UNOBLIGATED FUNDS -649 

TOTAL BUDGET PLAN 14,322,527 7,094,300 5,058,800 520,000 

FISCAL YEAR 1994 

R&PM 

1,615,014 

20.000 

-178 

1,634,836 

APPROPRIATION P.L. 103-124/BUDGET PLAN 

PROPOSED RESCISSION 

14,551,399 7,529.300 4,853,500 517,700 1.635.508 

PROPOSED SUPPLEMENTAL 

TOTAL BUDGET PLAN 

[-145.000] [-88.000] [-32.000] [-25.000] 
[60,000] [60,000] 

14,551,399 7,529,300 4,853,500 517,700 1,635,508 

• 

IG 

15.062 

-471 

14,591 

15,391 

15,391 
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Joh1son Space Cuter ........ . 
Space Sta Prograa Office ..... . 
lennedy Space Ceater ........ . 
Marshall Space Flight Center 
Ste11is Space Ce1ter ......... . 
Goddard Space Flight Center .. 
Jet Propulsion LaboratorJ ... . 
Aaes Research Ceater ........ . 
Langley Research Ce1ter 
Ltwis Resurch Cuter ....... . 
Hndquuters ................ . 
Proposed Suppleaental ........ . 

Undistributed Construction of 
Facilities: 
Various Locations ......... . 
Fui I itJ Planning 

ud Design .............. . 

1993 

2,847,646 
0 

1,564,725 
3,104,652 

15,065 
2,274,186 

807 I 176 
700,018 
543,598 

I, 002, 633 
1,340,126 

0 

14,811 

23 ,3DD 

Toh I 

1994 

Z, 144,365 
1,280,041 
1,421,490 
2,775,037 

83,229 
2,214,876 
1,013,096 

707,679 
704,518 
921,934 

1,283,453 
-60,00D 

14,285 

32,000 

1995 

1,999,171 
1,339,707 
1,414,027 
Z,655,706 

74,663 
2,456,920 
1,083,595 

690,317 
690,051 
781,891 

1,071,997 
0 

1,955 

10,00D 

• NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1995 ESTIMATES 

SUMMARY OF BUDGET PLANS BY INSTALLATION BY APPROPRIATION 
----------------------(Thousands of Dollars> 

Science, Aeroaautics 
And Techlo I 091 H1a1n Space Flight 

1993 

167,812 
0 

37,495 
412,920 

1,691 
1,669,133 

778,524 
475, 145 
312,313 
381,804 
657,889 

0 

0 

0 

1994 

179,749 
0 

38,976 
536,956 
11,109 

I, 708,094 
991,966 
484,571 
471,576 
568,525 
855,771 

0 

0 

D 

1995 

111,266 
0 

45,729 
548,712 

15,337 
I, 186,378 
1,059,685 

454,418 
456,212 
539,075 
707,388 

0 

0 

0 

1993 

2,329,400 
0 

1,250,200 
2,316 I 600 

41,000 
14,400 
I, 500 
7,200 
3,400 

364,200 
344,100 

0 

0 

0 

1994 

1,601,900 
1,254,700 
I, 101,500 
1,143,700 

27,400 
8,900 

100 
5,700 

300 
110,300 
101,200 

0 

0 

0 

ms 
1,454,400 
1,313,000 
1,106,600 
1,729,500 

22,600 
9,800 

0 
6,100 

0 
7,000 

70,900 
0 

0 

0 

• 
Mission Support 

1993 

350,434 
0 

277 I 030 
37S, 132 
35,374 

590,653 
27, 151 

217,673 
227,815 
249,629 
331,137 

0 

14,811 

23,300 

1994 

355,716 
25,346 

281,014 
394,381 
44,720 

497,882 
21,030 

217,408 
232,642 
243, 109 
319,475 
-60,000 

14,285 

32,000 

1995 

356,505 
26,707 

261,698 
377,494 
36,726 

560,742 
23,910 

229 I 799 
233,839 
235,816 
300,709 

0 

a, us 
10,00D 

Total Bidget Pin ............ 14,307,936 14,536,008 14,284,00D 4,908,726 5,847,300 5,901,200 6,67Z,OD0 6,069,700 5,719,910 Z,727,210 2,619,008 2,662,900 

Inspector Ge1eral . ........... . 14,591 15,391 16 ,00D 

Total Agency .................. 14,322,527 14,551,399 14,300,000 
·=······==••••=••=•=•==••==•===•===••====•==•=••=•••===······===•• 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1995 ESTIMATES 

The FY 1995 multi-year budget estimate is submitted in accordance with the NASA FY 1989 Authorization 
(P.L. 100-685). The enclosed table contains the budget estimates for FY 1995. along with the 
Administration's projections for 1996 and 1997. For comparison purposes, FY 1993 and 1994 have been 
restructured to reflect the new appropriation structure. 

-~ 
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• 
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HUMAN SPACE FLIGHT 

SPACE STATION 

RUSSIAN COOPERATION 

SPACE SHUTTLE 

PAYLOAD & UTILIZATION OPERATIONS 

SCIENCE, AERONAUTICS AND TECHNOLOGY 

SPACE SCIENCE 

(MILLIONS OF DOLLARS) 

FY 1995 

REQUEST 

5,719.9 

1,889.6 

150.1 

3,324.0 

356.2 

5,901.2 

1,766.0 

LIFE & MICROGRAVITY SCIENCES & APPLICATION! 470.9 

MISSION TO PLANET EARTH 

AERONAUTICAL RESEARCH & TECHNOLOGY 

HIGH PERFORMANCE COMPUTING 

ADVANCED CONCEPTS & TECHNOLOGY 

LAUNCH SERVICES 

MISSION COMMUNICATION SERVICES 

ACADEMIC PROGRAMS 

MISSION SUPPORT 

SAFETY, RELIABILITY & QUALITY ASSURANCE 

SPACE COMMUNICATION SERVICES 

RESEARCH & PROGRAM MANAGEMENT 

CONSTRUCTION OF FACILITIES 

INSPECTOR GENERAL 

TOTAL 

J 

~ 
1.S" )Yl 

t?IYI 

1,238.1 

898.5 

608.4 

340.9 

481.2 

97.2 

2,662.9 

38.7 

268.9 

2,220.3 

135.0 

16.0 

14,300.0 

FY 1995 

AMEND CHANGE REVISED 

-21.0 -32.0 5,666.9 

1,889.6 

150.1 ( ~\m) 
-13.0 -32.0f ··:~ :;:::::',::-_-:: tr-.G~) -8.0 

-35.5 -62.0 5,803.7 

-0.5 1,765.5 UNDER REVIEW 

-0.5 470.4 STS SPACELAB PAYLOAD MSN MGMT - SYSTEMS ENGINEERING 

-3.0 -28.0 1,207.1 R&A ADMINISTRATOR'S RESERVE 

-0.5 -21.0 877.0f;C DELAY COOP AGREEMENT NOTICEFOR K· 12 J 
-4.0 -4.0 EDUCATIONAL TECHNOLOGY & SCHOOL NETWORK 

-30.0 -9.0 569.4 SPACEHAB-20M/W .. ~ .... .1119' 

11t -h llflf•!IIMCIIPJa.._M. P}S1Jl; ff e 340.4 UNDER REVIEW 

-0.5 480.7 MISSION CONTROL DATA PROCESSING 

97.2 

-2.5 2,660.4 

-0.5 38.2 LOWEST PRIORITY PROJECTS 

268.9 

2,220.3 

-2.0 133.0 FY 92 FP&D RESIDUALS NO LONGER REQUIRED 

16.0 

-59.0 -94.0 14,147.0 
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NATIONAL AERONAUTICS & SPACE ADMINISTRATION 

FY 1995 MULTI-YEAR BUDGET ESTIMATES 
(IN MILLIONS OF REAL YEAR DOLLARS) 

FY 1995 PRESIDENT'S BUDGET 
1993 1994 1995 
PAST CURRENT BUDGET 1996 1997 
YEAR YEAR YEAR EST EST 

HUMAN SPACE FLIGHT 6,672.0 6,069.7 5,719.9 5,594.6 5,533.6 

SPACE STATION 2,162.0 1.937.0 1.889.6 1. 833. 6 1.782.0 
RUSSIAN COOPERATION 79.5 170.8 150.1 129.2 111.8 
SPACE SHUTTLE 3,988.2 3,549.3 3,324.0 3,295.7 3,316.5 
PAYLOAD AND UTILIZATION OPERATIONS 442.3 412.6 356.2 336.1 323.3 

SCIENCE, AERONAUTICS AND TECHNOLOGY 4,908.7 5,847.3 5,901.2 5,978.9 5,996.7 

SPACE SCIENCE 1.510.4 1.721.9 1. 766.0 1.694.4 1.512.0 
LIFE AND MICROGRAVITY SCIENCES AND APPLICATIONS 407.5 515.3 470.9 527.4 545.6 
MISSION TO PLANET EARTH 936.3 1.024.5 1.238.1 1.271.1 1.308.2 
AERONAUTICAL RESEARCH AND TECHNOLOGY 769.4 1.102.2 898.5 939.3 1.018.8 
ADVANCED CONCEPTS AND TECHNOLOGY 464.9 495.3 608.4 631. 3 692.3 
LAUNCH SERVICES 180.8 313.5 340.9 317.1 301. 9 
MISSION COMMUNICATION SERVICES 546.5 589.1 481. 2 486.6 499.9 
ACADEMIC PROGRAMS 92.9 85.5 97.2 111. 7 118.0 

MISSION SUPPORT 2,727.2 2,619.0 2,662.9 2,810.0 2,952.7 

SAFETY, RELIABILITY AND QUALITY ASSURANCE 32.7 34.3 38.7 38.8 39.0 
SPACE COMMUNICATION SERVICES 333.7 214.4 268.9 350.3 449.9 
RESEARCH AND PROGRAM MANAGEMENT 2.171.4 2,148.2 2,220.3 2.250.0 2.278.7 
CONSTRUCTION OF FACILITIES 189.4 222.1 135.0 170.9 185.1 

INSPECTOR GENERAL 14.6 15.4 16.0 16.5 17.0 

TOTAL 14,322.5 14,551.4 14,300.0 14,400.0 14,500.0 

,,..~'/ 
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• • 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

BUDGET SUMMARY 
(DOLLARS IN MILLIONS) 

RESEARCH AND DEVELOPMENT 

SPACE STATION 
SPACE TRANSPORTATION CAPABILITY DEVELOPMENT 
SPACE SCIENCE 
LIFE AND MICROGRAVITY SCIENCE 
MISSION TO PLANET EARTH 
ADVANCED CONCEPTS AND TECHNOLOGY 
AERONAUTICAL RESEARCH AND TECHNOLOGY 
TRANSATMOSPHERIC RESEARCH AND TECHNOLOGY 
SAFETY. RELIABILITY AND QUALITY ASSURANCE 
ACADEMIC PROGRAMS 
TRACKING AND DATA ADVANCED SYSTEMS 

SPACE FLIGHT, CONTROL AND DATA COMMUNICATIONS 

SHUTTLE PRODUCTION 
SHUTTLE OPERATIONS 
LAUNCH SERVICES 
SPACE COMMUNICATIONS 

CONSTRUCTION OF FACILITIES 

RESEARCH AND PROGRAM MANAGEMENT 

INSPECTOR GENERAL 

TOTAL 

FY 1993 
ACTUAL 

7,094.3 

2,122.5 
649.2 

1.577 .5 
139. 5 

1.154.0 
437.1 
865.6 

0.0 
32.7 
92. 9 
23.3 

5,058.8 

1.053.0 
2,999.9 

180.8 
825.1 

520.0 

1,634.8 

14.6 

14,322.5 

AMENDED BUDGET 
ESTIMATE 

7,690.4 

1.946.0 
705.0 

1. 700.0 
470.0 

1.112.9 
521.4 

1,020.7 
80.0 
35.3 
74.5 
24.6 

5,333.8 

1,.189.6 
3,006.5 

316.9 
820.8 

550.3 

1,675.0 

15.5 

15,265.0 

FY 1994 

CHANGE 

-161.1 

-42.4 
71. 9 

6.3 
-44.5 
-88.7 
-13.7 
-60.0 
-1. 0 
11.0 

-480.3 

-154.5 
-262.9 

-3.4 
-59.5 

-32.6 

-39.5 

-0.1 

-713.6 

CURRENT 
ESTIMATE 

7,529.3 

1. 946. 0 
662.6 

1.771.9 
476.3 

1.068.4 
432.7 

1.007 .0 
20.0 
34.3 
85.5 
24.6 

4,853.5 

1.035 .1 
2,743.6 

313.5 
761. 3 

517.7 

1,635.5 

15.4 

14,551.4 

• 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

CHANGES FROM FY 1994 BUDGET ESTIMATE TO FY 1994 CURRENT ESTIMATE 
INITIAL OPERATING PLAN 

RESEARCH AND DEVELOPMENT 

Space station ...... , ....................... . 

Development .............................. . 
Science and utilization .................. . 
Assured crew rescue vehicle .............. . 

CHANGE FROM FY 1994 BUDGET ESTIMATE 

(Dollars in Millions) 

FY 1993 
ACTUAL 

2122.5 

AMENDED BUDGET 
ES_TIMATE 

1946.0 

1909.0 
32.0 
5.0 

F_:¥_1994 

CHANGE 

-28.0 
28.0 

CURRENT 
ESTIMATE 

1946.0 

1881. 0 
60.0 
5.0 

Funding for the Space Station remains at the requested level of $1,946.0 million. Within this funding 
level, $28 million has been reallocated from Development to Science and Utilization. Of this amount. 

• 

$21 million has been allocated for payload user support and major payloads development has been increased by 
$7 million. reflecting the most current estimate of funding for major payloads and utilization support. 
This allocation of science and utilization funding is a change from the information submitted with the 
FY 1994 initial Operating Plan. This allocation increases the funding for payload development by $5 million 
to ensure timely provision of Space Station payloads and decreases the funding for utilization support 
consistent with current estimates for those requirements. 
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FY 1994 

FY 1993 AMENDED BUDGET CURRENT 
ACTUAL ESTIMATE CHANGE ESTIMATE 

Space transportation capability development. llU ~ ~ ilU 

Spacelab ................................. . 114.4 139.9 - 7. 1 132.8 
Engineering and technical base ........... . 214.2 203.4 -23.0 180.4 
Payload operations ....................... . 131. 5 125. 4 -25. 0 100.4 
Advanced programs ........................ . 32.9 60.7 -23.4 37.3 
Advanced launch technology ............... . 25.8 -5.8 20.0 
Research operations support .............. . 142.8 149.8 -15.5 134.3 
Russian-US activities .................... . 50.0 50.0 
Advanced propulsion technology ........... . 10.0 
Tethered satellite system ................ . 3.4 7.4 7.4 

CHANGE FROM FY 1994 BUDGET ESTIMATE 

The net reduction of $42.4 million reflects reductions directed by Congress in Advanced Programs 
(-$35 million), Payload Operations and Support Equipment (-$25 million), Research Operations Support 
(-$15.2 million), Advanced Launch Technologies (-$5.8 million) and Engineering and Technical Base 

• 

(-$5 million). In addition, funding for Engineering and Technical Base is further reduced by $18 million as 
part of the overall Agency reduction of $50 million for support service contractors directed by Congress. 
Offsetting these reductions, funding increases directed by Congress are reflected for the Single Stage 
Centaur (+$10 million), the Solid Propulsion Integrity Program (SPIP) (+$1.6 million) and to expand joint 
U.S./Russian space activities (+$50 million). In addition $7.4 million has been reallocated from the 
Spacelab budget to support the Tethered Satellite System reflight mission. 

Funding for Spacelab is reduced a net of $7.1 million. This reflects the reduction of $8.1 million, of 
which $7.4 million will be reallocated to the Tethered Satellite System (TSS) reflight mission. The $8.1 
million reduction is achieved by reducing planned replacement of obsolete hardware and deleting the planned 
modifications for long duration Spacelab flights. This reduction will be offset by the reallocation of $1.0 
million to support the pallet for the TSS reflight mission planned for early 1996. 

Funding for Engineering and Technical Base is reduced by a total of $23.0 million. This reflects a general 
reduction of $5 million consistent with Congressional direction and an additional reduction of $18 million 
as part of the agency reduction allocated to Space Transportation Capability Development for support service 
contractors. These reductions will be achieved through reduced support to Class VI computer operations, 
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reduced funding for planned ADP equipment purchases and operations, and reduced levels of science and 
engineering lab support. 

• 
Funding for Payload Operations is reduced $25.0 million, reflecting the $25 million reduction directed by 
Congress. In addition, $12 million has been reallocated within Payload Operations to initiate development 
of a fiber optics cabling system to replace the cable harnesses in the payload bay of the orbiter. This 
will increase the lift capability of the Shuttle thereby enhancing its ability to support Space Station 
assembly, especially for high inclinations. These reductions will be achieved by reducing allowances for 
manifest variation and rephasing optional services for NASA payloads. 

Funding for Advanced Programs is reduced $23.4 million. This reflects a general reduction of $35 million 
offset by an increase of $1.6 million for the Solid Propulsion Integrity Program (SPIP). and an increase of 
$10 million for the potential development of a single engine version of the Centaur upper stage. These 
changes are consistent with Congressional direction. The increase in SPIP funding will result in additional 
bondline and nozzle resolution activities. including improved material characterization testing and 
verification capability development. The general reduction will be achieved by significantly reducing 
planned activities in all areas of advanced studies. and represents a reduction of nearly 50 percent from 
current levels. Advanced Transportation tasks in vehicle health management will be deleted while work in 
aluminum-lithium alloys and electro-mechanical actuation (EMAs) will be severely scaled back. Work in 
Advanced Operations which represented investments in Shuttle flight and ground processing to reduce costs by 
introducing new technologies will be significantly reduced. New flight demonstrations which allow new 
technologies and techniques to be proven out in a space environment will be postponed. Within Advanced 
Programs, $1.5 million has been identified to complete a study by a consortium of private sector propulsion 
companies to identify the technologies required for United States leadership in commercial launch vehicles. 
Consistent with Congressional direction, $10 million has been identified for the potential development of a 
single engine version of the Centaur upper stage. These funds will not obligated until the multiyear 
funding plan and schedule of annual performance milestones have been provided the Committees. consistent 
with the direction in the Senate report. 

Funding for Research Operations Support (ROS) is reduced a total of $15.5 million primarily reflecting 
Congressional direction. This reduction will be accommodated by reducing support for facility operations 
support, ADP and telecommunications support and other Center administrative support. 
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FY 1994 

FY 1993 AMENDED BUDGET CURRENT 
ACTUAL ESTIMATE CHANGE ESTIMATE 

SPACE SCIENCE .............................. . 15 77. 5 1700.0 71. 9 1771.9 
-- -US/Russian cooperative activities ........ . 50.0 50.0 

Physics and astronomy ...................... . 1103. 8 1074.7 .;.l..l 106L_6_ 

Advanced x-ray astrophysics facility ..... . 168.3 260.3 -19.0 241.3 
Global geospace science ................. . 72.6 13.3 13.3 
Relativity mission development .......... . 1. 9 40.0 2.4 42.4 
Shuttle/spacelab payload ................. . 94.1 
Payload and instrument development ....... . 99.3 53.4 6.1 59.5 
Explorer development ..................... . 115 .8 123.3 123.3 
Mission operations and data analysis ..... . 415.4 416.2 4.5 420.7 
Research and analysis .................... . 71. 6 72.2 -1.1 71.1 
Suborbital program ....................... . 64.8 69.5 - - 69.5 
Information systems ...................... . 26.5 - - 26.5 

CHANGE FROM FY 1994 BUDGET ESTIMATE 

The net reduction of $7.1 million reflects Congressional direction. Funding for the Advanced X-ray 
Astrophysics Facility (AXAF) is reduced $19 million: funding for support service contractors is reduced 
$5.3 million as part of the overall agency reduction of $50 million for support service contractors directed 
by Congress. These reductions are partially offset by funding additions of $15.8 million for Mission 
Operations and Data Analysis (MO&DA) and $1.0 million for a study of the feasibility of establishing a 
national institute of space science within NASA. $0.4 million is transferred to Space Science Information 
Systems from Mission To Planet Earth (MTPE) Information Systems. In the FY 1994 appropriation, Congress 
directed NASA to cease work on the AXAF-S spacecraft and to investigate the potential for flight of the 
X-Ray Spectrometer (XRS) instrument on Astro-E. a future Japanese mission. Consistent with the direction, 
the program has taken the necessary actions to terminate the AXAF-S mission. As part of a joint U.S.
Japanese cooperative effort. FY 1994 funds are being used to examine the technical. schedule and fiscal 
requirements for flying XRS aboard the Astro-E mission. 

Although current funding for the Global Geospace Science (GGS) program is adequate to support the scheduled 
launches of Wind in the Spring of 1994 and Polar in the Summer of 1994, the prime contractor's schedule 
performance warrants concern as to whether these launch dates will be met. The program is under review to 
assess the situation and, it is likely that additional FY 1994 funds will be required. 
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A new program element entitled Relativity Mission Development has been established, and includes funds for 
the Gravity Probe-B (GP-B) and the Shuttle Test of Relativity Experiment program. The STORE program has 
focused on technology development and studies for a future GP-B mission. FY 1994 GP-B development funds are 
budgeted at $40 million. The $2.4 million which was included for STORE activities in Payload and Instrument 
Development are transferred to this new program element, resulting in a consolidated budget of 
$42.4 million. 

Payload and Instrument Development is increased a net of $6.1 million. This reflects additional funding for 
the Collaborative Solar Terrestrial Research (COSTR) program ($6.1 million) and the Tether Satellite System 
(TSS) reflight mission ($2.4 million) offset by the transfer of funds for the STORE mission addressed above. 
Funding for the COSTR and TSS is reallocated from the $22.5 million added by the congress to the Space 
Science program for Mission Operations and Data Analysis activities. A portion of the $22.5 million 
augmentation had been intended by Congress for Hubble Space Telescope (HST) Operations and Servicing. 
Funding for HST Operations and Servicing has been augmented by $15 million of prior year funds resulting 
from the recent settlement between the U.S. Department of Justice and the Hughes-Danbury Optical Systems 
Corporation relating to the claim of defective workmanship in production of the main mirror of the HST. The 
additional requirement of $6.1 million for the COSTR program is due to problems experienced during 
qualification of the Multi-Anode Microchannel Array (MAijA) detectors. $2.4 million is also included in 
Payload and Instrument Development to support reflight of the TSS in 1996. Funding for this activity was 
not included in the FY 1994 budget request. Additional funds are required in FY 1994 for refurbishment, 
planning and scientific support for this unique engineering and scientific demonstration. Funding for the 
TSS Reflight mission is also included in the Space Transportation Capability Development budget. 

Funding for MO&DA is increased $4.5 million. This increase reflects an allocation of $7.3 million of the 
total increase of $22.5 million in Space Science MO&DA directed by Congress. These funds will be used to 
support ongoing activities in the Space Physics MO&DA program. This increase is partially offset by a 
decrease to the HST Operations and Servicing of $2.8 million as part of the reduction of $50 million 
directed by Congress for support service contractors. 

Funding for Research and Analysis is decreased a net of $1.1 million. Space Physics Supporting Research and 
Technology (SR&T) is reduced $2.1 million as part of the reduction in funding for support service 
contractors directed by Congress. This reduction has been offset by the addition of a $1 million study 
directed by Congress on the merits of establishing a national institute of space science within NASA. 

Funding for Information Systems is unchanged: however, reallocations within the program have been made. 
When the Office of Space Science and Applications was recently reorganized. the Information ~ystems program 
was split between the Office of Space Sciences (OSS) and the Office of Mission to Planet Earth (OMTPE). The 
Supercomputing and the NASA Center for Computational Science (NCCS) programs are now managed by OMTPE. while 
the remainder of the program is to be managed by OSS. When the funds were reallocated between the two 
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program offices, ROS funding associated with the program was not distributed accordingly. Therefore. a $0.4 
million transfer from OMTPE to OSS is required to properly reflect the new program structure. This increase 
is offset by an reduction of $0.4 million for support service contractors. as part of the overall Agency 
reduction. 

FY 1993 
ACTUAL 

Planetary exploration ...................... . ID..l 

Cassini .................................. . 205.0 
Mars '94 ................................. . 3.5 
Discovery ................................ . 
Mission operations and data analysis ..... . 163.5 
Research and analysis .................... . 101.7 

CHANGE FROM FY 1994 BUDGET ESTIMATE 

AMENDED BUDGET 
ESTIMATE 

~ 

266.6 
3.5 

68.1 
160.7 
126.4 

FY 1994 

CHANGE 

l2...Q. 

59.3 
-19.0 
-11. 3 

CURRENT 
ESTIMATE 

~ 

266.6 
3.5 

127.4 
141.7 
115 .1 

This increase reflects Congressional direction to initiate development of the Near Earth Asteroid Rendezvous 
(NEAR) mission (+$64.3 million), reduce funding for Mars Observer MO&DA (-$24 million) and terminate the 
High Resolution Microwave Survey (HRMS) program (-$11.3 million). Other changes consistent with 
Congressional action include a reduction to support service contractors funded within MO&DA (-$1.7 million) 
and allocation of a portion of the Congressional MO&DA augmentation to extend Magellan operations (+$6.7 
million). In addition, the Mars Environmental Survey (MESUR) Pathfinder Microrover development ($5 million) 
has been transferred to the Office of Advanced Concepts and Technology (OACT). 

Funding for the Discovery program is increased a net of $59.3 million. representing the net effects of 
adding the $64.3 million directed in the Conference report for NEAR and transferring $5 million to OACT for 
development of the MESUR/Pathfinder microrover. Launch of NEAR is targeted for February 1996 aboard a Delta 
launch vehicle. 

Planetary MO&DA is reduced a net of $19 million. This reflects Congressional reductions in Mars Observer 
(-$24 million) and funding for support contractors (-$1.7 million), offset by increased funding of $6.7 
million for Magellan extended mission operations. The reduction in funding for support contractors will 
require termination of Voyager Neptune data analysis by mid-FY 1994 (-$1.4 million) and deferral of planned 
activities in Planetary Flight Support (-$0.3 million). The additional funding in Magellan operations will 
extend mission operations through the second half of FY 1994. The spacecraft successfully completed an 
aerobraking experiment in FY 1993 which circularized the orbit, and continues to acquire global high 
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resolution gravity data. Consistent with Congressional direction. $10.3 million of Mars Observer MO&DA 
funds have been retained for a Mars Orbiter mission in 1996, designed to acquire much of the data which was 
to have been obtained by the Mars Observer. NASA will forward a plan for the use of these funds and the 
unearned orbital performance fee as soon as possible. 

Funding for Research and Analysis is reduced $11.3 million consistent with Congressional direction to cancel 
the High Resolution Microwave Survey (HRMS) program. The $1 million provided in FY 1994 is sufficient to 
cover the minimum legal requirements for program termination. However. additional funding is required to 
ensure that the existing hardware is adequately documented and prepared for storage in proper working 
condition. This will preserve the hardware for potential use by other users, and facilitate the use of this 
technology for other applications. To this end, up to $1 million of FY 1993 Planetary Research and Analysis 
(R&A) funds will be used. Within the R&A budget, $2 million has been allocated to support the release of 
Phase A study contracts for spacecraft design options in support of a potential Mars Observer recovery 
mission. 
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FY 1993 
ACTUAL 

Life and microgravity sciences and 
applications ............................. . 139.5 -
Life sciences ............................ . 139.5 

Research and analysis .................. . 52.9 
Flight experiments ..................... . 86.6 

Microgravity research .................... . p 73. 9) 
Research and analysis .................. . (17.9) 
Flight experiments ..................... . (156.0) 

Shuttle/spacelab payload mission management 
and integration ......................... . 12.Ll) 

CHANGE FROM FY 1994 BUDGET ESTIMATE 

AMENDED BUDGET 
ESTIMATE 

470.0 -
188.9 
49.2 

139.7 

163.4 
18.4 

145.0 

117. 7 

FY 1994 

CHANGE 

.L1 

-0.7 
5.9 

-6.6 

13.2 

13.2 

-6.2 

CURRENT 
ESTIMATE 

476.3 -
188.2 
55.1 

133.1 

176.6 
18.4 

158.2 

111. 5 

The net increase of $6.3 million reflects Congressional direction, and is the result of the addition of 
$15 million for NASA/National Institute of Health (NIH) ·collaboration, offset by reductions in funding for 
Flight Experiments ($5.2 million). Mission Management ($-5.0 million), and support contractors (-$5.0 million). 
In addition, funding for the Life Support Program ($6.5 million) has been transferred from the Office of 
Advanced Concepts and Technology to the Office of Life and Microgravity Sciences. The objective of the Life 
Support Program is to create a stronger technology base in advanced life support systems, extravehicular 
activity. and human factors engineering. The approach will be to develop coordinated, cooperative solutions 
between NASA. universities and industry. By making the activities of this program more relevant to NASA's near
term missions. success with this element will reduce the U.S.'s long-term reliance on non-U.S. technologies. 

The augmentation of $15 million for the NASA/NIH collaboration will be directed at the discipline of 
Biotechnology. It will be focused on supporting the research activities selected in response to the 
NASA/NIH Biotechnology NASA Research Announcement (NRA)($12 million) as well as activities in support of the 
NASA/NIH Biotechnology Technology Transfer ($3 million). The NRA will be done in collaboration with the 
National Institute for Allergies and Infectious Diseases and the National Cancer Institute, and will fund 30 
additional Principal Investigators in the area of biotechnology. The NASA/NIH Biotechnology Transfer will 
be a joint Cooperative Agreement to exploit the Bioreactor cell culture apparatus for colon, breast, ovarian 
and liver cells and explore the utilization of cell culture-specific bioreactors in research hospitals 
within the United States. 
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The $5.2 million reduction in Life Sciences Flight Experiments will be achieved through reducing Spacelab 
program activities and associated base support as well as deferring specific mission activities. The 
reduction of $5 million in Spacelab Mission Management will be accommodated by deferring the planned buildup 
in systems engineering manpower in support of FY 1994-1995 planned missions, in an effort to more 
efficiently conduct these activities. The reduction of $5 million in funding for support contractor 
manpower will be achieved by accelerating cost saving measures planned for initiation in FY 1995. 

FY 1994 
FY 1993 AMENDED BUDGET CURRENT 
ACTUAL ESTIMATE CHANGE ESTIMATE 

Mission to planet Earth .................... . 1.154.0 1,112.9 -44.5 1.068.4 -
Earth observing system ................... . 263.8 322.7 -3.9 318.8 
Earth observing system data information 

system .................................. . 130.7 182.7 5.5 188.2 
Earth probes ............................. . 99.4 97.3 -0.9 96.4 
Payload and instrument development ....... . 35.4 22.9 - - 22.9 
ACTS development ......................... . 4.0 3.0 - - 3.0 
Applied research and development ......... . 339.5 417.3 -42.1 375.2 
Research operations support .............. . 70.1 67.0 -3.1 63.9 
Materials processing ..................... . 173.9 
Information systems ...................... . 36.2 
Search and rescue ........................ . 1.0 

CHANGE FROM FY 1994 BUDGET ESTIMATE 

The reduction of $44.5 million reflects a reduction of $36.1 million as the result of specific Congressional 
direction, an additional reduction of $8 million as part of the total Agency reduction of $50 million for 
Support Contractor manpower and the aforementioned transfer of $0.4 million to Physics and 
Astronomy/Information Systems. 

Funding for the Earth Observing System is reduced $3.9 million. $1.9 million for the support contractor 
reduction and $2 million for the reduction directed by Congress. accommodated by reducing program 
flexibility. Funding for the Earth Observing System (EOS) Data Information System (EOSDIS) is increased 
$5.5 million, the net effect of reducing support contractors by $1.5 million and the increase of $7 million. 
consistent with Congressional direction, to augment program reserves for the development of the EOSDIS Core 
System. Funding for Earth Probes is reduced $0.9 million for the support contractor reduction. Funding for 
Applied Research, Data Analysis (AR&DA) and Related is reduced $42.1 million, $3.7 million for the support 
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contractor reduction. an additional $38.0 million consistent with Congressional direction as specified 
below, and transfer of $0.4 million to Physics and Astronomy/Information Systems. The amount requested for 
the Consortium for International Earth Science Information Network (CIESIN) has been reduced $13 million, 
the impact of which will be mitigated by the availability of unobligated FY 1993 funds. Funding for the 
Landsat program has been reduced $5 million. This reduction effects the ability of the program to respond 
to technical or schedule difficulties that may arise in the planned development activities associated with 
NASA's responsibility to develop the Landsat ground system. The $20 million in the budget request for the 
Science Data Purchase program was deleted by Congress. 

NASA will continue the Optical Transient Detector (OTO) activity initiated in FY 1993 under AR&DA and for 
which FY 1994 funds were requested under the Science Data Purchase program. The OTO will provide early 
acquisition of science data to support research in determining global distribution of lightning and its 
effects on climate change. The OTO will also be a pathfinder for commercial remote sensing applications of 
lightning data. NASA has reallocated $3.25 million from within Mission to Planet Earth. AR&DA for this 
activity. 

Funding for Research Operations Support is reduced $3.1 million, which will be accommodated through reduced 
institutional support available at Headquarters and the Goddard Space Flight Center. 
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FY 1994 

FY 1993 AMENDED BUDGET CURRENT 
ACTUAL ESTIMATE CHANGE ESTIMATE 

Advanced concepts and technology ........... . 437.1 521.4 -88.7 432.Z - - -
Space transportation ..................... . 87.8 84.6 -12.8 71.8 
Spacecraft and remote sensing ............ . 140.8 166.0 -10.0 156.0 
Advanced smallsat ........................ . 30.0 -17.5 12.5 
Space communications ..................... . 32.1 30.3 0.7 31.0 
Space processing ......................... . 31. 9 29.7 -13.2 16.5 
Flight programs .......................... . 115 .0 132.7 -35.3 97.4 
Technology transfer ...................... . 29.5 28.1 -0.3 27.8 
Industry technology program .............. . 20.0 -0.3 19.7 

CHANGE FROM FY 1994 BUDGET ESTIMATE 

Beginning in FY 1994, the Space Research and Technology program and Commercial Programs have been combined 
to form the Office of Advanced Concepts and technology. 

The total reduction to Advanced Concepts and Technology of $88.7 million reflects Congressional direction as 
well as funding reallocations between program offices. Reductions taken consistent with Congressional 
direction include: general reductions of $28.7 million for Space Research and Technology and $8.4 million 
for Commercial Programs: the Commercial Middeck Augmentation Module (CMAM) (-$21.5 million): the Commercial 
Experiment Transporter (COMET) (-$10.1 million): and Smallsat (-$17.5 million). The CMAM contractor 
Spacehab. and NASA have rescheduled the Spacehab launch schedule and resolved the funding shortfall 
resulting from the Conference action. The reduction in FY 1994 has been offset by a commensurate increase 
in the FY 1995 request for CMAM. A reduction of $5 million is included as part of the general Agency 
reduction of $50 million directed in the Conference Report for Support Service manpower, and is allocated 
throughout the program. In addition. $6.5 million is transferred to the Office of Life and Microgravity for 
the Life Support Program. Consistent with Congressional direction. funding is increased for the Advanced 
Communications Technology Satellite (+$2.5 million). The funding· also reflects the transfer from Space 
Science for the development of the microrover for the MESUR/Pathfinder mission (+$5 million) and provision 
for artificial intelligence and software reuse activities in conjunction with the Department of Defense 
(+$1.5 million). 

The general reduction directed to Space Research and Technology will be accommodated by reducing activities 
in Space Transportation (-$11.4 million). Spacecraft and Remote Sensing (-$13.6 million). Space 
Communications (-$1.4 million) and Flight Systems (-$2.3 million). In Space Transportation. all NASA work 
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i~ chemical upper stages will be terminated, including an effort to develop a testbed which was to be used 
by industry and NASA as part of a long-term effort to develop component and system level technology for cost 
effective. reliable and operable upper stage propulsion systems. The reduction in Spacecraft and Remote 
Sensing will be accommodated by deleting ongoing efforts planned to support future commercial and NASA 
missions in Space Science and Earth applications. Some activities planned in the Science Sensors and 
Instrument Systems Program will be deleted or delayed. These technology development efforts are closely 
planned with technology teams made up from the NASA offices representing these science disciplines. 
Extensive replanning will be conducted with these representatives to ensure the technology program pursued 
is supportive of the customers' needs. The general reduction directed to Commercial Programs will be 
allocated against the Centers for the Commercial Development of Space (CCDS) and the supporting programs. 

Aeronautical research and technology ....... . 

Research operations support .............. . 
Research and technology base ............. . 

Systems technology programs .............. . 
High performance computing .............. . 
Materials and structures ................ . 
Rotorcraft .............................. . 
High-performance aircraft ............... . 
Advanced propulsion ..................... . 
Numerical aerodynamic simulation ........ . 
High-speed research ..................... . 
Advanced subsonic technology ............ . 

CHANGE FROM FY 1994 BUDGET ESTIMATE 

FY 1993 
ACTUAL 

~ 

148.8 
436.5 

280.3 
30.4 
36.6 
7.0 

12.1 
16.9 
47.9 

117 .o 
12.4 

AMENDED BUDGET 
ES_'l'IMATE __ 

1,020.7 

143.5 
448.3 

428.9 
65.6 
25.7 

49.1 
187.2 
101. 3 

FY 1994 

CHANGE 

-13.7 -
-6.7 
-4.0 

-3.0 
- -

-1. 0 
10.0 

-12.0 

CURRENT 
ESTIMATE 

1.007 .Q 

136.8 
444.3 

425.9 
65.6 
25.7 

48.1 
197.2 
89.3 

The reduction of $13.7 million reflects a net reduction of $7.7 million consistent with specific 
Congressional direction, and the additional reduction of $6.0 million as part of the total agency reduction 
of $50 million for Support Contractor manpower. These reductions will be accommodated through reductions to 
the Research and Technical (R&T) Base (-$5 million) and the Numerical Aerodynamic Simulation program (-$1.0 
million), and will be achieved by eliminating support service manpower for the lowest priority tasks at 
Headquarters and the Research Centers. The reduction to the R&T Base includes a $1 million set-aside for an 
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assessment of whether a National Institute for Aeronautics should be established within NASA. consistent 
with Congressional direction. 

Within the R&T base, we have identified $5 million to foster the technological changes necessary for 
increasing the global competitiveness of the U.S. rotorcraft industry through the coming decade. This 
effort, referred to as the Rotorcraft Industry TEchnology (RITE) program. will involve the triad of 
government, industry, and academia in an unique and innovative partnership. The program will rely heavily 
on the proactive participation of the industry in the research programs implemented through two institutes. 
The two institutes will be headed by NASA employees and located at academic sites in the southwestern and 
northeastern U.S. The program's uniqueness will be reflected by the degree of industry control in 
identifying and selecting the tasks to be undertaken in the program. the matching of government funds by 
industry participants, and the disposition of the intellectual property. 

Funding for High Speed Research has been increased $10 million as directed by Congress. This funding will 
be utilized to both accelerate and expand high priority needs in the individual technology areas and related 
integration efforts. Identification. ranking and selection of these needs is now underway. and involves 
strong participation by our industry partners to achieve a consensus on the most productive and efficient 
application of this funding. 

Funding for Advanced Subsonic Technology (AST) has been reduced $12.0 million consistent with Congressional 
direction. In addition to amounts already planned. additional AST funds have been allocated to take 
advantage of the current aircraft sales market in replacing the current Transport Systems Research Vehicle 
(TSRV). This aircraft is currently the oldest flying B-737 aircraft and can no longer support research in 
advanced flight deck and flight controls. The plan is to replace the current TSRV with advanced flight deck 
and flight controls. The plan is to replace the current TSRV with a B-757, at a cost of $24 million over 
three years. FY 1994-1996. This upgrade is critical to the Terminal Aero Productivity element of the AST 
program and will be used to flight test and evaluate. in conjunction with FAA and U.S. industry. technology 
and procedures to achieve increased capacity in the terminal area during poor weather conditions. In 
addition, the TSRV is an important asset in support of the fly-by-light/power-by-wire element of the AST. 
The general reduction, as well as the reallocation of funds for the TSRV upgrade. will be accommodated by 
reducing funding for three AST program activities - the Enhanced Vision System Technology, the Environmental 
Research Aircraft and Remote Sensor Technology activity, and the Sixty (60) Atmosphere Combuster Test Rig. 
This funding reduction will delay for one year the initiation of development activities planned for FY 1994. 

Funding for Research Operations Support is reduced $6.7 million consistent with Congressional direction. 
This reduction will be accommodated by eliminating low priority iQstitutional activities at the Aeronautical 
Research Centers. 
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Transatmospheric research and technology .... 

CHANGE FROM FY 1994 BUDGET ESTIMATE 

• 
FY 1993 
ACTUAL 

0.0 

AMENDED BUDGET 
E_S_TIMA'l'E 

80.0 

FY 19_9_4 

CHANGE 

-60.0 

CURRENT 
ESTIMATE 

20.0 

• 

This reduction is consistent with Congressional direction. This funding will be applied directly to the 
program to complete the National Aero-Space Plane (NASP) technology development phase, which features the 
upcoming Concept Demonstration Engine (COE) test series. NASA is working with the Department of Defense to 
formulate a successor hypersonics research and development program. 

Academic programs .......................... . 

CHANGE FROM FY 1994 BUDGET ESTIMATE 

FY 1993 
ACTUAL 

92.9 

AMENDED BUDGET 
ESTIMATE 

74.5 

FY 19_94 

CHANGE 

11. 0 

CURRENT 
ESTIMATE 

85.5 

This increase of $11.0 million is consistent with Congressional direction. Of this amount, $3.0 million 
will be used to augment the scope of the overall education technology program. and $8.0 million will 
increase the level of funding for Minority University Research. The latter amount will be applied as 
follows: Historically Black Colleges and Universities (HBCU) will be increased by $5 million to increase 
funding at HBCUs currently receiving very little NASA funding. and to initiate pilot Mathematics. Science 
and Technology Teacher and Curriculum Enhancement programs in a few HBCUs; Other Minority Universities will 
be increased by $2.5 million to augment NASA's Hispanic Institution Initiative. This includes funding for 
Institutional Research awards. Faculty research awards. and Math, Science and Technology Teacher awards. In 
addition, consistent with Congressional direction, NASA will work with the National Science Foundation to 
enhance the strategic planning and capabilities of a small number of HBCUs: $0.5 million is planned for this 
effort. 
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Safety, reliability & quality assurance ..... 

CHANGE FROM FY 1994 BUDGET ESTIMATE 

• 
FY 1993 
ACTUAL 

32.7 

AMENDED BUDGET 
E_S_TIMATE 

35.3 

FY 1994 

CHANGE 

-1. 0 

CURRENT 
ESTIMATE 

34.3 

• 

The current FY 1994 estimate reflects a $1.0 million reduction in support contractor funding, as part of the 
overall reduction directed by Congress. 

Tracking and data advanced systems ......... . 23.3 24.6 24.6 
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SPACE FLIGHT CONTROL. AND DATA COMMUNICATIONS 

FY 1994 
FY 1993 AMENDED BUDGET CURRENT 
ACTUAL ESTIMATE CHANGE ESTIMATE 

Shuttle production ......................... . 1. 05 3. 0 1.189.6 -154.5 1. 035 .1 

Orbiter operations capability ............ . 297.0 297.2 -69.8 227.4 
Propulsion systems ....................... . 293.4 297.9 30.1 328.0 
Advanced solid rocket motor (ASRM) ....... . 195.0 280.4 -100.7 179.7 
Launch and mission support ............... . 178.1 173.9 -14.1 159.8 
Safety and obsolescence .................. . 89.5 140.2 - - 140.2 

CHANGE FROM FY 1994 BUDGET ESTIMATE 

This net reduction of $154.5 million reflects Congressional reductions of $217.4 million. partially offset 
by the addition of $62.9 million to accommodate new requirements. 

In Orbiter, the structural spares program has been terminated consistent with Congressional direction. The 
remaining amount of $5 million will be used for termination costs. An additional reduction of $39.8 million 
has been incorporated based on a reassessment of anticipated orbiter modifications and change traffic. The 
modifications to support the first flight to the Russian Mir to support a June 1995 docking remain 
unchanged. Although the funding for the Long Duration Orbiter has not changed, the program is currently 
evaluating the requirements for the capability based on the configuration for the Space Station. 

In Propulsion. total funding is increased $30.1 million. $60 million has been reallocated to support 
development of a Super Lightweight External Tank utilizing an aluminum-lithium alloy. 

Funding for the Advanced Solid Rocket Motor is reduced a net of $100.7 million. This reflects the reduction 
of $180.4 million directed by Congress. offset by reallocation of $79.7 million in order to accommodate the 
additional funding of $179.7 million required to cover termination costs. In response to discussions with 
the Thiokol Corporation, the manufacturer of the redesigned Solid Rocket Motor (RSRM), about the use of 
facilities at the Yellow Creek, MS site, we have initiated a study with Thiokol to investigate the 
feasibility of performing RSRM and other solid rocket motor nozzle manufacturing and RSRM nozzle 
refurbishment at Yellow Creek. Our preliminary assessment indicates a funding requirement of approximately 
$13 million in FY 1994, consistent with Thiokol capitalizing facilities modifications and equipment 
procurement. NASA considers the Thiokol proposal meritorious because it is consistent with the Agency's 
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desire to upgrade the RSRM manufacturing processes, it enables some return on the Government's investment in 
the Yellow Creek site. and it mitigates the economic impact on the region from the termination. 

In addition, funding for other Propulsion activities has been reduced $43.1 million. due to reduced 
requirements for materials procurement in the Solid Rocket Booster. less than anticipated Space Shuttle Main 
Engine attrition needs and a reduction in support activities. 

Funding for Launch and Mission Support has been reduced $14.1 million. reflecting the general reduction of 
$5 million directed by Congress and an additional reduction of $9.1 million. This total reduction is 
accommodated by rephased aircraft modifications and lower than planned costs for the Launch Processing 
System upgrade at the Kennedy Space Center. 

Funding for Safety and Obsolescence is unchanged. Consistent with Congressional direction. no .funds are 
included for initiating development of the alternate fuel pump; however we are concerned that its deferral 
delays the availability of a critical safety enhancement to the Shuttle system and impacts the planned block 
change for the main engines. The delay will also increase the total cost. 

FY 1994 
FY 1993 AMENDED BUDGET CURRENT 
ACTUAL ESTIMATE CHANGE ESTIMATE 

Shuttle operations ......................... . 2.999.9 3.006.5 -262.9 2.743.6 

Flight operations ........................ . 747.1 767.8 -93.7 674.1 
Flight hardware .......................... . 1.387.1 1.364.6 -113.0 1.251.6 
Launch and landing operations ............ . 690.8 696.4 -56.2 640.2 
Research operations support .............. . 174.9 177. 7 - - 177.7 

CHANGE FROM FY 1994 BUDGET ESTIMATE 

This reduction of $262.9 million reflects a Congressional reduction of $200 million as well as an additional 
$62.9 million to offset the additional funding requirements discussed above. Reductions have been made in 
each of the budget elements. although an unresolved shortfall of $59.1 million still remains. The program 
will continue to assess our requirements and cost performance during the year to insure adequate resources 
are available. and keeping the Congress apprised of our progress. 

The reduction in Flight Operations of $78.7 million is achieved through reductions in operations and 
training and engineering support manpower. Flight Hardware funding is reduced $83.0 million due to the 
restructuring of the External Tank contract, reduced levels of engineering support manpower and other 
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efficiencies. Launch and Landing Operations is reduced $42.1 million based primarily on limiting overtime 
at the launch site. 

Launch services ............................ . 

CHANGE FROM FY 1994 BUDGET ESTIMATE 

FY 1993 
ACTUAL 

180.8 

AMENDED BUDGET 
ESTIMATE 

316.9 

FY 1994 

CHANGE 

-3.4 

CURRENT 
ESTIMATE 

313.5 

This net reduction of $3.4 million reflects the Congressional general reduction of $10.0 million offset by 
the addition of $6.6 million for initial launch vehicle support for the NEAR mission, scheduled for launch 
in February 1996. The general reduction will be accommodated by reductions in funding for the AXAF-I upper 
stage (-$7.5 million) and medium expendable launch vehicle sustaining support (-$2.5 million). 

FY 1994 
FY 1993 AMENDED BUDGET CURRENT 
ACTUAL ESTIMATE CHANGE ESTIMATE 

Space communications ....................... . ilW ~ ~ l.il..1 

Space network ............................ . 227.1 173.9 -60.4 113 .5 
Ground network ........................... . 306.6 316.3 -5.0 311. 3 
Communications and data systems .......... . 291.4 330.6 5.9 336.5 

CHANGE FROM FY 1994 BUDGET ESTIMATE 

Congressional action reduced this account by $59.5 million, reflecting deletion of funding, without 
prejudice, for the Tracking and Data Relay Satellite (TORS) Replenishment (-$48 million), a general 
reduction of $11 million, and a specific reduction of $0.5 million for Mars Observer tracking support. In 
addition to those actions, internal allocation of $11.0 million has been made within the program to 
consolidate funding for program support activities. 

The general reduction of $11 million has been accommodated through reductions to the Space Network. Ground 
Network, and Communications and Data Systems budget elements. The Conference Report included direction to 
reduce funding for Space Communications activities at Headquarters and ground terminal operations by 
$8.6 million. A plan is in place to eliminate nearly all support activities at-Headquarters, and funding 
for these activities has been reduced $3.6 million. To avoid any adverse impact to the NASA Ground Terminal 
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operations. however, the remaining $7.4 million of this general reduction has been accommodated in 
reductions described further. 

• 
In Space Network. there is a net funding reduction of $60.4 million. Funding for the TORS Replenishment 
program is reduced $45.4 million. The requested funding for this activity of $48 million was not included 
in the Conference Report, although the Report indicated a reprogramming request would be entertained. By 
the end of the decade, many of the initial TORS satellites will have exceeded their expected lifetimes. 
Replenishment spacecraft are needed in orbit to sustain space network operations for existing spacecraft. 
In order to ensure that new spacecraft are available beginning in 1999, release of a Request for Proposal 
(RFP) for the Replenishment TORS spacecraft is scheduled for early 1994. $2.6 million has been included to 
support the procurement activities. Funding for the Second TORS Ground Terminal (STGT)/White Sands Upgrade 
(WSUG) program is reduced $8.7 million as part of the total reduction for Space Communications based on 
rephased program requirements, consistent with the July 1993 Project Status Report. These changes reflect a 
redistribution of program reserves based on a recent assessment of the program. Total expected costs for 
the STGT/WSUG program remain unchanged at $575 million. Funding for other Space Network program elements is 
reduced $6.3 million. This reduction reflects the transfer of funding for program integration activities 
into Communications and Data Systems (-$9.8 million) offset by an increase of $3.5 million for software 
enhancements to the Network Control Center for operation of more than three TORS satellites. 

In Ground Network, funding is reduced $5.0 million. This reflects the reduction of $0.5 million for Mars 
Observer support. the transfer of $1.2 million for program integration activities into Communications and 
Data Systems and an additional reduction of $3.3 million as part of the general reduction directed by 
Congress. In addition, funding has been reallocated to meet several program requirements which have 
emerged. $7.6 million has been reallocated to fund the modifications of two 34-meter antennas transferred to 
NASA by the U.S. Army. These antennas will augment the current 34-meter capability at Goldstone to 
accomplish the Galileo encounter at Jupiter. $5.8 million has been reallocated to support tracking 
requirements for inclusion of the NASA Scatterometer instrument on the Japanese ADEOS mission. To meet 
these new requirements, as well as accommodate the $3.3 million general reduction. all program flexibility 
will be eliminated and contractor support of the Deep Space Network. the Spaceflight Tracking and Data 
Network program and the ground network will be reduced. 

In Communications and Data Systems, funding is increased a net of $5.9 million. This reflects changes due 
to the consolidation of program integration activities as well as a general reduction, accommodated by 
reductions primarily to communications. data capture and data processing functions. In addition, 
$4.3 million has been reallocated to begin consolidation of the Spacelab data processing activities at the 
Marshall Space Flight Center. To accommodate this reallocation. planned equipment purchases for the NASCOM 
and PSCN will be deferred and operations support reduced. 
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• 
CONSTRUCTION OF FACILITIES ................. . 

CHANGE FROM FY 1994 BUDGET ESTIMATE 

• 
FY 1993 
ACTUAL 

520.0 

AMENDED BUDGET 
ESTIMATE 

550.3 

FY 1994 

CHANGE 

-32.6 

CURRENT 
ESTIMATE 

517.7 

• 

This reduction is consistent with Congressional direction and reflects the termination of the ASRM program. 
Consistent with Congressional direction, no funding is included for the Neutral Buoyancy Laboratory at the 
Johnson Space Center. However. a review of the technical and schedule readiness of this facility will be 
undertaken by an independent panel composed of outside experts to establish the technical requirements and 
readiness of this project. A similar evaluation for the Earth Systems Science Building being planned for 
the Goddard Space Flight Center is planned. 

FY 1994 
FY 1993 AMENDED BUDGET CURRENT 
ACTUAL ESTIMATE CHANGE ESTIMATE 

RESEARCH AND PROGRAM MANAGEMENT ............ . 1. 635. 0 1.675.0 ~ .L,il5__.__5 

Personnel and related cost ............... . 1.587.8 1.623.5 -34.0 1.589.5 
Travel ................................... . 47.2 51. 5 -5.5 46.0 

CHANGE FROM FY 1994 BUDGET ESTIMATE 

The reduction of $39.5 million reflects Congressional direction, which assumed NASA would achieve sufficient 
retirements to achieve an end-of-year full time equivalent (FTE) level of 22,900. These reductions appeared 
attainable prior to the imposition of the requirement to implement the locality pay increase ($45.6 million) 
and the failure of the Congress to enact legislation to incentivize employees to retire. We have placed 
into effect severe internal expenditure constraints and hiring limitations, consistent with striving to 
minimize the impacts of implementing the statutory pay increase and achieving the total FTE employment 
ceiling of 22.900. Legislation is proposed in the President's budget request to rescind $95.0 million in 
other accounts and make supplemental appropriations of $60.0 million to this account to meet the additional 
funding requirements from implementing locality pay and offsetting higher salary and benefits costs due to 
the greatly reduced rate of attrition. 
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• 
INSPECTOR GENERAL .......................... . 

CHANGE FROM FY 1994 BUDGET ESTIMATE 

• 
FY 1993 
ACTUAL 

15.1 

AMENDED BUDGET 
BSTIMAT_E 

15.5 

E'Y 199lt 

CHANGE 

-0.1 

CURRENT 
ESTIMATE 

15.4 

• 

This reduction reflects Congressional direction and will be accommodated by reducing program activities. 

, 
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• • 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1995 ESTIMATES 
ANALYSIS OF NASA/RUSSIAN COOPERATIVE MIR PROGRAM 

HUMAN SPACE FLIGHT 
• Russian cooperation ......................... . 

(Russian support) ........................... . 
(Shuttle/spacelab support) .................. . 

Space station (Flight technology demonstrations)* 

SCIENCE, AERONAUTICS AND TECHNOLOGY 
• Russian cooperation ......................... . 

(Life sciences) ............................. . 
(Microgravity) .............................. . 
(Spacelab mission management) ............... . 

Total .................................... . 

FY 1993 

79,500 

(79. 500) 

15,400 
(7,600) 
(4,400) 
(3,400) 

94.900 

FY 1994 
(Thousands of dollars) 

170.800 
(100. 000) 

(70,800) 

54.100 
(33,800) 
(5,800) 

(14,500) 

224.900 

FY 199_5_ 

150.100 
(100.000) 

(50.100) 
40.000 

61.800 
(18,700) 
(18,400) 
(24,700) 

251.900 

• 

Note: Does not include several cooperative developments still under definition (e.g .. solar-thermal dynamic 
power, common spacesuit, environmentally-controlled life support system) 

• Russian cooperation program elements are also included under the special analysis of the Agency's 
Space Station-related support. 

The cooperative U.S./Russian Mir program consists of a minimum of six (with a maximum of ten) flights of the Space 
Shuttle to the Mir Space Station with the objective of conducting a joint experiment program for microgravity. 
life sciences and technology demonstration as well as extending the life of the Mir station through 1997. At 
least four flights will carry a pressurized Spacelab module carrying experiments and providing logistics support. 
Initial flight is planned for mid-1995. During this period. Russia will enhance the Mir capabilities by adding 
two experiment/logistics modules to the core Mir station (Spektr and Priroda) which will also include U.S. 
hardware. Russian support funding provides for hardware and services provided by Russia on a firm-fixed-price 
contractual basis which will benefit the joint Mir activities (Phase 1) as well as future Space Station-related 
design. technologies and other services (Phase 2/3). 

SI-1 
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• • 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1995 ESTIMATES 
ANALYSIS OF AGENCY SUPPORT FOR SPACE STATION 

HUMAN SPACE FLIGHT 
Space station ................................ . 
Russian cooperation .......................... . 

SCIENCE, AERONAUTICS & TECHNOLOGY 
Life and microgravity sciences and applications 

Russian cooperation ......................... . 
(Life sciences) ........................... . 
(Microgravity) ............................ . 
(Spacelab mission management) ............. . 

Space station facility payloads ............. . 
Space station utilization ................... . 

Mission to planet earth 
Space station attached payload .............. . 

Advanced concepts and technology 
Space station experiments ................... . 

Total .................................... . 

FY 1993 

2.162,000 
79.500 

15,400 
(7,600) 
(4,400) 
(3,400) 

5,500 

2.262,400 

FY 1994 
(Thousands of dollars) 

1. 937,000 
70.800 

54,100 
(33,800) 

(5,800) 
(14,500) 

39.000 
3.300 

2.104.200 

FY 1995 

1. 889,600 
50,100 

61,800 
(18,700) 
(18,400) 
(24,700) 

84.000 
10. 600 

9,800 

15.000 

2.120.900 

• 

Space station-related activities are funded in FY 1995 in the Human Space Flight (HSF) appropriation and in 
the Science, Aeronautics & Technology (SA&T) appropriation. The HSF funds the development and operation of 
the Space Station, in addition to the flight support component of the Russian cooperation program of joint 
flights to the Mir Space Station. Both programs are managed by the Office of Space Flight. Station-related 
funding in SA&T provides for the development. operation and science research associated with the scientific. 
technology and commercial payloads being built for utilization of the Space Station or in conjunction with 
the joint Mir program. The majority of these activities are managed by the Office of Life and Microgravity 
Sciences and Applications for these discipline-specific experiments. An externally-attached Space Station 
payload is being developed by the Office of Mission to Planet Earth. The Office of Advanced Concepts and 
Technology is providing technology and commercial payloads for both external and pressurized Space Station 
deployment. 
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• • 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

HUMAN SPACE FLIGHT 

FISCAL YEAR 1995 ESTIMATES 

GENERAL STATEMENT 

• 

The Human Space Flight appropriation provides funding for NASA's human space flight activities. This 
includes the on-orbit infrastructure (Space Station and Spacelab). transportation capability (Space Shuttle 
program, including operations, program support and performance and safety upgrades). and the Russian 
Cooperation program, which includes the flight activities associated with the cooperative research flights 
to the Russian Mir Space Station. These activities are funded in the following budget line items: 

Space Station - The Space Station will be an orbiting laboratory which will enable unique scientific and 
technological investigations in a microgravity environment and provide the essential understanding of the 
ability of humans to live and work in space for extended periods of time. Funding will support continued 
development of the Space Station, which was significantly redesigned in 1993 and now includes major 
participation by Russia. Funding for Shuttle/Space Station Integration, previously included in Space 
Transportation Capability Development is included in this budget. Funding for Space Station-unique 
facilities previously included in the Construction of Facilities appropriation is included in the Space 
Station budget. 

Russian Cooperation - This program includes all flight activities in support of the joint space missions 
involving the Space Shuttle and the Russian Mir Space Station. This includes the Shuttle and Spacelab
unique requirements associated with Shuttle flights to Mir, as well as the funding for contractual services 
and supplies to be provided by Russia in conjunction with the joint Mir program and the international Space 
Station. Funding for experiments for the Mir flights is included in the Life and Microgravity Sciences and 
Applications and Space Station budgets. 

Space Shuttle - This supports all the activities required for the continuing, safe operation of the Space 
Shuttle. This includes the hardware and support services to maintain the Shuttle launch schedule. and 
funding for activities to enhance the safety and performance of the Space Shuttle. These activities were 
previously budgeted in the Space Flight Control, and Data Communications appropriation. Funding for Space 
Shuttle-unique facilities previously included in the Construction of Facilities appropriation is included in 
the Space Shuttle budget. 

Payload Utilization and Operations - Funding is provided for the support of payloads flying on the Shuttle 
and Spacelab. as well as advanced technology projects and Engineering Technical Base support for the field 
centers supporting Human Space Flight activities. Funding for these activities was previously included in 
Space Transportation Capability Development. 
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• • 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

HUMAN SPACE FLIGHT 

FISCAL YEAR 1995 BUDGET ESTIMATES 

(IN MILLIONS OF REAL YEAR DOLLARS) 

BUDGET PLAN 
1993 1994 

HUMAN SPACE FLIGHT 6,672.0 6,069.7 

SPACE STATION 2,162.0 1.937.0 

RUSSIAN COOPERATION 79.5 170.8 

SPACE SHUTTLE 3,988.2 3,549.3 

PAYLOAD AND UTILIZATION OPERATIONS 442.3 412.6 

• 

1995 

5,719.9 

1.889.6 

150.1 

3.324.0 

356.2 

HSF SUM-2 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

PROPOSED APPROPRIATION LANGUAGE 

HUMAN SPACE FUGHT 

For necessary expenses, not otherwise provided for, the conduct and 
support of human space fiight research and development activities, 
including research; development; operations; services; maintenance; 
construction, repair, rehabilitation, and modification of real and per
sonal property; acquisition or condemnation of real property, as au
thorized by law; space flight, spacecraft control and communicarions 
activities including operations, production, and services; and purchase, 
lease, charter, maintenance, and operation of mission and administra
tive aircraft; $5,719,900,000 to remain available until September 30, 
1996: Provided, That amounts appropriated under this heading shall 
not be subject to the requirements set forth in section 9(e)-(r) of the 
Small Business Act, as amended (15 U.S.C. 638(e)-(r)), and any relat
ed requirements, including such requirements enacted in Public Law 
102-564. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

HUMAN SPACE FLIGHT 

REIMBURSABLE SUMMARY 

(IN MILLIONS OF REAL YEAR DOLLARS) 

BUDGET PLAN 
1993 1994 

HUMAN SPACE FLIGHT 170.5 107.2 

SPACE STATION 1. 2 2.0 

SPACE SHUTTLE 114.8 34.2 

PAYLOAD UTILIZATION AND OPERATIONS 54.5 71. 0 

• 

1995 

103.9 

2.0 

25.9 

76.0 

HSF SUM-4 
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ProgrH 

Spi.Ce Shtion 1993 
---------------------- 1994 

1995 

• 
NATIONAL AERONAUTICS AND SPACE ADIIINSTAATION 

FISCAL TEAA 1995 ESTIMATES 
DISTRIBUTION OF HUNAN SPACE FLIGHT BUDGET PLAN BY INSTALLATION AND FISCAL. TEAR 

Total 

2,162,000 
1,937,000 
1,889,600 

Johso1 
Space 

Cuter 

942,100 
388,600 
431,000 

Space Sh 
ProgrH 
Office 

0 
1,154,700 
1,213,000 

------------------------( Thousands of Dollars > 

hanedJ 
Space 

Cuter 

108,100 
69,800 

155,000 

llushal I 
Space FI i gbt 

Cuter 

454,000 
181,100 
68,600 

Stnnis 
Space 

Center 

0 
0 
0 

Goddard Jet 
Space Flt Propulsio1 
Ce1ter Lab 

0 1,500 
0 0 
0 0 

Aaes 
Resurch 
Center 

too 
0 
0 

LugleJ 
Aeseucb 
Cuter 

3,100 
0 
0 

• 
Lewis 

Resurch 
Cuter 

364,000 
110 ,ZOO 

7,000 

NASA 
HQ 

218,300 
32,600 
15,000 

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Russian Cooperation 1993 79,500 78,500 0 0 1,000 0 0 0 0 0 0 0 
------------------- 1994 170,BOO 63,500 100,000 0 7,300 0 0 0 0 0 0 D 

1995 150,100 30,600 100,000 0 19,500 0 0 0 0 0 0 0 
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Payload and Util Oper 1993 442,300 131,800 0 150,000 124,100 6,500 14,400 0 0 300 200 15,000 
--------------------- 1994 412,600 121,900 0 120,800 131,800 2,400 1,900 100 0 300 100 26,380 

1995 356,200 103,800 0 98,700 136,000 1,800 9,800 0 0 0 0 6,100 
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Space Shuttle 1993 3,988,ZOO 1,177,000 0 992,100 1,737,500 34,500 0 0 6,300 0 0 40,800 
------------- 1994 3,549,300 1,034,900 0 910,900 1,523,500 25,000 0 0 5,700 0 0 49,300 

1995 3,324,000 889,000 0 852,900 1,505,400 Z0,800 0 0 6,100 0 0 49,800 
====--==================================•========================================================================================================================================== 
TOTAL BUDGET PLAN 1993 6,672,000 2,329,400 0 1,250,200 Z,316,600 41,000 14,400 1,500 7,200 3,400 364,200 344,100 
================= 1994 6,069,700 1,608,900 1,254,700 1,101,500 1,843,700 27,400 8,900 100 5,700 300 110,300 108,ZOO 

1995 5,719,900 1,454,400 1,313,000 1,106,600 1,729,500 ZZ,600 9,800 0 6,100 0 7,000 70,900 
=================================================================================================================================================================================== 
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RY$ in millions FY94 
Shuttle/Spacelab Mir Supt 71 
Major P/L Facilities ~37 
Flight Research 57 
Space Station 193~.2-

us 

RSA 

• 

TOTAL STATION .2J.e4" 

LAUNCHES 

Assembly 
Utilization 

-

FY 1998 
5 

5 

US FEL = 12/97 

LAB= 5/98 

SSRMS = 6/98 

RSA FEL = 11/97 

Science Pwr Plat = 3/98 

8 

SPP Array = 4/98 

Soyuz CTV #1 = 8/98 

FY95 FY96 
50 29 
94 153 
87 125 

1890 1834 
2121 2141 

FY 1999 
6 
4 
2 

1 

FY 1995 BUDGET -- Space Station 

FY97 FY98 
12 1 

181 214 
146 144 
1782 1742 
2121 2100 

FY 2000 
7 
5 
2 

FY99 FYOO 

233 234 
156 144 
1719 1422 
2108 1800 

FY 2001 
5 
3 
2 

PY #1/2 = 10/99 & 12/99 PY #3/4 = 12/00 & 3/01 

FYOl FY02 Total 
163 

150 150 1448 
100 100 1059 

1250 1150 14725 
1500 1400 17395 

..................... ·.::: ,,,,,,,,,,.,.,.,.,.,.,.,,fa\;J1~~;m 

FY 2002 (to AC) Total 
5 28 
4 21 
1 7 

JEM = 2/00, 3/00 & 6/00 APM = 6/01 APM 0/F = 9/01 

HAB = 3/02 

1 2 1 13 

Life Supt Mod= 1/00 Soyuz CTV #2 = 6/02 

• • 



OFFICE OF SPACE FLIGHT 

HUMAN SPACE FLIGHT 

FISCAL YEAR 1995 ESTIMATES 

SUMMARY OF RESOURCES REQUIREMENTS 

FY 1993 FY 1994 
(Thousands of dollars) 

()ft, 
Development .................................... . 2.125.000 l.9.M.000 
Utilization support ............................ . 30,000 21.000 
Operations ..................................... . 
Assured crew return vehicle .................... . 7,000 5 000 

2,... 
Total .................................... . 211621000 1.93,1000 

Distribution of Program Amount by Installation 

Johnson Space Center ........................... . 942,100 388,600 
Space Station Program Office ................... . 1,154.700 
Kennedy Space Center ........................... . 108.100 69.800 
Marshall Space Flight Center ................... . 454.000 181. 100 
Langley Research Center ........................ . 3,100 
Lewis Research Center .......................... . 364,000 110,200 
Ames Research Center ........................... . 900 
Jet Propulsion Laboratory ...................... . 
Headquarters ................................... . 

1.500 J7 
288.300 ~.600 

:z. 
Total .................................... . 211621000 l193l1000 

SPACE STATION 

Page 
FY 1995- Number 

1. 662,000 HSF 1-4 
96.600 HSF 1-8 

131.000 HSF 1-10 

118891600 

431. 000 
1.213.000 

155,000 
68.600 

7,000 

1~.000 

118891600 

HSF 1-1 



PREUMINARY 

COST 
FY 1994-1998 

FY 1994 Through PHC 

JO Yrs Operatima 

TOTAL LIFE CYCLE 

Civil Service 

SPACE STATION COST COMPARISON 
Through On-Orbit Capabilities 

RY$ NOA in Billima 

Baseline SRT ALPHA 
Assessed tionAI 

16.7 13.3 10.5 

24.) 17.0 19A 

2S.O 13.5 13.1 

49.1 30.5 32.5 

2.4 J.5 1.5 
Shuttle Righi. Margin,i Coot 4.7 4.3 . u 

PREUMINARY 

Russian 
lion 

~ 
17A 

13.0 

30.4 

1.5 

Shuttle Righi.Average Cost 40.7 t 36.8 ! 37.0 

immi~riii~r:~r~~mmm~111mr1~1~1mim11m1;1 imiilimimrii;fJt:]111.1ii~1~1J1r~,1~1milfilit ~mmiliJ1~~i1imtiimimtttirumm11w1:111fflm;l 
Avg.perYr.:FY94-98 3.34 2.66 2.10 2.12 

:~t~r~:1:i:~~i:l*g~1=~~i1:~~ll1t~t~:1:mililt~tfu:l~:J.:1:t rt.:~t.:~t1?~?::i~ili*t~m1 ,~1:~i~~~.:~~.ffil*gi§~:1: !i~i1ii.:~1,mr~1tt1!~Jl: ~?)~iflf.i~.ftl!rr?::~: 
SCHEDULE 

FEL 
LAB 

PHC/AC 

Sbuttl</Spacelab Mir Supt 
Majoc P/1.. Facililics 
Righi. Research 
Space Station 

TOTAL STATION 

PY94 
71 

:IR'33--
57 

193'1,'L-
~ 

;,()111 

Sep-96 
Jan-98 
Mar-01 

PY95 PY96 

so 29 
94 153 

87 125 

1890 1834 

2121 2141 

Oct-97 
Apr-98 
Oct-00 

PY97 PY98 

12 I 
181 214 

146 144 

1782 1742 

2121 2100 

Sep-98 
Apr-99 
Sct>-03 

PY99 PYOO 

233 234 
156 144 

1719 1422 

21Cl! 1800 

C/) 

~ 
~ 
~ 
~ 
0 
a 

Dec-97 
May-98 
Jun--02 

PYOI PY02 

150 ISO 
100 100 

1250 IISO 
1500 1400 

2.0 
,...... 

</) 

i:: 
.8 ...... ...... 
~ 1.5 
i:: ..... 
'-' 

1.0 

0.5 

l!!lll 
163 

1448 

IOS9 

1472S 

NOMINAL FUNDING PROFILES 

--, 
' '\/1 Sllp Pmlty 

~I 2003 PHC slip, 
I yeor fund Ing 

0.0 rc<((//{///{//~<<<(((t,<<<<<<<f 

1994 1996 1998 2000 2002 2004 2006 2008 2010 

FISCAL YEAR 

,i."' ,, .. ti(' r- '- ., 

Ops. Slip 

\ 

2012 2014 



OFFICE OF SPACE FLIGHT 

OBJECTIVES AND JUSTIFICATION 

HUMAN SPACE FLIGHT 

FISCAL YEAR 1995 ESTIMATES 

SPACE STATION 

Development of the United States (U.S.) permanently inhabited Space Station, as directed by President 
Clinton in 1993. is essential to preserving U.S. preeminence in space-based science. technology and human 
space flight. The Space Station is our opportunity to provide a truly international vehicle that will 
enable nations to work together to perform scientific and technological investigations. encourage commercial 
use of space. and gain direct experience in long-term human operations in space and knowledge essential to 
future space exploration. The Space Station provides a unique capability to study the effects on the human 
body while in space for an extended period of time. With this knowledge, countermeasures can be developed 
and used on future missions as we continue to explore our universe. Medical gains in life sciences will 
impact the health of all humans on Earth. A prolonged microgravity environment on Space Station allows the 
achievements in materials science that have been gained on Shuttle, including the development of protein 
crystals, to be expanded on to help discover the benefits that scientists and researchers have hypothesized 
for years. 

The Space Station will be unique because it provides the U.S. with a permanent outpost in space. The 
schedule for the newly redesigned. international space station emphasizes an early human tended capability 
that provides an advanced research laboratory used by international crews for extended durations. 
Therefore, very early into the program. the Space Station will provide enormous benefits to stimulate new 
technologies, enhance industrial competitiveness. further commercial space enterprises, and add greatly to 
the storehouse of scientific knowledge. The program completed the Systems Requirements Review in December 
1993. This was a programmatic and technical review which determined that the current configuration meets 
the requirements specified in the Alpha Program Implementation Plan as approved by President Clinton. This 
review will be followed by the Systems Design Review (SOR) in March 1994. The SOR is a more detailed review 
in which the objective is to review more highly refined system designs and validate that those designs meet 
the requirements. 

The Space Station's international aspect was initiated in 1984 with invitations for the full participation 
of other nations. President Clinton has expanded the international scope of the Space Station dramatically 
by forming a cooperation with the Russian Space Agency (RSA). Station team members include NASA. RSA, 
Canada. the European Space Agency CESA). and Japan. An international cooperation between partners will 
ensure compatible development of interfacing elements. The Canadian government will develop a mobile 
servicing system, ESA will include a pressurized module. and tl,e Japanese government has agreed to develop a 

HSF 1-2 



• //94 
s\b\95budBU 

ALPHA (AC 2003) 

FY 1995 BUDGET (AC 2002) 

CHANGE 

ALPHA FY 2003 funding 

Shuttle/Spacelab Mir Support 

Payloads/Research 

Space Station 

Space Station 

Space Station 

COMPARISON OF ALPHA TO PRELIMINARY BUDGET ESTIMATE 
SUMMARY, COST THROUGH ASSEMBLY COMPLETE 

PRELIMINARY ESTIMATES UNDER REVIEW* 

TOTAL 

19,400 Space Station, payloads & flight research, transportation support & facilities 

17,395 Space Station, payloads & flight research, transportation support, Mir support & facilities 

~ 

-1500 Reduction of cost requirement to reach assembly complete in 2002 

163 Addition of Mir support costs to $2.1 B annual funding cap 

-91 Transfer SLS-4/MSL-1 mission hardware, add augmented Mir research 

-1045 Hardware provided by RSA reduces funding associated with Alpha FOB/BUS and ACRY 

92 Addition of Shuttle/Mir airlock/docking costs to $2.18 annual funding cap, re-estimates 

376 Acceleration & re-estimates required for earlier FEL and assembly complete 

NASA estimated it would cost $19.4 billion to bring the Alpha Station to full capability in September 2003. The current estimate including 
Russian participation is $17.4 billion, $2 billion less. Although annual funding levels remain largely unchanged, the inclusion of the Russian 
Space Agency allows the program to achieve full capability in 2002, reducing total funding by one year (about $1.5 billion). The program has 
also achieved nearly $1 billion in savings through the use of the Russian provided FOB/BUS and the ACRV. This hardware savings, and 
minor changes and re-estimates in science payloads and research, are partially offset by approximately $250 million in content transferred 
to within the $2.1 billion annual funding cap, and almost $400 million increases required for acceleration and re-estimates of development 
and operations costs. 

* Cost estimates are preliminary and reflect work in progress in support of the FY 1995 budget. 
Configuration, schedule & cost will be updated during the SDR in March, with a report due 

March 31, 1994 detailing the agency's commitment. 



pressurized laboratory module. In the redesigned Space Station configuration, the Russian Mir Space Station 
will play an integral role. In accordance with the terms of the agreements, the U.S. and the international 
partners will share the total available resources and the common costs for operations. This unprecedented 
level of international cooperation could also serve as a model for cooperative activities in future space 
projects and enhance the feasibility of advanced initiatives. 

The current Space Station is the culmination of the work begun a year ago to redesign the Space Station to 
be more efficient and effective in response to lower projections for the Agency budget and increased 
emphasis on other programs, such as science and aeronautics. Human presence in space is one of NASA's 
top priorities. and the redesigned Space Station has met the Presidents goal to reduce program costs while 
still providing significant research capabilities. An entirely new management approach has been 
implemented, in which a single contractor (Boeing) has been given total prime contractor responsibilities. 
The other previous prime contractors (McDonnell Douglas and Rocketdyne) and other support contractors are in 
the process of being novated to Boeing. This will produce clearer lines of authority and greater 
accountability. The program management has been relocated to the Space Station Program Office (SSPO) in 
Houston and has been streamlined and structured around integrated product teams with responsibility for 
bringing the systems and elements into integrated launch packages. Headquarters management has been merged 
with the Space Shuttle management organization and project management organizations at the various centers 
have been eliminated. Efficiencies have been gained through these program management improvements as well 
as through design changes. a simplified integration effort. and a new partnership with the Russians. 

The Space Station budget has been restructured to reflect changes in management responsibilities. 
Transportation support by the Shuttle program, encompassing docking. airlock and extravehicular activity 
(EVA) systems as well as Shuttle integration support, has been added to the development funding. Similarly, 
construction of program-specific facilities are now included under development. 

Assembly of the Space Station will commence in 1997 at an inclination of 51.6 degrees in order to fully 
utilize Russian as well as U.S. and partner capabilities. The Station will support human-tended operations 
and evolve to a permanent human presence and have full operational and research capability. After 
completion in 2002, the Station is designed to have an operational lifetime of approximately ten years. 
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3/10/94 
s\b\95budBU 

RY$ in Millions 

FY94 Amended Budget 

Transfer major P/L facilities 

Transfer add'l funding for P/Ls 

SPACE STATION BUDGET COMPARISON 

1993 1994 1995 1996 1997 1998 1999 

2122.S 1946.0 1817 .0 1706.0 1673.0 1726.0 

(-32.0) -86.0 -142.0 -162.0 -195.0 

(-7.0) 

Transfer STS/Station integration (+25.7) (+30.0) +135.0 +195.0 +195.0 +125.0 

Reassess STS/Station integration -35.0 -82.0 -95.0 -84.0 

Transfer Facilities CofF (+13.8) (+5.0) +25.0 +15.0 +0.0 

Reassess Facilities CofF 

RSA provided Soyuz ACRV 

Add Flight Tech Demos 

Program Reassessment Schedule/Cost 
<!>( flla11 

(-5.0) -4.8 -3.0 

-15.0 -25.0 -70.0 -75.0 

+40.0 +25.0 + 10.0 

+13.4 +144.6 +231.0 +245.0 

SRT: FEL = 3/98, LAB= 6/99, PUC = 9/02 

FY94 Amended Budget values to Codes U/C/Y 

FY94 Amended Budget values from Code M 

FY94 Amended Budget values from Code J 

Delete FY94 Amended Budget values 

FY9S Budget 

- 7 
J'l3'f 

2122.S .uM6:Cf" 
(2162.0) (mt,o) 

M3i. 

1889.6 1833.6 1782.0 1742.0 1719.0 ISSA: FEL = 12/97, LAB= 5/98, PUC= 6/02 
(Prior budgets as if restructured) 



BASIS OF FY 1995 FUNDING REQUIREMENT 

SPACE STATION DEVELOPMENT 
Page 

F'{ __ l_fil FY 1994 FY 1995 Number 
(Thousands of dollars) 

31 
Flight hardware ................................ . 2,085.500 1, 6jyl;, 400 1.127.000 
Test. manufacturing and assembly ............... . 87.600 117 .000 
Operations capability and construction ......... . 151. 000 257.800 
Transportation support ......................... . 25.700 30,000 100.000 
Flight technology demonstrations ............... . 40.000 

()6. 
Subtotal ................................. . 2,111.200 1 , 9.H", 000 1. 641. 800 

Operations capability and construction ......... . 13.80Q - lQ....200 
Space station processing facility - CoF ...... . 12.000 
Payload operations and integration center 

modifications - CoF ......................... . 1.800 
Neutral buoyancy laboratory - CoF ............ . 20.200 CF 1-1 

()/,. 
Total .................................... . 21125100 l 19l:t1000 L 662 1000 

OBJECTIVES AND STATUS 

Space Station elements will be provided by the U.S. and its international partners. The U.S. elements 
include two nodes. a laboratory module, truss segments, three photovoltaic arrays. a mini pressurized 
logistic module, a habitation module. a pressurized mating adaptor. a cupola and an unpressurized logistics 
carrier. Joint U.S./Russian components include the airlock, energy block. two Soyuz Assured Crew Rescue 
Vehicle (ACRVs). batteries, solar dynamic modules and additional photovoltaic arrays. The U.S. and Russia 
have agreed to a three-phased, cooperative effort to ultimately assemble an international Space Station. 
Phase One is intended to enhance and modify the Russian Mir and study the systems and integration effort 
required to create the Space Station. Components come together during the second and third program phases 
for integration. launch. and assembly. 

Phase One combines the Shuttle-Mir program with additional Shuttle flights to Mir and U.S. crews aboard Mir, 
which will provide valuable experience and test data that will greatly reduce technical risks associated 
with the construction and operation of the international Space Station and provide early opportunities for 
extended scientific and research activities. Mir capabilities will be enhanced by replacing solar arrays 
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FLIGHT HARDWARE CONTENT ,,,.5~.f; 
(Cost in Millions RYS) 

~rum a.im ~ .EY...l22.Z fY..l22a .EY.1222 

IQLM ELl~l::II l::IAIU.2~ARE ({, 3-? ''"" NOA/COST 
~ - ll21 2M Mil aJ.O ill 

TARGET REDUCTIONS 
-110 52 100 f (11u. {,eJt-1N'J 

IQI6L ELl~l::II l::IARtl~ARE ~Qt:mt::II ,s27 IG:l:J.. 
200 165 116 5 -20 

~ - ill.2 12!2 ~ m ill l'.? f i, e I e"' "" f J f 
PRIME DEVELOPMENT 

-r ,s; 5 
1015 1102 945 790 507 292 

-I !I . J)CA 'Si ~ 
BOEING - HUNTSVILLE 296 366 256 163 139 105 
McDONNELL DOUGLAS 429 457 462 387 241 116 
ROCKETDYNE 289 279 227 240 127 71 

PE&I 103 88 92 77 44 35 
BUS-1 INSURANCE l 2 2 2 
CONTROL MOMENT GYROS 3 9 10 8 2 
SOLAR CELLS 10 10 7 3 
TERMINATION COSTS 
SOLAR DYNAMICS 

130 
(IQ§)" ..... 7-e.. 

RUSSIAN COOPERATION 100 100 
RESERVES 151 168 193 176 182 177 

-;C,is-[-: -L +'rt, ~it { 
Olt.l p~ "t!J; (tSEIC, ..,..,.,,sj 

8, 
4:f I 0 

~4 
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TEST, MANUFACTURING & ASSEMBLY SUPPORT CONTENT 
(Cost in Millions RYS) 

rum rum ~ Ell22l rum ru.m 

IQI8L IMM sueeQRI tJ ()/Ji a.a ill 22 az. ll ll 

UNRESOLVED TARGETS 
3 2 5 2 

SHORTFALL 
12 

IQI8L IMM sueeQRI ~Qt::IIEt::II 22 .l2Jl l.Ql 2l ~ ll 

MARSHALL SPACE FLIGHT CENTER (!o.c.l 'f>M.~ 21 26 21 18 20 

JOHNSON SPACE CENTER cr ... el -PMS) 57 69 56 53 45 14 

LEWIS RESEARCH CENTER c:r,,I p~S) st 7 7 5 2 

KENNEDY SPACE CENTER (J:: .. c I P~S) 
, 1 l 2 

INDEPENDENT VERIFICATION & VALIDATION l 2 2 2 1 2 

SSPO 
16 

HEADQUARTERS (TAXES) 
15 14 13 13 

,... .. -



and adding two Russian modules (Spektr and Priroda) to support U.S. and Russian science and research 
experiments. 

Phase Two combines U.S. with Russian hardware to create a totally new. advanced orbital research facility 
with early human-tended capability. Five Russian and five U.S. launches will result in a facility that will 
significantly expand and enlarge the scientific and research activities initiated in Phase One and will form 
the core around which the international Space Station will be constructed. Power available will total 20.5 
Kw from a combination of jointly developed photovoltaic arrays and arrays on the service module and energy 
block vehicles. Phase Two also develops systems capabilities. including modifications to the Russian FGB 
Energy Block and Service Module to incorporate a U.S. S·Band communications system, a NH3 distribution 
system. a 120 volt direct current power system and distribution to U.S. elements. and distribution of 02 and 
N2 to U.S. ele~ents. Phase Two also includes the docking systems and studies to define a Soyuz ACRV. a 
Science Power Platform, and the Environmental Control and Life Support System (ECLSS). 

Phase Three completes construction. The Station will support a permanent human presence and have full 
operational and research capability. During this phase. power availability is incrementally increased to 
110 Kw by adding power modules. Assembly is completed by completing the truss. adding the U.S. habitation 
module, completing all distributed systems architectures. adding the station robotics system and integrating 
the international partner elements. After completion, the Station will have an operational lifetime of 
approximately ten years. 

BASIS OF FY 1995 ESTIMATE 

The first American flight launches Node 1, a pressurized volume which contains four radial and two axial 
berthing ports. The node will be launched with two Pressurized Mating Adapters (PMAs) attached and will 
serve as the docking location for the delivery of the U.S. Laboratory Module and the pressurized logistics 
module. Node 2 with an attached cupola is manifested in the second phase of assembly. The final U.S. 
pressurized volume is the Habitation Module which will contain the galley, ward room. waste management, 
water processing and other crew support functions necessary for human operations. All U.S. pressurized 
volumes are developed by Boeing Defense and Space Group. Missiles and Space Division. which has been given 
the prime contractor responsibility. including integration. 

As a subcontractor to Boeing, McDonnell Douglas will develop and build the truss segments that separate 
Station elements and house essential systems, including central power distribution, thermal distribution and 
attitude control equipment. Radiators, communications antennas. photovoltaic (PV) elements and the Space 
Station Robotics Manipulator System are also mounted to truss segments. 

The power system, essential to the Station's housekeeping operations and scientific payloads. will be built 
by Rocketdyne Division, Rockwell International. in a. subcontracted effort to Boeing. Three PV elements, 
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Ei'....lm ~ ~ EY..l.2.21. .EY.l.22a fY..1222 
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TRAINING • RSOC 2 
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FACILITIES 20 12 

KSG. 00 00 2J. 27.. 2 3. 
FACILITIES 31 14 7 5 2 

GROUND SUPPORT EQUIPMENT 11 38 32 15 4 2 

TEST CONTROL & MONITOR SYS • HARRIS 25 23 11 4 1 
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PROCESSING 6 5 3 3 2 
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TRANSPORTATION SUPPORT CONTENT 
(Cost in Millions RYS) 
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LASER SENSOR DEVELOPMENT 2 l 0 0 0 0 

5TH CRYO TANK SET (OV 103) 3 12 
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OV 103/104/105/SPARE 1 18 20 
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l(:jIEGRAfJQ(:j & 6(:j61 iSIS 6 13. ll ll .IA l2 

MISSION OPERATIONS l 2 2 2 1 0 

SYSTEMS INTEGRATION 3 5 5 3 2 1 

INTEGRATION & OPERATIONS 2 6 1:• 11 11 

-5.ElM 3. 5 5 5 



containing a mast, alpha joint. radiator. arrays and associated power storage and conditioning elements make 
up the power system. 

The flight hardware funding also provides for the integration activities and tasks accomplished by Boeing. 
the prime contractor. 

The development program also includes test, manufacturing and assembly support for critical center 
activities and institutional support. Test capabilities. the provision of government furnished equipment 
(GFE), and engineering analysis provide in-line products to support the work of the prime contractor, its 
major subcontractors and NASA system engineering and integration efforts. 

Operations capability provides the development of a set of facilities. systems and capabilities to conduct 
the operations of the Space Station. The work will be performed at the Kennedy Space Center (KSC) and the 
Johnson Space Center (JSC). The KSC will develop launch site operations capabilities for conducting 
prelaunch and post-landing ground operations. The JSC will develop space systems operation capabilities for 
conducting training and on-orbit operations control of the Space Station. Construction of the Neutral 
Buoyancy Laboratory (NBL) at JSC will provide the capability for Space Station crew training to support a 
March 1997 training need date. Requirements for simultaneous extravehicular activity (EVA) training (up to 
nine crews at a time) and larger volume for time critical EVA tasks has dictated the NBL requirement (see 
Construction of Facilities narrative for detail). 

The redesigned Space Station emphasizes multicenter and multiprogram cooperation. At JSC. a consolidated 
approach between primarily Space Shuttle and Space Station will minimize, if not prevent, duplicated effort 
and costs for command and control and training. Crew training will be based on a detailed risk analysis to 
concentrate on probability to determine the optimum failure response training profile. Therefore. training 
will be knowledge- and proficiency-based rather than driven by timeline and detailed procedures rehearsal. 
At KSC. ground processing will be performed by a greater number of civil servants and investments in 
facilities will be limited. The redesigned Space Station will make efficient use of available personnel 
from other programs. 

Transportation support provides those activities which are required to mate and integrate the Space Shuttle 
and Space Station systems. This budget line supports development and procurement of two external airlocks, 
and upgrade of a third airlock to full system capability. which are required both for docking the Space 
Shuttle with the Russian Mir and for use with the Space Station. 

Other items in this budget include: the Remote Manipulator System (RMS) and Shuttle Mission Training 
Facility upgrades: development of a UHF communications system and a laser sensor: procurement of a fifth 
cryo-tank set and an Operational Space Vision System: procurement of three docking mechanisms and Space 
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MIR TECHNOLOGY DEMONSTRATION 

F94 F95 F% Rl7 F98 EAC 
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Station docking rings; EVA/extravehicular mobility units (EMU) services and hardware: and integration costs 
to provide analyses and model development. 

Space Station technology and system validation funding requirements include flight technology demonstrations 
in areas of joint NASA/RSA development that pose a level of technical or programmatic risk. warranting 
additional verification. Risk areas include life support, the data processing system. automatic rendezvous 
and docking. vibration isolation in a microgravity environment. assembly and maintenance. loads and 
dynamics. contamination. radiation environment. and micrometeoroid/orbital debris. In addition. funding is 
provided for operational techniques development for procedures, utilizing the Shuttle flights to the current 
Russian Mir. that will benefit the future operational phases of the Space Station program. 
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FY l 99~ CONGRES5.1~AL BUDGET 
INTERNATIONAL SPACE STATION ALPHA 

USER SUPPORT CONTENT 
(Cost in Millions RYS) 
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• 
BASIS OF FY 1995 FUNDING REQUIREMENT 

• 
UTILIZATION SUPPORT 

FY 1993 

User support ................................... . 30,000 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

21,000 

• 
FY 1995 

96,600 

User support provides for the development of facilities, systems and capabilities for user operations and 
the conduct of user operations. The utilization of Space Station must be integrated across NASA centers and 
the international partners. Streamlined and responsive payload operations support to users will be provided 
through one research and science control facility. 

BASIS OF FY 1995 ESTIMATE 

Consolidated utilization includes development of a payload operations integration capability and the Payload 
Training Complex as well as extensive payload mission planning. analytical integration. and the Payload Data 
Servicing System (POSS). The Marshall Space Flight Center's (MSFC's) unique express rack program provides 
an efficient payload integration capability for smaller payloads that require a limited amount of resources. 
User support also includes Science and Utilization Management (SUM) that provides outreach, express pallet 
program and support equipment. Laboratory support equipment includes the freezers, tools. storage, 
microscope system, refrigerated centrifuge, glove boxes and other equipment to support payload operations. 
The KSC, in support of the users, will develop a capability to process and verify the payloads prior to 
flight. 

User operations encompasses the payload functions from the initial definition of the payload for flight 
through the onboard operation and return of the data to the user. Funding is provided for payload planning, 
development of operations documentation. training of the flight and ground teams and the execution of each 
mission to meet the needs of the users. 

For the redesigned Space Station, the payload integration process has been streamlined and shortened 
significantly. Standardized payload accommodations and an express rack concept have been adopted to allow 
for later payload manifesting. Real-time support has also been reduced. based on a relaxed planning concept 
that allows for activity scheduling during the mission. 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

ASSURED CREW RETURN VEHICLE 

FY 1993 

Assured crew return vehicle .................... . 7.000 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

s.ooo 

FY 1995 

The redesigned Space Station will use an Assured Crew Return Vehicle (ACRV) based on a Soyuz vehicle and 
launched on a Russian booster for rescue and crew rotation. The Soyuz ACRV is a Russian element of the 
Space Station, and currently requires no U.S. funding in 1995. 
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FY 1995 CONGRES~ .AL BUDGET 
INTgRNATIONAL SPACE STATION ALPHA 

VEHICLE OPE.RATIONS CONTENT 
(Cost In Millions RYS) 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

SPACE STATION OPERATIONS 

Vehicle operations ............................. . 
Ground and transportation operations ........... . 

Total .................................... . 

OBJECTIVES AND STATUS 

FY 1993 FY 1994 
(Thousands of dollars) 

FY 1995 

54,000 
77,000 

131,000 

Space Station operations provides for the sustained operations of the Space Station as well as the ground 
and transportation operations required to support the vehicle. Planning for operations is an integral part 
of the station design and development program. and simplified and affordable operations was a major 
objective in the recent redesign process. The infrastructure developed for the Shuttle and the experience 
derived from the Shuttle-Mir program are necessary for efficient and effective operations of the station. 
The various elements of development will transition, over time. to the operations program and funding in 
FY 1995 for long-lead components and operations preparation necessary to support the start of assembly in 
1997. 

BASIS OF FY 1995 ESTIMATE 

Vehicle operations is the budget element for: (a) post-development systems engineering and integration 
necessary to sustain the specification performance and reliability of Space Station systems: (b) logistics 
support for flight hardware and launch site ground support equipment. the near-term requirement which drives 
the FY 1995 funding requirement because long-lead flight spares acquisition must begin to support early 
flight hardware; and (c) configuration management and any associated procurement activity. 

The normal sustaining engineering function for the redesigned Space Station will be performed by a small 
cadre of civil service system experts located at each development center, as opposed to carryover of prime 
contractor and subcontractor personnel. 

Flight software sustaining engineering will consist of a limited code maintenance capability. This will 
allow all flight software to be handled under a single contract. 

Ground operations includes command and control. logistics. training. and ground processing. 
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FY 1995 CONGRES~ ..AL BUDGET 

INTERNATIONAL SPACE STATION ALPHA 
GROUND OPERATIONS CONTENT 

(Cost in Millions RYS) 
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A unified command and control center for the Space Station will be composed of the Mission Control Center 
(MCC)-Houston and the Mission Control Center (MCC)-Kaliningrad. The MCC-Houston will be the prime site for 
the planning and execution of integrated system operations of the Space Station, with exclusive command and 
control authority. Communication links from both Moscow and Houston will support control activities. using 
the Tracking and Data Relay Satellite (TORS) system. 

The U.S. and Russia are individually responsible for those logistic requirements which are unique to their 
elements on the Station. Logistics requirements which support the ability to use and operate the Station 
will be shared. Maintenance and repair costs have been minimized on the redesigned Space Station by 
accepting longer repair timespans. establishing a single maintenance and repair capability at the Kennedy 
Space Center (KSC) and using original equipment manufacturers or other certified industry repair resources. 

Flight controllers will be trained to operate the Station as a single integrated vehicle, with full systems 
capability in the training environment. Crew members will be trained in Station systems, operations. and 
other activities expected during a mission. Part-task and full hardware mockups and simulators will be used 
to provide adequate training for the crew prior to flight. Integrated training, consolidation of training 
facilities and the concept of proficiency based learning will increase the efficiency of the overall 
training effort. 

Once the flight cargo elements have undergone acceptance testing at the development location. they will be 
transported to KSC for ground processing. This includes integrated testing. interface verification, 
servicing, launch activities and experiment-to-rack physical integration. Because Station is a ten-year 
program, no major upgrades to facility systems and equipment are being planned. 
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INTERNATIONAL SPACE STATION ALPHA 
BUDGET SUMMARY THROUGH ASSEMBLY COMPLETE 

(RY $ MILLIONS) 

fY...2.4 ~ £(.22 £l..2Z EY..2a a..22 fY..QQ 
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~ 2/2 WORKING PAPER RESERVES 115 358 343 320 323 286 225 
2/23 ORKING PAPER UNRESOLVED 0 -150 ·246 • 158 -297 -98 -28 

E.YJU EY..02 ~ EY.24:..Q2 

1500 1400 10587 173951 
-250 -250 -1402 -2669 
1250 1150 9185 14726 

1218 943 10142 15353! 

-134 -50 
73 12 -136 10 

-75 -75 
-200 -250 

0 0 
-199 25 -174 

81 188 
-77 -77 

-61 -15 0 -288 
60 60 
65 65 

100 -4 421 738 
-39 -39 

-1 -3 2 

1330 736 10130 15463 

205 127 1176 1997 
32 206 -835 -511 

0 -4 283 301 
112 -208 16 132 

205 123 1459 2298 
-80 414 -851 -643 

CH-A:IJ~£/1;f1tC E 

E~9e__+ Fas:s +o 
;;.j;if?Lf to~i l)~;:e:;~cu-f 
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$TATION ALPHA 
(RY$ MILLIONS) 

FIRST ELEMENT LAUNCH ASSEMeLY COMPLETE 

Dec-97 Jun-02 

~ ~ f.U2 E:t..21 U.£d fY..2£ fYJlO. fYlll fY..02 Ei'. 24·2B Ei'. 24·02 

!SPACE STATION $2.1 8 NOA 2104 2121 2141 2121 2100 2108 1800 1500 1400 10587 173951 
LESS PAYLOADS/UTILIZATION -167 -231 -307 -339 -358 -389 -378 -250 -250 -1402 -2669 

jSPACE STATION ALPHA NOA 1937 1890 1834 1782 1742 1719 1422 1250 1150 9185 147261 

TOTAL CO 1855 2216 2080 1940 2039 1817 1450 1330 736 10130 15463 

Development 1699 1547 1340 1055 928 619 379 259 27 6569 7853 
Flight Hardware 1363 979 892 728 746 549 327 231 12 4708 5827 
Test. Manuf & Assembly Support 93 120 100 92 82 17 16 8 0 487 528 
Ops Capability Development 178 240 203 128 56 28 13 0 0 805 846 
Transportation Support 47 158 116 100 41 25 23 20 15 462 545 
Flight Technology Demonstration 18 50 29 7 3 0 0 0 0 107 107 

Utilization Support 21 97 143 137 126 122 112 106 80 524 944 
User Support 21 97 143 137 126 122 112 106 80 524 944 

Operations 0 144 234 408 562 690 634 660 506 1348 3838 
Vehicle Operations 0 48 96 214 313 410 373 385 294 671 2133 
Ground Operations 0 96 138 194 249 280 261 275 212 677 1705 

Assured Crew Return Vehicle 5 0 0 0 0 0 0 0 0 5 5 
Reserves 115 358 343 320 323 286 225 205 123 1459 2298 
Allowance tor Program Adj 5 20 20 20 100 100 100 100 0 165 465 
Russian Alternative Funding 10 50 0 0 0 0 0 0 0 60 60 

jUNRESOLVED 0 -150 -246 -158 -297 -98 -28 -80 414 -851 -6431 

.2/J3/f1 (; ~-f 
I 
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INTERNATIONAL SPACE STATION ALPHA 
(RY $ MILLIONS) 

El8SI ELEMEt:II LAU~~l:l ASSEMf!LY ~QMfLEIE 
Dec-97 Jun-02 

~ ~ fY-22 f.Y..21 f.Y..2a EY...2.2 f.YJlil fY..Ql EY..02 EY 2~·28 EY 2~·Q2 

jSPACE STATION $2.1 B NOA 2104 2121 2141 2121 2100 2108 1800 1500 1400 10587 173951 
LESS PA YLOADS/UTIUZA TION -167 -231 -307 -339 -358 -389 -378 -250 -250 -1402 -2669 

jSPACE STATION ALPHA NOA 1937 1890 1834 1782 1742 1719 1422 1250 1150 9185 147261 

jTOTAL COST ~~z:;_3 £3-s./-,'.,,,,afc) 1855 2216 2080 1940 2039 1817 1450 1330 736 10130 15463! 
~~bis::I~ l:!~:t~(ggm~ct & Qg5 _,.. ~ HM ill2 l.lli2 l2Zl 10.22 lli 2B..4 2.a.2 ~ W!l. 

Prime Development 1001 870 782 638 600 415 190 106 12 3891 4614 
Program Engineering & lnteg 128 88 92 77 44 35 37 25 0 429 526 
Bus-1 1 2 2 2 0 0 0 0 0 7 7 
Control Moment Gyros 3 9 10 8 2 0 0 0 0 32 32 
Solar Cells 10 10 7 3 0 0 0 0 0 30 30 
Supporting Development 93 69 49 41 28 17 16 8 0 280 321 
Development Reserve 138 168 193 176 182 69 33 13 0 155 813 
Transportation 46 158 116 100 41 0 0 0 0 461 461 
Assured Crew Return Vehicle 5 0 0 0 0 0 0 0 0 5 5 
Vehicle Operations 0 48 96 214 313 380 342 351 154 671 1898 
Vehicle Operations Reserve 0 12 25 51 67 183 178 181 116 155 813 

Gcguca Sll5 l:!ellelgccoect & Qg5 ill ill .3.o.2 ll.Q 3Q.2 ill ill ill ill ~ ~ 
Operations Capability Dev 178 220 191 128 56 28 13 0 0 773 814 
OCD Reserve 0 41 21 8 4 3 0 0 0 74 77 
Facilities 0 20 12 0 0 0 0 0 0 32 32 
Ground Operations 0 96 138 194 249 280 261 275 212 677 1705 

f cllf ggg l:!ellef ggcoect & Qg5 2l .lilI ill ID ill lll ill ill 2.1 ill .lD4Q 

User Support 21 97 143 137 126 122 112 106 80 524 944 
User Support Reserve 0 10 14 14 13 12 11 11 11 51 96 

Flight Technology Demonstration 10 38 24 7 3 0 0 0 0 82 82 
Institutional 91 51 51 51 54 55 54 54 55 298 516 
Termination Cost 130 0 0 0 0 0 0 0 0 130 130 
Solar Dynamics 8 12 5 0 0 0 0 0 0 25 25 
Allowance for Program Adj 5 20 20 20 100 100 100 100 100 165 565 
Russian Alternative Funding 10 50 0 0 0 0 0 0 0 60 60 
Reserve Adjustment -23 127 89 71 157 118 103 100 -4 421 738 

ol/~/rtf f o sf 
4s..>t:'$#/eq+ 
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HUMAN SPACE FLIGHT 

FISCAL YEAR 1995 ESTIMATES 

OFFICE OF SPACE FLIGHT 

Russian space agency contract support .......... . 
Mir support .................................... . 

Total .................................... . 

Distribution of Program Amount by Installation 

Johnson Space Center ........................... . 
Space Station Program Office ................... . 
Marshall Space Flight Center ................... . 

Total .................................... . 

OBJECTIVES AND STATUS 

FY 1993 

79.500 

79,500 

78.500 

1.000 

79,500 

FY 1994 
(Thousands of dollars) 

100.000 
70.800 

170,800 

63.500 
100,000 

7,300 

170,800 

RUSSIAN COOPERATION 

FY 1995 

100.000 
50.100 

150.100 

30.600 
100.000 
--1.i.z, 5 0 0 

150,100 

The U.S. and the Russian Federation have agreed to enter into an enhanced cooperative space program. 
consisting of a number of inter-related projects in several phases which are intended to result in the 
enhancement of Mir-1 operational capabilities. joint space flights. and joint activities leading to Russian 
participation in the design, development. operation. and utilization of an international Space Station. 
This relationship between the U.S. and Russian space agencies will advance their national space programs and 
benefit their respective national aerospace industries. 

The plan is composed of three phases, parts of which are conducted in parallel. Phase One expands the joint 
participation by U.S. and Russian crews in Mir and Shuttle operations. This expanded program utilizes the 
unique capabilities of the Shuttle and Mir programs and provides for the potential of up to ten flights to 
the Mir. including U.S. crew stays aboard Mir. This program will provide valuable experience and test data 
that will greatly reduce technical risks associated with the construction and operation of the international 
Space Station and provide early opportunities for extended scientific and research activities. Mir 
capabilities will be enhanced by contributions from both the U.S. and Russia. The Shuttle will bring new 
solar arrays (to be built by the Russians. utilizing solar cells provided by the U.S.) to replace existing 
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RY$ M NOA Office of Space Flight 
FY 1995 Budget to Congress 

Russian Cooperation 
Summary Content 

Appropriation .EJiQ[ .EY.aJ FY 94 .E'L..9.5 .EY.-92 FY 9 7 ~ fifili 

Human Space Fllght 

Russian Cooperation 
Russian Support 

Management 

Mir Support 

Mir Lifetime Capability Extensions 
Mission Support 
Adavnced Technology 
International Space Station elements, Phase B 
ACRV Phase B Mods Design/Document 
Proton with Space Tug/Phase A 
Additional Efforts in Definition Phase 

Shuttle Mir-1 
Space/ab Mir-1 
Shuttle Airlock 
Shuttle Mir 2-6 
Space/ab Mir 2-6 

IM TIM 
0.0 100.0 

11.0 
47.4 

6.3 
9.3 

20.0 
5.0 
1.0 

79.5 70.8 
42.5 53.0 

1.0 5.7 
36.0 

10.5 
1.6 

1@..1 129.2 ~ Q,I 

100.0 100.0 100.0 0.0 
TBD TBD TBD 
TBD TBD TBD 
TBD TBD TBD 
TBD TBD TBD 
TBD TBD TBD 
TBD TBD TBD 
TBD TBD TBD 
TBD TBD TBD 

50.1 29.2 11.8 0.7 
14.0 
8.4 

16.6 12.7 8.2 0.7 
11. 1 16.5 3.6 

3/23/94 
3:47 PM 



arrays on Mir. Russia will add Spektr and Priroda modules to Mir. equipped with U.S. and Russian scientific 
hardware to support science and research experiments. 

Phase Two combines U.S. and Russian hardware to create a totally new. advanced orbital research facility 
with early human-tended capability. This facility will significantly expand the scientific and research 
activities initiated in Phase One. and will form the core around which the international Space Station will 
be constructed. Phase Two also develops the systems capabilities. support. and other infrastructure to 
complete the international Space Station. 

Phase Three will complete construction. enabling the station to support a permanent human presence with full 
operational and research capability. · 

BASIS OF FY 1995 ESTIMATE 

Russian Support - The Russian Space Agency (RSA) has agreed to furnish supplies and/or services in a firm
fixed-price contractual arrangement with NASA. The purpose of the contract is to enhance Mir-1 operational 
capabilities, perform joint space flights, and conduct joint activities to design, develop. operate and 
utilize the international Space Station. 

Phase One supplies and/or services provided by RSA include management activities. Mir lifetime extension. 
Mir capabilities expansion. docking hardware. and mission support for both long-duration and short-term 
missions. Management activities include project documentation and dP.sign. program management. subcontract 
management. and travel. Mir lifetime extension includes system requirements planning, communication and 
control systems analyses and upgrades. ground control facilities. thermal control documentation and 
requirements definition. environmentally-closed life support system (ECLSS) upgrades. power supply system 
upgrades. propulsion systems documentation and initial design and test. and elements of construction and 
mechanisms. Mir capabilities expand with the introduction of the Spektr and Priroda modules, to be attached 
to the Mir for scientific use by Russia and the U.S. 

Phase Two supplies and/or services provided by RSA include management: advanced technology: international 
Space Station elements (Phase B); Assured Crew Return Vehicle (ACRV) Phase B modification design. 
documentation and long-lead hardware: and a study to evaluate the use of the Proton launch vehicle with 
Space Tug as a back-up to Shuttle. Advanced technology includes joint development of ECLSS upgrades and a 
study to develop a common space suit. International Space Station elements include requirements definition 
of a joint airlock and androgynous peripheral docking system (APDS) hardware. service module modifications. 
energy block modifications. and a study on a scientific power platform. 

Mir Support - Mir Support includes the NASA effort involved with Shuttle and Spacelab requirements in 
support of the Mir program. 

HSF 2-2 



OFFICE OF SPACE FLIGHT 
FY 1995 BUDGET TO CONGRESS 

RUSSIAN COOPERATIVE PROGRAM 
CONTENT 

(NOA RY $ in Millions) 

FY 1993 EY 1994 FY 1995 FY 1996 FY 1997 FY 1998 FY 1999 

TOTAL RUSSIAN COOPERATIVE PROGRAM 79.5 170,8 150, 1 129.2 111.8 0.7 M 

RUSSIAN SUPPORT 0.0 100.0 100.0 100.0 100.0 

MANAGEMENT 11.0 
MIR LIFETIME/CAPABILITIES EXTENSIONS 47.4 
MISSION SUPPORT 6.3 
ADVANCED TECHNOLOGY 9.3 
INT'L SPACE STATION ELEMENTS, PHASE B 20.0 
ACRV PHASE B MODS DESIGN/DOCUMENT. 5.0 
PROTON WITH SPACE TUG, PHASE A 1.0 
EFFORTS IN DEFINITION PHASE TO SUPPORT 

INTERNATIONAL SPACE STATION: 
DESIGN/CERTIFY DOCKING MECHANISM; 
FIELD SUPPORT EQPMT FOR MAINTEN./ 
CHECKOUT AT KSC; 3 FLIGHT UNITS 
(APAS MECHANISM, AVIONICS UNITS FOR 
POWER/CONTROL, ORBITER AFT FLT 
DECK CONTROL PANEL): 3 PASSIVE APAS 
MECHANISM RINGS; COMPONENTS/SOFT 
GOODS FOR REPAIR/MAINTENANCE FOR 
5 YRS; FIELD SUPPORT EOPMT FOR HNI 
CHECKOUT (3 SETS); PDR & CDR 
SUPPORT; DOCUMENTATION; ETC. 

MIR SUPPORT 79.5 70.8 50.1 29.2 11.8 0.7 0.0 

SHUTILE SUPPORT FLIGHTS 2 THROUGH 6 10.5 16.6 12.7 8.2 0.7 

SPACELAB SUPPORT FLIGHTS 2 THRU 6 L6 11.1 16.5 3.6 

~L..JUTTLE SUPPORT MIR-1 
4~-

53.0 14.0 

ACELAB SUPPORT TO MIR-1 5.7 8.4 
...,rlUTTLE AIRLOCK 36. 



~ 

The FY 1995 funding is provided to complete the mission requirements for the STS-71 mission which docks the 
Atlantis (OV-104) with the Russian Mir Space Station in June 1995. The objectives of this mission are to 
demonstrate the docking concept with the Shuttle before potential use on the Space Station; examine the 
potential use of the Russian docking mechanism for the international Space Station; enhance our 
understanding of long-duration operations; and obtain life science and microgravity research benefits from 
long-duration experimentation. In addition. this mission will deliver two Russian cosmonauts to Mir and 
return to Earth three Mir crew members. 

The Mir follow-on flights will utilize current program hardware which was built and procured for the Mir-1 
flight (STS-71). The follow-on flights require funding to extend the current mission certification of the 
docking mechanism and mission support and integration. These flights will be performed over a two-year 
period and will enhance our life sciences and microgravity research capabilities. Payloads. flight 
demonstrations and experiments for these missions are funded under the Life and Microgravity Sciences and 
Applications and Space Station programs. 

The FY 1995 funding also supports operational Spacelab requirements associated with the Mir flights 
including mission planning. mission integration and flight and ground operations. This includes integration 
of the flight hardware and software. mission independent crew training. system operations support, payload 
operations control support. payload processing. logistical support and sustaining support. Funding will 
provide for the processing of a pressurized Spacelab long module to fly life and microgravity science 
experiments to dock with the Russian Mir. In addition. funding will continue to support the processing of 
follow-on missions which include a minimum of two unpressurized pallet missions and three additional 
pressurized Spacelab module missions to be launched in FY 1995-FY 1997. In addition to the life science and 
microgravity payloads. Space Station flight technology demonstrations are planned for these flights. 
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PAGE2 NASA RUSSIAN-RE LA TED ACTIVITIES 
Summary of all agency cooperative programs with Russia 

Continued FY92 FY93 FY94 FY95 FY96 FY97 FY98 FY99 

SPACE ~IATIQH·BELAIE!l §JI. 1.2. u u u u u u 
ACRV DEFINITION 6.0 7.0 5.0 
TRAINING SUPPORT 0.3 0.3 0.3 0.3 0.3 0.3 Astronaut training support 
RUSSIAN COOPERATION - PHASE 3 TBD TBD 
COOP. RUSSIAN PROGRAMS (eg. common suit, TBD TBD TBD TBD TBD 

solar-therm. dynamic power, ECLSS) 

OTl::::IER NASA COOP, eROGRAMS ~ 1QJ2 2i.2. 1ll lil .1li ~ 1M 
BIOCOSMOS (BION) 2.1 2.1 8.4 2.1 3.4 2.9 7.3 4.3 US expmts on 2 Bions 
SLS-2 EXPERIMENTS 0.5 0.7 
MARS94 3.5 5.0 1.4 1.4 0.6 0.6 Mars Oxidation Expmt on Russian lander/coop. sci 
PHYS & ASTRONOMY COOP. SCIENCE 3.8 3.8 2.5 2.3 3.5 4.0 4.0 4.0 SXG, Radioastron, Konus missions expmts 
EARTH SCIENCE PROGRAMS 1.2 3.7 3.0 3.7 3.1 3.3 3.0 3.0 TOMS Ops/TOMS, SAGE on Russian msn./coop sci 
TECHNOLOGY ACTIVITIES 0.2 0.2 0.2 0.2 Cooperative technology programs 
TRACKING & DATA 1.8 1.0 2.4 1.9 1.9 2.0 2.1 2.1 Radioastron suppl/Russian tracking study 
SPACE SYSTEMS DEVELOPMENT 2.7 2.7 US/Russia coop. engine technology program 
AERONAUTICS/HYPERSONICS 5.0 1.0 1.0 1.0 1.0 1.0 Flight test research/hypersonics 

TOTAL - RUSSIAN ACTIVITIES 66.9 116.9 259.4 267.5 233.3 179.0 39.4 22.5J 

Note: several additional cooperative programs may be enacted under the Gore/Chernomyrdin agreements, which are not yet agreed to and/or funded 

FUNDS DIRECTED TO RUSSIA FY92 FY93 FY94 FY95 FY96 FY97 FY98 FY99 
(INCLUDED ABOVE) 

12.§. .1U 11ll .112.U 1!ll& .1Q2J. il 

R&D 1.1 3.9 113.7 101.5 101.8 102.1 4.0 NOTE: FY94 R&D CEILING OF $117.2M 
RUSSIAN SPACE AGENCY CONTRACT 100.0 100.0 100.0 100.0 Various hardware/services 
LIFE SCIENCES 6.0 1.5 1.8 3.7 Biosatellite integration/ops 
PLANETARY EXPLORATION 1.2 Purchase Lander Eng. model 
TRACKING & DAT A 0.1 Russian tracking study 
SPACE SYSTEMS DEVELOPMENT 1.2 1.2 Technology exchange thru Pratt-Whitney 
SPACE STATION (ACRV) 1.0 3.9 ACRV definition 

(Training) 0.3 0.3 0.3 0.3 0.3 Astronaut training support 
AERONAUTICS 5.0 TBD TBD TBD TBD TBD Hypersonlcs/high-speed research 
COMMON SPACESUIT TBD TBD TBD TBD TBD Subject to definition/negotiations 

SFC&DC 9.5 10.0 
SHUTILE PRODUCTION 9.5 10.0 Purchase docking mechanism 

...... 
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RY$ M ,..,.:;A 
FY 1995 Congressional Budget 

Human Space Flight Appropriation 

2/1/94 
3:39 PM 

.!ill Op Plan Narrative Level f.YJM. ~ DELTA EXPLANATION 

Space Shuttle ?>S3Cf. 3 ~ ~ ~ 

Shuttle Operations 
Orbiter 

- ·150.5 as,o. '-~ 2420.1 

System Integration 
External Tank 

SSME 
SRB 
RSRM 

Super Lightweight Tank [Recurring] 
All Other External Tank 

Launch and Landing Operations 
Mission Operations 

Safety/Perfonnance Upgrades · 
Orbiter Improvements 

MEDS 

SSME Upgrades 

Structural Spares 
EDO 
LOO 
RCS Direct Acting Valve 
Fiber Optics tor Payload Bay 
All Other Orbiter Improvements 

Alternate Turbopump 
LTMCC 
SSME Health Monitoring 
All Other SSME Upgrades 

SRB Improvements 
Launch Site Equipment Upgrades 

HIM Cards 
Cable Plant Upgrades 
All Other LSE Upgrades 

Super Lightweight Tank 
Flight Operations Upgrades 

364.1 292.8 
:201. ~ ~ 190.5 

305.3 379.6 
[10.5] (27. 7] 

[294.8] [351.9] 
II '/. V _1..9:HJ 144 .4 

156.4 144.9 
368.9 373.1 
650.1 596.4 
322.8 298.4 

978.7 903.9 
215.5 191.8 
[33.6] [56.0] 
[5.0] 

[24.1] [2.9] 
[43.0] 

[7.2] 
[12.0] [17.0) 
(97.8) (108.7) 
287.9 380.5 
[54.0) (107.8) 
[18.4] [24.6] 

(15.0] 
[215.5] [233.1] 

23.2 51.6 
81.7 76.1 
[5.6] [9.2] 

[10.0] [7.1] 
[66.1] [59.8] 

49.5 80.7 
107.7 110.9 

-71.3 3% and /RM Redcutions 
-20. 7 Support Contractor Reductions 
74.3 

(17.2] Long Lead materials/ Fabrication ramp-up 
[57. 1 J Ramp-up in build rate to support 8 fits/year 
-4 7.4 Support Contractor and PSI Reductions 
-11.5 3%,/RM, and Project Support Redcutions 

4.2 FWC Disposal and materials 
-53. 7 3% and /RM Redcutions 
-24.4 Support Contractor Rreductions 

-74.8 
-23.7 
[22.4) FY 95 development ramp-up/peak 
[-5.0J Terminated FY 94 

[-21.2) FY 94 development peak 
(-43.0) Terminated FY 94 

(7.2) Start work in FY 95 
[5.0) FY 95 development ramp-up 

(10.9) Other lmprov. (Long Life Fuel Cell, 17" Disconnect, etc.) 
92.6 

(53.8) FY 95 development ramp-up 
[6.2] FY 95 development ramp-up 

[15.0J Start work in FY 95 
[17.6] Hardware in support of Dev/Margin Testing 
28.4 RSRM Transfer & Nozzle Fab to Iuka Buildup 
-5.6 
(3.6] FY 95 development ramp-up 

[-2.9] Phasing down of Cable Upgrades in facilities 
[-6.3] Complete Projects (L TTS, PCC, Photooptical Mods, etc.) 
31.2 FY 95 development ramp-up 
3.2 Rephase of T-38 avionics upgrades 



HUMAN SPACE FLIGHT 

FISCAL YEAR 1995 ESTIMATES 

OFFICE OF SPACE FLIGHT 

Shuttle operations ............................. . 
Safety and performance upgrades ................ . 

Total .................................... . 

Distribution of Program Amount by Installation 

Johnson Space Center ........................... . 
Kennedy Space Center ........................... . 
Marshall Space Flight Center ................... . 
Stennis Space Center ........................... . 
Ames Research Center ........................... . 
Headquarters ................................... . 

Total .................................... . 

OBJECTIVES AND JUSTIFICATION 

FY 1993 

2.857.200 
1,131.000 

3,988,200 

1 .177. 000 
992.100 

1. 737,500 
34,500 

6.300 
40,800 

3,988,200 

FY 1994 
(Thousands of dollars) 

•115"5 gt ,oo 
~.§7Q,€iQQ 

978,700 

3,S't9.300 
.315'37. 300 

1. 034, 900 
910.900 

1.523.500 
25,000 
5.700 

49.300 

3,549,300 

SPACE SHUTTLE 

FY 1995 

2,420.100 
903.900 

3,324,000 

889.000 
852.900 

1. 505,400 
20.800 

6.100 
49,800 

3,324,000 

Page 
Number 

HSF 3-3 
HSF 3-8 

The primary program objective of the Space Shuttle is to support NASA launch requirements while maintaining 
the essential program focus on safety and mission success demonstrated since returning the Shuttle to 
flight. Because of its unique capabilities. the Shuttle remains a key element of America's space program. 
The Shuttle is the first reusable space vehicle and can be configured to carry many different types of space 
apparatus. spacecraft, and scientific experiments. In addition to transporting materials. equipment, and 
spacecraft to orbit. the Shuttle offers unique capabilities such as retrieving payloads from orbit for 
re-use, servicing and repairing satellites and observatories in space as was demonstrated with the 
successful repair of the Hubble Space Telescope, safely transporting humans to and from space and operating 
and returning space laboratories. 
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SHUTTLE AVERAGE COST PER FLIGHT 
BASED ON THE FY 95 BUDGET TO CONGRESS 

(MILLIONS OF RY $) 

Et22 EY.2.3. Efl4 E:(25 EY.26 EY22 Et2.8. 
FLIGHT RATE z z a a a a a 

LAUNCH OPERATIONS 91.6 94.7 79.9 70.7 65.4 67.5 70.4 
FLIGHT OPERATIONS 94.6 98.6 89.4 72.6 67.4 66.2 70.7 
LOGISTICS OPERATIONS 27.5 27.8 20.7 18.4 17. l 17. l 18.7 
PROPELLANTS 2.9 2.8 2.3 2.1 2.2 2.2 2.4 
REDESIGNED SOLID ROCKET MOTOR 62.0 63.3 48.3 43.2 40.6 43.9 49.5 
SOLID ROCKET BOOSTER 27.5 22.8 18.2 15.9 16.0 19.l 21.5 
EXTERNAL TANK 49.7 39.8 41.2 42.6 40.6 40.8 43.8 
SPACE SHUTTLE MAIN ENGINES 23.7 23.8 16.8 11.9 11.3 11.5 12.9 
ORBITER/GFE 26.7 25.0 16.6 12.7 10.8 13.8 14.7 
CONTRACT ADMINISTRATION 2.7 2.8 2.3 2.3 2.3 2.4 2.5 

SHUTTLE OPERATIONS 4Q.8..2 40.1.A .3.3.5.a 222.5 2.7.U 2MA 3QLQ 

RESEARCH & PROGRAM MGMT • • 49.4 40.4 36.2 36.0 37.5 38.8 40.1 
NETWORK SUPPORT 9.4 9.6 8.5 7.5 7.8 8.2 8.6 

AVERAGE CPE 4.61.Jl 45.U 3.8.M llM ll2...l llL..4 lli...1 

··An accounting change has occured since the '93 Cost Per Flight analysis. A larger PMS tax (in Flight Ops) is being 
charged against the program. These dollars hod previously been booked In R&PM 

CosT P~te. l=L.i ~i+T \<r?Dvc.~orvs (.c'{qs-c.t) 

F"(q2 -? C\'-l 
f-{/ q 2.. --=;? q s 
F\{ C< 2. "9 Are-

Z5o-;o reol.vd-i' or'\ 

3b a;O If 

II 

EY.22. 
a 

71.5 
73.3 
19.0 
2.4 

53.4 
23.7 
45.7 
14.2 
17.0 
2.5 

J2U 

41.0 
9.0 

'Jll.,l 



Strategically. the Shuttle program strives to maintain the capability to safely fly eight flights every 
year .. In order to improve safety margins of the Shuttle by a factor of two. as well as provide performance 
and capability enhancements, the program is implementing modifications such as upgrades to the main engine 
and development of a super lightweight external tank that will provide increased payload lift capability. 
However. the program is acutely aware that providing reliable access to space must be more cost effective in 
order to exploit these capabilities fully. As a result, major cost reduction measures which have been 
implemented since FY 1992 will continue. 

The revised NASA budget structure includes the Space Shuttle program within the Human Space Flight 
appropriation with two major components: Space Shuttle Operations and Safety and Performance Upgrades. 
Shuttle operations supports the launch of NASA missions and is the primary program in which efficiencies 
have been implemented and thereby significantly reducing the cost of flying the Shuttle. When measured from 
the program's FY 1992 actual budget. a 24% reduction will be realized. The Shuttle launch schedule plans 
for a maximum flight rate of eight per year in FY 1994 through FY 1999. Safety and performance upgrades 
provides for modification and improvement to the flight elements and ground facilities. and permits 
expansion of safety and operating margins and enhancement of Shuttle· ca~abilities as well as the replacement 
of obsolescent systems. This budget now includes funding for facilities related to the Space Shuttle which 
were previously part of NASA's Construction of Facilities appropriation. In FY 1994 and 
FY 1995. facilities at the Johnson Space Center. the Kennedy Space Center. and the Stennis Space Center will 
be modified to improve their performance and, in some cases. will be refurbished and restored to acceptable 
conditions after over ten years of use. 

.........,,.,..~- -
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~ 
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2857.2 ~ ~· ~ 2442.3 ~ ~ 

Shuttle Operations 2857 .2 2570.6 2420.1 2372.5 2442.3 2649.1 2853.5 
Orbiter 477.0 364.1 292.8 236.9 246.2 334.1 358.2 
System Integration 200.6 . .. 11..188.8 188.8 195.6 200.0 
External Tank 300.2 305.3 379.6 390.4 389.0 384.0 408.9 

Super Lightweight Tank [Recurring} [10.5} [27.7] [25.5] {32.0} [30.0} [36.9] 
All Other External Tank {300.2} [294.8} l351.9} [364.9} [357.0} {354.0} [372.0} 

SSME 239.9 144.4 147.5 155.3 167.8 187.6 
SRB 172.0 156.4 144.9 149.7 186.5 202.9 231.4 
RSRM 409.4 368.9 373.1 379.6 398.7 403.9 479.0 
Launch and Landing Operations 697.1 650.1 596.4 597.4 601.9 646.2 660.1 
Mission Operations 361.0 322.8 298.4 282.2 275.9 314.6 328.3 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

SHUTTLE OPERATIONS 

FY 1993 

Orbiter ........................................ . 477. 000 
System integration ............................. . 200.600 
External tank .................................. . 300.200 
Space shuttle main engine ...................... . 239.900 
Redesigned solid rocket motor .................. . 409.400 
Solid rocket booster ........................... . 172.000 
Launch and landing operations .................. . 697.100 
Mission and crew operations .................... . 3lil.OOO 

Total .................................... . 2,857.200 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

364.100 
~Ro/,~oo 
305.300 
~ ,,,,,oo 
368.900 
156.400 
650.100 
322,800 

~ 

:l I G'S' rJ ,eo 

FY 1995 

292.800 
190.500 
379.600 
144.400 
373,100 
144.900 
596.400 
298,400 

,L 420__, 1()_0 

Shuttle Operations provides launch services to NASA payloads as well as to other government agencies and 
international users. Shuttle operations is manifested to a planned rate of eight flights per year. In 
FY 1994, the Space Shuttle successfully completed the Hubble Space Telescope (HST) mission. the second 
Spacelab mission dedicated to the life sciences. and will have flown six additional missions by September 
1994. Other major payloads to be flown in FY 1994 include: materials processing in a microgravity 
environment for both U.S. and international customers: experiments involving molecular and chemical growth 
of compound semi-conductors in the Wake Shield Facility: Spacehab payloads for commercial customers; Space 
Radar Laboratory flights: and over 30 rniddeck payloads. Also. the first of the cooperative missions with 
the Russians will be initiated when the Russian cosmonaut accompanies the Shuttle on STS-60 in February. 

The Space Shuttle has demonstrated a broad range of capabilities including deployment of spacecraft and 
their upper stages, satellite repairs. satellite retrieval, operations using the Remote Manipulator System. 
integral scientific experimentation using Shuttle and Spacelab systems, and extravehicular activity (EVA) 
operations. These capabilities provide a unique national resource that enhances the scientific reward of 
many payloads. In FY 1994 the Shuttle program demonstrated its unique capability when it successfully 
repaired the HST in December 1993. In FY 1994 the Shuttle will fly eight flights with a wide variety of 
scientific payloads including two microgravity flights, two space radar lab flights. and the second flight 
of the commercial Spacehab module. These flights will also carry a multitude of secondary payloads. In 
addition there will be two extended duration flights of thirteen to sixteen days on Columbia (OV-102). 
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Changes in Estimates 

~ .EYM .EY...9.5 .EY.]Q FY97 £l.M Explanation 

FY 1994 Congressional Submit 2831.0 2654.1 2727.3 2764.2 3020.9 3218.3 
FY 1995 Congressional Submit 2857.2 2570.6 2420.1 2372.5 2442.3 2649.1 

Change 26.2 ~ ~ ~ ~ ~ 

New Content 10.5 27.7 38.0 65.3 98.0 
Expendable Boosters 2.0 16.0 50.0 3 sets for FY 99 Station assembly 
Super Lightweight Recurring Costs 10.5 27.7 25.5 32.0 30.0 New Program; FY 98 first flight 
Hardware due to ASRM Loss 10.5 17.3 18.0 ASAM Cancellation 

Re-estiamtes 74.0 -63.2 -99.2 -84.3 -154.1 -211.2 
Reduce Project Support -33.8 -27.8 -21.3 -24.2 -26.1 Various projects 
Reduce Propulsion System Integration -2.7 -20.3 -18.9 -20.7 -21.0 Delete PSI after FY 94 
Reduce Shuttle Processing Contract Manpower -42.4 -34.6 -38.8 -41.9 -40.0 Reduce Manpower for Target Reductions 
Rephase Program Mission Support 8.2 -35.9 -39. 1 -27.1 -40.9 Various projects 
Re-estimate ET manpower and rates 8.0 17. 1 14.8 20.3 -9.6 -1.6 includes hardware and manpower requirements 
Re-estimate SSME Operations 3.6 -12.9 -7.3 -0.6 -10.6 -7.9 includes hardware and manpower requirements 
Re-estimate Solid Rocket Booster Operations -3.0 1.2 -1.0 -5.4 -18.2 includes hardware and manpower requirements 
Delete Engineering Support -3.9 -14.5 -14.7 -15.2 -16.0 
Assume No Shuttle Reimbursements 31.3 20.6 
Other Adjustments (Net Change) 62.4 10.2 -6.1 9.2 0.6 -39.5 

Unresolved Redcutions -180.7 -336.1 -470.0 -428.9 

APA -47.8 -30.8 -55.0 -9.3 ·19.8 -27.1 
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The Space Shuttle program aggressively continues its plans to significantly reduce the cost of operations. 
Initiated in FY 1992. this cost reduction effort capitalizes on program efficiencies and relies on specific 
content reductions to reach its goals. Both Shuttle project offices and Shuttle contractors have been 
challenged to meet reduced budget targets. 

As in the past. Shuttle operations requirements are funded through a combination of funds received from 
Congressional appropriations and reimbursements received from customers whose payloads are manifested on the 
Shuttle. The reimbursements are applied consistent with the receipt of funds and mission lead times. and 
are subject to change as manifests are revised. In FY 1994 planned reimbursements total $9 million. 

The Orbiter program element consists of the following items and activities: (1) Orbiter spares for the 
replenishment of line replacement units (LRUs) and shop replacement units (SRUs) along with the manpower 
required to support the orbiter logistics.,.p.rogram: ( 2) production of external tank (ET) disconnect hardware: 
(3) flight crew equipment processing as well as flight crew equipment spares and maintenance including 
hardware to support Shuttle EVA; and (4) various orbiter support hardware items such as pyrotechnic 
initiated controllers (PIGS), NASA standard initiators (NSis), and overhauls and repairs associated with the 
Remote Manipulator System (RMS). The sustaining engineering associated with the orbiter vehicles is now 
included in this budget element. 

System integration captures those elements managed by the Space Shuttle Program Office. including payload 
integration into the Shuttle and systems integration of the flight hardware elements through all phases of 
flight. Payload integration provides for~the engineering analysis needed to ensure that various payloads 
can be assembled and integrated to form a viable an<l safe cargo for each Shuttle mission. Systems 
integration includes the necessary mechanical. aerodynamic. and avionics engineering tasks to ensure that 
the entire launch vehicle can be safely launched. fly a safe ascent trajectory. achieve planned performance. 
and descend to a safe landing. In addition. funds are provided for multi-program support at the Johnson 
Space Center (JSC). 

The redesigned solid rocket motor (RSRM) budget includes: (1) purchase of solid rocket propellant and other 
materials to manufacture motors: (2) necessary manpower to repair and refurbish flown rocket case segments; 
(3) manpower to assemble individual case segments into casting segments and other production operations 
including shipment to the launch site: (4) engineering manpower required for flight support and anomaly 
resolution: and (5) new hardware to support the flight schedule required as a result of attrition. 

The production of external tanks involves the following: (1) procurement of materials and components from 
vendors: (2) manpower at the Government Owned Contractor Operated (GOCO) facility to manufacture tanks; 
(3) support manpower and other costs to operate the GOCO facility: and (4) sustaining engineering for flight 
support and anomaly resolution. The program will deliver four tanks in FY 1994. In the past year. the 
contractor has taken major steps to reduce the manpower and costs needed to deliver this hardware. The 
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Content: Orbiter, Systems Integration, and External Tank 

~ .EY.M .ru.5 .EY..a2 FY97 .EY-9.a .EY._a_9 

Iota! Qtbltet Q~mtl2Di 477.0 ~ ~ ~ 246.2 ~ ~ 

KSC Logistics 197.1 164.5 168.3 168.1 177.0 191.0 200.3 Restoring spares at OEMs, orbiter spares support 
JSC Orbiter 181.5 127.7 133.0 137.9 143.2 150.8 156.7 H/W production at vendors, Downey manpower 

,.,Jsc Engineering .X 98.4 f31.8 35.2 36.5 37.6 38.6 39.8 
EV A/Crew Equipment 52.7 52.0 54.7 57.2 60.2 63.1 
APA ·12.6 8.0 24.0 14.0 19.0 39.8 
Unresolved Reductions . -103.7 -184.3 -182.8 -125.5 -141.5 

~ ., .. ,. 
"~ TQtat S)!stem1 1a1egmt12D 20M ~ ~ ~ ~ ~ 

Payload Integration Prime (Schedule C) 39.2 38.2 40.9 41.8 42.6 44.9 45.9 Assembles/integrates payloads as Shuttle cargo 
Payload Integration Prime (Schedule D) 86 64.4 64.7 62.0 65.9 67.9 71.4 Verifies Shuttle/cargo can be safely launched 
Systems Engineering Support 26.6 22.2 25.5 24.7 26.3 27.6 30.0 Documentation, status/maint., launch site support 
SSPO Shuttle Engineering . 19.2 11.8 11.2 11.1 13.4 14.0 Varied tasks performed by Engr. Direct. for SSPO 
Headquarters Weather 0.1 0.8 0.3 0.2 0.4 0.4 0.4 
Flight Operations Support Services 4.4 9.0 15.1 18.9 13.5 15.0 15.7 
Program Mission Support (JSC/HQ) 44.3 ;I ,..3-n •K 36.8 39.4 42.7 42.7 
APA 2.0 3.0 4.0 4.0 
Unresolved Reductions -5.6 -8.8 -13.4 -20.3 -24.1 

Jgtal External Jank ~ ~ ~ ~ ~ ~ 408.9 
ET Prime - Mission Analysis 19.6 22.8 23.3 24.3 25.5 26.9 28.4 Flight support/certification, M&I labor 
ET Prime - Tank Production 203.9 210.2 276.4 286.8 298.4 311.7 339.6 Materials/production, increase from 4 to 6 in FY 95 
ET Prime - Facilities Sustaining 33.1 34.2 31.8 33.5 35.8 38.0 40.8 Facility support/minor modification 
Super Lightweight Tank - Recurring 10.5 27.7 25.5 32.0 30.0 36.9 44 month option 
Project Support 43.6 27.6 36.0 36.0 36.0 36.0 35.0 Facilitieslb~n'.ADP s~ces APA 5.7 1.8 1.4 8.6 
Unresolved Reductions -15.6 ·21.4 -40.5 -60.0 -80.4 dt.· (~~ ~ ~-~~ 
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additionjl material and productior costs associated with the iuper lightweight tank is also~included in this 
budget. 

The Space Shuttle main engine (SSME) operations budget provides for overhaul and repair of main engine 
components. procurement of main engine spare parts. and main engine flight support and anomaly resolution. 
This budget also includes funding to DoD for DCAS support in the quality assurance and inspection of Shuttle 
hardware. In addition, funds are provided for transportation and logistics costs in support of SSME flight 
operations. 

The solid rocket booster budget funds: (1) procurement of new hardware and materials needed to support the 
flight schedule: (2) work at various locations throughout the country for the repair of flown components: 
(3) manpower at the prime contractor facility for integration of both used and new components into a forward 
and an aft assembly: and (4) sustaining engineering for flight support. 

Launch and landing operations provides for the manpower and materials to process and prepare the Shuttle 
flight hardware elements for launch as they flow through the processing facilities at the Kennedy Space 
Center (KSC). Standard processing and preparation of payloads as they are integrated into the orbiter are 
also funded under this category. as is procurement of liquid propellants and gases for launch and base 
support. Support to landing operations at KSC. Edwards Air Force Base (EAFB) and contingency sites. as 
required. is also provided. 

Operation of the launch and landing facilities and equipment at the KSC involves refurbishing the orbiter. 
stacking and mating of the flight hardware elements into a launch vehicle configuration, verifying the 
launch configuration, and operatin~·~e launch processing system prior to lift-off. Launch operations also 
provides for booster retrieval operations. configuration control. logistics. transportation. and inventory 
management. This budget also includes other launch support services. The central data subsystem. which 
supports Shuttle processing as an on-line element of the launch processing system. is maintained and 
repaired. Shuttle-related data management functions such as work control and test procedures are funded. 
Equipment. supplies and services are purchased. Operations support functions are provided. Among these 
support functions are propellant processing. life support systems maintenance. railroad maintenance. 
pressure vessel certification. Shuttle landing facility upkeep, range support. and equipment modifications. 

Mission and crew operations includes a wide variety of pre-flight planning. crew training. operations 
control activities, flight crew operations support. aircraft maintenance and operations. and life sciences 
operations support. The planning activities range from the development of operational concepts and 
techniques to the creation of detailed systems operational procedures and checklists. Tasks include: 
flight planning; preparing systems and software handbooks; defining flight rules: creating detailed crew 
activity plans and procedures; updating network system requirements for each flight: and contributing to 
planning for the selection and operation of Shuttle payloads. Also included are developing, upgrading and 
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~ ~ ~ EY.fil .EY...9.a ~ 

TQ111 Space Sbuttli MIID Eog1Di {SSME) ~ 144.4 147.5 ~ ~ Nl& 

SSME Prime 143.6 108.0 101.1 102.8 109.6 120.0 136.2 Spares, refurb. h/w, flt. analysis, anomaly resolution 

SSME Project Support ~t MSFC 2.0 1.3 1.3 1.3 1.3 1.3 1.3 Capital type rehab., repl., & repair of govt. equip. 

MSFC Propulsion System Integration;; 23.8 19.2 Deleted after FY 94 Re~~ .l"f ..S1'1i::. -
Program Mission Support (MSFC/SSC) 

40.4 er 13.4 14.0 14.2 14.7 14.8 
HQ Shuttle Support (Taxes) 30.1 31.12 28.6 29.4 30.2 31.8 35.3 OGAS, EPP, Agency accounts 

Iota! SQ!ig B~ket BoQ&tet {SBB} 112,.0 ~ 12.i& 112,.0 ~ ~ 231.4 
SRB Prime Production 6.5 6.5 7.1 1.1 0.8 Analysis to extend operational and safety margins 

SRB Project Support at MSFC 5.6 2.4 1.0 1.0 1.0 1.0 1.0 S&E lab support and facility modifications 
SRB Prime 153.4 141.7 154.2 165.9 166.7 171.9 180.4 USBI - production, spares, repair, M&I 

SRB Project Support (UPN 568) 6.5 5.8 2.0 2.0 2.0 2.0 2.0 logistics, ADP, comm., S&E lab support 

Expendable Boosters 2.0 16.0 28.0 48.0 Need for 3 flights in FY 99 for Station assembly 
Unresolved Reductions -19.4 -22.3 

TQ111 Rgggslgngd Sglld B2,ket MQ1Qt ~ ~ ~ ~ m...z ~ lli...Q 
RSRM Prime Production 12.4 4.1 7.8 4.2 Tooling/FWC disposal 
RSRM Project Support at MSFC 5.7 4.1 1.0 1.0 1.0 1.0 1.0 ADP. comm., S&E lab support and facility mods 
RSRM Prime 391.3 348.5 390.6 400.3 439.6 479.0 489.2 Thiokol - production, spares. repair, M&I 

Expendable Boosters 11.0 29.1 Need for 3 flights in FY 99 for Station assembly 

APA 16.3 9.0 24.0 20.0 19.0 44.0 
Unresolved Reductions -31.6 -53.5 -66.1 -106.1 -84.3 
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establishing the Control Center Complex (CCC). Integrated Training Facility (ITF). Integrated Planning 
System (IPS). and the Software Production Facility (SPF). These four facilities integrate the mission 
operations requirements for both the Space Shuttle and Space Station. Flight planning encompasses flight 
design, flight analysis. and software activities. Both conceptual and operational flight profiles are 
designed for each flight. and the designers also help to.develop crew training simulations and flight 
techniques. In addition. the flight designers must develop unique. flight-dependent data for each mission. 
The data is stored in erasable memories located in the orbiter. ITF Shuttle mission simulators. and CCC 
computer systems. Mission operations funding also provides for the maintenance and operation of critical 
mission support facilities including the CCC. ITF. IPS and SPF. Finally. mission operations includes 
maintenance and operations of aircraft needed for flight training and crew proficiency requirements. 

Other support requirements are also provided for in this budget. including engineering tasks at the JSC 
which support the flight software development and verification. The software activities include 
development. formulation. and verification of the guidance. targeting. and navigation systems software in 
the orbiter. 

BASIS OF FY 1995 ESTIMATE 

The requirements for Shuttle operations are based on supporting the launch of eight Shuttle flights and 
their associated payloads. Each Shuttle project has been working to a very aggressive cost reduction 
program resulting from cost targets established by NASA management. These p_rojects will continue to 
implement cost reductions in FY 1995 as well as the outyears by critically reviewing their current 
requirements and by exploring new ways of doing business in order to determine the minimum resource level 
needed to support the manifest without compromising flight safety. The cost of Shuttle operations in 
FY 1995 is almost 6% less than FY 1994 and represents a significant challenge to the program. Both prime 
contractor and supporting manpower are being reduced across the program by contract restructuring. 
utilization of civil service wherever possible, reevaluating processes. consolidating skills and 
reevaluating training requirements. In order to accommodate reductions of this magnitude. the program is 
currently examining major structural changes as well as changes to roles and missions. 

The orbiter requirements are based on flight rate. maintenance schedules. operational usage. repair times. 
and lead times to procure new hardware or repair flown hardware. The requirements for system integration 
are based on the flight rate. specific payloads manifested. and unique launch requirements such as 
inclination or performance requirements. The first flight to dock with the Russian Mir will be flown in May 
1995 at a high inclination orbit. In addition the full capability of an extended duration flight will be 
demonstrated with a sixteen-day mission to be flown with a U.S. Microgravity Laboratory (USML-2) payload in 
September 1995. 
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~ FY94 ~ .EY-9.2 FY97 .EY...9.a EL9..a 

I91ill Lil!,.m~b and Landing QPillUIQDI §.91.1 2fil).,1 ~ ~ ~ ~ Q§Qj_ 

Shuttle Processing Contract • Straight M/P 414.6 375.0 382.8 405.0 423.8 442.4 463.7 Process orbiters, launch/landing/recovery ops 

Shuttle Processing Contract • Overtime M/P 27.6 18.6 14.2 15.2 15.7 16.4 17.1 Process orbiters, launch/landing/recovery ops 

Shuttle Processing Contract • ODC 109.1 104.7 102.0 106.8 113.8 121.5 127.6 Equipment, management costs 
KSC Direct Charge 29.4 31.0 32.0 33.1 34.3 35.5 36.8 
Base Operations Contract 22.8 19.7 20.3 21.3 22.3 23.3 24.3 
Launch Support 25.5 33.7 35.5 37.3 38.5 39.9 41.5 DOD range support, mods for ground equipment 

Propellants 19.4 18.5 18.3 20.5 21.4 22.4 23.4 Cost of propellants for flight & base support 

DFRF Landing Support 6.3 5.7 6.1 6.0 5.9 6.9 7.3 DFRF range and landing support 

Program Mission Support (KSC) 42.4 44.1 45.4 45.2 46.6 48.9 49.4 
APA ·0.9 40.0 48.0 48.5 55.0 
Unresolved Reductions ·60.2 ·133.0 ·168.4 -159.5 -186.0 

IQ1ill M!lliQD Qpe!:i111QDS w....o ~ 2.9M ~ ~ ~ ~ 
STSOC Mission Operations Directorate 292.8 254.5 281.1 292.2 308.1 323.2 356.4 Overall mgmt and staffing of facilities at JSC 
STSOC Flight Crew Operations Directorate 45.5 37.9 51.3 49.1 51.3 55.3 57.8 Support of astronauts, vehicle integ., aircraft M&O 
Space & Life Sciences Directorate 22.7 20.7 19.6 19.5 20.5 21.6 22.6 
APA 9.7 18.4 32.3 36.1 35.3 
Unresolved Reductions -53.6 -97.0 -136.3 -121.6 -143.8 



The requirements for the external tank, solid rocket booster, and redesigned solid rocket motor are based on 
the flight schedule planned for FY 1995 and the outyears. The budget provides for production of hardware as 
well as purchase of long-lead hardware based on each project's unique manufacturing leadtime requirements. 
The external tank production rate is increasing from four to six in FY 1995 to support the flight rate of 
eight missions, as the current inventory of tanks is being depleted. In addition. funds are provided to 
purchase materials to produce the super lightweight tank based on utilization of aluminum lithium. The 
requirements for the main engine are based on operational usage of flight hardware. repair times. and lead 
times to refurbish flown hardware. Launch and landing operations funding in FY 1995 provides manpower and 
support services necessary for processing the hardware to launch from the KSC as well as to support landing 
operations at the KSC and Dryden Flight Research Facility. and contingency sites. This includes manpower to 
assemble the solid rocket boosters (SRBs), mate the boosters and tanks. process the orbiter. mate the 
orbiter to the integrated SRBs and external tank, process and checkout integrated flight elements through 
launch, retrieve and disassemble the SRBs for refurbishment, and support landing of the orbiter. Funding 
also supports the manpower required for the KSC sustaining engineering. provisioning. logistics. launch 
processing system operation and maintenance. and maintenance/modification of all other Shuttle-related 
ground support equipment and facilities including Launch Complex 39. Mission operations primarily supports 
functions at the JSC to plan for and conduct Shuttle missions from launch to landing. The functions are to 
maintain and operate all the ground facilities necessary for flight preparation and execution: to train the 
flight and ground controller crews in all aspects of flight including EVA training: to maintain the 
proficiency of operational aircraft for training and orbiter ferry requirements: and to provide real-time 
support to each Shuttle mission. 
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Appropriation f.dQ[ FY 94 FY 95 FY 96 FY 97 FY 98 FY 99 

Human Space Flight 

Space Shuttle 

Safety/Performance Upgrades 

~ J&. J )Jt Orbiter Improvements 

----- MEDS 
--------Structural Spares 

/1 1 L- EDO 
A" ••.. -~ ~ .. l)· J.Ja @,241,JL~ wo 

' ~,,,. . 
\ vji- 01 978.7 ~,;~; ~?v~ ,78.7 

215.5 
{35. 7] {33. 6} 
[35.0} [5.0] 
{99. 7] {24. 1] 

[7.4] {43.0] 

{12.0} 

~ 

903.9 

191.8 
[56.0] 

[2.9] 

[7.2] 
{17.0] 

923.2 874.2 802.2 714.4 

923.2 874.2 802.2 714.4 

234.0 230.7 224.3 216.8 

[55.6] {25.6] {3.1} 

{14.3} {27.3} (36.0} {17.6] 

[18.0} {3.0] 

~

-l-f)~--; -~ f:t_ ~Q RCS Direct Acting Valve 
Fiber Optics for Payload Bay 
All Other Orbiter Improvements [97.8] [108.7] [146.1] [174.8} [185.2] {199.2] 

SSME Upgrades 
Alternate Turbopump 
LTMCC 
SSME Health Monitoring 
All Other SSME Upgrades 

SRB Improvements 
Launch Site Equipment Upgrades 

{457.8] 
[2.6] 

HIM Cards {6.2] 
Cable Plant Upgrades {7.2] 
All Other Launch Site Equipment Upgrades 

Super Lightweight Tank 
Flight Operations Upgrades 
Construction of Facilities 

SSC Restore High Press. Gas Storage Capacity {6.8} 
JSC Replace Mission Control Center Air Handlers 
JSC Replace Thermal Vacumn Helium Refrigeration Sys. 
KSC Modify LC-39 Exterior Utility Piping 
KSC Refurbish LC-39 Cooling System 
KSC Refurbish LC-39 Secondary Circut Breakers 
KSC Restore C-5 Substation, LC-39 Area 
SSC Restore SSME Test Complex Industrial Water Sys 
KSC Fire Extinguisher Systems Pads AIB 
KSC Replace Component Refurbishment Facility 
KSC Replace Chemical Analysis Lab 

Various Future Project Specific Facilities 
ASRM (Including termination) 

287.9 380.5 395.1 ~ 350.1 288.8 

[54.0] {107.8] {135.4] {121.0] {99.8] {46.6} 

[18.4] {24.6} [16.5] [12.8] {11.9} {10.8] 

{15.0] {25.0} [21.0} {9.0} {4.0] 

{215.5] {233.1] {218.2] [231.3] [229.4] {227.4] 

~ 51.6 66.6 56.2 25.1 21.3 

81.7 76.1 66.1 64.2 58.5 58.8 

{5.6] [9.2} {9.5] {7.5] {1.2] 

{10.0} [7.1] {5.3} {2.8} [3.4] 

{66.1} {59.8} [51.3} [53.9} {53.9] {58.8} 

49.5 80.7 30.3 9.0 2.0 1,Q 

107.7 110.9 116.6 120.0 134.2 119.7 

33.5 12.3 14.5 8.0 8.0 8.0 

{2.3} 
[8.0} 
{7.4] 
[1.2} 
{4.0] 
[3.3} 
[5.0] 
[2.3] 

{4.8} [5.5] 
[7.5] 

{9.0] 
{8.0] [8.0] [8.0] 

lli..I 

3/15/94 
3:52 PM 

Total 
BTC All Years 

{1. 1} 

{39.9] 
{5.2] 
{3.0} 

{209.6} 

[126. 7] 

{103.5} 
{50.0} 

{1062.3} 
102.8 
[77.0} 

{39.2] 
[35.8] 

172.5 

{9.1} 
{8.0} 
[7.4] 
[1.2] 
{4.0] 
{3.3] 
[5.0] 
[2.3] 

{10.3] 
[7.5} 
[9.0] 

{24.0} 
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RY$ M NuA FY 1995 Congressional Budget 

Human Space Flight Appropriation 

.6JJ Op Plan Narrative Level FY 94 .EY_M DELTA EXPLANATION 

Space Shuttle 

Safety/Performance Upgrades (continued) 

Construction of Facilities 
SSC Restore SSME Test Cplx. Ind. Water Sys. 
SSC Restore High Press. Gas Storage Capacity 
JSC Replace Thermal Vac. He Refrig. Sys. 
JSC Replace MCC Air Handlers 
KSC Restore/Modify LC-39 Area Utilities 
KSC Fire Extinguisher Systems Pads A/8 
KSC Replace Component Refurbishment Fae. 

ASRM (Including termination) 

33.5 
{2.3} 
{2.3} 
{7.4} 
{8.0} 

{13.5] 

179.7 

Page 5 

12.3 -21.2 
Completed FY 94 
Completed FY 94 
Completed FY 94 
Completed FY 94 
Completed FY 94 

{4.8} Start Work FY 95 
[7.5] Start Work FY 95 

-179. 7 FY 94 Termination 

2/1 /94 
3:39 PM 



Office of Space Flight 
Space Shuttle Program Milestones 

MILESTONE/EVENT 

KSC Facmues 
Launch Team Training System (L TTS) ORD 
Fiber Optics Network Complete 
Process Control Center (PCC) ORD 
Checkout, Control, and Monitoring System (CCMS II) ORD 
Cable Plant Upgrades 

JSC Facmues 
Shuttle Mission Training Facility (SMTF) Upgrade Complete 
Complete MCC Host Computer Replacement 
Mods Completed and Replacement Shuttle Training Aircraft (ST A) Delivered 
Complete T-38 Upgrades 

Orbiter 
First 16-Day EDO Flight (OV-102, USML-2, STS-73) 
First LOO Flight 
First Flight Long-Life Fuel Cells 
Russian Cosmonaut Flight (STS-60, OV-103) 
Shuttle Flight to Mir (STS-71, OV 104) 
OV-104 Mir Modifications Complete 
OV-102 2nd Major MOD Period (KSC) 
Multi-Functional Electronic Display System (MEDS) Phase 1 Complete 
Multi-Functional Electronic Display System (MEDS) Phase 2 Complete 

Solid Rocket Motor 
First Flight of Redesigned Igniter 
First Flight of Asbestos -Free Insulation 
First Flight of Expendable Boosters 

Super Lightweight Tank 
First Flight of Super Lightweight Tank 

Space Shuttle Main Engine 
Alternate Turbopump (LOX Pump) First Flight 
Alternate Turbopump (Fuel Pump) First Flight 
Phase II+ Powerhead/Single-Coil Heat Exchanger First Flight 
Large Throat Main Combustion Chamber First Flight 

~ompleted 

FY95 
BUDGET 

02/94* 
10/94 

cancelled 
cancelled 

08/98 

09/94 
07/94 
06/99 
FY 96 

09/95 
cancelled 

09/97 
02/94 
05/95 
06/94 

12/94 -09/95 
FY 96 
FY 98 

1st Otr/FY 94 
FY 97 
?9ti{Pt. 
12/97 

06/95 
FY 97 
06/95 
FY 98 

3/16/94 
10:40 AM 

FY94 
BUDGET 

11/93 
10/94 
05/95 
09/97 

n/a 

05/94 
07/94 
06/95 
FY 96 

09/95 
06/97 
09/97 
11/93 
05/95 

n/a 
11 /94 -09/95 

FY 96 
n/a 

1st Otr/FY 94 
FY 97 

n/a 

n/a 

06/95 
FY 97 
06/95 
FY 98 



SPACE SHUTTLE PROGRAM 

$ Million FY94 FY95 FY96 FY97 

SAFETY-RELATED INVESTMENTS JM 233 2ZQ 233 

MULTIFUNCTIONAL ELECTRONIC DISPLAY (MEDS) 34 56 56 26 

MAIN ENGINE HEALTH MONITORING 15 25 21 

LARGE THROAT MAIN COMBUSTION CHAMBER 18 25 17 13 

ALTERNATE TURBOPUMP 
OXIDIZER LOX PUMP 54 83 65 51 

FUEL PUMP 14 25 71 70 

REACTION CONTROL SYSTEM VALVES 7 14 27 

MAIN ENGINE POWERHEAD (II+) 16 22 22 25 

( 



SPACE SHUTTLE PROGRAM 

$ Million FY94 FY95 FY96 FY97 

eEREQRMANCE & QBSQLESCENCE-
RELATED IMeRQYEMENTS 22 1M 24 ~ 

SHUTILE PERFORMANCE UPGRADES 74 l3Q 79 Mi 

SUPER LIGHTWEIGHT TANK 60 108 56 41 
FIBER OPTICS (PAYLOAD BAY) -- 12 17 18 3 
LONG-LIFE FUEL CELL 2 5 5 4 

SHUTILE LAUNCH-SITE UPGRADES 16 16 16 ll 

HARDWARE INTERFACE MODULE CARDS 6 9 10 8 
CABLE PLANT UPGRADES 10 7 5 3 

~ ~ ~ ~~\L"Jc,; ~ [Ux-V,\/J 

C 



2./7 /94 

SPACE SHUTTLE PROGRAM 

$ Million FY94 FY95 FY96 FY97 

PROGRAM TERMINATIONS =ill ~ -443 :.412 

LONG DURATION ORBITER CAPABILITY (43) -62 -72 -57 

LDO SPACELAB MODS -16 -16 

STRUCTURAL SPARES -30 -35 -35 -35 

ADVANCED SOLID ROCKET MOTOR -101 -289 -320 -320 

JDGET.XLS 
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RECOMMENDATION 
t,1't/~ 

DIRECT THE IMPLEMENTATION OF THE FOLLOWING ITEMS INTO THE BASELINE fl'f 
SHUTTLE SYSTEM TO SUPPORT SPACE STATION MISSION OBJECTIVES: <rS 

1 . SUPER LIGHT WE I G HT EXTERNAL TANK (SL WT) 

2. ADDITIONAL SLWT MODIFICATIONS 

LH2 ULLAGE PRESSURE REDUCTION 
LOX DOME TPS 

2 STAGE LOX VENT VALVE 

3 .. USE OF HAINS IMU AND REDUCTION IN OMS BUDGET 

4. FIRST STAGE YAW STEERING 

5. S S M E BLOCK I I TH RO TTL ES AT 1 0 6 °/o AS N EE DE D 

6. S SM E BLOCK I I VAR I ABLE MIXTURE RAT I 0 

7. SOLID ROCKET BOOSTER WEIGHT REDUCTION ITEMS 

8. RSRM NOZZLE EXTENSION 

9. ORBITER WEIGHT REDUCTION ITEMS 

10. DESIGN OF LIGHT WEIGHT CREW SEATS 

11. REMOVAL OF 3 OF 4 PAYLOAD BAY WIRE HARNESSES 

12. ADDITIONAL TBD ENHANCEMENTS 

? - J?V 'a-,,,. f ~ tJ-
,£) ~ ()'--

?~a S05233)J 
JSC-WC 
1 

650 LBS__. 

500 LBS ..,,,-

-
/0 ?. 3 

2000 LBS / 'ol <i.v, 

600 LBS,,,- RI.~ 

1200 LBS --

500 LBS--

TB:o LBS 

TBJ) 

TO...{} 

540 LBS ) -reo 
1100 LBS TB() 

./ (5-:?s- @ 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

SAFETY AND PERFORMANCE UPGRADES 
Page 

FY 1993 FY 1994 FY 1995 Numb_er 
(Thousands of dollars) 

Orbiter improvements ........................... . 235,000 215.500 191.800 

(Multifunction electronic display system) .... . (19,800) (33,600) (56,000) 

(Extended duration orbiter) .................. . (20,400) (24,100) (2,900) 

(Long duration orbiter) ...................... . (7,400) (43.000)- ( - - ) 

(Reaction control system direct acting valve). ( - - ) ( - - ) (7,200) 

(Fiber optics - payload bay) ................. . ( - - ) (12.000) (17,000) 

(Structural spares) .......................... . (35,000) (5,000) ( - - ) 

(Other orbiter improvements) ................. . (152,400) (97,800) (108.700) 

Space shuttle main engine upgrades ............. . 320.300 287.900 380.500 

(Alternate turbopump) ........................ . (50,100) (54,000) (107,800) 

(Large throat main combustion chamber) ....... . (2,600) (18,400) (24,600) 

(Space shuttle main engine health monitoring). ( - - ) ( - - ) (15.000) 
(Other upgrades) ............................. . (267,600) (215.500) (233.100) 

Solid rocket booster improvements .............. . 1.400 23.200 51,600 
Super lightweight tank ......................... . 49.500 80. 700 
Launch site equipment upgrades ................. . 80,100 81 . 7 00 76.100 

(Hardware interface module cards) ............ . (3.000) (5.600) (9,200) 
(Cable plant upgrades) ....................... . (6.900) (10.000) (7,100) 
(Other upgrades) ............................. . (70,200) (66.100) (59,800) 

Flight operations upgrades ..................... . 121.100 107.700 110.900 
Advanced solid rocket motor .................... . 195.000 179.700 
Construction of facilities ..................... . l7JL 100 33,500 --1.L 3QQ CF 1·4 & 1-7 

Total ................................... . 111311000 978.700 90319QQ 

OBJECTIVES AND STATUS 

Safety and Performance Upgrades provides for development activities to improve Shuttle safety margins. 
ensuring the sustained availability of existing capabilities. including replacement of obsolete systems for 
the long-term viability of the Shuttle program. It also permits limited expansion of Shuttle capabilities 
when required by specific customer flight requirements. ,In addition. funding is provided to meet 
environmental requirements such as replacement of materials 01 site remediation. These requirements are 
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RY$ M NOA Office of Space Flight 
3/24/94 

3:03 PM 

FY 1995 Budget to Congress 
Safety and Performance Upgrades 

Changes in Estimates 

~ FY 94 FY 951 .EY...92 FY97 .EY-9..a Explanation 

FY 1994 Congressional Submit 1031.5 1145.1 1189.2 1220.2 1147.2 1079.3 

FY 1995 Congressional Submit 1131.0 978.7 903.9 923.2 874.2 802.2 

Change ~ -166.4 ~ -297.0 -273.0 -277.1 

New Content 83.7 156.2 160.5 155.0 107.6 

Fiber Optics Cable 12.0 17.0 18.0 3.0 Replace copper cabling in orbiter cargo bay 

RCS Direct Acting Valve 7.2 14.3 27.3 36.0 Improve reaction control system performance 

SSME Health Monitoring System 15.0 25.0 21.0 9.0 Block II controller enhancements 

Other Safety and Performance Contingency 15.1 10.6 30.0 35.0 Project contingency 

SSME Options for Performance 4.2 8.2 8.5 0.5 Accelerate Block II hardware, 106% power level 

Super Lightweight Tank Development 49.5 80.7 30.3 9.0 2.0 New Program; FY 98 first flight 

RSRM Nozzle Manufacturing 7.1 32.1 54.1 56.2 25.1 Reutilization of ASRM Facility 
Transfer nozzle fabrication to Iuka, MS 

Re-estimates -7.8 -89.3 12.9 -11.9 -29.4 -42.6 
Reduce Further Attrition Engines 1.5 -2.0 -10.6 -16.0 -18.6 -11.5 Reduction in new engine requirements 
Reduce Equipment Replacement Modifications 6.6 -13.9 -9.9 -12.5 -6.3 -0.3 Reduce costs due to JSC Shuttle/Station synergism 

Reduce Advanced Turbopump Sets -2.2 -27.3 -15.2 -4.8 3.8 23.7 Reduce two pump sets (22 to 18) 

Reduce CCMS II EquipmenVSurvivability 3.1 -4.6 -7.9 -4.7 -6.5 -3.1 Delete CCMS-11/transition to CCMS-1 survivability 

Re-estimate Orbiter Fleet Improvements -17.2 -32.8 -0.6 4.0 Re-estimate orbiter mods to meet target reductions 

Accelerate Advanced Turbopump 2.2 13.5 15.2 22.8 -6.8 -13.3 Accelerate fuel pump launch by one year 

Other Adjustments (Net Change) -1.8 -22.2 41.9 -0.7 5.0 -38.1 

Transfers 140.6 -19.5 -1.8 14.5 8.0 8.0 
Construction of Facilities (from Mission Support) 178.1 33.5 12.2 14.5 8.0 8.0 
Shuttle Mir (to Russian Cooperation) -37.5 -53.0 -14.0 

Deletions 0.0 -130.7 -385.7 -427.0 -411.7 -368.3 
ASRM Program/Termination Liability -100.7 -288.8 -319.7 -319.7 -298.8 Terminated by Congress in FY 94 

Long Duration Orbiter (LOO) -61.9 -72.3 -57.0 -34.5 Delete standalone and 28 day LOO program 

Structural Spares -30.0 -35.0 -35.0 -35.0 -35.0 

APA -33.3 -10.6 -66.9 -33.1 5.1 18.2 



G~ 

1;\J'tj 

established by federal, state, and local laws and regulations. Included in this budget line are: orbiter 
improvements necessary to support the Space Shuttle. development and testing of the Space Shuttle Main 
Engine (SSME) to provide for increased flight safety. development of a super lightweight external tank to 
provide additional payload lift capability. upgrades of equipment at the Kennedy Space Center (KSC). 
equipment replacement and upgrades at the Johnson Space Center (JSC) to support mission operations. 
completion of termination activities on the advanced solid rocket motor (ASRM), and construction of 
facilities which support the Shuttle program. 

So that the U.S. can maintain a viable manned transportation capability into the next century. specific 
program investments are required. The Safety and Performance Upgrades budget provides for the necessary 
improvements on the Shuttle needed to expand existing safety margins as well as to ensure continued safe and 
reliable Shuttle operations by replacing obsolete systems whose failure rates are continually increasing. 
Improved flight turnaround times and reduced operational costs are also benefits of this program. These 
improvements must necessarily be supplied as individual hardware systems experience problems or when vendors 
will no longer manufacture or support older components. These requirements are increasing as the Shuttle 
system ages and safer ways of operating the Space Shuttle become necessary. 

The management approval process and vulnerability analyses ensure that improvements are evaluated and 
approved on a priority basis across the entire Shuttle program. This process includes both the launch 
vehicle projects (external tank. orbiter. Space Shuttle main engine) as well as supporting systems such as 
the ground processing and mission support systems. 

The schedule for development and installation of orbiter-related improvements is designed to take advantage 
of the planned intervals when orbiters are scheduled to be taken out of service for structural inspections 
and modifications. This plan provides for an orderly development and implementation program and minimizes 
interruption of the flight program. 

Orbiter improvements provides for necessary improvements. modification kits. and mission kits that enable 
the orbiter fleet to satisfy flight requirements. The extended duration orbiter (EDO) development is funded 
to increase the on-orbit duration from the baseline seven to ten days. enabling the Shuttle to support an 
increased variety of payload requirements. Orbiter production activities include safety modifications. 
capability improvements. and the development and installation of necessary hardware. software. and 
procedural modifications for the orbiters, the Remote Manipulator System (RMS) and the Extravehicular 
Activity (EVA) capabilities. Work continues on improvements to achieve greater operational capabilities. 
reduce operational costs. and meet system requirements. In addition. system level engineering analysis 
tasks will expand safety margins and performance capabilities. 

The EDO program provides the necessary capabilities to extend the on-orbit duration from the current 
baseline of seven to ten days. This capability provides a cryogenic pallet system that can support a 

HSF 3-9 



. • :"~.:.J.J.....,.. 

HUMAN SPACE FLIGHT 
FY 1995 BUDGET 

FY 1995 BUDGET 

OBJECTIVE 

STATUS 

MULTI-FUNCTIONAL ELECTRONIC DISPLAY SYSTEM (MEDS) 

PRIOR FY93 FY94 FY95 FY96 FY97 FY98 FY99 

15.9 19.8 33.6 56.0 55.6 25.6 3.1 

State-of-the-art orbiter cockpit display system upgrade to replace old technologies susceptible 

to life-related failures and obsolete parts 
Will be installed on orbiter fleet, Including orbiter simulators. test equipment and laboratories 

Phase 1: Liquid crystal display system (including ground support hardware) 
prototype units now In development 

First flight - 1996 

Phase 2: Upgrade flight instrumentation. system status meters, etc. 

First flight - 1998 

./3/94 

TOTAL 

209.6 

.)GET.XLS 
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Spacelab-type flight for periods up to sixteen days. The initial pallet development was financed by 
Rockwell. and funding is provided to complete the commercialization agreement in FY 1994. Logistics items 
impacted by extended on-orbit operations, such as repair parts for fuel cells, are also included. Columbia 
is the initial EDO vehicle. The first flight utilizing the pallet was in June 1992 on the United States 
Microgravity Laboratory (USML-1) mission. The first sixteen-day mission is planned on USML-2 in FY 1995. 
In 1994. a cryogenic pallet is being fabricated and to provide a capability to extend its on-orbit 
capability beyond the sixteen-day EDO period. if required. In response to FY 1995 and outyear budget 
constraints. and due to the earlier availability of the international Space Station. activities associated 
with the development of the Long-Duration Orbiter (LDO) capability will be terminated. A portion of the LDO 
funding will be retained. however. to provide for development of the Long-Life Fuel Cell (LLFC). The LLFC 
is expected to increase the time between overhauls from an experience base of approximately 1500 hours to a 
design life that approaches 10.000 hours. This LDO subsystem has been retained for continued development 
due to its contribution to lower logistics and overhaul cost. as well as increased reliability. 

The Multifunctional Electronic Display System (MEDS) upgrade will allow replacement of the 1970's display 
technologies which are embedded in the orbiter cockpit. The current display system. which provides the 
pilot and commander with vehicle flight control and with the interface to the orbiter data processing 
system, is a single string electro-mechanical system. This system is proving to be particularly susceptible 
to life-related failures. The upgrade will provide both a new architecture and the flight equipment to 
enhance the reliability of the system and will resolve the parts availability problems. The new state-of
the-art display system will bring the orbiter up to current aircraft standards which will have a direct 
benefit on training of new astronauts while also providing the potential for enhanced information flow 
during operations. The MEDS upgrade includes the design effort and the production of additional 
modification kits for the four orbiter vehicles. New ground support hardware has also been designed and 
will be procured and installed to upgrade the appropriate simulators. test equipment. and laboratories. 
MEDS consists of two phases. Phase one will incorporate a multi-functional cathode ray tube display system 
consisting of four display units. four data processors. and two panel assemblies. The first flight 
utilizing these changes is planned in 1996. Phase two incorporates flight instrumentation and system status 
meters including additional panel assemblies. display driver units, and other hardware. The first flight 
incorporating these improvements is planned in 1998. 

Systems integration tasks include the continuing development of the Program Compliance and Assurance System 
(PCAS) which is a comprehensive Shuttle data base that examines failure histories across all the Shuttle 
elements. Also included are contingency landing and abort analyses to support full utilization of existing 
orbiter capabilities. 

The SSME program provides for continued development and extensive testing of the Space Shuttle main engines. 
The SSME program strives to improve operating margins by introducing safety, life extension. and 
producibility enhancements. Program funds include procurement of spare hardware, personnel. and other 
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HUMAN SPACE FLIGHT 
FY 1995 BUDGET 

\ FY 1995 BUDGET 

OBJECTIVE 

STATUS 

KEY MILESTONES 

PHASE II+ POWERHEAD 
··· ·" ··, (Incl. Single-coll heat exchanger) 

PRIOR FY93 FY94 FY95 FY96 

19.5 15.9 21.7 21.5 

To implement performance/safety improvements to SSME 
Block l SSME change: Phase II+ powerhead/ATP Lox Pump 
Block 2 SSME change: LTMCC/ATP Fuel Pump 

FY97 FY98 FY99 TOTAL 

24.8 16. l 10.7 281.3] 

Configuration update of flight engines: Phase II+ - change from 3-duct to 2-duct system 
- rework of flight engines to incorporate Phase II+ incl. under 'engine refurbishment' budget 

Safety Improvements: 109 welds eliminated 
single-tube heat exchanger increases safety margin 
improvement in hot gas flow dynamics 

Development testing to date: 44.637 seconds (as of 2/25/94) 
Unit cost: Phase II+ = S6M (unnegotiated) 

Production Schedule: 
Flight l 
Ground 3 

3 
l 

3 

Development/certification testing complete: Mar. 95 
First flight (some os ATP Lox Pump): Jun. 95 

2 3 2 2 21 

J/ 1 /94 

;DGET.XLS 
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support needed to develop and test these enhancements. The SSME program also purchases replacement engines 
to support the flight and ground test program. 

The SSME program also funds development and certification activities to improve safety. reliability. 
durability. and engine operating margins as well as to make the SSME easier to produce and maintain. The 
major improvements currently in work are the single-coil heat exchanger. the Phase II+ powerhead. the 
Alternate Turbopumps (both liquid oxygen (LOX) and fuel), the Large Throat Main Combustion Chamber, and a 
Health Monitoring System for the SSME. These improvements will effectively double the overall Shuttle 
safety margins once they are completed. 

The single-coil heat exchanger will substantially increase the safety of the engine by eliminating many 
critical safety risks. The heat exchanger, mounted in the powerhead, uses the hot (800-900° F). hydrogen· 
rich gas exiting the LOX turbine to convert liquid oxygen to gaseous oxygen for pressurizing the external 
tank oxygen tank and the pogo suppression system. Even a tiny leak of oxygen into the hot hydrogen gas 
would rapidly cause destruction of the engine. The single-coil heat exchanger has no welds exposed to the 
hot gas flow, and has tube walls about three times thicker than in the current design. 

The SSME powerhead is the backbone of the engine. It connects the two pre-burners powering the high
pressure turbopumps with the main propellant injector through a hot-gas manifold and contains the heat 
exchanger as well as the attachment points for the high pressure turbopumps and the main combustion chamber 
(MCC). The current hot-gas manifold links the main injector to the fuel pre-burner with three ducts and to 
the oxidizer pre-burner with two ducts. This configuration yields hot gas flows with non-uniform pressures 
and velocities. as well as large pressure drops. conditions which place high dynamic loads on the main 
injector elements and reduce engine performance. In addition, the significant pressure drop in hot gas flow 
in the ducting from the fuel turbine to the main injector places large lateral loads on the sheet metal 
structure in the high-pressure fuel turbopump. The current powerhead is constructed with a large number of 
welds. many uninspectable, making it difficult to produce and raising concerns about quality, reliability, 
durability. and safety. The Phase II+ powerhead addresses the issues with the current design by using a 
two·duct configuration between the fuel pump and the main injector to significantly improve the hot gas flow 
characteristics. and by reducing the number of welds by 24%. leaving all remaining welds inspectable. 
Testing on the Phase II+ powerhead in company with the single-coil heat exchanger began in 1992. with 
certification testing scheduled to be completed in mid-1995. 

The SSME budget funds contractor test and engineering manpower and hardware. The hardware procured includes 
spare parts for test engines. newly designed components like the two-duct hot·gas manifold and the single· 
coil heat exchanger and new engines to replace those in the test fleet that reach their life limits. The 
SSME project budget also includes NASA supporting engineering at the Marshall Space Flight Center (MSFC). 
support contractor work at the Stennis Space Center (SSC). and test propellants at MSFC and SSC. 
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HUMAN SPACE FLIGHT 
FY 1995 BUDGET 
(Dollars in Millions) 

EY 1995 BUDGET 

DEVELOPMENT 
LOX PUMP 
FUEL PUMP 

IMPLEMENTATION 
LOX PUMP 
FUEL PUMP 

OBJECTIVE 

STATUS 

KEY MILESTONES 

ALTERNATE TURBOPUMP (ATP} 

PRIOR FY93 FY94 FY95 FY96 FY97 FY98 FY99 BTC 

4QU &.l M.Q lQU UM l2.Ll2 m 4M ~ 

~ ~ ~ ~ ~ il2 ill M ru 
215.0 41.2 39.2 41.8 8.6 
180.4 1.0 (13.8) 17.7 56.l 41.2 17.8 9.4 13.8 

l2J. L:1 1.4..a &aJ. NJ. 2M £Q .ill ru 
12.3 7.9 14.8 40.7 56.3 51.5 34.3 

7.6 14.4 28.3 47.7 37.2 39.9 

To improve the safety. reliability, maintainability. operating life of the current orbiter high-pressure turbopumps 
o 14 of top 25 critical items possibly leading to orbiter catastrophic failure ore associated 

with turbopumps 
o Current turbopumps are difficult to manufacture/maintain. require frequent removal, and 

resulted in several flight delays 
o ATP have fewer parts. stiffer shafts. better bearings. greatly decreased number of welds 

o FY 1994 funding of $13.8 million being withheld pending restart authorization 
o LOX pump: over 40.000 seconds of testing time: certification testing in 1994 
o Fuel pump: seeking Congressional approval to resume development 

PDR 
LOXPUMPCDR 
FUEL PUMP CDR 
1ST FLIGHT (LOX) 
1 ST FLIGHT (FUEL) 

1987 
OCT. 93 

TBD 
JUN. 95 

4Q97 

2/10/94 

TOTAL 

lQ.Z.U 

MU 
345.8 
337.4 

~ 
217.8 
175. l 

. ..;lJDGET.XLS 



The most challenging and potentially troublesome components of the SSME are the high pressure turbopumps. 
Engine system requirements result in pump discharge pressure levels from 6000 to 8000 psi and turbine inlet 
temperatures in excess of 20000. In reviewing the most critical items on the SSME that could lead to a 
catastrophic failure, fourteen of the top 25 are associated with these turbopumps. Moreover. the turbopumps 
are difficult to manufacture and require extensive inspections and frequent removal for overhaul and retest. 
Over the years, the current turbopumps have been the source of several flight delays and many ground test 
failures. While remedies have been sought to address the continuing problems with the turbopumps. 
management concluded in 1985, and independent outside technical review panels agreed. that a complete 
redesign was necessary. This new design resulted in the alternate turbopump (ATP) program. 

The ATP design incorporates state-of-the-art technology intended to address the shortcomings of the current 
SSME high-pressure turbopumps. The pumps are precision cast with fewer parts. stiffer shafts. and better 
bearings than the current pumps. The number of welds have been reduced from 769 to 7. All uninspectable 
welds have been eliminated. With these improvements. the pumps will provide increased supportability. 
greater safety margins. and a longer operating life than the current pumps. 

A number of technical problems have plagued the liquid oxygen (LOX) pump. including turbine inlet cracking. 
turbine bellows cracking. high synchronous vibration anomalies and ball bearing wear. Design improvements 
have been implemented and successfully demonstrated. These problems have required numerous pump rebuilds 
and engine testing to resolve. The ATP LOX pump testing has accumulated over 40.000 seconds of development 
time in engine systems testing at the SSC. The critical design review has been successfully completed and 
certification testing will begin early in 1994. Testing has included nominal mission duration and power 
level, as well as abort duration (fourteen minutes) and 109% power level. Consistent with direction 
contained in the House Report 102-226. NASA assessed the merits of continuing development of the Alternate 
Fuel Pump. Development activities on the fuel pump were suspended so that efforts could be focused on the 
LOX pump. Now that the LOX pump efforts have been successful. NASA is prepared to report results of the 
effort to Congress and seek approval to resume development efforts on the fuel pump. Based on the current 
schedule. assuming Congressional approval. this resumption would occur in FY 1994. First flight using the 
LOX pump is planned for June 1995 and the first flight using the fuel pump is scheduled in FY 1998 (along 
with the Large Throat Main Combustion Chamber). 

The SSME's staged combustion cycle and high main combustion chamber pressure (-3000 psi) result in extremely 
stressful internal operating conditions. such as high turbine discharge pressures and temperatures. and high 
turbopump shaft speeds. In order to alleviate these conditions. the Large Throat Main Combustion Chamber 
(LTMCC) was initiated in FY 1993. The LTMCC differs from the current Main Combustion Chamber (MCC) in 
several ways. The throat diameter is increased 11% which lowers the chamber pressure by 9%. The contour of 
the chamber also allows an increase in the number of coolant channels. thereby reducing the operating 
temperature of the hot wall inside the MCC and increasing the MCC's life as well as reducing the potential 
for pin hole leaks and coolant channel cracks. While use of th~ LTMCC configuration at 104% of its rated 
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HUMAN SPACE FLIGHT 
FY 1995 BUDGET 

[FY 1995 BUDGET 

OBJECTIVE 

STATUS 

SCHEDULE MILESTONES 

LARGE THROAT MAIN COMBUSTION CHAMBER (LTMCC) 

PRIOR FY93 FY94 FY95 FY96 FY97 FY98 FY99 TOTAL 

2.6 18.4 24.6 16.5 12.8 11.9 10.8 102.8] 

To relieve the SSME's extreme operating conditions (pressure/temperature) by designing a new combustion 
chamber with larger throat diameter, lower chember pressure, more coolant channels, and Increasing the 
chamber's llfetlme; will Improve Shuttle safety margins by a factor of two 

4 test units under development at Rocketdyne; plan to retrofit entire fleet 
18 LTMCC production units to be built (3/year) 
first unit hot-firing devpmt testing: 1994; production of other 3 units for delivery In 1995 

CDR 
1ST DEV. UNIT 
1ST DEV. TEST 
2ND DEV. UNIT 
FIRST FLIGHT 

JULY 94 
DEC94 
MAR95 
MAY95 
OCT97 

/1/94 
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power level (RPL) is equivalent to using the current MCC at 100% RPL. the operating conditions discussed 
above are lowered by as much as 10% in some cases. This improvement, coupled with ongoing SSME upgrades. is 
expected to improve the Shuttle safety margins by a factor of two. The development program consists of four 
units for testing purposes along with the purchase of the necessary units for fleet retrofit. The LTMCC 
program also includes the required modifications to the other elements of the SSME as well as incremental 
support required by the test program. A first flight utilizing the new LTMCC is planned for FY 1998. 

A health monitoring system for the SSME is proposed for initiation in FY 1995 to improve both safety and 
launch reliability by replacing obsolete sensors as well as providing a more integrated system to monitor 
engine performance and health. The basic strategy is to minimize the potential for an on-pad or inflight 
abort resulting from a single instrument or control component failure. Engine health monitoring will allow 
the controller software to distinguish a real engine performance degradation from a sensor or control 
monitoring anomaly. Changes being evaluated for the Block IIE controller include single actuator 
switchover. response rate and dynamic sensor qualification. dynamic engine modeling allowing "smart 
redlines", adaptive control capability. and radiation hardened memory. 

Solid rocket booster (SRB) improvements include static test firing of redesigned solid rocket motors (RSRM) 
to certify new subsystems for flight. to obtain engineering data on motor performance. and to reclaim 
reusable hardware needed for the flight program. In addition funding is provided to develop and certify for 
flight asbestos-free insulation by 1997. In the wake of the canceled ASRM. other environmental improvements 
will also be required by the RSRM program. This program funds the establishment of a new nozzle fabrication 
and refurbishment capability at Iuka. Mississippi (Yellow Creek) to utilize new and modern facilities made 
available by the termination of the ASRM project. A ninety-day study is being performed in early 1994 by 
the MSFC and Thiokol. Inc. to establish the specifics of the alternate uses of the infrastructure at Yellow 
Creek. This study will consider modifications to facilities. equipment. and other requirements as well as a 
potential capital investment by Thiokol in equipment and facilities. Congress will receive a full 
description of the study results. the proposed agreement. and a more detailed outline of the legal 
relationship between the government and the contractor prior to proceeding. This proposal will provide for 
the upgrade of the RSRM manufacturing process. provide for a return on the government's investment in the 
Yellow Creek site. and mitigate the economic impact on the region from the ASRM termination. The SRB 
improvement activities also provide for modifications to booster hardware and ground support equipment. 

The super lightweight tank funds the development of a lighter external tank using an aluminum lithium 
material that has been proven mature. The incorporation of the aluminum lithium alloy in the external tank 
would provide the Shuttle program with an opportunity to decrease Shuttle vehicle launch weight by 8000 
pounds. This reduction can be used to place payloads in higher orbits or into orbits at a higher 
inclination to the equator. The super lightweight tank will take about forty-four months to develop and 
thus will be available to support the first element launch of the Space Station. The proposed schedule 
includes the time required for the remaining development effort. the design effort, the test of a tank 
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HUMAN SPACE FLIGHT 
FY 1995 BUDGET 

FY 1995 BUDGET 

TOTAL 

STATUS 

SFCDC 
COFF 

PRIOR 

835.5 
348.5 

.l.lM..Q 

ADVANCED SOLID ROCKET MOTOR (ASRM) 

FY93 

195.0 
165.0 

M.Q..Q 

FY94 

179.7 

lZ.2..1. 

FY95 FY96 

M M 

Program termination direction given October 27. 1993 

FY97 FY98 FY99 

M M M 

$100 million termination budget appropriated augmented by $79.7 million In Initial operating plan 
Latest termination estimate: $241 mllllon (SFCDC and CofF) (offset by carryover= $167 million) 
Yellow Creek facility to be turned over to NASA - December 1994 
Manpower at Yellow Creek at termination= approx. 1200 

- current manpower levels = approx. 25 

UTILIZATION OF YELLOW CREEK 
/~,t,A 

TOTAL 

1210.2 
513.5 

lill..Z 

, 7/94 

~ ~ I Continues I t~ 
(RSRM nozzle production) t£!/:c· 

--r~ ~ irm... '~ -~ 

FY 1995 BUDGET 13.0 32.l 54.l 56.2 25.l 21.3 

/JA-~fr . --~ ,~, ~ ~~ dt-, /'I. 

STATUS Plan: ~ RSRM noule producti at Yellow Creek • ~ 
90-day detailed Implementation plan Initiated: early April 1994 completion 
Thiokol and A&E (Lockwood Green) now on site (25 people) 

ASRM nozzle equipment for use at Yellow Creek Identified 
Long-lead equipment procurement Identified for Initiation 
Estimated manpower at Yellow Creek (1999 - steady state production) = 840 
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"¢>-"" 

~ 

dedicated for structural verification, the build of the first super lightweight flight tank. and all the 
component requalification necessary for assurance that the super lightweight tank has all the integrity of 
its predecessor. 

The launch site equipment upgrades budget funds investments in ground facilities at the launch site at the 
KSC to replace obsolete systems. to improve process efficiency. and to support the planned flight rate. 

The major operational Space Shuttle facilities at KSC include three Orbiter Processing Facilities (OPFs). 
two launch pads. the Vehicle Assembly Building (VAB), the Launch Control Center (LCC). and three Mobile 
Launch Platforms (MLPs). These facilities support the pre-launch and post-landing processing of the four 
orbiter fleet. Key enhancements funded in launch site equipment include: implementation of a digital 
operational·intercom system (DOIS); replacement equipment for the Launch Control Center. and improved 
Checkout. Control. and Monitoring System (CCMS II): replacement storage tanks and vessels for the 
propellants. pressurants. and gasses; an improved hazardous gas detection system (HGDS II); fiber optic 
cabling; and installation of a new orbiter ground cooling system. 

The hardware interface module (HIM) cards at KSC are now obsolete and have caused an increased failure rate 
and repair cost over the past several years. The HIM upgrade will replace all chassis and cards with state
of-the-art "off the shelf" hardware to improve system reliability and maintainability. Design reviews have 
been completed and procurement was initiated in FY 1993. Installation should be completed by FY 1998. 

The cable plant upgrade at KSC has been initiated to replace the miles of cables which support a wide 
variety of Shuttle facilities. Many of these cables were installed in the 1960s and are beginning to suffer 
increasing failure rates. Replacement will reduce the potential for disruption to critical Shuttle 
operations as well as have a direct maintenance benefit. This activity will reduce the possibility of 
launch delays. increase communication system spares availability. and enhance thi reliability of data. 
instrumentation, voice. and video communications. This upgrade will replace the wideband distribution 
system and the lead/antimony sheath cables with fiber optics and plastic sheath, gel-filled cable. In 
addition, many field terminations will be replaced or upgraded as well as the manhole system. Other 
obsolete cable systems will also be replaced with current technology. 

The flight operations upgrades budget funds JSC projects to improve capabilities or replace obsolete 
equipment such as: the Control Center Complex (CCC) equipment upgrade; the flight and ground support 
training facility improvements: and the flight design systems enhancements. Necessary improvements are 
being made for simulation training in both the Integrated Training Facility (ITF) and the CCC. The ITF 
upgrades include new host computers, interface hardware and simulator subsystems. The CCC will have 
improved console operations and communication equipment as well as new data processing and distribution 
systems. Critical reliability required for the longer integrated simulations will be substantially improved 
with these replacements. Also. associated maintenance costs will be reduced. 
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FY 1995 BUDGET 

(Dollars In Millions) 

FY 1995 BUDGET 

OBJECTIVE 

BACKGROUND 

ASSUMPTIONS 

KEY MILESTONES 

SUPER LIGHlWEIGHT TANk (Al-LI TANK) 

PRIOR FY93 FY94 FY95 FY96 FY97 FY98 FY99 TOTAL 

DEVELOPMENT COST 49.5 80.7 30.3 9.0 'f 2.0 1.0 172.5 

RECURRING COST 10.5 27.7 25.5 32.0 / f 30.0 36. 9 Continues 

R~ 0 0 () 31-i 7. (J ;,..o "" .i 
IQIAL 6.0..Q J.QM &.a 4l...Q 32...Q 

.~ 

To use on Al-LI alloy to produce o super-lightweight external tonk to provide more Shuttle poylood-to-orblt copobllity. 

required for the assembly of the Space Station; target weight reduction of 8CXXJ lbs. In Shuttle vehicle launch weight 

Mortin-Marietta development (ET contractor) 

Preliminary material characterization of the Al·U alloy complete - no adverse characteristics found 

MSFC hos developed new techniques required to weld new alloy 

Reynolds Metals hos completed prellmlnory development of plate products required 

Aerospace Safety Advisory Pone\ (ASAP) hos reviewed SLWT program; conclusion: no compromise to Shuttle safety 

Build rate: 8 per year 

44-month development period 

Launch readiness target: December 1997 

Selectively build ahead External Tanks prior to SLWT to allow for toollng modifications 

Unit cost of SLWT exceeds cost of current LWT by $3.6 rn\lllon 

Recurring cost estimate funds additional materials & fabrication to produce SLWT 

Authority to Proceed (ATP) 

Preliminary Design Review 

Critical Design Review 
Launch Processing 

Launch 

January 1994 

ATP+ 10 mos. (Oct/Nov 94) 

ATP+ 16 mos. (May/June 95) 
September 1997 

December 1997 

2/l 0/94 

\ 

~· 
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Other activities funded include implementing required modifications and upgrades on the T-38 aircraft used 
for space flight readiness training. modifications needed for the replacement Shuttle Training Aircraft 
(STA). capability improvements for weather prediction. and enhancements on information handling to improve 
system monitoring, notably for anomaly tracking. 

As directed in P. L. 103-124, NASA has taken action to terminate the Advanced Solid Rocket Motor (ASRM) 
program. Although a final determination has not yet been made as to the total funding required for 
termination costs, the total amount is currently estimated to be in excess of $200 million. requiring the 
application of additional funds in excess of the $100 million identified for termination costs in the 
FY 1994 NASA appropriation. 

Construction of facilities (CofF) for Space Shuttle projects. which were previously included in a separate 
appropriation, are now part of the safety and performance upgrades budget. The FY 1994 and FY 1995 funding 
is provided to refurbish. modify. replace and restore facilities at each of the OSF centers to improve 
performance and to insure their readiness to launch the Space Shuttle. For example. at KSC the cooling and 
electrical systems of launch complex-39 (LC-39) will refurbished. At JSC. the mission control center's air 
handling system must be replaced as must the thermal vacuum helium refrigeration system. Funding for 
facilities will henceforth be prioritized along with other program funding priorities. 

BASIS OF FY 1995 ESTIMATE 

Safety and Performance Upgrades encompasses Shuttle system improvements which will ensure safe and reliable 
performance and to expand existing safety margins. Included in the FY 1995 estimate are the Multifunctional 
Electronic Display System (MEDS). EDO. fiber optics to replace heavier copper cabling in the arbiter's 
payload bay, and other modifications to the orbiter. The FY 1995 estimate also funds SSME upgrades. 
improvements to the SRB and RSRM. and the development of a super lightweight external tank. Finally. this 
budget line supports launch site upgrades and flight operations upgrades in FY 1995. as well as construction 
of facilities required for the successful operation of the Shuttle program. 

In FY 1995. the MEDS prime contractor and its subcontractors will continue to build prototype units in 
preparation for systems integration testing to be completed in FY 1996. Following this testing. the system 
will be ready for its first use. The MEDS installation and checkout in the orbiter fleet will occur during 
the normal in-line flow process at the KSC. 

The orbiter improvements estimate supports the continuing development and implementation of improvements to 
the orbiter fleet for the enhancement of safety and performance. as well as economy of operations. Tasks to 
be continued in FY 1995 include continuing analysis of the external tank debris experienced during 
separation. upgrades to the rate gyro assembly which are also used in the SRB, and various orbiter support 
tasks such as Orbiter Maneuvering System/Reaction Control System (OMS/RCS) testing at White Sands. New 

HSF 3-15 



HUMAN SPACE FLIGHT 
FY 1995 BUDGET 
(Dollars In Milllons) 

[ FY 1995 BUDGET 

OBJECTIVE 

STATUS 

KEY MILESTONES 

NOTES 

.6/94 

FIBER OPTLCS FOR PAYLOAD BAY - OM 8 8.,.t:ie--1- 11.•~vd,'ol') Q,..,// clq+e, 

PRIOR FY93 FY94 FY95 FY96 FY97 FY98 

12.0 17.0 18.0 3.0 

To Improve orbiter performance and capability by replacing copper cabling in payload bay 

with fiber optic cable for net weight reduction of 1200 pounds per orbiter 

Will outfit 4 orbiter fleet 
30-month development schedule 
Long-lead procurement initiated in 1994 

Authority to Proceed (ATP) 

Systems Requirements Review 

Preliminary Design Review 
Critical Design Review 

Production complete 

February 1994 

May 1994 

July 1994 

November 1994 

September 1994 

FY99 TOTAL 

50.0] 

Options and modifications to the orbiter to achieve weight reductions are being reviewed and should be completed 
by March. The fiber optics In the payload bay is one of these options. We are submitting the above estimates 

for the fiber optics option, but will not Implement the program until all options have been assessed for cost effectiveness. 

GET.XLS 



Mexico. modifications to the Remote Manipulator System (RMS). and support to the crew escape system. 
Replacement of the copper cabling in the payload bay with fiber optics will save approximately 1200 pounds 
per orbiter. 

Development of a new long-life fuel cell will continue in FY 1995. Not only is a longer life fuel cell a 
key factor to ensure extended on-orbit operations. but also it lessens the frequency of changeouts and 
lowers overall maintenance, particularly if an external airlock is ultimately used. 

The SSME upgrades are necessary improvements to expand existing safety margins and reduce operational costs. 
The FY 1995 projects include the alternate turbopump program (ATP). the large throat main combustion chamber 
(LTMCC). the SSME health monitoring system. and engine production testing and certification at the MSFC and 
the SSC. 

The ATP funding in FY 1995 supports development and certification testing of the high pressure liquid oxygen 
(LOX) pump. with certification expected to be completed by mid-1995. Its first flight also will occur in 
FY 1995. The ATP implementation funding permits procurement of LOX pumps to outfit the engine fleet. The 
ATP fuel pump development funding is also included. Assuming Congressional approval in FY 1994. first 
flight is scheduled for 1998. 

Since the first of four LTMCCs will be fabricated and used for hot-fire development testing in FY 1994. the 
FY 1995 funding will support the production of the other three units which are expected to be delivered in 
FY 1995. 

The FY 1995 marks the start of upgrades to the SSME Health Monitoring System. Delivery of seven flight 
units is expected between July 1996 and August 1997. The preliminary design review schedule remains to be 
determined. Major milestones including the critical design review, testing. etc. will be achieved prior to 
committing to a production schedule. 

The SSME production funding in the FY 1995 budget supports the continued development. testing. material 
procurement, fabrication. and engine assembly operations necessary to support the flight and ground test 
programs. The SSME ground test program is based on an average test rate of eight tests per month (460 
seconds duration) through FY 1995. Fiscal Year 1995 marks the end of fabricating replacement flight engines 
lost through attrition. The remaining production effort will concentrate on producing improved components 
and spare engine hardware elements. The primary purpose of this testing is to develop and flight-certify 
improved components like the Phase II+ powerhead (two-duct hot-gas manifold), the single-coil heat 
exchanger, and the Alternate Turbopump. Ground testing will also be performed on all new or recycled flight 
hardware prior to government acceptance. Other testing will be performed to provide hot-fire experience and 
increase life limits of flight-configured engines. With the completion of certification testing on the 
single-coil heat exchanger and the Phase II+ powerhead, as well as the stabilization of the engine design. 
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FY 1995 BUDGET 

[FY 1995 BUDGET 

OBJECTIVE 

STATUS 

. 3/94 

RCS DIRECT-ACTING VALVE 

PRIOR FY93 FY94 FY95 FY96 FY97 FY98 FY99 TOTAL 

7.2 14.3 27.3 36.0 17.6 103.5] 

To Improve the Orbiter Maneuvering System (OMS) safety and performance by redesigning valves 
currently sensitive to metallic nitrate contamination and seal leakage 

To reduce costs via reduced refurbishment effort 

To improve orbiter performance. particularly benefitting Space Station 

o Preliminary development/testing of concept in 1992-93 
o Thruster firing - 1993 
o PDR - 1994 
o CDR - June 1995 
o Production and fleet integration - 1995-2000 
o Total units to be delivered: 384 
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the SSME program is scheduled to close out one of the three test stands (test stand B-1) now in use at the 
SSC after FY 1995. The two remaining stands will be used for acceptance tests of new and recycled hardware. 
for flight certification of upgrades such as the Large Throat Main Combustion Chamber (LTMCC). and for tests 
to extend hardware life limits. 

The FY 1995 funding for SRB improvements supports continued efforts to improve the safety and producibility 
of the SRB. including the RSRM. Due to the termination of the ASRM, an asbestos-free RSRM will be 
implemented in 1997. The FY 1995 RSRM funding will provide for motor ground tests and for disposal of 
filament wound cases which had been produced and filled with propellant in the mid-1980's before the 
termination of the lightweight composite case effort. In addition. the budget supports RSRM and SRB project 
support activities at the MSFC. 

With the termination of the ASRM program. alternate uses for the Yellow Creek site are being explored. The 
FY 1995 estimate assumes that the RSRM nozzle fabrication work will be moved from Utah to Iuka. Mississippi. 
As previously stated. NASA will provide Congress with the results of the ongoing ninety-day study for use of 
the facility prior to proceeding in FY 1994. 

Development of a super lightweight external tank. made of an aluminum lithium alloy. will begin in FY 1994. 
In FY 1995, development will continue as design reviews are scheduled to be completed and fabrication is 
planned to begin in FY 1995. Delivery of the first flight unit is scheduled in time to support the Space 
Station first element launch schedule. 

Funded in the Launch Site upgrades. HIM card hardware production units will be delivered to KSC and 
installation will be initiated and continued through FY 1995. 

At KSC, the launch site equipment program funds the required upgrade of the Control. Checkout. and 
Monitoring System (CCMS II) in FY 1995. The CCMS II is part of the launch processing system that performs 
the real-time checkout, control. and monitoring for Shuttle processing. The current system is over twenty 
years old and has gone without any major technology upgrades for almost fifteen years. The CCMS II is 
currently in the installation phase in the processing control centers. The development should be complete 
by 1996 and full implementation is planned in 1998. In addition. other necessary upgrades and equipment 
replacements will be continued such as the orbiter ground cooling system. improved hazardous gas detection 
system, and improvements to the launch computer complex. 

The flight operations upgrade funding in FY 1995 supports major equipment upgrades in the Control Center 
Complex (CCC) at the JSC. Fiscal Year 1995 will bring the replacement of aging equipment. such as the data 
processing and distribution system. Major system upgrades in the Integrated Training Facility (ITF) will 
continue with the acquisition of host and base interference computer replacements for the fixed and motion
based simulators. Associated software rehosting efforts and planning towards replacement of the instructor 
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FY 1995 BUDGET 

!FY 1995 BUDGET 

OBJECTIVE 

STATUS 

1./94 

SPACE SHUTTLE MAIN ENGINE HEALTH MONITORING - OH 8 Dvct:re+ Net:1.oc+;.,, Ct1..,J,'J,,..,._e 

PRIOR FY93 FY94 FY95 FY96 FY97 FY98 FY99 TOTAL 

15.0 25.0 21.0 9.0 4.0 77.0j 

To Improve safety and launch reliability by replacing obsolete sensors to better monitor engine performance 
and health: wlll allow software to distinguish between actual engine performance problem from a sensor 

anomaly. 

New Initiative In FY 1995 
7 flight units delivered: 1996-97 
Retrofit orbiter fleet 
Major milestones : TBD 
No commitment to production until major milestones achieved 
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operator stations will take place as well. The FY 1995 costs include replacing one Shuttle Training 
Aircraft (STA) and continuation of STA modifications. Funding supports the continuation of avionics 
upgrades to the fleet of T-38 aircraft as well as landing aids at the contingency/abort landing sites. In 
addition. the T-38s are undergoing structural and safety upgrades to prolong the aircraft service life 
through the auspices of the Air Force T-38 Pacer Classic program. 

In FY 1995 under Construction of Facilities. replacement of the fire extinguisher system on launch complex-
39 is planned. as is replacement of the launch processing component refurbishment facility (see Mission 
Support - Construction of Facilities budget for detailed information). 
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RY$ M NOA 

Office of Space Flight 3/23/94 
9:45 AM 

FY 1995 Budget to Congress 
Payload and Utilization Operations 

Summary Content 
OK ~pprQpriation Prior ~ .EYM ~ .EY-92 FY97 FY98 FY99 Tota! 

Human S,,.ar;g_ Flight 

Paytoad and UllllzatlQD QperatlQDI 442.3 ~ ~ ~ m.a 298.8 276.6 
Payload and Utilization Operations 442.3 -= 356.2 336.1 323.3 298.8 276.6 

Space/ab 112.8 125.5 92.3 93.1 73.4 34.5 8.5 
Tether Satellite System 4.0 7.4 9.7 3.8 

TSS-1 [148.7] [4.0} [152.7} 
Tether Reflight [7.4] [9.7] [3.8} [20.9} Payload Operations/MMPSE 95.2 ~ 62.6 51.8 51.7 52.6 50.8 

Advanced Projects 16.1 '7.2 15.2 15.2 15.2 15.2 15.2 
Engineering Technical Base (ETB) 214.2 180.4 176.4 172.2 183.0 196.5 202.1 

• • • 
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HUMAN SPACE FLIGHT 

FISCAL YEAR 1995 ESTIMATES 

OFFICE OF SPACE FLIGHT PAYLOAD UTILIZATION AND OPERATIONS 

Page 
FY 1993 FY 1994 FY 1995 Number 

(Thousands of dollars) 

Spacelab ....................................... . 
Tethered satellite system ...................... . 
Payload operations ............................. . 
Advanced projects .............................. . 
Engineering and technical base ................. . 

112,800 125.500 92.300 HSF 4-3 
4.000 7,400 o,C 9.700 HSF 4-6 

95.200 ~·· . - 62.600 HSF 4-8 
16.100 7.200 15.200 HSF 4-9 

214,200 180,400 176.400 HSF 4-12 

Total .................................... . 442,300 ~·11 356,2QQ 

Distribution of Program Amount by Installation 

Johnson Space Center ........................... . 
Kennedy Space Center ........................... . 
Marshall Space Flight Center ................... . 
Stennis Space Center ........................... . 

131.800 121.900 103.800 
150.000 120.800 98.700 
124.100 131. 800 136. 000 

6.500 2.400 1.800 

Langley Research Center ........................ . 300 300 
Lewis Research Center .......................... . 200 100 
Goddard Space Flight Center .................... . 14.400 8.900 9.800 
Jet Propulsion Laboratory ...................... . 
Headquarters ................................... . 

100 
15.000 26,300 ~lOQ 

Total .................................... . 442.300 412,600 356,200 

OBJECTIVES AND JUSTIFICATION 

The principal areas of activity in Payload Utilization and Operations include the operation of the Spacelab 
systems with some continuing development activities: a cooperative reflight of the U.S./Ita!ian tethered 
satellite system (TSS): Payload Operations for accommodating NASA payloads: advanced projects: and the 
preservation of an Engineering and Technical Base capability at the manned space flight centers. 
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RY$ M NOA 
Office of Space Flight 

3/23/94 
11 :20 AM 

FY 1995 Budget to Congress 
Payload and Utilization Operations 

Changes in Estimates 

~ FY94 .EY..9.5 .EY...9.2 FY97 FY 98 Explanation 

~ Cui IQI esstonat~Ubi I lit 511.2 534.0 524.0 516.1 514.0 528.0 
FY 1995 Congressional Submit 442.3 412.6 356.2 336.1 323.3 298.8 

Change -68.9 -121.4 -167.8 :1filMl -190.7 -229.2 

New Content 11.4 12.3 6.3 
Tether Reflight 7.4 9.7 3.8 TSS-1 Reflight 
SMCH Cables 4.0 Funded from reductions in MMPSE Equipment 
Tether Reflight Optional Services 2.6 2.5 Optional Services for reflight 

Re-estimates -0.5 -27.8 -64.0 -50.4 -83.9 -123.7 
Spacelab Manifest Adjustments -0.1 -2.6 1.4 17.7 -11.9 -45.0 Adjustments to reflect new Spacelab manifest 
Reduce MMPSE Equipment -4.0 -5.0 -5.0 -5.0 -5.0 Funding for SMCH cables 
Re-estimate Science and Engineering Labs 1.8 -13.5 -25.3 -25.6 -25.4 -19.2 ETB Reductions/Re-estimates 
Re-estimate SRM&QA -1.3 -8.1 -14.0 -14.3 -14.8 -14.2 ETB Reductions/Re-estimates 
Reduce Engineering Lab Support 1.9 -2.2 -0.9 -0.7 -1.3 -10.8 ETB Reductions/Re-estimates 
Re-estimate Education Research Grants 0.4 1.3 1.8 2.5 2.9 3.5 - Age·ncy Direction 

Re-estimate ADP Operations/Equipment -2.7 1.8 7.1 6.9 6.9 7.2 Partially funded through restructure of PMS 
Re-estimate Advanced Programs -30.2 -32.5 -35.3 -39.2 Agency Mark 
Other Adjustments (Net Change) -0.5 -0.5 1.1 0.6 -1.0 

Transfers -63.2 -37.9 -39.7 ·32.6 -33.4 -33.7 
Advanced Programs (to Science, Aero. and Tech.) -16.8 -20.1 -17.0 -17.0 -17.0 -17.0 Moved under New Appropriation Structure 
SBIR (to Science, Aero. and Technology) -8.4 -9.4 -11.0 -9.1 Consolidation of SBIR under Adv. Con. & Tech. (C) 
Taxes/Other Capability Dev. (to Space Shuttle) -9.4 -12.5 -7.1 -6.2 -5.4 -7.6 Consolidation of Taxes in Shuttle Operations 
Spacelab Mir (to Russian Cooperation) -37.0 -5.3 -7.2 

Deletions -3.4 -10.9 -46.1 -58.6 -38.6 -64.9 
Delete Spacelab Missions/Terminate after SLS-4 -3.4 -2.9 -30.1 -42.7 -38.4 -64.9 Missions/Payloads deleted to support Mir/Station 
Delete Spacelab Long Duration Orbiter (LOO) Mods -8.0 -16.0 -15.9 -0.2 Delete standalone and 28 day LOO program 

FY 1994 Appropriations Mark -58.4 

Unresolved Reductions ~ -47.9 -43.5 -4.8 

APA •1.8 3.2 8.7 -2.1 2.2 

f: 
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Spacelab and the Spacelab carrier systems were developed jointly by NASA and the European Space Agency 
(ESA). The Spacelab, a major element of the Space Transportation System (STS). provides a versatile, 
reusable laboratory which is flown to and from Earth orbit in the orbiter payload bay. The Spacelab carrier 
systems include pallets which provide payload mounting and support services (pointing. computer control 
system. data processing. power, cooling. etc.) for attached payloads outside the pressurized environments of 
the orbiter and Spacelab module. The Spacelab and carrier systems' development continues with a 
recertification program to insure flight safety. hardware procurement to support the flight program. and 
necessary upgrading of obsolete hardware to current technology. 

The TSS. a joint U.S./Italian development effort. was flown in August 1992. The objectives of the initial 
TSS mission were twofold: (1) to verify the controlled deployment. operation. and retrieval of the TSS. and 
(2) to study the space plasma effects of electrical power generated by the conductive tether as it 
intersected the Earth's magnetic field. A mechanical interference prevented deployment to the twenty 
kilometer distance desired and, therefore, the major high voltage science was not obtained. NASA has 
completed a study with the Italian Space Agency on the technical and programmatic feasibility of reflying 
the TSS and, consistent with commitments to the Italian Space Agency. NASA will refly the TSS-1 mission. 
The current manifest opportunity is early 1996. 

The payload operations program develops and places into operational status the ground and flight systems 
necessary to support NASA Shuttle payloads during prelaunch processing, on-orbit mission operations and, 
when appropriate, post-landing processing. Included within this program are the unique requirements for 
individual NASA payloads which use the Shuttle, multimission payload support equipment, and integration 
activities for the Shuttle. 

Advanced projects conducts concept feasibility studies, sel·ected systems definitions and preliminary design 
(Phase B) studies. and undertakes related high leverage advanced development activities providing the 
technical and programmatic data to identify evolving space transportation and systems requirements and to 
evaluate new technical capabilities. Activity is focused on two major areas: advanced operations support 
and advanced space systems. Planning in these areas includes activities to assess performance, reliability 
and operational efficiency improvements. and to reduce future program risks and development costs through 
the effective use of new technology. 

The engineering and technical base preserves a fundamental scientific and technical core level capability 
for engineering services; independent safety, reliability, maintainability. and quality assurance (SRM&QA) 
oversight activity; mathematical and computer sciences activity; and various laboratories and facilities 
required by a wide variety of NASA programs at the Johnson Space Center (JSC), the Kennedy Space Center 
(KSC), the Marshall Space Flight Center (MSFC), and the Stennis Space Center (SSC). 
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FY 1995 BUDGET 

MAJOR S/L MISSIONS 

REDUCTIONS TO SPACELAB 

DELETION TO LDO MODS 

FY 1993 
112.8 

MGMT MANPOWER EFFICIENCES 

REMOVAL OF PRIMARY MSN's AFTER 1997 

MANIFEST M/P ADJUSTMENT 

ADJUSTMENT KSC LOGISTICS 

ADJ. PMS/OPS./SUPPORT/OTHER 

PLANS FOR S/L POST 1997 

FY 1994 
125.5 

USMP-2 
SRL-1 
IML-2 
SRL-2 
SLS-2 

-0.8 

-0.8 

HUMAN SPACE FLIGHT 

SPACELAB 
~ FY 1996 FY 1997 

92.3 93.1 73.4 

ASTR0-2 MIR-2 MIR-5 

MIR-1 USMP-3 USMP-4 

USML-2 TSS-lR MSL-1 
ATLAS-3 MIR-3 MIR-o 

MIR-4 MIR-8 
MIR-5 MIR-9 

-49 -29.2 -42.5 

-16 -15.9 -0.2 

-33 -29 -29 

15.7 -13.3 

THE SPACELAB PROGRAM IS PLANNED TO END FOLLOWING THE SLS-4 MISSION IN NOVEMBER 1997, EXCEPT FOR 
HITCHHIKER, GAS AND FSS OPERATIONS 

FY 1998 
34.5 

SLS-4 
MIR-10 

-60.7 

-27.6 

-17.2 

-15.9 

FY 1999 
8.5 
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SPACELAB MANIFEST COMPARISON: FY 1994\ ~ vs FY 1995 BUDGET 

EY :1ii~ EY lii! EY lii5 EY lii§ EY liiZ EY liiii EY liii 
FY 1995 BUDGET - Equivalent Missions 2.4 4.6 4.1 4.1 3.1 1.3 0.3 

FY 1994 BUDGET - Equivalent Missions 3.3 3.2 4.3 1.4 2.5 2.4 

CHANGE -0.9 1.4 -0.2 2.7 0.6 -1.1 0.3 

LAUNCH DATE COMPARISONS 
FY 1994 FY 1995 

~eAQELAa MIS~IQM 1n.112ger: au12ger: Ql:JAMgf QQME!g!JBAIIQM 
USMP-1 10/92 10/92 .. 2 MPESS's 

SL-D2 3/93 4/93 +1 month Long Module + USS + 2 GAS 

ATLAS-2 4/93 4/93 Igloo + 1 Pallet 

SLS-2 8/93 10/93 +2 months Long Module + EDO 

USMP-2 2/94 3/94 +1 month 2 MPESS's 

SRL-1 4/94 4/94 MOM Pallet+ MPESS 

IML-2 7/94 7/94 Long Module + EDO 

ATLAS-3 9/94 10/94 +1 month Igloo + 1 Pallet 

SRL-2 10/94 8/94 ·2 months MOM Pallet+ MPESS 

ASTR0-2 12/94 12/94 Igloo+ 2 Pallet~ + IPS 

MIR-1# 5/95 5/95 Long Module ·-
LITE-1 7/95 9/94 ~10 months MOM Pallet 

USML-2 9/95 9/95 Long Module + EDO 

MIR-2# 10/95 Added 1 Pallet 

USMP-3 1/96 2/96 +1 month 2 MPESS's 

TSS-1R 2/96 Added MDM Pallet + MPESS 

MIR-3# 3/96 Added Long Module 

MIR-4# 8/96 Added Long Module 

MIR-5# 2/97 Added 1 Pallet 

SLS-3 4/96 Deleted · Long Module + EDO 

USMP-4 11/96 5/97 +6 months 2 MPESS's 

SL-03 (E-1) 2/97 Deleted Long Module + USS 

MSL-1 7/97 3/97 -4 months Long Module + LDO 

MIR-6# 6/97 Added Long Module 

USMP-5 10/97 Deleted 2 MPESS's 

SLS-4 3/98 11/97 -7 months Lo~g Module 
\:_~.-;-X-. -~s. ·-

- ·------·---- --------. -
ATLAS-4 1/99 Deleted Igloo + 1 Pallet 

USMP-6 6/99 Deleted 2 MPESS's 

ATLAS-5 1/00 Deleted Igloo + 1 Pallet 

USMP-7 6/00 Deleted 2 MPESS's 

Equiv. Factors: LM=1 .00, SM=.75, Igloo Pallet=.80, Igloo Pallet w/lPS=.95, MOM Pallet-. 10, MPESS-.05 
·FY 1994 Budget dates based on 2/24/93 Manifest • Launch dates beyond FY 1995 are for budget planning purposes 
only. FY 1995 Budget dates based on 8.5.4 Manifest. 
#Spacelab missions part of the Russian Cooperative Program 
Assumes 2 GAS bridges (.1) and 4 Hitchhiker missions per year (.2). 

EXCELDAT\ 95CONG\ MANFDELT.XLS 



BASIS OF FY 1994 FUNDING REQUIREMENT 

SPACELAB 

FY 1993 

Spacelab ....................................... . 112,800 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

125,500 

FY 1995 

92.300 

The Spacelab is a versatile, reusable facility designed for installation in the cargo bay of the Orbiter. 
Spacelab can serve as both an observatory and a laboratory. giving scientists the opportunity to conduct a 
large variety of scientific experiments in the unique environment of space. Ten foreign nations. including 
nine members of the European Space Agency (ESA), have participated in this joint development program with 
NASA. The ESA designed. developed. produced. and delivered the first Spacelab hardware consisting of a 
pressurized module and unpressurized pallet segments; an igloo which is used with pallets to supply services 
essential to the experiments; an instrument pointing subsystem (IPS); and much of the ground support 
equipment and software for both flight and ground operations. 

There are two basic Spacelab configurations: modules and pallets. This hardware can be set up in a number 
of different configurations depending on the particular application, including using both a module and a 
pallet on the same mission. The modules consist of one or two cylindrical shells enclosed by two end cones. 
Users may choose either a short module (one cylinder) or a long module (two cylinders) to meet their 
particular needs. There are no current plans for a short module. Each module contains a core segment 
housing basic subsystems (power. cooling. computers. data handling. etc.) and an experiment segment carrying 
racks for co~ducting various experiments. The module is pressurized to allow a "shirt sleeve" working 
environment. Easy crew access from the Shuttle middeck during flight is provided by a pressurized tunnel. 
Modules are generally used for life sciences and space processing applications such as the United States 
Microgravity Laboratory (USML) and Space Life Sciences (SLS) series of missions. 

Spacelab pallets are unpressurized and consist of multiple segments attached individually to the Orbiter. or 
up to three segments attached rigidly to each other and to the Orbiter in a continuous train. If pallets 
are flown without a module. essential subsystems can be carried in an "igloo" which provides a pressurized 
and thermally-controlled environment for the subsystem equipment. The igloo is not accessible to the crew 
inside the Orbiter. Experiments mounted on a pallet can be controlled from the Orbiter cabin, from the 
ground, or from a module. if the payload complement contains a module. NASA has developed two principal 
versions of the Spacelab Pallet System (SPS). One supports missions requiring the use of the Spacelab 
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TOTAL SPACELAB* 

QP8QELA6 QE1'.ELQPMENI 
HDW MODS/ACQUISITION 
S/L OBSOLETE HOW REPLACE 
HITCHHIKER 
SOFTWARE/SDF 

Qc:8QELA6 QPEB8TIQ~S 
MSFC OPERATIONS M/P 
KSC OPERATIONS M/P 
KSC LOGISTICS 
POCC OPERATIONS 
HITCHHIKER OPERATIONS 
GAS OPERATIONS 
FSS 

JSC INTEGRATION SUPPORT 
PMS/OP SUPT/OTHER 
REIMBURSEMENTS 
30% TARGET REDUCTION 
PROGRAM CLOSEOUT 
APA 

MANPOWER 
MSFC MCDONNELL DOUGLAS 

KSC MCDONNELL DOUGLAS 

FY 1993 

ill.& 

~ 
1.3 
0.7 
2.5 

~ 
33.4 
22.5 
17.9 

7.8 
3.7 
3.2 
1.6 
7.0 

14.0 
·2.8 

~ 
372 

566 

FY 1994 

UM 

2...4. 

1.2 
1.2 

1.2.ll 
35.2 
22.6 
18.6 
11.2 
4.6 
1.8 
1.2 
3.9 

15.8 

8.2 

~ 
366 

574 

FY 1995 CONGRES~. AL BUDGET 
SPACELAB CONTENT 
(NOA In Millions RY$) 

FY 1995 

~ 

~ 
3.2 
5.2 
0.7 
0.2 

aM 
29.8 
22.4 
16.2 
11.2 

5.4 
2.8 
0.9 
5.4 

14.7 
-0.2 

-33.0 

7.4 

§fil 
286 

381 

FY 1996 

.2.ll 

M 

~ 
33.3 
25.5 
16.5 
9.0 
4.9 
3.5 
1.5 
5.4 

13.6 

·29.0 

8.9 

~ 
157 

346 

FY 1997 

IM 

M 

Th.1 
17.2 
13.6 
17.3 
10.5 
4.7 
3.2 
0.5 
5.6 

14.3 

-29.0 

15.5 

.5.Q2. 

91 

411 

·FY 1995 Budget to Congress based on Manifest 8.5.4 with no Mir missions 

FY 1998 

~ 

M 

~ 
0.8 
0.8 

0.1 
4.7 
3.5 
0.5 

2.3 
1.2 

15.9 
4.7 

Q 
8 

67 

EY 1999 

M 

M 
SCU S!W/C02 SENSORS/MISC 
ATE, MTE, HORR REFURB 
HH AVIONIC UPG/HH-J DEV/RC 
srw DEV. FACILITY 

~ 
M/P TO PROCESS SIL MSNS 
M/P TO PROCESS S/L MSNS 
SPARES AND DEPOT DEV 
M/P & H!W FOR POCC 

4.6 4 MSNS A YEAR/HH.J Of)S 

3.5 GETAWAY SPECIAL 

0.4 FLIGHT SUPPORT SYSTEM 
TRNG, FLT PREP, ENG 
INST SUPT/ RECERT/ROS 

Q 

EXCELDA1\95CON TNT.XLS 
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computer system and pallet in a mixed cargo configuration like the Atmospheric Laboratory for Applications 
and Science (ATLAS) missions. The other version, the Enhanced Multiplexer/demultiplexer Pallet (EMP). 
supports missions such as the tethered satellite system (TSS) and the Space Radar Laboratory (SRL) which do 
not require the use of the Spacelab computer system. 

Spacelab development funding includes additional hardware to maintain the Spacelab carrier system. ground 
support equipment. hardware modifications. hardware acquisition. system recertification. and modified or 
improved hardware to expand Spacelab capabilities and ensure its continued operational availability. 
Support software and procedures development. testing. and training activities are also included in NASA's 
funding request. Additional Spacelab hardware. including spare hardware. is being procured from European 
and U.S. sources as needed to support the flight manifest. 

Spacelab operations support includes mission planning. mission integration, and flight and ground 
operations. This includes integration of the flight hardware and software, mission independent crew 
training. system operations support. payload operations control support. payload processing. logistical 
support and sustaining engineering. The Spacelab operations cycle is repeated with each Spacelab flight but 
with a different payload complement. This cycle consists of three integration steps. Level IV provides for 
the integration and checkout of experiment equipment with individual experiment mounting elements like racks 
and pallet segments. and is funded by the payload sponsor. This activity is normally performed at the 
Kennedy Space Center (KSC). but is not part of the Spacelab Operations budget. Level II/III integration 
then combines and integrates all experiment mounting elements like racks. rack sets. and pallet segments. 
which have the experiment equipment already installed, and for check out with the Spacelab software. This 
activity is done at KSC and is funded under the Spacelab budget. Level I integration takes the Spacelab and 
its payload. for integration and checkout with the Shuttle orbiter. Level I integration is performed by 
both the Spacelab contractor and the Shuttle Processing Contractor (SPC). The Spacelab budget funds that 
portion of Level I integration performed by the Spacelab contractor. The balance is funded in the Shuttle 
Operations budget. 

Spacelab Operations also funds smaller tertiary and secondary payloads like the Get-Away Specials (GAS) and 
Hitchhiker payloads. The GAS payloads are research experiments which are flown in standard canisters and 
can fit either on the sidewall of the cargo bay or across the bay on a GAS bridge. They are the simplest of 
the small payloads with limited electrical and mechanical interfaces. To date. ninety-seven GAS payloads 
have been flown and thirty-three are in preparation. The Hitchhiker payloads are the more complex of the 
smaller payloads: they provide opportunities for larger. more sophisticated experiments. The Hitchhiker 
system employs two carrier configurations: (1) an orbiter payload bay side wall configuration and (2) a 
cross payload bay configuration that uses a Multi-Purpose Experiment Support Structure (MPESS). During the 
mission. the Hitchhiker payloads can be controlled using the aft flight deck computer/standard switch panels 
or on the ground through the Payload Operations Control Center. Four Hitchhikers were flown in FY 1993 and 
additional flights are planned in FY 1994-FY 1995. such as the International Extreme Ultraviolet (IEU-1) and 
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LABHAB95.XLS 

SPACELAB: CHANGES IN ESTIMATES 
(NOA IN MILLIONS RY$) 

FY 1994 
FY 1994 FY 1995 
BUDGET CHANGE BUDGET EXPLANATION OF DELTA 

TOTAL SPACELAB 125.5 -33.2 92.3 

QEVELOPMENT 2.4 6.9 9.3 

HDW MODS/ ACQUISITION 3.2 3.2 SCU S/W & CO2 SENSORS 

S/L OBSOLETE HDW REPLACE 5.2 5.2 ATE/MTE.HDRR REFURB. 

HITCHHIKER 1.2 -0.5 0.7 HH AVIONIC UPG./HH-J DEV. 

SOFTWARE/SDF 1.2 -1 0.2 RE-EST. S/W DEV. FACIL. MODS. 

OPERATIONS 123.l -40.l 83 

MISSIONS OPS MANPOWER @ KSC/MSFC 56 -3.5 52.5 OPS. EFFICIENCIES 

KSC LOGISTICS 18.6 -2.4 16.2 REPHASED BASED ON MANIFEST 

POCC OPERATIONS 11.2 0 11.2 

HITCHHIKER.GAS/FSS/JSC INTEG. SPT 11.5 3 14.5 HITCHHIKER OPS DUE TO MANIFEST 

PMS/OTHER SUPPORT 15.8 -1. l 14.7 INST SUPT /RECERT /ROS 

REIMBURESEMENTS -0.2 -0.2 

3CJ'k TARGET REDUCTION -33 -33 

APA 8.2 -0.8 7.4 

MANPOWER 940 -273 667 

EQUIVALENT MISSIONS 3.2 1.2 4.6 

) 



Capillary Pump Loop/Orbital Debris Radar Calibration Spheres Project (CAPL/ODERACS). In addition, 
Hithchiker-Junior (HH-JR) hardware is being developed in FY 1994 to fly payloads that are more complex than 
GAS but less complex than Hitchhiker. The HH-JR will provide an intermediate range of services such as 
pointing and crew operations. 

Another item funded in Spacelab operations is the Flight Support System (FSS). The FSS consists of three 
standard cradles with berthing and pointing systems along with avionics. It is used for on-orbit 
maintenance. repair, and retrieval of spacecraft. The FSS was used on the Hubble Space Telescope (HST) 
repair/revisit mission. 

In FY 1993 one Spacelab module mission was successfully completed -- the partially reimbursable German 
Spacelab mission (SL-02). Six additional missions utilized Spacelab and Shuttle carriers. including the 
Atmospheric Laboratory for Applications and Science (ATLAS-2), the United States Microgravity Payload 
(USMP-1) and four Hitchhiker missions. In FY 1994 two Spacelab module missions are planned -- the Space 
Life Science Laboratory-2 (SLS-2) and the International Microgravity Laboratory-2 (IML-2). In addition. 
four other missions utilizing Spacelab carriers will fly: USMP-2. SRL-1. SRL-2, and Lidar In-space 
Technology Experiment-1 (LITE 1). Along with these major missions are numerous smaller Spacelab carriers 
such as Hitchhikers and Get-Away Specials. 

In addition to the support of these missions. analytical and physical integration, configuration management. 
and software development for future flights will be conducted. Procurement of spares for both NASA
developed hardware and for hardware developed by U.S. companies under contract with ESA will continue 
throughout FY 1994 as will operation of the depot maintenance program. 

BASIS OF FY 1995 ESTIMATE 

The FY 1995 Spacelab program funding reflects the program requirements to conduct Spacelab missions 
consistent with the manifest. Missions to be flown in FY 1995 include ATLAS-3. ASTR0-2. and USML-2. In 
addition, a Spacelab Life Science mission will dock with the Russian Space Station Mir (SL-M) and Spacelab 
will support two Hitchhiker payloads and two GAS bridges. Efforts will continue to process payloads for the 
Russian follow-on missions to Mir beginning in late 1995. Efforts are underway to decrease Spacelab 
operational costs by realigning, where appropriate. work previously performed by mission support contractors 
to performance by civil servants, by reducing documentation requirements and reviewing logistical support. 
All Spacelab requirements and services in support of the cooperative missions to the Russian Mir Space 
Station are budgeted within the Russian Cooperation program. 
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HUMAN SPACE FLIGHT 
FY 1995 BUDGET 

TETHERED SATELLITE SYSTEM (TSS) REFLIGHT 

FY94 FY95 FY96 FY97 

FY 1995 BUDGET - LIFE CYCLE COSTS 11.2 20.2 ru 6...3 

MISSION PREPARATION/INTEGRATION 8.4 14.1 4.6 

SCIENCE INVESTIGATIONS 2.4 3.8 4.1 0.5 

SCIENCE DATA ANALYSIS 1.6 3.2 

STS MARGINAL COST 0.4 2.3 14.8 2.6 

TOTAL 

621 

2L.l 
1M 

4..8 
2Q.Q 

OBJECTIVE To study the space plasma effects of electrical power generated by the 20 km conductive tether as it intersects 
the Earth's magnetic field; to demonstrate deployment/retrieval capabilities of the shuttle for a tether 

BACKGROUND 

STATUS 

KEY MILESTONES 

for reuse on future missions 

Cooperative program with Italy 
Initial flight: August 1992 

- capability to provide a dynamically-stable research facility verified 
- mechanical Interference prevented deployment sufficient to complete science 

Italy requested reflight - 1993 

Post-mission evaluation complete; corrective actions Identified 

Awaiting formal initiation of reflight activity 

Repair and retest deployer October 1994 

Return satellite to KSC February 1995 

STS installation January 1996 
Launch February 1996 

2/l /9ti 

:;ET.XLS 



BASIS OF FY 1995 FUNDING REQUIREMENT 

TETHERED SATELLITE SYSTEM 

FY 1993 

Tethered satellite system-1 .................... . 4,000 
Tethered satellite system reflight ............. . 

Total ......................................... . i..Q.Q2 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

7,400 

Li2Q 

FY 1995 

9,700 

.2..2.QQ 

The tethered satellite system (TSS) was developed as a cooperative program with Italy to provide a reusable 
space facility for conducting space experiments at distances up to 100 kilometers from the Shuttle orbiter 
while being held in a fixed position relative to the Orbiter. During the demonstration mission flown in 
August 1992. the TSS verified its capability to provide a dynamically stable research facility. but a 
mechanical interference prevented completion of the science mission. In response to an Italian Space Agency 
request to refly the mission. NASA conducted a reflight study. including an independent assessment of NASA's 
future use of tethered satellites. The study concluded that a reflight mission could be readily 
accomplished and recommended several improvements to enhance the probability of success. The independent 
assessment identified a number of significant and unique science and engineering objectives which could be 
accomplished using tethered satellites. and urged the continued development and utilization of the tethered 
technology. NASA. in response to the request from the Italian Space Agency. has agreed to refly the TSS-1 
mission. The current manifest opportunity is early 1996. 

The U.S. is responsible for overall program management. overall systems engineering and integration. orbiter 
integration, ground and flight operations, development of the deployment mechanism and provision of the non
European instruments (Office of Space ~~ience funded). The Italians are responsible for the design and 
development of the satellite and the European instruments being flown on the joint mission. 

BASIS OF FY 1995 ESTIMATE 

The FY 1995 tethered satellite system reflight funding will be used for the TSS Shuttle integration effort. 
developing a plan for the mission. and training for the mission operations. The funding level is based on 
using Marshall Space Flight Center civil servant personnel to a far greater extent than was the case for the 
first mission. About $2.5 million of the FY 1995 budget will be used to purchase the ground support 
equipment capitalized by the prime contractor. 
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FY 1995 BUDGET 

HUMAN SPACE FLIGHT 

PAYLOAD OPERATIONS 

FY 1993 
95.2 

FY 1994 
· ,:·-~·\··· 

•,r 

.EYJ.m 
62.6 

£Ll222 
51.8 

OBJECTIVES 

STATUS 

PROVIDE RETRIEVAL SERVICES, ANALYSIS FOR RENDEZVOUS AND PROXIMITY OPERATIONS 

SPECIAL THERMAL ANALYSIS 

ANY MODIFICATIONS TO GROUND FACILITIES PARTICULARLY IN THE SHUTILE MISSION SIMULATOR 

EXTRA SHIFTS REQUIRED IN THE SHUTILE ENGINEERING SIMULATOR (SES) OR ANY 
OTHER FACILITIES TO SATISlY THE CUSTOMER REQUIREMENTS 

PAYLOAD RELATED EXTRAVEHICULAR ACTIVllY (EVA) ABOVE THE STANDARD SERVICE 

SPECIAL SERVICES BE1WEEN THE PAYLOAD OPERATIONS CONTROL CENTER (POCC) AND THE 
MISSION CONTROL CENTER (POCC) 

ANY SPECIAL ANALYSIS, TESTING OR OTHER SERVICE NOT NORMALLY INCLUDED IN THE 
STANDARD SHVTILE SERVICE 

PAYLOAD OPERATIONS FUNDING SUPPORTS PAYLOAD SERVICES AND MISSION UNIQUE INTEGRATION 
FOR SCHEDULED NASA MISSIONS 

MAJOR NASA MISSIONS WITH FY 1995 FUNDING REQUIREMENTS INCLUDE ASTR0-2, USML-2 
AND ATLAS-3; FY 1996 INCLUDE TETHER SATELLITE SYSTEM REFLIGHT. USMP-3 AND THE ORBITING 
RETRIEVABLE FAR AND EXTREME ULTRAVIOLET SPECTROMETER-SHUTILE PALLET SATELLITE-2 

FY 1997 

51.7 
FY 1998 

52.6 
FY 1999 

50.8 



PAYLOAD AND UTILIZATION OPERATIONS 

PAYLOAD OPERATIONS SUPPORT (UPN 928) 

MMPSE (UPN 915) 

PAYLOAD OPERATIONS (UPN 570-40) 

FY94 
~ 

92.1 

41.3 

16.6 

34.2 

MEME 

HUMAN SPACE FLIGHT 
PAYLOAD AND UTILIZATION OPERATIONS: CHANGES IN ESTIMATES 

(NOA IN MIWONS) 

fUj 

QWMiE 
-29.5 

-25.4 

-0.5 

-3.6 

FY95 
~ 

62.6 

REASONS FOR CHANGE 

15.9 DELETE ALL KSC PAYLOAD SPT.(-11.8); DELETE UNMANIFESTED PAYLOADS (-7.4); 
DELETE SBIR AFTER FY 94 (-6.2) 

16.1 PAYLOAD SPT EQUIPMENT (-0.5) 

30.6 REDUCE PAYLOAD SPT. EQUIP. (-3.2); PAYLOAD OPS. ADJ. (-0.4) 

Pagel 



• 
BASIS OF FY 1995 FUNDING REQUIREMENT 

• 
PAYLOAD OPERATIONS 

FY 1993 

Payload operations ............................. . 95.200 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

~ C>I<, 

• 
FY 1995 

62.600 

The Payload Operations program provides payload services which are required beyond the standard Shuttle 
Services for NASA missions and reusable support equipment for all payload operations. These optional 
services include: (1) retrieval services. analysis for rendezvous. and proximity operations: (2) special 
thermal analysis: (3) any modifications to ground facilities particularly in the Shuttle Mission Simulator 
(SMS) above the standard service: (4) extra shifts required in the Shuttle Engineering Simulator (SES) or 
any other facilities to satisfy the customer requirements: (5) payload-related Extravehicular Activity (EVA) 
above the standard service: (6) special training or use associated with operation of the Remote Manipulator 
System (RMS): (7) special services between the Payload Operations Control Center (POCC) and the Mission 
Control Center (MCC): and (8) any special analysis. testing, or other service not normally included in the 
standard Shuttle service. 

Payload support equipment is included in this program supporting the development, testing, and delivery of 
payload accommodation equipment and capabilities common to multiple NASA missions. A major category is the 
communications equipment necessary for payload data transmission during ground processing and checkout. 
This equipment includes fiber optic cabling and an upgraded operations intercom system in the industrial 
area at the Kennedy Space Center (KSC) to provide increased flexibility and quality of data transmission 
among the various payload facilities. Payload operations, maintenance and logistics support are provided to 
cargo support equipment, such as cargo integration test equipment and multimission support equipment, and to 
the payload support areas. such as the Vertical Processisng Facility. the Operations and Checkout Building 
and cargo hazardous servicing facilities. 

BASIS OF FY 1995 ESTIMATE 

The FY 1995 Payload Operations funding supports payload services and mission unique integration for 
scheduled NASA missions. Funding for multimission payload support equipment provides a contractor workforce 
to process payloads and provide payload integration and testing support. In addition. funding supports 
continued upgrades to the fiber optic cable plant. Payload launch support provides launch site managers to 
payload customers and allows verification of the cargo-to-orbiter interface for current missions. Major 
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NASA missions with FY 1995 funding requirements include the FY 1995 flights of ASTR0-2. the United States 
Microgravity Laboratory (USML-2), the ATLAS-3: FY 1996 flights include the Tethered Satellite System 
reflight. United States Microgravity Payload-3 (USMP-3). and the Orbiting Retrievable Far and Extreme 
Ultraviolet Spectrometer - Shuttle Pallet Satellite-2 (ORFEUS-SPAS-2). Funding also provides for services 
to future manifested missions, including the Microgravity Science Laboratory (MSL-1) and USMP-4 missions. 
All payload operations requirements and services in support of the cooperative missions to the Russian Mir 
Space Station are budgeted within the Russian Cooperation program. 
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TOTAL ADVANCED PROJECTS 

ADVANCED OPERATIONS 
GROUND PROCESSING AND LAUNCH OPNS 
MISSION AND FLIGHT OPERATIONS 

ADVANQEDSP!CESYSTEM§ 
ORBITAL DEBRIS 
TETHER 
FLIGHT DEMONSTRATIONS 
AUTOMATED RENDEZVOUS AND CAPTURE 

FY 1995 CONGRES, .~AL BUDGET 

HUMAN SPACE FLIGHT 
ADVANCED PROJECTS CONTENT 

(NOA in Milllons RY$) 

FY 1993 FY 1994 FY 1995 FY 1996 

.12.i..1 

Ll 
3.6 
2.1 

1.Q.d 
0.6 
0.9 
6.2 
2.7 

Ll 

Ll 
0.9 
1.3 

5,0 
2.2 

2.8 

li:.l 

Ll 
2.8 
2.7 

9.7 
3.4 

4.3 
2.0 

u...2. 

~ 
2.8 
2.7 

9.7 
3.4 

4.3 
2.0 

r'/ q5"' 8 vcl5e+ JJrt1ertdeJ -i'.O 

FY 1997 FY 1998 

ll..1. 

Ll 
2.8 
2.7 

9,7 
3.6 

5 .1 
1 .0 

u...2. 

~ 
2.8 
2.7 

9.7 
3.6 

6. 1 

FY 1999 

D.2 

2..,2 

2.8 
2.7 

9.7 
3.6 

6. 1 



BASIS OF FY 1995 FUNDING REQUIREMENT 

ADVANCED PROJECTS 

FY 1993 

Advanced projects .............................. , 16.100 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

7.200 

FY 1995 

15.200 

( 7, ~ e o) - •/.'+er 'f 5' N!d~c:hot) 

The advanced projects budget includes the development of advanced technologies benefiting both space 
operations and space systems. The advanced operations program continues pursuit of its goal of reducing the 
cost of ground and mission operations of the Space Shuttle and Space Station through the introduction of 
advanced technologies into the operations environment. Achieving the budget reductions reflected in the 
Space Shuttle Operations and the Space Station Operations budgets is dependent on successful implementation 
of the advanced operations projects. Estimated cost savings through the introduction of advanced operations 
projects into human mission operations are realized through reduced manpower for mission operations computer 
support. orbiter process scheduling. and software verification. Other advanced operations projects will 
significantly reduce the cost of processing the orbiter, training astronauts for the various missions. and 
scheduling mission simulations. 

The advanced space systems program includes the orbital debris program and a series of flight experiments in 
the following areas: system enabling flight demonstrations. orbital debris. and tether applications. 
Flight demonstrations also provides training for young NASA engineers and managers with early "hands-on" 
flight hardware experience. Since FY 1993. a total of five successful flight demonstrations were conducted. 
The Fluid Acquisition and Resupply Flight Demonstration (FARE-1), the Fluid Acquisition and Resupply Flight 
Demonstration (FARE-2), and the Superfluid Helium On-Orbit Transfer (SHOOT) flight demonstration were flown 
on the Space Shuttle. The FARE flight demonstrations were utilized to obtain essential low-gravity fluid 
transfer data that are applicable to Space Station to increase the efficiency of fluid transfer operations 
and by the Space Shuttle to increase the safety and efficiency of extended duration flights. This data will 
also be useful in increasing the effectiveness of fluid transfers by unmanned space systems thus decreasing 
the cost of these programs. The SHOOT flight demonstration not only demonstrated the feasibility of 
superfluid helium transfers on orbit at operational rates. but it also set the precedent for cryogenic 
payload safety on both Space Shuttle and Space Station. The hardware. software and operational procedures 
developed as part of the SHOOT flight demonstration will result in future cost savings to other microgravity 
payloads. The SHOOT cryogenic hardware components have already become industry standards. 
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FY 1993 
16.1 

HUMAN SPACE FLIGHT 

ADVANCED PROJECTS 

EY.Jm 
7.2 

FY 1995 
15.2 

FY 1996 
15.2 

FY 1997 
15.2 

OBJECTIVES 

STATUS 

LAUNCH CENTER OPERATIONS HARDWARE AND SOFTWARE IMPROVEMENT 

CONTROL CENTER OPERATIONS SOFTWARE IMPROVEMENTS 

MEASUREMENT. MODELING. AND MITIGATION OF ORBITAL DEBRIS ENVIRONMENT 

MISSION-RELATED ADVANCED TECHNOLOGY FLIGHT VALIDATION PROJECTS 

A FLIGHT DEMONSTRATION TO SUPPORT THE AUTOMATED RENDEZVOUS AND CAPTURE 

CONTINUE TO IDENTIFY AND DEMONSTRATE TECHNOLOGIES WHICH WILL IMPROVE 
EFFICIENCY, FLEXIBILITY, AND RELIABILITY OF CURRENT AND FUTURE HUMAN SPACE FLIGHT SYSTEMS 

LAUNCH PROCESSING SYSTEMS, MISSION CONTROL APPLICATIONS. FLIGHT PLANNING. TRAINING, SIMULATION AND 
OTHER ENVIRONMENTS WILL BE TARGETED TO DEMONSTRATE EMERGING TECHOLOGIES FOR IMPROVING 
GROUND AND FLIGHT OPERATIONS COST EFFICIENCIES 

FY 1998 
15.2 

FY 1999 
15.2 



• • • 
The Small Expendable Deployer (SEDS-1) flight demonstration, and the Plasma Motor/Generator (PMG) flight 
demonstration were tether applications experiments that were flown as secondary payloads aboard Delta II 
launch vehicles. The SEDS flight demonstration proved the technology readiness of these low cost and safe 
systems which have promising applications for the routine deorbiting of Space Station materials and 
emergency medical samples as well as the placement of instruments into the upper atmosphere. SEDS-1 also 
demonstrated the feasibility of using these low cost tether applications test beds for improving the 
efficiency of in-space operations. The PMG flight demonstration proved the ability of the proposed Space 
Station plasma grounding techniques for maintaining the electrostatic potential between the Space Station 
and the surrounding plasma medium. The PMG also demonstrated the ability to use electrostatic tethers to 
provide thrust to offset drag in low-Earth orbit (LEO) space systems. PMG also·demonstrated the use of 
direct magnetic (non-rocket) propulsion for orbital maneuvering. 

The orbital debris program is directed at measuring the orbital debris environment. developing debris growth 
mitigation measures. and enhancing spacecraft protection and survivability. A total of 2000 hours of debris 
environment observations reduced the uncertainty in that environment from 300% to approximately 50%. In 
addition, the first survey of the orbital debris environment at geostationary altitudes was initiated. The 
orbital debris environment data provided to Space Station enabled the development of cost effective shields 
to increase the design efficiency of the Space Station in protecting against the orbital debris environment. 
These continuing environmental measurements are the basis for studying and understanding future orbital 
debris mitigation measures which will result in lowering the cost of, as well as improving the safety of, 
Space Station and Space Shuttle operations. This data also provided the necessary inputs to the Space 
Shuttle for the development of flight rules which not only increase the safety on long-duration Shuttle 
missions but also result in minimum damage due to orbital debris, thereby decreasing the Space Shuttle 
refurbishment costs resulting from orbital debris damage. Geostationary orbital debris data is being 
utilized to develop cost effective debris mitigation techniques to protect vital geostationary assets. 

BASIS OF FY 1995 ESTIMATE 

Advanced operations efforts will continue to identify and demonstrate technologies which will improve 
efficiency. flexibility, and reliability of current and future human space flight systems. The selective 
application of expert systems, automation, and other technologies to labor intensive and hazardous 
operations are included in advanced operations studies. Launch processing systems, mission control 
applications, flight planning, training, simulation and other environments will be targeted to demonstrate 
emerging technologies for improving ground and flight operations cost efficiencies. The FY 1995 budget 
request will permit level-of-effort funding for several cost effective technologies including the ground 
processing scheduling system and several computer software systems tools to more efficiently conduct Shuttle 
ground and launch operations. 
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Advanced space systems emphasis will be placed on the demonstration of transportation and Space Station
related flight systems. During FY 1995. work will proceed on the Students for the Exploration and 
Development of Space Satellite (SEDSAT) tether applications flight demonstration as well as elements of the 
six projects selected as part of the fourth call for flight demonstrations. There are the Low Poer Ion 
Propulsion Technology Validation, the Metals Processing in Space Using the Ukrainian Universal Hand Tool. 
the collection or orbital debris on Mir. the Dexterous Orbiter Servicing System. the Static Feed Water 
Electrolysis Flight Demonstrations. and a ground-based Automated Rendezvous and Docking experiment. Orbital 
debris activities will be focused on characterizing chanages in the orbital debris environment as a function 
of time and establishing measures for mitigration of debris growth trends and spacecraft protection 
techniques. 
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FY 1995 BUDGET HUMAN SPACE FLIGHT 

ENGINEERING AND TECHNICAL BASE (ETB) 

FY 1993 
214.2 

FY 1224 
180.4 

FY 1995 
176.4 

FY 1996 
172.2 

FY 1997 
183 

OBJECTIVES 

PERSONNEL AND MATERIAL NEEEDED TO OPERATE THE ENGINEERING AND TEST OPERATIONS AT JSC f'- T MSFC AND JSC 

SUPER COMPUTER (CLASSVI) OPERATIONS AT JSC AND MSFC 

SRM&QA OVERSIGHT AT JSC,MSFC AND KSC 

OPERATIONS OF MSFC's TECHNOLOGY TEST BED 

COVERS JSC ADP OPERATIONS, EQUIPMENT AND SUPPLIES ASSOCIATED WITH THE CENTER's SYSTEMS AND NETWORK 
THE CENTRAL COMPUTING FACILITY AND THE INTEGRATED SOFTWARE TECHNOLOGY LAB (ISTL) 

PROVIDES THE KSC LAUNCH SITE WITH OPERATIONS CRITICAL TO SCIENTIFIC, ENGINEERING/ 
AND TECHNICAL LABS AND FACILITIES 

ETB REQMTS. BY CENTER 

JSC 107.7 83.9 72.5 71.7 76.7 
KSC 22.3 18.2 16.5 15.8 16.6 
MSFC 72. l 72. l 79.8 77.0 81.8 
SSC 6.5 2,4 1.7 1.6 1.6 
HQ 5.6 3.8 5.9 6.1 6.3 

FY 1998 
196.5 

83.3 
17.8 
86.9 

1.6 
6.9 

FY 1999 
202.l 

86.4 
18.2 
88.8 

1.6 
7.1 



) 

BASIS OF FY 1995 FUNDING REQUIREMENT 

ENGINEERING AND TECHNICAL BASE 

FY 1993 

Engineering and technical base ................. . 214.200 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

180.400 

FY 1995 

176.400 

The objective of the engineering and technical base (ETB) program is to preserve a fundamental scientific 
and technical core level capability for the Office of Space Flight (OSF) centers: Johnson Space Center 
(JSC) including White Sands Test Facility (WSTF). Kennedy Space Center (KSC). Marshall Space Flight Center 
(MSFC). and Stennis Space Center (SSC). This capability preserves scientific and technical knowledge and 
testing technology in the science and engineering laboratories including technical and testing facilities. 
The ETB consists of five interrelated functions: science and engineering laboratories and technical 
facilities: engineering computation facility Class VI supercomputers; independent safety. reliability. 
maintainability and quality assurance (SRM&QA) activity; engineering laboratory services such as 
instrumentation and calibration, fabrication, documentation/image processing/visual information. non
destructive evaluations to complement the S&E tasks; and the automatic data processing (ADP) operations and 
equipment activity to accomplish essential mathematical and computer sciences tasks for S&E operations. 

The ETB program provides personnel and materials for research and test operations in crew and thermal 
activity. tracking ~nd communications. navigation and control. flight data systems. propulsion and power 
systems. automation and robotics. structures and mechanics. systems engineering. space and life sciences. 
SRM&QA oversight functions, operation of the technology test bed (TTB) at MSFC. and engineering 
computational facility Class VI supercomputer operations. At JSC. ETB funding provides for the JSC ADP 
operations. equipment and supplies associated with the Center's systems and network. the central computing 
facility. and the Integrated Software Technology Laboratory (ISTL). The ETB also provides the KSC launch 
site with operations critical to scientific. engineering and technical labs and facilities. In addition to 
these development efforts. operations support also provides crucial engineering laboratory services such as 
instrumentation calibration, non-destructive evaluation. and chemical sampling and analysis. The ETB 
program funding preserves and provides ongoing maintenance critical to specialized technical facilities and 
equipment in the laboratories and facilities at the Centers. 
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TOTAL 

OFFICE OF :::,,-ACE FLIGHT 
FY 1995 BUDGET TO CONGRESS 

ENGINEERING AND TECHNICAL BASE (ETB) 
CONTENT 
(RYNOA$M) 

FY 1993 FY 1994 FY 1995 

ll.i.l WU lli...4. 

SOENCE AND ENGINEERING LABORATORIES 80.3 83.5 77.4 

CLASS VI COMPUTER 23.9 21.7 14.7 

SRM&QA 37.8 26.5 23.7 

ENGINEERING LAB SUPPORT 37.1 24.0 28.4 

ADP OPERATIONS/EQUIPMENT 32.0 21.1 27.9 

EDUCATION RESEAROi GRANTS 3.1 3.6 4.3 

AGENCY UNRESOLVED 

., 

MEW/1-3· 2WhC.XLS 

FY 1996 FY 1997 FY 1998 FY 1999 

1.Z.U 18.3.Jl 1.9.6.....5 ZJ22..1 

79.7 83.0 87.0 89.7 

14.7 14.9 15.1 15.2 

24.9 25.8 26.5 27.1 

30.1 31.2 30.6 31.7 

29.2 30.1 31.1 32.1 

5.1 5.6 6.2 6.3 

·11.5 •7.6 



• • • 
BASIS OF FY 1995 ESTIMATE 

The FY 1995 engineering and technical base funding will preserve minimal support to crew and thermal 
activity; tracking and communications activity: navigation and control: flight data systems: propulsion and 
power activity: automation and robotics, structures and mechanics: systems engineering: basic maintenance 
and operations of propulsion test stands and laboratory operations; and maintain minimal scientific, 
engineering and technical operations at the launch site. Reductions in FY 1995 have been taken in the 
science and engineering laboratories and technical facilities. Class VI supercomputing capability. 
independent safety, reliability, and quality assurance. and engineering laboratory services. In addition. 
there has been an increase in educational research grants which will provide for OSF requirements supporting 
Agencywide goals. 
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TQTALEJB 

RESEARCH AND JEST SUPPORT 

S&ELABS 
CLASS VI COMPU'IER 
SRM&QA 
ENGR. LAB SUPPORT 
ADP OPERATIONS & EQUIPMENT 
EDUCATION & RESEARCH AWARDS 

DATA SVSTEMS AND FUGHJS SUPPQRT 

QPERA]]ONS SUpPORT 

s&E LABS 
ENGR. LAB SUPPORT 
ADP OPERATIONS & EQUIPMENT 
EDUCATION & RESEARCH AWARDS 

MANPOWER 

BTE9: 

HUMAN SPACE FLIGHT 
ENGINEERING AND 'IECHINCAL BASE: CHANGES IN ESTIMA'IES 

(NOA IN MILLIONS) 

llM 
llM 

BUDGET CHANGE 
180A -4 

157.9 -8.7 

74.9 -2.8 

21.7 -1.5 

26.5 -1.7 

14.8 -0.7 

16.5 -1.5 

3.5 -0.5 

0 0 

22.5 4.7 

8.6 -0.6 

9.2 -0.7 
4.6 6 

0.1 0 

1939 -205 

.EYff 
BUDGET 

176A 

149.2 

72.1 

20.2 

24.8 

14.1 

15 

3 

0 

27.2 

8 

8.5 
10.6 

0.1 

1734 

Page 1 

REASONS FOR CHANGE 

REDUCTIONS TO MANPOWER CONTENT 

FY 93 WAS LAST YEAR FOR CONTENT IN THIS UPN 952 

NET EFFECT OF ADP RESTRUCTURE/ 

REDUCTIONS TO MANPOWER CONTENT 
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• 
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• • 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

SCIENCE, AERONAUTICS AND TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

GENERAL STATEMENT 

• 

The Science. Aeronautics and Technology appropriation provides funding for the research and development 
activities of NASA. This includes funds to extend our knowledge of the Earth. its space environment. and 
the universe; and to invest in new technologies. particularly in aeronautics. to ensure the future 
competitiveness of the nation. These objectives are achieved through the following elements: 

Space Science: This program conducts a broad spectrum of scientific investigations to advance our knowledge 
of the sun, the planets, interplanetary and interstellar space, and the stars of our galaxy and the 
universe. 

Life and Microgravity Sciences and Applications: A program to identify and develop the technology for the 
useful applications of space techniques in the area of materials process research and experimentation, and 
to explore the effect of the zero-gravity environment of space on human physiology. 

Mission to Planet Earth: A program to provide for the use of space systems. supported by ground-based and 
airborne observations. to acquire information which will assist in the solution of Earth resources and 
environmental problems. 

Aeronautical Research and Technology~ A program to conduct the fundamental long-term research to strengthen 
the United States leadership in aviation, and to pursue development of high leverage technologies required 
to support both the subsonic and high-speed civil transport economic viability. 

Advanced Concepts and Technology - A program to support the development and application of technologies 
critical to the economic, scientific, and technological competitiveness of the United States. 

Launch Services - A program to provide for procurement of expendable launch vehicle services. 

Mission Communication Services - Funding for communications activities which are most directly related to 
NASA's science and aeronautics programs. 

Academic Programs - A program to support Agencywide university, minority university, and elementary and 
secondary school programs. 
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• • 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

SCIENCE, AERONAUTICS AND TECHNOLOGY 

FISCAL YEAR 1995 BUDGET ESTIMATES 

(IN MILLIONS OF REAL YEAR DOLLARS) 

BUDGET PLAN 
1993 1994 

SCIENCE, AERONAUTICS AND TECHNOLOGY 4,908.7 5,847.3 

SPACE SCIENCE . 1.510.4 1.721.9 

LIFE AND MICROGRAVITY SCIENCES AND APPLICATIONS 407.5 515.3 

MISSION TO PLANET EARTH 936.3 1.024.5 

AERONAUTICAL RESEARCH AND TECHNOLOGY 769.4 1.102.2 

ADVANCED CONCEPTS AND TECHNOLOGY 464.9 495.3 

LAUNCH SERVICES 180.8 313.5 

MISSION COMMUNICATION SERVICES 546.5 589.1 

ACADEMIC PROGRAMS 92.9 85.5 

• 

1995 

5,901.2 

1. 766.0 

470.9 

1.238.1 

898.5 

608.4 

340.9 

481. 2 

97.2 
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• • 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

PROPOSED APPROPRIATION LANGUAGE 

SCIENCE, AERONAUTICS AND TECHNOLOGY 

For necessary expenses, not otherwise provided for, for the conduct 
and support of science, aeronautics, and techMlogy research and de
velopment activities, including research; development; operations; serv
ices; maintenance, construction, repair, rehabilitation and modifu:a
tion of real and personal property; acquisition or condemnation of 
real property, as authorized by law; space 11ight, spacecraft control 
and communications activities including operations, production, and 
services; and purchase, lease, charter, maintenance, and operation 
of mission and administrative aircraft; $5,901,200,000, to remain 
available until September 30, 1996. 

• 
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• • 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

SCIENCE, AERONAUTICS AND TECHNOLOGY 

REIMBURSABLE SUMMARY 

(IN MILLIONS OF REAL YEAR DOLLARS) 

BUDGET PLAN 

SCIENCE, AERONAUTICS AND TECHNOLOGY 

SPACE SCIENCE 

LIFE AND MICROGRAVITY SCIENCES AND APPLICATIONS 

MISSION TO PLANET EARTH 

AERONAUTICAL RESEARCH AND TECHNOLOGY 

ADVANCED CONCEPTS AND TECHNOLOGY 

LAUNCH SERVICES 

ACADEMIC PROGRAMS 

1993 

512.2 

5.2 

0.5 

319.6 

101. 3 

37.3 

47.5 

0.8 

1994 

700.5 

122.0 

1. 3 

260.0 

107.0 

117 .0 

92.0 

1. 2 

1995 

562.5 

114.5 

1. 2 

234.0 

112 .0 

52.0 

48.0 

0.8 

• 
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Program 

• 
NATIONAL AERONAUTICS AND SPACE ADMINSTRATION 

FISCAL YEAR 1995 ESTIMATES 
DISTRIBUTION OF SCIENCE, AERONAUTICS AND TECHNOLOGY BUUDGET PLAN BY INSTALLATION AND FISCAL YEAR 

------------------------
( Thousands of Dollars > 

Johnson Kennedy Nushll Stennis Goddard Jet Ames Langley 
Space Space Space FI i ght Spice Space Flt Propulsion Research Research 

Toh I Center Center Cuter Center Center Lib Cea hr Center 

• 
Lnis 

Reseu ch NASA 
Center HQ 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------·-Spice Science 1993 1,510,459 13,700 0 218,250 0 681,483 351,624 44,947 713 154 199,588 
--------·---- 1994 I, 721, 900 3,690 0 297 t 776 0 644,958 525,352 37,852 0 0 212,272 

1995 1,766,000 3,360 0 322,144 0 641,093 512,541 3 I, 259 0 0 185,603 
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------Life and Microgravity 1993 407,500 19,600 19,400 93,200 0 300 33,700 49,600 3,600 67,300 50,800 

Scieaces and Apps 1994 515,300 119,800 22,400 I 13,400 0 500 20,600 67,600 3,300 76,600 91,100 
------------------- 1995 470, IOO 115,000 19,000 110 t 700 0 200 8,500 13,000 2,700 69,800 62,000 
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------Mission to Pl1net E&rth 
-----------------------

Aero1autical R l T 

Adv Concepts & Tech 
-------------------

1993 
1994 
1995 

1993 
1994 
1995 

1993 
1994 
1995 

936,316 
1,024,500 
1,238, IOO 

769,362 
1,102,200 

898,500 

464,900 
495,300 
608,400 

211 
130 
130 

0 
400 

0 

62,698 
52,900 
66,140 

75 
100 
100 

0 
0 
0 

3,640 
2,600 

12,077 

10,467 
29,100 
7 t 100 

0 
500 

0 

41,524 
49,700 
73,683 

7 ti 
600 
500 

0 
0 
0 

6,325 
8,800 

13 t 004 

607,142 
605,400 
815,000 

6,421 
19,300 
17,600 

22,588 
17 t 500 
33,370 

114,616 
167,200 
203,400 

3,753 
4,800 
6,000 

50,781 
50,700 
75,795 

39,518 
35,900 
34,000 

293,425 
304,300 
260,700 

27,687 
22,900 
25,316 

24,955 
4 I ,600 
43,300 

230,688 
381,900 
337.200 

49 ,60 I 
4 I, 500 
68,767 

4,063 
l,500 
1,900 

199,932 
262,400 
251,700 

68,918 
74 I 500 
54,590 

134,558 
140,970 
132,670 

35, 143 
128,600 
25,300 

131,138 
174,200 
185,658 

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------Launch Services 1993 180,801 0 12,700 46,957 0 71,934 200 0 0 46,178 2,832 
--------------- 1994 313,500 0 12,000 43,600 0 92,400 0 0 0 148,000 17,500 

1995 340,900 0 12,400 3 I, 400 0 114,200 0 0 0 156,400 26,500 
------------------------------------------------------------------------------------------------------------------------------------·----------------------------------Mission Comm Ser,ices 1993 546,488 0 0 0 0 276,612 221,035 18,463 0 0 30,378 
--------------------- 1994 589,100 0 0 0 0 324,816 220,006 14,300 0 930 29,048 

1995 481,200 0 0 0 0 260,800 179,300 18,300 0 1,500 21,300 
------------------------------------------------------------------------------------------------------------------------------------------------------------~----------
Acadeaic Programs 1993 92,900 1,603 I ,680 2,522 1,655 2,653 2,815 1,505 2,756 2,259 73,452 
----------------- 1994 85,500 2,829 I ,876 2,880 I, 709 3,220 3,308 I, 719 3,276 2,595 62,088 

1995 97,200 3,636 2, 152 3,685 1,833 4,115 4,149 1,843 4,245 3,185 68,357 
======================================================================================================================================================================= 
TOTAL BUDGET PLAN 1993 4,908,726 167,812 37,495 412,920 8,691 1,669,133 778,524 475,145 312,313 388,804 657,889 
================= 1994 5,847,300 179,749 38,976 536,956 11, 109 I , 708,094 991,966 414,571 471,576 568,525 855 I 778 

1995 5,901,200 188,266 45,729 548,712 15,337 1,886,378 1,059,685 454,418 456,212 539,075 707,38~ 
======================================================================================================================================================================= 
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• 
OFFICE OF SPACE SCIENCE 

• 
SCIENCE, AERONAUTICS AND TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

BUDGET SUMMARY 

SUMMARY OF RESOURCES REQUIREMENTS 

FY 1993 FY 1994 
(Thousands of dollars) 

)/ ~ , 

1. 034, 861 1.06i.'6,oo (-3,;zc,.?) Physics and Astronomy .......................... . 
I 

" 0 475.598 654-. 300 ,_ :z 
.,. ~,!JOO Planetary Exploration .......................... . 

tS, 7e>o 

Total ................................... . 115101459 117'21.19..00 

AY,4(' - /;?<7,::1 

,-1::,r (./ ,,,,(Jc, 
i 

h //v/,' ;:-",,.r',nCJ 

FY 1995 

1. 058, 700 

707,3QQ 

l1766100Q 

L/'4.s 

FL£ 

• 

Page 
Number 

SAT 1.1 

SAT 1. 2 

!'-/~~"' ;"I!'! .,(, f ,;.Cl,,'j #.C,. ( bt:S) 
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OFFICE OF SPACE SCIENCE 

SCIENCE, AERONAUTICS AND TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

BUDGET SUMMARY 

SUMMARY OF RESOURCES REQUIREMENTS 

FY 1993 FY 1924 
(Thousands of dollars) 

Advanced x-ray astrophysics facility 
development .................................. . 168.337 (-z,wo11241, 300 ;;313:Jo 

Relativity mission development ................. . 
Global geospace science ........................ . 

27,000 - - 42.400 
72.647 41~&0) 13.300* ~ 0 (,t)C! 

Payload and instrument development ............. . 74.240 59.500 
Explorer development ........................... . 
Mission operations and data analysis ........... . 

115,832 - 123.300 
415.402 f!S,~oc,) 420. 700 '7'05, NO 

Research and analysis .......................... . 71.558 . - 71. 100 
Suborbital program ............................. . 64.843 -- 69,500 
Information systems ............................ . 25,002 -- 26,500 

PHYSICS & ASTRONOMY 

Page 
FY 1995 Number 

234,300 SAT 1.1-6 
50,000 SAT 1.1-8 

- - . SAT 1.1-10 
47.900 SAT 1. 1 -12 

120,400 SAT 1.1-15 
441,700 SAT 1.1-18 

71.100 SAT 1.1-22 
67.200 SAT 1.1-24 
26 lOQ SAT 1. 1- 2 6 

Total .................................... . 110341861 (... ;, 2 oa) 1 1 0 6 7 1 6 0 0 ~a" ~ t/ M 1, 0 5 8 1 70 0 

Distribution of Program Amount by Installation 

Johnson Space Center ........................... . 13 13 
Marshall Space Flight Center ................... . 217.250 297.776 322.144 
Lewis Research Center .......................... . 154 
Ames Research Center ........................... . 34.315 32.108 28.251 
Goddard Space Flight Center .................... . 656.908 625,916 599.929 
Jet Propulsion Laboratory ...................... . 40,224 38,073 38,091 
Headquarters ................................... . 86,010 73,714 70 272 

Total ........ ; ........................... . 110341861 11067,600 1,058,700 

Funding requirements under review 
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I FY 95 PRESIDENT'S BUDGET 

PRIOR 1993 1994 1995 1996 1997 1998 1999 BTC TOTAL 

1715. 7 

OFFICE OF SPACE SCIENCE 
I 1510.41 ~H1.9\ 1766.0I 1694.41 1512.0I 1321.11 1211.1! 

IDbJ/.' 
PHYSICS AND ASTRONOMY 

1034.7 t66r.9- 1058.7 1060.1 1046.4 916.2 823.5 

FUTURE MISSIONS WEDGE 2313 28.5 19.3 

9/98 AXAF 311.9 168.3 t4lh8 234.3 237.6 187.3 93.7 0.0 1474.4 DELETE AXAF-S/XRS 

4/94 6/94 GLOBAL GEOSPACE SCIENCE 312.5 72.6 i1/, Jrlir.3-
398.4 

RELATIVITY MISSION DEVELOPMENT 21.J! 42.4 §2.Q ~ ~ ~ ~ 
171.0 606.2 

1995/1997 STORE 100.4 25.1 2.4 1.8 1.0 0.5 131.2 

3002 GRAVITY PROBE-B 1.9 40.0 48.2 50.5 52.5 54.6 56.3 171.0 475.0 REPHASE TO L-O·E 

PAYLOAD & INST DEVELOPMENT ™ ~ 47.9 1U 1U u Q.Z 

7/95 12/95 COSTR 224.1 50.8 31.2 23.2 3.8 
333.1 

7/92 TETHER 33.2 1.5 
34.7 

5/96 TETHER REFLIGHT 
2.4 3.8 5.7 3.7 

15.6 ADD REFLIGHT 

SPACE PHYSICS P/L 1.2 1.6 0.4 0.6 0.8 0.0 0.0 CUT OUTYR WEDGE 

ASTROPHYSICS P/L 20.7 24.3 20.5 9.6 9.4 1.3 0.7 CUT OUTYR WEDGE 

EXPLORER DEVELOPMENT 115.8 ~ 12l!A ~ 1M.§ 142.5 146.6 

4/96 (8/95) XTE 70.7 65.4 36.9 36.7 21.5 
231 .2 RE PHASE/INFLATE 

8/97 ACE 
33.2 44.1 31.8 24.5 7.5 141.1 REPHASE/REPRICE 

9/94 6/95 SMALL EXPLORERS 81.3 36.6 39.4 33.1 37.9 40.2 43.9 44.9 

12100 EXPLORER PLANNING 1M 1M M ~ ZQ..1 fil...1 1Q.Ll OFFSETS/TAX ADJUST 

FUSE (ATD/DEV) 
6.1 35.0 65.0 72.0 50.0 32.0 260.1 

TAXES/WEDGE 
0.4 3.0 5.1 19.1 51.7 

Jfos.a.. 
MISSION OPS & DATA ANALYSIS 415.4 --m;!" .ID,! m.! ~ 431.3 436.4 

SPACE PHYSICS MO&DA 45.1 44.5 30.6 30.3 54.0 51.4 29.5 ADD WEDGE 

GGSOPNS 2.5 2.1 I . o --tt:3"' 22.9 20.9 
60.7 PRIME MSSN ONLY 

COSTROPNS 1.5 6.0 9.9 10.9 30.7 30.4 1.0 90.4 PRIME MSSN ONLY 

ASTROPHYSICS MO&DA 62.8 64.6 66.5 61.3 59.1 45.6 48.6 DELETE RESERVES 

GAMMA RAY OBSER OPNS 44.3 25.4 5 -z.,19.9 22.5 22.6 22.8 0.0 0.0 157.5 DELETE EXT MSSN 

12/93 HST OPNS & SERVICING 1071.4 
,, . 

226.7 200.7 225.6 227.8 234.3 2622.6 FLAT OPS THRU 2005 
216. 7 -249,,4-

HST DATA ANALYSIS 95.0 42.4 38.5 42.7 50.5 43.3 47.2 50.0 409.6 OPS THRU 2005 

AXAFOPNS 7.1 14.9 11.6 18.9 40.4 57.9 58.3 74.0 282.4 565.5 

RESEARCH AND ANALYSIS IL§ Z1.1 Z1.1 Z1.1 71.1 71.1 71.1 HOLD @ FY 94 LEVEL 

SPACE PHYSICS SR&T 37.3 35.7 35.7 35.7 35.7 35.7 35.7 

ASTROPHYSICS SR&T 34.3 35.4 35.4 35.4 35.4 35.4 35.4 

SUBORBITAL PROGRAM .SY §l!,.5 .SU m. §L§ 67.6 m. HOLD @ FY 94 LEVEL 

AIRBORNE RESEARCH 13.0 13.6 13.2 13.1 13.1 13.1 13.2 

BALLOON PROGRAM 15.4 16.4 16.0 16.0 16.0 16.0 16.0 

SOUNDING ROCKETS 36.4 39.5 38.0 38.6 38.5 38.5 38.5 GENL REON IN FY 95 

INFORMATION SYSTEMS 25.0 26.5 26.1 25.9 25.6 25.6 25.4 



OFFICE OF SPACE SCIENCE 

OBJECTIVES AND JUSTIFICATION 

SCIENCE, AERONAUTICS AND TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

PHYSICS AND ASTRONOMY 

The primary objectives of the Physics and Astronomy program are to increase our understanding of the origin 
and evolution of the universe. the fundamental laws of physics. and the formation of stars and planets. 
Research teams involved in this program are located at universities. industrial laboratories. NASA field 
centers. and other government laboratories. The scientific information obtained and the technologies 
developed are made available to the scientific communities and the general public for the advancement of 
scientific knowledge, education. and technology. Two science programs are supported by funds provided under 
Physics and Astronomy: astrophysics and space physics. In addition. Physics and Astronomy funding supports 
improved science data management. analysis. and visualization techniques to improve scientists' productivity 
through the Information Systems program. 

Objects studied by the astrophysics program include distant galaxies and galactic clusters. as well as stars 
and other structures in nearby galaxies and the interstellar medium within our own galaxy. Unusual and 
exotic phenomena such as quasars. neutron stars. pulsars. and black holes are of particular interest to the 
astrophysics program. and are the target of many ground-based and space-based research programs. 
Astronomical observations from space avoid images from being obscured or distorted by the atmosphere. While 
many wavelengths are obscured by the atmosphere. some wavelengths actually cannot be observed from the 
surface of the Earth at all. The astrophysics program also supports a limited number of initiatives related 
to relativity science. 

The attention of NASA's space physics program is upon naturally-occurring plasmas. the physical state of 99% 
of the universe. The study of relatively cool plasmas in the planetary ionospheres, the hot plasma of the 
sun. Earth and other planets' magnetospheres. and galactic cosmic-ray plasma are all emphasized. Study of 
Earth's nearby space environment has revealed a dynamic and complex system of plasmas interacting with the 
magnetic fields and electric currents surrounding our planet. This region. comprised of the magnetized 
solar-wind plasma plus the perturbation in the heliosphere caused by the presence of the magnetic Earth, is 
referred to as geospace. 

The objectives of the astrophysics and space physics programs are accomplished using a mixture of small. 
medium. and large spacecraft, instruments and payloads to be flown on international and U.S.- developed 
satellites and Shuttle/Spacelab flights. and suborbital missions. The entire program rests on a solid basis 
of supporting research and technology. data analysis. and theory. Recently launched spacecraft have been 
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I FY 95 PRESIDENT'S BUDGET 
OFFICE OF SPACE SCIENCE 

FY 94-95 COMPARISON 
1994 1995 DELTA % 

/715.7 

OFFICE OF SPACE SCIENCE (OSS) I 1121.91 1766.0j I +20.s I 2"0 

AXAF ~?f1,3 ~ 234.3 ·1.0 ·3% FY 94 is peak funding year; delete AXAF-S (including XRS) 

GLOBAL GEOSPACE SCIENCE :n., ~ ·13.3 ·100% FY 94 launches (may slip) 

RELATIVITY MISSION DEVELOPMENT 42.4 · 50.0 +7.6 18% Program buildup 

MARS '94 INSTRUMENTS '/. i -s,5,-.,.. 1.4 -2.1 -60% FY 94 launch; MO&DA support in FY 95 

CASSIN! ,266.6 255.0 -11.6 -4% FY 94 is peak funding year 

MARS SURVEYOR PROGRAM /'f, lo ~ 78.4 +62.8 403% Program buildup (FY94 funds unidentified) 

DISCOVERY 127.4 129.7 +2.3 2% Modest program buildup (FY 96/97 launches) 

PAYLOAD & INST DEVELOPMENT 59.5 47.9 -11.6 -19% COSTA program phasedown (FY 95/96 launches) 

EXPLORER DEVELOPMENT 123.3 · 120.4 -2.9 ·2% Level-of-effort program 

P&AMO&DA t/-OS. :i.. '420:'I'. 441.7 +21.0 5% GGS/COSTR/HST/AXAF ramp-up 

PLANETARY MO&DA I 311. 7 #1-:'I' 127.7 -14.0 -10% Terminate Magellan & Mars Observer ops, Vgr-Neptune data.analysis 

P&AR&A 71.1 71.1 +0.0 0% Hold constant @ FY 94 level 

PER&A I b 7, b +t-5:1-' 115.1 +0.0 0% Hold constant @ FY 94 level 

SUBORBITAL PROGRAM 69.5 67.2 -2.3 ·3% General reduction in FY 95 (budget constraints) 

INFORMATION SYSTEMS 26.5 26.1 -0.4 ·2% General reduction in FY 95 (budget constraints) 



• • • 
extremely successful. including the Cosmic Background Explorer (COBE, 1989), the Combined Release and 
Radiation Effects Satellite (CRRES, 1990). the Hubble Space Telescope (HST, 1990). the Compton Gamma Ray 
Observatory (CGRO. 1991). the Extreme Ultraviolet Explorer (EUVE. 1992). and the Solar. Anomalous. and 
Magnetospheric Particle Explorer (SAMPEX, 1992). Recent Spacelab missions include Astro-1 (1990), the 
Diffuse X-ray Spectrometer (DXS, 1993), Spartan 201 (1993), and the Orbiting Retrievable Far and Extreme 
Ultraviolet Spectrometer (ORFEUS. 1993). NASA has also recently participated in international programs such 
as the German Roentgen Satellite (ROSAT, 1990). the Japanese Solar-A/Yohkoh (1991). the Geotail (1992) and 
the Astro-D (1993) missions. 

The Advanced X-ray Astrophysics Facility (AXAF) was approved by Congress in FY 1.989 contingent upon 
demonstration of mirror fabrication technologies. The AXAF met the Congressional milestones and has 
proceeded with science instrument development, continued fabrication and test of its grazing incidence 
mirrors, and design of spacecraft. telescope. and mirror assemblies. Following a restructuring of this 
system in 1992. AXAF was divided into two satellites (AXAF-I and AXAF-S) to be launched in 1998 and 1999. 
Together. the two satellites would provide high resolution imaging and both wide-band and narrow-band 
coverage of the x-ray spectrum necessary for both cataloging study and specific investigation of the 
composition and nature of galaxies, stellar objects. and interstellar phenomena. and the study of basic 
issues in theoretical physics. In the FY 1994 appropriation, Congress directed NASA to cease work on the 
AXAF-S spacecraft and to investigate the potential for flight of the X-Ray Spectrometer (XRS) instrument on 
Astro-E. a future Japanese mission. Consistent with this direction. the program has taken the necessary 
actions to terminate the AXAF-S mission. Studies are currently underway to examine the technical and 
scientific merits as well as the schedule and fiscal requirements for flying XRS aboard the Astro-E mission. 

Two previously existing budget elements. Gravity Probe-B (GP-B) development and the Shuttle Test of 
Relativity Experiment (STORE), are now consolidated into a single budget element called Relativity Mission 
Development. STORE is a technology demonstration program designed to validate the technologies and 
performance requirements of the dewar and probe which will ultimately fly aboard the GP-B mission. This was 
previously funded under Payload and Instrument Development. The GP-B will incorporate instrument hardware 
developed by the STORE mission into a free-flying spacecraft designed to test key elements of Einstein's 
general theory of relativity. After a lengthy period of science definition. technology demonstration, and 
design and test of prototype components, GP-B development started in FY 1993 with a launch targeted for FY 
2000 aboard a Delta II launch vehicle. 

The Space Physics program is currently developing two satellites under the Global Geospace Science (GGS) 
program and several instruments and spacecraft subsystems under the Collaborative Solar Terrestrial Research 
(COSTR) program. The COSTR instruments and subsystems will be flown on several international satellites. 
These two NASA programs represent the U.S. contribution to the International Solar Terrestrial Physics 
(ISTP) program, a broad initiative to conduct advanced observations and study of the sun and Earth's 
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geospace. Under this program, satellites are being developed by NASA and the European Space Agency (ESA). 
plus one satellite already produced by the Japanese Institute of Space and Aeronautical Science (ISAS). 

NASA's two GGS spacecraft, Wind and Polar, together with Japan's Geotail which was launched in 1992 and 
other Earth observing and near-Earth satellites. will make the first coordinated geospace measurements of 
the interaction between the Earth's magnetic field and plasma from the sun. and the transfer of mass, 
energy, and heat to the Earth system. The Wind spacecraft will study this transfer at the head of the 
geospace. the Polar at the Earth's poles, and the Geotail at a point where the Earth's magnetic region tails 
away toward the outer solar system. 

Payload and Instrument Development supports a number of instruments and payloads to be used on international 
satellites or on Spacelab missions. These include the Collaborative Solar Terrestrial Research (COSTR) 
program, which will provide instruments and subsystems for the European Space Agency (ESA)-developed Solar 
and Heliospheric Observatory (SOHO) and Cluster missions, in addition to the support already provided for 
the Japanese Geotail spacecraft launched in 1992; the science requirements for a Tethered Satellite System 
(TSS) reflight; and a variety of other small astrophysics and space physics instruments. 

Explorer missions are selected to conduct investigations of an exploratory or survey nature, or to achieve 
specific objectives which do not require the capabilities of a large spacecraft or observatory. The X-ray 
Timing Explorer (XTE), the Advanced Composition Explorer (ACE), the Submillimeter Wave Satellite (SWAS), and 
the Fast Auroral Snapshot (FAST) are all currently under development within the Explorer program. The SWAS 
and the FAST are classified as Small Explorers (SMEX). 

The Mission Operations and Data Analysis (MO&DA) program supports satellite operations during the 
performance of the core missions of astrophysics and space physics spacecraft, and for ongoing analysis of 
selected data sets. Funding is also applied to pre-flight preparations for NASA satellite operations and 
data analysis activities. and for long-term data archiving and data base services. In addition, funds from 
this category are used to support ongoing servicing support for the Hubble Space Telescope (HST). 

Suborbital observations from balloons, sounding rockets. and high-flying aircraft provide low-cost. frequent 
access to regions in the upper atmosphere which are not accessible from orbital spacecraft. The program 
continues to provide valuable opportunities to conduct science and to develop and test instruments which 
will ultimately fly aboard orbital spacecraft. 

The Research and Analysis (R&A) program provides ongoing support for basic and applied research, new 
technology development and theory-building. Research teams at NASA centers and at universities. industrial 
laboratories. and other government laboratories are supported. The scientific discoveries and technological 
advances derived from this program are ultimately made available to the science community and the private 
sector for the advancement of scientific knowledge, education and industrial application. 
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The Information Systems program continues to provide a state-of-the-art environment to support science 
research objectives. This includes ongoing developments in high performance networking and computing 
capabilities. interactive analysis techniques with expedient access to multiple data sets, enhancement of 
mathematical processes tools. and advanced visualization techniques. These activities are all designed to 
enhance access to and exploitation of existing and future scientific data sets. 
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ADVANCED X-RAY ASTROPHYSICS FACILITY (AXAF) 

LEAD CENTER: MSFC 
LAUNCH: 9/98 STS/IUS 

ATD 
DEVELOPMENT 
MO&DA 
UPPER STAGE 
STS MARGINAL COST 
TRACKING 
FACILITIES 

{FY 95 PRESIDENT'S BUDGET 

FY 94 PRESIDENT'S BUDGET 

!NET CHANGE: 

PRIOR FY92 

54.2 
161.2 150.7 

3.8 3.3 

12.5 5.2 
231.7 159.2 

231.7 159.2 

FY93 

168.3 
14.9 
8.0 

191.2 

191.2 

! FY 95 PRESIDENT'S BUDGET! 

DESIGN LIFE: 5 YEARS 
WEIGHT: 9,400 LBS 

FY94 FY95 FY96 

23113 
.24-1:S 234.3 237.6 

11.6 18.9 40.4 
7.8 16.6 18.0 

0.1 3.3 
0.1 0.2 0.5 

260.8 270.1 299.8 

288.1 316.8 349.3 

-27.3 -46.7 -49.5 

FY97 

187.3 
57.9 
37.7 
3.8 
0.4 

287.1 

383.1 

-96.0 

SPECS: 

FY98 FY99 

93.7 0.0 
58.3 74.0 
22.3 
31.5 
0.3 0.2 

206.1 74.2 

277.0 170.8 

-70.9 -96.6 

PROGRAM STATUS: • MIRROR FABRICATION CONTINUES AT HUGHES-DANBURY - HRMA NOW OPERATIONAL 

REASON FOR CHANGE: 

HRMA CDA FEBRUARY 1994 
COMPLETE MIRROR FABRICATION FEBRUARY 1995 

• DETAILED SPACECRAFT & INSTRUMENT DESIGN ACTIVITIES UNDERWAY IN FY 1994-95 
OBSERVATORY PDR NOVEMBER 1994 
INSTRUMENT PDRs APRIL-MAY 1994 
OBSERVATORY CDR FEBRUARY 1996 
INSTRUMENT PDRs MARCH-APRIL 1995 
BEGIN INTEGRATION & TEST 

o CONTRACT FOR UPPER STAGE AWARD IN""APRlt 1994 
::fvl\e.. 

CURRENT PREVIOUS 
54.2 54.2 

1474.4 1,773.3 -298.9 DELETE AXAF-S 

4 MIRROR PAIRS (1.2M LARGEST) 
10 M FOCAL LENGTH 
30 ARCSEC POINTING 

.1 •• 1 OkEV SPECTRAL RANGE 

BTC TOTAL CUM NOA 
THRU94: 

54.2 1j 54.2 
-+;4T4:zt- t!/72 •. 721.5 

282.4 565.5 33.6 
110.4 15.8 
38.7 0.0 

2.0 3.7 0.1 
17.7 17.7 

284.4 2,264.il 842.9 

235 2,602.2 

49.4! 437.6! 

ATD 
DEVELOPMENT 
MO&DA 565.5 528.7 +36.8 ADDED 5th YEAR OF OPS PREVIOUSLY UN BUDGETED 

100% 
49'Yo 
6% 
14% 
0% 
3% 

100% 
37% 

UPPER STAGE 
STSSUPPORT 

110.4 168.3 -57.9 REDUCE RESERVES··· UPPER STAGE SELECTION STILL TBD (ESTIMATE STILL SOFT) 

ISSUES/CONCERNS: 

TRACKING & DATA SUPPORT 
CONST OF FACILITIES 
TOTAL MISSION COSTS: 

38.7 58.3 -19.6 RE-ESTIMATE OF STS MARGINAL COSTS DUE TO BUDGET REDUCTIONS 
3.7 1.7 +2.0 

17.7 17.7 
I 2264.61 2,602.21 437.6 IDELETED AXAF-S/XRS IN FY 95 & BEYOND 

o ASTRO-E MISSION UNFUNDED IN FY 95 BUDGET RUNOUT 
o GAO REPORT FINDINGS - LOW RESERVES DUE TO CONTRACTOR OVERHEAD, ETC 



BASIS OF FY 1995 FUNDING REQUIREMENT 

ADVANCED X-RAY ASTROPHYSICS FACILITY DEVELOPMENT 

FY 1993 FY 1994 FY 1995 
(Thousands of dollars) 

Advanced x-ray astrophysics facility ........... . 
2-31 300 

168.337 :u/1. 3-00 234.300 

Mission operations and data analysis ........... . 
Upper stages ................................... . 

(14,900) (11,600) (18,900) 
( - - ) (7,800) (16,600) 

OBJECTIVES AND STATUS 

The Advanced X-ray Astrophysics Facility (AXAF) will observe matter at the extremes of temperature. density. 
and energy content. Previous x-ray missions such as the Small Astronomical Satellite·C (SAS-C) and the High 
Energy Astronomical Observatory-2 (HEA0-2) have demonstrated that observations in the x-ray band provide a 
powerful probe into the physical conditions of a wide range of astrophysical systems. With its 
unprecedented capabilities in energy coverage. spatial resolution, spectral resolution. and sensitivity. 
AXAF will provide unique and crucial information on the nature of objects ranging from nearby stars to 
quasars at the edge of the observable universe. The AXAF is the third of NASA's Great Observatories. and 
has been given high priority by the National Academy of Sciences Astronomy Survey Committee. 

The Marshall Space Flight Center (MSFC) was assigned responsibility for managing the AXAF project in 1978. 
subsequent to the successful High Energy Astrophysics Observatory (HEAO) program that was nearing 
completion. The scientific payload was selected through an Announcement of Opportunity in 1985 and 
confirmed for flight readiness in 1989. The TRW was selected as prime contractor for the mission, with 
major subcontracts to Eastman-Kodak. Hughes-Danbury. and Ball Aerospace. The Smithsonian Astronomical 
Observatory (SAO) also has significant involvement throughout the program. The MSFC. TRW. Hughes-Danbury 
and SAO were all part of the successful HEA0-2 program, which is a technical precursor of the AXAF program. 

The AXAF was given new start approval in FY 1989. contingent on demonstrating the challenging advances in 
mirror metrology and polishing technology. The first pair of mirrors were fabricated and then tested in a 
specially designed X-ray Calibration Facility at MSFC in 1991. The x-ray test results validated the 
polishing and metrology. With the success of this Verification Engineering Test Article (VETA) #1 
demonstration. the program proceeded fully into design and development (Phase CID). The AXAF program was 
restructured in 1992 to reduce life-cycle program costs. The original baseline was an observatory with six 
mirror pairs which was planned for a fifteen-year mission in low Earth orbit with periodic Shuttle servicing 
required. The restructuring produced Ax.AF-I. an observatory with four mirror pairs to be launched into a 
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IFY 95 PRESIDENT'S BUDGET I 
AXAF DEVELOPMENT DETAIL: 

!TOTAL DEVELOPMENT 

TRW 
SPACECRAFT 
TELESCOPE 
OTHER 

INTEGRAL PROPULSION SYSTEM (IPS) 

INSTRUMENTS 

AXAF-S 

PROGRAM SUPPORT 

CONTINGENCY 

HQ 

FY 94 PRESIDENT'S BUDGET 

DETAIL OF CHANGES: 
AXAF-S TERMINATION 
SUPPORT CONTRACTORS 
IRM REDUCTION 
])CA~ l.~bllG r,oAJ 

AXAF CONTRACTORS: 

INSTRUMENTS: 

TRW 

HUGHES DANBURY 
EASTMAN-KODAK 
BOEING 
BASG 

PRIOR 

311.9 

~ 
6.5 

183.6 
67.8 

23.4 

20.9 

9.7 

311.9 

..M 

1993 1994 1995 1996 
2-31} 

168.3 ~ 234.3 237.6 

11.M tlU 14M 14!.§ 

12.2 34.9 56.4 70.6 
75.6 85.7 73.2 59.6 
22.2 22.2 15.9 14.4 

6.7 14.8 11.5 

10.6 21.0 22.4 15.3 

17.3 I 15.6 I 
16.7 28.6 17.3 16.6 

4.5 20.2 34.3 44.3 
3% 9% 17% 24% 

9.2 ~ 5.3 
.If, 'f 

168.3 260.3 280.2 288.6 
-2./.0 

..M ~ -45.9 :§1.& 
·19 -44.5 -49.2 

-0.3 -0.7 
·1.1 ·1.1 

-2.0 

SPACECRAFT 
INTEGRAL PROPULSION SYSTEM (IPS) 
MIRROR FABRICATION 
TELESCOPE SYSTEM 
OPTICAL BENCH 
ASPECT CAMERA 
INSTRUMENT MODULE 

AXAF CCD IMAGING SPECTROMETER 
HIGH RESOLUTION CAMERA 

1997 

187.3 

Ell 
40.9 
17.6 
39.4 

6.1 

10.6 

13.2 

56.2 
44% 

3.3 

273.7 

-86.4 
·84.5 

·1 
·0.9 

ACIS 
HRC 
LETGS 
HETGS 

LOW ENERGY TRANSMISSION GRATING SPECTROMETER (LETGS) 
HIGH ENERGY TRANSMISSION GRATING SPECTROMETER (HETGS) 

1998 

93.7 

.a§.! 
22.6 
11.6 

1.9 

0.9 

9.6 

10.0 

34.7 
61% 

2.4 

163.9 

:ZQ.2 
-69.1 

-1.1 

1999 

26.4 

~ 
·26.4 

PENN STATE 
SAO 

2000 

..M 

TOTAL 

@?tr ~'i?o?.~ 

~ 
244.1 
506.9 
183.8 

40.0 

112.9 

32.9 

123.3 

194.2 
25% RESERVES vs NOA TO GO: 

..38:3" ? 'f. 3 

1,773.3 

-34,. rt 
~ 
·292.7 

·3.1 
·3.1 

-2,a 

GGARMIRE 
SMURRAY 

UNIV OF UTRECH, NETHERLANDS 
MIT 

A BRINKMAN 
CCANIZARES 



ASTRO·E SUMMARY 

FY93 

ASTRO-E 

ASTRO-E DEV/OPS 

I OFFICE OF SPACE SCIENCE I 
FY 95 PRESIDENT'S BUDGET 

7. 2.. 

r 4~, 
¥ 

,.2... 

~-

BTC TOTAL 

.&J.'1 ~ t.A71:$T ~T/MATE 
-~----'t--------.-_---"'--~---0-.0--24...:..,.4 ~.:: 0.0 ·'-&.§ 7.2 6.2 4.! 

~ Li t.O u §..2 y M M 
CALORIMETER (XRS) 4.7 4.0 4.9 2.4 1.4 0.3 

!U 
17.7 
12.0 FOIL MIRRORS (4) 

MO&DA 
RESERVES 
TAXES 

XRSOFFSET 

RATIONALE: 

ISSUES: 

0.3 2.6 2.5 2.7 2.3 1.6 
0.3 0.7 1.3 1.7 

1.3 1.1 1.2 1 0.7 
0.3 0.2 0.2 0.2 0.1 

::§& :L'i. :M 

o REPLACES SCIENCE LOSS DUE TO AXAF·S TERMINATION 

o MISSION APPROACH BASED ON ASTRO·D/ASCA MISSION (2/20/93) 
• JAPANESE PROVIDED DEWAR, BLOCKING FILTERS, CAYO MAGNET, AND CCDs 

4.0 
5.3 
1.0 

:1U 

• U.S. PROVIDES KEY HARDWARE ELEMENTS (CALORIMETER, MIRRORS, PRE-LAUNCH MO&DA SUPPORT) 

o LOW-COST OPTION REDUCES PARTICIPATION FROM $140M TO $40M 
- EXCLUDES COSTLY CCD DETECTORS AND DEWAR DEVELOPMENTS 

ASTRO-E HAS NOT ENTERED ITS DEFINITION STAGE - CONCEPT FOR DESIGN STILL TENTATIVE 
JAPANESE MISSION APPROVAL: MAY 1994 
LAUNCH DATE: 7/99 (TENTATIVE) 

~ 

TERMINATION OF BALL CONTRACT FOR XRS DEWAR IN PROCESS - STOP WORK ALREADY IN EFFECT 

APPROVAL REQUIRES ADDITIONAL FUNDING BEYOND RESIDUAL XRS FUNDS IN FY 94 
SEE DATA ABOVE··· ASSUMES XRS FUNDING OFFSET 

.-~~ 
o:_-,!":::~ ip6 ~ ,.,_Joi-<, 
,n,,,J~~~· 



high Earth orbit for a five year life time, and a smaller observatory (AXAF-S) flying an X-Ray Spectrometer 
(XRS) from the original baseline. A panel from the National Academy of Sciences endorsed the restructured 
AXAF program. 

With the FY 1994 Budget. AXAF-I development reached the half-way point in terms of funding, and is now at 
the peak annual level required to complete the program. Mirror development work at Hughes-Danbury is 
continuing. and the assembly facility for the High Resolution Mirror Assembly (HRMA) at Eastman-Kodak is now 
operational. NASA is proceeding with the decision to launch AXAF on the Shuttle; a contract for an upper 
stage is expected to be awarded in April of 1994. 

BASIS OF FY 1995 ESTIMATE 

Fiscal Year 1995 is a critical year for AXAF-I development activities. The Observatory Preliminary Design 
Review (PDR) is scheduled for November 1994, and detailed design of the AXAF spacecraft structure and 
instruments will continue throughout the year. Fabrication of the structural test model. VETA 2, begins in 
FY 1995 and will be completed by early FY 1996. A Critical Design Audit (CDA) of the Boeing-developed 
Optical Bench assembly will be held by TRW in September 1995. All flight mirrors are scheduled to be 
delivered later in the year, and initial mirror coating will begin in the May 1995 timeframe. All 
instrument Critical Design Reviews (CDRs) are scheduled for completion in FY 1995. 

The FY 1995 budget does not include funding to continue development of the XRS instrument. However. studies 
are currently underway to determine instrument modifications and spacecraft interfaces. If upon completion 
of the joint U.S.-Japanese studies -- including assessments of scientific merit, schedule and funding 
requirements -- the joint program is determined to be scientifically meritorious and programmatically 
feasible. NASA will provide the results to the Congress and propose appropriate changes. if any, to the FY 
1995 budget plan. 
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I FY 95 PRESIDENT'S BUDGETj 

RELATIVITY MISSION DEVELOPMENT (STORE/GP-B) 

LAUNCH: 3002 

ATD 
STORE 
GRAVITY PROBE-B 
MISSION OPS & DATA ANALYSIS 
LAUNCH SUPPORT 
TRACKING & DATA SUPPORT 

[FY 95 PRESIDENT'S BUDGET: 

FY 94 PRESIDENT'S BUDGET: 

[NET CHANGE: 

PROGRAM STATUS: 

REASON FOR CHANGE: 

ISSUES/CONCERNS: 

DESIGN LIFE: 
WEIGHT: 
LAUNCH: 

2YEARS 
5,600LBS 
DELTA II 

LOCKHEED 

STANFORD 

PRIOR FY 92 FY 93 FY 94 FY 95 FY 96 FY 97 FY 98 FY 99 

70.0 
3.2 

73.2 

73.2 

15.0 
12.2 

27.2 

27.2 

25.1 
1.9 

27.0 

27.0 

2.4 
40.0 

42.4 

42.4 

t 

1.8 
48.2 

50.0 

57.8 

-7.8 

1.0 
50.5 

51.5 

76.0 

-24.5 

o GROUND TEST PROGRAM CONTINUES AT STANFORD 

0.5 
52.5 54.6 

0.3 0.4 
0.2 0.3 

53.5 55.3 

94.7 98.9 

-41.2 -43.6 

OPERATION & FUNCTIONAL VERIFICATION OF GYROSCOPES UNDERWAY 

56.3 

2.5 
1.6 

60.4 

85.7 

-25.3 

o PROGRAM BEING REBASELINED TO ACCELERATE SCHEDULE/REDUCE TOTAL COST 
STORE FLIGHTS CANCELLED 
GROUND TESTING REDUCED 
TRANSITION FROM PROTOTYPE TO PROTOFLIGHT APPROACH 

CURRENT PREVIOUS 
STORE 131.2 131.2 
GRAVITY PROBE·B 475.0 400.0 75.0 MISSION REPHASED/DEFERRED 

SPACECRAFT 
PROBE & DEWAR 
SCIENCE INSTRUMENT 

(GRYOSCOPE & TELESCOPE ASSEMBLIES) 

BTC TOTAL 

85.0 \I' 
46.2 \q~ 171.0 475.0 

34.0 34.0 

i~"\©'I" 
60.0 63.2 
4.2 6.3 

269.2 709.7! 

49.8 632.7 ~/ +219.41 +77.0( 

MISSION OPS & DATA ANALYS 34.0 34.0 ADDED RESERVES IN BTC TO COVER LAUNCH SLIP (9/98 TO 3002) 
LAUNCH SUPPORT 63.2 61.2 2.0 
TRACKING & DATA SUPPORT 6.3 6.3 
TOTAL MISSION COSTS: I 709.7( 632.7( 77.0!MISSION LAUNCH DATE NOW BEING TARGETED TO FY 2000 

~ 
o PROGRAM SCHEDULE STILL TSO - nllR&T LAUNCH DATE IS FY 2000 

~.d; 
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GRAVITY PROBE-B 

FY93 &P FY94 FY95 FY96 FY97 FY98 FY99 FYOOI 

102.3 65.1 50.6 52.3 53.5 ~ ~ ~ 
STORE 100.4 25.1 2.4 1.8 1 0.5 
GP-B 

PROGRAM TOTAL 

HQ TAXES 

MSFC MANAGEMENT 

STANFORD TECH & MGT 

SPACECRAFT: LOCKHEED/SUNNYVALE 

PAYLOAD: LOCKHEED/PALO ALTO 

RESERVES 
MSFC RESERVES 
HQ RESERVES 
SPACECRAFT RESERVE 
PAYLOAD RESERVE 

%RESERVES 

ISSUE: 

1.9 40 48.2 50.5 52.5 54.6 56.3 57.3 

~ -6.5,1 50,,6. 5-2.3. ~ 55.1 56.3 57.3 

7.8 3.2 1.2 1.3 1.3 1.4 1.6 22.4 

1.8 1.9 2 1.9 2 2.9 21 22.8 

92.7 35.8 14.9 15.5 13.5 14.3 8.8 5.3 

3.1 9.7 15.1 26.9 28 22.6 6.2 

21.1 22.8 18.5 9.8 8.5 2.3 0.6 

u .u .2 1,§ 1U 21.2 §.2 
0.5 0.4 0.3 0.7 18.8 21.2 

21.1 
0.4 0.8 0.9 1 9.2 9.2 2.4 

1 1 0.8 0.5 4.2 0.2 0.5 

3% 5% 4% 3% 34% 100% 374% 

! RESERVES EXTREMELY TIGHT IN FY 94 - 98 llMEFRAME DUE TO LEVEL FUNDING 
-- PROJECT INTENDS TO USE SCHEDULE SLIPPAGE AS MEANS OF RESERVES!! 

FY01
1
1 FY02 TOTAL 

12100 
58.3 55.4 606.2 

131.2 
58.3 55.4 475 

58.3 55.4 .6.0§..2 

43.8 53.3 137.3 

8.9 0 65.2 

5.6 2.1 208.5 

0 0 111.6 

83.6 

!U §.2,1 !El 
7 48.9 

42.8 52.9 116.8 
23.9 

8.2 

586% 2116% 65% vs COST-TO-GO 



• • • 
BASIS OF FY 1995 FUNDING REQUIREMENT 

RELATIVITY MISSION DEVELOPMENT 

FY_l993 FY 1994 FY 1995 
(Thousands of dollars) 

Shuttle test of relativity experiment .......... . 25.100 2,400 1,800 
Gravity probe -b ................................ . 1.900 40,000 48,200 

Total .................................... . 27.000 42.400 50.000 

OBJECTIVES AND STATUS 

The Gravity Probe-B (GP-B) flight mission is a relativity experiment being developed for NASA by Stanford 
University. It is intended to test two extraordinary. unverified predictions of Einstein's general theory 
of relativity known as geodetic and frame dragging precession. To do this. very small changes in the 
direction of spin of four gyroscopes contained in a spacecraft. placed in a 640 km polar orbit, will be 
monitored. In order to make such a measure. extremely precise superconducting gyroscopes had to be 
developed. These gyroscopes must operate in a near absolute zero temperature environment. undisturbed by 
magnetic or drag forces. while maintaining an extraordinary accuracy during the experiment's lifetime of 
more than one year. These gyroscopes will measure how space and time are warped by the presence of the 
Earth and, more profoundly. how·the Earth's rotation drags space-time around with it. These effects. though 
small for the Earth, have far reaching implications for our understanding of the nature of matter and the 
structure of the Universe. Although other experiments have been performed to confirm Einstein's general 
theory since it was developed in the early 20th century. they have provided only a weak verification of the 
theory. The GP-B will provide a much more stringent test. and will significantly add to the precision with 
which general relativistic effects are measured. Consequently, it has received the support of the Space 
Studies Board of the National Research Council since the early 1980's. 

Results of the GP-B experiment promise to affect the study and interpretation of black holes. quasars. and 
other astrophysical systems. But more importantly, this unique experiment will test with unsurpassed 
precision Einstein's hypothesis of space-time curvature and will also measure for the first time one of the 
most fundamental untested consequences of general relativity, the "dragging" of space-time by rotating 
matter. Since Einstein's geometrical interpretation of gravitation is at odds with current theoretical 
ideas in other areas of physics. GP-B has the potential of making a major contribution to the knowledge 
required to arrive at a grand unification of the forces of nature. 

SAT 1.1-8 
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In order for Stanford to develop gyroscopes capable of making measurements with the accuracy needed to 
monitor the effects predicted by the theory of General Relativity. several advances had to be made in the 
superconductivity. magnetic shielding, precision manufacturing, spacecraft control mechanisms, and 
cryogenics. Thus the GP·B spacecraft will employ super-precise quartz gyroscopes (small quartz spheres 
machined to an atomic level of smoothness); coated with a super-thin film of superconducting material 
(needed to be able to "read-out" changes in the direction of spin of the gyros); encased in an ultra-low 
magnetic-shielded. supercooled environment (requiring a complex process of lead-shielding, a large 
supercooled dewar. and a sophisticated interface among the instrument's telescope, the shielded instrument 
assembly. and the dewar); while maintaining a gyroscope level of precision of 0.2 milliarcseconds per year 
(the width of a human hair observed from 50 miles). This extreme measurement precision requires precise 
star-tracking. a "dragfree" spacecraft control system, and micro-precision thrusters. 

Following NASA's 1984 review of the status of the GP·B experiment. and because of the sophistication of the 
technology required. NASA directed Stanford University to focus on ground test verification of GP·B 
technologies. via the Shuttle Test of Relativity Experiment (STORE) program prior to start-up of a GP·B 
flight program. Since then. prototype gyroscopes. telescope assemblies. a flight-like tube that surrounds 
the instrument and telescope. and a laboratory version of a dewar have been subjected to a first round of 
laboratory testing. Many subcomponent technologies have been designed and evaluated leading up to this 
initial verification test. Stanford University. working in collaboration with the Lockheed Palo Alto 
Research Laboratory (LPARL), has now either demonstrated or shown by calculation that the GP·B technologies 
are attainable. Consequently. the GP·B experiment was accepted as a flight mission in 1993. 

The GP·B development is conducted by Stanford University in collaboration with LPARL for dewar development. 
Spacecraft development and integration will be performed by the Lockheed Missiles and Space Corporation. 
which was recently selected under a competitive procurement conducted by Stanford University. The MSFC 
provides technical and managerial support of the project and aids NASA Headquarters in its project 
oversight. 

BASIS OF FY 1995 ESTIMATE 

The schedule and funding for this program are currently under review. In order to maintain a launch date 
prior to the year 2000 within a level-of-effort funding profile in FY 1995 and beyond. it may be necessary 
to eliminate the STORE mission's Shuttle test flights and to change GP·B from a prototype to a protoflight 
development program. If this plan is approved, STORE funds in FY 1994-1995 supporting the Shuttle mission 
will then be applied to free-flyer development in order to allow for the earliest possible launch date. 
This plan change will probably be formally accepted in early 1994. Congress will be kept informed of any 
such changes. 
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GLOBAL GEOSPACE SCIENCE (GGS) 

LEAD CENTER: GSFC 
S/C CONTRACTOR: GE/ASD (NOW MMC) 

PRIOR FY92 

1 FY 95 PRESIDENT'S BUDGET I 

WIND 

ORBITAL PARAMETERS: LUNAR SWINGBY/l 1 LIBRATION POINT 
2,650 LBS (1,200 KG) TOTAL WEIGHT: 

STABILIZATION: SPIN 
DESIGN LIFE: 3YEARS 
INSTRUMENTS: 8 
LAUNCH DATES: 4/94 DELTA II KSC 

It :'I ?-111 

POLAR 

2x9 EARTH RADII POLAR 
2,650 LBS (1,200 KG) 
SPIN 
3YEARS 
11 

"--e/94- DELTA II WTR 
11q~ 

FY 93 FY 94 FY 95 FY 96 FY 97 FY 98 FY 99 BTC TOTAL /JEWS Eb { '7)./ 9' /~) 
:J.1.b 1/o I s,; 

DEVELOPMENT 237.2 75.3 72.6 ~ . a98:4- 4S;j.,2.. (f Sf j) 
MISSIONOPS&DATAANALYSIS 2.5 2.1 ~.2.2.72&:9- Z:S,S ?2 -66-:1 t:.'?.7 (r-?.<::>) 
LAUNCH SUPPORT 75.2 28.2 2.1 ~~ 3J> -*+:a- /3.S:! (+13f) 
TRACKING & DATA SUPPORT 8.6 6.6 5.4 4.0 2.2 1.6 28.4 2,8 <I .,, 

jFY 95 PRESIDENT'S BUDGET 321.0 112.6 82.2 45.9 25.1 22.5 &89.at . 7,il. 'f 

FY 94 PRESIDENT'S BUDGET: 

[NET CHANGE: 

PROGRAM STATUS: 

REASON FOR CHANGE: 

319.4 112.6 85.8 37.3 28.6 23.2 606.9 

+1.6 +0.0 -3.6 +8.6 -3.5 -0.7 +2.4] 

o WIND THERMAL-VAC HELD LAST MONTH - INSTRUMENT REFURB/RETROFIT UNDERWAY 
C&DH WORKMANSHIP PROBLEMS DETECTED (WELDS, COATINGS, ETC) -- REWORK IN PROGRESS 
SPACECRAFT ELECTRICAL INTEGRATION AWAITING COMPLETION OF C&DH MODULE REWORK 

o POLAR HARDWARE INTEGRATION COMPLETE - THERMAL•VAC IN MID-FEBRUARY 

DEVMT 
MO&DA 
ELV 
TRACK 

+0.0 CURRENT BUDGET REFLECTS ONLY MINOR SLIPS FROM FY 94 RUNOUT (2/94 & 5/94) 
·0.8 MO&DA RE-ESTIMATE (EXCLUDES AGENCY TAXES) 
+7.7 FY 94 ASSUMED 12/93 WIND AND 5/94 POLAR LAUNCHES 
-4.5 REDUCED MISSION-UNIQUE REQUIREMENTS; DELETE DSN UPGRADES @ JPL 
+2.4 

(: 



GLOBAL PACE SCIENCE {GGS) 

PROGRAM STATUS: 

CURRENT BUDGET: 

NET INCREASE: 

REVISED RUNOUT: 

ISSUES/CONCERNS: 

PROJECT IMPLEMENTING NEW BASELINE SCHEDULE PRESENTED TO PROGRAM MANAGEMENT COUNCIL (PMC) 

WIND 4/94------->11/94 +10 MONTHS I 25 DAYS SLACK 
POLAR 6/94 -----------------> 11/95 + 17 MONTHS 54 DAYS SLACK 

WIND: ALL INSTRUMENTS, C&DH BOXES, ETC RE-INTEGRATED ONTO SPACECRAFT 
BEGINNING PERFORMANCE TESTING (SLIGHTLY AHEAD OF SCHEDULE) 
SHIPMENT SCHEDULED FOR EARLY SEPTEMBER 
LAUNCH TARGETED FOR EARLY FY 1995 (NOVEMBER) 

POLAR: PHASE-DOWN OF INTEGRATION & TEST (l&T) IN MAY -- RESUME AFTER WIND LAUNCH IN NOVEMBER 
SINGLE-STRING l&T DURING WIND l&T -- CRITICAL ELEMENTS ON POLAR ATTENDED TO AS TIME AVAILABLE ONLY 
LAUNCH OF POLAR CONTINGENT UPON SUCCESS OF WIND LAUNCH/ON-ORBIT PERFORMANCE 
NO FEE UNTIL ON-ORBIT PERFORMANCE IS SATISFACTORY 

PRIOR FY94 FY95 FY96 FY97 FY98 TOTAL 

DEVELOPMENT 385.1 13.3 398.4 
MO&DA 4.6 12.3 22.9 20.9 60.7 
LAUNCH SUPPORT 105.5 16.3 121.8 
TRACKING 20.6 4.0 2.2 1.6 28.4 
TOTAL LIFE CYCLE COST: 515.8 45.9 25.1 22.5 I 609.3! 

DEVELOPMENT +14.3 +40.1 +5.4 +59.8 
MO&DA -11.3 -13.2 +1.8 +25.5 +6.2 +9.0 
LAUNCH SUPPORT +10.3 +3.0 +13.3 
TRACKING +0.0 
NET INCREASE +3.0 +37.2 +10.2 +25.5 +6.2l +82.11 
DEVELOPMENT 385.1 27.6 40.1 5.4 458.2 
MO&DA 4.6 1.0 9.7 22.7 25.5 6.2 69.7 
LAUNCH SUPPORT 105.5 16.3 10.3 3.0 135.1 
TRACKING 20.6 4.0 2.2 1.6 28.4 
TOTAL LIFE CYCLE COST: 515.8 48.9 62.3 32.7 25.5 6.21 691.41 

GOLDIN WANTS COST "CAP" ARRANGEMENT ESTABLISHED BETWEEN PROJECT AND MARTIN-MARIETTA 
PROJECT WANTS INFORMAL ARRANGEMENT vs CONTRACTUAL MODS 

$3M OVERHEAD RATE INCREASE RECENTLY ACKNOWLEDGED BY MMC·- $1.3M HIT IN FY 94!!! 

I FY 94 OP PLAN CHANGE NEEDED ASAP - CURRENT FUNDS MAY BE DEPLETED BY MAY/JUNE 1 

jsoURCE OF FY 1995196 FUNDS ARE TBD- · HST, MOSO, AGENCY RESERVES ARE PRIMARY TARGETS I 



BASIS OF FY 1995 FUNDING REQUIREMENT 

GLOBAL GEOSPACE SCIENCE 

Global geospace science ........................ . 

Mission operations and data analysis ........... . 
Launch vehicles ................................ . 

* Funding requirements under review 

OBJECTIVES AND STATUS 

FY 1993 

72.647 

(2,110) 
(2,100) 

FY 1994 
(Thousands of dollars) 

FY 1995 

21>1,,,oo•,.,, . .,,AA 

~cJOtl (12,000) 
(16,300) 

~~ /tPtJ * - -

'9 700(22.400) 
I 

10;3c;tJ (--) 

The Global Geospace Science (GGS) program is part of the U.S. contribution to the International Solar 
Terrestrial Physics (ISTP) program. This program is an international. multi-spacecraft, collaborative 
science mission designed to provide the measurements necessary for a new and comprehensive understanding of 
the interaction between the sun and the Earth. The GGS makes the U.S. a full partner in the ISTP program. 
reinforcing our commitments to international cooperation and maintaining a leadership role in solar-

terrestrial physics. 

The GGS is a complementary science mission to the Collaborative Solar Terrestrial Research (COSTR) program 
under which NASA provides instruments and launch support in exchange for access to science data in a 
cooperative effort with the European Space Agency (ESA) and the Japanese Institute of Space and Aeronautical 
Science (ISAS). The combined ISTP program will include eight spacecraft: two U.S. spacecraft, Wind and 
Polar: five ESA spacecraft. including the Solar and Heliospheric Observatory (SOHO) and four Cluster 
spacecraft; and one !SAS spacecraft. Geotail. Launch of this suite of systems began in 1992 with the 
successful launch of Geotail and will be completed in 1995. 

The GGS spacecraft. Wind and Polar. will combine their measurements with the Geotail satellite and other 
Earth observing satellites as the first phase of the ISTP program. The two U.S. spacecraft will use a total 
of nineteen instruments to make simultaneous measures of the interaction of the solar wind with the Earth's 
magnetic field. both at the head of the field and as the field surrounds the Earth. The GGS will provide 
the first coordinated geospace measurements of these key plasma source and s~orage regions. perform multi
spectral global auroral imaging. and provide multi-point study of the Earth's magnetic response to the solar 
wind. The GGS mission will enpance understanding of how energy and matter from the sun influences Earth's 
geospace and atmosphere. contributing to assessments of the relationship of the sun to the Earth's climate. 
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GGS PROGRAM STATUS: 

BACKGROUND: 

CURRENT ASSESSMENT: 

CURRENT BUDGET: 

SLIP COSTS: 
(W= 1/95 P=5/95) 

REVISED RUNOUT: 

POWER SUPPLY ELECTRONICS (PSE) AND BATTERY CHARGE ASSEMBLY (BCA) BOXES DECLARED NOT FLIGHTWORTHY 
RELATED TO MATL & PROCESS USED IN MOUNTING DIODES TO CIRCUIT BOARD (SUSCEPTIBLE TO SHORTS) 
DESIGN SIMILAR TO NOAA-13 (ATTRIBUTED TO S/C FAILURE) 
HISTORY OF POOR WORKMANSHIP PLAGUING THE PROJECT 

HARNESS SHORT ON POLAR CAUSED SIGNIFICANT DAMAGE; ADDITIONAL REWORKS REQUIRED 

SUSPECT PARTS IN C&DH BOXES DUE TO "OVERSTRESS" FROM WELDING MACHINE @ MMC 

IMPACTS DUE TO ABOVE: 
SCHEDULE SLIP TO REWORK BCAs: 9 MOS FOR WIND & 10 MOS FOR POLAR 
REWORK/REQUAL OF BOXES FOR BOTH WIND & POLAR 
REMOVAL OF OVER 180 SUSPECT 'OVERSTRESSED' PARTS IN C&DH BOXES (3 MONTH SLIP BY ITSELF) 

WIND 4/94 -->2195 
POLAR 6/94 -----·>5/95 

PRIOR 

DEVELOPMENT 385.1 
MO&DA 4.6 
LAUNCH SUPPORT 105.5 
TRACKING 20.6 

TOTAL LIFE CYCLE COST: 515.8 

DEVELOPMENT 
MO&DA 
LAUNCH SUPPORT 
TRACKING 

NET INCREASE +0.0 

DEVELOPMENT 385.1 
MO&DA 4.6 
LAUNCH SUPPORT 105.5 
TRACKING 20.6 

TOTAL LIFE CYCLE COST: 515.8 

+10 MONTHS 
+11 MONTHS 

FY94 FY95 

13.3 
12.3 22.9 
16.3 
4.0 2.2 

45.9 25.1 

+11.0 +44.4 
-10.2 ·8.7 

+1.8 

+0.8 +37.5 

24.3 44.4 
2.1 14.2 

16.3 0.0 
4.0 4.0 

46.7 62.6 

FY96 FY97 TOTAL 

398.4 
20.9 60.7 

121.8 
1.6 

22.5 

+55.4 INCLUDES $8M CONTINGENCY 

+18.9 +0.0 
+0.0 N/A: MMC ESTIMATE FORTHCOMING 

+0.6 +1.6 +4.0 

+0.6 +20.5! +59.4! PRELIMINARY ETC: - $70M 

0.0 0.0 453.8 
20.9 18.9 60.7 

0.0 0.0 121.8 
2.2 1.6 32.4 

23.1 20.5! 668.7! 



OPTION B 

CURRENT BUDGET: 

NET INCREASE: 

REVISED RUNOUT: 

LAUNCH WIND ASAP 
STOP POLAR ON 6/1/94 
CEASE FUNDING OF POLAR Pl TEAM WHEN POLAR STOPS 

[
WIND 4/94->11/94 
POLAR 6/94 ---> N/A 

PRIOR 

DEVELOPMENT 385.1 
MO&DA 4.6 
LAUNCH SUPPORT 105.5 
TRACKING 20.6 

TOTAL LIFE CYCLE COST: 515.8 

DEVELOPMENT 
MO&DA 
LAUNCH SUPPORT 
TRACKING 
NET INCREASE 

DEVELOPMENT 385.1 
MO&DA 4.6 
LAUNCH SUPPORT 105.5 
TRACKING 20.6 

TOTAL LIFE CYCLE COST: 515.8 

+10MONTHS 

FV94 FV95 FV96 

13.3 
12.3 22.9 20.9 
16.3 
4.0 2.2 1.6 

45.9 25.1 22.5 

+11.3 +8.0 
-10.5 -12.0 -8.9 

-0.3 -20.6 

+0.5 -24.6 -8.9 

24.6 
1.8 12.0 

16.0 
4.0 1.6 

46.4 13.6 

-
'\b -~ ~yo,· 

J1i)>' 

FV97 FV98 TOTAL 

398.4 
60.7 

121.8 
28.4 

I 609.31 

+19.3 
+5.6 +1.2 -25.8 

-20.9 
+0.0 

+5.6 +1.21 -27.41 

417.7 
5.6 1.2 36.1 

100.9 
28.4 

5.6 1.2 583.1 
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The GGS spacecraft contract was awarded to General Electric/Astro-Space Division (GE/ASD). now Martin
Marietta Corporation (MMC). in FY 1989. as was final confirmation and initiation of instrument development 
activity. The Wind instruments have been delivered. and mechanical and electrical integration are complete. 
The Polar instruments have also been delivered and are being integrated. Both spacecraft have begun 
comprehensive performance testing and have been scheduled for launch in 1994. Wind is currently scheduled 
for a launch in April or May; Polar is currently scheduled for launch in late Summer. Both miisions will be 
launched aboard Delta II launch vehicles. 

BASIS OF FY 1995 ESTIMATE 

No development funds are requested in FY 1995 since both launches are currently baselined for FY 1994. 
Although current funding for the GGS program is adequate to support these launch dates. recent technical 
problems experienced during testing at the spacecraft contractor indicate that the current schedule will not 
be achievable. Current indications are that launches for Polar. and possibly Wind. could potentially slip 
into FY 1995. The program is currently under review to assess the technical. schedule and funding status 
and to determine the proper remedial actions required. Upon completion of this assessment. the agency will 
notify the Committees of revised launch dates and funding requirements in FY 1995. 
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I OFFICE OF SPACE SCIENCE I 
FY 95 PRESIDENT'S BUDGET 

PAYLOAD & INSTRUMENT DEVELOPMENT 

PRIOR 1993 1994 1995 1996 1997 1998 1999 BTC TOTAL LAUNCH 

!PROGRAM TOTAL: 74.2 59.5 47.9 19.7 13.9 1.3 0.7 I 
7/92 GEOTAIL 

COSTR 224.1 50.8 31.2 23.2 3.8 333.1 7/95 SOHO 
12/95 CLUSTER 

TETHER 33.2 1.5 
34.7 7/92 STS 

TETHER REFLIGHT 
2.4 3.8 5.7 3.7 15.6 5/96 STS 

SPACE PHYSICS P/L 1.2 1.6 0.4 0.6 0.8 

ASTROPHYSICS P/L ~ 2Y ~ !Mi ~A .1.3 Q.Z 

DXS us 8.3 0.5 0.3 
9.1 1/13/93 STS 54 

ORFEUS US/FAG 1.4 0.2 
1.6 9/12/93 STS 51 

KONUS RUSSIA 0.3 0.2 0.2 
0.7 2/94 RUSSIAN 

ASTR0·2 us 2.5 2.6 5.7 3.8 2.3 16.9 12/94 STS67 

IRTS/ISO JAPAN/ESA 1.1 0.5 1.4 1.5 0.6 1.2 6.3 2/95 9/95 ESA LAUNCH 

SAC·B ARGENTINA 0.1 0.5 0.5 0.4 1.5 4/95 PEGASUS XL 

HETE ARGENTINA 3.4 6.0 3.3 1.6 14.3 4/95 PEGASUS XL 

ASTROSPAS·3 US/FAG 0.6 0.7 0.3 1.6 12/95 STS 75 (REFLIGHT) 

SXG RUSSIA #REF! 1.4 1.0 0.4 #REF! 12/95 RUSSIAN 

SVBLI VSOP JAPAN 2.9 3.6 2.6 3.3 3.0 4.0 19.4 8/96 M-V (JAPAN) 
FY 97? PROTON 

RADIOASTRON RUSSIA 

XMM ESA 11.3 3.8 6.3 5.4 2.3 1.4 0.8 0.7 32.0 FY99 ARIANE IV 

LAGEOS-3 ITALY/ASI 0.3 0.3 0.3 0.9 TBD DELTA II 

HQ OVERHEAD 1.4 2.4 3.1 0.8 2.5 0.5 10.7 



BASIS OF FY 1995 FUNDING REQUIREMENT 

PAYLOAD AND INSTRUMENT DEVELOPMENT 

FY 1993 FY 1994 FY 1995 
(Thousands of dollars) 

Collaborative solar terrestrial research ....... . 50.812 31.200 23,200 

Tethered satellite system ...................... . 1.500 2.400 3,800 

Astrophysics payloads .......................... . 
Space physics payloads ......................... . 

20.728 24,300 20,500 
1,200 -1..... 6Q_Q 4Q_Q 

Total .................................... . 74,240 59,500 47,900 

OBJECTIVES AND STATUS 

Instrument development activities support a wide range of instrumentation. Development funds support the 
design. integration and test of instruments for flight as Shuttle payloads or as flights of opportunity 
aboard domestic and international spacecraft. This line also supports prime mission operations and short
term data analysis activities for low-cost missions such as Shuttle payloads or low-cost/short-duration 
instrument flights of opportunity. 

The Collaborative Solar Terrestrial Research (COSTR) program. in conjunction with NASA'~ GGS program. 
represents the U.S. contribution to the International Solar Terrestrial Physics (ISTP) program. Whereas the 
GGS program will deploy and operate two U.S. satellites. COSTR provides U.S. instruments for flight aboard 
foreign spacecraft. The latter includes the Solar and Heliospheric Observatory (SOHO). four Cluster 
spacecraft provided by the European Space Agency (ESA). and the Geotail mission developed by Japan. Geotail 
was successfully launched in July 1992 and mission operations are currently underway. The European SOHO and 
Cluster missions are scheduled for launch in July and December 1995. respectively. The SOHO will be 
launched aboard an Atlas IIAS spacecraft. while Cluster will be launched aboard an Ariane V. 

In 1993. the baselined Multi-Anode Microchannel Array (MAMA) detectors experienced problems during 
qualification testing. These detectors are required for two of the five principal instruments to be flown 
on the SOHO mission -- the German Solar Ultraviolet Measurement of Emitted Radiation (SUMER) and the U.S. 
Ultraviolet Coronagraph Spectrometer (UVCS). NASA has determined that a substitute detector is required, 
and has terminated MAMA detector development at Ball Electro-Optic/Cryogenic Division. Development of a new 
Cross Delay-line (XDL) detector has been initiated in FY 1994. 
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COLLABORATIVE SOLAR TERRESTRIAL RESEARCH (COSTR) 

Geotan (Japan> 
S/C DEVELOPER: NEC for ISAS 

Solar anc:t HeHospherfc Observatory (SOHO) 
Matra for ESA 

Cluster t4 spacecraft) 
Dornier for ESA 

PAYLOAD: 9 U.S. and international instruments. 12 U.S. and international instruments. 11 U.S. and international instruments. 
U/S. CONTRIB: U.S. provided launch services and data U.S. provided instrument interface hardware, U.S. provided instrument Interface hardware, 

communications, and data processing. processing. launch services, and mission control. 
LAUNCH: July 24, 1992 Della II July 1995 Atlas IIAS December 1995 Ariane V 
ORBIT: Deep tail (220 x 8 Re) double lunar swingby; Halo about L 1 libation point Polar 3 x 20 Re 

then near tail (32 x 8 Re) 
3 year design life 
2,200 lb spacecraft 

DEVELOPMENT 
MISSION OPS & DATA ANALYSIS 
LAUNCH SUPPORT 
TRACKING & DATA SUPPORT 

!FY 95 PRESIDENT'S BUDGET 

FY 94 PRESIDENT'S BUDGET 

[NET CHANGE: 

PROGRAM STATUS: SOHO 

CLUSTER 

REASON FOR CHANGE: 

PRIOR 

161.6 

52.1 
13.0 

226.7 

226.7 

DEVMT 
MO&DA 
ELV 
TRACK 

2 year design life 
4,000 lb spacecraft 

2 year design lives 
2,200 lb spacecraft 

FY92 FY93 FY94 FY95 FY96 FY97 FY98 FY99 BTC TOTAL 

62.5 50.8 31.2 23.2 3.8 333.1 
1.5 6.0 9.9 10.9 30.7 30.4 1.0 90.4 

16.3 34.0 43.0 36.0 181.4 
9.9 6.0 5.3 2.4 1.5 38.1 

90.2 96.8 89.4 72.5 36.0 30.4 1.0 0.0 0.0 643.0l 

90.2 102.1 83.8 76.7 39.7 32.6 0.9 652.7 

•5.3 5.6 -4.2 ·3.7 -2.2 0.1 .9.7J 

o INSTRUMENT TESTING NEARING COMPLETION 
o DELIVER SOHO PROTOFLIGHT MODELS TO ESA BY MARCH 1994 
o XDL DEVELOPMENT/TEST UNDERWAY·· FLIGHT UNIT DELIVERIES TO ESA IN AUGUST & OCTOBER 

UVCS #1 DETECTOR DELIVER AUGUST 1994 
UVCS #2 DETECTOR DELIVER OCTOBER 1994 
SUMER DETECTORS (#3,4) DE OCTOBER 1994 

o FLIGHT MODEL DELIVERIES BEGAN IN FY 1993 ••• MOST H/W ALREADY SHIPPED TO JAPAN 
o ALL REMAINING FLIGHT MODELS AND FLIGHT SPARES DELIVERED BY MAY/JUNE 1994 

r 

6.1 FY 94 OPERATING PLAN ADJUSTMENT (MAMA DETECTOR FIX) 
-4.3 RE-ESTIMATE OF REQUIREMENTS (EXCLUDES AGENCY TAXES) 
0.0 NO CHANGE 

·11.5 REDUCED MISSION-UNIQUE REQUIREMENTS; DELETE DSN UPGRADES@ JPL 
-9.71 

ISSUES/CONCERNS: o TIGHT SCHEDULE FOR UVCS DELIVERY TO ESA IN MARCH 



The Tethered Satellite System (TSS) is an international cooperative project with the Italian government. 
The payload was flown aboard the Shuttle in July-August 1992. The objectives were to verify the engineering 
performance of the deployer. to understand the electromagnetic interaction between the tether/satellite/ 
Space Shuttle system and the ambient space plasma. to understand the dynamic forces acting upon a tethered 
satellite. and to develop the capability for future tether applications on the Space Shuttle and Space 
Station. Unfortunately. structural interference of a bolt limited deployment to only 256 meters as opposed 
to the ten kilometer deployment required to meet the mission objectives. In March 1993, ~ review committee 
was formed to assess the demand for tether systems applications and whether these would provide a useful 
addition to the NASA complement of experiment carriers. The committee determined that the unique 
capabilities of tether technology should be pursued. and that the TSS-1 mission should be reflown at the 
earliest possible date. Recent discussions with the Italians have therefore resulted in a planned reflight 
of the TSS mission aboard the Shuttle in early/mid 1996. 

Funding for Astrophysics payloads supports development of several instruments designed for flight on the 
Space Shuttle. including the Orbiting and Retrievable Far and Extreme Ultraviolet Spectrometer (ORFEUS) and 
Interstellar Medium Absorption Profile Spectrograph (IMAPS). to be flown on the German-U.S. Shuttle Pallet 
Satellite (SPAS) in late 1995/early 1996; Astro-2 in December 1994. a reflight of the ultraviolet portion of 
the Astro-1 mission; and the Infrared Telescope in Space (IRTS). a joint U.S.-Japanese mission which will be 
launched in 1995 on an expendable launch vehicle and later recovered by the Shuttle. 

The Astrophysics program also supports a number of ongoing international and U.S. development projects. 
These include the High Energy Transient Experiment (HETE. 1994), a small satellite for study of gamma-ray 
burst phenomena in multiple wavelengths; ground-based support for Japan's Very Long Baseline Interferometry 
Space Observatory Program (VSOP, 1996) and Russia's RADIOASTRON (1997) program: the Stellar X-ray 
Polarimeter (SXRP) instrument to be flown on Russia's Spectrum-X-Gamma (SXG. 1995) mission; U.S. cooperation 
on the Infrared Space Observatory (ISO. 1995), a European follow-on to the Infrared Astronomical Satellite 
(IRAS. 1983); and portions of two instruments to be flown on Europe's X-ray Mirror Mission (XMM. 1998). 

Space Physics payloads funding in FY 1993 was used to complete activities on the Atmospheric Laboratory for 
Applications and Science (ATLAS-1. 1992). The small level of continuing funds in FY 1994-95 for Space 
Physics payloads will be used to develop instruments for future flight opportunities aboard U.S. and foreign 
spacecraft. 

BASIS OF FY 1995 ESTIMATE 

The COSTR program will provide continuing support for development of the joint ESA-U.S. SOHO and Cluster 
missions. All flight model instruments for both the SOHO and Cluster missions will be delivered by 
mid-FY 1994. Development and testing of the new Cross Delay-line (XDL) detectors will be completed by late 
FY 1994. The XDL flight units for the SOHO instruments, the German-built Solar Ultraviolet Measurement of 
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TETHERED SATELLITE SYSTEM (TSS) 

LEAD CENTER: MARSHALL SPC FLT CTR DEPLOYER MECHANISM: DEVELOPED BY MARTIN-MARIETTA CORP 

LAUNCH DATE: MAY 1996 SATELLITE: DEVELOPED BY ITALIAN SPACE AGENCY (ASI) 

LAUNCH VEHICLE: SHUTILE 
ITALY ALSO PROVIDES SCIENCE INSTRUMENTS 

LAUNCH SITE: KSC 
NASA PROVIDES Pl SUPPORT AND SOME SCIENCE INSTRUMENTS 

FY94 FY95! FY96I FY97 TOTAL 

!SPACE SCIENCE I 
SCIENCE INVESTIGATIONS ti u 4.1 3.2 11A 

HARDWARE MODS/TEST/ANALYSIS 0.3 0.3 

INSTRUMENT REFURB/INTEG @ KSC 1.5 1 0.5 3.0 

KSC TESTING/INTEGRATION WISTS 0.8 0.4 1.2 

TRAINING/SIMULATIONS/MSSN OPS 0.5 1.6 2.1 

POST-MSSN CHECKOUT/DATA ANALYSIS 1.6 3.2 4.8 

SOC/POCC/TRAINING 0.3 0.6 0.1 1.0 

PMS 
0.2 0.3 0.4 0.1 1.0 

RESERVES 
0.4 1.0 0.4 1.8 

HQ TAX 0.1 0.2 0.1 0.4 

ITOTALOSS 2.4 3.8 5.7 3.7 15.61 

!SPACE FLIGHT I 
TETHER 7.4 9.7 3.8 20.9 DEPLOYER MODS/FLT SUPPORT 

SPACELAB 1.0 4.4 0.8 6.2 PALLET PROC @ MSFC & KSC 

!TOTAL CAP DEV 8.4 14.1 4.6 0.0 27.1! 

!TOTAL MISSION SUPPORT 10.8 17.9 10.3 3.7 42.71 

MISSION OBJECTIVES: 
o UPWARD DEPLOYMENT OF 1.6M DIAMETER SATELLITE ON 20KM CONDUCTIVE TETHER 

• DEMONSTRATE AND VERIFY CAPABILITIES OF TETHER DEPLOYMENT AND RETRIEVAL SYSTEM 

- INVESTIGATE DYNAMICS OF TETHERED SYSTEMS 
• CONDUCT ELECTRODYNAMIC SCIENCE INVESTIGATIONS 

MISSION PROFILE: 
o SHUTILE-BASED SPACE SYSTEM DEVELOPED BY NASA AND ITALIAN SPACE AGENCY (ASI) 

o NASA-DEVELOPED DEPLOYER (MARTIN-MARIETIA 

o ITALY (ASI) PROVIDING SATELLITE 
o US/ITALIAN SUPPORT FOR SCIENCE INVESTIGATIONS 

FOREIGN PARTICIPATION: $196M I ITALY SATELLITE, INSTRUMENTS 



Emitted Radiation (SUMER) and the U.S. Ultraviolet Coronagraph Spectrometer (UVCS). are scheduled for 
delivery/retrofit in late FY 1994 and early FY 1995. Final spacecraft/instrument integration and test 
activities will be conducted in Europe prior to launch. The SOHO is scheduled for launch in July 1995 
aboard an Atlas IIAS, and Cluster is scheduled for launch in December 1995 aboard an Ariane V. 

Funds are also included in FY 1995 for ongoing science and mission support of the TSS reflight mission in 
early/mid 1996. These activities include refurbishment of instruments, mission planning. participation in 
mission simulations and analysis of environmental impacts from the other payloads aboard the same flight. 
Within Astrophysics payloads, FY 1995 funding will support shuttle reflights of the ORFEUS, IMAPS. and Astro 
instruments. as well as ongoing support for the Space Very Long Baseline Interferometry (SVLBI) subnet and 
the XMM and IRTS missions. The Russian SXG and European ISO spacecraft are expected to be launched in FY 
1995. Post-flight data analysis for the HETE mission will continue through FY 1995. 

Space Physics payloads support will initiate development of instruments for future flight opportunities. 
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EXPLORER DEVELOPMENT 

PRIOR 

I EXPLORER DEVELOPMENT 

XTE 70.7 

ACE 

SMALL EXPLORERS 
FAST 12.9 

SWAS 18.0 

CONTINGENCY 
WEDGE (FUTURE MISSIONS) 

MPS 
HQO/H 

EXPLORER PLANNING 
ACEPHASEB 
FUSEPHASEB 
FUSE 
MIDEX 
HQO/H 

X·RAY TIMING EXPERIMENT (XTE) 

ADVANCED COMPOSITION EXPLORER (ACE) 

SMEX 

PLANNING 

1993 1994 1995 1996 1997 1998 1999 BTC TOTAL 

115.8 123.3 120.4 129.2 134.8 142.5 146.Sj 

65.4 36.9 36.7 21.5 

33.2 44.1 31.8 24.5 7.5 

~ ~ 33.1 ru 40.2 43.9 ~ 

13.3 7.1 
17.8 10.3 4.5 

0.9 5.3 1.2 
1.1 7.1 24.2 35.1 37.1 40.7 42.5 

3.5 3.7 3.2 2.8 3.1 3.2 2.4 

5.9 

llJl llJl u 38.0 70.1 ill 101.7 

7.4 3.5 
4.9 5.8 6.1 

35.0 65.0 72.0 50.0 

0.1 0.4 2.9 16.1 47.7 

1.5 4.4 0.4 2.6 2.2 3.0 4.0 

DEVELOPMENT UNDERWAY·· NO MAJOR ISSUES 
TARGETING FOR LAUNCH AS EARLY AS 8/95; FUNDED THROUGH 4/96 

PHASE C/D BEGINS IN FY 94 

MISSIONS UNDER DEVELOPMENT 
FAST AURORAL SNAPSHOT EXPLORER (FAST) 
SUBMILLIMETER WAVE ASTRONOMY SATELLITE (SWAS) 

4 CANDIDATE SMEX MISSIONS SELECTED FOR FURTHER DEFINITION 

32.0 

WILL DOWNSELECT TO 2 MISSIONS FOR FY 95 & 96 STARTS·· 97/98 LAUNCHES 
WIRE WIDE·FIELD INFRARED EXPLORER 
JUNO JOINT ULTRAVIOLET NIGHTSKY OBSERVER 
POEMS POSITRON-ELECTRON MAGNETIC SPECTROMETER 
TRACE TRANSITIONAL REGION AND CORONAL EXPLORER 

231.2 

141.1 

33.3 
50.6 

254.0 

FAR ULTRAVIOLET SPECTROSCOPY EXPERIMENT (FUSE) DEVELOPMENT WILL BEGIN IN FY 96 
MID-SIZE EXPLORERS (MIDEX) STUDIES BEGIN IN FY 96/97 -·· NEW START IN FY 99 

LAUNCH 

4/96 (8/95) 

8/97 

9/94 6/95 

FY 95/96 ST ARTS 

12/00? 



BASIS OF FY 1995 FUNDING REQUIREMENT 

EXPLORER DEVELOPMENT 

FL 1993 FY 1994 FY_ 1_992 
(Thousands of dollars) 

X-ray timing explorer .......................... . 65,402 36.900 36.700 
Advanced composition explorer .................. . 33.200 44,100 
Small explorers ................................ . 36.646 39.400 33,100 
Other explorers ................................ . l.hill 13,800 __§_,_ 500 

Total .................... • ................ . 115.832 123.300 120,400 

OBJECTIVES AND STATUS 

Investigations selected for Explorer projects typically have highly specific objectives which do not require 
the capabilities of a major observatory. Past explorers have discovered radiation trapped within the 
Earth's magnetic field. investigated the solar wind and its interaction with the Earth, studied upper 
atmosphere dynamics and chemistry. mapped our galaxy in radio waves and gamma rays. and determined 
properties of the interstellar medium through ultraviolet observations. Explorers have performed active 
plasma experiments on the magnetosphere. made in-situ measurements of the comet Giacobini-Zinner, and 
completed the first high-sensitivity. all-sky survey in the infrared. discovering over 300.000 sources. 

Two Delta-class missions. the X-ray Timing Explorer (XTE, 1995) and Advanced Composition Explorer (ACE. 
1997). and two Small Explorer (SMEX) missions, the Fast Auroral Snapshot Explorer (FAST. 1994) and the 
Submillimeter Wave Astronomy Satellite (SWAS, 1995), are currently under development. All missions are 
managed by the Goddard Space Flight Center (GSFC). A majority of the spacecraft and some instrument payload 
development activities are therefore conducted with in-house civil servants. These personnel are actively 
engaged in ongoing hardware design. development, mission management, etc. 

The XTE will conduct timing studies of x-ray sources. This will provide a comprehensive record of the 
source of x-rays with varying intensity over time. characterization· of those attributes. and study of 
compact x-ray emitting objects such as binary stellar masses will be performed. The XTE spacecraft and 
Proportional Counter Array (PCA) instrument are being developed in-house at GSFC. The High Energy X-ray 
Timing Experiment (HEXTE) is being developed at the University of California, San Diego. The All Sky 
Monitor instrument is provided by the Massachusetts Institute of Technology (MIT). In FY 1994. flight 
instrument and spacecraft hardware integration will be completed and environmental testing will begin in 
preparation for launch as early as August 1995. 
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JX-RAY TIMING EXPLORER (XTE) 

LEAD CENTER: 

LAUNCH DATE: 
LAUNCH VEHICLE: 

GSFC 

~~~i~ 1996~) 

ORBITAL PARAMETERS: 
TOTAL WEIGHT: 
STABILIZATION: 
DESIGN LIFE: 

550 KM 28.5 DEGREES OR LESS 
6,SOOLBS 

3·AXIS 
2YEARS 

PRIOR FY 92 FY 93 FY 94 FY 95 FY 96 FY 97 FY 98 FY 99 BTC TOTAL RANGEi FY94BUDGET 

DEVELOPMENT 23.3 47.4 65.4 36.9 36.7 21.5 
SPACECRAFT 2.7 21.2 
INSTRUMENTS 18.7 21.5 
GROUND SYSTEM 0.2 1.1 
PROGRAM SUPPORT 1.7 3.6 
RESERVES 
HQ TAXES/APA 

MISSION OPS & DATA ANALYSIS 
LAUNCH SUPPORT 
TRACKING & DATA SUPPORT 
TOTAL MISSION COSTS: 

0.2 

23.3 47.6 

31.6 
16.8 
2.5 

12.6 

1.9 

11.5 
3.8 

80.7 

12.2 11.0 5.0 
9.6 3.6 2.7 
3.4 4.7 3.4 
5.5 5.4 4.2 
6.2 12.0 6.2 

1.0 11.0 
23.0 16.0 
4.7 4.2 1.7 

64.6 57.9 34.2 

11.0 

0.5 
11.5 

MISSION OBJECTIVES: o STUDY TEMPORAL VARIABILITY IN COMPACT X·RAY EMITTING OBJECTS. 

MAJOR CONTRACTORS 

o COMPILE ENCYCLOPEDIC RECORD OF VARIABLE X·RAY SOURCES 

Spacecraft •• Built inhouse at GSFC 
High Energy X-ray Timing Experiment - University of California, San Diego 
Proportional Counter Array •• GSFC 
All SI Monitor - MIT 

!ADVANCED COMPOSITION EXPLORER (ACE) ~.A. flew- , ,fq 1 ( ~ 1 ~ 

6.0 5.6 

6.0 5.6 

LEAD CENTER: ORBITAL PARAMETERS: HALO @ L 1 LIBATION POINT 

LAUNCH DATE: -(# 
LAUNCH VEHICLE: 

DEVELOPMENT 
SPACECRAFT 
INSTRUMENTS 
GROUND SYSTEM 
PROGRAM SUPPORT/GSFC MGT 
RESERVES 

MISSION OPS & DATA ANALYSIS 
LAUNCH SUPPORT 
TRACKING & DATA SUPPORT 
TOTAL MISSION COSTS: 

FY92 FY93 

0.2 0.2 
0.2 0.2 

TOTAL WEIGHT: 1,430 LBS 
STABILIZATION: SPIN-STABILIZED 
DESIGN LIFE: 2 YEARS 

FY94 

33.2 --·-
16.4 
12.8 
0.5 
1.8 
1.7 

0.6 
0.6 

34.4 

FY95 

44.1 .... 
1.5 

14.3 
0.6 

19.0 
8.7 

11.5 
3.9 

59.5 

FY96 

31.8 - ··-
1.7 

12.2 
0.6 

10.3 
7.0 

26.7 
4.5 

63.0 

FY97 

24.5 - ··-
1.8 
10.6 
0.7 
7.9 
3.5 
0.7 

17.4 
3.7 

46.3 

FY98 

7.5 . ·-
0.5 
3.5 
0.2 
2.4 
0.9 
8.0 

0.7 
16.2 

FY99 

8.3 

0.3 
8.6 

231.2 
83.7 
72.9 
15.3 
33.0 
24.4 35% 

1.9 
34.6 35 .45 
50.7 51 
14.9 15 

0.0 331.4 326 • 361 

BTC TOTAL RANGE 

8.5 

0.4 
8.9 

141.1 ..... 
21.9 
53.4 
2.6 

41.4 
21.8 
25.5 
56.2 
14.5 

I 1'1o 

237.3 225 • 275 

MISSION OBJECTIVES: Study of the composition of the solar corona, interplanetary and interstellar media, and galactic matter across a wide range of 
plasma phenomena. 

MAJOR CONTRACTORS Spacecraft •• John Hopkins Applied Phy: atory 
Instruments - Califomia Institute of Tech 

234.5 ·3.31~ 

39.1 ·4.5 
51.2 ·0.5 
.1ZJ. ·2.2 

341.9 ·10.5 

FY 94 BUDGET I~ 'f ftlP 

129.4 ,t11.7j~ 

25.5 
53.2 
jfil 

223.8 

0.0 
3.0 

.:U.. 
13.5 



The ACE mission is a space physics mission that will use nine instruments to study the composition of the 
solar corona. interplanetary and interstellar media, and galactic matter across a wide range of plasma 
phenomena. The instruments include six high-resolution spectrometers designed to study the mass and charge 
of plasma phenomena. Three other instruments will provide measures of the lower energy phenomena related to 
the solar wind. The spacecraft is being developed by the Applied Physics Laboratory (APL). Instruments 
development is managed by the California Institute of Technology (CIT). The Preliminary Design Review (PDR) 
was completed in November 1993 and the Critical Design Review {CDR) is scheduled for late FY 1994. All ACE 
subsystems are to be delivered by September 1996 in preparation for a launch as early as August 1997 aboard 
a Delta II launch vehicle. 

The FAST mission will provide high resolution data on the Earth's aurora and how electrical and magnetic 
forces control them. The flow of electrons. protons. and other ions will be studied with greater 
sensitivity, spatial resolution and faster sampling than ever before. using five small instruments. The 
FAST data will be integrated with the results of other Earth observing satellites and ground observations. 
The SWAS will provide discrete spectral data for study of the water, molecular oxygen, and carbon monoxide 
in dense interstellar clouds. the presence of which is related to the stability of these clouds. Both the 
FAST and SWAS are being developed in-house at the GSFC. The FAST spacecraft is nearly fully integrated and 
instrument deliveries are forthcoming in support of a launch in September 1994. The CDR for SWAS was 
completed in late 1993. Detailed design and initial hardware fabrication are currently underway in support 
of a planned launch in June 1995. Both missions will be launched aboard Pegasus launch vehicles. In 
September 1993. NASA selected four future Small Explorer (SMEX) missions for further definition. By mid
late 1994, it is expected that two of these missions will be confirmed for development leading to launches 
in 1997 and 1998. 

BASIS OF FY 1995 ESTIMATE 

Development activities on the XTE mission will continue in preparation for launch. Instruments and 
spacecraft components will be integrated onto the observatory throughout 1994. Final integration and 
environmental testing will be completed by mid-1995. A Pre-Ship Review (PSR) is scheduled for May prior to 
a June shipment to the Kennedy Space Center (KSC) for final integration and checkout. Launch is planned as 
early as August 1995 aboard a Delta II launch vehicle. 

The FY 1995 estimate will also support the continuation of hardware fabrication and assembly of the ACE 
spacecraft and instruments. All ACE subsystems are to be delivered by September 1996 in preparation for a 
launch in August 1997 aboard a Delta II launch vehicle. 

The SMEX missions. FAST and SWAS. will be launched in September 1994 and June 1995. respectively. Final 
development activities and launch preparation for the SWAS mission will continue in FY 1995 in preparation 
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SMALL EXPLORERS (SMEX) 

LEAD CENTER: GSFC WEIGHT: 

SAMPEX 

158KG 

SWAS FAST 

183KG 140KG 
SPACECRAFT CONTRACTOR: GSFC IN-HOUSE LAUNCH: 7/92 SCOUT 

3YEARS 
9/94 PEGASUS 6/95 PEGASUS 

DESIGN LIFE: 2 YEARS 1 YEAR 

PRIOR FV93 FV94 FV95 FV96 FY97 FV98 FV99 BTC TOTAL 

SMALL EXPLORERS ~ ru ru ~ 40.2 ~ ~ 9/94 6/95 
SAMPEX 50.4 
FAST 12.9 13.3 7.1 33.3 
SWAS 18.0 17.8 10.3 4.5 50.6 
CONTINGENCY 0.9 5.3 1.2 
WEDGE (FUTURE MISSIONS) 1.1 7.1 24.2 35.1 37.1 40.7 42.5 FY 95/96 ST ARTS 
MPS 
HQO/H 

MISSION OBJECTIVES: 

MISSIONS TO DATE: 

MISSION PROFILE: 

STATUS: 

3.5 3.7 3.2 2.8 3.1 3.2 2.4 
5.9 

THE SMEX PROGRAM IS DESIGNED TO PROVIDE SCIENTISTS WITH FREQUENT FLIGHT OPPORTUNITIES TO CONDUCT 
FOCUSED SCIENCE MISSIONS WITH A SHORT DEVELOPMENT SCHEDULE (APPROX 3 YEARS) 

PAYLOADS ARE LIMITED IN WEIGHT AND POWER REQUIREMENTS DUE TO SMALL ELV, BUT STILL CONDUCT EXCELLENT SCIENCE 
PRIMARY EMPHASIS IS IN ASTROPHYSICS AND SPACE PHYSICS DISCIPLINES 

SOLAR, ANOMALOUS MAGNETOSPHERIC PARTICLE EXPLORER (SAMPEX) 
WILL ANALYZE COSMIC RAYS TO DETERMINE ENERGY AND ATOMIC COMPOSITION 
• COSMIC RAYS COMING FROM OUR GALAXY; ACTIVE REGIONS ON THE SUN 

SUBMILLIMETER WAVE ASTRONOMY SATELLITE (SWAS) 
MEASURE H20, 02, C AND CO DISTRIBUTION/CONCENTRATIONS IN GIANT MOLECULAR CLOUDS 

FAST AURORAL SNAPSHOT EXPLORER (FAST) 
MEASURE ELECTRON AND ION FLOWS AND THE ELECTROMAGNETIC FORCES WHICH AFFECT THEM IN POLAR AURORAE 

ALL MISSIONS ARE DESIGNED TO FLY ABOARD A SIMPLE, LOW COST PAYLOAD BUS 
LAUNCHES ABOARD SMALL-CLASS ELV (SCOUT OR PEGASUS) 
MISSION COSTS LIMITED TO APPROXIMATELY $30-35M 
TRACKING CONDUCTED VIA SMALL, PORTABLE GROUND STATIONS 

4 CANDIDATE SMEX MISSIONS SELECTED FOR FURTHER DEFINITION 
WILL DOWNSELECT TO 2 MISSIONS FOR FY 95 & 96 STARTS -- 97/98 LAUNCHES 

WIRE WIDE-FIELD INFRARED EXPLORER 
JUNO JOINT ULTRAVIOLET NIGHTSKY OBSERVER 
POEMS POSITRON-ELECTRON MAGNETIC SPECTROMETER 
TRACE TRANSITIONAL REGION AND CORONAL EXPLORER 



for. launch and initial mission operations. Selection of two future SMEX missions will be completed by mid
late 1994. and development of the next SMEX mission will begin in FY 1995. 
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OFFICE OF SPACE SCIENCE 
FY 95 PRESIDENT'S BUDGET 

PHYSICS & ASTRONOMY MO&DA 

1993 1994 1995 1996 1997 1998 1999 .s:~ 
!TOTAL SPACE PHYSICS MO&DA 53.2 ~ 64.4 81.9 84.4 52.4 29.51 

ONGOING MISSIONS: /.t:, 
GGS 2.1 "l'N- 22.9 20.9 BASIC MISSION OPS END LATE FY 96 
COSTR 6.0 9.9 10.9 30.7 30.4 1.0 BASIC MISSION OPS END EARLY FY 98 
YOHKOH (SOLAR-A) 3.3 3.3 2.9 2.0 1.0 0.5 0.0 D/A ONLY -· ISAS FUNDS MSSN OPERATIONS 
IMP 0.8 0.8 0.4 TERMINATE OPS IN FY 94 
SAMPEX 2.1 2.3 2.1 1.3 1.2 0.6 0.0 MSSN OPS TERMINATE IN FY 95 
PIONEER 8.8 4.5 1.1 1.1 1.1 1.1 1.1 P-11 OPSTERM1NATEBYEND0FF¥94 e;1.Llf FY<Js 7 
VOYAGER 11.9 8.5 8.2 7.4 7.9 8.4 8.7 MSSN OPS EFFICIENCIES ASSUMED IN OUTYRS -
ULYSSES (+ EXT MSSN) 8.6 8.2 8.0 6.0 6.1 6.2 6.2 SPOLAR PASS (6-10/94) N POLAR PASS (6-9/95) 
FAST 0.8 4.4 4.4 4.4 2.4 1.3 

FUTURE MISSIONS: 
ACE 0.7 8.0 8.3 
NEWSMEX 3.5 3.7 3.9 

GRANTS/THEORY PROGRAM 6.1 4.8 0.7 0.8 1.6 1.4 
DATA ARCHIVAL 0.6 0.6 0.6 0.6 0.7 0.7 
APAITAXES 2.9 10.7 2.2 6.7 25.8 18.4 INCLUDES OUTYR WEDGE (GGS/COSTR?) 

~ .. , 
TOTAL ASTROPHYSICS MO&DA 362.2 ~ 377.3 375.5 408.7 378.9 406.9 

GREAT OBSERVATORIES: 

t!S'(J~ 

GAO 25.4 19.9 22.5 22.6 22.8 INCLUDES EXTENDED MISSION 

AXAF 14.9 11.6 18.9 40.4 57.9 58.3 74.0 INCLUDES PRELAUNCH OPS (9/98 STS) 
HST OPS & SERVICING 216.7 ~226.7 200.7 225.6 227.8 234.3 

DATA ANALYSIS 42.4 38.5 z42.1 50.5 43.3 47.2 50.0 
ONGOING MISSIONS: 

HEAO 1.0 0.2 DATA ANALYSIS ONLY 
IUE 7.2 5.0 3.1 EXTMSSN 
COBE 8.7 8.0 4.0 OPS CEASED 12/93 
ROSAT 9.6 7.2 4.0 OPS THAU FY 95 
EUVE 11.4 9.6 10.0 8.0 4.0 OPS END IN FY 95; D/A & ARCHIVAL IN FY 96-97 

SWAS 0.8 2.4 2.5 2.6 2.7 FLT OPS CEASE IN FY 98 
FUTURE MISSIONS: 

XTE 1.0 11.0 11.0 6.0 5.6 OPS END IN FY 97 
SMEX4 1.8 3.5 3.5 NEW MISSION (UNSELECTED) 

FUSE 1.0 FY99LAUNCH 

STS PAYLOADS 0.9 1.0 1.0 0.5 BBXRT, ORFEUS, ASTR0-2 
FOREIGN MISSIONS 4.8 5.5 9.6 12.8 9.0 9.6 9.6 U.S. PARTICIPATION ON FOREIGN MISSIONS 
DATA ARCHIVAL 9.3 6.9 7.7 7.7 7.7 7.7 8.5 HEASARC, IPAC, ADS, HIPPARCOS 
GRANTS/THEORY PROGRAM 10.8 15.0 11.5 12.0 14.3 14.4 15.6 
TAXES/APA -0.9 6.2 13.8 6.9 8.8 1.8 2.1 DIVISION SUPPORT, HICS, ETC 



BASIS OF FY 1995 FUNDING REQUIREMENT 

MISSION OPERATIONS AND DATA ANALYSIS 

FY 1993 

AXAF mission operations and 
data analysis ................................ . 14,900 

Hubble space telescope operations 
and servicing ................................ . 216,676 

Hubble space telescope data analysis ........... . 42.357 
Astrophysics mission operations 

and data analysis ............................ . 88.268 
Space physics mission operations 

and data analysis ............................ . ~53, 201 

Total ................................. _. .... . 415.402 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

11. 600 

FY 1995 

18,900 

ilJS?lt:>(,J 2 19 • '1 El 8 (-f,.2#!) 226,700 
38.500 42,700 

84.500 89,000 

SS//tJ' 6 6. 7 ea-, ~O.&dC) --2.i.t 40Q 

fA5"~2e.7ee cl~ 441, ZQQ 

,~~/lf~iN 

(:" Oj;l't 

The Mission Operations and Data Analysis (MO&DA) program supports the prime missions of astrophysics and 
space physics spacecraft. and ongoing analysis of selected mission data sets. For major missions such as 
AXAF and HST. funding is also applied to pre-launch preparations for operations and data analysis 
activities, and for long-term data archiving and data base services. In addition, funds from this category 
are used to support future servicing missions for the Hubble Space Telescope (HST). 

Pre-launch operations funding for the Advanced X-ray Astrophysics Facility (AXAF) program supports the 
development of a ground control system, science center and preparations for flight system operation. A 
common ground system located at the Marshall Space Flight Center (MSFC) will be used to serve the combined 
requirements for the Space Shuttle. Spacelab. and AXAF flight operations. The AXAF mission operations will 
also be supported by an AXAF Science Center located at the Smithsonian Astronomical Observatory (SAO). a 
division of the Massachusetts Institute of Technology (MIT). 

The Hubble Space Telescope (HST) science operations are conducted via the HST Science Institute which 
operates under a long-term contract with NASA. Satellite operations. including telemetry. flight 
operations, and initial science data transcription, are performed on-site at Goddard Space Flight Center 
(GSFC) under a separate contract. While NASA retains operational responsibility for the observatory. the 
Science Institute plans. manages. and scheaules the scientific operations of the HST. In a single year of 
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IHSTBACKUP PRIOR FY 93 FY 94 FY 95 FY 96 FY 97 FY 98 FY 99 BTC TOTAL 

~ 
HST MISSION OPS & DATA ANALYSIS 1166.4 259.0 ~- 269.4 251.2 268.9 275.0 284.3 OPS PLANNED THROUGH 2005 

':L/G.2-
[OPNS & SERVICING 1071.4 216.6 :5fM.... 226.7 200.7 225.6 227.8 234.3 OPS PLANNED THROUGH 2005 

UNDISTRIBUTED 426.7 

INSTRUMENT DEVELOPMENT ..1ZM AM .AM ..2U M..1 .n& 10.8 fil 
j WF/PC II - 87.9 10.5 2.9 101.3 1ST SERVICING MSSN 

2ND SERVICING MSSN 
~ OOSTAR ___________________ 37.3 __ 11.6 1 49.9 

L-~-- ~~~:os ________________________ ;~:~-- 1~:: ;::! ;~:: 1~ ::: 1~;:; 
ADV CAMERA 0.2 2 7.5 15 16 9 3.5 53.2 
HOOS SETTLEMENT ·10.8 ·10.8 
OTHER INSTMT H/W 5.9 1.5 1.4 1.1 1.1 1.9 1.8 

ORBITAL REPLACEMENT UNITS (ORUs) 
DEVELOPMENT 
MA INT/TEST 

SERVICING 
SIMULATOR DEVELOPMENT 
GSFC MISSION OPS 
GROUND SYSTEMS 
STSI (SCIENCE INSTITUTE) 
PROJSUPPORT 
CONTINGENCY 
HQ TAXES 
FORWARD FUNDING 
15 YEAR RISK REDUCTION 

[DATA ANALYSIS 
% CONTINGENCY 

[ORIGINAL FLIGHT SYSTEM $ 2.2 BILLION 
Spacecraft •· LMSC 
Mirror Assembly •• HOOS (Perkin-Elmer) 
Solar Arrays -- British Aerospace thru ESA 
Instrument C&DH •• IBM/Fairchild 
Space Science Institute •• Association of Universities 

for Research in Astronomy 
Flight Systems Servicing •• LMSC 
Mission Operations, System Engineering, 

and Software -- LMSC 

Wide Field/Planetary Camera I (WF/PC) •• JPL 
Faint Object Camera (FOC)·· Dornier and Matra (ESA) 
Faint Object Spectrograph (FOS) •· Martin Marietta/UCSD 
Goddard High Resolution Spectrograph (GHRS) •• BASD 
High Speed Photometer (HSP) •• Univ of Wisconsin 

74.4 
30.3 
44.1 

73.5 
27.3 

82 
38.4 

119.4 
43.6 

11.1 

95.0 

J.U .1M 
7.7 3.5 
9.6 11.9 

31.1 18.4 
11.3 7.7 
25.3 24.3 
12.7 10.7 
33.9 31.9 
24.6 22.3 

1.5 23.9 
13.1 10.4 ,,.,~ 

42.4 38.5 

J..ti 
2.6 

11.8 

17.0 
6.4 

25.8 
13.3 
35.8 
22.2 
12.4 
5.5 

12.3 

42.7 
6% 

(FIRST SERVICING MISSION 

.2il 
4.3 

17.3 

24.9 
8.4 

27.8 
14.4 
37.1 
25.1 
23.7 

4.9 
-21.3 

50.5 
13% 

Solar Arrays •• British Aerospace thru ESA 
Wide Field/Planetary Camera II •• JPL 

.JM 
6.1 

12.4 

17.5 
6.3 

29.3 
14.4 
38.5 
25.8 
29.3 

5.5 

13.2 

43.3 
23% 

!251M 

...1il 
4.9 

14.9 

14.2 
6.7 

30.3 
13.8 
40.8 
23.3 
24.7 

6.1 

37.3 

47.2 
37%. 

Corrective Optics Space Telescope Axial Replacement (COSTAR) 
Ball Aerospace Division (BASDJ 

(COSTAR replaces the HSP instrument and modifies the· 
image received by the FOC, FOS, and GHRS instruments) 

Electronic Control Units 1 and 3, Gyroscope 

Rate Sensor Units 1, 2 and 3, Gyroscope 
Fuse Plugs, Gyroscope 
Magnetometer 
DF-224 Co-processor 
GHRS Repair Kit 

1.6 

J..M 
0.6 

15.4 

15.0 
7.1 

31.8 
14.7 
42.9 
24.5 
32.3 

6.8 

38.1 

50.0 
43% 

409.6] 
INCLUDES CTGY/RISK REDUCTION 

SECOND SERVICING MISSION - $250-3001',4_ 
Near Infrared Camera/Multi-Object Spectrometer (NIC/MOS) 

BASD/Univ of Arizona 

Space Telescope Imaging Spectrometer (STIS) •• BASD/GSFC 
Other replacement parts as required 

INSTRUMENT REPLACEMENT SCENARIO 

ORIGINAL 
WF/PCI __. 
FOC 
FOS 
GHRS 
HSP ~ 

1ST SVC MSSN 2ND SVC MSSN 
WF/PC H WF/PC II 
FOC FOC 
FOS _:::::::--=- IJJINICIMOS 
GHRS STIS 
COSTAR COSTAR 



operations. the activities of over 500 scientists are supported under the HST program. and over 
15,000 observations have been recorded. 

In order to extend its operational life and provide a basis for future enhancements of its scientific 
capabilities. the HST is designed to be serviceable. This requires on-orbit maintenance and change-out of 
spacecraft subsystems and scientific instruments every few years. In December 1993, the first HST servicing 
mission was performed to restore the faint object and crowded field capabilities of the telescope, which had 
been unavailable due to spherical aberration of the primary mirror. Also. jitter induced by thermal effects 
on the solar arrays was corrected by the installation of two modified solar arrays provided by the European 
Space Agency (ESA). Several subsystems. including rate gyroscopes. ~agnetometers, and additional computer 
memory. were installed so as to restore redundancy and to ensure operations until the next servicing 
mission. 

The HST funds also support planning and development of instruments for future servicing missions and for 
development of other components critical to the reliability of the HST. Two new instruments. the Space 
Telescope Imaging Spectrometer (STIS) and the Near Infrared Camera/Multi-Object Spectrometer (NIC/MOS), are 
currently under development for the next servicing mission currently planned for March/April of 1997. Both 
STIS and NIC/MOS are being developed by Ball Aerospace Division (BASD). Both instruments have Critical 
Design Reviews (CDRs) planned for mid-1994. Other hardware. such as batteries, gyroscopes, and an Advanced 
Camera are under consideration for a servicing mission in 1999. Ongoing modification and upkeep of ground 
systems operations are also performed. 

Other satellites developed wholly or in part by NASA are also supported under the Astrophysics and Space 
Physics mission operations and data analysis programs. Currently. six operational missions in astrophysics 
and seven operational missions in space physics are supported. Astrophysics missions include the Compton 
Gamma-Ray Observatory (CGRO, 1991). the Extreme Ultraviolet Explorer (EUVE, 1992), the Cosmic Background 
Explorer (COBE. 1989), the International Ultraviolet Explorer (IUE, 1978). and U.S. participation in the 
German Roentgen Satellite (ROSAT, 1990) and the Japanese Astro-D/ASCA (1993). Space physics missions 
include Voyager 1 and 2 (1977), Ulysses (1990), Pioneer 10 and 11 (1972.73), the Interplanetary Monitoring 
Platform (IMP-8, 1973), the Solar, Anomalous Magnetospheric Particle Explorer (SAMPEX, 1992), and the 
Japanese cooperative missions, Yohkoh (1991) and Geotail (1992). 

The CGRO measures gamma-rays. providing unique information on phenomena occurring in quasars. active 
galaxies, black holes. neutron stars, supernova, and the nature of the mysterious cosmic gamma-ray bursts. 
The EUVE is studying the sky at wavelengths once believed to be completely absorbed by the thin gas between 
the stars. The COBE has provided dramatic scientific evidence confirming the Big Bang theory and has 
measured the isotropy of the cosmic background radiation to better than one part in 100,000 over the entire 
sky. The IUE continues to provide valuable data in ultraviolet wavelengths for U.S. and European 
scientists. The U.S. observers continue to enjoy 50% of the ob~erving time, shared with Germany and the 
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AXAF - MO & DA DETAIL 
LAUNCH: 1198 

PRIOR FY 93 FY 94 FY 95 FY 96 FY 97! FY 98J FY 99 BTCi TOTAL! 

IMO&DA 7.1 14.9 11.6 18.9 40.4 57.9 58.3 74.0 282.4 565.51 

TRW 2.7 1.3 1.9 2.7 3.9 4.3 7.1 4.9 17.2 46.ol 8% I FLT OPERATIONS SUPPORT 

FLT OPS TEAM . . 2.7 1.3 1.9 3.7 3.9 3.1 5.0 3.7 14.9 40.2 

OCC RELOCATION 0.6 0.7 0.7 0.3 2.3 

SN/; TEST SIMULATOR 0.6 1.4 0.5 2.0 4.5 

OPS CONTROL CTR (MSFC) 1.4 5.9 8.7 5.6 11.9 9.3 10.9 12.2 41.5 107.41 19% I DATA ACQ/DISTRIBUTION 
-----·-··--·-------------------·- -------

ON-LINE SYS (MOUBOEING) 1.4 5.3 6.6 3.7 8.7 6.3 8.3 9.3 36.3 85.9 ENHANCED HOSC @ MSFC: DEV/MAINT/OPS 

OFF-LINE SYS (CSC) 0.6 2.1 1.9 3.2 3.0 2.6 2.9 5.2 21.5 SNJ SUPPORT: DEV/TESTNERIF/OPS/MAINT 

__ AXAF SCI CTR (SAO/MIT) 1.5 6.7 2.1 6.5 11.3 12.4 13.2 13.9 61.0 
---·------ - ----- ·-------··- --- - -- -- --- ------ ---------------------------------. 

128.61 23% I MSSN PLANNING, ETC 

21.8 117.7 139.5J 25% I PISUPPORT 
SCIENCE 
GUARANTEED TIME OBSERVERS (GTOs) . 12.7 104.1 116.8 Pis? 

9.1 13.6 22.7 HRC/HETG/ACIS IDTs; IDS/TS 
OBSERVATIONAL SUPPORT 

PROGRAM SUPPORT 1.5 0.5 0.5 1.3 1.7 2.0 2.2 3.7 __!~8- 27.2[ 5% 
--~--------------~-------------- ---------

PROJECT CONTINGENCY 

HQ TAXES/RESERVES 

-2.2 
0% -17% 

0.5 0.6 

2.4 
15% 

10.8 13.0 
38% 46% 

0.4 0.8 16.9 

12.0 7.2 
36% 13% 

12.9 10.3 

20.5 _ _6~,?J 11% 
8% 

10.7 53.11 9% I 

o TRW PROVIDES FLIGHT OPERATIONS TEAM (FOT) 
• INSURE OPERATIONAL DATABASE DEVELOPMENT 
• DEVELOP OPERATIONAL DOCUMENTS/PROCEEDURES 
- TESTNERIFY GROUND SYSTEM OPERATIONAL READINESS 
• TRAIN & CERTIFY FOT PERSONNEL (USING SIMULATOR) 

o AXAF SCIENCE CENTER (ASC) DEVELOPED AT SAO/MIT 
• SUPPORTS NASA PEER REVIEW PROCESS FOR ALLOCATION OF OBSERVING TIME 
• DEFINES OPTIMUM OBSERVING STRATEGY (I.E. MISSION PLANNING) 
• PROVIDES SCIENTIFIC EXPERTISE TO ASSIST USERS IN UNDERSTANDING AXAF DATA PRODUCTS 
• SAO INSTITUTIONAL FACILITIES (SPACE & COMPUTERS) ARE KEY ELEMENTS OF ASC DATA SYSTEM 

o OPERATIONS CONTROL CENTER (OCC) AT MSFC 
• COMMON GENERIC GROUND SYSTEM WU.L SERVE SHUTILE, SPACELAB, STATION AND AXAF-1 
• COMMANDS SENT FROM OCC TO DEEP SPACE NETWORK (DSN) 
• TELEMETRY RECEIVED FROM DSN TO OCC 
• OCC PROCESSES DATA AS NEEDED; THEN SHIPS TO ASC FOR SCIENCE ANALYSIS 

o SCIENCE SUPPORT 
• GTO, GO & ARs CONDUCT SCIENTIFIC RESEARCH 

o AXAF-1 HAS 5 YEAR OPERATIONAL LIFETIME (FY 99 • 03) 



• • • 
United Kingdom (U.K.). from the highly successful ROSAT X-ray satellite. The Japanese/U.S. Astro-D/ASCA 
spacecraft is conducting spatially-resolved spectroscopic observations of selected cosmic x-ray sources. 
The Interplanetary Monitoring Platform (IMP-8) provides the only measure of solar wind input to the Earth. 
The Yohkoh spacecraft, a cooperative program with the Japanese. is continuing to gather x-ray and 
spectroscopic data on solar flares. irradiance, and oscillations. Ulysses is on its way to study the sun's 
polar regions, measuring the interplanetary medium and solar wind as a function of heliographic latitude, 
having been swung out of the plane of the ecliptic by the gravity of Jupiter. Voyager 1 and 2 and 
Pioneer 10 and 11 are continuing to look for the heliospheric boundary with interstellar space as they 
travel beyond the planets. The SAMPEX is measuring the composition of solar energetic particles, anomalous 
cosmic rays, and galactic cosmic rays. Geotail. a Japanese spacecraft which is the first part of the 
cooperative International Solar Terrestrial Physics (ISTP) program. is studying the Earth's magnetotail. 

In Astrophysics MO&DA. mission operations continue for IUE, HST. ROSAT, CGRO. EUVE and Astro-D/ASCA through 
FY 1994. Science operations of COBE have ceased. Data archival and analysis activities continue. and the 
spacecraft continues to be used in training activities. This phenomenally successful spacecraft had a 
design life of one year, but has continued to perform all-sky microwave surveys after exhausting its cryogen 
supply. Analysis and archival of data from the High Energy Astrophysics Observatory (HEAO) will be 
completed at the end of FY 1994 since the primary science objectives will have been met. Data analysis of 
the Astro-C/Ginga mission will also be completed in FY 1994. 

In Space Physics MO&DA, operations and data analysis will continue for Ulysses. SAMPEX. Geotail, Yohkoh. 
IMP-8 and Voyager. Ongoing mission support is also provided for the Pioneer missions, although Pioneer 11 
operations may be terminated during FY 1994 due to the decreasing power supply on board the spacecraft. 
Several new spacecraft are scheduled for launch in FY 1994. including the GGS spacecraft. Wind and Polar, 
and the Fast Auroral Snapshot (FAST) mission, the second of the Small Explorer (SMEX) missions developed 
within the Explorer program. 

BASIS OF FY 1995 ESTIMATE 

The AXAF MO&DA funds will support ongoing development of ground system elements and documentation of ground 
control operations. Critical Design Reviews (CDRs) of the Operations Control Center and the AXAF Science 
Center are also planned. 

The HST operations and servicing funds will support preparations for future serv1c1ng missions, ongoing 
development of ground systems and ground system operations, and ongoing mission operations for the Hubble 
system. Hardware fabrication and integration of the NIC and STIS instruments will be performed throughout 
FY 1995 in support of the 1997 servicing mission. Development and maintenance of components and subsystems 
for future telescope maintenance is also planned. Maintenance of flight system and ground system software. 
hardware. and operations protocols will also continue. The HST data analysis funds will sustain the 
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Guaranteed Time Observers program. composed of science instrument teams for the current set of HST 
instruments: and expansion of the Guest Observer and Archival Researchers programs. 

:• 

Astrophysics MO&DA will continue operations and data analysis activities for the CGRO. EUVE. IUE. ROSAT and 
Astro-0/ASCA missions. The COBE mission operations are discontinued in FY 1994. and data analysis 
activities will be completed in FY 1995. The recently developed Astrophysics Data System and other 
archiving systems will continue to provide scientific users access to NASA's astrophysics data. Funds are 
also provided to support ongoing data analysis of existing data sets from previous missions. 

Space Physics MO&DA will continue to support ongoing mission operations and data analysis for the Pioneer. 
Voyager. Ulysses. IMP-8. Geotail. SAMPEX and Yohkoh missions. Funds are also provided to support the new 
Wind. Polar and FAST missions launched in 1994. Initial mission operations for the Solar Heliospheric 
Observatory (SOHO) mission will also begin following a launch in July 1995. 

Ii~-/{} ,i:,'J{~,-<jA ,f,., ,!. 'fr !-:A_,.1,) r'/?,::. 
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I OFFICE OF SPACE SCIENCE I 
FY 95 PRESIDENT'S BUDGET 

PHYSICS & ASTRONOMY - R&A SUMMARY 

1993 1994 1995 1996 1997 1998 1999 

I RESEARCH AND ANALYSIS 71.6 71.1 ,1.1 71.1 71.1 71.1 11.11 
% OF TOTAL P&A BUDGET: 7% 7% 7% 7% 7% 8% 9% 

SPACE PHYSIC$ SR&T ~ ~ &I &Z &Z &Z ~ 

GRANT FUNDING 2U 2M gzg gzg gzg gig gig 

upn 170 ? COSMIC & HELIOSPHERIC 5.6 5.4 5.4 5.4 5.4 5.4 5.4 
upn 170 ? SOLAR 6.4 5.9 5.9 5.9 5.9 5.9 5.9 
upn 431 ? THEORY (INTERDISCIPLINARY) 4.3 4.1 4.1 4.1 4.1 4.1 4.1 
upn 432 ? MAGNETOSPHERIC 4.2 3.5 4.0 4.0 4.0 4.0 4.0 
upn 433 ? IONOSPHERIC 4.0 3.8 3.8 3.8 3.8 3.8 3.8 
upn 435 ? PLASMA ROCKETS 4.2 4.1 4.0 4.0 4.0 4.0 4.0 

upn 433 Am .M u M M M M M 
TIMED 3.0 1.5 TBD TBD TBD TBD TBD 
SOLAR TERR PROBES 0.1 1.4 TBD TBD TBD TBD TBD 
EQUATOR-$, OTHER 0.5 1.7 2.5 2.5 2.5 2.5 2.5 

l:!Q sueeoBI 1TAXESLAPAJWEQG1;l .M .u §.Q §.Q §.Q §.Q §.Q 

FY95 regmts 
ASTROPHYSICS SR&T ~ ~ &! ~ ~ ~ .aM 

I SOFIA s.ol 
GRANT FUNDING 2il ~ ~ g.u g.u g.u g.u (1.850] A/C lease (1 yr) 
UV/OPTICAL 8.5 8.6 8.6 8.6 8.6 8.6 8.6 2.6 ARC spt svc ctrs (-20 FTEs) 
HIGH ENERGY 9.5 9.6 9.6 9.6 9.6 9.6 9.6 0.4 ARC overhead/MPS 
IA/RADIO 6.1 6.1 6.1 6.1 6.1 6.1 6.1 0.9 ale wind tunnel testing 

0.2 phase b hangar study 

Am 1Q..Q .1QJ. 12A .!U ~ .1M .1Q,2 0.9 other 
SIRTF 8.0 6.0 6.0 TBD TBD TBD TBD 
SOFIA 1.9 3.1 5.0 TBD TBD TBD TBD 
SMIM/FIRST 0.3 0.3 I SIRTF 8.8, 
AIM 0.3 0.4 
OTHER 0.1 0.5 0.8 oss §,Q 

UNDISTRIBUTED 9.1 9.5 10.4 10.9 0.6 science team support 

~ 
3.5 Pl supt for sensor atd 

QYEBl:!l:AP 2.2. .1Q Z.Q .L§ Q.Z Q.2 0.5 ARC/industry sensor atd 
1.4 JPL mssn & concept studies 

~~ 
OACT 2.J! sensor/telescope studies 

{~1r1~) 



• • 
BASIS OF FY 1995 FUNDING REQUIREMENT 

RESEARCH AND ANALYSIS 

Space physics supporting research 
and technology ............................... . 

Astrophysics supporting research 
and technology ............................... . 

Total .................................... . 

OBJECTIVES AND STATUS 

FY 1993 

37.257 

34.301 

71. 558 

FY 1994 
(Thousands of dollars) 

35,700 

35.400 

71, 100 

FY 1995 

35,700 

35.400 

71,100 

• 

The objectives of the Supporting Research and Technology (SR&T) program are to: (1) optimize the design of 
future missions through science definition. development of advanced instruments and concepts, and definition 
of proposed new missions; (2) strengthen the technological base for sensor and instrument development; (3) 
enhance the value of current space missions by carrying out ground-based observations and laboratory 
experiments; (4) conduct basic research necessary to understand astrophysics phenomena and solar-terrestrial 
relationships and develop theories to explain observed phenomena and predict new ones: and (5) continue the 
acquisition, archival. analysis and evaluation of data from laboratories. airborne observatories, balloons. 
rocket and spacecraft missions. 

The SR&T program carries out its objectives through providing grants to universities, nonprofit and 
industrial research institutions, and funds to scientists at NASA Centers and other government agencies. 
Several hundred grants are awarded each year to the U.S. science community. These grants help train science 
and engineering graduate and post-graduate students who will become the nation's future scientific leaders. 

Astrophysics SR&T supports research activities in the areas of gamma-ray. x-ray, ultraviolet. visible light, 
infrared, submillimeter, and radio astrophysics. Both the Explorer and Great Observatories programs rely 
upon accomplishments of the SR&T program for technology development and instrument design to achieve planned 
science objectives. Current emphasis is being placed on studies of advanced instruments and detectors with 
increased sensitivity and resolution. 

Space Physics SR&T supports researchers in the disciplines of magnetospheric, ionospheric, cosmic ray, 
heliospheric, plasma and solar physics. This broadly structured program enhances our understanding of 
plasmas in the solar corona, interplanetary medium. geospace and other planets. Recent studies of the near-
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Earth geospace environment have many practical implications. such as determining disruptive effects on 
communications. analyzing the impact on global circulation of the Earth's upper atmosphere, or examining 
space plasma effects on spacecraft. 

NASA also allocates SR&T funds to Advanced Technology Development (ATD) programs. Increasing emphasis is 
being made within the agency to better utilize advanced technologies in future missions. The ATD is used to 
develop new mission concepts and ensure that mission technologies are sufficiently mature before development 
begins to minimize cost. schedule, and technical risks. Mission concept and definition studies identify new 
technologies and optimize their use within an affordable development cost. 

BASIS OF FY 1995 ESTIMATE 

The Astrophysics ATD program will continue to support definition studies for the Stratospheric Observatory 
for Infrared Astronomy (SOFIA), an airborne-observatory intended to replace the current NASA airborne 
astronomy system. and technology studies for future space infrared astronomy missions. Ongoing support for 
grant-funded studies in gamma-ray. x-ray. ultraviolet, visible light. infrared, submillimeter, and radio 
astrophysics will also continue. 

Space Physics SR&T activities include continuing definition studies of missions emphasizing the use of small 
spacecraft and rapid development. These include the Thermosphere. Ionosphere, Mesosphere Energetic and 
Dynamics (TIMED). the High Energy Solar Physics (HESP). and the Solar Probe missions. Ongoing support for 
grant-funded studies in magnetospheric, ionospheric, cosmic ray. heliospheric, plasma and solar physics will 
also continue. 
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I OFFICE OF SPACE SCIENCE I 
FY 95 PRESIDENT'S BUDGET 

SUBORBITAL PROGRAM 

1993 1994 1995 1996 1997 1998 1999 

!SUBORBITAL PROGRAM 64.8 69.5 67.2 67.7 67.6 67.6 67.71 

AIRBORNE RESEARCH 13..2 1M 13..2 1ll 1ll 1ll 13..2 
AIRCRAFT OPS 3.3 3.3 3.3 3.3 3.3 3.3 3.3 
SCIENCE 2.7 2.7 2.7 2.7 2.7 2.7 2.7 
FACILITY SUPPORT 6.7 6.6 6.8 6.8 6.8 6.8 6.8 
HICS 0.3 0.8 0.4 0.3 0.3 0.3 0.4 

BALLOON PROGRAM 1M 1M 1M 1M 16.0 16.0 1M 
OPERATIONS 13.2 13.9 13.6 13.6 13.6 13.6 13.6 
SCIENCE (COSMIC & HELIOSPHERIC) 1.3 1.6 1.5 1.5 1.5 1.5 1.5 
HICS 0.9 0.9 0.9 0.9 0.9 0.9 0.9 

SOU!'lPING ROCKETS 36.4 ~ ~ ~ M& 38.5 M& 
OPERATIONS 29.0 30.6 32.0 33.5 33.5 33.5 33.5 
SCIENCE (COSMIC & HELIOSPHERIC) 5.1 3.4 3.2 3.5 3.4 3.4 3.4 
SPARTAN 
HICS 
WEDGE 

AIRBORNE 

BALLOONS 

SOUNDING ROCKETS 

SPARTAN 

1.1 1.6 1.2 
1.2 1.5 1.6 1.6 1.6 1.6 1.6 

2.4 

KUIPER AIRBORNE OBSERVATORY (KAO) - LOCKHEED C-141A AIRCRAFT WITH 0.9 METER REFLECTING TELESCOPE 
PROGRAM MANAGED BY AMES RESEARCH CENTER (ARC) 
MISSIONS SELECTED VIA ANNUAL PEER REVIEW AT ARC 
APPROXIMATELY 80 FLIGHTS/YEAR 

FLIGHT OPPORTUNITIES FOR MASSIVE (3 TON+) PAYLOADS ABOVE 99% OF THE ATMOSPHERE 
PROJECT MANAGED BY WALLOPS FLIGHT FACILITY 
PROGRAM CONDUCTS 30-40 FLIGHTS PER YEAR 
UTILIZES 5 STANDARD BALLOONS WHICH CAN LOFT PAYLOADS RANGING FROM 100 • 7,500 LBS 
FLIGHT DURATION RANGES FROM SEVERAL HOURS TO SEVERAL DAYS IN DURATION 
FLIGHTS CONDUCTED FROM NATIONAL SCIENTIFIC BALLOON FACILITY (NSBF) IN PALESTINE, TEXAS 

AND OTHER REMOTE SITES AROUND THE WORLD 

UNIQUE SCIENTIFIC OPPORTUNITIES IN ALTITUDES INACCESSIBLE TO SPACECRAFT & BALLOONS 
PROJECT MANAGED BY WALLOPS FLIGHT FACILITY 
PROGRAM CONDUCTS 30·35 FLIGHTS PER YEAR 
APPROXIMATELY 13 OPERATIONAL VEHICLES IN USE BY PROGRAM 
MAXIMUM PAYLOAD: 2,095 LBS 
MAXIMUM ALTITUDE: 972 NM (1,800 KM) 
MISSION DURATION: 22 MINUTES 

SPARTAN SUPPORT PROVIDES FLIGHTS OF OPPORTUNITY ABOARD REUSABLE SHUTTLE CARRIER 
9/94 SPARTAN 201-2 ULYSSES S PASS CALIBRATION FLIGHT 6/96? SPARTAN 201-04 SOHO CALIBRATION 
1/95 SPARTAN 204 REFLEX EXPERIMENT 3/95 OAST FLYER 
7/95 SPARTAN 201-3 ULYSSES N PASS CALIBRATION FLIGHT 12/96 INFL ANTENNA EXPERIMENT (CODE C EXPMT & f 



• • 
BASIS OF FY 1995 FUNDING REQUIREMENT 

SUBORBITAL PROGRAM 

FY 1993 

Airborne program ............................... . 
Balloon program ................................ . 
Sounding rockets ............................... . 

Total .................................... . 

OBJECTIVES AND STATUS 

13,014 
15,437 
36.392 

64,843 

FY 1994 
(Thousands of dollars) 

13. 600 
16,400 
39,500 

69.500 

FY 1995 

13,200 
16.000 
38.000 

67.200 

• 

The suborbital program uses aircraft. balloons. and sounding rockets to conduct versatile, relatively low
cost research of the Earth's ionosphere and magnetosphere, space plasma physics. stellar astronomy, solar 
astronomy. and high energy astrophysics. Activities are conducted on both a national and international 
cooperative basis. 

The Airborne science and applications program operates the Kuiper Airborne Observatory (KAO) for astronomy 
research. The KAO facility consists of a C-141 aircraft equipped with a 91-centimeter infrared telescope. 
managed by the Ames Research Center (ARC). The C-141's ability to fly for several hours at altitudes 
approaching thirteen kilometers enables routine access to infrared observations which would not otherwise be 
possible due to atmospheric water vapor at lower altitudes. The infrared region of the electromagnetic 
spectrum extends from wavelengths of one micrometer to approximately one millimeter. The KAO is currently 
the only airborne facility in the world that can conduct observations in the far infrared and submillimeter 
wavelengths and is continuing to provide important scientific observations of a wide variety of objects, 
including star formations in the Milky Way, activity in the nucleus of the Milky Way. and planets and moons 
in the solar system. In 1993 the KAO flew 82 times. with a total flight time of 518 hours. Approximately 
75-80 flights are planned for FY 1994, including a special program to observe the impact of comet 
P/Shomaker-Levy 9 with the planet Jupiter in mid-July. 

The Balloon program. managed by the Wallops Flight Facility (WFF), provides a cost-effective means to test 
flight instrumentation in the space radiation environment and to make observations at altitudes which are 
above most of the water vapor in the atmosphere. In many instances it is necessary to fly primary 
scientific experiments on balloons. because of size, weight. or cost considerations or lack of other 
opportunities. Balloon experimentation is particularly useful when studying infrared. gamma-ray, and 
cosmic-ray astronomy. In addition to the level-of-effort science observations program, the program has 
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successfully developed balloons capable of lifting payloads greater than 5,000 pounds. In addition, the 
balloon program is now capable of conducting a limited number of missions lasting nine to fourteen days: 
successful long-duration flights have been conducted in the Antarctic, and more are planned. In 1993, the 
Balloon program flew 34 missions. Approximately 35 missions are planned for FY 1994. 

The Sounding Rocket program is managed by Goddard Space Flight Center (GSFC), in conjunction with the 
Wallops Flight Facility (WFF). Sounding rockets are uniquely suited for performing low altitude 
measurements (between balloon and spacecraft altitude) and for measuring vertical variations of many 
atmospheric parameters. Special areas of study supported by the sounding rocket program include the nature, 
characteristics, and composition of the magnetosphere and near space: the effects of incoming energetic 
particles and solar radiation on the magnetosphere, including the production of aurora and the coupling of 
energy into the atmosphere: and the nature, characteristics. and spectra of radiation of the sun. stars and 
other celestial objects. The program also provides the means for flight testing instruments being developed 
for future flight missions. calibrating flight instruments and obtaining vertical atmospheric profiles to 
complement data obtained from orbiting spacecraft. Funding for Sounding Rockets typically supports up to 
35 rocket flights per year. 

St1pport for Spartan missions abo3rd the Shuttle is also included within the Sounding Rockets budget. 
Spartan 201 consists of a 17-inch diameter solar telescope with an ultraviolet coronagraph and a white light 
coronagraph to observe and measure the solar source of the solar wind. Spartan 201 had a highly successful 
flight in 1993. and reflights are planned for 1994 and 1995 to provide correlative data for the Ulysses 
mission during its passage over the solar poles. 

BASIS OF FY 1995 ESTIMATE 

In FY 1995, Airborne funds will support ongoing logistics and periodic maintenance requirements for the KAO 
aircraft at Ames. The program typically provides 70-80 flight opportunities per year. although extensive 
maintenance and inspections to be conducted during late FY 1994 through the first quarter of FY 1995 has 
reduced the planned flight rate to about 50 missions. 

The Balloon program typically provides over 35 flight opportunities per year. In support of these missions. 
ongoing maintenance and operations of the National Scientific Balloon Facility (NSBF) at Palestine. Texas. 
and other remote launch sites are also required. 

Sounding rocket flights will also be conducted for instrument testing. calibration and observations to 
complement data from orbiting spacecraft. The FY 1995 funds will be used to provide vehicles. hardware. 
integration, launch site support and maintenance for up to 35 flight opportunities. Support is also 
included within the Sounding Rockets budget for reflight of Spartan 201 aboard the Shuttle in late 1995. 
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I OFFICE OF SPACE SCIENCE I 
INFORMATION SYSTEMS 

FY 95 PRESIOENrs BUDGET 

1993 1994 1995 1996 1997 1998 1999 

I INFORMATION SYSTEMS 25.0 26.5 26.1 25.9 25.6 25.6 25.41 

NASA SPACE SCIENCE DATA CENTER (NSSDC) 8.8 8.8 8.8 8.7 8.7 8.6 

DATA MANAGEMENT/ARCHIVING 1.8 1.5 1.5 1.5 1.5 1.5 

NETWORKING 1Q,1 M 9.9 " u " NASA SCIENCE INTERNET (NSI) 8.7 8.5 8.5 8.5 8.5 8.5 
COMMUNICATIONS NETWORK (PSCN) 1.4 1.4 1.4 1.3 1.3 1.3 

APPLIED RESEARCH & TECHNOLOGY y u 4.5 4.4 y .Y 
DATA MANAGEMENT INITIATIVE (DMI) 1.7 1.8 1.8 1.7 1.7 1.6 
RESEARCH & ANALYSIS 2.7 2.9 2.7 2.7 2.7 2.7 

PROGRAM MANAGEMENT 1.4 1.2 1.2 1.2 1.2 1.2 

OBJECTIVES: 

PROGRAM ELEMENTS: 

PROVIDE STATE-OF-THE-ART ENVIRONMENT FOR NASA SCIENCE PROGRAMS (NETWORKING, DATA PROCESSING, ARCHIVAL, ETC) 

SUPPORT EVOLUTIONARY ENVIRONMENT TO EXPLOIT ADVANCED INFORMATION TECHNOLOGY FOR SCIENCE APPLICATIONS 

NATIONAL SPACE SCIENCE DATA CENTER (NSSOC) @ GSFC 

-ARCHIVAUDISTRIBUTION OF SCIENCE DATA ACQUIRED FROM SCIENCE MISSIONS 
• ALSO PROVIDES INFORMATION SERVICES TO LOCATE, ACCESS & ACQUIRE DATA FROM MULTIPLE SOURCES 

DATA MANAGEMENT/ARCHIVING 

• PROVIDES RESEARCH COMMUNITY WITH RELIABLE SYSTEMS TO ARCHIVE/DISTRIBUTE DATA 

NETWORKING 

• NETWORK SERVICES TO LINK RESEARCHERS WITH COMPUTING/DATA RESOURCES WORLDWIDE 
• PROGRAM SUPPORT COMMUNICATIONS NETWORK (PSCN) PROVIDES TAIL CIRCUITS TO EXISTING CODE O NETWORK 

APPLIED RESEARCH & TECHNOLOGY 

• ADVANCED COMPUTING & COMMUNICATIONS TECHNOLOGIES ADAPTED TO SCIENCE APPLICATIONS 
• ADVANCED ANALYSIS & VISUALIZATION CAPABILITIES TO CONVERT/INTERPRET DATA FOR FURTHER ANALYSIS 
• PRINCIPAL INVESTIGATOR EFFORT SELECTED VIA NRAs FOR COMPLEMENTARY RESEARCH & TOOL DEVELOPMENT 

(I.E. DISTRIBUTED COMPUTING & DATABASES, DATA COMPRESSION,' DATA EXPLORATION & VISUALIZATION) 

PROGRAM MANAGEMENT 

• GENERIC MANAGEMENT ACTIVITIES & CONVEY FACTS ABOUT INFO SYSTEMS TO COMMUNITY AS NEEDED 



• 
BASIS OF FY 1995 FUNDING REQUIREMENT 

• 
INFORMATION SYSTEMS 

FY 1993 

Information systems ............................ . 25.002 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

26.500 

FY 1995 

26.100 

The Information Systems program provides a state-of-the-art environment to support science research 
objectives. This includes high performance networking and computing. and an interactive analysis 
environment with expedient access to data, mathematical processes tools. and advanced visualization 
techniques. Multiple science disciplines are supported by the projects funded under this program. 

• 

NASA's National Space Science Data Center (NSSDC) archives and distributes data acquired in space flight 
programs. A master directory service for distribution of science data to a wide range of users is also 
maintained. In addition, support is provided for development of search techniques to access data from 
multiple data bases and to assimilate data from multiple data sets into single applications. 

The NASA Science Internet (NSI) is a computer networking service used to provide access to flight program 
data bases. data processing systems. and to applications for scientific collaboration. Researchers and 
organizations participating in NASA-funded flight programs and in joint international missions are supported 
by this capability. This capability is closely coordinated with other U.S. computer networking facilities. 

Funds provided for information system research and technology are used to improve science data management, 
analysis, and visualization techniques to improve scientists' productivity. 

BASIS OF FY 1995 ESTIMATE 

The FY 1995 funding will continue operation of the NSSDC to distribute science data assets. Continued 
development of master directory services and data exchange standards for enhanced inter-operability among 
data bases will be emphasized. The NS! will continue to support science data networking needs. providing 
access to the network responsive to user requirements. Research and technology efforts will continue to 
seek improved visualization methods and capabilities. The FY 1995 funding requested is less than the FY 
1994 appropriated level. Services provided by the NSSDC and NS! will continue at approximately the same 
level as FY 1994. although investment in advanced technologies such as visualization tools and technology 
testbeds will be tightly constrained. 
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SCIENCE, AERONAUTICS AND TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE SCIENCE PLANETARY EXPLORATION 

SUMMARY OF RESOURCES REQUIREMENTS 
Page 

FY 1993 FY 1994 FY 1995 Number 
(Thousands of dollars) 

Mars '94 ....................................... . 
Cassini development ............................ . 

.Discovery development .......................... . 
Mars surveyor program .......................... . 
Mission operations and data analysis ........... . 
Research and analysis .......................... . 

3.500 tr~~ -?J • 5 O O' t/-41()0) 1.400 SAT 1.2-5 
204.953 266.600 255.000 SAT 1.2-6 

127.400 129.700 SAT 1.2-8 
/f,640 ( 10 • 3 0 0 ) {-/-~~ 78.400 SAT 1.2-10 

163.465 ~?IID H 1 . 7 M (-P.,,4t1) 127. 700 SAT 1.2-12 
101.680 /41/iel, H§. lOQ (-~) 115. 100 SAT 1.2-14 

Construction of facilities ..................... . 2l000 

Total .................................... . 475.598 '47.,3d0 4.§ 11 • 3 8 8 707,300 

Distribution of Program Amount by Installation 

Johnson Space Center ........................... . 13. 700 3. 677 3.347 
Marshall Space Flight Center ................... . 1.000 
Langley Research Center ........................ . 713 
Ames Research Center ........................... . 10.632 5.744 3.008 
Goddard Space Flight Center .................. ~.~ 24,575 19.042 25,164 

Jet Propulsion Laboratory ...................... . 311. 400 487.279 560,450 
Headquarters ................................... . 113,578 138,558 l.1i.,, 3 31 

Total .................................... . 475.598 654,30Q 701,300 
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\ 
! FY 95 PRESIDENT'S BUDGET 

~It\~ I 

tl~ PRIOR 1993 1994 1995 1996 1997 1998 1999 BTC TOTAL 

'47..3 
I PLANETARY EXPLORATION 475.7 -e94.a.,. 707.3 634.3 465.6 404.9 394.21 

~ ~ MARS '94 INSTRUMENTS 3.5 ~ 1.4 1.4 0.6 0.6 11.0 

CASSINI 383.2 205.0 266.6 255.0 191.5 107.3 13.8 1422.4 

MARS SURVEYOR PROGRAM ~ ™ 1QM ~ ~ 1Qtl NEW PROGRAM 

10/96 MARS ORBITER 77.0 58.2 9.4 15.6 160.2 

12/98 2/01 FUTURE MISSIONS 1.4 50.3 80.1 98.6 104.2 

DISCOVERY 127.4 llU IM M M M 
12/96 MESUR PATHFINDER 60.8 77.5 35.9 174.2 

2/96 NEAR 66.6 52.2 43.1 161.9 ADD $2.3M WEDGE 

MSSN OPNS & DATA ANALYSIS 163.5 ~ 127.7 llU 153.1 176.8 174.9 

10/89 GALILEO OPNS 142.8 59.4 59':Sf 70.7 80.5 68.5 20.6 502.4 REPRICING IN FY 95-96 

4/89 MAGELLAN OPNS 146.7 7.0 11.8 165.5 DELETE PFDA 

VOYAGER NEPTUNE 113.4 5.0 4.3 122.7 

9/92 MARS OBSERVER OPNS 40.5 4e:6 Cl) 0.0 0.0 0.0 -10.3 40.5 

10/97 CASSINI OPNS 69.9 77.7 1152.4 1300.0 

MESUR PATHFINDER OPNS 9.7 5.9 2.0 17.6 

NEAROPNS 3.3 5.4 8.8 22.3 7.8 47.6 ADD MO&DA 

MARS SURVEYOR OPNS 2. 16.6 19.8 20.8 

FLIGHT SUPPORT 51.6 55)4._ 57.0 55.0 52.9 51.8 52.1 

/o7.I, 
RESEARCH AND ANALYSIS 101.7 !1Y 1lll 1lll 1lll 1lll 115.1 HOLD @ FY 94 LEVEL 

GEOLOGY/GEOPHYSICS 14.0 /9'..rt5:4 15.1 15.1 15.1 15.1 15.1 

MATERIALS/GEOCHEMISTRY 15.4 15.6 15.6 15.6 15.6 15.6 15.6 

ASTRONOMY 11.9 J 2 3-1-2:-4 12.4 12.4 12.4 12.4 12.4 

ATMOSPHERES 8.0 8 '/ .tH- 9.1 9.1 9.1 9.1 9.1 

ADVANCED PROGRAMS 30.4 18.0 19.0 19.0 19.0 19.0 19.0 

MARS DATA ANALYSIS 3.0 2.~'1-:tl 7.0 7.0 7.0 7.0 7.0 

INTERDISCIPLINARY STUDIES 3.1 2.4 2.4 2.4 2.4 2.4 2.4 

INSTRUMENT DEFINITION 0.0 7.3 7.3 7.3 7.3 7.3 7.3 

ORIGINS OF THE SOLAR SYSTEM 3.8 /,:). 7 +1-:f- 11.7 11.7 11.7 11.7 11.7 

TOPS/HAMS 12.1 1.0 0.0 0.0 0.0 0.0 0.0 

EXOBIOLOGY 10.2 10.2 10.2 10.2 10.2 10.2 

PLANETARY DATA SUBSYSTEM S.)...-5,S- 5.3 5.3 5.3 5.3 5.3 

CONSTRUCTION OF FACILITIES 2.Q M lLl2 lLl2 lLl2 M lLl2 



• 
OFFICE OF SPACE SCIENCE 

OBJECTIVES AND JUSTIFICATION 

• 
SCIENCE,. AERONAUTICS AND-TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

• 
PLANETARY EXPLORATION 

The Planetary Exploration program encompasses the scientific exploration of the solar system including the 
planets and their satellites. comets and asteroids. and the interplanetary medium. The program objectives 
are: (1) to determine the nature of planets. comets, and asteroids as a means for understanding the origin 
and evolution of the solar system; (2) to understand the Earth better through comparative studies with the 
other planets; (3) to understand how the appearance of life in the solar system is related to the chemical 
history of the solar system; and (4) to provide a scientific basis for the future use of resources available 
in near-Earth space. Projects undertaken in the past have been highly successful based on a strategy that 
places a balanced emphasis on the Earth-like inner planets. the giant gaseous outer planets. and the smaller 
bodies (comets and asteroids). Missions to previously unexplored solar system bodies typically are at the 
reconnaissance level to achieve a fundamental characterization of the target of observation. Subsequent 
missions to the same bodies are then enabled to conduct more detailed studies. 

With the Magellan mapping of the Venusian terrain, the reconnaissance phase of inner planetary exploration, 
with the exception of Mercury. is virtually complete. Magellan was launched in April 1989 and arrived at 
Venus in August 1990. Using a Synthetic Aperture Radar (SAR) to penetrate the planet's opaque atmosphere. 
the spacecraft provided high resolution data sufficient to identify small-scale topographical features that 
address fundamental questions about the origin and evolution of the planet. Radar and altimetry data 
acquisition was completed in FY 1992. providing a global map of 99% of the Venusian surface. In FY 1993. 
the spacecraft completed a series of aerobraking maneuvers to circularize the orbit and is currently 
collecting high resolution gravity data which will yield significant information on the interior structure 
of the planet. 

Mars has been a primary program focus due to its potential for previous biological activity and for 
comparative studies with Earth. The Mars Observer mission was launched in September 1992 and arrived at 
Mars in August 1993. Unfortunately. communications with the spacecraft were lost just prior to orbit 
insertion. NASA is currently reassessing its Mars Exploration strategy with the proposed Mars Surveyor 
program. This is a series of small missions designed to resume the detailed exploration of Mars. The 
program will begin in FY 1994 with the development of a Mars Orbiter for remote sensing which will capture 
much of the data that would have been obtained from the Mars Observer mission. This is succeeded by a 
series of small communications orbiters and soft landers designed to obtain in-situ measurements on the 
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Martian surface. In FY 1993-94, funding is also provided to develop instruments which will fly aboard the 
tw0 Russian Mars '94 landers. 

Building upon the profound discoveries of the Pioneer and Voyager missions, Galileo will conduct detailed 
studies of the planet Jupiter and its satellites. Galileo was launched in October 1989 and encountered 
Gaspra in October 1991, obtaining the first detailed images ever of an asteroid. In August 1993. the 
spacecraft provided higher resolution images of a second asteroid, Ida, as it flew by en route to Jupiter. 
Upon arrival at Jupiter in December 1995. the spacecraft will conduct twenty-two months of prime mission 
operations. Galileo will inject its instrumented probe into Jupiter's atmosphere to make in-situ 
measurements while the orbiter will have the capability to make as many as ten close encounters with the 
Galilean satellites. 

Cassini will conduct extensive investigations of Saturn, its rings. and its satellites. In conjunction with 
spacecraft observations, the European Space Agency (ESA)-provided Huygens Probe will conduct in-situ 
atmospheric measurements of Saturn's moon Titan. Also building upon the discoveries made through the 
Pioneer and Voyager missions, Cassini will provide new insight into the origin of the solar system and will 
help determine whether the necessary building blocks for the chemical evolution of life exist elsewhere in 
the universe. In an effort to reduce total program costs and improve mass and schedule margins. the program 
was restructured in 1992. Despite significant changes to the spacecraft design, the science payload remains 
essentially intact. Development activities are currently underway with the launch scheduled for October 
1997 aboard a Titan IV launch vehicle. En route to Saturn, the spacecraft will fly by Earth. Venus, and 
Jupiter to gain sufficient acceleration to reach Saturn in June 2004. Upon arrival. the spacecraft will 
conduct extensive investigations of the Saturnian system for four years. 

Funding was provided in FY 1994 for the start of the first two Discovery missions, the Mars Environmental 
Survey (MESUR) Pathfinder and the Near Earth Asteroid Rendezvous (NEAR). Pathfinder will test innovative 
entry, descent and landing systems, and will deliver a modest science payload to the Martian surface, 
including a microrover provided by the Office Of Advanced Concepts and Technology (OACT). Pathfinder will 
collect spacecraft performance data during these activities as well as atmospheric pressure. temperature and 
density information. Pathfinder is being built by the Jet Propulsion Laboratory (JPL) and will launch in 
December 1996 aboard a Delta II launch vehicle. The NEAR promises to answer fundamental questions about the 
nature and origin of "primitive bodies" in its one year orbit about the asteroid 433 EROS. The NEAR is 
being built by the Applied Physics Laboratory, and will launch in February 1996 aboard a Delta II launch 
vehicle. 

In addition to the development of new missions, ongoing Mission Operations and Data Analysis (MO&DA) 
activities are a major focus of the Planetary Exploration program. Activities include the monitoring of 
spacecraft operations. ongoing mission design and software development, and acquisition/processing/analysis 
of new data as it is acquired. Ongoing analysis of existing data sets are also conducted. Extensive effort 
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continues to support Galileo and Magellan. Upon completion of high resolution gravity measurements. 
Magellan mission operations are planned for termination by the end of FY 1994. Galileo operations and 
ground system developments continue as the spacecraft nears Jupiter. Failure to fully deploy the High Gain 
Antenna (HGA) has required the mission to be conducted using only the Low Gain Antenna (LGA) for spacecraft 
telemetry and data downlink. Design and development of system changes are also currently underway to 
support the new mission approach. Funding is also provided to support the Mission Operations Support Office 
(MOSO) at JPL. This facility provides continuous design. development and maintenance of ground support 
hardware and software for mission control, telemetry and command functions for all planetary spacecraft 
still in operation. 

The Research and Analysis (R&A) program continues to define 
well as maximizing the exploitation of existing data sets. 
grants to universities and other participants for basic and 
science disciplines. Advanced program funding supports the 
are also provided for definition of new science instruments 
missions. Per Congressional direction. the High Resolution 
in FY 1994. 

the scientific priorities for future missions as 
Funds are provided on an ~nnual basis to support 
applied research across a variety of planetary 
definition of future planetary missions. Funds 
to ensure maximum scientific return from future 
Microwave Survey (HRMS) program was terminated 
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[MARS '94 LEAD CENTER: 
LAUNCH DATE: 
MISSION LIFE: 

1993 

[OFFiCEOFSPACESCIENCEJ 
FY 95 PRESIDENT'S BUDGET 

JPL 
OCTOBER 1994 (PROTON) 
1 YEAR 

1?.4 1995 1996 1997 

SPACECRAFT: RUSSIAN, SMALL LANDER 

1998 1999 72JT4L-

\MARS '94 INSTRUMENTS 3.5 ~ 1.4 1.4 0.6 0.6 ~ "·' 
!)J;.',/ELOPMENI M M I.Q 

MOX INSTRUMENTS 3.25 2.25 
5.5 

RUSSIAN HARDWARE 0.25 1.25 
1.5 

MO&DA 1A 1A M M 1.2 

Pl SUPPORT 0.8 0.8 1.6 

MISSION OPS 0.6 0.6 1.2 

DATA ANALYSIS 
0.6 0.6 1.2 

PROGRAM DESCRIPTION: 
o RUSSIAN MISSION COMPRISED OF AN ORBITER AND 2 HARD LANDERS TO BE DEPLOYED IN MARTIAN SURFACE 
o EACH LANDER WILL CARRY SEVERAL INSTRUMENTS PROVIDED BY FOREIGN PARTNERS (GERMANY, FRANCE, FINLAND AND U.S.) 

o JPL PROVIDES 2 MARS OXIDATION (MOx) EXPERIMENTS·· 1 FOR EACH LANDER 
o RUSSIAN ENGINEERING MODEL PURCHASE FOR STUDY··· POTENTIAL TECHNOLOGY APPLICATIONS IN FUTURE MARS LANDERS 

PROGRAM STATUS: o FINAL INTEGRATION & TEST NEARING COMPLETION AT JPL 
o HARDWARE SHIPMENTS PLANNED FOR FEBRUARY 1994 

ISSUES/CONCERNS: oPOTENTIAL~~~T01~0RT(fi)BYRUSWTBD@ 

~'I .icJ.,4 3.5 1.1 /.f I.'/ 4. 6 <'- 6 
@@ 
-t>- 1/.1 ~ 

~ ~ 91.: -1-/.~ .,._, () ~ /.() 'f-/.tJ - r., rf., - -
?s&1r!; a.s 1.'f ~f 2. .,j /. I,. /.I,, . " 1,.s-



BASIS OF FY 1995 FUNDING REQUIREMENT 
MARS '94 

FY 1993 

Mars '94 ....................................... . 3.500 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

'/, ¢~() 
~ 

FY 1995 

.1.400 

Mars '94 is a Russian mission comprised of an orbiter and two hard landers which will be deployed on the 
Martian surface. Each lander will carry a variety of science instruments provided by several international 
partners including Germany. Finland and France as well as the U.S. These include descent and surface 
imagery. in-situ seismology. soil composition. and meteorology measurements. 

~he Jet Propulsion Laboratory (JPL) will provide two Mars Oxidation (MOx) experiments. one for flight aboard 
each of the two original landers. To conserve mass. power. and space. these experiments will share common 
~lectronics subsystems with German and Russian instruments. These instruments will determine the presence 
of atmospheric and/or soil oxidants which theoretically caused the rapid destruction of the organic material 
tested on the Viking mission. U.S. scientists are also involved on many of the other science instruments 
provided by our foreign partners. 

rinal integration and testing of the two U.S. science instruments is nearing completion. Shipment of the 
flight units to Russia is planned for late January/early February for integration with the rest of the 
science payload. The science hardware will then be shipped to Babakin. the Russian launch facility. in 
April 1994 for final integration and testing with the Russian spacecraft. The scheduled launch date is 
October 1994 aboard a Russian Proton launch vehicle. The 1-year prime mission will begin upon arrival at 
Mars in September 1995. 

BASIS OF FY 1995 ESTIMATE 

The FY 1995 funding provides ongoing support for the U.S. science investigators associated with all aspects 
of the science payload. The JPL has also been designated to handle data processing and diss'emination of all 
data from the Mars '94 mission. The FY 1995 funding is therefore provided to establish science data 
formatting. archival and dissemination requirements prior to initiation of the prime mission in September 
1995. 
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!CASSIN!! 

LEAD CENTER: JPL 
SIC CONTRACTOR: JPL IN-HOUSE 

DEVELOPMENT 
PROJ MGT 
SPACECRAFT 
INSTRUMENTS 
GROUND SYSTEM 
RESERVES (CTGY/APA) 
(ALLOCATED RESERVES) 

HOTAXES 
MISSION OPS & DATA ANALYSIS 
LAUNCH SUPPORT 
TRACKING & DATA SUPPORT 

IFY 95 PRESIDENT'S BUDGET 

FY 94 PRESIDENT'S BUDGET 

[NET CHANGE: 

PROGRAM STATUS: 

PROGRAM REVIEWS: 

REASON FOR CHANGE: 

'CONCERNS: 

MILESTONES: 

LAUNCH DATE: 
ASTEROID ENCOUNTER: 
SATURN ARRIVAL: 
END OF MISSION: 

FY 95 PRESIDENT'S BUDGET 

OCTOBER 1997 
TBD 

JUNE2004 
JULY2008 

VVEJGA 

6.6 YR CRUISE 

SPECIFICATIONS: 

TOTAL WEIGHT: 
STABILIZATION: 
LAUNCH VEHICLE: 
LAUNCH SITE: 
DESIGN LIFE: 

~00 "~ "~ "~ "~ "~ "~ "~ "~ 

172.5 210.7 205.0 ·- 266.6 - - 255.0 --··- 191.5 107.3 13.8 
31.1 48.5 -27.1 5.8 12.0 13.4 -6.9 -0.8 
90.1 103.7 150.6 139.2 121.0 73.2 45.2 5.0 
38.1 43.6 59.0 68.7 77.8 51.7 18.9 3.5 

3.2 4.7 7.5 15.8 23.6 28.1 31.3 3.4 
20.3 14.6 18.7 15.4 2.6 

(23.1) [67.2) (48.0) (17.6] 
10.0 10.2 15.0 16.8 6.0 6.4 3.4 0.1 

69.9 77.7 
7.6 20.1 5.3 86.4 91.3 102.7 120.6 41.4 
5.1 5.0 0.7 0.8 2.0 4.1 3.6 8.6 15.2 

5,114 KG 
3-AXIS 
TITAN IV/CENTAUR 
KSC 
15YEARS 

BTC TOTAL 

1,422.4 
76.0 

728.0 
361.3 
117.6 
71.6 

(155.9) 
67.9 

1,152.4 1,300.0 
475.4 

45.1 

-----
185.2 235.8 211.0 353.8 348.3 298.3 231.5 133.7 92.9 1,152.4 3,242.9! 

185.2 235.8 218.4 357.8 366.0 323.9 221.0 129.9 100.0 1138.9 

•7.4 -4.0 •17.7 ·25.& -- +10.5 ___ +3.8 -7.1 :t13.Sj 

PROGRAM STILL IN DESIGN PHASE - WILL CONTINUE THROUGH FY 1995 
SPACECRAFT CRITICAL DESIGN REVIEWS COMPLETE EARLY 1995 
INSTRUMENT CRITICAL DESIGN REVIEWS COMPLETE DECEMBER 1994 
GROUND SYSTEM CRITICAL DESIGN REVIEW FEBRUARY 1995 

INITIAL HARDWARE FABRICATION BEGUN ON MOST MAJOR SPACECRAFT SUBSYSTEMS 

INDEPENDENT ANNUAL REVIEW (IAR) NOW SCHEDULED FOR JUNE 20-22 AT JPL 

OSTP-DIRECTED REVEWS BEING ADDRESSED BY THE PROJECT 
BASELINE CERTIFICATION REVIEW COMPLETED --- STAY ON TITAN IV 
MISSION ASSURANCE REVIEW COMPLETED 
MO&DA BUDGET REVIEW SCHEDULED FOR JUNE 1-2 (50% CUT TARGETED) 

3,276.9 

-34.0j 

DEVMT 
MO&DA 
ELV 
TRACK 

-31.3 INSTITUTIONAL REDUCTIONS: JPL BURDEN/SUPT CONTRACTORS/I RM; SBIR TRANSFER 
+5.4 ESTIMATE ROUNDED TO EVEN $1.3 BILLION 

l 

+58.3 MISSION-UNIQUE INTEGRATION COSTS (+47.1M); USAF UNIT PRICE INCREASE (+ 11.2M) 
-66.4 DESCOPE Ka BAND RADIO SCIENCE (-23.SM); DELETE MULTIMISSION X-BAND (-38.0M) 

( X-BAND REDUCTION REFLECTS LOSS OF MO & GLL X·BAND SUPPORT REQMTS) 
-34.~ 

o DELAY IN ASI FUNDING COULD IMPACT SCH 
GOVT DECREE STILL UNSIGNED TO 

ITAUAN CONTRIBUTIONS (RADAR, RFIS, VIMS, ETC) 
SUPPORT FOR MISSION 

- , 

CUM NOA 
THAU 94: 

854.8 60% 

0.0 0% 
119.4 25% 

11.6 26% 
985.8 30% 



BASIS OF FY 1995 FUNDING REQUIREMENT 
CASSINI DEVELOPMENT 

FY 1993 

Cassini development ............................ . 204.953 

(5. 300) Launch vehicle ........ . 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

266,600 

(86,400) 

FY 1995 

255,000 

(91.300) 

During the 1970's. our Nation established scientific and technological leadership in exploration of the 
outer solar system with successful launches of Pioneers 10 and 11 and Voyagers 1 and 2. The Cassini mission 
will maintain our leadership in solar system exploration. Building upon the earlier discoveries of Pioneer 
and Voyager, Cassini's study of the Saturnian system will greatly improve our understanding of the early 
evolutionary processes which formed our entire solar system. The Cassini targets (Titan and the Saturn 
:;ystem) have a common origin in the outer solar system. The icy conditions on these bodies preserve a 
record of different stages and processes occurring during solar system formation and evolution. Analysis of 
their structure and composition may help determine whether the necessary building blocks for the chemical 
evolution of life exist elsewhere in the universe. In conjunction with Galileo's study of the Jovian 
system, the mission should also provide much insight as to how and why the large, gaseous outer planets have 
evolved much differently than the inner solar system bodies. 

Cassini is scheduled for launch in October 1997 aboard a Titan IV launch vehicle. An extensive cruise 
period is required to reach Saturn. requiring the spacecraft to fly by Venus. Earth, and Jupiter to gain 
sufficient velocity to reach its destination. Upon arrival in June 2004. the spacecraft will begin four 
years of study of the Saturnian system which will provide intensive, long-term observations of Saturn's 
atmosphere, rings. magnetic field, and moons. In conjunction with the observations conducted by the 
spacecraft, the European Space Agency (ESA)-provided Huygens Probe will be injected into the atmosphere of 
Saturn's moon Titan. to conduct in-situ physical and chemical analyses of its methane-rich. nitrogen 
atmosphere which is a possible model for the pre-biotic stage of the Earth's atmosphere. The Cassini 
spacecraft will also obtain a radar map of most of Titan's surface. 

In an effort to reduce total program costs and improve mass and schedule margins, the Cassini mission was 
restructured in 1992. Despite significant changes to the spacecraft design. the science payload remains 
essentially intact. Since that time. significant progress has been made to incorporate these changes into 
the mission design. In FY 1993. the spacecraft Critical Design Review (CDR) and an overall Technical 
Progress Review were conducted. and all major spacecraft and instrument activities appear to be on schedule 

SAT 1. 2 - 6 



( 

ICASSINI (' OPMENT 
.:M SUBSYS ATLO LAUNCH 

PDRs CDR CDRs 10/97 

FY90 FY 91 FY92 FY93 FY 94 FY 95 FY 96 FY97 FY98 TOTAL 

FY 95 PRESIDENT'S BUDGET 29.5 143.0 210.7 205.0 266.6 255.0 191.5 107.3 13.8 1,422.4 

APA 
11.5 0.0 8.5 132 1.0 34.2 102.1 

TAXES 0.7 9.3 10.2 15.0 16.8 6.0 6.4 3.4 0.1 67.9 

TOTAL JPL 28.8 133.7 200.5 190.0 238.3 249.0 176.6 90.7 12.7 1,320.3 

----- -·---- ---·- -------- --------- ............. -.... --·---- ------- --·-- ------
CARRY FORWARD 1.3 18.9 56.6 18.5 13.9 14.9 18.0 2.0 144.1 

CARRYOVER ·1.3 -18.9 -56.6 -18.5 -13.9 -14.9 -18.0 ·2.0 ·144.1 

TQTAk Ql;lLIGATIQNS n..s.. 1.1§.1_ ~ 22JU.. ~ ~ mi 1Qil 1il ~ 

PROJECT MANAGEMENT 1.6 4.1 6.0 5.6 6.0 6.4 6.9 7.4 0.8 44.8 

PROJECT ENGINEERING 1.6 4.9 4.8 5.4 4.4 4.6 3.4 1.7 0.4 31.2 

SCIENCE 1.1 3.3 4.1 3.2 3.9 4.7 4.6 4.2 0.8 29.9 

INSTRUMENTS 5.9 27.8 39.5 55.8 64.8 73.1 47.1 14.7 2.7 331.4 

SPACECRAFT/PROBE 16.0 54.7 83.7 127.9 115.5 103.2 64.4 40.5 4.4 610.3 

GROUND SYSTEM 0.8 2.4 4.7 7.5 15.8 23.6 28.1 31.3 3.4 117.6 

RTGs 0.5 18.9 20.0 22.3 23.2 17.2 8.5 4.6 0.6 115.8 

RHUs 0.4 0.5 0.6 0.3 0.1 1.9 

UNALLOCATED CONTINGENCY 8.8 14.6 10.2 2.2 1.6 37.4 

ALLOCATED CONTINGENCY (INCL ABOVE) [23.1] [67.2] [48.0] (17.6) [155.9) 

'" ~oosnoGO tR,,4' ~ TOTAL RESERVES (APA/CONTINGENCY) 43.4 81.8 66.7 33.0 2.6 227.5 

% RESERVES 19% 35% 41% 32% 20% 

MANPOWER 1074 605 593 513 429 332 451 35911 

FY 94 PRESIDENT'S BUDGET 29.5 143.0 210.7 205.0 266.6 268.6 201.2 113.8 15.3 1,453.7 

QET Af!._QF CHANGES: .:1.H ~ .::§& ..:Ll ..:3U 

JPL BURDEN REDUCTION 
.4.4 ·2.7 ·1.5 ·8.6 

SUPPORT SERVICE CONTRACTOR REDUCTION ·1.9 ·1.7 ·1.5 -0.4 -5.5 

SBIR TRANSFER TO CODEC ·6.5 ·4.5 ·2.7 ·0.3 -14.0 

IRM REDUCTION -0.8 ·0.8 ·0.8 ·0.8 ·3.2 

SUMMARY BY ELEMENT: I 1,422.41 

INSTRUMENTS 361.3 25% (INCLUDES ALLOCATED CONTINGENCY - $64M) 

SPACECRAFT 728.0 51% (INCLUDES ALLOCATED CONTINGENCY - $73M) 

GROUND SYSTEM 117.6 8% (INCLUDES ALLOCATED CONTINGENCY - $19M) 

OTHER 215.5 15% 



BASIS OF FY 1995 FUNDING REQUIREMENT 
DISCOVERY DEVELOPMENT 

FY 1993 FY 1994 FY 1995 
(Thousands of dollars) 

Mars environmental survey pathfinder ........... . 60.800 77. 500 

Near Earth asteroid rendezvous ................. . 66,600 ll.,, 2 00 

Total .................................... . 127.400 1l.2..: 700 

Launch vehicles ................................ . (24.500) (51.300) 

OBJECTIVES AND STATUS 

The Discovery missions are NASA's response to the need for low cost. quick design-to-flight planetary 
missions. A Discovery mission development cost (phase CID through launch plus 30 days) must be within $!SOM 
(FY 1992 dollars). and the mission must launch within 3 years from start of development. These missions are 
designed to ensure a continuous stream of new planetary science data and more frequent access to space -
both of which are critical requirements for a robust planetary science program in the future. 

The Mars Environmental Survey (MESUR) Pathfinder mission was requested as a new start in FY 1994 and is 
being conducted as an in-house effort at the Jet Propulsion Laborataory (JPL). The mission is designed to 
demonstrate the cruise. entry. descent. and landing system approach that will be applied to future missions 
to safely place a network of small science landers on the Martian surface. Pathfinder will carry three 
science instruments and a microrover which will be provided by the Office of Advanced Concepts and 
Technology (OACT). The multispectral stereo Imager for MESUR Pathfinder (IMP) will characterize the Martian 
surface morphology and geology at a 1-meter resolution. An Alpha-Proton X-ray Spectrometer (APX) will 
obtain information on the elemental composition of Martian rocks and soil. This instrument will be carried 
aboard the OACT-developed microrover. An Atmospheric structure Instrument and Meteorology package (AIM) 
will obtain information on the structure of the Martian atmosphere from measurements during entry and 
descent. and will obtain in-situ meteorology information while deployed on the Martian surface. The lander 
will also deploy and operate the OACT-developed microrover flight experiment to evaluate the effects of the 
Martian surface conditions on the rover design and its ability to deploy and operate science instruments. 
Portions of the science instruments are being provided by Germany and Denmark. Launch is scheduled for 
December 1996 aboard a Delta II launch vehicle. Communications will be via the Deep Space Network and 
mission operations will be supported by the Multimission Operations Systems Office (MOSO) at the JPL. 

SAT 1.2-8 



~ 
~PATHFINDER 

LEAD CENTER: 
SIC CONTRACTOR: 
LAUNCH DATE: 
MARS ARRIVAL: 

DEVELOPMENT 
MICROROVER 

JPL 
TBD 
DECEMBER 1996 DELTA 11/PAM-D 
JULY 1997 

FY 93 FY 94 

60.8 
5.0 

I FY 95 PRESIDENT'S BUDGET! 

MISSION LIFE: 30 DAYS 

FY 95 FY 96 FY 97 FY 98 FY 99 BTC TOTAL 

77.5 35.9 174.2 

8.0 7.0 2.0 22.0 

MISSION OPS & DATA ANALYSIS 
LAUNCH SUPPORT 7.9 25.9 

9.7 
21.6 

5.9 2.0 17.6 
55.4 

0.0 
TRACKING & DATA SUPPORT 
TOTAL MISSION COSTS: 

MISSION DESCRIPTION: 

PROGRAM STATUS: 

ISSUES/CONCERNS: 

FOREIGN: 

73.7 111.4 64.5 11.7 5.9 2.0 0.0 269.2 

o DEMONSTRATE CRUISE, ENTRY, DESCENT AND LANDING SYSTEM FOR FUTURE MARS MISSIONS 

o 3 INSTRUMENTS ABOARD: 
ALPHA PROTON X-RAY SPECTROMETER (APX) 
MUL TISPECTRAL STEREO !MAGER (IMP) 
ATMOSPHERIC STRUCTURE INSTRUMENT & METROLOGY (AIM) 

SURFACE COMPOSITION 
SURFACE MORPHOLOGY/TOPOGRAPHY 
METEROLOGY MEASUREMENTS 

o OACT-FUNDED MICROROVER TO TEST TECHNOLOGY FOR FUTURE MISSIONS AS WELL 

o MISSION LIFETIME··· 30 DAYS (OPS FUNDED FOR ONE FULL YEAR) 

o INITIAL PROCUREMENTS/STAFFUP UNDERWAY AT JPL 
CDR JULY 1994 
l&T START JUNE 1995 
SHIP TO KSC AUGUST 1996 

e Plz\961.!JF\EMEt~TG BEi lltJS 881 ICBtJLE eAU:31f4et LATE 68ST •0 sce1 IAI S 
QPJL>< S@t 4 Oil IG ATit- @ cf PL .0.9 SF FEBRUAR T 1994 
il..OIAI iTAliifi ii Ill.CU 19, uo l~PC!!G:rlSATISns Pl:RTI C LL'/ AESPOPJOIBLE 

GERMANY & DENMARK PROVIDE PORTIONS OF SCIENCE INSTRUMENTS 

~,u~~~M 
~. ,µ,fa- .,.~ 



at this time. In FY 1994. subsystem level CDRs will be conducted for several major spacecraft subsystems. 
Spacecraft subsystem level assembly and test activities will also begin, leading to initial subsystem level 
integration activities by early FY 1995. Instrument detailed design activities will continue throughout FY 
1994. leading to a CDR by early FY 1995. The ESA will also conduct a Hardware Design Review for the Huygens 

Probe. A Ground System CDR is also planned for FY 1994. 

BASIS OF FY 1995 ESTIMATE 

In FY 1995. all remaining CDRs for the spacecraft subsystems will be completed. These include the Radio 
Frequency Instrument Subsystem (RFS) and the High Gain Antenna/Low Gain Antenna (HGA/LGA) subsystem. 
Spacecraft integration will continue through the first half of FY 1995. followed by the initiation of 
.. r,vjt·onm,,nt:d t,,r,;\ ing. Tlwse incJurlP static loads. vibration, acoustic and pyre shock testing which will 
simulate spacecraft performance during crt1ise and the prime mission. 

Integration and test of the science instruments for both the Orbiter and Probe will continue in FY 1995. 
Delivery of the Probe instrument flight units is scheduled for mid-FY 1995 -- well ahead of the deliveries 
of the Orbiter instruments in FY 1996. This is required to allow ESA sufficient time to conduct their own 
system level testing of the Huygens Probe prior to final delivery in FY 1997. 

An Assembly. Test and Launch Operations (ATLO) Plan Review is also planned for FY 1995 to validate detailed 
planning for system level integration and test activities. including final test and checkout activities at 
the Kennedy Space Center (KSC) prior to launch. Ground System hardware deliveries will continue in 
conjunction with the development and test of flight software for the launch and cruise phase of the prime 
mission. Additional software design and testing in support of the prime mission will continue well beyond 

launch. 

SAT 1. 2 - 7 



I SPACE SCIENCE I 
FY 95 PRESIDENT'S BUDGET 

DISCOVERY PROGRAM 

FY 94 FY 95 FY 96 FY 97 FY 98 FY 99 BTC TOTAL 

!LIFE CYCLE COSTS IN REAL YEARS DOLLARS: I 
MARS ENVIRONMENTAL SURVEY (MESUR) PATHFINDER 

DEVELOPMENT 60.8 77.5 35.9 174.2 

MICROROVER 5.0 8.0 7.0 2.0 22.0 

MISSION OPS & DATA ANALYSIS 9.7 5.9 2.0 17.6 

LAUNCH SUPPORT 7.9 25.9 21.6 55.4 

TOTAL MISSION COSTS: 73.7 111.4 64.5 11.7 5.9 2.0 0.0 269.2 

NEAR-EARTH ASTEROID RENDEZVOUS (NEAR) 
DEVELOPMENT 66.6 52.2 43.1 161.9 

MISSION OPS & DATA ANALYSIS 3.3 5.4 8.8 22.3 7.8 47.6 

LAUNCH SUPPORT 16.6 25.4 11.3 53.3 

TOTAL MISSION COSTS: 83.2 n.s 57.7 5.4 8.8 22.3 7.8 262.8 

jLIFE CYCLE COSTS IN FY 1992 DOLLARS: 

MARS ENVIRONMENTAL SURVEY (MESUR) PATHFINDER 
DEVELOPMENT 55.3 64.6 29.9 149.8 

MICROROVER 4.5 6.7 5.8 1.5 18.6 

MISSION OPS & DATA ANALYSIS 7.5 4.2 1.4 13.1 

LAUNCH SUPPORT 7.2 21.6 18.0 46.8 

TOT AL MISSION COSTS: 67.0 92.8 53.8 9.0 4.2 1.4 0.0 228.2 

NEAR-EARTH ASTEROID RENDEZVOUS (NEAR) 
DEVELOPMENT 60.5 43.5 35.9 140.0 

MISSION OPS & DATA ANALYSIS 2.8 4.2 6.3 15.9 5.2 34.3 

LAUNCH SUPPORT 15.1 21.2 9.4 45.7 

TOTAL MISSION COSTS: 75.6 64.7 48.1 4.2 6.3 15.9 5.2 220.0 



NEAR-EARTH ASTEROID RENDEZVOUS (NEAR) 

LEAD CENTER: 
S/C CONTRACTOR: 
MSSN CONTROL CENTER: 
NAVIGATION SUPPORT: 

DEVELOPMENT 

JOHNS HOPKINS UNIVERSITY/APL 
APL 
APL 
JPL 

MISSION OPS & DATA ANALYSIS 
LAUNCH SUPPORT 
TRACKING & DATA SUPPORT 
TOTAL MISSION COSTS: 

FY 95 PRESIDENT'S BUDGET 

LAUNCH DATE: 
TRAJECTORY: 
TARGET: 

FY 94 FY 95 FY 96 

66.6 52.2 43.1 
3.3 

16.6 25.4 11.3 

83.2 77.6 57.7 

2/96 DELTA II PRIME MISSION: 
DELTA-VEGA END OF MISSION: 
433 EROS DESIGN LIFE: 

FY 97 FY 98 FY 99 BTC TOTAL 

161.9 
5.4 8.8 22.3 7.8 47.6 

53.3 
0.0 

5.4 8.8 22.3 7.8 262.8 

MISSION OBJECTIVES: o MAKE FIRST QUANTITATIVE MEASUREMENTS OF AN ASTEROID'S COMPOSITION & STRUCTURE 
BULK PROPERTIES: SIZE, MASS, VOLUME, GRAVITY & SPIN RATE 

DECEMBER 1998 (34 MOS CRUISE) 
DECEMBER 1999 
3 YEARS 

SURFACE PROPERTIES: 
INTERNAL PROPERTIES 

CHEMICAL & MINERALOGICAL COMPOSITION, MORPHOLOGY & TEXTURE 
MASS DISTRIBUTION & MAGNETIC FIELD 

SCIENCE PAYLOAD (5 INSTRUMENTS) VISIBLE IMAGER VIS 
GRS 

STATUS: 

ISSUES/CONCERNS: 

GAMMA RAY SPECTROMETER 
INFRARED SPECTROGRAPH IRS 
MAGNETOMETER MAG 

o APL STAFF-UP INITIATED; PROCUREMENTS UNDERWAY 
90+ NOW, PLANNED 125 LEVEL 

IPDR APRIL 1994 I 
CDR OCTOBER 1994 

o TIGHT SCHEDULE·- 30 MONTH DEVELOPMENT 

NO IDENTIFIED SCHEDULE CONTINGENCY 
11 MONTH SLIP TO NEXT OPPORTUNITY (NEREUS 1/97) 

o TIGHT RESERVES IN FY 94-95 

C.?Z(!y 

~"I ~r -o1.1 ~.r 
{-15.~ 

9~ -
~'!/.1 

(1-15.~ 

RADIO SCIENCE 

7'17'4~ 

s~., ~?'% 
I/GM, ~ ~ FY9~ 
dw.. to ~ ~J
Cll>U~~: 



• • • 
Detailed design activities are currently underway at JPL in support of a planned Critical Design Review 
(CDR) in July 1994. Hardware fabrication and assembly will begin by mid-1994 and continue through mid-1995. 

Funding is also provided in the FY 1994 budget to initiate development of the NEAR mission. This program is 
being conducted as an in-house development at the Applied Physics Laboratory (APL). Tracking and navigation 
support will be provided by the JPL. This spacecraft will conduct a comprehensive study of the near Earth 
asteroid 433 EROS. including its physical and geological properties and its chemical and mineralogical 
composition. The spacecraft carries four scientific instruments. The Visible Imager (VI) will provide 
global imaging coverage as well as detailed views of the asteroid at resolutions as high as one to two 
meters to reveal details of the geologic processes that have affected its evolution; the Gamma Ray/X-Ray 
Spectrometer (GXRS) will provide a chemical analysis by measuring several dozen key elements; the Infrared 
Spectrometer (IRS) will determine the mineral composition of the asteroid's surface; and the Magnetometer. 
together with radio science, will help characterize its internal structure. Launch will be on a Delta II 
launch vehicle in February 1996. The spacecraft will flyby the main belt asteroid Iliya in August 1996 en 
route to rendezvous with 433 EROS in December 1998. 

The EROS launch opportunity requires an accelerated launch schedule for NEAR of only 29 months. In FY 1994, 
the Preliminary Design Review (PDR) and Critical Design Review (CDR) will be completed. and detailed 
instrument and spacecraft design activities will continue through the beginning of FY 1995. 

BASIS OF FY 1995 ESTIMATE 

For MESUR Pathfinder. final fabrication and assembly of spacecraft and instrument subsystems will continue 
through June 1995. All hardware deliveries are scheduled for final delivery by mid-1995 in order to 
initiate system level integration and testing at JPL. Ground system developments such as flight software 
and mission sequences will also be supported in FY 1995. 

The FY 1995 funding for NEAR supports the completion of detailed design activities following the CDR in late 
FY 1994. Fabrication of spacecraft and instrument subsystems will be initiated in October 1994 and will 
continue through June or July. Subsystem level testing will be conducted in parallel, beginning in March 
1995. Flight hardware deliveries and system level integration are scheduled for completion by July/August 
1995. Spacecraft system level testing will begin in August/September 1995 and continue into FY 1996. 

SAT 1. 2 -9 



• • 
BASIS OF FY 1995 FUNDING REQUIREMENT 

MARS SURVEYOR PROGRAM 

FY 1993 

~ 5t.t-i. ,141.,a. 
Mars gi;:\;lit-er ..... U. ................ ............. . 
Future missions ................................ . 

Total .................................... . 

Launch vehicle ................................. . 

FY 1994 
(Thousands of dollars) 

II/. hod < 10. 300) * 
/ 

(10,300) 

(7,300) 

* Currently funded in Planetary Mission Operations and Data Analysis (MO&DA). 

OBJECTIVES AND STATUS 

FY 1995 

77,000 
1.400 

78,400 

(21,800) 

• 

Mars has been a primary program focus due to its potential for previous biological activity and for 
comparative studies with Earth. The Mars Observer mission was launched in September 1992 and arrived at 
Mars in August 1993. Unfortunately, communications with the spacecraft were lost just prior to orbit 
insertion. NASA is currently reassessing its Mars Exploration strategy with the proposed Mars Surveyor 
program. This is a series of small missions designed to resume the detailed exploration of Mars. 

The program will begin in FY 1994 with the development of a Mars Orbiter which will obtain much of the data 
that would have been obtained from the Mars Observer mission. The orbiter will fly a small science payload, 
comprised of spare Mars Observer instruments or other candidates, aboard a small, industry-developed 
spacecraft. Launch is planned for October 1996 aboard a Delta II launch vehicle. This mission is to be 
succeeded by a series of small communications orbiters and landers which will make in-situ measurements of 
the Martian climate and soil composition. The first of these missions are scheduled for launch in December 
1998. Technology developed by the MESUR Pathfinder mission will be optimized to reduce mission costs and 
technical risk. Design concepts for these missions are currently being worked in conjunction with the 
International Mars Exploration Working Group (IMEWG). Current planning assumes two launches in December 
1998 and two launches in February 2001. All four of these launches will use a new class of launch vehicle, 
the Med-Lite, which is smaller than a Delta II but larger than a Pegasus. 

Per Congressional direction in FY 1994, $10.3 million of Mars Observer Mission Operations and Data Analysis 
(MO&DA) funds will be used to initiate development activities on the new Mars Orbiter mission. The FY 1994 
funds will be used to initiate long-lead procurements and proceed with detailed design activities in support 
of the October 1994 launch. 

SAT 1.2-10 



FY 95 PRESIDENT'S BUDGET 

MARS SURVEYOR PROGRAM 

FY 94 FY 95 FY 96 FY 97 FY 98 FY 99 BTC TOTAL 

DEVELOPMENT 15.6 78.4 108.5 89.5 98.6 104.2 94.5 589.3 

p MARS ORBITER . 10/96 . ~ 77.0 58.2 9.4 . 160.2 

• COMM ORBITER 12/98 l'f.1. 10.4 25.0 26.0 4.2 65.6 

• NEOLANDER 12/98 35.4 49.9 28.1 8.3 121.7 NEW GEN LANDER 

~COMM ORBITER 2/01 11.2 27.0 32.6 70.8 

-GEOLANDER (2) 2/01 18.7 36.4 42.1 97.2 P/F-DERIVED GEOSCIENCE LANDER 

CARRIER FOR GEOLANDER 9.4 15.6 19.8 44.8 STRUCTURE/BUS 

FOLLOW-ON MISSIONS 7.5 CONT. 7.5 

TECH & EDUCATION 1.4 4.5 5.2 5.2 5.2 CONT. 21.5 

MISSION OPS' 16.6 19.8 20.8 149.4 206.6 • 

LAUNCH SERVICES 7.9 21.8 29.9 35.2 38.6 38.2 39.8 211.4 
---~---- -· - . ····- -· - ----- - ------- ------------- ------------- --·-. -------- -----·-·-------- -

57.8 DELTA II MARS ORBITER 10/96 7.9 21.8 17.7 10.4 

COMM ORBITER 12/98 6.1 12.4 12.6 5.6 36.7 MEO-LITE 

NEOLANDER 12/98 6.1 12.4 12.6 5.6 36.7 MED·LITE 

COMM ORBITER 2/01 6.7 13.5 19.9 40.1 MED-LITE 

GEOLANDER (2) 2/01 6.7 13.5 19 .. 9 40.1 MED-LITE 

!ESTIMATED LIFE CYCLE COSTS 23.5 100.2 138.4 141.3 157.0 163.2 283.7 1,007.31 

'NOTE: MO&DA RUNOUT ASSUMES OPS THROUGH FY 2005 
SUPPORTS PRIME OPS FOR ALL MISSIONS THROUGH FY 2001 



FY 95 PRESIDENT'S BUDGET 
[MARS SURVEYOR PROGRAM PROGRAM MGR: BILL PIOTROWSKI 

LEAD CENTER: JPL LAUNCH PERIOD: 
PROGRAM MGR: MARK SAUNDERS CRUISE 

AEROBRAKING 
BEGIN MSSN OPS 

11/3-24/96 
11/96 • 9/97 
10/97 • 1/98 

10 MONTH CRUISE WEIGHT: 603 KG (1300 LBS) 
DESIGN LIFE: 3 YEARS PROJECT MGR: 

1/98 
4 MONTH MANUVER 
2 YR PRIME MISSION (1 YR CRUISE; 2 YRS OPS) 

FY 94 FY95 FY 96 FY 97 FY 98 FY 99 BTC TOTAL 

DEVELOPMENT /~(;~ ru ~ M 12!1.2 

MISSION OPS• 16.6 19.8 20.8 57.2 * 
LAUNCH SUPPORT DELTA II 7.9 21.8 17.7 10.4 57.8 DEL TA II 
TOTAL LIFE CYCLE COSTS: 23.5 98.8 75.9 36.4 19.8 20.8 275.2 

PROGRAM DESCRIPTION: 

STATUS: 

ISSUES/CONCERNS: 

o MISSION DESIGNED TO RECOVER SCIENCE LOSS DUE TO MARS OBSERVER FAILURE (GEOSCIENCE, CLIMATOLOGY) 
SPACECRAFT ACQUIRED THROUGH INDUSTRY 
MARS OBSERVER SPARE INSTRUMENT PAYLOAD·· GFE TO SPACECRAFT CONTRACTOR 

MOC MARS OBSERVER CAMERA MAG MAGNETOMETER 
MOLA MARS OBS LASE ALTIMETER USO ULTRA-STABLE OSCILLATOR 
TES THERMAL EMISSIONS SPECTROMETER MBR MARS BALLOON RELAY 

P,11~R Fb>< QtJ PJE8LAtJ8EPl9 
o ACQUIRE DATA FOR A FULL MARTIAN YEAR (2 EARTH YEARS) 
o SPACECRAFT WILL THEN BE USED AS DATA RELAY STATION FOR SUBSEQUENT MISSIONS 

o MARS ORBITER MISSION IDENTIFIED AS FY 94 NEW START 
SPACECRAFT RFP RELEASED 
CONTRACT AWARD 

J,t:PJel/:FIY 1 SS4 
II IMS lti»+ 

A1Ak-ll 9-¥' 
.::Tu?r ~? 

,. 1 ,eg SPORES CON BE CARRIED 0 
INSTRUMENT PAYLOAD S~~;•;;'t ~a~~ 

o FY 94 ACTIVITIES STILL UNFUNDED-• OPERATING PLAN ADJUSTMENT FORTHCOMING 

o MO FEE RECOVERY ISSUE STILL BEING WORKED - POSSIBLE OFFSET TO FY'!M.REOUIREMENT S 
e,s 

l ~S / l'M 1,'.£ 
~('4.e/kd. 



BASIS OF FY 1995 ESTIMATE 

Detailed mission design activities are underway and will continue throughout FY 1994. The FY 1995 funding 
will support initial instrument and spacecraft subsystem level fabrication and assembly. System level 
integration and test activities may also be initiated. depending upon schedule progress. Ground System 
hardware procurements and flight software developments will continue throughout FY 1995 in support of the 
October 1996 launch. Provided in FY 1995 is $1.4 million to study design concepts for follow-on 
communications orbiters and small lander missions. Current planning assumes two launches in December 1998 
and two launches in February 2001. 
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PLANETARY MO&DA 

PLANETARY EXPLORATION MO&DA 
10/89 GALILEO 
4/89 MAGELLAN 

VOYAGER NEPTUNE D/A 

9/92 MARS OBSERVER 
10/97 CASSINI 
12/96 MESUR PATHFINDER 
2/96 NEAR 
10/96 MARS SURVEYOR 

FLIGHT SUPPORT 

GALILEO 10/18/89 

MAGELLAN 5/4/89 

MARS OBSERVER 9/25/92 

CASSINI 10/97 

FLIGHT SUPPORT 

I OFFICE OF SPACE SCIENCE I 
FY 95 PRESIDENT'S BUDGET 

PRIOR 1993 1994 1995 1996 
13(). 7 

~ ~ 12U ~ 
142.8 59.4 5"?, f59:&- 70.7 80.5 

146.7 7.0 11.8 

113.4 5.0 4.3 
40.5 0~ 

3.3 

51.6 5"~-56,4- 57.0 55.0 

OPS BUDGETED THROUGH DECEMBER 1998 
IDA ENCOUNTER 8/28/93 

1997 

.1§M 
68.5 

9.7 
5.4 

16.6 
52.9 

COMET SHOEMAKER-LEVY OBSERVATION @ JUPITER 7/94 

1998 1999 BTC TOTAL 

11M 11.U 
20.6 502.4 

165.5 
122.7 
50.8 

69.9 77.7 1152.4 1300.0 

5.9 2.0 17.6 

8.8 22.3 7.8 47.6 

19.8 20.8 
51.8 52.1 

LOW-GAIN ANTENNA MISSION DEVELOPMENT UNDERWAY DUE TO HGA DEPLOYMENT FAILURE 

OPS BUDGETED THROUGH END OF FY 1994 
COMPLETED CYCLE 4 GRAVITY DATA COLLECTION 5/93 
CURRENTLY i::OLLECTING HIGH RESOLUTION GRAVITY DATA IN NEW CIRCULAR ORBIT 

LOSS OF COMMUNICATION 8/21/93 DURING MARS ORBIT INSERTION 
FAILURE REVIEW BOARD REVEALED "NO SMOKING GUN" 
PROBABLE CAUSE OF FAILURE DETERMINED TO BE VALVES IN PROPULSION SYSTEM 
AWARD FEE RETURNED BY CONTRACTOR··· USE OF FUNDS BEING EXAMINED 
RESIDUAL FUNDS TO BE TRANSFERRED TO MARS SURVEYOR PROGRAM IN UPCOMING OP PLAN 

MO&DA EFFICIENCIES BEING EXAMINED TO REDUCE MISSION OPS COSTS TO BELOW $1 BILLION 

FUNDS MAINTAIN THE MISSION OPERATIONS SUPPORT OFFICE (MOSO) AT JPL 
PROVIDES GROUND SYSTEM H/W, S/W DEVELOPMENT & MISSION SUPPORT FOR ALL PLANETARY PROGRAMS 
DEVELOPING ADVANCED MULTIMISSION OPERATIONS SYSTEM (AMMOS) TO SIMPLIFY OPERATIONS/IMPROVE EFFICIENCIES 



• • 
BASIS OF FY 1995 FUNDING REQUIREMENT 

MISSION OPERATIONS AND DATA ANALYSIS 

Galileo operations ............................. . 
Magellan operations ............................ . 
Mars observer operations ....................... . 
Voyager-Neptune data analysis .................. . 
Planetary flight support ....................... . 

Total .................................... . 

* Funds to be transferred to Mars Surveyor program 

OBJECTIVES AND STATUS 

FY 1993 

59,429 
7,000 

40.526 
5,010 

51.500 

163,465 

FY 1994 
(Thousands of dollars) 

59,900 
11,800 
10.300* 

4.300 
55.400 

141.700 

FY 1995 

70.700 

57.000 

127.700 

• 

The objectives of the Planetary Mission Operations and Data Analysis (MO&DA) program are in-flight operation 
of planetary spacecraft as well as the acquisition and analysis of data from these missions. The planetary 
flight support activities are those associated with the design and development of planetary ground operation 
systems for multiple missions, and other activities that support the mission control, tracking, telemetry, 
and command functions through the Deep Space Network (DSN) for all planetary spacecraft. 

Operations for Galileo began in October 1989 for the spacecraft's six-year journey to Jupiter. The 
spacecraft passed by Earth last December for the second and last time as it departed the inner solar system. 
Since launch. the spacecraft has returned the first detailed images ever obtained of an asteroid -- Gaspra. 
Galileo encountered a second asteroid, Ida, in August 1993. Failure to deploy the High Gain Antenna (HGA) 
has required a rebaselining of the mission for use of the Low Gain Antenna (LGA) only. Development has 
begun on the changes in mission design and DSN coverage required to support the new mission requirements. 
Galileo will release the atmospheric Probe in July 1995 and initiate the Jovian tour the following December. 

The Magellan spacecraft was launched in May 1989. Since its arrival at Venus in August 1990, the 
spacecraft's radar has mapped approximately 99% of the planet's surface to a ground resolution of about 150 
meters. The spacecraft successfully completed an aerobraking experiment to circularize the orbit in the 
summer of 1993. Magellan is currently collecting high resolution gravity data from this new orbit which, 
when studied in coordination with radar mapping data, will help determine the internal geological processes 
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responsible for much of the planet's topography. Extensive data processing and analysis of existing radar 
data sets are underway as well. Mission operations are planned for termination by the end of FY 1994. 

The Voyager-2 flyby of Neptune in August 1989 provided our first detailed images of this distant planet as 
well as previously unknown moons and geyser-like surface eruptions on Triton. Support for analysis of this 
data has continued since FY 1990. However, due to budget constraints in FY 1995. this program is unfunded 
beyond FY 1994. 

Mars Observer mission operations began in October 1992 after the spacecraft was launched aboard a Titan III 
with a Transfer Orbit Stage (TOS) upper stage. Communications with the spacecraft were lost in August 1993. 
just prior to the Mars orbit insertion. Attempts to recover the mission were not successful. NASA is 
currently developing a new mission to recover as much of the orbiter science as possible. Per Congressional 
direction. $10.3 million of FY 1994 Mars Observer MO&DA funds have been retained to support a Mars Orbiter 
mission. This mission is part of the new Mars Surveyor program beginning in FY 1994. Transfer of the 
residual Mars Observer MO&DA funds will be addressed in a future FY 1994 operating plan. 

The Planetary Flight Support line maintains the Mission Operations Support Office (MOSO) at JPL. This 
program provides ground system hardware, software development and mission support for all planetary 
programs. At present. MOSO supports ongoing mission operations for Galileo and Magellan as well as final 
mission close-out activities for the Mars Observer mission. The program also supports the development of 
generic ground system upgrades such as the Advanced Multimission Operations System (AMMOS). This new 
capability is designed to improve our ability to monitor spacecraft systems. thereby reducing workforce 
levels and increasing operations efficiencies for Cassini and other future planetary missions. New missions 
such as the MESUR Pathfinder and Mars Surveyor program will work closely with the Planetary Flight Support 
Office to enable the most efficient use of existing ground system capabilities to minimize ground systems 
requirements and reduce overall mission operations costs. 

BASIS OF FY 1995 ESTIMATE 

Mission operations. ground system and flight software development activities continue on Galileo. preparing 
for the July 1995 release of the probe, and the arrival at Jupiter in December. Planetary Flight Support 
funding supports the development of ground system capabilities required for Galileo prime mission 
operations. Additional ground system development will continue in preparation for the Cassini launch in 
October 1997. Development of the AMMOS ground system upgrade will also continue with further software 
development and testing activities leading to operational capability in time for Cassini and subsequent 
planetary missions. Work will also proceed with the Pathfinder development team to ensure support for the 
December 1996 launch. 

SAT 1.2-13 



·'-i 
I 

"' 

Due to agency funding constraints. support for Magellan MO&DA and Voyager-Neptune data analysis are unfunded 
in FY 1995. Repeated attempts to contact the Mars Observer spacecraft in FY 1994 have been unsuccessful. 
Therefore. consistent with Congressional direction. all support for the Mars Observer mission is 
discontinued beyond FY 1994. 
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I OFFICE OF SPACE SCIENCE I 
FY 95 PRESIDENT'S BUDGET 

PLANETARY R&A 

FY92 FY93 FY94 FY95 FY96 FY97 FY98 FY99 

I RESEARCH AND ANALYSIS 76.6 101.7 115.1 115.1 115.1 115.1 115.1 115.11 

GEOLOGY/GEOPHYSICS 14.6 14.0 15.1 15.1 15.1 15.1 15.1 15.1 STUDY GEOLOGICAL PFIOCESSES/MORPHOLOGY OF SIS BODIES 
MATERIALS/GEOCHEMISTRY 14.3 15.4 15.6 15.6 15.6 15.6 15.6 15.6 STUDY LUNAR SAMPLES, COSMIC OUST, METEORITES 
ASTRONOMY 11.6 11.9 12.4 12.4 12.4 12.4 12.4 12.4 GROUND-BASED OBSERVATIONS OF SOLAR SYSTEM 
ATMOSPHERES 7.8 8.0 9.1 9.1 9.1 9.1 9.1 9.1 ANALYSIS OF ATMOSPHERE DATA FROM PIONEER, VOYAGER, ETC 
ADVANCED PROGRAMS 7.1 30.4 18.0 19.0 19.0 19.0 19.0 19.0 CONCEPT DEFINITION/FEASIBILITY STUDIES (PHASE A & B) 
MARS DATA ANALYSIS 8.2 3.0 7.0 7.0 7.0 7.0 7.0 7.0 ANALYSIS/ARCHIVAL OF VIKING & OTHER PLANETARY DATA SETS 
INTERDISCIPLINARY STUDIES 2.0 3.1 2.4 2.4 2.4 2.4 2.4 2.4 EDUCATION ENHANCEMENT PROGRAM 
INSTRUMENT DEFINITION 7.6 [7.2) 7.3 7.3 7.3 7.3 7.3 7.3 EARLY DEFINITION OF ADVANCED INSTRUMENTATION 
ORIGINS OF THE SOLAR SYSTEM 3.4 3.8 11.7 11.7 11.7 11.7 11.7 11.7 BASIC RESEARCH TO UNDERSTAND ORIGINS OF PLANETARY SYSTEMS 

KECK TELESCOPE SUPPORT [0.0] [6.8] [6.8) [6.8) [6.8) [6.8) [6.8) 
TOPS/HAMS [12.3) 12.1 1.0 HRMS PROGRAM CANCELLED IN FY 94 
EXOBIOLOGY 10.2 10.2 10.2 10.2 10.2 10.2 MUL Tl-DISCIPLINARY (TRANSFER FROM LIFE SCIENCES) 
PLANETARY DATA SUBSYSTEM 5.3 5.3 5.3 5.3 5.3 5.3 

/Vl}). , I ){ u)., 

ADVANCED PROGRAMS 1.1 3.11..! .ll& 1lLll li.Q li.Q 19..Q 
,)tJM~·. 

19.& {JtV,.~ -µ,J_ (A \ 

MARS EXPLORATION 0.5 3.1 3.8 MESUR NElWORK, MARS SAMPL vti/,v"' , .~ ,-UY!~ ~ 
OUTER PLANETS 0.9 2.1 1.7 3.5 PLUTO FLYBY, ETC. ~ /+. C ~~ 
TOPS-0, -1 1.5 1.6 1.4 1.7 1/RTELESCOPE AT MAUNA KEA,~ =-- ,f-,1.tf fU 
MULTIMISSION TECHNOLOGY 1.2 0.7 0.9 1.4 MESUR P/F & NEAR STUDIES u) tµc,.A ~ 
INSTRUMENT DEFINITION 7.2 
AGENCY RESERVE 6.0 6.0 6.0 6.0 6.0 6.0 6.0 
OTHER 3.0 9.7 4.2 6.4 13.0 13.0 13.0 13.0 ADV TECHNOLOGIES, DETAILEES, SAIC, SWGs, ROS, ETC. 

FY94 FY95 

TOTAL OBSERVATORY SUPPORT 1ll.2 1M ORIGINS QE &QI.AB sYmM; u 11..Z 
NASAIRTF 2.4 2.6 ASTRONOMY R&A KECK SUPPORT 6.8 • 
HAWAII 2.2M ON MAUNA KEA 0.2 0.3 ASTRONOMY R&A KECK INSTRUMENTATION 0.4 
McDONALD OBSERVATORY 2.7M ON MT LOCKE, TEXAS 0.2 0.2 ASTRONOMY R&A Pl SUPPORT 3.8 4.5 
KECK OBSERVATORY (TOPS-0) 6.8 6.8 ORIGINS OF SOL SYS 
GOLDSTONE DSN •• RADAR OBSERVATIONS 0.2 0.2 ASTRONOMY R&A 
ARECIBO, PUERTO RICO - RADAR & RADIO OBSERVATIONS 0.4 0.5 ASTRONOMY R&A 



• • • 
BASIS OF FY 1995 FUNDING REQUIREMENT 

RESEARCH AND ANALYSIS 

FY 1993 FY 1994 FY 1995 
(Thousands of dollars) 

Supporting research and technology ............. . 71. 247 89.800 88,800 
Advanced technology development ................ . 30,433 25,300 26.300 

Total .................................... . 101. 680 115, 100 115,100 

OBJECTIVES AND STATUS 

The Research and Analysis (R&A) program consists of three elements: (1) to assure that data from flight 
missions is fully exploited; (2) to undertake complementary laboratory and theoretical efforts; and (3) to 
define technical requirements and develop technologies for future planetary missions. 

Supporting Research and Technology (SR&T) funds support basic and applied research across a wide variety of 
planetary science disciplines. These include Planetary astronomy. planetary geology/geophysics. planetary 
materials/geochemistry, planetary atmospheres, exobiology and interdisciplinary studies. Planetary 
astronomy supports observations from ground-based telescopes of solar system bodies. with emphasis on outer 
planets, comets, and asteroids. Funding also supports continued operation of the Infrared Telescope 
Facility (IRTF) at Mauna Kea, Hawaii. Planetary atmospheric research studies the properties of other 
planetary atmospheres (e.g. Venus, Jupiter, Saturn, Uranus. Neptune) which can aid us in better 
understanding our own weather and climate. Planetary geology/geophysics studies surface processes. 
structure, and history of solar system bodies. Planetary materials/geochemistry studies the chemistry, 
composition, age, and physical properties of solid material in the solar system through the study of 
returned lunar samples, meteorites, and extraterrestrial dust grains. This program is coordinated with the 
lunar sample and meteorite research, which is supported by other agencies, such as the National Science 
Foundation (NSF). The operation of the Lunar Curatorial Facility is also supported by this activity. 
Exobiology supports the development of theoretical models from analysis of existing data and laboratory 
investigations to increase our understanding of early chemical and biological events that support the origin 
and evolution of life on Earth and elsewhere in the universe. 

Interdisciplinary studies such as the Origins of the Solar System program examine the interrelationships 
between all types of planetary science data. These studies are correlated with data outside the planetary 
data base to develop and test new theories regarding the origin and evolution of our solar system. Advanced 
techniques and technologies for light collection, adaptive optics and light detection are supported to 
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• • • 
detect planets around other stars using the twin 10-meter telescopes of the Keck Observatory at Mauna Kea. 
Hawaii. Ongoing development of the Planetary Data System (PDS) which archives all mission data products in 
a manner promoting and facilitating their use by the scientific community is also supported. 

Advanced Technology Development (ATD) supports the definition of future planetary missions to ensure 
technical and scientific viability as well as consistency with the overall strategic planning and scientific 
objectives of the Planetary Exploration program. Funds are also provided for early definition of new 
science instruments to reduce the cost, mass and volume as well as to provide enhanced capabilities of 
future science payloads. 

Technology developed as part of the Search for Extraterrestrial Intelligence (SETI) program was funded 
within the R&A budget as the High Resolution Microwave Survey (HRMS). Per Congressional direction. this 
program was terminated at the beginning of FY 1994. 

BASIS OF FY 1995 ESTIMATE 

The FY 1995 budget provides ongoing support for advanced technologies in support of future planetary 
missions. Program activities will focus on the definition of new Discovery mission candidates, the Mars 
Surveyor program, a Pluto Fast Flyby mission and U.S. support to the European Space Agency (ESA's) Rosetta 
mission. 

Funding is also provided in FY 1995 to support ongoing basic and applied research in the areas of Planetary 
astronomy. planetary geology/geophysics. planetary materials/geochemistry. planetary atmospheres, 
exobiology and interdisciplinary studies. Special support in FY 1995 will be provided for science 
investigations of Galileo data acquired from the asteroids Gaspra (October 1991) and Ida (August 1993). 
Ongoing support is also provided for the Planetary Data Subsystem (PDS) to archive and disseminate data sets 
to the science community. 

NASA's partnership in the Keck Observatory will continue. Keck I is beginning operations. and the 
construction of Keck II is underway. The FY 1995 funds will support observing time aboard the Keck I 
telescope. Operation of the Infrared Telescope Facility (IRTF) and the Lunar Curatorial Facility will also 
continue. 
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SCIENCE, AERONAUTICS AND TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF LIFE AND MICROGRAVITY 
SCIENCES AND APPLICATIONS 

SUMMARY OF RESOURCES REQUIREMENTS 

FY 1993 

Life sciences 
Research and analysis ........................ . 52,900 
Flight program ............................... . 81.100 
Centrifuge facility .......................... . 5.500 

Subtotal ................................. . D~. 500 

Microgravity science research 
Research and analysis ........................ . 17,900 
Flight program ............................... . 156.000 

Subtotal ................................. . 173,900 

Shuttle/spacelab payload mission 
management and integration ................... . 94,100 

Space station payload facilities 
Life science facilities ...................... . (5.500) 
Microgravity facilities ...................... . 

~·~ 

Subtotal, .. , ........................... ; . (5,500) 

Total ........................ , ..... . 4oi.soo 

FY 1994 
(Thousands of dollars) 

55.100 
~3 .100 131, 'ltJo 

t8'r..,~oo 
4-88,200 

18.400 
~8, '2.00°/St,,, I,~ o 
J'1$°,oo lJ 

.J.7e.60e-

/or ?o 0 
I 
~ 

~'(•ODO 
~. 00'0 
13,000 
37,ooo 
~ 

~ 
so,,soo 

FY 1995 

51,900 
93.700 

145.600 

21.700 
107,200 

128,900 

~ 
ll l 1 'fOO 

52.000 
32,000 

84,000 

%:7:R:z::9zr 
11101 'loo 

Page 
Number 
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SAT 2-12 
SAT 2-15 
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SAT 2-19 

SAT 2-1 



FY 19 1NGRESSIONAL BUDGET 1993 lf(C\l\ /19/94 
INCLUC. rY 1994 OPERATING PLAN CHANGES CURRENT BUDG.... 

1+n YEAR YEAR 1995 1996 1998 1999 BTC TOTAL 

QEEICf QE LIEf as MICBQ~BA~IJY SClf~CfS ,,A,1f/!I 527.41 545.61 . 512.51 535.2 
AS RESTRUCTURED ., 

'17tJ. 't 

LIFE SCIENCES u.u 
...-,4,.Y 
~ liti 14M ]MA illJ. .l§j_ 

RESEARCH AND ANALYSIS 52.9 55.l 51.9 51.6 51.0 51.2 51.3 
FLIGHT EXPERIMENTS 73.5 ~cr,.1 7o.o 62.3 51.3 42.9 44.4 
RUSSIAN COOPERATION (7.6) (33.8) (18.7) (21.5) (14. l) (12.0) (l.8) 

Mir95 2.0 25.0 6.8 5.0 
Mir Follow-on 5.6 8.8 11.9 16.5 14.l 12.0 1.8 

SPACE STATION UTILIZATION 5.0 10.0 30.0 35.0 48.0 
CENTRIFUGE 5.5 

/75'.0 
MICROGRAVITY RESEARCH llZlll ~ ..l2U.. .ill..L .lZll J.5U. -™-2.. 

RESEARCH AND ANAL VSIS (17.9) 18.4 21.7 21.7 21.7 21.7 21.7 
FLIGHT EXPERIMENTS (151.6) ~1 cn. s- 83.2 109.l 114.7 90.8 89.5 
RUSSIAN COOPERATION (4.4) (5.8) (18.4) (12.8) (13.3) (7.8) (6.0) 

Mir95 (4.4) 5.8 8.5 0.6 
Mir Follow-on 9.9 12.2 13.3 7.8 6.0 

SPACE STATION UTILIZATION 3.3 5.6 13.5 25.4 37.0 47.0 

STS/SPACELAB PAYLOAD MSN MGMT filJ.l 
/DJ.7 
..lJ:l:.i 11&" 2..1..2 w l.U ll 

Mir95 (3.4) (9.5) (6.7) (.1) 
Mir Follow-on (5.0) (18.0) (29.9) (15.7) (.6) 

SPACE STATION FACILITIES 1M.l ~7.(')) 84.Q ,W.Q .l.W2 2QJ...Q 224.Q ~ .lm..!2 

GRAVITATION BIOLOGY FACILITY 10.0 26.0 30.0 25.0 15.0 14.0 15.0 135.0 
HUMAN RESEARCH FACILITY 9.0 16.0 23.0 24.0 23.0 16.0 143.0 254.0 
CENTRIFUGE/HAB. HOLDING FACILITY (5.5) A'115'.o 10.0 12.0 28.0 63.0 107.0 372.0 599.0 
PCG/BIOTECHNOLOGV FACILITY 3.0 3.0 5.0 4.0 5.0 20.0 
SPACE STATION FURNACE FACILITY 5.0 22.0 43.0 52.0 47.0 42.0 14.0 225.0 
FLUIDS/COMBUSTION FACILITY 5.d 7.0 20.0 30.0 48.0 45.0 4.0 159.0 

\RTS.XLS 



OFFICE OF LIFE AND MICROGRAVITY 
SCIENCES AND APPLICATIONS 

SCIENCE, AERONAUTICS AND TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

BUDGET SUMMARY 

SUMMARY OF RESOURCES REQUIREMENTS 

FY 1993 FY 1994 
(Thousands of dollars) 

Distribution of Program Amount by Installation 

Johnson Space Center ........................... . 89.600 
Kennedy Space Center ........................... . 19.400 
Marshall Space Flight Center ................... . 93,200 
Langley Research Center ........................ . 3.600 
Lewis Research Center .......................... . 67.300 
Ames Research Center ........................... . 49,600 
Goddard Space Flight Center .................... . 

t Jet Propulsion Laboratory ...................... . 
300 

33.700 
Headquarters ................................... . 50.800 

Total .................................... . 407,500 

'-, •. :! 

k JPL Budget Reductions Over Time 

Cancellation of the USMP Series after USMP-4 has 
terminated Low Temperature Research within the 
Division. This work is primarily performed at JPL. 
augmentation in the FY 1996; is likely. 

119. 800 
22,400 

113.400 
3.300 

76.600 
67.600 

500 
20.600 
91.100 

515,300 

essentially 
Microgravity 
A request for an 

FY 1995 

115. 000 
19.000 

110. 700 
2.700 

69.800 
83.000 

200 
8.500 --::p 

_§1_, 000 

470,900 
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LIFE AND MICROGRAVITY SCIENCES & APPLICATIONS 
FY 1995 CONGRESSIONAL BUDGET 

FY 1994 VS. 1995 FUNDING 

1993 1994 
5"01.i 

QEEl~E QE LIEE §! Ml~RQ~RAYIIY ~~IEt,J~E~ I 407.51 ~ 

LIFE SCIENCES J1il MU 

RESEARCH AND ANALYSIS 52.9 55.1 
FLIGHT EXPERIMENTS 73.5 .,..SlQ,:!1<?7."f 

RUSSIAN COOPERATION (7.6) (33.8) 

SPACE STATION UTILIZATION 
CENTRIFUGE 5.5 

175'.o 
MICROGRAVITY RESEARCH .ll.U.. ;;H::r 

RESEARCH AND ANALYSIS 17.9 18.4 
FLIGHT EXPERIMENTS 151.6 ~ 

1<11.s 

RUSSIAN COOPERATION 4.4 5.8 
SPACE STATION UTILIZATION 3.3 

STS/SPACELAB PAYLOAD MSN MGMT 
10,.7 

2il ~ 

(RUSSIAN COOPERATION) (3.4) (14.5) 

SPACE STATION FACILITIES {Ml ~ 
'3'1. 0 

1/29/94 

1995 

ffe:91' EXPLANATION FOR CHANGE 

'11e. 'f 
.MM 

51.9 R&A REDUCTION/LEVELLING 
70.0 SSC REDUCTIONS. SBIR TRANSFER. PGM EFFICIENCIES, 

1997 SPACELAB TERMINATION. SHIFT TOWARD DEVPMT. 
OF SPACE STATION FACILITIES 

(18.7) FY94 PEAK FOR SLS.MIR-1 MISSION 

5.0 INITIAL SPACE STATION PREP ACTIVITY 

...l2U.. 

21.7 RESEARCH COMMUNITY INCREASE IN PREP FOR SPACE STATION 

83.2 SSC REDUCTIONS. $BIR TRANSFER. PGM EFFICIENCIES, 
1997 SPACELAB TERMINATION. APPLICATION OF PRIOR YR. FUNDS, 
SHIFT TOWARD DEVPMT. OF SPACE STATION FACILITIES 

18.4 MIR 10-FLIGHT AUGMENTATION 
5.6 

..J.li1 "l. Cf 

(24.7) 10-FLIGHT MIR AUGMENTATION 

M.Q RAMP-UP OF SPACE STATION DEVELOPMENTS 
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SCIENCE, AERONAUTICS AND TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

OFFICE OF LIFE AND MICROGRAVITY 
SCIENCES AND APPLICATIONS 

LIFE AND MICROGRAVITY 
SCIENCES AND APPLICATIONS 

OBJECTIVES AND JUSTIFICATION 

The goals of the Life and Microgravity Sciences and Applications program are to support the primacy of the 
U.S. as a spacefaring nation and develop enabling technologies. The program directs its effort toward 
utilizing the unique environment of space to conduct research in the areas of biology. biomedicine, 
biotechnology, combustion. fluid physics. material science and other phenomena which require a low gravity 
environment. This research will lead to advances in fundamental scientific knowledge, enabling research 
technologies and terrestrial and non-Earth applications. 

The Life and Biomedical Sciences and Applications program conducts basic and applied biomedical and 
biological research in order to understand the role of gravity on life processes. The program also defines. 
develops. and validates enabling technologies for human space flight life support systems. Results from the 
research and technology development program are applied to maintaining astronaut health and productivity: 
understanding the response of living systems to weightlessness: studying basic cellular. developmental and 
physiological processes: and developing environmental health requirements and support systems for long-term 
piloted space flight. In FY 1994, the Life Sciences program is continuing its cooperation with the National 
Institutes of Health (NIH), with the objective of increasing participation of the mainstream biomedical 
community in the program. The NIH Initiative activities include a wide range of ground-based and space 
flight research opportunities which span both the flight and the research and analysis programs. 

The Life Sciences Research and Analysis program supports ground-based research and definition studies in 
seven major areas: (l) Space Physiology and Countermeasures. (2) Space Human Factors Engineering. 
(3) Environmental Health, (4) Space Radiation Health, (5) Advanced Life Support. (6) Space Biology, and 
(7) Global Disease Monitoring. The Research and Analysis program also includes additional projects such as 
data archiving: NASA Specialized Centers of Research and Training (NSCORTs): NIH Initiative activities: and 
technology development. 

The Life Sciences Flight program, consisting of the Shuttle/Spacelab flight experiments program. the 
NASA/Mir program and the international Space Station Utilization program. selects, defines. develops. and 
conducts in-space biomedical and biological research. The flight experiments program is currently analyzing 
the data returned on the very successful Spacelab Life Sciences mission (SLS-2) and is actively preparing 
experiments for launch on the International Microgravity Laboratory mission (IML-2). currently planned for 
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OLMSA Office of Life and 

FY 1995 CONGRESSIONAL BUDGET Microgravity 
Sciences and 

SUMMARY TRACE Applications 
(OLMSA) 

FY1994 FY1995 FY1996 FY1997 FY1998 FY1999 

I FY 1994 Amenc:IE3cl. E31.1dg~t Runout 470.0 436.6 445.0 465.1 439.5 409.2 

TRANSFERS: 
Life Support Research from OACT 6.0 6.0 5.9 5.8 6.0 
SBIR/EEE Parts-No Program Impact -8.4 -8.4 -9.8 -8.1 -8.3 

DELETIONS: 
Terminate Spacelab Missions 

after CY 1997/Rephase Remaining Missions 4.3 -13.3 -40.7 -87.7 -91.6 

ADJUSTMENTS: 
Adjusted Utilization for 

International Space Station -3.4 -2.5 12.4 19.0 23.0 
Initial Replan of Russian/Mir Program 16.0 -4.5 -13.0 -18.7 -4.2 
Operating Plan Adjustments 6.3 

REDUCTIONS: 
Stopped Research and Analysis Buildup -2.1 -4.5 -7.4 -9.1 
IRM Reduction -.4 -.3 -.3 -.3 -.3 
Program Efficiencies -72.3 -43.1 -40.8 -35.2 
Contractor Manpower Challenge -15.0 -15.0 -15.0 -15.0 -15.0 
Other Reductions -13.0 -20.0 -12.0 

ADDITIONS: 
Mir 2-10 Program 32.5 50.0 35.3 19.5 1.5 
Space Station Facilities 88.0 136.0 163.0 201.0 224.0 

I FY 1995 President's Budget 476.3 470.9 527.4 545.6 512.5 535.2 
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5. Cost Reduction Strategy 
($300 M Challenge) 

Office of Life and 
Microgravity 
Sciences and 
Applications 
(OLMSA) 

Theme: Stewardship -- we are returning value to the American taxpayer 
through an efficient program of excellent science. We believe we 
can achieve these savings. 

• This is a 15°/o reduction of OLMSA's budget over next five years. 
• Strategies 

- Negotiate major hardware and facilities sharing with International 
partners. 

- Review base support requirements at Centers and Headquarters. 

- Streamline Mission Management and Project Development. 

- Maximize common hardware between Spacelab, Mir and Station. 

- Reduce the number of major Design Reviews for Facilities. 
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July 1994. which will carry four life sciences investigations. Six payloads at·e also planr11.•d to fly withtr1 
the Shuttle middeck. As part of Shuttle/Spacelab experiments. the Extended Duration Orbiter Medical Program 
(EDOMP) is continuing its work to develop specific medical countermeasures for the extension of Shuttle 
flights to sixteen days. The flight program involves important collaborative activities with other U.S. 
agencies. including the NIH and the National Science Foundation (NSF), and with the European Space Agency 
(ESA) and the space agencies of France. Germany, and Japan. Definition and development activities are 
underway to build payloads for a joint program with Russia that focuses on understanding biomedical problems 
associated with long-duration missions. In FY 1995. there will be an increase in the level of activities in 
preparation for utilization of the Space Station. These efforts will include instrument development, 
principal investigator support and data analysis. 

The goal of the Microgravity Science and Applications Research program is to better understand important 
physical, chemical. and biological processes that are normally made obscure by the effects of gravity. This 
understanding will add significantly to our knowledge of important industrial processes and may serve as the 
basis for developing new technologies for use on Earth and in space. In FY 1994 a major collaborative 
effort with NIH has been initiated in the area of microgravity biotechnology research. 

The Microgravity Research and Analysis program supports ground-based research and definition studies for 
flight experiment candidates in four primary areas: ( 1) Biotechnology. ( 2) Combustion Science. ( 3) Fluid 
Physics. and (4) Materials Science. The goals of the program are focused on enhancing the capability or 
quality of microgravity experimental hardware and overcoming existing technology-based limitations. Ground
based research includes laboratories, drop-tubes, drop towers. aircraft and suborbital flight. using 
sounding rockets. 

The Microgravity Research Flight program provides a range of experimental capabilities. The flight 
experiments program currently supports a wide variety of hardware development, such as unique flight 
experiments necessary to conduct benchmark research and modular. multi-user research facilities which will 
be the cornerstone of microgravity science and applications research in the future. Experiments will be 
principally flown on the Shuttle and Spacelab. Definition and development activities in support of the 
NASA/Mir Phase 1 program are ongoing in FY 1994 and will continue in FY 1995. Space Station utilization 
developmental work will continue in the areas of Space Station furnaces. space acceleration monitoring. 
operations centers. and middeck payload apparatus. The research program also encompasses selected studies 
in gravitational physics. condensed matter physics. critical point phenomena, and an advanced technology 
development program. 

The Shuttle/Spacelab Payload Mission Management and Integration program performs the mission planning. 
integration and execution of all NASA/Spacelab, NASA/Mir and attached Shuttle payloads. The program 
includes integration of th~ scientific payloads into the various carriers. payload specialist training and 
system management and engineering development of flight support equipment and software. 
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The Aerospace Medicine and Occupational Health program is responsible for protecting and promoting the 
health, safety and productivity of our astronauts in space and the health and safety of all NASA employees. 
Its goals are to oversee implementation of policies. standards and requirements governing all medical 
operations within NASA; to develop and recommend requirements for aerospace medicine and operational medical 
research to support human spaceflight: and to stimulate the application of space-based technology to health. 
The program has been reorganized to include specific medical applications activities. Occupational Health 
is supported with Headquarters and Center institutional funding and is budgeted within the new Mission 
Support appropriation (Research Operations Support). 

The telemedicine project will be augmented during FY 1995. The NASA Authorization Act of 1993 (Public Law 
102-588) directed the Administrator of NASA. with the Director of the Federal Emergency Management Agency. 
the Director of the Foreign Disaster, and the Surgeon General of the United States, to "jointly create and 
maintain an international telemedicine satellite consultation capability to support emergency medical 
services in disaster-stricken areas." The project's objective is to facilitate the development of national 
and international telemedicine and biomedical telescience infrastructures to enhance disaster response and 
improve health care delivery to rural and underserved areas. 

A major program emphasis in the life and microgravity science disciplines will be the development of the 
cooperative research program with Russia. This program will provide NASA with an unique opportunity to 
conduct on-orbit. long-duration research including life and microgravity sciences and to conduct technology 
and systems validation for the development and operation of the international Space Station. In addition to 
the current 1995 Shuttle/Mir flight. new activities will incorporate up to nine additional Shuttle flights 
to Mir. up to 24 months of total U.S. crew stay time on Mir and an expanded accommodation of U.S. 
experiments on Mir, through the use of the Russian Spectr and Priroda modules. 

The program will be responsible for the design and development of the Space Station Payload Facilities in 
FY 1995. These payloads will provide researchers with facilities for gravitational biology. human research. 
biotechnology. combustion and fluids as well as a Habitat Holding System/Centrifuge and a Space Station 
Furnace Facility. 

A key program objective is that all research must be peer-reviewed. 
elements of the program by utilizing extramural experts to evaluate 
proposals. In some cases involving joint projects with the NIH and 
partner agency. 

This policy is being implemented by all 
the technical merit of research 
the NSF. peer review is done by our 
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Programs & Disciplines 

TOTALUPN 
Code UL Programs: 
Data Analysis 
NSCORTs 

LIFE AND BIOMEDICAL SCIENCES AND APPLICATIONS DIVISION 

2/16/98 

FY 1994 RTOPs Operating Plan Summary 

By Discipline 

UPN 

UPN 199-70 
UPN 199-93 

UPN 199 Only 
($ In Millions) 

1994 
Estimate 

55.1 

1.6 
7.4 

1995 
Estimate 

51.9· 

1.3 
8.0 

1996 
Estimate 

51.6 

1 .3 
8.0 

1997 
Estimate 

Multi-disciplinary Research UPN 199-97 2.5 2.1 2.0 

51.0 

1 .3 
8.0 
1 .9 

t' ')._ 

1998 
Estimate 

51.2 

1 .3 
8.0 
1 .9 

1999 
Estimate 

51.3 

1 .3 
.8.0 
1 .9 

Code ULR Programs: ,vleJ ltA- ., fer-,)i..:J /.}_wf/L . ------ -~ 
Clinical Medicine UPN 199-02 

td 
,+-:-&-, >- -+:1f' .?-- ~ .. - ~- ... 

7.7 

T:-:;---- ~--' 

7.8 
General Biomedical 
Cardiopulmonary 
Neuroscience 
Regulatory Physiology 
Musculoskeletal 
Gravitational Biology 
Space Radiation Health 

Code ULS Programs: 

UPN 199-08 
UPN 199-14 
UPN 199-16 
UPN 199-18 
UPN 199-26 
UPN 199-40 
UPN 199-45 

Environmental Health UPN 199-04 
Space Human Factors UPN 199-06 
Advanced Programs UPN 199-55 
Advanced Life Support UPN 199-61 

Operating Expenses & Agency Charges: 
Agency & Code U Charges UPN 410 

8 .3 
1.3 
2.2 
1.5 
1 .9 
4.2 
3.1 

1.5 
2.3 
0.8 

12.4 

2.7 

\ ;; 
' 

7.8 7.8 
1 .3 1 .3 
2.1 2 .1 
1.4 1.4 
1. 7 1. 7 
3.9 3.9 
2.9 2.9 

1.4 
2.2 
0.8 

11.6 

2.0 

1.4 
2.2 
0.7 

11 .6 

2.0 

1 .2 
2.1 
1 .4 
1.7 
3.9 
2.9 

1 .4 
2 .1 
0.7 

11 .4 

2.0 

7.7 
1 .3 
2.1 
1 .4 
1. 7 
3.9 
2.9 

1 .4 
2 .1 
0.7 

11 .5 

2.0 

1 .3 
2 .1 

1 .4 
1. 7 
3.9 
2.9 

1 .4 
2 .1 
0.7 

11 .5 

2.0 
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Life Sciences R & A Decrease in FY 1995 

Life Support Transfer +6.0 

$3.2M 

SBIR/EPP Transfer -1.0 
Ther Program Efficiencies Reduction , -6. 2 

Support Contractor Reduction -2.0 

• The FY 1995 Congressional Narrative for OLMSA contained a mistake in the Life 
Sciences Research and Analysis (R&A) program section. 

• The Aerospace Medicine and Occupational Health component should have 
displayed funding requirements of $1,300k for FY 1994 and $1,200k for FY 1995 
instead of $2,700k and $8,000k, respectively. 

• Clinical Medicine and its associated funds will be transferred from the Life and 
Biomedical Sciences and Applications Division to the Aerospace Medicine and 
Occupation Health Division with no net loss of research activity for clinical 
medicine. The corrected funding requirements for Life Sciences R&A should be as 
follows: 

EY 1993 FY 1994 FY 1995 
Life Sciences Research and 52,900k 53,800k 50,700k 
Analysis 

Aerospace Medicine and --- 1,300k 1.200k --
Occupational Health 

- St~ pl 
Total 52,900k 55, 1 OOk 51,900k 

• Additional funding of $1.4 million in FY 1994 and $5.5 million in FY 1995 is planned 
to be allocated toward telemedicine and Global Health work from program reserves. 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

LIFE SCIENCES RESEARCH AND ANALYSIS 

FY 1993 

Life sciences research and analysis ............ . 52.900 
Aerospace medicine and occupational health ..... . 

Total .................................... . 52.900 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

53,'(CJO 
.;j 2-.-400 

.. ,2-;--r-00 ,, 3 0 0 

55.100 

FY 1995 

·':)~(,\ '10 C1 
~ 

' 

·~ 1'>%()0 

51. 900 

The Life Sciences Research and Analysis program goals are to advance knowledge in all relevant areas of 
biomedicine and biology and develop technologies and medical and biological systems which enable safe human 
habitation in space. The objectives of the Life Sciences Research and Analysis program are to support basic 
and applied studies which prepare for flight investigations on the Shuttle, the U.S./Russian cooperative 
research program. and the Space Station: to perform analysis of data from previous space flights; and to 
develop procedures and techniques in support of human space flight. such as environmental standards and 
monitoring equipment. Life sciences research and analysis is composed of seven program elements: (1) Space 
Physiology and Countermeasures; (2) Space Human Factors Engineering; (3) Environmental Health: (4) Space 
Radiation-Health; (5) Advanced Life Support: (6) Space Biology: and (7) Global Disease Monitoring. Life 
Sciences Research and Analysis also includes the following additional projects and activities: data 
archiving; NASA Specialized Centers of Research and Training (NSCORTs); advanced technology development; and 
National Institutes of Health (NIH) initiatives. 

All research sponsored by the Life and Biomedical Sciences and Applications Division will be peer-reviewed 
in FY 1994 and FY 1995. For the vast majority of the program. these reviews are being conducted for both 
the intramural and extramural research program by the American Institute of Biological Sciences. For the 
remainder of the program, peer reviews will be done under cooperative agreements with the NIH or the 
National Science Foundation. For all peer reviews, care is taken to assure that the standards are uniform. 
that qualified individuals are chosen to evaluate the proposals. and that the reviewers are not associated 
with the projects under consideration. 

The space physiology and countermeasures program focuses on understanding the mechanisms and preventing the 
consequences of acute and chronic physiological and psychological problems associated with human space 
flights of extended duration. The space human factors engineering program conducts research and technology 
development to improve the interaction of people with machines and environments. in space and on the ground. 
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LIFE SCIENCES 
RESEARCH AND ANALYSIS 

Office of Life and 
Microgravity 
Sciences and 
Applications 
(OLMSA) 

FY 1994 FY 1995 FY 1996 FY 1997 FY 1998 FY 1999 

™ 55.1 51.9 51.6 51.0 51.2 51.3 

OBJECTIVE: • The life sciences research and analysis program provides for basic and 
applied studies to understand the effects of gravity on living systems 
and provide for human habitation in space. 

STATUS: • Life Support resources from the Office of Advanced Concepts and Technology 
were included in the FY 1994 OLMSA program's appropriation. 

• In response to Senate concerns, NASA has revised its science management 
processes, including peer review. 

• Life Sciences has revised its approach to managing the intramural research 
program. 

• Life Sciences released a NASA Research Announcement for science proposals 
in January 1994. 
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in support of space operations. The objectives of the environmental health program are to assess spacecraft 
environmental risks to determine spacecraft maximum allowable concentration limits of environmental 
components, and to develop new technologies for environmental monitoring. The space radiation-health 
program is working to establish the scientific basis for radiation protection of humans engaged in space 
flights. The advanced life support program effort is focused on the development of systems that will 
provide air. water. and food to support life through combined physical-chemical-bioregenerative processes 
which would require no inputs from the external environment except energy. Other advanced extravehicular 
activity technologies are in development to ensure the safety and productivity of future crews. The space 
biology program explores the role of gravity in life processes and uses gravity variations as an 
environmental tool to investigate fundamental biological questions. The global disease monitoring program 
uses the technology of remote sensing to predict ecological changes and disease transmission patterns. 

Data archiving efforts will develop an operational database for archiving results of the NASA life sciences 
research program that will be accessible to the life sciences community nationwide. 

The objectives of the advanced technology development program are to identify and develop technologies that 
will significantly improve the science return capability of life sciences flight hardware and. wherever 
possible. to ensure that these technologies find commercial sector applications. 

Cooperation with NIH has led to the development of new NASA Specialized Centers of Research and Training 
(NSCORTs). e.g .. with the National Institute on Deafness and Other Communication Disorders. The NSCORT 
program serves to advance basic knowledge. to generate effective strategies for solving problems in focused 
research areas, and to train young scientists. 

Other NIH initiatives have led to funding of individual investigators. the development of a new program of 
NASA supplements to ongoing NIH grants. a series of conferences and workshops to inform the biomedical 
research community about research opportunities. and joint activities with the National Library of Medicine 
concerning bibliographic databases and flight data archiving. 

The Aerospace Medicine and Occupational Health (AMOH) program is responsible for the Agencywide program that 
ensures the health and medical aspects of the safety of astronauts and promotes and protects the health and 
safety of all NASA employees. The major medical support function of AMOH includes oversight of operational 
medical programs for human space flight and Agency aircraft operations. including astronaut selection. 
medical certification. medical monitoring, and medical care for astronauts and their families; development 
and recommendation of requirements for medical care systems for human space flight and operational medical 
research; control and minimization or elimination of exposure to toxic exposures and other health hazards: 
health promotion and preventive health care programs; and oversight of compliance with health and health 
related laws and regulations. The program is also responsible for demonstrating and promoting the 
applications of space-based technologies to health care. including development and maintenance of a 
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OBJECTIVES: 

STATUS: 

KEY MILESTONES: 

'GET BACKUP-2/94-CCF 

LIFE SCIENCES 
NASA/NIH INITIATIVES 

Office of Life and 
Microgravity 
Sciences and 
Applications 
(OLMSA) 

FY 1994 FY 1995 FY 1996 FY 1997 FY 1998 FY 1999 

£M 10.0 10.0 10.0 10.0 10.0 10.0 

• To support biomedical research through collaborating and cooperative 
efforts. 

• Share scientific talent, laboratory resources, and the access to the 
weightlessness of space. 

• Signed 8 Agreements with NIH Institutes, more are planned. 
• Shared funding of grants has been successfully established. 
• Included NIH in peer review process for flight experiments using NIH 

peer review process drawing peer reviewers from common pools. 

• Workshops conducted with the National Institute of Allergy & Infectious 
Disease and the National Heart Lung and Blood Institute. 

• A NASA-NIH Advisory Committee has been established and has met 
twice (6/93 & 1/94). 

• First Quarterly status report to Congress on peer review process 
accomplished. 

• Joint selection of experiments for definition for Neurolab (SLS-4) 
scheduled for summer 1994. 

• Joint selection of 5 STS flight experiments for small payloads planned 
for 1994. 
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Congressionally-mandated international telemedicine program to support emergency medical services to 
disaster stricken areas (NASA Authorization Act of 1993 [Public Law 102-588]). The objective of this 
telemedicine project is to facilitate the development of national and international telemedicine and 
biomedical telescience infrastructures to enhance disaster response and improve health care delivery to 
rural and underserved areas. 

BASIS OF FY 1995 ESTIMATE 

The program's basic research during FY 1995 will continue to use Earth-based models to simulate the effects 
of weightlessness and other components of the space flight environment. and will provide for extended data 
analysis and supporting studies so that investigators can learn as much as possible from data collected in 
space. These studies will further refine our understanding of how microgravity can be used to investigate 
questions of medical and basic biological importance on Earth such as blood pressure control. maintenance of 
bone and muscle mass. vestibular function and the regulation of balance, and cell metabolism and division. 
The reduction from FY 1994 funding levels is due to the transfer of the Small Business Innovation Research 
(SBIR) funds from the program to a central Agency account. 

The environmental health program will develop and refine environmental standards in areas such as 
microbiology and toxicology: these standards will be key to developing safe and cost-effective life support 
and environmental monitoring systems. The radiation health program will continue to provide for monitoring 
of radiation exposure on Shuttle crews, refine dose estimates and study the biological effects (especially 
the increased risk of cancer) of space radiation exposure. In order to address NASA's operational needs. 
the space human factors engineering program will test and develop new training procedures, design new 
systems that use state-of-the-art knowledge of human operations with complex automated systems, and use 
remote, harsh. and isolated environments such as the polar regions to conduct analog studies. 

The advanced life support program will develop regenerative technologies which will reduce operations and 
life cycle costs, increase mission productivity, maintain mission safety. stimulate the economy, and 
facilitate environmental management. During FY 1995 the advanced life support program will continue the 
development and demonstration of advanced water processing systems. sensor technologies. thermal control 
concepts, and air revitalization technologies. 

The global monitoring and disease prediction program will use data from both remote sensing and field 
measurements to drive models of mosquito population dynamics and disease transmission. The results will be 
used to predict malaria risk at specific sites and times and to facilitate mosquito control methods. During 
FY 1995 NASA anticipates that it will work more closely with NIH and the Worlcl Health Organization to 
evaluate and apply the results of work in this program area. 
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NASA will continue to work with the National Library of Medicine to establish "Spaceline," an on-line 
bibliographic database in the space life sciences. Supported by FY 1995 resources. "Spaceline" will first 
be accessible to the scientific community beginning in FY 1995. Life sciences research and analysis 
resources will support the establishment of additional databases designed to make flight experiments and 
other research findings more widely available to the general scientific community. 

FY 1995 resources will support the establishment of the eighth and ninth NSCORTs. Candidate proposals will 
be submitted. reviewed, and executive recommendations will be made by the Office of Life and Biomedical 
Sciences and Applications Subcommittee. Disciplines will be selected for the new NSCORTs before the end of 
FY 1994. During FY 1995 the life sciences NSCORTs will conduct research and training in the following 
science programs: Space Biology, Environmental Health, Space Radiation Health; Controlled Ecological Life 
Support Systems. Integrated Physiology, Plant Biology and Physiology. and Vestibular Research. ·Research 
training funded by the Center for Vestibular Research. the first joint funded NSCORT. will result in a 20% 
increase in trainees in vestibular physiology. relative to the number which existed in the U.S. prior to the 
establishment of the center. 

The advanced technology development program will sponsor technology development activities that enhance the 
capability, reliability or quality of life sciences flight hardware, provide breakthroughs to technical 
problems that currently limit science return from existing flight equipment, enable new types of scientific 
investigations not previously possible, promote technology transfer of life sciences technologies to 
industry. establish partnerships with industry. universities and other agencies to facilitate technology 
development and transfer. Each advanced technology development project will be responsible for identifying 
technology end-users. 

With the reorganization of the NASA Occupational Health function into the Aerospace Medicine and 
Occupational Health, the program is responsible for medical support of astronauts and pilots. including 
oversight of all operational medical program supporting human space flight. This includes oversight of 
medical activities funded under the new institutional Mission Support (Research Operations Support) 
appropriation (approximately $27.0 million per year), and is augmented by this FY 1995 request. The AMOH 
program will be directly responsible for Clinical Medicine activities including telemedicine. During 
FY 1994, AMOH is consolidating oversight of these funds within the Agency to better coordinate medical 
support of critical operational programs. In addition, the AMOH is developing operational medicine 
requirements during a time of rapidly expanding requirements issues -- operational medical requirements for 
Space Station, medical support (including telemedicine support) for our astronaut crews training in Russia. 
international telemedicine infrastructure requirements (links to Moscow. Kazakhstan. etc.). and telemedicine 
infrastructure requirements to support human space flight (links from Johnson Space Center to Space Shuttle, 
Mir, Star City in Moscow. U.S. academic medical centers for consultation, etc.). 
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LIFE SCIENCES I FY93 FY94 FY95 FY96 FY97 FY98 FY99 

FLIGHT EXPERIMENTS PROGRAM ~ 99.3 70.0 62.3 51.3 42.9 44.4 

SL 02 0.5 

SLS-2 DATA ANALYSIS 2.2 0.1 

IML-2 1.5 1.0 

SLS-4 13.8 15.2 15.7 15.3 10.4 9.2 

BASE SUPPORT 33.5 23.5 20.1 14.8 13.4 16.1 

ROS/PMS 4.6 2.8 2.7 2.8 2.9 2.9 

SLS-3 TERMINATION 3.9 0.0 0.0 0.0 0.0 0.0 

BIOCOSMOS MISSIONS 10.7 3.4 5.1 5.0 3.5 4.0 

EDOMP 5.7 5.0 3.0 0.0 0.0 0.0 

LSLE 14.1 10.2 6.9 4.0 3.0 2.5 

SMALL PAYLOADS 5.5 4.5 5.0 5.6 5.9 5.9 

ADVANCED LIFE SUPPORT 1.3 1.3 1.3 1.3 1.3 1.3 

ADVANCED TECH DEVELOPMENT 2.0 3.0 2.5 2.5 2.5 2.5 

) 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

LIFE SCIENCES FLIGHT PROGRAM 

FY 1993 FY 1994 FY 1995 
(Thousands of dollars) 

Flight experiments program ..................... . 
9'1 90 0 

73.500 ~.3W 70.000 
NASA/Mir program ............................... . 
Space station utilization program .............. . 
Centrifuge .. , .................................. . 

7.600 33.800 18. 700:i 
5. o~~ @.J-~ IJ..J & 

5.500 
/3/,7()() 

Total .................................... . 861600 _.,33, lOi) ,2L7QQ 

OBJECTIVES AND STATUS 

The primary objective of the Life Sciences Flight program is to bring to maturity those investigations 
dealing with living systems which require access to space in order to discern and understand behavior, 
response. and basic mechanisms in organisms during their adaptation to space. The program includes 
selection, definition, science and hardware development, in-flight operation. data analysis. and reporting 
on medical, biological and technical evaluation investigations involving humans. animals. and plants. 
Selected flight experiments lead to a better understanding of gravitational adaptation and enhance our 
understanding of specific phenomena controlling function. modification. and repair of living systems on 
Earth. The Life Sciences Flight program includes the following activities: 

o the ongoing NASA Shuttle and Spacelab flight experiment programs: 

o the cooperative research program with the Republic oi Russia. including the cooperative research 
series aboard the Mir: and, 

o the science utilization/experiments program planned for the U.S./Russian/international Space Station. 

The FY 1994 began successfully with the flight of the life science-dedicated Spacelab, SLS-2. This mission 
set standards for science operation as well as a record time aloft for the orbiter. During the remainder of 
FY 1994 fourteen primary investigators whose research focus is in the cardiopulmonary. metabolic. 
neurovestibular and musculoskeletal disciplines, along with 33 investigators in the tissue sharing program 
will complete their analyses of the data returned from the 475 subject runs and 11.750 animal tissues. They 
will publish their results during FY 1995. The International Microgravity Lab mission. IML-2. with four 
NASA-sponsored life science investigations, is also being prepared for a July 1994 flight. 

SAT 2-10 



OBJECTIVES: 

STATUS: 

KEY MILESTONES: 

IGET BACKUP-2/94-CCF 

LIFE SCIENCES 
FLIGHT PROGRAM 

Office of Lite and 
Microgravity 
Sciences and 
Applications 
(OLMSA) 

FY 1994 FY 1995 FY 1996 FY 1997 FY 1998 FY 1999 

tM. 99.3 70.0 62.3 51.3 42.9 44.4 

Life Sciences flight program will pursue a three-point approach: 
• Ongoing STS (Spacelab flights and middecks, especially with expanded 

collaboration with foreign community; 
• U.S./Russian cooperation research; 
• Science utilization/experiments development and utilization planned for 

the U.SJRussian/lnternational Space Station. 

• SLS-2 concluded a successful mission in November 1994. 
• Adjustment in program approach since last year because of expanded 

opportunities afforded by U.SJRussia cooperation-NASA/Mir. 
- SLS-3 cancelled. NASA plans to remanifest science payloads on 

other carriers. 
• Payloads now being developed for launch to Mir in FY 1995. Ten STS 

flights to Mir are planned. 

• SLS-4/Neurolab payload complement will be finalized in FY 1995, with 
launch scheduled for late 1997. 

• First Mir docking mission, STS-71, is scheduled for May 1995. 
• Flight program assumes a first element launch of American Space 

Station in December 1997. 



't.,.~ 

Also during FY 1994 the program plans to fly six payloads within the Shuttle middeck as part of the life 
sciences small payload program that uses human, animal. plant. and cellular subjects. Several of these 
missions are scheduled with the cooperation and participation of the National Institutes of Health (NIH). 

Life sciences flight experiments received 161 proposals in response to a joint Announcement of Opportunity 
(AO) with NIH. The AO was in support of the Neurolab Spacelab mission. SLS-4. which is now manifested for 
flight in 1997. The SLS-3 mission has been canceled because of Agency budget constraints and the earlier 
planned availability of Space Station payload opportunities. The program plans to re-manifest some of the 
science payloads and experiments on other carriers to the greatest extent possible. 

Life sciences flight experiments collaborative research with Russia will accelerate during the next several 
years. A number of payloads are being developed for placement on the Mir during FY 1995, at which time a 
NASA astronaut will begin a 90-day stay on-orbit. In support of the follow-on space research that the 
Administration anticipates with Russia. the flight experiments program this year will further define its 
program to take advantage of up to four long-duration U.S. crew stays on Mir and up to ten Shuttle visits. 
The program will sponsor investigations in the areas of environmental health. life support technology. 
biomedical. basic biological sciences, radiation health. and global monitoring. Finally, during FY 1994, 
the program will complete negotiations and obtain the necessary approvals to acquire a half-interest in a 
Russian Bion spacecraft. 

BASIS OF FY 1995 ESTIMATE 

During FY 1995. the life sciences flight experiments program will build efforts initiated during FY 1994 to 
construct a well-integrated, efficient. economical response to emerging flight opportunities and 
developments. The program expects that emerging opportunities on Shuttle and Spacelab. through the 
U.S./Russian cooperation research program, and through the U.S./Russian/international Space Station will 
provide complementary flight opportunities which in turn will advance the life sciences program's research 
objectives. The decrease in FY 1995 from the previous year is primarily the result of a reduction in the 
Spacelab program activity and other reductions taken for program efficiencies and indirect contractor 
reductions. Mir program funding was also substantially less in FY 1995 after reaching a peak in FY 1994. 
Space Station work will substantially increase in FY 1995-FY 1996. 

The majority of SLS-3 science investigations which are being re-manifested on other carriers will be 
supported with FY 1995 resources, enabling participating investigators to achieve their most important 
research aims. For instance, a component of SLS-3 science will be re-manifested to fly on STS-71. thereby 
taking advantage of the flight opportunities offered by the U.S./Russian cooperation research program. 

The life sciences program anticipates that FY 1995 resources will support a more vigorous small payload 
program that will include enhanced NIH participation. During FY 1995. the program's emphasis will be on 
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LIFE SCIENCES 
U.S.~RUSSIAN PROGRAM 

Office of Life and 
Microgravity 
Sciences and 
Applications 
(OLMSA) 

FY 1994 FY 1995 FY 1996 FY 1997 FY 1998 FY 1999 

lM 33.8 18.7 21.5 14.1 12.0 1.8 

OBJECTIVES: • Obtain engineering and operational experience of conducting research on an 
orbital station. 

• Characterize the natural and induced environment relative to payloads. 
• Characterize the environment relative to humans. 
• Conduct specific U.S. and Russian investigations. 

- Biomedical and gravitational biology research 
- Environmental health research 
- Characterization of the acceleration and vibroacoustic environment 
- Advanced technology studies in environmental control systems 

STATUS: • Shuttle-Mir program as planned in 1992: 
- Russian cosmonauts to fly on Shuttles (STS-60 and STS-63) by June, 1994 
- U.S. Crewmember to fly on Mir March-June, 1995 (launched on Soyuz, returned on Shuttle) 
- Shuttle/Spacelab to dock at Mir for five days in June, 1995 

-- Exchange of Russian crews and sample return using STS-71 
•• U.S. payloads will be launched to Mir by Russian logistics flights for use during Shuttle/ 

Mir mission 
•• Life scienc_e emphasis; microgravity/materials processing experiments also planned 

• New activities NASA/Mir 
- Up to nine additional Shuttle flights (four with Spacelab long module) 
.. Up to 24 months total U.S. crew stay time on Mir 
.. Expanded accommodation of U.S. experiments on Mir 

• Life Sciences NRA for Mir released in February 1994; selections/awards in 
August 1994. 

'GET BACKUP-2/94-CCF 
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cooperative science investigations with NIH and the Canadian Space Agency. The science investigations will 
focus on immune cell function in microgravity and on understanding gravity's influence on developmental 
biology. The equipment used to accomplish these investigations are precursors to similar hardware that will 
be developed for Space Station. Biomedical investigations will be carried as appropriate on different 
flights in both FY 1994 and FY 1995, leading to crew certification of the Extended Duration Orbiter (EDO) 
for sixteen-day flights. 

The NASA/NIH cooperative international SLS-4 mission payload complement will be finalized in FY 1995. 
Research proposals were received in December 1993. peer review will occur in mid·FY 1994. and selection for 
definition will occur during the summer of FY 1994. The SLS-4 launch is scheduled for late 1997. The SLS-4 
mission, also called Neurolab. will be the main NASA contribution to the Congressionally-chartered "Decade 
of the Brain" and will be devoted to brain and behavioral research. It will be the first joint Spacelab 
with NIH and the National Science Foundation. Substantial foreign participation on this mission is 
expected. thereby enabling the U.S. to use hardware previously developed by our foreign partners. 

The U.S./Russian cooperation research program will use FY 1995 funds to support the science to be flown on 
planned Shuttle missions to the Mir·l Space Station. Final science package outfitting of STS-71. the first 
Shuttle docking mission to Mir·l. will be completed in early FY 1995 with docking scheduled for May 1995. 
Funding for the development. integration, and launch of supporting flight hardware in the Russian Spektr. 
Priroda. and Progress modules will also be completed during FY 1995. The experiment hardware contained in 
these modules will be used throughout the ten U.S./Russian cooperation program. 

The FY 1995 resources will also be used for the acquisition of a fourteen-day Bion-11 Biosatellite mission 
from the Russians and development of flight hardware. Now scheduled for launch in late 1995 or early 1996. 
this mission will be a flight of primates to accommodate muscle and bone physiology and other science 
originally planned for the SLS-3 mission. The U.S. investment in the program will purchase 50% of the 
payload science and resulting data analysis. 

Our collaborative activities with Russia in the Mir and Bien programs will pave the way for the life 
sciences program's use of the U.S./Russian/international Space Station. Space Station activities for the 
Life and Microgravity Sciences and Applications program and its science community will include selecting 
investigations during FY 1995 and development of the related science for implementation on the Space Station 
beginning in FY 1998. The FY 1995 resources for the flight experiments program will enable twenty new 
investigations per year for use on the life sciences station facilities. 

SAT 2·12 



MICROGRAVITY SCIENCES I FY93 FY94 FY95 FY96 FY97 FY98 FY99 

FLIGHT EXPERIMENTS PROGRAM 151.6 149.1 83.2 109.1 114.7 90.8 89.5 

USML-1 0.5 

USML-2 19.0 15.2 7.5 1.7 

USMP-1 1.2 

USMP-2 5.3 4.4 0.5 

USMP-3 1.3 1.6 0.2 

USMP-4 4.4 6.2 6.7 7.5 3.4 

IML-1 0.1 

IML-2 0.3 0.4 0.3 

MSL-1 5.0 14.7 17.2 18.0 6.9 1.5 

SL·D2 0.3 

MIDDECK 24.1 30.5 34.1 35.9 37.9 31.3 24.8 

GAS 2.2 3.4 2.5 0.7 0.1 

NIH COLLABORATION 15.0 

SOUNDING ROCKETS 1.8 1.8 1.0 0.4 

LOW TEMP. RESEARCH 1.0 0.9 0.9 

FREE FLIERS 0.9 2.3 1.8 

SCIENCE 17.4 23.1 27.3 35.9 43.7 54.4 37.8 

ATD 2.0 2.4 4.4 4.1 4.7 5.0 5.6 

MULTIPLE MISSION 22.0 25.1 23.5 23.7 31.7 26.4 17.8 

FORWARD FUNDING 44.1 2.4 ·46.1 ·19.0 ·13.7 ·27.8 3.5 

, 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

MICROGRAVITY SCIENCE RESEARCH AND ANALYSIS 

FY 1993 

Microgravity science research and analysis ..... . 17.900 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

18,400 

FY 1995 

21.700 

The objective of this program is to better understand important physical. chemical. and biological processes 
that the effects of gravity obscure on Earth. The research and analysis activity provides the scientific 
foundation for such understanding and serves as the basis for all current and future projects. Ground-based 
research leads to space-based investigations with potential for future terrestrial and space-based 
applications. Areas of research emphasis include four primary disciplines: (1) Biotechnology. which 
focuses on macromolecular crystal growth and mechanical environmental influences on cell science: (2) 

Combustion Science: (3) Fluid Physics, which studies the behavior of fluids and transport phenomena and 
condensed matter physics: and (4) Materials Science, which investigates electronic and photonic materials. 
metals and alloys, glasses and ceramics. The program also supports selected studies in gravitational 
physics. condensed matter physics and critical phenomena (which is referred to as benchmark sciences). 
Developing a comprehensive approach of basic and applied research is a major goal of this program. 

Microgravity research has demonstrated that gravity influences protein crystal growth and that a reduced 
gravity (microgravity) environment improves crystal characteristics. Better understanding of these 
characteristics can lead to improved efficiency in drug design and to new techniques for growing protein 
crystals on Earth. An important microgravity research instrument. the bioreactor. provides researchers with 
a powerful tool for probing mechanisms that influence how cells join together to form tissue. 

Combusion is a vigorous area of research. Such research has major international significance in electric 
power generation and transportation energy and has potential to play a major role in the reduction of 
environmental pollutants. The research has been invigorated by the selection of new peer-reviewed science. 

Understanding the behavior of fluids and their effects on materials processes and vapor-liquid mixtures has 
profound implications for production and control processes on Earth and in future space engineering 
applications. Materials science experiments continue to be a significant component of the microgravity 
program with potential applications in industrial production processes. Fundamental physics research can be 
conducted in microgravity at a level of accuracy not possible on Earth. Advances in technology for science 
instrument development and for basic applications are emphasizeci. 
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OBJECTIVE: 

MICROGRAVITY 
RESEARCH AND ANALYSIS 

FY 1994 FY 1995 FY 1996 FY 1997 

SM 18.4 21.7 21.7 21.7 

Office of Life and 
Microgravity 
Sciences and 
Applications 
(OLMSA) 

FY 1998 FY 1999 

21.7 21.7 

Provide a better understanding of Physical, Chemical and Biological processes 
that the effects of gravity obscures on Earth. The R & A activity provides the 
scientific foundation for such understanding and serves as the basis for all 
current and future projects. Areas of research emphasis include four primary 
disciplines: (1) Biotechnology, which focuses on macromolecular crystal growth 
and mechanical environmental influences on cell science; (2) Combustion 
Science; (3) Fluid Physics, which studies the behavior of fluids and transport 
phenomena, condensed matter physics and combustion science; and (4) 
Materials Science, which investigates electronic and photonic materials, metals 
and alloys, glasses and ceramics. 

STATUS: Ground-based Research and Analysis continues in the areas of Biotechnology, 
Combustion Sciences, Fluid Physics, Materials Science, and Benchmark Science. 
Research objectives include definition of the role of gravity-driven influences in a 
variety of processes. Specific areas of research will include tissue culture 
technology, protein crystal growth phase transitions and critical phenomena, 
solid-fluid interface dynamics, near-limit flammability and combustion stability 
and the solidification and crystal growth of metals and alloys. Solidifications 
{NASA Research Announcements and Announcements of Opportunity) in 
biotechnology, fluid physics and materials sciences will be released to focus and 
expand the science community involvement in these areas. 

KEY MILESTONES: Biotechnology NRA Release 2/94 
Fluid Physics NRA Release 11/94 
Materials Science NRA Release 11/94 ----------------~--lGET BACKUP-2/94-CCF 
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These research projects are a result of proposals from the scientific community stemming from NASA research 
announcements. These projects are extensively reviewed by peer groups prior to selection and funding. This 
program also provides analytical support and technology development for future ground and space research 
capabilities. The advanced technology development program encompasses a wide variety of technologies and 
techniques including crystal growth instrumentation development. real time x-ray microscopy. combustion 
dynamics and microwave furnace development. This development work will significantly enhance the capability 
or quality of microgravity experimental hardware. 

BASIS OF FY 1995 ESTIMATE 

Ground-based research and analysis will continue in FY 1995 in the areas of biotechnology, combustion 
sciences. fluid physics. materials science. and benchmark science. Research objectives include definition 
of the role of gravity-driven influences in a variety of processes. Specific areas of research will include 
tissue culture technology. protein crystal growth phase transitions and critical phenomena. solid-fluid 
interface dynamics, near-limit flammability and combustion stability and the solidification and crystal 
growth of metals and alloys. Solicitations (NASA Research Announcements and Announcements of Opportunity) 
in fluid physics and materials sciences will be released to focus and expand the science community 
involvement in these areas. This will allow for the development of strong candidates for future flight 
opportunities. 
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FY 1993 

8 & A TOTAL 18.870 

MATERIAL SCIENCE 4.882 
COMBUSTION 2.434 

BIOTECHNOLOGY 3.690 
FLUIDS 6.457 

BENCHMARK 1.407 

Microgravity Sciences and Applications Division 
R & A Budget Break by Discipline 

RY Dollars in Millions 

FY 1994 EY 1995 FY 1996 FY 1997 

18.400 21.700 21.700 21.700 

4.235 4.139 5.849 4.389 

4.212 4.455 4.274 3.309 

3.305 6.389 2.700 6.955 
5.243 5.622 7.577 5.747 
1.405 1.095 1.300 1.300 

j 

3/24/94 

FY 1998 EYJ999 

21.700 21.700 

4.652 4.300 
3.701 3.482 
5.259 6.216 
6.088 5.702 
2.000 2.000 



BASIS OF FY 1995 FUNDING REQUIREMENT 

MICROGRAVITY SCIENCE FLIGHT PROGRAM 

FY 1993 FY 1994 
(Thousands of dollars) 

I 'I'/, ~ () 0 

FY 1995 

Flight experiments program ..................... . 
NASA/Mir program ............................... . 
Space station utilization ...................... . 

151.600 
4.400 

J..44 .100-
5. 800 
3,300 

83.200 
18. 4ooloo,,iJ- tt1 f e,1.. 1 B 

5 p 600 -~ ,s~. r.oo 
Total .................................... . 156,000 ...as. zoe- 107,200 

OBJECTIVES AND STATUS 

During FY 1993, the second United States Microgravity Laboratory (USML-2). the second United States 
Microgravity Payload (USMP-2) and the second International Microgravity Laboratory (IML-2) missions were 
under development. 

The Flight Experiments program provides hardware for experiments for a wide range of flight opportunities in 
the Shuttle middeck, Spacelab. and Shuttle cargo-bay experiments that will achieve the objective of better 
understanding key physical. chemical and biological processes in the microgravity environment. The program 
includes selection definition and development. in-flight operational support and data analysis for all 
Microgravity flight experiments. In FY 1994. the premier Microgravity missions will be the second flight in 
the International Microgravity Laboratory Spacelab series (IML-2) and the second flight in USMP non
pressurized volume Shuttle series (USMP-2). Flight hardware such as Space Station acceleration measurement 
systems and furnaces will also be designed and developed in support of the NASA/Mir program. In FY 1994. 
design of Space Acceleration Measurement System (SAMS-II) for the Space Station will also be initiated. 
These opportunities allow for conducting microgravity research. consistent with the strategy of evolving 
microgravity experiments from short to long-duration periods of on-orbit operations. 

BASIS OF FY 1995 ESTIMATE 

The FY 1995 funds are required to continue experiment payload development for use in the Shuttle middeck. 
Spacelab, and Shuttle cargo bay for future flights of the USML and USMP series and for the Microgravity 
Sciences Laboratory (MSL) Spacelab flight scheduled for 1997. Investigations are planned in electronic 
materials. metals and alloys. glasses and ceramics, biotechnology. combustion. and fluid physics and 
dynamics. The decrease in FY 1995 from the previous year coincides with a reduction in Spacelab activities 
and substantial reductions taken for contractor indirect manpower program efficiencies. reduction of 
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OBJECTIVE: 

STATUS: 

MICROGRAVITY 
FLIGHT PROGRAM SUMMARY 

FY 1994 FY 1995 FY 1996 FY 1997 

tM 149.1 83.2 109.1 114.7 

Office of Life and 
Microgravity 
Sciences and 
Applications 
(OLMSA) 

FY 1998 FY 1999 

90.8 89.5 

The flight program provides hardware for experiments for a wide range of 
flight opportunities in the Shuttle Middeck, Spacelab, and Shuttle cargo-bay 
experiments that will achieve the objective of better understanding key 
physical, chemical and biological processes in the microgravity 
environment. The program includes selection definition and development, 
in-flight operational support and data analysis for all Microgravity flight 
experiments. 

Continuation of experiment payload development for use in the Shuttle 
Middeck, Spacelab, and Shuttle cargo-bay for future flights of the USML and 
USMP series and for the Microgravity Sciences Laboratory {MSL) Spacelab 
flight scheduled for 1997. Investigations are planned in electronic materials, 
metals and alloys, glasses and ceramics, biotechnology, combustion, and 
fluid physics and dynamics. Development of new equipment for the Shuttle 
middeck and other planned Spacelab missions will be used to carry out 
scientific investigations chosen from NASA Research Announcements in 
Combustion Science, Material Science, Biotechnology, Fluid Physics, and 
Fundamental Science. These investigations represent the future of the 
microgravity science program, as the results of USML, IML, and USMP 
missions series are disseminated, and the program readies investigations 
for later Shuttle missions. 

KEY MILESTONES: USMP-2 2/94 SL-MIR 1 5/95 
USMP-3 8/95 

USML-2 9/95 
IML-2 6/94 
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OBJECTIVE: 

STATUS: 

KEY MILESTONES: 

MICROGRAVITY 
NASA~NIH COLLABORATION 

Office of Life and 
Microgravity 
Sciences and 
Applications 
(OLMSA) 

FY 1994 FY 1995 FY 1996 FY 1997 FY 1998 FY 1999 
m 1s.o-~o1~~~- ()..~~~ 

/r. 'l:1 o-U~ I_ ':l-'/4G. 
Provides NASA-NIH collaboration in the area of Biotechnology research with emphasis in two 
primary areas: (1) to develop advanced tissue culturing technology and allow investigators 
interested in using a rotating-wall bioreactor technology to advance the research in tissue 
culturing and developmental biology, and (2) to develop advanced protein crystallization 
technologies to advance structural biology. Because the growth of three-dimensional complex 
tissues and the crystallization of near-defect free protein crystals is a major technical 
challenge, the NIH Collaboration offers an additional opportunity to produce multidisciplinary 
research teams to accelerate the development of advanced technologies in these areas, 
allowing science research groups practicing tissue culturing, protein crystal growth and 
bioengineering to address these complex problems. 

Draft agreements are being developed between NASA-NIH which would allow for collaboration 
in areas of mutual interest. This includes proposed activities with National Institute of 
Research Resources (NIRR); (1) x-ray absorption/diffraction related to microgravity sciences 
crystal growth; (2) instrumentation to enhance crystal growth productivity for both ground- . 
based research and possible research in space; (4) ensure that NASA facilities under 
development for Shuttle and Space Station Alpha will support joint NASA-NIRR research in 
these fields. Cooperation with the National Institute of Diabetes, Digestive, and Kidney 
Diseases, National Institute of Allergy and Infectious Diseases and National Cancer Institute on 
NASA's Research Announcement on Biotechnology. 

Biotechnology NRA Release 
Proposals due 
Grants Awarded 

2/94 
5/94 
11/94 

JGET BACKUP-2/94-CCF 
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OBJECTIVES: 

STATUS: 

KEY MILESTONES: 

JDGET BACKUP-2194-CCF 

MICROGRAVITY 
RUSSIAN COOPERATION 

Office of Life and 
Microgravity 
Sciences and 
Applications 
(OLMSA) 

FY 1994 FY 1995 FY 1996 FY 1997 FY 1998 FY 1999 

™ 5.8 18.4 12.8 13.3 7.8 6.0 
The objectives of this program are to use the Mir Station and Shuttle Long 
Module flights to Mir as opportunities to conduct microgravity research in 
space. The Mir Space Station offers microgravity investigators a unique 
opportunity to conduct long duration experiments in orbit. Research in 
Biotechnology, Fluids, Combustions and Materials Research will be 
enhanced by these flight opportunities. In addition, the science will be 
supported by acceleration data and access to a multiuse Glovebox that can 
support experiments and technology demonstrations in many different 
science disciplines. 

The current MSAD program has been baselined and implementation has 
begun with both Headquarters and JSC mission management. A 
microgravity splinter group has been formed to the Mission Science 
Working Group and frequent communications with the Russians continues. 
The first MSAD hardware (an Acceleration Measurement System) to 
Moscow will be shipped in March and launched this May to Mir. During 
1995, MSAD samples for a Russian Mir-based furnace and a Protein Crystal 
Growth experiment will be processed on the Mir. 

• March-April 1994 
• May 1994 
• September 1994 
• Spring 1995 
• May 1995 
? 

SAMS unit to Moscow 
SAMS unit launch to Mir 
Furnace samples and Protein Crystal experiment to Russia 
Furnace samples and Protein Crystal experiment to Mir 
STS-71 first MSAD data returned 
Launch of Priroda- A Mir module that will support microgravity 

experiments 
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in·house support service contractors, and the transfer of SBIR funds to a central Agency account. Space 
Station activities will accelerate substantially in FY 1995·FY 1996. 

In FY 1995 the development begins of .new equipment for the Shuttle middeck and other planned Spacelab 
missions. This new equipment will be used to carry out scientific investigations chosen from NASA Research 
Announcements in Combustion Science. Materials Science, Biotechnology. Fluid Physics. and Benchmark Science. 
These investigations represent the future of the microgravity science program. as the results of USML. IML. 
and USMP missions series are disseminated, and the program readies investigations for later Shuttle 
missions. The major microgravity Spacelab mission in FY 1995 will be the USML·2. 

Activities will continue in FY 1995 on the first cooperative U.S./Russia Spacelab-Mir mission, scheduled for 
a 1995 launch. Funding will support up to four additional long module flights with Mir. with the first 
flight in 1996. Three and one-half double racks are planned for each of these flights for fluids. 
combustion, and materials sciences experiments. EXPRESS rack utilization is part of this plan. In 
addition. the Mir is to be utilized for Biotechnology (equivalent of eleven middeck lockers): glovebox 
experiments (equivalent of seven middeck lockers), and for measuring the acceleration environment 
(equivalent of 4.5 lockers). Microgravity sciences and applications also plans to use the Russian furnaces 
for materials research. Additional locker spaces are planned for stowage and resupply of experiments. 

Space Station utilization efforts will intensify with substantial work being initiated for integration. 
training and operations preparation, middeck payload development for biotechnology. fluids and combustion 
experiments and continued work in developing acceleration measurement systems. 
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NASA SPACELAB 
Office of Life and 

Microgravity 

·LAUNCH DATES Sciences and 
Applications 
(OLMSA) 

MISSION 
ASTR0-2 DEC-94 
ATLAS-3 OCT-94 
ATLAS-4 DELETED 
ATLAS-5 DELETED 
IML-2 JUL-94 
USML-2 SEP-95 
MSL-1 MAR-97 
USMP-2 MAR-94 
USMP-3 FEB-96 
USMP-4 MAY-97 

USMP-5 DELETED 

SLS-2 

SLS-3/4 NOV-97 
SRL-1/HDRR APR-94 
SRL-2 AUG-94 
SRL-3 DELETED 
SL-M MAY-95 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

SHUTTLE/SPACELAB MISSION MANAGEMENT AND INTEGRATION 

FY 1993 

Shuttle/spacelab mission management 

FY 1994 
(Thousands of dollars) 

FY 1995 

and integration .............................. . 

OBJECTIVES AND STATUS 

94.100 
(. S

1 
~oo) 

/01· 700 
~ 
<... \ 'i . :s-oa) 

112,400 
(,t/, 100) ey-J,-1 ta.J/3 

The primary objective of the Shuttle/Spacelab Mission Management and Integration program is to provide the 
mission planning. integration, and successful execution of all NASA Spacelab. NASA/Mir. and attached Shuttle 
payloads. This includes system management and engineering development of flight support equipment and 
software: development of certain interface hardware between payloads and platforms: payload specialist 
training and support: integration of the science payloads with the Spacelab system: payload flight 
operations: and data dissemination to experimenters. 

Mission management activities are ongoing for several NASA Spacelab and attached Shuttle payload missions. 
Missions scheduled for flight in calendar year 1994 include the second flight of the cooperative 
International Microgravity Laboratory (IML-2). the second flight of U.S. Microgravity Payloads (USMP-2). the 
first and second flights of an imaging radar (SLR-1 and 2), and the flight of the Lidar In-space Technology 
Experiment (Lite-1). Preliminary work for other missions will also be initiated in FY 1994. 

Mission management activities also commenced in 1994 in support of the first flight of the Spacelab Mir 
(SL-M) mission in mid-1995 with preparations for experiment hardware shipments to Russia for installation 
and launch aboard the Russian modules. Spektr and Priroda. The integrated payload design for SL-M was 
completed in December 1993, and implementation of this mission for 1995 is in progress. The NASA/Mir 

·program will provide an excellent opportunity to demonstrate technologies which may be applicable to the 
development and operation of the international Space Station program. 

BASIS OF FY 1995 ESTIMATE 

Mission management activities will continue in FY 1995 with several Spacelab missions planned this fiscal 
year [Astronomy Spacelab-2 (ASTR0-2), Atmospheric Laboratory for Applications and Science (ATLAS-3). USML-2. 
and Spacelab-Mir). In addition. mission management activities will continue for the ongoing research 
activities aboard Mir with both U.S. astronauts and cosmonauts, the preparations and launch of the second 
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NASA/MIR 
LAUNCH DATES 

MISSION 
SLM-1 MAY-95 

SLM-2 OCT-95 

SLM-3 LM MAR-96 

SLM-4 MAY-96 

SLM-5 AUG-96 

SLM-6 LM OCT-96 

SLM-7 FEB-97 

SLM-8 LM APR-97 

SLM-9 JUN-97 

SLM-10 LM OCT-97 

(,, . 'I >J ....- {3;,\A.. 

Office of Life and 
Microgravity 
Sciences and 
Applications 
(OLMSA) 
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mission to Mir. planning and preparations for additional docking missions to Mir 
crew exchange and logistics resupply. The Agency has implemented initiatives to 
the Spacelab mission management activities. NASA has established a challenge to 
support contractors and indirect rates, and to implement management efficiencies 

in FY 1996 and FY 1997 for 
reduce the overall costs of 
reduce mission management 
and consolidations. 
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SPACE STATION 
. ::·,,:,~i'.f:,'{ I PAYLOAD FACILITIES 

BASED ON FINAL PFP, DATED 1/14/94 

FY1994 FY1995 FY1996 FY1997 FY1998 

LIFE SCIENCES 
Gravitational Biology Facility [1 O] 26 30 25 15 

Human Research Facility [9] 16 23 24 23 

Habitat Holding System/ Yf 6~ 10 12 28 63 
Centrifuge 

MICROGRAVITY RESEARCH 
Protein Crystal Growth/ 
Biotechnology Facility [3] 3 5 4 5 

Space Station Furnace 
Facility - Core & Modules [5] 22 43 52 47 

Fluids/Combustion -
Core & Modules [fil 7 20 30 48 

TOTAL [39] )~ 84 133 163 201 

T BACK-UP-4/12/94-CCF 

Office of Life and 
Microgravity 
Sciences and 
Applications 
(OLMSA) 

FY1~_99 

14 

16 

107 

42 

45 

224 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

SPACE STATION PAYLOAD FACILITIES 

FY 1993 

Life sciences facilities ....................... . (5,500) 
Microgravity facilities ........................ . 

Total .................................... . (5.500) 

OBJECTIVES AND STATUS 

FY 1994 FY 1995 

(Thousands of do~laI~~ •) 
~i,ooo (~ 
~o 52,000 
13,000 32.000 

37 oOO .,-~ 
~vvv 84,000 &o.J--11/d.JB 

Gravity is a universal force that affects every aspect of our life. shaping all physical. chemical and 
biological processes. Low Earth-orbit offers a unique environment with a near-absolute vacuum. a spectrum 
of radiation, temperature extremes and reduced gravitational forces. The Space Station, as a permanently 
space-based laboratory. offers the opportunity to study fundamental processes without the masking influences 
of Earth's gravity. The Space Station will be an interactive laboratory in space modeled closely after 
those on the ground. The observations of the crew. their ability to change protocols and enhance the 
science is critical to the types of experiments planned for life and microgravity sciences. Six facility
class payloads will be developed for the Space Station: (1) Human Research Facility (HRF), (2) 
Gravitational Biology Facility (GBF), (3) Habitat Holding System (HHS)/Centrifuge, (4) Fluids/Combustion 
Facility (FCF). (5) Biotechnology Facility (BTF), which includes protein crystal growth experiments. and (6) 
Space Station Furnace Facility (SSFF). These facilities will be able to accommodate a wide variety of 
principal investigators across a broad range of scientific disciplines. 

The Human Research Facility. Gravitational Biology Facility and the Habitat Holding System/Centrifuge 
Facility will be managed under the Life and Biomedical Sciences and Applications program. The HRF will 
provide monitoring of the crew in their adaptation to space so that countermeasures to this adaptation can 
be developed in order to lessen potential problems on return to Earth. It will also enable the conduct of 
basic science investigations into the mechanisms leading to these changes. The HRF provides state-of-the
art instruments to study most body systems, (e.g .. metabolic. fluid. heart/lungs. nervous system. muscle. 
bone. etc.). The GBF will allow researchers to monitor and interrogate a number of lesser species (plants. 
cells. insects. fish, etc.) in order to understand their adaptive processes. The GBF will not only provide 
the life support for the specimens and standard measurement instruments but also allows for integration of 
investigator-unique equipment to conduct specialized studies normally performed in the ground-based 
laboratories. The Habitat Holding System/Centrifuge facility will include zero-g holding facilities for 
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PAYLOAD TRAFFIC MODEL FOR UTILIZATION OF THE 
U.S./RUSSIAN STATION CONFIGURATION {PHASE 11/111) 

CUMULATIVE RACKS ON STATION: 

SCIENCE PAYLOAD '1997 1998 
DISCIPLINE 

1999 2000 2001 2002 

GRAVrTATIONAI.BIOlOOY 
1 1 2 2 2 

FACILITY 

HUMAN RESEARCH FACILITY• 0.11 0.11 2 2 2 

LIFE ANO BIOt.EDICAL HABrTATHOLDINQ SYSTEM . I 

SCIENCES AND CEM'Rf\JGE AOTCA . . V.UNCHEO IN 2004 

APPllCATlONS life SCIENCES Ol.OYEBOX . . I 

SERVICE SYSTEM 0.5 

STONAOE 0.5 0.5 0.2 

PROTI:N CRYSTAL QAO,VTH 0.5 0.5 0.5 0.5 reo 

DIOT£0fl:lt..OO'I 0.5 0.5 0.5 0.5 TOO 

MICROGRAVITY SOt.lOIFICA TION RESEARCH . 2 2 3 TOO 

SCIENCEAND F\.UIOS ANJ COMBUSTION . 2 • • reo 

APPllCATlONS 
MIOOECI< Ct.ASS PA YLOAOS 2 2.5 0.5 1.5 0.5 TOO 
WITHSAMSSS 

MICAOOAAVJTY SCIENCES 0.5 0.5 0.5 0.5 reo 
OLOVEBOX .. • 

TOTAL CUMULATIVE 0 G G) e G e··· ~AACKSON 
STATION•• 

TOTAL CUMULATIVE 

0 0 (0 8 8 8 AOVA~EO CONCEPTS ANO 
ll:CHNOl.OOY RACKS CH 

STATION 

CUMULATIVE EXTERNAlL Y ATTACHED PAYLOADS (NOT A RACKI: 

MISSION TO 1 
1 

PLANET EARTH 
. 

(SAGE Ill) 
1 1 

N:NAK;ED CONCEPTS AND 1 

'TEO-NO.OGV 
1M4TE~LS EXPOSURE 1 1 I - FACILITY! 

.. ~'<''·*""-,__ O'u/!I (!~~. " ~ 

'NOTE• AOOITIONAL EQUIPMENT NEEDED TO CERTIFY CREW FOR LONO DURATION (>30 DAYS) STAYS IS ASSUMED TO BE IN THE RUSSIAN MODU\.E 

~ NOTE •TOfALSOONOT INCLUOE LSE IINClUOINOPAVLOAOAEFRIGERATOOFREEZEAS) WHICH AMOUNTS TOAT LEAST UM) BY PHPC, ANO WHICH ARE NOT TOBE STOREO 
IN THE PAYLOAD ISPR YCWME. TOTALS ALSO 00 NOT INCWOE EITHER STS LOCKER YOI.UME ASSOCIATED WITH RACK PAYLOADS OR OTHER STS RESUPPI. Y LOGISTICS 

- NOTE • MICAOCIRAVffY ICl!NCES Cll.C:WlBOX YOLUME ASSUMES ONLY so-. CHAROEO TO CODE U, REMAINING SO.. CHARllEO TO COOE C 

-• NOTE • ASSUMES PHPC .. IOOI 

12/20/tl 12:5 7 PM 
UO lnpult • 11117i'l3 
1H. '"""" • U/' •• , 



these species. necessary transport and life support accommodations as well as a rotor that provides both 
one-G and fractional gravity levels to animals and plants. This facility will represent a marked 
enhancement of basic research capability for life sciences and has been a top priority recommendation of the 
National Academy of Sciences for several years. 

The Microgravity Sciences and Applications program will manage the development of the Fluids/Combustion 
Facility, Biotechnology Facility (including Protein Crystal Growth payloads) and the Space Station Furnace 
Facility (SSFF). The Fluids/Combustion Facility will play a key role in understanding combustion processes 
and fluid dynamics in the absence of gravitational forces. This work has great potential for Earth 
applications in a wide variety of fields including energy generation/utilization. transportation. materials 
processing and power plant operation. This facility will consist of common support systems and combustion 
and fluids racks for experiment-specific hardware. The Biotechnology Facility will provide researchers with 
a better understanding of complex protein structures and maintenance and response of mammalian tissue 
cultures in microgravity. This knowledge can be applied to the production of both space-based and 
terrestrial pharmaceuticals, medicines and biological substances. The SSFF will consist of three racks. one 
for diagnostic/controls and two racks devoted to instruments. The work performed in the SSFF has potential 
application in the materials industries such as electr~nics and metals/alloys/ceramics development. 

The FY 1994 efforts are focused on definition studies and technology development for these payload 
facilities. Full scale development of the Space Station Furnace Facility was initiated in November 1994. 
The development contract award (Phase CID) for the Habitat Holding System/Centrifuge is also planned for 
FY 1994. Preliminary requirements analysis and design efforts will be performed for the GBF. HRF. BTF, and 
Protein Crystal Growth Payloads. The SSFF. GBF and portions of the FCF will be performed in-house at the 
Marshall Space Flight Center, the Ames Research Center, and Lewis Research Center respectively. 

BASIS OF FY 1995 ESTIMATE 

The FY 1995 requirements for the life sciences and microgravity sciences payload facilities are based on 
science and technical requirements and the expected on-orbit availability of the Space Station payload 
capabilities. The initial increments for the GBF and HRF are planned for first deployment in FY 1998 and 
will be delivered to the station as part of the U.S. laboratory module outfitting flight. The next GBF and 
HRF facility increments are targeted for FY 2000. The Habitat Holding System and Glovebox of the Centrifuge 
Facility will be delivered to the Station in 2002. The centrifuge rotor is planned for launch in 2004. 
Microgravity protein crystal growth payload facilities are planned for FY 1997 launch. the Biotechnology 
Facility will be deployed in FY 1998, and the Furnace Facility and the Fluids/Combustion Facility are 
targeted for station delivery in FY 1999. 

In FY 1995, detailed configuration design work will begin and selected subsystems manufacture will begin for 
the GBF and HRF. Detailed design and initial development of the Centrifuge will also accelerate. 
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3/23/94 

INTERNATIONAL SPACE STATION 
Science/Commercial Payloads & Related 

$2.1 BILLION PROGRAM CONTENT FEL: 12/97 

(Real Year Dollar, ill Millon•) 

jlTEM I I I rY 19941 rY 19951 FY 19961 rYl9971 rYl9981 rYl9991 n2oooj 

UEE~IE~CES w zu.. iM 1llJ. ~ ffl.l 22M 
SPACE STATION FACILITIES 

GRAV. BIOLOGY FACILITY (98100) 10.0 26.0 30.0 25.0 15.0 14.0 10.0 

HUMAN RESEARCH FACIL ~8/00/03/03) 9.0 16.0 23.0 24.0 23.0 16.0 13.0 

HHS (02)/CENTRIFUGE (04) 7.0 10.0 12.0 28.0 63.0 107.0 131.8 

RUSSIAN COOPERATION (33.8) (18.7) (21.5) (14.1) (12.0) (1.8) 

Mlr-1 25.0 6.8 5.0 
Mlr2·10 8.8 11.9 16.5 14.1 12.0 1.8 

SPACE STATION UTILIZATION 5.0 10.0 30.0 35.0 48.0 52.0 

MICRQGB~IIX 22.J. aQ w ill..Z. W.l J.4Q..Q .l.l.Q.Q 

SPACE STATION FACILITIES 

PCG/BIOTECH. FACIL (98) 5.0 3.0 5.0 4.0 5.0 

S/S FURNACE FACIUlY CW) 3.0 22.0 43.0 52.0 47.0 42.0 35.0 
FLUIDS/COMBUSTION FACIUIY CW) 5.0 7.0 20.0 30.0 48.0 45.0 40.0 

RUSSIAN COOPERATION (5.8) (18.4) (12.8) (13.3) (7.8) (6.0) 
Mlr·l 5.8 8.5 0.6 
Mlr2-10 9.9 12.2 13.3 7.8 6.0 

SPACE STATION UTILIZATION 3.3 5.6 13.5 25.4 37.0 47.0 35.0 

SPACELAB Ml~IQ~ MGM! lil 2U ~ .lU ~ 
Mir 1995 Support 9.5 6.7 0.1 
Mir Augmentation 5.0 18.0 29.9 15.7 0.6 

CQMMEBCIALLI£Cl:INQLQGY PAYLQADS Jil ill ill iU w lli2 
FAC1UTIES (5J (12) [21) (17) (11) (12) 

GAttoched payload focil/Wokeshleld robotic servicer. glovebox • shored) 
EXPERIMENT DEFINITION (3) (8) (4) (1) 

EXPERIMENT DEVELOPMENT (7) (16) [23) (33) (41) (45) 

(Mot'ls processing/biotechnology/engineering tech. expmts) 

ATTACHED PA)'.l.QADS (MIHl9D to p!gnet Earth) u 2!2Ji ll..Q ill2 u. i.2 

V s tBVSSIAN coop ACUYIDES CQSE> Zl2.l w 22.2 .l.U Q.l. 

3s-i ,l./ 
"/ON PAYLOADS TOTAL 167.2 231.3 307.1 338,J- '.4 388.6 377.8 - ..OPTS.XLS 



• • • 
Fabrication will begin on the protein crystal growth payloads. The BTF, SSFF. and FCF will be in the design 
phase in FY 1995. Preliminary Design Reviews (PDR) will be held in FY 1995 for the BTF and portions of the 
SSFF and Fluids/Combustion Facility. 
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EXPENDABLE Lrtl.JNCH VEHICLES 

l'ASTCURRENT BUDGET 
FY93 rn.± FY95 EC 

TOTAL ELY I 180.8! 313.Sl 340.9! 

SMALL li,l li.J! li.i 
TOMS 1.9 1.5 15.2 PEGASUS 

FAST 4.5 2.5 13.1 PEGASUS 

SAC-B/HETE 6.3 4.1 1.0 16.8 PEGASUS(DUAL PAYLOAD) 

SWAS 9.0 2.4 2.0 13.5 PEGASUS 

SMEX-4 7.0 16.1 PEGASUS (UNIDENTIFIED MISSION) 

PROGRAM SUPPORT 3.6 6.3 6.4 INSTITUTIONAL SUPPORT, RELIABILITY, ADVANCED STUDY, 
ETC. 

MEDIUM ill 2.M l.li.l 
WIND 1.2 7.3 52.6 DELTA-II 
POLAR 0.9 9.0 69.2 DELTA-II (WEST COAST) 

RADARSAT 13.1 8.5 7.7 53.0 DELTA-II (WEST COAST) 

XTE 11.5 23.0 16.0 50.7 DELTA-II 

ACE 0.6 11.5 56.2 DELTA-II 

NEAR 16.6 25.4 53.3 DELTA-II 
MARS ORDITORS-1 21.8 49.9 DELTA-II 

MESUR 7.9 25.9 55.4 DELTA-II 

SECONDARY 5.8 2.7 0.2 15.7 PIGGYDACKS ON GPS DELTA-ll's 

PROGRAM SUPPORT 28.9 17.9 7.7 SLC-2W !'AD MODS, INSTITUTIONAL SUPPORT, ETC. 
INCLUDE -$12M GENERAL REDUCTION IN FY95 

HSTEB.M EQIATE ill al ZlU 
SOHO 34.0 43.0 36.0 137.2 ALTAS-IIAS 
EOS-AMl 2.8 16.2 40.4 219.1 IELV-CONTRACTTODEAWARDED 
PROGRAM SUl'!'ORT 4.3 4.0 -6.2 INCLUDE -$15M UNDISTR!llUTED REDUCTION IN FY95 

LAB.!:iE- CASSI~! .5...3. .au 2U 
CASSIN! 5.0 86.4 91.3 475.4 TIT AN-IV /CENTAUR 

ROS 0.3 0.3 

UffER SIA!:iES iU w ll.Ji 
ACTS 17.7 17.7 TRANSFER ORBIT STAGES (TOS) 

TDRS-F 1.0 60.2 INERTIAL UPPER STAGE (!US) 

TDRS-G 21.0 35.8 15.2 97.8 INERTIAL UPPER STAGE (IUS) 

AXAF-1 8.0 7.8 16.6 110.4 SHUTTLE UPPER STAGE TO BE AWARDED 

COLEMAN/STEDI 15.0 15.0 MINUTEMAN II LAUNCH SERVICES 

EL V IMPROVEMENT 10.0 10.0 ELV Ul'GRADE;TO BE DELETE AND TRANSFER TO R&tl'M 



j FY 95 PRESIDENT'S BUDGET 

1993 
' 1994 

1995 FY 95-94 o/o 

!TOTAL LAUNCH SERVICES I I 180.8\ 'brPi' .Ms! 340.91 I +27.4! +9% 

!SMALL ELVs I 25.3 1Y .31.A +14.6 +87% STUDENT EXPLORER DEMONSTRATION INTIATIVE (STEDI) 

5/94 TOMS 1.9 1.5 (USAA/COLEMAN PROGRAM •• UNFUNDED IN FY 94) 

8/94 FAST 4.5 2.5 

3/95 SAC-B/HETE 6.3 4.1 1.0 

6/95 SWAS 9.0 2.4 2.0 

6/97 SMEX-4 7.0 

STEDI (COLEMAN INITIATIVE) [5.0] 15.0 

MSSN SUPPORT 3.6 6.3 6.4 

I MEDIUM ELVs I fil..! ~ 11U +22.7 +24% FY 94 NEW STARTS: DISCOVERY, MARS SURVEY, ACE 

4/94 WIND 1.2 7.3 

6/94 POLAR 0.9 9.0 

12/94 RADARSAT 13.1 8.5 7.7 

8/95 XTE 11.5 23.0 16.0 

12/96 MESUR PATHFINDER 7.9 25.9 

8/97 ACE 0.6 11.5 

2/96 NEAR 16.6 25.4 

10/96 MARS ORBITER 7.9 21.8 

MSSN SUPPORT 34.7 12.7 7.9 

!INTERMEDIATE ELVs j !Ll. §U zu +7.0 +11% EOS AM-1 BUILDUP (FY 98 LAUNCH) 

7/95 SOHO 34.0 43.0 36.0 MSSN SUPT INCL $15M CONT REDUCTION 

6/98 EOSAM-1 2.8 16.2 40.4 

MSSN SUPPORT 4.3 4.0 -6.2 

!LARGE ELVs I 5.3 BM fil.,3 ±!.l! +6% CASSIN! BUILDUP (10/97 LAUNCH) 

I UPPER ST AGES I ~ !U 11..,§ ·11.8 -27% TDRS-G LAUNCH IN FY 95 

7/93 ACTS TOS 17.7 

1/93 TDRS-F IUS 1.0 

7/95 TDRS-G IUS 21.0 35.8 15.2 

9/98 AXAF·I IUS 8.0 7.8 16.6 

I EL V UPGRADES I ..,,~~ -10.0 -100% FUNDING DELETED IN FY 95-96 (BUDGET CONSTRAINTS) 



OFFICE OF SPACE SCIENCE 

SCIENCE, AERONAUTICS AND TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

BUDGET SUMMARY 

SUMMARY OF RESOURCES REQUIREMENTS 

FY 1993 FY 1994 
(Thousands of dollars) 

Small .......................................... . 25.272 16,800 
Medium ......................................... . 61.451 93.500 
Intermediate ................................... , 41.100 63.200 
Large .......................................... . 5,278 86,400 
Upper stages ................................... . 
Expandable launch vehicles (ELV) upgrades .... : .. 

47,700 43.600 
,,i,-- ...,e . a em-

Total .................................... . 180,801 :503 ~313. 500 

Distribution of Program Amount by Installation 

Kennedy Space Center ........................... . 12.700 12.000 
Marshall Space Flight Center ................... . 46.957 43.600 
Lewis Research Center .......................... . 46.178 148.000 
Goddard Space Flight Center .................... . 71. 934 92.400 
Jet Propulsion Laboratory ...................... . 
Headquarters ................................... . 

200 
7 

2,832 17,500 ,t,.q ,JO · 

Total .................................... . 180.801 313.500 

LAUNCH SERVICES 

FY 1995 

31.400 
116,200 

70,200 
91. 300 
31.800 

340,900 

12,400 
31.400 

156.400 
114.200 

~5M 

340,90Q 
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I LAUNCH SERVICES I 
FY 95 PRESIDENT'S BUDGET 

SUMMARY OF BUDGET AUTHORITY CHANGES 

FY93 FY94 FY95 FY96 FY97 FY98 FY99 

IFY 1994 AMENDED BUDGET 180.8 313.5 348.6 394.0 402.6 402.2 433.3! 

PROGRAM ADJUSTMENTS: -Jt>.0 20.7 -50.2 -64.0 -147.8 ·156.7 
SMEX 4·7 [·5.4) -6.2 ·3.6 0.8 15.8 2.0 REPHASE/DEFER TO MATCH OSS BUDGET 
STEDI [+5.0) 15.0 4.0 USAA/COLEMAN •• UNFUNDED IN FY 94 

GP·B -0.3 -0.4 ·2.0 ·9.1 ·24.6 LAUNCH DEFER (9/98 TO 3002) 
MARS SURVEYOR MISSIONS [+7.3) 21.8 29.9 35.2 38.6 38.2 NEW MISSIONS 
MESUR PATHFINDER [+1.3) 1.0 1.0 REPRICING 
NEAR ELV [+16.6) 25.4 11.3 NEW MISSION 
AXAF·S ·2.4 ·15.3 ·22.7 ·23.4 DELETEELV 

TDRSS REPLENISHMENT ·31.2 ·79.2 ·112.4 ·141.4 -118.8 DEFER 6 MOS, TRANSFER TO OSC 
EOS PM-1/CHEM-1 ·3.4 ·2.2 -43.5 ·30.1 DEFER LAUNCHES 9 MOS 

CASSIN! (+4.1) 5.2 2.6 31.9 14.5 DOD UNIT COST, MSSN·UNIOUE INTEGRATION 

ELV UPGRADES -+IOJ."D ·10.0 ·10.0 UNFUNDED Bf\F@FJB F. M 

INSTITUTIONAL/OTHER REDUCTIONS: -27.0 -25.0 -35.0 -25.0 ·25.0 
GENERAL REDUCTION ·12.0 ·10.0 ·20.0 ·10.0 ·10.0 CARRIED IN MEDIUM ELVs 
CONTRACTOR REDUCTIONS ·15.0 -15.0 ·15.0 ·15.0 ·15.0 CARRIED IN INTERMEDIATE ELVs 

INTERNAL TRANSFERS: •1.4 ·1.7 •1.7 •1.5 •1.6 
MPS ADJUSTMENT [·1.5) -1.2 ·1.5 -1.5 -1.5 ·1.6 MOVE TO CAP DEVELOPMENT 
IRM REDUCTION ·0.2 -0.2 ·0.2 MEDIUM ELVs 

I FY 1995 PRESIDENT'S BUDGET 180.8 ~ 340.9 317.1 301.9 227.9 250.0j 

.acss 
• POTENTIAL RECISSION 



OBJECTIVES AND STATUS 

The Launch Services program provides a mixed fleet capability which. in conjunction with the Space Shuttle, 
satisfies NASA payload requirements. Payloads are assigned for launch on Expendable Launch Vehicles (ELVs) 
consistent with Shuttle use criteria established in NASA's FY 1991 Authorization Act and the Launch Services 
Purchase Act of 1990. 

With the exception of launch services provided for the Cassini mission and some launches procured for the 
National Oceanic and Atmospheric Administration (NOAA) under a reimbursable agreement, all ELV launch 
services are competitively procured from the private sector to launch civil government payloads in three 
performance classes: 

(a) Small class -- payloads up to 1,000 lbs. in low Earth orbit 
(b) Medium class -- payloads up to 11,000 lbs. in low Earth orbit 
(c) Intermediate class -- payloads up to 20,000 lbs. in low Earth orbit 

The Small Expendable Launch Vehicle (SELV) program is managed by the Goddard Space Flight Center (GSFC). In 
September 1991. a contract with Orbital Sciences Corporation (OSC) was awarded to provide a minimum of seven 
(7) Small Expendable Launch Vehicle (SELV) services using the Pegasus vehicle. The first two of these 
vehicles are currently being prepared for launch of the Total Ozone Mapping Spectrometer (TOMS) mission in 
May 1994 and the Fast Auroral Snapshot Explorer (FAST) mission in August 1994 from the Western Test Range 
(WTR) launch complex at Vandenburg Air Force Base (VAFB). Preparations are also underway for the 
Submillimeter Wave Astronomy Satellite (SWAS) mission launch in June 1995. 

The Medium Expendable Launch Vehicle (MELV) program is also managed by the GSFC. In November 1990, a 
contract with McDonnell-Douglas (MDAC) was signed to provide a minimum of three launch services using the 
Delta II vehicle. Preparations are currently underway for launches of the Global Geospace Science (GGS) 
missions. Wind and Polar. in April and June 1994. However, these launch dates are under review due to 
spacecraft development delays. Initial procurements are also planned for FY 1994 in support of the Advanced 
Composition Explorer (ACE) launch in August 1997 as well as the Near-Earth Asteroid Rendezvous (NEAR) and 
Mars Environmental Survey (MESUR) Pathfinder launches in February and December 1996, respectively. Although 
no funding was requested in the FY 1994 budget, funding is also required in FY 1994 to initiate procurement 
of a Delta II launch vehicle in support of a Mars Orbiter launch in October 1996. Identification of FY 1994 
funds required to support this mission are currently under review. 

The Intermediate Expendable Launch Vehicles (IELVs) program is managed by the Lewis Research Center (LeRC). 
In September 1993. a competitive request for proposals was released to provide launch services for future 
missions. Contractor proposals were received in December. and final selection is anticipated in the next 
few months. Potential missions include the Geostationary Operational Environmental Satellite (GOES) series. 
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CASSINI -TITAN IV/CENTAUR COST GROWTH -(o: 
(Dollars in Millions) 

Prior FY93 FY94 FY95 FY96 FY97 FY98 Total 

FY 1994 President's Budget 

FY 1995 President's Budget 

/)Y~ . 
4171 A-6 ~~/ •• 7 ~ 

INetChange ™ /V. ~v. ~Vl>·JP~tt!V 
u u V I .~ "Jo 

, L,»~·- "'1"" 

27.7 5.3 82.3 86.1 100.1 88.7 

272 u au 9.U 10..U UM 

2.6 31.9 

26.9 

ilA 

Detail of Changes: 

USAF Requirements/ Vehicle 
and Launch Service 1.5 -8.9 -0.4 -2.7 

Propellent Price Increase 
Flt. H/W - decrease in Titan Booster and Cenatur production rate 
Mission Peculiar H/W 

!NASA-Directed Changes ·1.5 13.0 5.6 5.3 
Additional RTG Safety Analysis 

S/C Destruct System 

Variable Flt. Azimuth 

Extended Launch Window 

,,,., 

3.2 18.5 11.2 

28.7 -4.0 47.lj 



ICASSINI TITAN IV/CENTAUR 
($ IN MILLIONS) 

PRIOR FY93 FY94 FY95 FY96 FY97 FY98 FY99 TOTAL 

!TOTAL TITAN IV/CENTAUR 27.7 5.3 86.4 91.3 102.7 120.6 41.4 475.41 100% 

USAF REQUIREMENTS M .sM §9..Z .lmJl 64.4 2M .0.0 29M. 63% 
TIT AN BOOSTER 24.5 24.5 33.8 26.4 109.2 
CENTAUR 11.3 16.6 27.9 15.1 70.9 
MISSION UNIQUE HARDWARE 8.0 12.0 3.3 2.0 25.3 
CONTINGENCY 10.0 10.2 9.5 8.0 7.3 45.0 
AWARD FEE; MISSION SUCCESS INCENTIVE 0.5 0.5 0.5 0.5 9.1 11.1 
OTHER 1.5 4.1 5.9 5.8 12.4 7.2 36.9 

NASA REQUIREMENTS Z1J.. .3.& 2ff.o. .2.L§ 21..9 .SU 1ZJl .0.0 1Z.Z.Q 37% 
INTEGRATION CONTRACT (NASA/MMC) 25.8 19.0 17.6 50.4 16.9 129.7 
MSSN INTEGRATION STUDIES 
LeRC SUPPORT 
KSC P/L PROCESSING 

26.5 2.5 
1.2 1.2 2.2 2.4 2.5 1.9 0.9 

0.1 0.2 1.8 3.9 

o MARTIN MARIETTA CONTRACT WITH USAF FOR TITAN IV/CENTAUR HARDWARE 
-TITAN IV & CENTAUR ESTIMATES REFLECT DOD UNIT PRICES 
• MSSN UNIQUE H/W COVERS SPECIAL REQUIREMENTS FOR CASSINI MISSION 
- OTHER INCLUDES RANGE SUPPORT, PROPELLANT, TECHNICAL SUPPORT, ETC. 

o MARTIN HAS SEPARATE CONTRACT WITH NASA FOR INTEGRATION 
• LETTER CONTRACT SIGNED IN FEBRUARY; NEGOTIATIONS UNDERWAY 
- SUPPORTS SPACECRAFT INTEGRATION ONTO LAUNCH VEHICLE 

29.0 
12.3 
6.0 

o LeRC SUPPORT PROVIDES MANAGEMENT & TECHNICAL OVERSIGHT TO NASA/MMC INTEGRATION CONTRACT 
- ENGINEERING SUPPORT, INDEPENDENT VERIFICATION ANALYSES, ETC. 

o KSC SUPPORT PROVIDES MANAGEMENT & TECHNICAL OVERSIGHT AT USAF PAD 
- INTERFACES WITH USAF RANGE PERSONNEL & OPERATIONS; NASA CONTROL CENTER, ETC. 
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the Earth Observing System (EOS) AM/PM series. the advanced Tracking and Data Relay (TORS) series. and 
pot~ntially some international cooperative missions. Funds are provided in FY 1994 for the first of these 
new vehicles ·· the EOS AM·l vehicle scheduled for launch in June 1998. Payload testing and integration 
activities are also currently underway to support the Solar and Heliospheric Observatory (SOHO) mission 
launch in July 1995. 

The Large class ELV (LELV) program is managed by the Lewis Research Center (LeRC). This program supports a 
single launch vehicle ·· the Titan IV/Centaur which is being provided for the October 1997 launch of Cassini 
by the U.S. Air Force (USAF). Large performance class missions with payloads over 30,000 lbs. to Low Earth 
orbit (LEO) must be acquired through t~e Department of Defense (DoD) since no commercially provided launch 
services are currently available for this performance class. Mission integration activities for these 
missions will be performed via a separate contract with Martin Marietta. and initiation of this contract 
will begin in FY 1994. Initial design and procurement activities for the core vehicle are also underway 
under the USAF contract. 

The Upper Stages program provides propulsion for NASA payloads launched aboard the Space Shuttle which 
require a higher energy orbit. The USAF is currently providing an Inertial Upper Stage (IUS) to support the 
TDRS·G mission scheduled for launch in July 1995. A commercial upper stage will also be procured for the 
Advanced X-ray Astrophysics Facility (AXAF·I) mission launch in September 1998. A competitive request for 
proposals for the AXAF·I upper stage was released in November 1993, and final contract award is scheduled 
for May 1994. 

The ELV Upgrades program is designed to infuse mature technologies into the U.S. commer~ial ELV fleet, 
reduce cost. increase reliability. and increase ELV industry competitiveness. This initiative has been 
collaboratively designed with domestic ELV industry contractors and the Commercial Space Transportation 
Advisory Committee (COMSTAC). which has identified a series of candidate projects for the current domestic 
ELV fleet. Included in the FY 1994 budget is $10.0 million to support the initiation of selected technology 
improvements which can be applied through existing launch services contracts. Due to funding constraints, 
no funding is provided in FY 1995 and beyond. Plans for use of FY 1994 funding are therefore on hold 
pending resolution of outstanding budget issues. The Agency will. provide additional information on the 
application of these funds in a subsequent operating plan. 

BASIS OF FY 1995 ESTIMATE 

The FY 1995 SELV funding supports the launch of the Satellite de Applicaciones Cientificas·B (SAC-B)/High 
Energy Transient Experiment (HETE) and the Submillimeter Wave Astronomy Satellite (SWAS) launches in March 
and June 1995, respectively. Initial funding is also included for the next Small Explorer (SMEX-4) 
tentatively planned for launch in 1997. The FY 1995 MELV funding supports the Radarsat cooperative mission 
with Canada in December 1994 and the X-ray Timing Explorer (XTE) launch in August 1995. Initial funding is 
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[ USAA/COLEMAN INITIATIVE 

PROGRAM FUNDING: 

NASA POSITION: 

1 ~tt (, . 

FY94 FY95 FY96 TOTAL 

~ -/0 '/ 

,r pl'f /Sf: 
r/JPV/ NASA FUNDING ALLOCATION: 

PROGRAM MANAGEMENT 
MISSION TEAMS 
LAUNCH SERVICES 

o $24 MILLION FUNDING TARGET 

(5.0) 15.0 
-- ---

0.4 0.2 
2.9 7.1 
1.7 7.7 

4.0 24.0 

0.2 0.8 
2.2 12.2 
1.6 11.1 

MISSION COSTS NOT TO EXCEED $8 MILLION··· INCLUDING LAUNCH SUPPORT 

o $1M STUDY PLANNED FOR FY 1994 
USAA WILL SELECT 6 PROPOSALS FROM ANNOUNCEMENT OF OPPORTUNITY 
ALLOW 4-5 MONTHS FOR DETAILED STUDIES 
NASNUSRA WILL DOWNSELECT TO 3 MISSIONS FROM THE ORIGINAL 6 PROPOSALS 

!$1 MILLION STUDY ON HOLD PENDING RESOLUnON OF OUTSTANDING ISSUES 

o NASA PAYMENT OF USAF NON-RECURRING COSTS IS UNACCEPTABLE 
$24M PROPOSAL EXCLUDES $12.SM USAF NON-RECURRING COSTS 
USAA MUST FIND SOURCE OTHER THAN NASA TO COVER THESE COSTS 

f 

o AWAITING ADMINISTRATION POLICY DECISION PERMITTING USE OF EXCESS BAWSTIC MISSLES 
OPEN COMPETITION FOR COMMERCIAL LAUNCH SERVICES IS AMONG KEY ISSUES 
OFFICIAL STATEMENT ANTICIPATED IN A FEW WEEKS 

a $4 UH S IQN ) AIINCH COSXS A A& "iOQ MIQW ~IO 8 A OIHIDIQ ~OR Sl:.89! .. TO $2 MILLION 
GiTOllsi t41 fiT iE \OfQRKED \AIITW De~ .O~IQ WSAA 



• • • • 
also included for the NEAR mission in February 1996, the MESUR Pathfinder mission in December 1996. and the 
Advanced Composition Explorer (ACE) mission in August 1997. Funding is also provided for the new Mars 
Orbiter mission, which requires a Delta-class launch in October 1996. 

The FY 1995 IELV funds support final preparations and launch of the SOHO mission in July 1995. Funding is 
also included for procurement of launch services for the EOS AM-1 scheduled for launch in June 1998. The 
LELV funding supports ongoing fabrication of the Titan IV/Centaur launch vehicle for the Cassini mission, 
scheduled for an October 1997 launch. The Upper Stage budget supports the TDRS-G launch on an !US from the 
Space Shuttle in July 1995. Initial funding is also included for the acquisition of a commercially provided 
upper stage for the AXAF-I scheduled for launch in September 1998. 
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OFFICE OF AERONAUTICS 

SCIENCE, AERONAUTICS AND TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

BUDGET SUMMARY 

SUMMARY OF RESOURCES REQUIREMENTS 

FY 1993 FY 1994 
(Thousands of dollars) 

/OSI,, JOO 
Aeronautical research and technology ........... . 769.362 1. 082. 200 

Transatmospheric research and technology ....... . 2.0.000 
~ 07?,;;,oo 

Total .................................... . 769.362 1. 102 1 i!QO 

FY 1995 

898.500 

898.500 

Page 
,Number 

SAT 4-2 

SA 4-39 

SAT 4-1 



FY94 
~ QpPtan 
769.3 '""'"· ~ 

FY95 

~ 
898.5 

~ 4B8:i' ,. 1·11, .7 Dist. of Total Aero Program 

Ames/Moffelt 
Ames/Dryden 

,..,, .. ,(~~~.... ti@~ 
4 

1995 , if" 
245. 736 -

2
--. FY 1996 AERONAUTICAL R& T 

,o.st.,>-" 
769.3 ~ 
451.5 ~'i1t,S 41-&,a, 

265.21.(~.~ ~ 

::tfll;Z • i ~ 'l • '1 
-1&5 .... , •. s 
81.8 o1-8"1,3 

-190.0 

47,689 58,34 ~ 230688 ' I 43000 227.100 
199:932 ~:1.900 337 200 42.000 2.400 

251 
· 
700 

326.400 
R&T Base 
Systems Technology Program 
Construction of Program Facilities 

Transatmospheric A& T 

52.6 212.0 

20.0 

898.5 
342.8 
533.7 

22.0 

Langley 
Lewis 

Other 

~ 
Total 

.. Number of Civil Servants 
FY93 FY94 FY95 

Distribution by Center 769.3 1102.2 898.5 -203.7 3,527 3,615 3,725 Jsc .... · ......... · .......... · ............................................... o.4 .......................................... _o.4 ................................................ 0 ................................................. ,, 
·MsFc············ ............................................................................................... o.5 ........................................... 0.5 ................................................ 2 ................................................. .. 

JPL 3.8 4.8 6.0 1.2 
*GSFc· . . ... ...... . .. 6.4 .......... 19.3 ................ f7.6 .................. 1.7 .............................................. 17 .................... 2f ................... 21· 

ARC R&D 243.0 253.3 238.7 -14.6 1,062 1,024 1,055 
ARC CoF 50.4 51.0 22.0 -29.0 -- •• •• 
LaRC R&D 228.5 321.9 337.2 15.3 . 1,388.... ·1,444 ....... f,483 
LaRC CoF 2.2 60.0 -- -60.0 ·- -- --
LeRC 199.9 235.4 251.7 16.3 945 989 ..... 1°,029 
LeRC CoF -- 27.0 -- -27.0 -- -- --
**Stennis · 22 22 ......... 22 
**HQ........ . ....................................................... 35. f ................ 54.6 ................ 25.3 .............. -29.3 .............................................. 9f ................. 115 .................. 115 
HQ CoF . . .. . ...... . ....................... 74.0 ....................................... -74.0 .................................................................................................... .. 
....................................................................................................................................................................................................................................................................................... 
·FY93 to FY94 GSFC increase due to HPCC & AST programs 

··Ha includes $12M to NASP joint program office; NASP civil servants located@ Stennis 

MISSION SUPPORT 
FY94 

Delta 
-4.0 

45,317 

769,362 

Research Operations Support 
Centers 

FY93 
148.8 
114.6 

Op Plan 
136.8 
103.4 

33.4 

FY95 
Budget 

132.8 
97.1 
35.7 

-6.3 
2.3 ~ 

Headquarters 
34.2 

Aeronautical Research & Technology 
Strategic Goals: 
[1] develop high payoff technologies for new generation of US subsonic aircraft & global air transportation system 
[2] develop technology base for economically viable & environmentally friendly high speed civil transport 

1. California 
2. Virginia 
3. Ohio 
4. Washington 
5. Connecticut 
6. Texas 
7. Wisconsin 

. 269.500 

153.600 48.900 

1,102.200 898.500 

74.300 

939.300 

l v'I f>A:: ;./ 
- '),f ,.,q ' 
~--t,11 J/i,fa" 

I o. --rt 
1-,, r--1 

11/A i (...- .. .. :~ 
tf~-

I 

,Ji 17,,,pf._ 
~ 

321 
182 
172 

Total Employment 

3208 
1818 
1720 

8. Maryland 
.9. District of Columbia [3] develop technology options for new capabilities in high performance aircraft 

[4] develop & demonstrate hypersonic technologies for airbreathing, single stage to orbit flight 

54 
27 
17 
15 
14 
12 
12 
51 

541 
271 
169 
149 
135 
122 
122 
510 [5] develop advanced concepts and experimental & computational tools to enable advanced aerospace systems 

[6] develop, maintain & operate national facilities to support industry. FAA, DoD & other NASA programs 

10. New York 
Other 

Total 

?'lq- 2,'l, ~ 

877 8765 



SCIENCE, AERONAUTICS AND TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF AERONAUTICS AERONAUTICAL RESEARCH AND TECHNOLOGY 

SUMMARY OF RESOURCES REQUIREMENTS 

Research and technology base ................... . 
Systems technology programs .................... . 
Construction of facilities ..................... . 

Subtotal .................................... . 

Transatmospheric research and technology ....... . 

Total .................................... . 

Distribution of Program Amount By Installation 

Johnson Space Center ........................... . 
Marshall Space Flight Center ................... . 
Langley Research Center ........................ . 
Lewis Research Center .......................... . 
Ames Research Center ........................... . 
Goddard Space Flight Center .................... . 
Jet Propulsion Laboratory ...................... . 
Headquarters ................................... . 

Total .................................... . 

FY 1993 

451.547 
265.215 
52.600 

769.362 

769g362 

230.688 
199.932 
293.425 

6.421 
3,753 

35.143 

769.362 

Page 
FY 1994 FY J995_ Number 

(Thousands of dollars) 
3<'i'I, &o () 

"'Fl~, 300 342,800 SAT 4-5 
4S 1. 9 O"O ti~ 9, I/ 533,700 SAT 4-16 
212,000 -11...,_ 000 SAT 4-36 

,.o~t,,.~ 
+-, 082, ZOO 898, ,~&Q 

20.000 SAT 4-39 

1.011..~ 
lg102g200• 898,500 

400 
500 

381.900 337.200 
262,400 251. 700 
304.300 260.700 

19.300 17.600 
4.800 6.000 

128.600 25.300 

1g102 1 200 898g500 
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Significant FY1994 Planned Accomplishments 

• Demonstrate a Cockpit Weather lnfonnation Needs system that could save each airline 
$6 million per year through better flight planning 

• Perform operational evaluations of the Final Approach and Spacing Tool and the 
Tracon/Traffic Management Advisor to increase the productivity and safety of the ATC system 

• Develop methods to reliably and economically detect corrosion in airplane fuselage structures 

• Evaluate ultra-low nitrogen oxide emission characteristics through initial tests of HSCT 
candidate combustor concepts 

• Complete the development flight tests and deployment preparations for the Perseus aircraft, 
enabling low-cost collection of upper atmospheric environmental data 

• Test the NASA(DoD scramjet engine demonstrator at Mach 6 and 7 flight conditions 

• Complete Phase II of the F-18 high angle-of-attack research program 

• Complete the X-31 flight program in post-stall maneuvering with DoD/ARPA, the U.S. Navy, 
the U.S. Air Force, the German Ministry of Defense, Rockwell, and DASA 

• Install 10-50 gigaFLOPS sustained testbeds, scalable to 100 gigaFLOPS, in support of the 
Computational Aerosciences Grand Challenge Teams 

• Complete flight research and testing of helicopter blade alrloads, providing industry and DoD 
with the most complete rotorcraft design database yet assembled 

' l"I~~ p~ ()>' 

r~"' \ ""' w ~ s a-; "\?( 

st,J"l 

Jf'i~~ ,,.~ 

Major FY1995 Activities and Milestones 

• Verification of the ability of future HSCT aircraft to meet FAR 36, Stage 3 noise regulations 

• Flight testing and validation of the basic components of fiber optic aircraft controls and 
electrical actuation 

• Evaluation of concepts for advanced, low emissions engine combustors 

• Identification of displays and piioVcockpit Interfaces for low noise civil tiltrotor approaches 

• Development of test techniques for detecting small fatigue cracks extending from rivets 

• Definition of synthetic vision requirements for HSCT forward visibility systems and flight decks 

• Identification of a computer architecture for future general aviation controls and displays 

• Verification of adaptive and active noise control duct treatment on low speed fan 

• Demonstration of an Ai-based airframe "Design Associate" to aid aircraft designers in 
evaluating design choices and to accelerate the design process 

• Demonstrate applications for public access and retrieval of NASA databases over the 
Internet 

• Initiation of the Advanced Controls Technology for Integrated Vehicles (ACTIVE) on the 
F-15 aircraft with axi-symmetric vectoring nozzles 

IRM Adjustments 

• Reduced distributed computing investment for the period FY 1995-FY 1999 

• Reduced number of awards for public use of Earth and Space Science data via 
the Internet 

• Eliminated one early Earth & Space Sciences (ESS) testbed 

• Delayed NASA-uriique Remote Exploration and Experimentation (REE) project 
an additional two years 

• Established shared supercomputing capability at Ames 



• 
OFFICE OF AERONAUTICS 

OBJECTIVES AND JUSTIFICATION 

• 
SCIENCE, AERONAUTICS AND TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

• 
AERONAUTICAL RESEARCH AND TECHNOLOGY 

The goal of the NASA Aeronautics program is to provide the Nation with leadership in high-payoff. critical 
technologies, and to assure the effective transfer of research and technology products to industry, the 
Department of Defense (DoD), and the Federal Aviation Administration (FAA) for application to safe, 
superior. and environmentally-responsible U.S. civil and military aircraft, and for a safe and efficient 
National Aviation System. NASA carries out its aeronautics mission in close partnership with the DoD. FAA. 
U.S. industry, and academia. The FY 1995 estimate reflects the continued need to address critical 
technology and performance barriers and to strengthen technology development in selected high-payoff areas 
vital to our long-term leadership in aviation. NASA's Aeronautics program is focused around six strategic 
gqals: (1) develop high-payoff technologies for a new generation of environmentally-compatible, economic 
U,S. subsonic aircraft and a safe. highly productive global air transportation system: (2) ready the 
technology base for an economically viable and environmentally friendly high-speed civil transport; 
(3) ready the technology options for new capabilities in high performance aircraft: (4) develop and 
demonstrate hypersonic technologies for airbreathing. single-stage-to-orbit flight; (5) develop advanced 
concepts, physical understanding, and theoretical, experimental. and computational tools to enable advanced 
aerospace systems; and (6) develop, maintain, and operate critical national facilities for aeronautical 
research and for support of industry, FAA, DoD. and other NASA programs. In accomplishing these goals, NASA 
will emphasize customer involvement, the productive and cost-effective provision of products and services, 
timely transfer of technology to domestic customers. strong university involvement. and the inclusion of 
minorities and disadvantaged businesses in the conduct of its programs. 

BASIS OF FY 1995 ESTIMATE 

The FY 1995 Research and Technology program is committed to providing a broad foundation of advanced 
technology to strengthen the Unites States leadership in aviation, an industry which plays a vital role in 
the economic strength, transportation infrastructure. and national defense of the United States. Today. we 
as a Nation are being challenged by foreign competition, by an increasingly strained national airspace 
system, and by uncertainties about the future of the defense sector of the industry. Because of the 
importance of aeronautics to the country, and the many ways in which NASA's unique research copabilities 
contribute to strengthening American aviation. the Aeronautics program is making the new technology 
investments required to pursue the high-leverage technologies required to support both the subsonic and 
high-speed civil transport economic viability. These investments are essential to the technology to ensure 
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ARC Budget ($, M) 
(R&D $ only) 

Fiscal Year 

Current Budget 

New Work: 

• Rotorcraft R& T Base Augmentation 

• National Rotorcraft Technology 
Center Funding (from Army) 

• HPCC / K-12 Solicitation 

• Lead Center for 
Supercomputing Consolidation 

• AST I Technology Integration 

Subtotal 

Revised R&D Budget 

,..-vffice of Aeronautics 
National Aeronautics and Space Administration 

e 

1994 1995 

207 196 

- 10 

- 2 

- 1 

- 2 

- 3 

19 

207 214 

e 

1996 1997 1998 1999 

196 202 225 206 

10 10 10 10 

4 5 5 5 

2 2 - -

2 2 2 2 

3 3 3 3 

21 22 20 20 

217 224 245 226 

RB/GF/MI 



U.S. leadership for future competition of a high·speed civil transport and to address the important 
competitiveness and capacity issues associated with future subsonic transport aircraft. 

In FY 1995. the planned budget growth of the focused Aeronautical Systems Technology programs in high-speed 
research and advanced subsonic technology is maintained and the growth in the high performance computing and 
communication program is continued. The research and technology base is significantly reduced consistent 
with overall Agency priorities: these reductions are reflected by reducing or eliminating lower priority 
activities. closing facilities, becoming more efficient in operations. and lowering the level of technical 
services support to research activities. One example of how we intend to reduce expenditures while still 
meeting program requirements is the creation of a consolidated supercomputer facility. to become operational 
in FY 1995. 
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.EM3 .EY:M .EY:ti .EY:96 fMZ fM§ f.Mi 
AERO R&T BASE 451.s'b'Nl-4te:3 342.8 343.7 345.3 364.6 365.1 ...................................................................................................... l>" .............................................................................................................................. .. 
_Aerodynamics.R&T ........................................ 160.6 .J~ ... .a:H> ........... 113.3 .......... 115.3 .......... 117.2 .......... 124.2 ........... 125.0_ 
.Propulsion.& .Power R&T .............................. 103.0 ............. 89.4 ............. 75.3 ............. 73.9 ............. 74.7 ............. 80.2 .......... J9.3_ 
Materials & Structures R&T 47.5 48.1 39.6 40.2 39.7 41.7 41.7 
Cntrls,. Guidnc.& Hmn.Factrs. R&T ............. 65.8 ............. 58.8 ............. 48.8 ............. 48.1 .............. 47.8 ............. 51.2 ............. 51.4 
Flight Systems .R&T .......................................... 63.8 ............. 55.8 ............. 47.2 ............. 47.3 ............. 47.0 ............. 48.4 ............. 48.6 
Systems .Analysis. R& T .................................... 10.9 ............. 10.2 ............... 8.6 ............... 8.9 ............... 8.9 ............... 8.9 ............... 9.1 

.. RITE .......................................................................................... .3 .. ~ ............. 1.0.0 ............. 1.0.0 ............. 1.0.0 ............. 1.0.0 ............. 10.0. 

Research & Technology Base 
Objective is to provide strong foundation for future aviation advances 
- Emphasis on (1) fundamental understanding of physical phenomena; (2) developing computational methods for analysis & prediction; 

(3) experimental validation of key analytical capabilities 

Research & Technology Base 
Aerodynamics R& T 
Propulsion & Power R& T 
Materials & Structures R& T 
Controls, Guidance & Human Factors F 
Flight Systems R& T 
Systems Analysis 
Rotorcraft Industry Technology 

BUDGET RESTRUCTURE CHANGE: 
Hypersonic R& T 

FY94 
FY93 Op Plan 
451.5 '!l\'1.1. 1"e:8 
160.6 l)OA +51"1) 

103.0 89.4 
47.5 48.1 
65.8 58.8 
63.8 55.8 
10.8 10.2 

3~ 

FY95 
~ 

342.8 
113.3 
75.3 
39.6 
48.8 
47.2 
8.6 

10.0 

Delta 
-H:f/' -61.S-
~ -11.,'1 
-14.1 
-8.5 

-10.0 
-8.6 
-1.6 
+.e- 7,o 

R&T Base 
• Disciplinary Research Supporting Near-Term 

Fundamental Needs and Enabling Technology for 
Future Advanced Systems 

- Fundamental physical understanding 
- Analytical and experimental tools and flight research capability 

- Feasibility and discovery of new aeronautical concepts 

- Cooperative research with the aerospace industry and other agencies 

- Maintains essential research in High Performance Aircraft and 
Hypersonics Research 

- what had previously been considered R& T base is now "Hypersonics Technology• line item, under Systems Technology Programs 

R& T Base Technology Applications 
F-22 

8-777 

<[_-o~-r4 ~p 
- -·- ·---

• 2970 Hrs Wind Tunnel Time 
. · • Digital Flight Controls • CFO Design Methods 

' Su~ercritical Airfoils • 4125 Hrs Wind Tunnel Time • Digital Engine Controls • Cavity Design Methodology 
• Owet Engine Nacelles • Ultra-reliable software re-use methods • Aircraft & Engine Materials 
· Digital Flight Controls • Structural Mode Response Analysis Code 

Glass Cockpit • Aerodynamic Design Codes 
Composite Structure • Transonic Compressor Airfoils 
Flight Management System 

Research and Technology Base 

• Significant FY1993 Accomplishments and FY1994 Plans 

• Completed Airborne Windshear program to reduce risks associated with windshear and 
heavy rain 

• Completed demonstration of the utility of thrust vectoring with the X-31 aircraft 

• Major FY1995 Activities and Milestones 

- Demonstrate an Al-based airframe "Design Associate" to aid aircraft designers In 
evaluating design choices and to accelerate the design process 

• Evaluate nose vortex control strakes on the F-18 HARV, and complete the high 
angle-of-attack program 

- Complete a partial-span-flap wind tunnel experiment to provide data for val_idation of 
three-dimensional aerodynamic models 

• Initiate the Advanced Controls Technology for Integrated Vehicles (ACTIVE) on the 
F-15 aircraft •1:ith axi-symmetric v_ectorlng nozzles 

- Evaluate the high lift characteristics of the proposed new wing tot the T-39 aircraft In a 
cooperative wind tunnel test orooram with Industry 



BASIS OF FY 1995 FUNDING REQUIREMENT 

RESEARCH AND TECHNOLOGY BASE 

FY 1993 · FY 1994 FY 1995 
(Thousands of dollars) 

130 
Aerodynamics research and technology ........... . 160.572 ~.ooo 113. 300 
Propulsion and power research and 

technology ................................... . 102.982 89.400 75,300 
Materials and structures research and 

technology ................................... . 47.496 48,100 39,600 
Controls. guidance and human factors 

research and technology ...................... . 
Flight systems research and technology ......... . 
Systems analysis ............................... . 
Rotorcraft industry technology ................. . 

65.800 58,800 , 1o 48,800 fi~ ,,, .9> 
63.840 55.800 ~-to 47,200 Jo ~l~r 
10.857 10.200 8.600~ °o 

.3~.000 .zJ ~r':, 10.000 C'~V 
i~I{. 3 

Total .................................... . 45J. 547 418,309' 342, 8_QQ 

OBJECTIVES AND STATUS 

The overall objective of the Research and Technology Base program is to provide a strong fundamental 
foundation for future aviation advances. The major emphasis is on the fundamental understanding of a broad 
range of physical phenomena. development of computational methods to analyze and predict physical phenomena. 
and experimental validation of key analytical capabilities. In addition. advanced aeronautical concepts are 
developed. evaluated for potential benefits and experimentally verified for feasibility. These efforts 
provide the enabling technology that ultimately leads to future focused technology programs and advanced 
systems development by U.S. industry. 

The majority of the research is captured in the principal aeronautics disciplines of aerodynamics. 
propulsion. materials, structures, controls and guidance. human factors, and flight systems. A significant 
portion of the base program is performed in cooperative agreements with the aerospace industry and other 
Government agencies to facilitate rapid technology transfer. The Research and Technology base also provides 
the resources required to maintain the aeronautics flight research capability as an important complement to 
the ground-based experimental a~d computational facilities. Emphasis in multidisciplinary research. the 
combining of two or more disciplines in a single activity. has been increased because of the potential 
improvements in aircraft systems that may be realized with integrated design approaches. Advanced concepts 
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Aerodynamics R&T 
Provides research to develop capabilities combining wind tunnels, Instrumentation, computational analysis & flight research 
Provides aerodynamic expertise & facilities to meet design requirements of US industry. NASA, DoO & other agencies 
- working w/industry to reduce process times for aerodynamic analysis an order of magnitude while reducing skill level needed to use these technologies 
- developing in-flight instrumentation including advanced sensor, data handling & test techniques for subsonic to supersonic applications; off-site 

hook-up to wind tunnel facilities for remote observation; and developing standard interfaces for NASA & industry to enable faster technology transfer 
Description of Change in levels: FY94 to FY95 

~ national supersonic/hypersonic studies (proposed for recission in FY 1994) 
-2.7 SBIR xfr to Code C 

-15.3 institutional support 
::S1Z deleted oblique wing (swivel wing used for hypersonic applications) 

..ar.1TOTAL 
Propulsion & Power R& T JO 1"'·'1 
Enables US aeropropuision industry to increase competitiveness in developing environmentally acceptable, rellable, fuel efficient gas turbine engines 
- will assess advanced propulsion concepts; demonstrate reduced NOx emission combustors; & evolve database of exhaust gas constituents 
for atmospheric environmental assessments 

Description of Change in levels: FY94 to FY95 
-8.0 institutional support 
-1.8 SBIR xfr to Code C 
-2.1 supersonic flowthru: deleted 
:2.,g propulsion system (4.8M remaining in FY95): reduced contracted research & in-house support contractors 

-14.1 TOTAL 

Materials & Structures R& T 
Develops materials, analysis & test methods, & structural concepts to enable design of safe & lightweight airframes & lightweight, fuel efficient engines 
- focuses on understanding basic behavior; developing life prediction methods; advancing fab technology for light metals, composites & hi temp. material 
- Computational Structures Tech is concerned with advanced analytical methods, aeroelastic response & control, & structural design & optimization 

Description of Change in levels: FY94 to FY95 
-7.5 planned program decrease 
-1.0 SBIR xfr to Code C 
-8.5 TOTAL 

Controls. Guidance & Human Factors R&T 
Technology base for future aircraft designs for safer & more efficient operations, expands flight envelopes, & increases Nat'I Airspace System capacity 

Description of Change in levels: FY94 to FY95 

Flight Systems R& T 

-5.3 support for simulation facilities & computations 
-3.0 flight deck automation ($13.4M remaining in FY95) 
-0.5 synthetic vision ($0.8M remaining in FY95) 
.:.1.,2 SBIR xfr to Code C 

-10.0 TOTAL 

Supports aviation safety, air vehicle advanced technology demo/validation, flight test methods, & facility support 
Description of Change in levels: FY94 to FY95 

Systems Analysis 

-7.5 Infrastructure reductions: -4.1 maneuverability & agility research; -3.4 support contractors & use of chase aircraft 
:L1 SBIR xfr to Code C 
-8.6 TOTAL 

Includes long term technology assessments/applications, & sensitivity analyses & tradeoff studies so R&T programs will meet future aircraft requirements 
- studies focus on defining long-range A& T needs for specific vehicle classes 

Description of Change in levels: FY94 to FY95 
• 1 .4 reduced support for computations 
.:0,2 SBIR xfr to Code C 
·1.6 TOTAL 



development and validation provides the basis for verification of multidisciplinary analysis methods. The 
bas~ also maintains the essential research necessary for future advances in high performance aircraft. 

Aerodynamics research and technology provides visionary research to develop world-class aerodynamic 
capabilities that combine wind tunnels. instrumentation. computational analysis, and flight research. The 
program seeks to provide the technology which. when applied by the U. S. aerospace industry, will enable the 
development of economical. safe, quiet. globally competitive aircraft for all speed ranges. Further. the 
program includes the development of multidisciplinary methodologies to enable the U. S. industry to reduce 
design cycle time and cost in the development of future aircraft. The primary objective of the program is 
to provide the fundamental viscous aerodynamic expertise and facilities to meet the ongoing and future 
design requirements of the U. S. industry. the NASA. the DoD. the FAA. and other Government agencies. To 
that end. the program seeks to define facility effects to improve test results. advance non-intrusive 
instrumentation to production status for reliability. accuracy. and ease of use. and develop computational. 
experimental, and flight databases to support validation of methods. FY 1994 research includes development 
of pressure and temperature sensitive paint measurement systems that are portable for use in multiple wind 
tunnel facilities. During FY 1994. the development of low noise technologies for rotorcraft and the 
enhancement of agility and maneuverability of military aircraft are priority goals. An aggressive flight 
test effort to document the rotor airloads and acoustics of a modern helicopter rotor will be completed to 
provide the rotorcraft industry with critical data to modernize their design methods. Also in FY 1994, the 
program is moving toward providing drag data accuracy of all types to 1/2 count (0.05%), developing and 
validating advanced wing design techniques. providing accurate, efficient, and reliable computational 
methods for viscous analysis. and developing aerodynamic flow control techniques. During FY 1994, an 
advanced infrared measurement technique to determine boundary layer transition will be demonstrated. In 
FY 1994 and beyond. the program will work cooperatively with the U. S. industry to reduce process times for 
aerodynamic analysis by an order of magnitude while integrating computational methods into multidisciplinary 
design and analysis processes and reducing the skill level required for the use of these technologies. 

The propulsion and power research and technology program provides technology in critical areas that will 
enable the U. S. aeropropulsion industry to retain its world leadership position. These critical 
technologies will enable the industry to increase their competitiveness in developing environmentally 
acceptable. fuel efficient and highly reliable gas turbine engines. Research efforts include developing 
analytical tools, developing unique concepts. and conducting fundamental and component experiments both in 
turbomachinery. addressing both the axial and radial type components. and in combustion reducing NOx 
emissions. The program pioneers the science and technology of viscous internal fluid mechanics and 
combustion and their interactions with other disciplines for advanced aeronautical application by the U. S. 
aeropropulsion industry. This program provides the fundamental viscous aeropropulsion expertise and 
facilities to meet the ongoing and future design requirements of industry. NASA. DoD. FAA. and other 
Government agencies. During FY 1994. the program will define sensor requirements for aircraft, including 
fiber optics and high temperature silicon carbide sensors: provide practical predictive capabilities for 
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unsteady aerodynamics. heat transfer, and aeroelastic effects in propulsion systems: and deliver databases 
and validated computational fluid dynamics codes with models of relevant flow physics for turbomachinery and 
combustors. An advanced experimental database has been obtained via testing the large low speed axial 
compressor. The test data will validate 3-D multistage viscous codes and investigate blade row interaction 
in a multistage environment. 

In FY 1994, the combustion technology focuses on small engine combustors for regional aircraft applications. 
Additionally, in FY 1994 and beyond, the program will assess advanced and high r.isk propulsion concepts, 
demonstrate reduced NOx emission combustors, and evolve a database of exhaust gas constituents for 
atmospheric environmental assessments on small engines. The program is moving toward an integrated 
methodology for propulsion/airframe control design, as well as the assessment of supersonic through-flow 
engines for advanced supersonic cruise applications. The program seeks to reduce design cycle process times 
for propulsion system analysis, design, and testing technology and to improve design quality while 
developing innovative flow control concepts for improved propulsion system efficiency, operations. and 
performance. 

The materials and structures research and technology program is developing advanced materials, analysis 
methods. test methods and structural concepts to enable the design of safe, lightweight airframes and 
lightweight, durable, fuel-efficient engines. Materials and structures research is focused on understanding 
fundamental behavior, developing life prediction methodologies and advancing fabrication technology for 
light metals. composites and high temperature materials. Computational structures technology is concerned 
with advanced analytical methods. from the micromechanics level through global response of full-scale 
aircraft, aeroelastic response and control, and structural design and optimization. Under airframe 
materials research, there are efforts underway to mature the fabrication technology for high strength. low 
density aluminum-lithium alloys and for polymer-matrix composites utilizing three-dimensional fiber 
preforms. At the same time, exploration of new chemical formulations in polymer science is expected to lead 
to greater environmental durability in this class of materials. For engines. the primary objective of 
materials research is to increase the temperature capability of the materials used in various sections. 
Structural research is using aeroelastic benchmark models to gather precise data for validating analytical 
prediction methods. It is also investigating the feasibility and utility of various smart structures 
concepts. Computational methods research is developing new models for improved fidelity of predictions of 
combined thermal and mechanical stresses. 

In FY 1994, several prom1s1ng new polymer formulations will be evaluated for high temperature applications. 
The hot corrosion resistance properties of single-crystal nickel aluminide, a turbine blade candidate 
material, will be evaluated. Friction and wear properties of diamond-like carbon film on ceramics will be 
evaluated. A model of the fast fracture behavior of monolithic ceramic at temperatures up to 1650 degrees 
Centigrade is being validated against test data. Another model of the combined structural and thermal 
properties of a ceramic laminate will be developed and tested. Tire friction modeling for landing gear 
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TU 144 FUNDING/BOEING PRIME CONTRACTOR: TOTAL: $10M 

PHASE I (7/94 THRU 10/95) 

MODIFICATION OF AIRCRAFT TO GET TO FLIGHT-READY 
CONDITION. (BOEING--PRIME, ROCKWELL SUB TO BOEING, 
TUPOLEV/RUSSIANS SUB TO ROCKWELL). CONTRACT AWARD 
PLANNED JULY 15, 1994. CURRENT FY94 FUNDING TO 
ROCKWELL FOR S.O.W. DEVELOPMENT. 

PHASE II (10/95 THRU 4/96) 

ACTUAL FLIGHT RESEARCH PERFORMED BY TUpOLEV 
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analysis will continue. Parametric studies and analyses of the behavior of composite shells in buckling 
will be completed. Open-loop tests of an active control benchmark model will be conducted in the Transonic 
Dynamics Tunnel, and a rig test of a PMR-II (Polymerization of Monomer Reactants) spinner cone is to be 
completed. Low-noise concepts of three-bladed and four-bladed rotors on a tiltrotor configuration will be 
tested in the Langley Research Center 14x22 tunnel. Wing subcomponent concepts are to be evaluated for 
civil tiltrotor wing applications. 

The controls. guidance. and human factors research and technology program works with the U.S. aeronautics 
industry. the FAA. and its academic partners to pioneer, develop. evaluate, and demonstrate innovative 
advances in these technologies. The program emphasizes research that will produce aircraft design cost 
reductions and advances in science, engineering, operational productivity, and competitiveness. The program 
provides a technology base which supports future aircraft designs for safer and more efficient operations. 
greatly expands flight envelopes. and increases National Airspace System (NAS) capacity. This technology 
base includes such technical approaches as requirements studies. mathematical and descriptive models. 
algorithms development, laboratory studies, simulations, and flight demonstrations. Discussed below are a 
number of technology products that have reached maturity and will be validated in flight and in operational 
field tests in FY 1994. 

Operational tests of air traffic control automation at the Denver Stapleton Airport should provide 
evaluation of time-managed aircraft approach. The final phase of this testing is underway at the Dallas-Ft. 
Worth Airport. Control systems research has scheduled wind tunnel tests to provide systematic 
characterization of modeling uncertainties in control systems for aeroelastic aircraft. The aircraft 
atmospheric hazards program is scheduled to complete a rigorous scientific analysis of scattering mechanisms 
inherent to microwave and laser illumination of aircraft wake vortices. The Rotorcraft Aircrew Systems 
Concepts Airborne Laboratory (RASCAL) UH-60 aircraft received a major flight control system modification: 
and flight tests are underway to evaluate color helmet mounted display and low-noise approach profiles for 
the UH-60. A civil tiltrotor simulation on the Vertical Motion Simulator (VMS) is studying missed 
approaches. cockpit display requirements. and preliminary engine concepts to enhance one engine inoperative 
contingency power. Data bases and models of human cognitive and sensory processes and their limitations are 
included in FY 1994 research activities on human performance. Flight evaluation of an advanced flight 
management system interface is scheduled to be completed. This system is data linked to air traffic 
controller automation aids. Researchers plan a real-time demonstration of a method to predict aircraft 
crews' level of situation awareness. A new flight simulator of the B747-400 glass cockpit was installed in 
FY 1993 and acceptance tests are underway. Full mission simulation and empirical evaluation of three
dimensional auditory cockpit displays for localization of traffic are complete. In FY 1994, verification of 
new mathematical methods to assess software reliability are to be demonstrated. NASA and Boeing are working 
together to apply an ultra-reliable software reuse method for the B-777 navigation system. Tasks which 
provide flight crucial system technology in FY 1994 include high fidelity simulation of an enhanced rolling 
control law using actuated nose strakes for military aircraft. Flight tests are planned to demonstrate new 
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control laws in the High-Alpha Research Vehicle (HARV) aircraft. Application of propulsion controlled 
aircraft technology continues with civil aircraft. A direct radiation survey of a Bendix flight control 
computer is planned to be completed in FY 1994. NASA researchers are teamed with industry to develop 
radiation codes which can predict electromagnetic performance in composite aircraft. 

Flight systems research and technology addresses a broad range of needs supporting aviation safety. air 
vehicle advanced technology demonstration/validation. flight test methodologies, and facility support. In 
aviation safety. the icing research tunnel is used to study the performance effects of ice accretion on 
airfoils and to validate analytic models which predict ice accretion for fixed-wing and rotary-wing 
aircraft. In FY 1994, a computer code for designing and analyzing thermal ice protection systems will be 
made available to U.S. industry. a joint NASA/FAA/industry program to address the'problem of ice-induced 
tail plane stalls will be initiated. and a joint NASA/industry program to develop requirements for ice 
protection for Hybrid Laminar Flow Control (HLFC) systems will be initiated. The high angle-of-attack 
research program continues to explore maneuverability and agility technology. Wind-tunnel and flight-data
validated prediction methods are enabling aircraft designers to develop advanced control concepts and to 
design modifications for existing aircraft to enhance maneuver performance. Advanced computational fluid 
dynamics methods have been used to calculate the flowfield around the full F-18 configuration with excellent 
correlation to data obtained from the F-18 high angle-of-attack research vehicle HARV. The multi-axis 
Thrust Vectoring Control System (TVCS) installed on the highly instrumented F-18 HARV has been flown at 
extreme angle-of-attack with excellent effectiveness demonstrated. Delivery and installation of the HARV 
mechanical forebody vortex control devices will be completed in FY 1994. HARV flights with an inlet rake 
are also scheduled in FY 1994. The tactical utility evaluation of the X-31 Enhanced Fighter Maneuverability 
(EFM) aircraft at high angle-of-attack will be completed in FY 1994 along with evaluation of a helmet
mounted display system with audio cues. Limited in-house personnel and test facility support are being 
provided to support DoD and industry Short Take-Off and Vertical Landing (STOVL) efforts in FY 1994. The 
F-15 integrated propulsion and aircraft controls technology program has satisfied the original objective of 
developing real-time optimization of aircraft and engine performance for non-thrust vectoring aircraft at 
subsonic and supersonic flight conditions and the test aircraft has been retired. The program objective has 
been extended to include multi-axis engine thrust vectoring with emphasis on supersonic cruise optimization. 
A new F-15 aircraft testbed (formerly the USAF F-15 Short Take-Off and Landing (STOL) and Maneuver Test 
Demonstrator) has been acquired and will be modified with axisymmetric thrust vectoring engine nozzles and 
an enhanced-capability on-board computer in FY 1994. The SR-71 testbed program provides a unique national 
resource featuring Mach 3+ speeds, 80.000+ ft. altitude, and excellent payload carrying capability to 
support aeronautics and space science. Several flights benefiting high-speed research and science will be 
conducted in FY 1994 using the SR-71 aircraft. The highly instrumented F-18 Systems Research Aircraft (SRA) 
testbed features fiber optic and digital data busses. The F-18 SRA program was established to enable 
affordable, in-flight demonstration of new aeronautics subsystem technologies to satisfy Government and 
industry needs. In FY 1994, a flush air data concept along with a high capability airborne research test 
computer system and various fiber optic and electrical hardware will be evaluated. An F-15B aircraft has 
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been acquired to replace the F-104 aerodynamics testbed and flight test fixture. The F-15B with advanced 
flight test fixture will be fully instrumented in FY 1994. The instrumentation and test techniques program 
and the university research program are continuing activities that promote the development of sensor 
technology/concepts. new or improved flight research methods, and aeronautics innovations. 

The aeronautics systems analysis program conducts long-term technology assessments, identifies technology 
applications. and performs sensitivity analyses and tradeoff studies from which effective research and 
technology programs can be developed to meet future civil and military aircraft requirements. Studies 
conducted under the systems analysis program focus on defining high-leverage. long-range research and 
technology needs for specific vehicle classes. In addition, the element includes development of advanced 
analytical techniques, and of design and optimization capabilities. Current efforts include conceptual 
design studies and environmental impact analyses for subsonic and supersonic transport aircraft and 
propulsion systems beyond the Advanced Subsonic Technology and High-Speed Research programs. In FY 1994. a 
study of configurations and mission alternatives for an oblique all-wing aircraft will be completed, and an 
aero/structural model of this concept will be assembled for detailed studies. System studies of laminar 
flow systems for supersonic transports and for business jets are to be completed. In the subsonic regime, a 
study of the infrastructure of the cargo transportation business will be initiated. The concept of an 800-
passenger subsonic transport airplane is to be evaluated with engine alternatives. A projection will be 
made of the technology needs of large propulsion systems in the year 2005. Phase II of the civil tiltrotor 
cost-benefit/risk assessment study will be completed. A prototype designer's associate (expert system for 
facilitating design) for propulsion nozzles is to be assembled and demonstrated. Synthesis and analysis 
capabilities will be upgraded with automated loads and deflections mapping, a variable complexity design 
system including takeoff and landing analyses. combined aero/structures/performance optimization, and a 
computer-aided engineering system to support comprehensive geometry modeling. Restructuring engine cycle 
and flowpath codes in an object oriented framework will begin after review by a government/industry working 
group. The aeronautics advanced design program is in the second year of a three-year cycle of supporting 
senior design courses at twelve universities. 

The goal of .the Rotorcraft Industry TEchnology (RITE) program is to provide an organizational framework to 
allow NASA and other federal agencies, U.S. industry, and academia to interact in the identification and 
development of technologies to address technology issues confronting the U.S. rotorcraft industry. In 1994. 
$5.0 million was allocated to initiate this program. These funds were realigned from aerodynamics research 
and technology ($2.0 million) and the hypersonic research and technology ($3.0 million) programs. Two 
institutes will manage the research programs undertaken within RITE and interface with the companies 
performing the research tasks. The significant characteristics of this effort are the equal cost sharing by 
industry, the degree to which industry is involved in the identification of the tasks to be undertaken, and 
the sharing of all information developed within the program by the participants. The five areas identified 
to date are critical technologies for improved competitiveness, passenger/environmental acceptance, 
product/process development, aviation infrastructure. and merging of military and civil specifications. 
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BASIS OF FY 1995 ESTIMATE 

For FY 1995. the 18% reduction in the research and technology (R&T) base results from reductions 
($47.5 million) to facilities and operations support and technical services along with reductions in the R&T 
base research activities: not continuing the one-time adjustment for aeronautics facility research and 
development included in FY 1994 into FY 1995 ($19.0 million); and consolidation of the Small Business 
Innovative Research activities ($9.0 million) into the Advanced Concepts and Technology budget. Facilities 
and operations support of research activities have been reduced by closing selected facilities. reducing 
test shifts, eliminating one chase aircraft, and reducing telecommunications services. Further. technical 
services, such as data communications, graphics. technical library services, supercomputing capability and 
aircraft support, have also been reduced. Every effort will be made to minimize the programmatic impacts of 
these reductions. The resultant FY 1995 research program, although smaller than 
FY 1994. remains extremely challenging and is described in greater detail below. 

Aerodynamics research and technology funding will be reduced 25%. (The aerodynamics reduction includes the 
$19.0 million one-time facilities adjustment in FY 1994, hence the aerodynamics reductions is actually $18.7 
million rather than $37.7 million). The reduction is comprised of operations support for wind tunnels and 
computational capability plus a $0.7 million reduction tn advanced configurations such as oblique wing for 
high-speed applications. Despite the reduction, the program will continue its focus on customer interaction 
as its primary objective. This will help the evolving process to determine the next generation of problems 
to be solved and the development of technology opportunities that will lead to the next generation of NASA 
systems technology programs. In FY 1995, these facilities are scheduled to be placed on standby (no tests. 
minimal maintenance): 7xl0 high-speed tunnel (Langley Research Center (LaRC)). 8-foot transonic pressure 
tunnel (LaRC), and possibly (decision not yet made), the 30x60 full scale tunnel (LaRC). Customers have 
identified a need for, and the program will develop in-flight instrumentation including advanced sensor. 
data handling. and test techniques for applications ranging from subsonic to supersonic. This program will 
develop a real-time off-site hook-up to wind tunnel facilities so that customers can observe data operations 
during wind tunnel testing without being on-site. Standard interfaces will be developed between NASA and 
industry design processes which will enable faster technology transfer. Recognizing that the design process 
is migrating to multidisciplinary for efficiency. the program will choose and implement non-aerodynamic 
disciplines with aerodynamics into the multidisciplinary process. In subsonics. flight research will shift 
from 737 research to 757. and a semi-span high-lift research capability will be developed for the National 
Transonic Facility. Flight evaluations of rotor state measurement and estimation concepts will be completed 
on the Rotorcraft Aircrew Systems Concept Airborne Laboratory (RASCAL) aircraft. In acoustics. 3-D non
intrusive acoustic survey instrumentation will be developed for wind tunnels. and noise prediction will 
shift to chaotic and turbulent flow first principles. The program will support the Air Force's tail-less 
fighter program. For supersonic transport development. the program will research concepts to reduce the 
wing span of these configurations. while determining the effectiveness of conventional control surfaces and 
evaluating new ones. Advanced transition prediction techniques will enable the development of laminar flow 
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control system design for applications ranging from subsonic to supersonic, and newly developed Reynolds 
stress turbulence models will be adapted to industrial computational codes with the goal of computational 
affordability. 

Propulsion and power research and technology funding will be reduced 16%. This includes a 
$9.8 million reduction of the operations support for propulsion facilities and computational capability plus 
a $2.1 million reduction that eliminates the supersonic throughflow concept for high-speed applications and 
a $2.2 million reduction in advanced component structures technology for subsonic transport propulsion 
applications. The program will continue to emphasize customer interaction in order to determine the next 
generation of propulsion problems to be solved and the development of technology _opportunities that will 
lead to advanced propulsion systems technology programs. In FY 1995, the Lewis Research Center is scheduled 
to place the Powered Lift Facility on standby. As the aeropropulsion industry develops strategies for 
future propulsion systems and further defines their technology needs. the research efforts in this program 
will evolve to meet those needs. Lower cost. smarter, more reliable propulsion sensors will be developed 
during FY 1995 that take advantage of advances in micromachining. microfabricating. and integrating optics 
technologies. In FY 1995, this program will advance engine efficiency through research in cooling 
effectiveness and emissions controls. Also in FY 1995. real-time displays of multiparameter measurements 
for engine systems will be developed in the non-intrusive measurement program using advances in lasers, 
electro-optic devices, neural networks. and data acquisitions. Advances made in FY 1995 in controls 
research using intelligent and integrated control systems will improve propulsion system reliability and 
safety. The FY 1995 research in multidisciplinary technology will provide faster and cheaper design and 
analysis tools for the propulsion industry. This research will integrate computational fluid dynamics. 
controls, and structures. 

Materials and structures research and technology funding will be reduced 18%. This $8.5 million reduction 
will limit the resources available for computational programs and require additional time for completion of 
planned experimental research such as the structural testing of an energy-absorbing subfloor concept and the 
loads calibration of a full-scale wing structure. An experimental evaluation of an energy-absorbing floor 
substructure concept will be conducted in the Impact Dynamics Research Facility. Instrumentation of a full
scale airframe will be initiated in an investigation of flight loads calibration technology. 
Multidisciplinary analysis including a complete-aircraft aeroelastic capability based on Euler and Navier
Stokes aerodynamics and finite element structures representations will be demonstrated. Composite shell 
experiments will be completed, and the data compared with analysis. Analyses will be performed, using 
finite element methods. of crack interaction geometries in composite materials. Also. a higher order 
composite element for improved modeling fidelity will be demonstrated. Fatigue damage accumulation models 
for metal- and intermetallic-matrix composites will be validated. Viscoplastic models for complex 
structural alloys will be completed. A turbine blade design optimization method using networked distributed 
computing for a projected 50% reduction in design cycle time will be demonstrated. Work will continue on 
tire friction modeling. and compilation of a national radial tire database will be completed. Fabrication 
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technologies will be transferred to industry. including reaction forming of monolithic silicon carbide and 
casting of specific ceramic composites. The results of the three- and four-blade rotor aeroacoustic testing 
in the LaRC 14x22 tunnel will be assessed. and a low-noise concept selected. Baseline testing of a 
tiltrotor aeroacoustic model will also begin. and a rotor blade design simultaneously optimized for 
aerodynamics, structures. and acoustics will be tested in the Langley Transonic Dynamics Tunnel. 

The controls, guidance. and human factors research and technology program funding will be reduced 17% but 
will continue to emphasize cost-effective and high-payoff technology. This $10.0 million reduction is 
comprised of a $6.5 million reduction to the operations support for simulation facilities and computational 
capability plus a $0.5 million reduction that eliminates research in synthetic vision and advanced control 
algorithms for high-speed applications and a $3.0 million reduction in aircraft/Air Traffic Control 
integration research for flight deck automation. In FY 1995. multidisciplinary evaluations of the Descent 
Advisor air traffic control aid (including automated aids) will be initiated. Flight evaluation at Dallas· 
Ft. Worth airport of the Final Approach Spacing tool (air traffic control aid) also will begin. The fifth 
civil tiltrotor simulation on the Vertical Motion Simulator (VMS) will be completed in a joint effort with 
the FAA. A full-scale test of tiltrotor advanced technology blades will be completed in the 80xl20 wind 
tunnel test section at the Ames Research Center to evaluate noise and performance in support of the short
haul civil tiltrotor program. Wake vortex hazard criteria. as well as the metric-based on-board sensor to 
detect such hazards. will be developed. Tests in the VMS of civil tiltrotor operations in an urban terminal 
area will be completed. In FY 1995. the feasibility of carrier phase-based use of the global positioning 
system (GPS) to support high precision approach and landing will be demonstrated. Human factors technology 
tests and analyses will be completed that explore advanced visual enhancement aids for ground operations 
under low-low visibility conditions. Standards for in-flight bunks for crew rest will be validated. 
Increased emphasis will be placed on multidisciplinary approaches to investigate the integration of aircraft 
equipped with advanced technologies. such as synthetic vision. data link and GPS. into the National Airspace 
System. Research will continue to test new methods to provide productive "verification and validation" 
measures of new flight system software. Flight crucial research will initiate high angle-of-attack flight 
tests of an F-18 thrust vectoring system which incorporates third control law design. Flight tests of 
actuated nose strakes will be completed. Emphasis will continue to be placed on the development and 
validation of design and assessment tools which support cost-effective certification of highly reliable 
electro-optical flight systems and on methods for automated development of reliable software for such 
systems. Antenna research will integrate prior year information in order to define standardization and 
machine utilities for electromagnetic antenna codes. 

In flight systems research and technology. funding will be reduced 15%. This $8.6 million budget reduction 
will be accommodated by infrastructure reductions at the Dryden Flight Research Facility, descoping the F-18 
High Alpha Research (HARV), extending into FY 1995 the schedule for the F-15 based integrated 
propulsion/flight control research program. and reducing testbed aircraft program activities. The program 
will concentrate its funding in the technology areas discussed below. The aviation safety program will 
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ROTORCRAFT INSTITUTE TECHNOLOGY PROGRAM 
RITE .EYS ~ ~ .El9§ fYll .mm .EYi9 

10.0 FY 1995 Budget §Jl... 10.0 10.0 10.0 10.0 
Current FY94 Plan (future operating plan change) ®V 
'initial FY94 operating plan reprogrammed $SM from aerodynamics R&T ($2M) & hypersonic R&T ($3M) into RITE 

Purpose: 
Domestic rotorcraft industry faced with maintaining competitive posture 
- although rotorcraft market will remain constant or slightly increase over next decade, domestic company sales are expected to reduce (re: military sales) 
- U.S. needs to focus resources on developing new technological capabilities to enhance commercial product lines 
- RITE will deliver technology & related capabilities to ensure US rotorcraft industry remains competitive 

Membership: 
Not-for-profit company, formed by industry, will coordinate research 
- unrestricted US membership consisting of major US manufacturers, component manufacturers & academia /otv - managed thru "institutes" staffed by 2 NASA employees 
Criteria for selection of two Institutes: 
- demonstrated capability in rotorcraft research & development 
- location convenient to principal industry participants 
- willingness to provide administrative facilities for the program 

Charter: 
Industry will identify, prioritize & perform research tasks with participation by academia and oversight & possible participation by NASA 
- program reflects new philosophy by NASA in applying technology toward resolving industry needs 

-- has received unprecedented industry support in planning & conducting of the program 

Funding: 
Industry will match government contribution 
- FAA may contribute government funding with NASA 

Will be reviewed after 5 years 
- results of review will determine whether NASA program is continued or eliminated 

Organizations Involved in Planning Activities: 
Major helicopter manufactureres 
- Bell Helicopter Textron (Fort Worth, TX) 
- Boeing Helicopter Company (Philadelphia, PA) 
- McDonnell Douglas Helicopter Company (Mesa, AZ.) 
- Sikorsky Aircraft Company (Stratford, CT) 
Professional Associations representing users & manufacturers of helicopters 
- American Helicopter Society (Alexandria, VA) 
- Helicopter Association International (Alexandria, VA) 
Government agencies 
-NASA 
- FAA 
-Army 

Rotorcraft Industry Technology (RITE) 

• The domestic rotorcraft industry is at a critical juncture as the market 
shifts from military aircraft •• our traditional strength •• to civilian 
applications -· and strong foreign competition 

• NASA and the U.S. rotorcraft industry have worked together to focus 
public and private resources on critical technology development 

• RITE research will be coordinated by an industry-led not-for-profit 
entity open to all domestic companies and universities 

- Industry will provide matching funds and prioritize and perform 

research 
- NASA overhead is limited to one-to-two people per location 

• Due to critical industry need, NASA requested a FY94 start through 
the operating plan 

• Pending approval, initial research tasks should begin in April 
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National Rotorcraft Technology Center 
. , .... , :•·,. ,· .. , .· • .. · ·. ,,. . f. ''i · ·~.:.t::""'~'$1;~ I 

Com ti(il:~;~'tO p:i /.iifi:§n1fff 
' •.. ·,' •• ' ,:.·· ;·; .~ 1,1- "t/f·,.-·~;~, }t<' 

- Goal: 

N /-\'3/.\ 

Army 
FAA 
OGA"' 

The goal is to revolutionize the competitive capability of the 
U.S. rotorcraft industry. Industry will be given a proactive 
lend in identifying and performing strategic research fasks 
involving industry, government and academia. 

The NRTC will be 

" Jointly staffed by NASA and the Army 
,, NASA facilities and personnel will be involved where 

appropriate in the Industry identified research tasks 

" Not an extension of existing programs, but coordinated 
with them to avoid duplication and conflicting efforts 

,, Very close interaction with industry through the Rotorcraft 
Industry Technology Association (RITA) 

riot-for-Profit company formed by industry as the focus for contractual 
interactions and to accommodate Anti-trust provisions 

FY95 

10M 

2M 

·-.Br.c{,'osed~· , ·<··'' ,~-.... JP:,:ii,~l,,(--. ..;- .,;_. Fttnoa rnrg·" · ' . ,,,-

FY96 FY97 FY98 

10M 10M 10M 

4M SM SM 

(To be determined) 

(To be determined) 

FY99 

10M 

SM 

'-,{_:·· l. 

• otngr Government Agencies 

.; • 
Natf onal Rotorcraft Technology Center 

.. Partl!ri~~nts :'~: 
· 'i:':'t:,•r:,,:,,t\P\e:;l< · ,, ·:· 

• NASA 

- Aeronautic research centers 

U.S. Army 

- Aviation Research Development and Engineering Centers 
- Army Research Laboratory 

- Rotorcraft Centers of Excellence 

Industry planning participants 

- Bell Helicopter - Texas 
- Boeing Helicopter - Pennsylvania 

- McDonnell Douglas· Arizona 

- Sikorsky - Connecticut 
0 Other Government Agencies 

- FAA 

Academia 

- Universities with a capability for Strategic Rotorc;raft R&D 

I Operating, Roles J 
• NRTC (NASA/Army) · 

- Establish, review and implement the strategic program plan 
- Implement the contract and CRDA with RITA 

- Ir.sure programs are completed on time and within budget 

• RITA 

- Board of Directors - Participate jointly w/government to develop the 
vi.~ion, key thrust areas and strategic research objectives 

- Tr·chnical Committee· Develop and prioritize research tasks and 
pr:,vide technical review of the selected tasks 

- M:inage the RITA membership and technology transfer 
• lnduc:try 

- Establish the Not-for-profit Company, RITA 
- Contribute matching funds, on a task basis 

- S~ are equally in all technology developed in the NRTC 

• AcacJ~mia 

- P2rticipate in Strategic Research Tasks identified by Industry 



concentrate on testing a thermal anti-icing concept for hybrid laminar flow control configurations and 
performance testing of an advanced three-dimensional high-lift wing model in icing conditions. The high 
angle-of-attack research program will focus on evaluation of mechanical strakes for forebody vortex control 
separately and in combination with engine thrust vectoring in the F-18 HARV. Limited in-house personnel and 
test facility support will be provided to continue to support DoD and industry STOVL efforts in FY 1995. 
The F-15 aircraft testbed with axisymmetric thrust vectoring engine nozzles and enhanced-capability computer 
will be used to demonstrate optimized flight performance. An SR-71 flight experiment to determine the 
effects of wing platform variation on sonic boom signature and to validate sonic boom analytic models is 
planned. Flight operation of the F-18 SRA testbed aircraft will continue to support development of advanced 
fiber optic flight control systems in FY 1995. The F-lSB aerodynamic testbed and advanced flight test 
fixture will be used to conduct one or more basic aerodynamic phenomena flight experiments. The 
instrumentation and test technique program and the university research program will continue in FY 1995. 

The aeronautics systems analysis program funding will be reduced 16%. This $1.6 million reduction will 
result in a lower level of operations support for computational capability along with a reduction to the 
planned investigations of advanced configurations for high-speed and subsonic transport applications. This 
program will continue the development of analytical methods and multidisciplinary design methods within its 
budgetary constraints. It will continue multidisciplinary aircraft synthesis capability enhancements 
through the Aircraft Synthesis Institute. The program will complete restructuring engine cycle and flowpath 
codes in object oriented language and will decide on the direction for further development. It will 
complete and evaluate a prototype of an expert system for facilitating the procedure of airframe design (a 
designer's associate for airframes). Senior level classes at twelve U.S. universities will conduct advanced 
aircraft design projects utilizing mentors at NASA research centers. Supersonic transport studies will 
include the continuing investigation of alternative configurations and a study of the economics of long 
range supersonic air service. A systems study of innovative large aircraft will be completed. A market 
sensitivity study for civil tiltrotors incorporating advanced technologies will be conducted. and the 
technology needs for small propulsion systems in 2005 will be estimated. The aero/mechanical design for a 
Mach 2+ supersonic through-flow fan concept will be completed. 

Within the Rotorcraft Industry TEchnology (RITE) program. projects to be initiated in FY 1995 include the 
development of health and utilization systems for increased power train reliability and safety. the 
development of technology for advanced transmissions for longer maintenance intervals and more reliable 
operation, noise and vibration reduction for increased customer acceptance. and low cost avionics and flight 
control for all weather operation. This effort represents an unique and new way for NASA to interact with 
its' customers. Because of the.departure from traditional program characteristics, an independent review 
will be undertaken at the end of five years to determine the success of the program in developing and 
transferring useful technology to the users. and their ability to incorporate that technology into improved 
products. The results of that review will determine whether the program is continued or eliminated. 
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Within the research and technology program. hypersonic research and technology will be restructured and 
transferred into the hypersonic technology program portion of the system technology programs beginning in 
FY 1995. 
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Systems Technology Programs 
High Performance Computing & Comm 
Materials & Structures Systems Tech 
Numerical Aerodynamic Simulation 
High Speed Research 
Advanced Subsonic Technology 
Hypersonic Technology Program 

BUDGET RESTRUCTURE CHANGES: 

FY94 

~ il'A~ Js'r.; 
30.4 "'·" -65:'e 24.4 25.7 
47.9 48.1 

117.0 197.2 
12.4 89.3 
33.1 26.0 

Rotorcraft Systems Tech 
- transferred to aerodynamics portion of R& T base 
High Performance Aircraft Sys Tech 
- transferred to flight system portion of R& T base 

Advanced Propulsion Systems Tech 
- transferred to propulsion & power portion of R& T base 

FY95 
~ 

533.7 
76.1 
24.3 
46.2 

221.3 
125.8 

40.0 

J2tl1ll 
-B:r g3. '1 
J.Q5 ,~ •• -

•1.4 
-1.9 
24.1 
36.5 
14.0 

SYTEM TECH PROGRAMS 

friQr ~ ~ ~ EY:M ff:aZ ~ ~ filQ IQIAl. 

265.2 ~ 533.7 590.2 665.5 719.4 587.7 
C..;r~ 'l 

High Performance Computing 34.0 30.4 .Nft> 76.1 75.2 87.2 100.9 69.0 301.4 839.8 
Computational Aerosciences 27 .3 20.2 34. 7 45.6 26.9 24.3 33.9 26.8 99.9 339.6 
Earth & Space Sciences 5.7 10.2 18.9 13.0 20.7 25.2 18.5 17.5 89.7 219.4 
Remote Exploration & Experimentation 1.0 0.8 3.2 8.5 10.0 79.4 102.9 

.lnformation.lnfrastructure.Technology .................................•.............. l0.~ ....... 17.5 ....... 26.8 ....... 34.5 ....... 40.0 ....... 14.7 ..... 32.4 ....... 1n.9 

Materials & Structures Sys Tech 86.2 24.4 25.7 24.3 22.9 26.2 23.3 23.2 70.2 326.4 
. Adv. Composite. Materials Tech •..•.••.••.•••................. 86.2 ......... 24.4 ......... 25. 7 ....... 24.3 ....... 22.9 ....... 26.2 ....... 23.3 ....... 23.2 ..... 70.2 ...... 326.4 

Numerical Aerodynamic Simulation 311.1 47.9 48.1 46.2 48.1 49.7 49.0 50.1 
Numerical Aerodynamic Simulation 240.9 31.9 32.2 33.1 35.1 37.0 36.7 37.5 

.NAS.Operalions ..................................................... 70.2 ......... 16.o .......... 15.9 ....... 13.1 ........ 13.0 ....... 12.7 ........ 12.3 ....... 12.6 

High Speed Research 144.9 117.0 197.2 221.3 245.5 276.7 286.2 211.6 176.1 1876.5 
Atmospheric Effects 30.1 12.7 10.8 10.8 64.4 
Emissions & Source Noise 63.0 28.0 25.1 23.4 139.5 
Community Noise & Sonic Boom 35.3 17 .8 15.0 13.2 81.3 
. Enablin!) Propulsion. Materials ................................. 16.5 ......... 39.2 ......... 51.0 ....... 44.4 ....... 47.8 ....... 45.9 ....... 42.9 ....... 23.9 ....... 9.4 ....... 321.0 
Critical Propulsion Components 8.1 20.2 32.3 69.8 93.8 94.0 53.7 67.9 439.8 
Airframe Materials & Structures 11.2 28.8 40.9 57.3 61.3 67.8 59.7 48.8 375.8 

.Aerodynamics ......................................................................................... 18.9 ....... 24.6 ....... 30.1 ....... 32.2 ....... 31.6 ....... 32.1 ...... 12.6 ....... 182.1 . 

. Fli9ht Deck Systems ................................................................................ 8.4 ....... 13.7 ....... 18.9 ....... 21.0 ....... 24.5 ....... 16.3 ...... 12.1 ....... 114.9 

.Tech.Integration &_Environmental Impact .................................................. 8.0 ........ 6.7 ......... 9.6 ....... 10.0 ........ 12.2 ....... 12.0 ..... 10.1 ........ 69.2 
Envir Research Aircraft & Remote Sensor Tech 11.0 11.3 12.0 12.5 13.2 13.9 14.6 88.5 ································································································································································································-························· 
Advanced Subsonic Technology 5.0 12.4 89.3 125.8 158.5 185.7 220.0 193.8 179.0 1169.5 

.Fly-by-light/Power-by-wire ......................................... 1.0 ........... 5.3 ........... 9.8 ....... 11_.4 ....... 11.1 ....... 14.5 ........ 17.4 ....... J.O .................... 78.1 . 

. Aging Aircrafl ........................................................... 4.0 ........... 7.1 ........... 8.3 ......... 9.1 .......... 8.5 ......... 3.2 ......... 3.2 .................................. 43.4 
Noise Reduction 25.2 28.0 33.8 36.6 36.3 35.8 14.0 209. 7 

:~~;:~:~~:gp~~~~;vity ~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 1 ~:~ :::::::2~:: ::::::: ~::: ::::::: : ::~::::::::: ::~ :::::::: ~:~ ::::: 1 !:~:::::::1 ~~:: 
~ropulsion ' 10.2 17 .6 25.4 39.0 52.6 56.5 29.1 230.4 
Short-Haul Aircraft° ... · •·· · · · ···• · ···• 5.0 · 12.7 19.6 19.5 19.5 19.5 29.2 125.0 

_Tech _Integration &_Environmental lmpact ................................................. 11.0 ....... 11.7 ....... 11.8 ....... 12.3 ........ 12.B ....... 12.s ..... 17.3 ........ 89.4 
Envir Research Aircraft & Remote Sensor Tech 1.5 1.9 1.9 1.9 0.8 1.5 9.5 

_Composites ............................................................................................................. 1.-5 ......... 4.5 ....... 23.6 ....... 41.2 ....... 38.3 ..... 66.5 ....... 175.6 

. Hypersonic Technology _Program ............................ 33.1 ........ 26.o ...... 40.0 ..... 40.0 ...... 40.0 ...... 40.o ...... 40.0 



BASIS OF FY 1995 FUNDING REQUIREMENT 

SYSTEMS TECHNOLOGY PROGRAMS 

High-performance computing and 
communications .......................... : .... . 

Materials and structures systems 
technology ................................... . 

Numerical aerodynamic simulation ............... . 
High-speed research ............................ . 
Advanced subsonic technology ................... . 
Hypersonic technology program .................. . 

Total .................................... . 

FY 1993 

30,359 

24.388 
47.930 

116,995 
12.425 
33,118 

265,215 

FY 1994 
(Thousands of dollars) 

,J 
..&"5. 600 

25,700 
48.100 

197.200 
89.300 
26,000 

""' ~.900 

FY 1995 

76,100 

24.300 
46.200 

221.300 
125.800 
40,000 

533.700 
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High Performance Computing & communications 
.EY9a .rnM Et:U / Eli§ mz ~ 

HPCC 
FY 1995 Budget 
FY 1994 Budget 

.eBlQB. 
34.0 
34.0 

30.4 .6i:6 78.1 75.2 87.2 100.9 
30.4 .&8:6 92.9 · 91.0 107.9 117.2 

l,J. 6, 

Chan_g_e from 94 
-16.8 -15.8 

Variance Explanation: 
Slow Info Infrastructure Tech & App (IITA) devolpmt (due to IRM reductions) -8.4 
Slow Remote Exploratn & Experirnentatn (REE) development (due to IRM reductions) 

Schedule delay on IIT A Aerospace Design Mfg -3.5 
Elimination of Earth & Space Sciences (ESS) testbed ( IRM reductions) -3.9 . 
Increase CAS capacity to compensate for lost capacity in ESS testbed 1.5 

SBIR transfer to Code C ·1.9 
Program Support Reductions -0.6 
Increase due to schedule stretch-outs & added contingency 

-20.7 

-7.1 
-1.1 
-5.2 

-1.9 
-0.5 

-16.3 

-8.7 
-3.3 
-5.5 

-8.7 
-4.2 

-2.7 
-0.5 

-2.9 
-0.5 

NASA's HPCC Program Goals 

~ 
69.0 

SN 
301.4 
320.8 

(1) develop algorithm & architecture testbeds that fully use high performance computing concepts & increase end-to-end performance 
(2) develop high performance computing architectures scalable to sustained TeraFLOPS [10 to the 12th floating operations per second] performance 

(3) Demonstrate HPCC technologies on U.S. aeronautics, Earth & space science research problems 
(4) Develop services, tools, & interfaces essential to National Information Infrastructure 

WAL 
839.8 
859.8 

-20.0 

-32.9 
-8.6 

-14.2 
-3.9 
+1.5 

-17.9 
-2.1 

+58.1 

(5) Demonstrate pilot programs in remote sensing data access & education 
Computational Aerosciences Project (CAS) Lead center: ARC 
Grand Challenge: to (1) accelerate development & availability of high-performance computing technology useful to aerospace community; (2) facilitate use of this 
technology by US aerospace industry; (3) hasten emergence of a viable commercial market for HW & SW vendors to exploit this lead 

Earth & Space Sciences (ESS) Lead Center: GSFC 
Grand Challenge-to demonstrate potential of TeraFLOPS systems performance to further understanding & ability to predict dynamic interaction of physical, 

chemical & biological processes affecting solar-terrestrial environment & the universe 
- requires 3 orders of magnitude improvement in high-performance computing capabilities over capabilities existing @ beginning of NASA program in FY92 
- will develop & demonstrate high-performance architectures, algorithms, SW tools & operating systems using prototypes & developmental testbed systems 

Remote Exploration & Experimentation Project (REE) Lead Center: JPL 
Grand Challenge: to demonstrate space-qualified, spaceborne computing architecture requiring less than 10 watts per billion operations per second 
- advances in performance & affordability of on-board data processing & control systems will enable spaceborne remote sensing & manipulation systems 

Information Infrastructure Technology & Applications (IITA) Lead Center: NASA Headquarters 
Goal: to accelerate implementation of a National Information Infrastructure thru NASA science, engineering & technology contributions 

- includes Digital Library Technology; Remote Sensing Databases; & K-12 education support over Internet 

Prior ~ EfiM i, ffiQ Eli§ 

FY 1995 Budget ~ 30.4 ~• 1§..! 75.2 
Computational Aerosciences 27.3 20.2 34.7 45.6 26.9 
Earth & Space Sciences 5.7 10.2 18.9 13.0 20.7 

Remote Exploration & Experimentation 1.0 l) 0.8 , 

FY97 
87.2 
24.3 
25.2 

3.2 
34.5 

rum 
~ 

33.9 
18.5 

8.5 
40.0. 

FY99 

2M 
26.8 
17.5 
10.0 
14.7 

BTC 
301.4 

99.9 
89.7 
79.4 
32.4 

TOTAL 

~ 
339.6 
219.4 
102.9 
177.9 

( 

l,$s if'I lhav..SMd~ 

Information Infrastructure Technology J.2:'611\, 17.5~ 26.8 

oes«lption of Change In levels, FV94 to FV95 ~ : ,,< ~ io-
~ i\" ~\\·r 

+27.3 planned program growth " 19-" 

ill3 
Ames/MoITctt 12.300 
Langley 3.900 

~1:1ti ill£ F1'i<. 2 . 0 33.000 11f.soo 
5.700 G.200 G.200 

-3.5 schedule delay on Information Infrastructure Technology & Applications (IITA) Aerospace Design Manufacturing 
-3.9 elimination of Earth & Space Sciences (ESS) testbed; will rely on Computational Aerosciences (CAS) & other agencies' testbeds 
+ 1.5 pickup lost capacity of ESS testbed in Computational Aerosciences (CAS) 
-8.4 delay initiation initiation of K-12 Educational Research Announcement 1 year, from FY95 to FY96 
-1.9 SBIR transfer to Code C 
-0.6 program support reduction 

+10.5 TOTAL 

Lewis 3.000 

Other 

Total 

11.200 

30.400 

4.200 4.300 4.200 

32.400 

65.600 

:l2.GOO 

76.100 

46.:lOO 

75.200 



FY 1993 

High-performance computing and communications ... 30.359 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

.1 
6/,, 600 

FY 1995 

76.100 

The high-performance computing and communications (HPCC) program is a multi-agency endeavor which involves 
NASA. the Department of Energy. the National Science Foundation. the Department of Defense (DoD). the 
Department of Commerce. the National Institutes of Health. the Environmental Protection Agency. and the 
Department of Education. 

NASA's involvement in the HPCC program will accelerate the development and application of high-performance 
computing technologies to solve the Agency's grand challenge research problems. The NASA HPCC program is 
focused to enable broad advances in aerospace vehicle design. Earth and space systems science research, 
access to databases of remote sensing images and K-12 science education. 

NASA's primary role in the Federal program is leading the development of applications software and 
algorithms suitable for massively parallel computing systems which will increase system performance to the 
sustained teraFLOPS (1012 floating point operations per second) level. NASA's other roles include 
evaluating experimental hardware for testbeds. supporting the development of the National Research and 
Education Network (NREN). promoting long-term research of the underlying theory and concepts of high
performance computing and increasing the pool of personnel trained to use HPCC technology. developing 
digital library technologies and networking technologies to improve the public access to remote sensing 
data. and leading in the development of Earth and space science curriculum material for K-12 science and 
math education. 

NASA is the lead agency for coordinating plans to develop systems software and tools for the Federal HPCC 
program. In May 1993. a workshop of experts from industry. academia. and government was convened to produce 
a national agenda for software and tools for high-performance computing applications. A technical report 
summarizing the workshop findings was published: this report will be used to help formulate a national 
perspective on systems software requirements. NASA also is leading Federal efforts to make HPCC software 
less expensive and more robust by encouraging software sharing and reuse. NASA has established an 
experimental software exchange system that connects software repositories across a number of Federal 
agencies. A series of metrics 

1
have been developed to compare alternate architectures for future generations 

of the exchange systems. 
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:omputational Aerosciences Project (CAS) MIiestones: 
Initial development testbeds Installed using available 
Wgh performance hardware [1-10 GigaFWPSJ 

Interconnects to NSFnet at 45 Mbps 

Install 10-50 GigaFWPS sustained testbeds 
(scalable to 100 GigaFWPSJ for Computational 
Aerosciences Grand Challenge teams 

Complete T-3 (45 Mbps) Level 3 HPCC interconnects of 
NASA centers 

Demonstrate satellite-based gigablt applications using 
the Advanced Communications Technology Satellite 
[ACTS] and associated ground terminals 

Demonstrate portability and scalability of software 
components and tools to teraFLOPS systems 

Install 100-250 GigaFLOPS sustained scalable TeraFLOPS 
testbed 

FY 1993 

FY 1993 

FY 1994 

FY 1994 

FY 1995 

FY 1996 

FY 1998 

Remote Exploration & Experimentation Project /REE) Milestones: 
Demonstrate space-borne applications on embedded FY 2001 
Wgh performance computing testbed 

Information Infrastructure Technology & Applications /IITA) Milestones: 
uemonstrate initial remote sensing applications over FY 1995 
the National Research and Education Network 

Evaluate initial K-12 digital educatiOnal material 

Provide mature remote sensing data applications 
over the National Research and Education Network 

Release initial digital library standards for services 
and tools 

Provide mature K-12 digital educational material over 
the National Research and Education Network 

Earth & Space Sciences /ESSl Milestones: 
Interconnects to NSFnet at 45 Mbps 
Complete T-3 [45 Mbps) Level 3 HPCC interconnects of 
NASA centers 

Demonstrate satellite-based gigabit applications using 
the Advanced Communications Technology Satellite 
(ACTS] and associated ground terminals 

Demonstrate portability and scalability of software 
components and tools to teraFLOPS systems 

Install 50-100 GigaFWPS sustained scalable ESS 
testbed 

Demonstrate integrated, multidisciplinary aeroscience 
and ESS applications on TeraFLOPS scalable testbeds 

FY 1995 

FY 1998 

FY 1998 

FY 1998 

FY 1993 
FY 1994 

FY 1995 

FY 1996 

FY 1996 

FY 1997 

High Performance Computing and Communications 
• Significant FY1993 Accomplishments and FY1994 Plans 

- Install 10-50 gigaFLOPS sustained testbeds - scalable to 100 glgaFLOPS -· for the 
Computational Aerosciences Grand Challenge Teams 

Demonstrate initial remote sensing applications over the National Research and 
Education Network [NREN) 

• Major FY1995 Activities and Milestones 

- Complete initial Grand Challenge applications software development 

Improve the portability and scalability of software components and tools to high 
performance computing 

Develop multidisciplinary aeroscience and earth and space science applications 

Establish a Remote Sensing Public Access Center for accessing NASA earth and 
space science data 

Interconnect live NASA research centers using 155 mbps high speed communication 

• Demonstrate applications for public access and retrieval of NASA databases over the 
Internet 

HPCC -- Enterprise Relationships 

Aeronautics 

CAS , HPC Technologies: 
• Supercomputing 
, Systems Soflware 
- High Spocd Networks 

• Computotlonnl 
Sclenco lor: HSCT, 

ASCT, HPA, Rotorcrall 

ESS • HPC Systems Soltwore 
ond Tools 

• Computotlonol Sclcnco 
for.: Atmospheric 
Modeling 

IITA 

REE OFLOPS Embedded 
Compullng for 
Avlonlca and 
Sensors 

Mission to 
Planet Earth 

HPC Systems 
Softworo and Tools 

• HPC Technologies: 
· Supcrcompullng 
• Syslcm9 Software 
• High Speed Networks 

• Computational Science 
for: Earth Science Dela 
Asslmllotlon, Earth Syalem 
Modellno 

• Remote Sensing 
Dato Products 

• Digital Library Technology 

• K·12 Education 

OFLOPS Embedded 
Compullng for On-board 
Dela Processing 

Scientific 
Research 

• HPC Tcchnologlas: 
-Supercomputing 
•Systems Sortware 
-High Speed Networks 

• Computational Science lor: 
Astrophysics, Astronomy, 
Solar Physics 

• Remola Sensing Date 
Producta 

• Dlgllol Library Technology 

• K,12 Education 

OFLOPS Embedded 
Compullng for: 
Robotics Missions 

Human 
Development 

of Space 

Computational Science 
for; Human Motion 

• K-12 Education 

• Telemedlclnc 

GFLOPS Embedded 
Compullng for: 
On-board Compulo· 
tlonal Support 

Space 
Technology 

• Multldlsclpllnory 
Space Vehicle Design 

• Sotelllto-based 
Computer Nelworklng 

Commercial Applications 
lor Rcmoto Sensing Doi: 

GFLOPS Embedded 
Computing for: 
Low power, High 
Performance 



Significant progress has been made in the program including: installation of a second generation testbed of 
50x109 FLoating OPerations per Second (GigaFLOPS). awarding grants to multidisciplinary research teams to 
support the Earth and Space Sciences (ESS) project, and contributing to. and continuing to act as a member 
of the Concurrent Supercomputing Consortium for the use of Intel Corporation's massively parallel Paragon 
supercomputer installed at the California Institute of Technology. Specific accomplishments include: 
generating 3-dimensional images of the planet Venus from Magellan satellite data: direct numerical 
simulation of large. time-dependent compressible Navier-Stokes equations: and three-dimensional compressible 
turbulence simulations for high-Reynolds numbers. 

Single discipline computational fluid dynamics (CFO) codes were adapted for a number of massively parallel 
supercomputers including the Thinking Machines CMS and Intel Paragon. These pilot fluid codes are being 
applied to both high-speed civil transport and high-performance aircraft applications. NASA also 
accomplished the benchmarking of multidisciplinary codes on parallel supercomputers, including the 
development and demonstration of a coupled aerodynamics and structures code on the Intel Paragon 
supercomputer. Furthermore. NASA researchers have created methods for streamlining the process required for 
developing an optimal airframe design. The development of these codes complements the High-Speed Civil 
Transport (HSCT) program by allowing aircraft manufacturers to analyze different design options rapidly and 
produce vehicles more efficiently with optimal performance and reduced design cycle costs. 

NASA researchers also have established a parallel computing testbed using a cluster of high-end IBM 
workstations. This testbed will provide for the early evaluation of clustered workstations for 
multidisciplinary aeropropulsion simulation. 

NASA also contributed to the advancement of the National Research and Education Network by entering into a 
cooperative agreement with the Department of Energy to procure research network services based on emerging 
cell-switching technology that operates at 45 megabits per second (mbps). This is a vast increase over 
previous network services which only operate at 1.5 mbps. These interconnects are essential to connect NASA 
Field Centers at greater data exchange rates and provide industrial and university researchers access to 
NASA computing testbeds. 

In addition, NASA made several contributions to the program's basic research and human resources component 
by funding in-house activities to develop advanced algorithms for multidisciplinary applications on parallel 
computing testbeds. It provided funding support for university efforts through NASA research institutes and 
provided funding for seven graduate student researchers. Finally. NASA advanced its outreach efforts for 
K-12 grade students by selecti~g two pilot high schools to begin the development of networking-supported 
research and education activities. 
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TOTAL HPCC CROSSCUT 
FY91 ill2 FY93 ill.4 ms fY9§ FY97 ma ffi.9 95 Budget 56.8 ™ :: .Ji ~ ~ ~ ~ :1::19& Published 95 Budget 56.Q 10...a ll1.Z ~ 143.3 157.Q .12§...Q Correct Direct: Aeronautics A& T 17.0 17.0 30.4 . 76.1 75.2 87.2 100.9 69.0 Total IAElireets 39,8 53.3 5+.2 41.4 48.3 41.1 49.1- 49.-9 58.9 Total Indirects 39.8 53.3 51.2 54.2 55.6 54.7 56.1 56.9 57.0 Aeronautics A& T 17.3 30.5 29.6 36.4 37.6 38.8 40.0 40.7 40.7 Adv Concepts & Tech 11.8 11.6 10.5 6.7 6.8 4.3 4.4 4.4 4.4 MTPE+OSS - - - 4.3 4.4 4.6 4.1 4.8 4.9 MTPE+OSS 10.7 11.2 11.1 11.1 11.2 11.6 11.7 11.8 11.9 (OSS Info Systems) 

(6.8) (6.8) (7.0) (7.0) (7.0) (7.0) inadvertently omitted from '95 budget (OSS IRfo Systems) 
(M} (M} (M} (M} (M} (M} (MTPE) 
(4.3) (4.4) (4.6) (4.7) (4.8) (4.9) 

FY94 Budget 56.8 70.3 82.2 123.0 154.9 155.8 178.2 191.6 Direct: Aeronautics A& T 17.0 17.0 30.4 65.6 92.9 91.0 107.9 117.2 Total Indirects 39.8 53.3 51.8 57.4 22J2 64.8 70.3 74.4 Aeronautics A& T 17.3 30.5 29.6 33.0 35.0 35.2 37.0 37.7 Commercial Programs 11.8 11.6 10.5 12.2 14.3 16.3 19.5 22.5 OSSA 10.7 11.2 11.7 122 12.7 13..a 13..a 14.2 (Info Systems) (6.5) (6.8) (7.1) (7.4) (7.7) (8.0) (8.3) (8.5) (Earth Sciences) (4.2) (4.4) (4.6) (4.8) (5.0) (5.3) (5.5) (5.7) 
Delta 

~ =ti& ~ ~ :!hi 40.8 Delta (FY94 to FY95) -0.6 -3.2 -23.2 -25.9 -34.9 -33.8 Direct: Aeronautics A& T 
0.0 0.0 -16.8 -15.8 -20.7 -16.3 See HPCC backup information for detail Total lnElireets 

-G.6 -1-0.9 43.2 -1-M -2-1.2 -24.5 Total Indirects 
-0.6 -3.2 -6.4 -10.1 -14.2 -17.5 Aeronautics A& T 

3.4 2.6 3.6 3.0 3.0 Adv Concepts & Tech 
-5.5 -7.5 -12.0 -15.1 -18.1 MTPE10SS 

4-=t.7 -1.9 -8.3 -8i1 44 -9.4 MTPE+OSS -0.6 -1.1 -1.5 -1.7 -2.1 -2.4 Constraining to a flat budget; no growth in services (OSS Info Systems) (-7.1) (-0.6) (-0.9) (-1.0) (-1.3) (-1.5) (MTPE) 
f4.6t f+.8t ~ f-5:at f-5:St f-&.-7t Incorrect, but based on published information (MTPE) 
(-4.6) {-0.5) {-0.6) {-0.7) (-0.8) (-0.9) Correct 



BASIS OF FY 1995 ESTIMATE 

In FY 1995. NASA's HPCC program is focused in three major areas: integrated, multidisciplinary 
computational aerospace vehicle design; multidisciplinary modeling and analysis of Earth and space science 
phenomena: and development of Information Infrastructure Technology and Applications. 

NASA plans to expand activities to broaden the reach of the HPCC program and accelerate the development of a 
national information infrastructure by supporting research and development in education, digital library 
technology. and access to Earth and space science data. In education, NASA will increase its focus on 
developing K-12 education products available over the NREN and establishing teacher training programs for 
the utilization of NASA education products. To this end. NASA will evaluate initial K-12 digital 
educational material components and tools relating to TeraFLOPS systems in FY 1995. In digital library 
technology, NASA will advance technology for petabyte scale data storage systems. NASA also will increase 
efforts to make Earth and space science data more widely available by developing and evaluating prototype 
digital data bases of images and software that are available over the NREN. 

Grand challenge software applications research will proceed in two distinct projects: the computational 
aerosciences (CAS) project and the Earth and space sciences (ESS) project. The GAS project will direct its 
efforts towards continuing the development of multidisciplinary algorithms and advanced software technology 
in four Grand Challenge areas. These areas are: high-speed civil transport (HSCT). high-performance 
aircraft, subsonic aircraft. and rotorcraft applications. The ESS project will focus on grand challenge 
teams selected in FY 1993 in the areas of: climate modeling: studying ocean. land and atmosphere dynamics: 
modeling magnetosphere-solar wind interactions, stellar interiors and surfaces, star/galaxy creation and 
evolution, and the formation of other cosmological structures: analyzing enormous geophysical databases: and 
the assimilation of atmospheric data. 

Testbeds are a crucial part of this program because they provide a key tool for interdisciplinary research 
teams to develop and evaluate applications and systems software and to evaluate scalable hardware 
architectures and peripherals. A key to successful exploitation of massively parallel computing power will 
be the blending of application-driven and architecture-driven computer systems and software to most 
effectively meet NASA's needs. Third generation prototype testbeds of 50 to 100 GigaFLOPS are scheduled to 
become functional in FY 1996. These testbeds will not be replacements for the numerical aerodynamic 
simulation (NAS) system or any of NASA's other computational facilities, but rather will serve as proof-of
concept systems which could be used by those computing facilities once the systems are scaled up and ready 
for operational use. Also. sat~llite-based gigabit applications using the Advanced Communications 
Technology Satellite (ACTS) and associated ground terminals will be demonstrated in FY 1995. 
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Adv Composite Matis Tech 
FY 1995 Budget 
FY 1994 Budget 

Change from 94 
Variance Explanation: 

SBIR transfer to Code C 
Program Support Reduction 
Program Realignment 

.eB.lQB 
86.2 
86.2 

Advanced Composite Materials Technology 
~ Effl Eii§ .EYi§ EYiZ Em 
24.4 25.7 24.3 22.9 26.2 23.3 
25.2 25.7 25.0 23.6 27.1 24.1 

-0.8 .. -0.7 -0.7 -0.9 ·0.8 

-0.5 -0.5 -0.7 -0.6 
-0.2 -0.2 -0.2 -0.2 

-0.8 

Materials & Structures Systems Technology (also known as Advanced Composites Technology Program) 
Develops structural concepts & fabrication processes to more fully exploit advantages of composite materials in structures of future aircraft 
Goals: develop technology to reduce airframe structure acquisition costs 25% & structural weight 30-50% 

Description of Change in levels: FY94 to FY95 
-0.9 delay initiation of technology studies into FY96 
-0.5 SBIR xfr to Code C 
-1.4 TOTAL 

. Je, 
Advanced Com120~~ Materials Technology 

PRIOR ~ .EY9.4 FY95 FY96 FY97 FY98 ACT FY95 Budget 86.2 24.4 25.7 24.3 22.9 26.2 23.3 Phases A&B 86.2 24.4 25.7 23.6 
Phase C -- -- -- Q.Z 22.9 26.2 23.3 - - -Requirement 0.5 4.4 

Materials 
2.0 6.1 Design 

3.7 6.4 Manufacturing Scaleup 
7.3 10.0 10.0 Structural Development & Test 0.2 9.2 6.4 6.9 

Elli 
23.2 

.EYi9 
23.2 

23,g 

4.7 
11.0 
7.5 

BTC 
70.2 

lQ2 

25.1 
45.1 

.filQ 
70.2 
96.0 

TOTAL 
326.4 
332.9 

-6.5 

-4.7 
-1.0 
-0.8 

TOTAL 
326.4 
159.9 
~ 

4.9 
8.1 

14.8 
63.4 
75.3 



• • 
FY 1993 

Materials and structures systems 
technology ................................... . 24.388 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

25,700 

• 
FY 1995 

24,300 

The objective of materials and structures systems technology, also known as the advanced composites 
technology program, is to develop innovative cost-effective structural concepts and fabrication processes to 
more fully exploit the advantages of composite materials in primary structures of future aircraft. While 
the current demonstrated level of composites technology can promise improved aircraft performance through 
reduced structural weight, it does so at an inhibiting increased cost. Further development of the 
technology is pursued through material formulation and processing refinements. innovative fabrication 
concepts with their resulting unique structural configurations, and analytical developments for improved 
structural behavior prediction. The improved technology levels will be demonstrated and validated by 
fabrication and testing at the subcomponent and subscale component levels. Such validation is an essential 
building block leading to full-scale primary structures. The program goals are to develop technology that 
will reduce airframe structure acquisition costs by 25% and structural weight by 30% to 50%. after resizing 
the aircraft for maximum benefit. To achieve these goals, a new approach to composite design must be 
developed by integrating the design concepts with advanced fabrication techniques using new material forms. 
Understanding of failure mechanisms and behavior under complex loading is critical to establishing the data 
base for innovative design with composites. Components constructed using new structural concepts (advanced 
fiber placement, woven textile preforms, and resin transfer molding (RTM)/stitched) show potential for 
achieving cost-effective composite primary aircraft structures. 

During FY 1994, development of design and manufacturing techniques for composite fuselage subcomponents and 
full-scale wing components is continuing with a significant emphasis on verification testing. Validation of 
the fuselage keel damage tolerance and load redistribution will be completed. Testing of the woven textile 
fuselage frames and window belts and development of innovative tooling and requirements for a weaving 
machine will be completed. Testing is continuing on the fuselage side panels to ensure the pressure load is 
properly distributed about the windows. Testing will begin to assess the load transfer across the major 
intersection between the fuselage crown and side panels. Completion of benchmark tests during FY 1994 for 
fuselage panels to verify the analytical methods will allow prediction of the behavior of a full-scale 
fuselage. A cost model developed under this effort will be exercised to predict the cost and weight of the 
fuselage. Major milestones in the development of the composite wing will also be reached during FY 1994. 
These milestones include wing subcomponents design, fabrication. and checkout: and the design of a full
scale semispan composite wing box. Completion of development of RTM/stitching technologies in FY 1994 will 
enable initiation of fabrication of the wing box. The experimental characterization of the mechanical 
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properties, damage tolerance. and fatigue response of RTM-type resins and laminate architecture of woven and 
stitched preforms will be completed. The advanced stitching equipment will be constructed. The fifth 
technical conference will be held to ensure continued dissemination of the technology to airframe 
manufacturers and materials suppliers. 

BASIS OF FY 1995 ESTIMATE 

During FY 1995. development of composite fuselage structure will emphasize completing the fabrication and 
testing of cost-effective side panels. Global assessment of the integration of the most promising crown, 
side and keel panel concepts for assembly of a full fuselage barrel section will be completed. Forward keel 
panels will be tested to validate the capability to redistribute the highly concentrated load at the keel. 
beam attachment joint and to correlate analysis with test results. Detailed design of side panels will be 
completed and 7 feet by 8 feet manufacturing trial panels will be fabricated and evaluated. Side panels 
containing multiple cutouts for doors and windows will be tested to validate load redistribution around the 
cutouts and to verify analysis and tests correlation. Cost models will be exercised to predict cost and 
weight for the final side panel and splice designs. Development of the composite wing structure will 
emphasize testing a 12-feet stub box and scale-up of the fabrication technology by building subcomponents 
for a 40-feet semispan wing box. Braided wing stiffeners will be evaluated. The RTM/stitched materials 
database will be completed. The analytical model developed to predict flow and cure of RTM/stitched 
composite structures will be validated. The sixth technical conference will be held to ensure continued 
dissemination of the technology to airframe manufacturers and materials suppliers. All Phase B activities 
will be completed at the end of FY 1995. 
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Numerical Aerodynamic Simulation (NAS) 
Purpose: provide computing system capable of simulating entire aerospace vehicle system within computing time from 1 to several hours by year 2000 
- will act as pathfinder in advanced, large scale computational capability thru systematic Incorporation of improvements in computer HW & SW technologies 
- will provide national computational capability to ensure leadership in computational fluid dynamics & related aerospace disciplines 

Description of Change in levels: FY94 to FY95 
+2.0 planned program growth 
-2.1 program support reduction 
-0.8 delay purchase of High Speed Processor (HSP-4) until FY96 (2nd source was expected for '95 but will not be available until '96) 

-1.0 SBIR xfr to Code C 
-1.9 TOTAL 

Numerical Aerodynamic Simulation 
NAS PRIOR FY93 FY94 FY95 FY96 FY97 ~ FY99 BTC 

FY 1995 Budget 311.1 47.9 48.1 46.2 48.1 49.7 49.0 50.1 cont. 

FY 1994 Budget 311.1 47.9 49.1 50.1 51.3 53.1 52.4 cont. 

Change from 94 -1.0 -3.9 -3.2 -3.4 -3.4 

Variance Explanation: 
Support Service Contractor Reduction -1.0 
Delay purchase of High Speed Processor until FY96 -0.8 

Program Support Reductions -2.1 -2.1 -2.1 -2.1 

SBIR Transfer to Code C -1.0 -1.1 -1.3 -1.3 

Purpose: 
To provide high performance, operational computing system that can simulate an aerospace vehicle system within computing time range of 1 to several hours 

- by year 2000 

Benefits: 
- accelerated vehicle system development cycle 
- critical design data necessary to enable new vehicle advances 
- reduced vehicle development cost & risk 
- reduced requirements for costly ground & flight testing 
- full aerodynamic optimization of entire vehicle systems 
- fully integrated vehicle designs with increased performance, safety, durability & stability 
- increased vehicle operational efficiency 

Objectives: 
- act as pathfinder in advanced, large scale computational capability thru systematic incorporation of state-of-the art improvements In computer HW & SW technologies 
- provide national computational capability as necessary element in ensuring continuing leadership in computational fluid dynamics & related aerospace disciplines 

-- available to NASA, DoD, industry, other government agencies & academia 
- provide strong research tool for Office of Aeronautics 

FY95Goal: 
- upgrade mass storage & networking to meet increased user requirements 

NAS FY95 Budget 
Numerical Aerodynamic Simulation 
NAS Operations 

PRIOR 
311.1 
240.9 
70.2 

FY93 
47.9 
31.9 
16.0 

FY94 
48.1 
32.2 
15.9 

FY95 
46.2 
33.1 
13.1 

FY96 
48.1 
35.1 
13.0 

FY97 
49.7 
37.0 
12.7 

FY98 
49.0 
36.7 
12.3 

FY99 
50.1 
37.5 
12.6 



• • 
FY 1993 

Numerical aerodynamic simulation ............... . 47,930 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

48,100 

• 
FY 1995 

46,200 

The numerical aerodynamic simulation (NAS) program v1s1on is "To provide the Nation's aerospace research 
and development community by the year 2000 a high-performance. operational computing system capable of 
simulating an entire aerospace vehicle system within a computing time ranging from one to several hours." 
The objectives of the NAS program were chosen to meet this vision: (1) act as a pathfinder in advanced. 
large-scale computational capability through systematic incorporation of state-of-the-art improvements in 
computer hardware and software technologies: (2) provide a national computational capability, available to 
NASA. DoD, industry, other government agencies and universities, as a necessary element in ensuring 
continuing leadership in computational fluid dynamics and related computational aerospace discipline~: and, 
(3) provide a strong research tool for the Office of Aeronautics. The NAS facility provides the tools and 
resources dedicated to obtaining solutions to problems which may be intractable on less than state-of-the
art computer systems. including solutions to the Navier-Stokes equations, (enabling performance analysis 
predictions for complex aircraft geometries). In order to ensure this degree of computational capability, 
the NAS program continues to implement the following efforts: (1) acquire pathfinding, state-of-the-art. 
high-speed processors (HSP's): (2) provide a uniform, balanced. user-friendly system with equivalent 
capabilities for local and remote users: (3) maintain an auxiliary processing center for secure processing: 
(4) research existing parallel architectures and incorporate them into future generations of the NAS: (5) 
develop a hardware and software environment for prototyping and testing of computers. networks, storage 
devices, workstations and graphic output devices: and (6) continue to research and enhance an increasingly 
sophisticated system of hardware/software tools and environments to assist the user in performing CFD tasks 
efficiently. 

During FY 1994, balanced system software and support for the HSP's is achieved through a continuous upgrade 
process. The third high-speed processor (HSP-3) was placed in operation in March 1993, with a major upgrade 
to one gigaword of memory in September 1993, making NAS a unique facility combining high-speed computation 
with a large memory. HSP-3 is now providing a fourfold increase in computational hours available to the NAS 
community. Mass storage capacity is 9.6 terabytes, enabling quickly available data storage consistent with 
HSP output capability. The AERONET is operational. The AERONET is the long-haul communications network 
which replaced older. switched networking with a newer routed (more reliable and efficient) network and 
increased traffic throughput speed by up to a factor of 10. The next generation workstations (WKS-III) will 
be acquired in FY 1994 to provide a threefold improvement in workstation interface capability to the HSP's 
in FY 1994. To meet the challenge of providing increased operational computing capability for aerospace 
applications, pathfinding research continues in parallel architectures and algorithms with mapping of 
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specific aerodynamic simulation problems onto advanced computational platforms. During FY 1994, user 
interface and visualization software research emphasis is continuing to shift toward multidisciplinary tools 
and requirements. 

BASIS OF FY 1995 ESTIMATE 

The number of accounts will be maintained around its current level (about 2000) continuing the diverse use 
of the system by NASA. the DoD. other Government agencies. industry and academia. During 
FY 1994. the next generation workstation (WKS-III) will be installed and become operational. The funding 
reduction from FY 1994 to FY 1995 will delay the planned release date of the request for proposal (RFP) for 
the fourth high-speed processor (HSP-4) from FY 1994 to FY 1995. The HSP-4 is expected to provide another 
fourfold increase in capability over HSP-3. Other hardware and software elements of the extended 
operational configuration will continue to be enhanced as part of the continual process for development of 
future versions of the NAS. 
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High Sge1d Be111r,h 
fBIQB EM ~ fiH fY9§ fnZ fn8 an ~ m.tA1. 

HSR FY95 Budget 144.9 117.0 197.2 221.3 245.5 276.7 286.2 211.6 176.1 1,876.5 

Phase 1 144.9 ~ aM 1U ~ -- - - - !1Q.2 -
Atmospheric Effects 30.1 12.7 10.8 10.8 64.4 

Emissions & Source Noise 63.0 28.0 25.1 23.4 139.5 

Community Noise & Sonic Boom 35.3 17.8 15.0 13.2 81.3 

Enabling Propulsion Materials 16.5 33.4 39.7 23.8 11.6 125.0 

Phase 2 25.1 ~ mu ~ 276.7 ~ 211..6 11M .1A66.3 
Enabling Propulsion Materials 5.8 11.3 20.6 36.2 45.9 42.9 23.9 9.4 196.0 

Critical Propulsion Components 8.1 20.2 32.3 69.8 93.8 94.0 53.7 67.9 439.8 

Airframe Materials & Structures 11.2 28.8 40.9 57.3 61.3 67.8 59.7 48.8 375.8 

Aerodynamics 18.9 24.6 30.1 32.2 31.6 32.1 12.6 182.1 

Flight Deck Systems 8.4 13.7 18.9 21.0 24.5 16.3 12.1 114.9 

Tech Integration & Environmental Impact 8.0 6.7 9.6 10.0 12.2 12.0 10.7 69.2 

Envir Research Aircraft & Remote Sensor Tech 11.0 11.3 12.0 12.5 13.2 13.9 14.6 88.5 

HSR Staffing Levels: 
Direct Civil Servants 314 490 515 460 461 452 412 

Support Service Contractors 109 165 175 145 160 157 126 

High Speed Research 

Aines/Moffett 
Langley 

Ck, ·," "Thot,..6·anck;; \ 
FY 1993 FY 1994 ~ 

Lewis 

Other 

Total 
High Speed Research 
Purpose: provide catalyst for future subsonic airliner - High Speed Civil Transport - to meet long-haul market 
- Pacific rim sector travel projected to increase by factor of 4 by the year 2000 
- from 2005-2015 market could support 500-1000 HSCT aircraft, creating multi-billion$ sales opportunity for its producers 
Phase I: 7 year effort, began in '90, to define environmental compatibility requirements in atmospheric effects, community noise & sonic booms 
Phase II: 9 year effort, began in '93, to develop & verify technologies essential for economic viability 

Description of Change in levels: FY94 to FY95 
-0.1 Atmospheric effects: +0.2 planned program growth; -0.3 SBIR transfer to Code C 
-1.8 Emissions & Source Noise:-1.3 planned program ramp-down; -0.5 SBIR transfer to Code C 

11.107 
32.531 
69.062 

4.295 

116.995 

-1. 7 Community Noise & Sonic Boom: -1.4 planned program ramp-down; -0.3 SBIR transfer to Code C 
-6.6 Enabling Propulsion Material: -2.7 offset for '94 increase; -2.9 planned ramp-down; -1.0 SBIR transfer to Code C 

+ 12.1 Critical Propulsion Components: + 15.1 planned ramp-up; -2.3 offset for '94 increase; -0. 7 SBIR transfer to Code C 
+ 12.1 Airframe Materials & Structures: + 15. 7 planned ramp-up; -2. 7 offset for '94 increase; -0.9 SBIR transfer to Code C 

+5.8 Aerodynamics: +7.1 planned ramp-up; -0.7 offset for '94 increase; -0.6 SBIR transfer for Code C 

l~.656 
66.291 
85.824 

25.429 

197.200 

+5.0 Flight Deck Systems: +5.9 planned ramp-up; -0.6 offset for '94 increase; -0.3 SBIR transfer to Code C 
-1.0 Tech Integration & Environmental Impact: +0.1 planned ramp-up; -1.0 offset for '94 increase; -0.1 SBIR transfer to Code C 
+0.3 Environmental Research Aircraft & Remote Sensor Tech: +0.6 planned ramp-up; -0.3 SBIR transfer to Code C 

+24.1 TOTAL 

15.800 
84:'100 
92.700 

28.700 

221.300 

fY 1996 

12.500 
94.700 
108.800 

29.500 

245.500 



FY 1993 

High-speed research ............................ . 116.995 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

197.200 

FY 1995 

221. 300 

Studies here and abroad have identified a substantial market for a future supersonic airliner -- the high
speed civil transport (HSCT) -- to meet the rapidly growing long-haul market, particularly for the Pacific
rim sector where travel is projected to increase four-fold by the year 2000. Over the period from 2005 to 
2015. this market could support an estimated 500 to 1000 HSCT aircraft, thereby creating a multi-billion 
dollar sales opportunity for its producers. While current technology is insufficient. the studies further 
indicate that an environmentally compatible and economically competitive HSCT could reach fruition through 
aggressive technology development and application. NASA's High-Speed Research (HSR) program is providing a 
public-sector catalyst in addressing this important opportunity with U.S. industry through a two-phase 
approach. Phase I. a seven year effort which began in FY 1990, is defining critical HSCT environmental 
compatibility requirements in the areas of atmospheric effects. community noise and sonic boom. It is also 
establishing a technology foundation to meet these requirements. Phase II of the HSR program. a nine year 
undertaking started in FY 1993, is directed at developing and verifying, in cooperation with U.S. industry. 
the high-leverage technologies essential for economic viability in addition to environmental compatibility. 

Progress to date has provided growing confidence that the necessary technology can be developed to satisfy 
the critical environmental concerns. Most importantly. assessments of the potential impact of a future HSCT 
fleet on stratospheric ozone using the latest two-dimensional atmospheric models (incorporating multi-phase 
chemistry and more detailed aircraft operational scenarios than previously used}, continue to predict very 
small effects for HSCT's with low-emission combustors. The data base of in-situ observations of 
heterogeneous chemical processes in the upper atmosphere, which have been shown to be robust in laboratory 
studies, has also been expanded by the successful FY 1993 Stratospheric Photochemistry. Aerosols and 
Dynamics Expedition (SPADE). Results from SPADE are being incorporated into continuing atmospheric model 
development and laboratory studies. and are also serving to assist planning for the Measurements for 
Assessing the Effects of Stratospheric Aircraft (MAESA) complement to the 1994 Airborne Southern Hemisphere 
Ozone Experiment (ASHOE) of NASA's Upper Atmosphere Research program. In MAESA. additional atmospheric 
measurements will be made from the ER-2 aircraft in flights between Moffett Field, California and 
Christchurch, New Zealand. Related measurements on flights from a Pacific equatorial site are also planned 
with the new Perseus autonomous.aircraft, pending successful completion of the acceptance flight testing now 
underway at the Dryden Flight R~search Facility. These measurements will be used to ensure that the 
chemistry of the atmospheric models is representative of all seasons and geographic locations, and 
accurately simulates the interactions of the proposed aircraft emissions and operations. The program's 
interim assessment and research plans were also submitted to the National Research Council in FY 1993 for 
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HSR 
FY 1995 Budget 
FY 1994 Budget 
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High Speed Research 
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Enabling Propulsion Materials 
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Critical Propulsion Components 
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Aerodynamic Performance 
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Flight Deck Systems 
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review. and specific recommendations on additional research that can further reduce model uncertainties are 
currently being incorporated into the research plans to provide the best possible basis for future 
assessments. 

In the pursuit of ultra-low-emission engine technology for future HSCT application, flame tube laboratory 
tests of advanced combustion concepts have successfully achieved the desired levels of less than five grams 
of nitrogen oxide per kilogram of fuel burned. During FY 1993, the laboratory tests were extended to higher 
inlet temperatures with no significant increase in nitrogen oxide production. The application of the 
knowledge base from these tests to practical combustor configurations also progressed to the fabrication of 
sector hardware for both the lean. premixed. prevaporized and the rich burn, quick quench, lean burn 
concepts. During FY 1994. testing of these combustor sectors will be conducted to provide the basis for the 
selection of the preferred combustor configuration in FY 1996. 

In noise reduction. upwards of eighteen decibel noise suppression has been achieved through advanced mixer
ejector nozzles. and wind tunnel testing of innovative high-lift devices shows an additional two to six 
decibel potential through advanced operational procedures. As a nominal twenty decibel reduction is needed 
to achieve levels equivalent to the same stringent FAR 36. Stage three noise standards required for today's 
new subsonic transport aircraft. there is growing confidence that the community's needs can be satisfied. A 
second generation of model mixer/ejector nozzles was evaluated in coordination with analysis of the primary 
and backup engine concepts, and the results indicate that acceptable community noise levels and economical 
performance can be achieved. Acoustic liners for the engine nozzles designed to reduce mixing noise have 
been evaluated in small-scale tests and are providing the basis for the preliminary design of the best 
nozzle concepts for the large-scale experiments planned for FY 1999. Similarly. further high-lift concept 
developments and refinements. including testing at high-Reynolds number conditions in the National Transonic 
Facility. continue to show payoffs in helping to alleviate aircraft noise exposure to the community. 

Aerodynamics technology efforts have also involved testing of the industry's baseline aircraft design in 
subsonic and transonic wind tunnels. Efforts to provide the ability to soften the sonic boom with minimal 
penalty in aerodynamic efficiency also continued with scale model wind tunnel testing. and SR-71 flight 
tests to investigate pressure disturbance propagation through the atmosphere. In FY 1993, supersonic 
laminar flow control research also progressed with testing of a leading edge wing modification on the F-16XL 
aircraft. and successful demonstration of the fabrication process for the large suction panel to be tested 
on the F-16XL in FY 1995. 

Development of enabling propulsion materials remains focused on ceramic matrix composites (CMCs) for low
emission combustor liners and intermetallic matrix composites (IMCs) for light-weight, low-noise nozzle 
components. The commercial viability of selected processes for producing continuous ceramic fibers for CMCs 
and IMCs was established. and initial test results indicate that these fibers meet the established program 
goals for physical and mechanical properties. thermal stability. and environmental durability. A joint 
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High-Speed Research Vision 

Help Assure Industry's Preeminence in Aeronautics through 
Technology Development that will enable an Environmentally 
Compatible and Economically Viable High-Speed Civil Transport 

HSR PHASE I 
HSR PHASE II 

Economics 
Environmental 

Stratospheric Ozone 
Airport Noise - Range & Payload Capability 

· Sonic Boom - Operating Cost 
- Manufacturing Cost 

[ Potential for $200 Billion in Sales & 140,000 New Jobs 

High Speed Research Program 
• Significant FY1993 Accomplishments and FY1994 Plans 

Laboratory flame tube tests were extended to higher inlet temperatures with no 
significant increase in nitrogen oxide production 

B 

A second generation of model mixer/ejector nozzles was evaluated, Indicating acceptable 
community noise levels and economical performance can be achieved 

• Major FY1995 Activities and Milestones 

Verification of ultra-low nitrogen oxide formation (with a goal of 5 grams per kilogram of 
fuel burned) in practical engine combustor sector tests 

Comprehensive assessment of atmospheric effects using improved simulations of 
heterogeneous chemistry and dynamic effects 

Verification of the ability to meet FAR 36, Stage 3 noise levels through analytical 
combination of noise reduction concept test results (nominally a 20 dB reduction) 

Down-select of promising materials and processes, followed by thermomechanlcal 
fatigue testing by NASA and industry 

Definition of synthetic vision requirements for a forward visibility system and for the 
next generation flight deck 



• • • 
gove~nment and industry assessment was completed allowing the most prom1s1ng CMG materials to be selected 
for further development and evaluation in combustor liner segment tests. Plans have been completed for 
fabricating larger scale elements of the selected materials. fabrication process feasibility tests were 
started. and design of the CMG liner segments was initiated. Scale-up of the most promising fiber and fiber 
coating processes for IMCs was also started, along with development of IMC life prediction codes. A 
benchmark test facility for conducting high-temperature tests of candidate CMG and IMC panels was installed 
at the Lewis Research Center to guide further development and evaluation efforts. Trade studies to select 
potential backup combustor and nozzle materials were conducted and development of these materials is being 
pursued as part of the program's risk management plan. Development of advanced materials for other critical 
propulsion system components. such as fan containment structure, compressor and turbine disks, and turbine 
blades. was also initiated. 

Early efforts in airframe materials and structures technology are focusing on long-lead needs for developing 
and evaluating advanced aluminum and titanium alloys. polymer matrix composites (PMCs). adhesives and 
sealants. During FY 1994, candidate PMCs will complete one-half of the lifetime testing for thermal aging 
(with no mechanical loads) at anticipated flight temperatures over long periods. Weight loss measurements 
at 1/3 lifetime for some of these candidate materials indicates excellent thermal stability. A long-term 
durability test facility for conducting thermomechanical fatigue (TMF) tests of candidate HSCT materials was 
installed at the Langley Research Center. Mechanical property tests of several developmental high
temperature aluminum alloys also indicate potential for meeting program goals for strength, fracture 
toughness, and thermal stability. Initial design integration trade studies to evaluate wing and fuselage 
materials and structural design concepts were completed, and some of the most promising concepts are being 
further evaluated through detailed design, fabrication. and testing. Structural concept evaluations for use 
in supersonic laminar flow control wing structures were also initiated. 

Initial flight deck systems research and technology development efforts in FY 1994 will be concentrating on 
developing the technical requirements for the synthetic vision system. and evaluating advanced displays to 
assure that an HSCT can safely and efficiently be integrated in the international air transportation system. 
Modeling of the HSCT aerodynamics. structural modes, flight and propulsion controls. and sensors supporting 
the synthetic vision system will also begin. Fixed-base simulations using generic computer generated 
display formats will be a major tool in evaluating flying qualities, flight and propulsion controls, 
guidance. displays, sensor fusion algorithms, decision aides. structural mode suppression and gust 
alleviation systems throughout the development program. 

System-level integration studies were continued as the primary means to assure that environmental goals can 
be achieved in concert with economic viability objectives. A key milestone was achieved in October 1993. 
with the selection of the primary and backup propulsion system configurations from the five most promising 
candidates based on noise reduction capability assessments, direct operating cost mission studies. as well 
as overall risk analysis. In FY 1994, a rigorous set of metrics will be developed in cooperation with 
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• • • 
industry to measure the integrated progress of all Phase II technology areas to assist in future technology 
down select decisions. 

BASIS OF FY 1995 ESTIMATE 

The Phase II portion of the HSR program expands and builds on the technology solutions being developed in 
Phase I. In combination, they represent the complementary and necessary technologies critical to the U.S. 
aeronautics industry in order to make informed decisions regarding future HSCT development and production. 

In the area of atmospheric effects. a comprehensive assessment will be conducted in FY 1995 as the final 
related activity of the Phase I HSR program. This assessment will be based on computational models with 
improved simulations of heterogeneous chemistry and dynamics effects. including incorporation of the results 
from MAESA, as well as the best possible aircraft operational scenarios projected at that time based on 
continuing market studies. Development of the unique capabilities offered by unmanned air vehicles as 
measurement platforms will continue to emphasize improvements in propulsion systems for operation in the 
rarefied upper atmosphere, and will also include efforts directed at providing increased range, payload and 
flight duration capability. · 

Lean, premixed, prevaporized and rich burn, quick quench, lean burn combustor flame tube and sector rig test 
results will be used to refine the design of the full annular combustor rigs for FY 1997 testing directed at 
validating the low NOx performance for an operational combustor. These tests will confirm the combustor's 
capability for stable and efficient operation over the full range of conditions from startup, taxi and 
takeoff. through climbout, cruise. and landing. In a parallel effort, preliminary design will begin for 
combustor experiments with a testbed engine planned for FY 1999. Continuing small scale nozzle test results 
will be used to support the preliminary design of the selected nozzle concept at the end of FY 1995 for 
future large scale experiments with test-bed engines over a range of operating conditions. Engine inlet 
technology development will focus on the two-dimensional, bifurcated configuration to advance this concept 
to the same level of maturity as the axisymmetric concept. 

The enabling propulsion materials effort will continue to focus on critical combustor and nozzle materials 
needs. with emphasis on supporting the major program milestone for preliminary concept selection in FY 1996. 
Development of combustor and nozzle backup materials and materials for other critical components will also 
continue, with increasing levels of effort. Fabrication of CMG combustor liner segments will be completed 
and segment testing will be started. Design and fabrication of CMG combustor liner sectors will also be 
started. Down-selection of the most promising IMC materials will be conducted and the design of critical 
nozzle subcomponents will be initiated. 

In FY 1995, aerodynamics technology efforts will continue with primary emphasis on completing the wind 
tunnel evaluation of the industry's baseline aircraft design at subsonic, transonic. and supersonic speeds. 
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Computational analysis will be used to optimize the total wing-body configuration. including propulsion 
system integration, to evolve a second generation design for FY 1996 wind tunnel testing. Also in FY 1995, 
analytical and wind tunnel evaluations of low-boom. high-performance configurations will be conducted and 
the sonic boom flight research will be completed, thereby allowing an assessment of HSCT flights over the 
ocean. on approach to coastal regions. and over potential unpopulated areas. In the subsonic speed regime 
of takeoff. climb-to-cruise,_ and approach conditions, high-lift concept development will continue with 
computational and experimental aerodynamic evaluations and noise reduction assessments. The most promising 
high-lift concepts will be selected in early FY 1996 and then developed for flight testing on an F-16XL 
aircraft. Active supersonic laminar flow control flight research will begin in FY 1995. with the testing of 
the large suction panel on a second F-16XL aircraft. 

The airframe materials and structures technology development efforts will also emphasize support of the 
critical preliminary concept program milestone. In FY 1995. the most promising materials and processes will 
be down-selected and real-time thermomechanical fatigue testing will be initiated by NASA and industry 
participants. Preliminary design studies of innovative wing and fuselage materials and structural concepts 
will be completed. and results of the continuing design integration trade studies will be used to select 
wing and fuselage concepts for subcomponent design, fabrication. and testing. Design and fabrication of a 
flexible wind tunnel model for aeroelastic response measurements will be completed in FY 1995 for wind 
tunnel testing in FY 1996. This model is also being designed to provide accurate measurements of unsteady 
aerodynamic pressures for use in aeroelastic analysis codes. and will provide future testing of active 
controls concepts for load alleviation. 

Flight deck systems resea~ch and technology development will complete the definition of the synthetic vision 
requirements for a forward visibility system and for the next generation flight deck. Various combinations 
of sensors and anomaly resolution procedures will be developed and evaluated to establish the display system 
baseline. Pilot evaluation using flight simulators is an important aspect of this element. Both fixed-base 
and the more sophisticated motion-base simulators will be used. ultimately transitioning to in-flight 
simulators. A major portion of the FY 1995 flight deck activity is focused on the characterization of the 
synthetic vision and sensor suite planned for completion in early FY 1996. 

Because of the high level of interdependency among the above technologies. system-level integration studies 
will continue to be conducted in order to assure that environmental goals can be achieved in concert with 
economic viability. 
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Advanced Subsonic Technology 
Purpose: to develop focused technologies to enable safe, highly productive global air transportation system that includes aircraft that are superior to foreign products 

Description of Change in levels: FY94 to FY95 · 
+10.7 initiate development of 2-wave dimensional, unsteady model of aircraft laminar wake vortices 

+7.4 initiate effort to Improve turbine cooling tech & turbo-machinery aerodynamics 
+7.7 ongoing research for enabling shorthaul aircraft technologies with focus on ground based cockpit simulation tests & operating 

architecture for futer general aviation requirements 
+3.0 initiate remaining AST elements (Envir Research A/C & Remote Sensor Technology and Compostites) 

+2.8 increase noise reduction efforts; +1.6 incorporate methodology of 
+ 1.6 incorporate methodology of electromagnetic assessments of power mgt & distribution components on fly-by-light/ 

power by power-by-wire testbeds 
+ 1.8 incorporate hybrid laminer flow control model testing into integrated wing design element 

+4.2 ongoing tech studies in aging aircraft & tech integration 

-2.7 SBIR xfr to Code C 
+36.5 TOTAL: +36.1 planned program growth; +3.1 initiate remaining 2 elements; -2.7 SBIR transfer to Code C 

AST FY95 Budget 
Fly-by-light/Power-by-wire 
Aging Aircraft 
Noise Reduction 
Terminal Area Productivity 
Integrated Wing Design 
Propulsion 
Short-Haul Aircraft 

(General Aviation/Commuter) 
(Civil Tiltrotor) 

Tech Integration & Environmental Impact 
(Technology Integration) 
(Environmental Impact) 

PRIOR 
5.0 
1.0 
4.0 

Envir Research Aircraft & Remote Sensor Tech 
Composites 

AST Staffing Levels: 
Direct Civil Servants 
Support Service Contractors 

FY93 
12.4 

5.3 
7.1 

Advanced Subsonic Technology 
FY94 
89.3 

9.8 
8.3 

25.2 
12.8 
7.0 

10.2 
5.0 

(2.0) 
(3.0) 
11.0 
(2.5) 
(8.5) 

274 
134 

FY95 
125.8 

11.4 
9.1 

28.0 
23.5 

8.8 
17.6 
12.7 
(5.9) 
(6.8) 
11.7 
(2.9) 
(8.8) 

1.5 
1.5 

386 
179 

FY96 
158.5 

11.7 
8.5 

33.8 
24.4 
16.9 
25.4 
19.6 
(9.8) 
(9.8) 
11.8 
(2.9) 
(8.9) 

1.9 
4.5 

423 
195 

FY97 
185.7 

14.5 
3.2 

36.6 
15.6 
19.5 
39.0 
19.5 
(9.8) 
(9.7) 
12.3 
(2.9) 
(9.4) 

1.9 
23.6 

425 
176 

FY98 
220.0 

17.4 
3.2 

36.3 
15.6 
19.5 
52.6 
19.5 
(9.7) 
(9.8) 
12.8 
(2.9) 
(9.9) 

1.9 
41.2 

404 
173 

~ 
193.8 

7.0 

35.8 
10.4 
13.0 
56.5 
19.5 
(9.8) 
(9.7) 
12.5 
(2.9) 
(9.6) 

0.8 
38.3 

368 
161 

BTC 
179.0 

14.0 
12.2 

9.2 
29.1 
29.2 

(14.6) 
(14.6) 

17.3 
(3.4) 

(13.9) 
1.5 

66.5 

TOTAL 
1,169.5 

78.1 
43.4 

209.7 
114.5 

93.9 
230.4 
125.0 
(61.6) 
(63.4) 

89.4 
(20.4) 
(69.0) 

9.5 
175.6 

(_~ i" ~c,.,.,.dS) 
Advanced Subsonic Technology FY 1993 FY 1994 FY 1"995 

Ames/Moffett I 1.319 13.726 

Ames/Dryden 375 276 276 

Langley 9.510 36.497 55.837 

Lewis 2,136 32.896 41.81 G 

Other 404 8.312 14.145 

Total 12.425 89.300 125.800 

FY 199li 

18.977 
348 

72.82(i 
51.581 

14.768 

158.500 



FY 1993 

Advanced subsonic technology ................... . 12.425 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

89,300 

FY 1995 

125.800 

With competition from foreign competitors greatly increasing. technology is critically needed to help 
preserve the U.S. aeronautics industry market share. jobs. and balance of trade. Exports in large 
commercial transports make a significant contribution to the U.S. balance of trade. However. according to 
industry estimates, the U.S. world-wide market share has slipped from a high of 91% during the 1960's to 67% 
in 1992. Increasing congestion in the aviation system and growing concerns about the environmental 
compatibility of aircraft may limit the projected growth. According to the Federal Aviation Administration 
(FAA) 1991-1992 Aviation System Capacity Plan. delays due to weather and the volume of aircraft in the Air 
Traffic Control System cost U.S. operators more that $4.7 billion per year in excess fuel burn and 
additional operational costs during 1990. More stringent noise curfews and engine emissions standards are 
expected before the end of this century. In FY 1994, the advanced subsonic technology (AST) program was 
augmented with seven new elements to develop focused technologies of high-payoff to enable a safe, highly 
productive global air transportation system that includes a new generation of environmentally compatible. 
economical aircraft that are superior to foreign products. The two original elements. fly-by-light/power
by-wire and aging aircraft, are continuing to make excellent progress. The seven new elements include noise 
reduction. terminal area productivity. integrated wing design. propulsion, short-haul aircraft. technology 
integration. and environmental impact. In FY 1995. the composites element will be initiated. 

The goal of the fly-by-light/power-by-wire element is to provide lightweight. highly reliable, electro
magnetically immune control and power management systems for advanced subsonic civil transport aircraft. In 
FY 1994, the experimental laboratory for validating analytical methods will be completed. This laboratory 
provides a means for assessing the effects of high intensity radiated fields on digital electronics aboard 
advanced aircraft. Laboratory testing of critical optical and power components is being performed. These 
tests are a means of exposing components, such as electrical actuators and fiber-optic sensors and cables. 
to actual flight conditions in order to understand the behavior of the components in these environments. 

The aging aircraft element is developing advanced technologies that will be used by the aeronautics industry 
in the U.S. to ensure the continued safe flight of its aging commercial transport fleet. Improved methods 
that predict the effects of service history and the environment on aircraft durability have been developed 
and transferred to the airplane manufacturers and the FAA. During FY 1994, efforts are focused on the 
development and verification of an analytical methodology to predict when small fatigue cracks become so 
widespread that the residual strength of the fuselage is reduced below a safe level and to establish the 
requirements for the in-service inspection technology. In cooperation with several U.S. airlines. progress 
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Advanced Subsoni~ Technology 
Adv Subsonic Tech PRIOR FY93 FY94 FY95 ~ FY97 FY98 FY99 BTC TOTAL 
FY 1995 Budget 5.0 12.4 89.3 125.8 158.5 185.7 220.0 193.8 179.0 1,169.5 
FY 1994 Budget 5.0 12.4 101.3 128.5 162.1 190.5 225.7 370.1 1,195.6 

Chnngc from 94 -12.0 -2.7 -3.6 -4.8 -5.7 -26.1 
Vnriance Explanation: 

-··--··-----~ 

Enhanced Vision System Technology -7.0 -7.0 
Sixty Atmosphere Combuster Test Rig -3.5 -3.5 
Environmental Research Aircraft & Remote Sensor Tech -1.5 -1.5 
SBIR transfer to Code C -2.7 -3.6 -4.8 -5.7 -26.1 
Increase Contingency +12.0 

Fly-by-light/Power-by-wire 
Developing optical systems to eliminate EMI concerns associated w/fly-by-wire systems; & technology to replace hydraulic & pneumatic systems w/electro optical systems 
Aging Aircraft 
Working w/FAA to develop prediction method necessary to calculate residual strength in commercial airframes & technology to detect disbands/fatigue cracks/corrosion 
Noise Reduction 
Technology to reduce aircraft noise by 10 db by year 2000 for future subsonic transports for design margins of subsonic transport aircraft & engines 
Terminal Area Productivity 
Developing technology & procedures to reduce spacing reqmts & controller workload, improve low-visibility operations, and integrate aircraft & air traffic systems 
Integrated Wing Design 
Developing new design method that integrates wing aerodynamic technologies & components to reduce aerodynamic design cycles 
Propulsion 
Research on advanced turbofan engines that will focus on combustors, high pressure turbines & temperature disk & blade materials 
Short-Haul Aircraft 
Develop technology to improve safety & expand utility of short-haul aircraft 
Technology Integration & Environmental Impact 
Continuous systems analysis capability to provide information on impact each element has on aviation system & improving technology transfer to customers 
Environmental Research Aircraft & Remote Sensor Tech 
Atmospheric research including quantitative assessment of environmental impact & related technology requirements for subsonic transport aircraft fleets 
Composites 
Applying cost effective composites application to transport aircraft including validation of manufacturing methods for joining composite wings & fuselages 



is also being made in developing and demonstrating advanced, large-area nondestructive inspection methods to 
re.duce cost while maintaining the reliability of the inspection. A new thermal method developed to detect 
disbonds has the capability to identify corrosion that may be present in these disbonded regions. In
service inspection technology to detect corrosion damage is being developed. Field demonstrations of 
prototype portable systems will be conducted at airline maintenance facilities and Air Force Air Logistics 
Stations. Industrial partnerships will continue to be pursued with manufacturers· of inspection equipment to 
develop commercial equipment for use by the airline operators. 

With international treaty organizations actively considering more stringent nois.e standards, the noise 
reduction element is developing technologies to ensure that new noise standards do not impact the growth of 
the air transportation system nor the U.S. aircraft industry's competitiveness in the world market. In 
FY 1994. a key research tool in identifying promising noise reduction technologies, an integrated fan noise 
model. will be developed and validated. An assessment of airframe noise will identify shortcomings in the 
current empirically based prediction methods. and will help guide the computational aeroacoustics efforts to 
fill these shortcomings. Methods for reducing noise levels in aircraft interiors are currently being 
validated in laboratory tests to help refine their application for future flight demonstrations. Community 
noise impact models will be expanded to include population density. a first step in developing techniques to 
analyze the effect of aircraft sound levels in communities at specific airports. 

The goal of the terminal area productivity element is to safely increase the air traffic capacity in the 
terminal area during poor weather to the level that can be managed during good weather. In cooperation with 
the FAA. the approach is to develop and demonstrate technology and procedures both in the aircraft and on 
the ground. to safely reduce aircraft spacing in the terminal area. enhance air traffic management and 
reduce controller workload. improve low-visibility landing and surface operations, and to perform systems 
analyses to ensure compatible integration of these new aircraft and air traffic systems. Initiated in 
FY 1994 and leveraging NASA's prior air traffic control efforts. the terminal area productivity element is 
evaluating the potential for applying digital data communications technology between the ground air traffic 
controllers and the aircraft to allow for more adaptable aircraft spacing capabilities. In order to allow 
more adaptable spacing, reduced separation requirements are being investigated by evaluating wake vortex 
issues and community noise constraints, as well as examining the potential for integrating enhanced aircraft 
flight management and the air traffic management systems. The replacement for the transport systems 
research vehicle is being acquired in FY 1994 and installation of an existing simulator and associated 
computer systems will begin in preparation for future flight tests within the National Airspace System to 
validate the communications systems and enhanced air traffic management capabilities developed in this 
program. 

Advanced design methods and test techniques to reduce the time and cost of designing commercial transports 
will be undertaken in the integrated wing design element initiated during FY 1994. Hybrid laminar flow 
control technology to reduce drag on subsonic transports by inducing smooth laminar flow over the aircraft 
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Advanced Subsonic Technolqgy Program 
• Significant FY1993 Accomplishments and FY1994 Plans 

Assessment of the effects of high intensity radiated fields on on-board digital electronics 

Developing and demonstrating advanced, large-area nondestructive Inspection methods, 
reducing costs while maintaining Inspection reliability 

• Major FY1995 Activities and Milestones 

Flight test and validation of the basic components of fiber optic controls and electrical 
actuation 

Development of test techniques for detecting small fatigue cracks extending from rivets 

• Verification of adaptive and active noise control duct treatment on low speed fan 

Development of two-dimensional, unsteady model of aircraft laminar wake vortices in the 
vicinity of the ground 

Evaluation of concepts for advanced, low emissions combustors 

Identification of a computer operating architecture for future GA controls and displays 

Identification of displays and plloVcockplt Interlaces for low noise civil tlltrotor approaches 

Advanced Subsonic Technology 
Objective 

• 

• 
• 

• 

New generation of superior U.S. subsonic aircraft and 
engines 

Fuel-efficient, environmentally-compatible with superior cost, 
convenience and safety 

Uncongested global air transportation system 

Expanded role for advanced short-haul aircraft in the 
civil transportation system 
Planned and implemented with FAA and U.S. industry 

<f;o..m~~ltllt~ E.r-l!l~ te2~ 
Recapture Market Share 

Maintain Balance of Trade 
Increase U.S. Jobs 



• • • 
surface will be investigated in wind tunnel tests and in computer analysis. In addition, design, analysis 
and testing methodologies are being evaluated to establish baselines for future ·activities in high-lift. 
propulsion/airframe integration, and wing design. The design process used to combine the wing design with 
engine design will be reviewed to determine how to efficiently combine these separate designs into a single 
design process that retains the effectiveness of both. 

NASA is developing propulsion technology in cooperation with the U.S. industry to increase the 
competitiveness and market share of the U.S. propulsion industry and reduce environmental impact of future 
commercial engines through reduced combustor emissions. In FY 1994. the propulsion element has begun with 
engine system studies to define optimum engine cycles and associated enabling technology needs for the large 
engine manufacturers. Similar engine system studies are defining technology needs of engines for commuter
sized aircraft. Advanced combustor concepts have been identified and are being evaluated experimentally. 
Materials for high-temperature sections of the engine are being investigated. All major hardware required 
for the unique high-pressure/temperature combustion research test rig has been defined. 

NASA is seeking to assist in the revitalization of the U.S. short-haul aircraft industry through development 
~nd application of new emerging technologies to improve the affordability. safety. utility and environmental 
acceptability of general aviation/commuter and civil tiitrotor aircraft. In the short-haul element during 
FY 1994, the industry/government partnership to address the technology development for the general 
aviation/commuter industry was established. An economic analysis to determine the status of that industry 
and the areas where technology infusion can contribute to the revitalization of the industry is being 
conducted. Innovative noise reduction concepts for the civil tiltrotor are being evaluated. and a three
and four-bladed model of the tiltrotor configuration is being tested to establish baselines and trends for 
noise and aerodynamic performan~e. 

To assist in managing the AST program. to fully understand the relative payoffs of technologies emerging 
from the AST program, and to provide a foundation for planning subsonic research activities. a study to 
determine the scope and provide a plan to develop a system analysis capability is the current focus of the 
technology integration element in FY 1994. In addition, in-house capabilities for modeling and ~nalyzing 
aircraft, engines. air traffic control, and environment are being improved. 

The environmental impact element is addressing the effect of commercial transport aircraft emissions on 
atmospheric ozone and climate. During FY 1994, studies were initiated in an attempt to identify possible 
indicators from existing atmospheric observations data. From these studies. plans are being developed for 
performing additional measurements. Sensitivity studies utilizing computer simulations of atmospheric 
processes are also being planned. 

SAT 4-31 



• • • 
BASIS OF FY 1995 ESTIMATE 

In FY 1995, basic components of fiber-optic controls and electrical actuation developed in the fly-by
light/power-by-wire element will be flight tested and validated on the systems research aircraft. In 
preparation for commercial transport application of these components. the results of the flight tests will 
be shared with the U.S. manufacturing industry to support upcoming tests on the transport systems research 
aircraft. In order to minimize the electromagnetic effects on power management and distribution system 
components, a method for providing electromagnetic assessments of these components will be incorporated into 
the fault-tolerant architecture design method. 

The focus of the aging aircraft element during FY 1995 will be on inspection methods for detecting small 
fatigue cracks extending from rivets. A portable. hand-held. battery operated electromagnetic probe 
developed in this element for detecting small cracks in thin sheet aluminum. and is showing great promise to 
be low cost and very reliable, will be evaluated by industry to identify further refinement requirements. 
The analytical methodol~gy to predict the residual strength of a fuselage with fatigue crack and accidental 
damage will be experimentally verified for an internally pressurized fuselage subjected to loads introduced 
into the fuselage by the aerodynamic loading on the aircraft tail surfaces. Damage tolerance tests will be 
conducted with various simulated fatigue and accidental damage to fully exercise and validate the predictive 
capability of the analytical methodology. 

In FY 1995, the jet noise research will concentrate on enhanced m1x1ng nozzles applicable to current engine 
technology with by-pass ratios in the range of 3 to 6. This research is aimed at increasing the noise 
margin of current airplanes with respect to current certification standards. Active and adaptive noise 
control techniques will be tested on a low-power fan model. Ultimately. these active noise control 
technologies will be used on future aircraft to reduce fan noise radiated from engines. Computational 
aeroacoustics will be used to guide experiments to develop reduced airframe noise designs for landing gear 
and other aircraft components. Acoustic imaging will be used to locate the optimal locations of active 
noise control actuators to reduce the broadband noise heard inside airplanes. An integration of the costs 
and benefits associated with noise reduction will include such things as the impact of relaxed noise curfews 
on airplane utility. 

In FY 1995. the terminal area productivity element will develop a two-dimensional, unsteady model of 
aircraft laminar wake vortices in the vicinity of the ground. This model will provide a tool for airport
airspace planners to make decisions on spacing between aircraft. The research flight system will be 
installed in the replacement transport systems research vehicle to support flight tests of terminal area 
productivity concepts throughout this effort. Using data such as airline operational schedules, low
visibility weather occurrence. and costs of weather-related disruptions. a study to project potential 
landing, roll-out. take-off and taxi bottlenecks and estimates of the cost versus benefit of new technical 
concepts for low-visibility operations will be completed. 
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In FY 1995. a hybrid laminar flow control model will be tested in the 8-foot transonic pressure tunnel and 
the results used to improve and guide the development of aircraft drag reduction in the integrated wing 
design element. A method of determining wing loading on wind tunnel models with a paint designed to change 
color in response to changing pressure will be undertaken. This will replace a much more expensive 
instrumentation system requiring the use of surface pressure sensors installed within the configuration 
being tested. A method for designing the wing and engine simultaneously will be completed. Three
dimensional aerodynamic grid generation for computational fluid dynamic analysis techniques will be 
developed. 

In the propulsion element in FY 1995. experimental evaluation of concepts for advanced low-emissions 
combustors will continue, with the goal of completing initial screening of concepts in existing rigs. 
Assembly of the unique high-pressure/temperature combustion research rig will be completed. permitting 
higher pressure testing of low emission combustion concepts. Materials development and characterization 
will continue for high-temperature disks and lightweight engine static structures. Efforts will be 
initiated to improve turbine cooling technology, and improve turbomachinery aerodynamics in both high
pressure compressors and turbines. 

During FY 1995, the short-haul aircraft element will continue assessing emerging technologies for use in 
these aircraft. A ground-based cockpit simulator used to evaluate future communications. weather and 
situational awareness will be assembled with prototype hardware. The system requirements for the 
integration of simplified engine control displays. and the integration of these into the cockpit display 
systems will be completed on the general aviation airborne simulator. The computer operating architecture 
for future general aviation control and displays will be identified. The innovative noise reduction 
concepts will be refined and the active source noise control will be evaluated for the tiltrotor 
configuration. Displays and pilot-to-cockpit interfaces for low noise approaches of the civil tiltrotor 
will be identified. 

During FY 1995, with completion of the plan for integrated aviation systems analysis capability, the 
technology integration element will initiate development of the executive for this capability and develop 
plans for implementing integration, operation, and maintenance procedures. To assist environmental impact 
studies. computational capability will be developed for analysis of the chemical processing which occurs in 
the mixing of engine exhaust with the background atmosphere. Exhaust trace chemistry for operational 
engines will be measured. 

In FY 1995, the composites element will be initiated. The objective is to develop and verify at full-scale 
the composite structures technology, including verification of design concepts, structural materials, and 
manufacturing methods. required for joining composite wings to composite fuselages while saving weight and 
cost compared to conventional metal commercial transports. During FY 1995. contracts will be awarded for 
the design. fabrication and test of a full scale wing/fuselage intersection component. 
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HYPERS 
Hypersonic Technology *FY93 X!H ~I .ElH fY9Z .EI9§ fn9 IQIAL 
FY 1995 Budget (33.1) (26.0) 40.0 40.0 40.0 40.0 cont. 
FY 1994 Budget* (32.6) (29.0) 
·Hypersonics was previously included within R&T Base 

Chan9e from 94 0.5 -3.0 11.4 10.5 10.2 9.1 
Variance/FY95 Explanation: 
Transfer to RITE program -3.0 
Augmentation for focused program 11.4 10.5 10.2 9.1 

' Was previously included within R& T base. beginning in FY95 will become more focused 
- FY95 & out will focus on results of earlier hypersonics R&T and NASP ($20M in FY94) programs 
- will validate enabling technologies thru ground & flight experiments 
-- ground based tests will likely include validation of concept development engine (large scale scramjet) in LaRC 8' tunnel w/operating speed up to Mach 8 
•· flight tests will be used to reduce risk in prediction of hypersonic boundary-layer transition & scramjet performance 

- concept design. systems operations, instrumentation & other activities will be pursued to support hypersonic flight tests 

Aero Space Plane Tech 
FY 1995 Budget 
FY 1994 Budget 

Change from 94 

6"~ 
~.~ ~ ~ 

lli.3. 

Transatmospherlc R& T (NASP) 
~ ~ ~illl 
20.0· 
80.0 

-60.0 

80.0 

-80.0 

100.0 55.0 

-100.0 -55.0 

Variance Explanation: 
Program terminated du·e t/iack of Congressional support for development of X-30 vehicle 
- Appropriation Commi;t6e put $20M into FY94 for completion of Phase II technology portion of NASP program 

t/~ ff' 

.,,.~ .q_(JI"' 
,Z¥' V 

Transatmospheric R& T 

Distribution by Center 
ARC 
LaRC 
LeRC 
HQ 

FY94 
FY93 OpPlan 

20.0 

~ 
2.0 
2.0 
2.0 

14.0 

FY95 
Budget Delta 

-20.0 

-20.0 
-2.0 
-2.0 
-2.0 

-14.0 

~ 

55.0 

-55.0 

Transatmospheric Research & Technology 
The NASA portion of joint NASNDoD National Aero-Space Plane program 

Objective: to develop technology required to develop reusable. single-stage-to-orbit vehicles with airbreathing primary propulsion and horizontal takeoff & landing 

Working with Air Force to complete on-going NASP technology development phase with FY94 funds 

- will complete Concept Demonstrator Engine tests @ LaRC 

Description of Change in levels: FY94 to FY95 +20.0 terminates specific line item; restructured program now in Hypersonic Program within Systems Technology 



FY 1993 

Hypersonic technology program .................. . 33,118 

OBJECTIVES AND JUSTIFICATION 

FY 1994 
(Thousands of dollars) 

26.000 

FY 1995 

40.000 

In FY 1994 and prior. the hypersonic research and technology program utilized NASA expertise and facilities 
in conjunction with university and industrial research to develop advanced. next-generation, high-risk/high
payoff. hypersonic technologies which will provide major innovative "leaps" in future hypersonic vehicle 
performance and help ensure continued U.S. leadership in aeronautics. The program focuses fundamental 
research and technology development within the disciplines of ram/scramjet propulsion. aero/ 
aerothermodynamics. materials. structures. guidance and control. technology integration. and the improvement 
of test techniques. Advancements in these disciplines are required to enable future airbreathing, 
hypersonic launch vehicles. including single and two stage-to-orbit concepts. While the emphasis is on 
airbreathing accelerating configurations. technology will also be generated for cruise and reentry vehicle 
configurations. The program has completed a crossing shock experiment in the 3.5 foot hypersonic wind 
tunnel on a generic inlet to validate improved computational fluid dynamics (CFD) computer codes for 
turbulence models with compressibility corrections. Design and fabrication of a swept fuel injector has 
been completed. Its goal is to increase scramjet supersonic combustion efficiencies. Room temperature 
testing of an advanced carbon-carbon control surface for a hypersonic vehicle has been completed: the test 
article is now being subjected to temperatures approaching 2000 degrees Fahrenheit. The program is 
evaluating a hypersonic nozzle code with Single Expansion Ramp Nozzle (SERN) data for incorporation in nose
to-tail CFO codes. A high temperature fiber optic microphone instrumentation device was developed and 
demonstrated in the Langley Research Center thermal acoustic fatigue test apparatus. The program renewed 
its effort to develop university centers for training students and conducting research in hypersonic 
aeronautics. The goal is to provide future experts in multiple hypersonic disciplines for U.S. industry. 
universities. and the Government. Research grants were awarded to the University of Maryland. the 
University of Texas (Arlington). and Syracuse University. 

Beginning in FY 1995. an affordable hypersonic technology program will be initiated that builds on the 
technical progress of the completed NASP program and the resources transferred from the base R&T program in 
hypersonics. This program will focus on the development of the key enabling technologies for hypersonic 
air-breathing aircraft. The hypersonic technology program will focus on validating scramjet technology 
through a cost-effective ground and flight-test program. In order to conduct a flight test experiment 
within a reasonable time frame. it is anticipated that a partnership would be formed with the Air Force to 
maximize available resources while minimizing overall program risk. This effort will include the 
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Hypersonics Technology 
• Significant FY1993 Accomplishments and FY1994 Plans 

Conducted tests of large-scale combustor/nozzles in high-Mach shock-tube tunnels 

Completed high-temperature/mechanical tests on large panel structures of titanium 
metal-matrix composites 

• Major FY1995 Activities and Milestones 

• Complete the preliminary design of a Mach 15, subscale, unpiloted scramjet-powered 
flight experiment to be launched on surplus ICBM boosters (for first flight in 1997) 

Continue tests of the large-scale Concept Demonstration Engine at NASA Langley, 
expanding the test matrix from Mach 7 simulated flight conditions (for scramjet power) 
to Mach 5 conditions for ramjet-powered flight · 

Perform a Mach 5 to 6 boundary layer transition flight experiment by piggybacking on 
the first stage of a scheduled Pegasus satellite launch 

Address the development of selected supporting technologies, including Instrumentation 
for flight and ground testing, propulsion system structures and materials, and 
aerothermodynamics 

Initiate cooperative programs with Russia, using Russian hardware and flight facilities 

NASA FY '95 Hypersonic Program 
Objectives 

• Preserve U.S. lead in hypersonics 

• Maintain long-term goal of space-launch and 
hypersonic cruise 

• Transition to more focused program from NASP and 
NASA R& T program 

- focus on high-speed airbreathing aeropropulsion - most crucial 
remaining challenge 

• Leverage NASA resources with Air Force partnership 
in key risk areas 

• Pursue cost-effective, timely opportunities, such as 
with Russia 

• Emphasize dual-use technologies and careful, 
proactive technology transfer 



development of supporting technologies (materials. structures, stability and control. 
aero/aerothermodynamics. instrumentation. etc.). tools and methodologies and advanced vehicle concept 
assessments. 

BASIS OF FY 1995 ESTIMATE 

The FY 1995 hypersonic technology program will focus results from the earlier hypersonic research and 
technology and NASP programs. This program will validate the highest-priority enabling technologies through 
ground based and flight experiments. Ground based tests will likely include continued validation of the 
concept development engine (large scale scramjet) in the Langley 8-foot high temperature tunnel with 
operating speeds up to Mach 8. In areas beyond the capabilities of ground facilities. flight tests will be 
used to reduce the technological risk in prediction of both hypersonic boundary-layer transition (laminar to 
turbulent) and of scramjet performance. Concept design. systems operations. instrumentation and other 
activities will be pursued to support hypersonic flight tests. 
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FACILITIES 
Construction of Facilities .EY93 re! EY.M m5 
FY 1995 Budget 52.6 ~ 201.0 

Nat'I AerQOOYtii:;s FsM.ilities Uggrade PrQgram 2M :1M& 11M 
Facility studies, reqmts definition, design, mod 74.0 74.0 

& constructn of Nat'I aero Facilities (various locations) 
Mods for Composite Technology Center (LeRC) 27.0 27.0 

Nat'I Transonic Facility Productivity Enhancemts (LaRC) 6M 51.0 
Performance Improvements in 11' Wind Tunnel (ARC) 2M 18.0 

Aeconay!li:;al Eai;iliti~s RevitalizaliQn 2L§ fil.Q fil.Q 
Contri Sys Rehab, Natl Full Scale Aerodynamics Complx (ARC) 2.1 2.1 

Upgrade of Outdoor Aerodynamic Research Facility (ARC) 3.9 3.9 

Mod Unitary Plan Wind Tunnel Complex (ARC) 8.0 25.0 25.0 
Mods to 14x22' Subsonic Wind Tunnel (LARC) 2.2 
Repair & Mod of 12' Pressure Wind Tunnel (ARC) 17.4 

Futyre Planning 

National Aeronautics Facilities Upgrade Program: 
FY 1993 
Appropriations Committees provided $25M for CoF related to High Speed Research program 
• used for acoustic mods to 40x80' wind tunnel @ ARC for HSR & other aeronautics requirements 
FY 1994 

22.0 

-

22..C! 

22.0 

.EY.9§ ruz fYH fiti 
5.4 8.0 8.0 8.0 

- - - -

M - - -

5.4 

.8...0. .8...0. M 

$170M for upgrading aeronautical facilities to support US industry & government testing requirements includes: 
+$27M to expand Composites Technology Center @ LeRC (permitting development of high temperature composite materials essential to HSR program) 
+$51 to improve facility reliability & reduce test times 
+ 18M to improve productivity & reliability of Unitary Plan 11' wind tunnel @ ARC 
+74M for Wind Tunnel Study activity: to continue planning, in collaboration with industry, on requirements & design of future wind tunnel facilities 

Within National Facilities Study, a task group concluded: 
- 2 new wind tunnels needed for subsonic/transonic flow regimes to maintain competitiveness of industry 
- research is required for designing & constructing future supersonic & hypersonic facilities 
- increased mass flow is required for propulsion, but not urgently 
• no National Facilities focus is needed for simulators (covered by programs with requirements for them) 

Aeronautical Facilities Revitalization: 
~ 
Modernization of the Unitary Plan Wind Tunnel [UPWT] Complex 
• modernization of national high speed wind tunnel facility consisting of 1 transonic & 2 supersonic test sections & supporting auxiliary equipment 
- 2 year modernizaton program, concludes in FY96 



CONSTRUCTION OF FACILITIES 

National aeronautical facilities ............... . 

Aeronautics subsonic augmentation (ARC) ...... . 
Unitary plan 11-foot wind tunnel (ARC) ...... . 
Modifications to composite technical 

center (LeRC) ............................. . 
Modifications to NTF for reliability (LaRC) .. 

New facility study/design (HQs) ............. . 

Aeronautical facilities revitalization ......... . 
Rehab of control systems, national full-scale 

aerodynamics complex (ARC) .................. . 
Upgrade of outdoor aerodynamic research 

facility .................................... . 
Modernization of unitary plan wind tunnel 

complex (ARC) ............................... . 
Modification to 14 x 22 foot subsonic 

wind tunnel (LaRC) .......................... . 
Repair and modernization of 12 foot pressure 

wind tunnel (ARC) ........................... . 

Total .................................... . 

OBJECTIVES AND JUSTIFICATION 

FY 1993 

25,000 

25,000 

27,600 

8,000 

2.200 

17.400 

52.600 

FY 1994 
(Thousands of dollars) 

181.000 

20.000 

27.000 
60.000 
74.000 

31. 000 

2.100 

3.900 

25.000 

212.000 

FY 1995 

22,000 

22.000 

22.000 

Page 
Number 

CF 2-5 

This program continues an effort to upgrade the U.S. aeronautics facilities capability. The U.S. has been 
increasingly challenged in world aeronautics markets for some time. Since 1984. its share of those markets 
has dropped with a corresponding loss of numerous aerospace jobs. It is important that this trend be 
reversed. The new Administration is encouraging implementation of a national goal to infuse the U.S. 
aerospace industry with the capability to develop a new generation of civil and military aircraft which will 
outperform the competing products of its international competition at comparable or lower cost. This 
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New National Wind Tunnels 

• National Facility Study identified a high-priority industry 

requirement for new high Reynolds number, high productivity 
tunnels in the subsonic and transonic flow regimes 

• These facilities are necessary to maintain the competitiveness 
of our commercial subsonic transport industry 

• NASA is currently working with the DoD, other government 
agencies, and industry to develop creative financing, 
management, and construction options that will enable a 
decision to proceed 

• Siting will be determined on the basis of technical and 
economic factors 

------

Institutional Adjustments 

- Closures: 
Plumbrook: -Hypersonic TuMel Facilily (HTF) 

• Spacecralt Propulsion Facility 
• Cryogenic Propellant Tank (K-Slte) 
·Bit Transonic Tunnel (TPT) , 
·30 x 60 Fl Wind Tunnel 

Reduced: 

offett: Y0·3A, AV-BB, AV-BC, T-3B, UH-1 

Dryden: (2) F-104, T·3B Chase, PA-30 UAV 

• Dryden: F-1 B Chase 



-~·-, - • 
program will contribute to that goal by providing the high priority facilities needed to enable development 
of a significant portion of the required advanced aeronautical technology. 

In FY 1994. the essential elements of the construction plan are: 

1. Facility studies, definition of requirements, and design of a new or drastically modified set of U.S. 
wind tunnels based on the results of the National Facility Study. 

2. Modifications for Composite Technology Center. Lewis Research Center. This project will construct an 
addition of approximately 45.000 square feet to the building for composite materials and chemical 
analysis laboratories. The existing 45 year-old building will be modified to improve life and 
environmental safety and to improve efficiency of building systems. 

3. Rehabilitation of Control Systems. National Full Scale Aerodynamics Complex, Ames Research Center. 
This project is required to replace obsolete and inefficient control systems in the NFAC. 

4. Upgrade of Outdoor Aerodynamic Facility, Ames Research Center. This project enlarges the Outdoor 
Aerodynamic Research Facility (OARF) N-249, at Ames Research Center's Moffett Field site to support 
testing of models and aircraft sized for the 80 x 120 foot leg of the National Full-Scale Aerodynamic 
Complex (NFAC). 

5. Modernization of the Unitary Wind Tunnel Complex. Ames Research Center. This project provides funding 
for the modernization of the Unitary Plan Wind Tunnel (UPWT) Complex to improve production, 
availability. and quality of test results. Note: This funding is the second increment of funds for 
this project. 

BASIS OF THE FY 1995 BUDGET ESTIMATE 

The UPWT is a vital national high-speed tunnel facility consisting of one transonic and two supersonic test 
sections and supporting auxiliary equipment. This facility is the most heavily used wind tunnel complex in 
NASA. However. the facility's productivity is limited by the 1950's era control systems and the increasing 
frequency of equipment breakdowns due to age and heavy use. Modernization is needed now to improve 
productivity. data quality. and reliability. This complex has been operated on three-shifts-per-day basis 
since 1956. with minimal improvements to the facility. Tunnel downtime resulting from equipment and control 
failures has caused major delays to important aircraft projects. The tunnel testing backlog exceeds two 
years. The lack of modern data acquisition equipment results in over half of tunnel tests being concluded 
before all needed data is acquired. Comparable foreign facilities have shown two-to-three times the 
productivity achieved in the UPWT complex. 
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lnlrastrucLure J:<e1ereilce 

OA Infrastructure Adjustments (Current Plan) 

Ames 

Dryden 

Lewis 
Cleveland 

Plum Brook 

Facility 

Electric Arc Shock Tube 
3.5-Ft Wind Tunnel 
Unitary Plan Wind Tunnel 
40x80 and 80x120 Ft. WT (NFAC) 
Vertical Motion Simulator (VMS) 
Man-Vehicle Systems Research Facility (MVSRF) 
Arc Jet Facility and High Pressure Air Facility 

Thermostructures Lab. 

8-Ft Transonic Tunnel 
30x60-Ft Wind Tunnel 

Powered Lift Facility 
ERB cell 1 or 2 

Hypersonic Tunnel Facility 
Spacecraft Propulsion Facility 
Cryogenic Propellant Tank 

Aircraft 

Y0-3A, AV-88, AV-SC, T-38, UH-1 H, UH-60 

F-104(2), PA-30 UAV, T-38 Chase 
F-18 Chase 

·office of Aeronautics 

Action Description 

standby; no ops. costs, min. maint. 
standby; no ops. costs, min. maint. 
reduced operations 
reduced operations 
reduced operations 
reduced operations 
reduced operations 

reduced operations 

closure 
closure dependent on free flight demonstration 
capability in the 14x22? 

closure 
closure 

standby 
standby 
standby 

deactivated 

deactivated 
reduced operations 

.nal Aeronautics and Space Administration If these facilities do not .r on your adjustment plan, provide a rationale for the change -oF/2/7/
94 



Repair or replacement of tunnel components that have reached the end of their useful life is required. 
Also. the welds in the tunnel shelf contain defects typical of 1950's technology and must be repaired and 
the pressure shell recertified. 
This cost estimate provides the FY 1995 increment of funds for the UPWT. Prior funding (through FY 1994) 
total $35.6 million. The total cost of this project is estimated to be $63.0 million, with the final 
funding increment of $8.0 million planned for FY 1996. 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

TRANSATMOSPHERIC RESEARCH AND TECHNOLOGY 

FY 1993 

Transatmospheric research and technology ....... . 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

20,000 

• 
FY 1995 

The transatmospheric research and technology program is the NASA portion of the joint NASA/DoD National 
Aero-Space Plane (NASP) program. The NASP program objective is to develop the technology required to permit 
the Nation to develop reusable, single-stage-to-orbit (SSTO) vehicles with airbreathing primary propulsion 
as well as horizontal takeoff and landing. The NASP national team consists of NASA, the DoD and a team of 
five prime contractors (Lockheed (Fort Worth). McDonnell Douglas. North American Aviation Division of 
Rockwell. Pratt & Whitney, and Rocketdyne). NASA Research Centers will utilize their unique expertise for 
specific tasks and will continue to support technology-development tests by contractors in their facilities. 
The exceptionally broad technology base includes propulsion. materials and structures, controls. and 
applications of computational fluid dynamics. The FY 1994 work emphasizes tests for aeropropulsion and 
engine structures/materials validation. 

During 1994. the national team will complete all documentation on the final design cycle of the X-30 flight
research vehicle. Documentation will also cover results of preparations for subscale, unpiloted flight 
experiments boosted to test conditions by surplus military rockets. Final documentation will be the primary 
or only activity in the areas of slush-hydrogen technology, subsystems. and vehicle management systems. 

The NASP team will conduct ground-based testing of the ramjet/scramjet Concept Development Engine (COE) at 
the NASA Langley Research Center at simulated flight conditions of Mach 7 and 8. Test plans also include 
large-scale combustor work in the Ames 16-inch Shock Tunnel, inlet tests at Mach 3, 6, and 10, and limited 
subscale. parametric tests at Mach 5 and 8 to complement the CDE work. Existing actively cooled, engine
type structures (typically 1 x 4-inch units) will be tested: however. fabrication will not be completed on 
several 20 x 20-inch panels. Also. acoustic/thermal work is ~anceled on the 2 x 2-foot actively cooled 
panel. The High-Heat Flux Facility at NASA Stennis Space Center will be phased down and mothballed. 

Airframe work will focus on completing acoustic/thermal/mechanical tests of existing panels/structures 
typically of titanium metal-matrix composites (TMC) -- and documentation of the results. Powered models of 
the final X-30 configuration will be tested from Mach 3.5 to 18. The results of improved modeling of 
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boundary-layer transition and shock-induced heating as well as related enhancements will be integrated into 
computational fluid dynamics (CFO) tools. 

BASIS OF FY 1995 ESTIMATES 

The Transatmospheric Research and Technology program concludes in FY 1994. A restructured hypersonic 
technology program will begin in FY 1995, as previously discussed. 
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FY g4.g5 COMPARISON 

ADVANCED CONCEPTS & TECHNOLOGY (OACD 

OACT Budget w/o SBJR, Co!F 

ADVANCED SPACE TRANSPORTATION 

SPACECRAFT ANO REMOTE SENSING 

ADVANCED SMALLSAT TECHNOLOGY 

SPACE COMMUNICATIONS 
(ACTS EXPERIMENTS & OPERATIONS) 

SPACE PROCESSING 

FLIGHT PROGRAMS 
(Space Station Utilization) 
(COMET) 
(CMAM) 

NASATECHNOLOGYTRANSFER 
(RTTC) 
(AdaNET) 
(NTTC) 

INDUSTRY TECHNOLOGY PROGRAM 

CONSTRUCTION OF FACILITIES 

SMALL BUSINESS PROGRAM 

FY 1995 PRESIDENT'S BUDGET 
OFFICE OF ADVANCED CONCEPTS AND TECHNOLOGY 

FY 1993 FY 1994 FY 1996 DELTA "4 

5"1S".3 
464.9 ~ 608.4 

114.6 

140.8 

33.1 
(7.9) 

31.9 

115.0 

(22.8) 
(51.5) 

29.5 
(6.8) 
(2.1) 
(4.4) 

~ 
$'0:l.t 

121.9 

156.0 

12.5 

31.0 
(7.4) 

16.5 

97.4 

(14.5) 

r·m (2.2) 
(3.4) 

19.7 

12.5 

.. ., l"" 

484.5 

100.1 

143.3 

47.9 

23.7 
(3.m 

19.2 

91.6 
(15.0) 

(-) 

(41.1) 

36.8 
(7.0) 
(2.2) 
(9.8) 

18.9 

123.9 

) ·~.i. 'V-
·~qp1 ~ -. 

113.1 

1.7 

-18.8 

23% 

0%] 

-15% r ... m1n •• c.,.mloaluPP«tlagM,lwo CCOS.~SPIP,OM·Y••fundlng lor sing!• 

~IM o.ntaur & advanctd launch Itch, rectuo.d IOtivltiM, phas~ USERC 
transfer SBIRIEP, l•rmln&lt SSCs 

-12.7 -8% Phas.001 USERC,ltansf« SBIR/EP, lfiminalt SSCa 

35.4 283% P,og,am bold,p 

-7.3 
(-4.4) 

2.7 

-5.8 
(15.0) 

(-14.6) 

(-3.9) 

9.0 
(-) 

(-) 

(6.4) 

-0.8 

-24% TtaMler S81R/EP, IINfflinat SSC. & rtduot numb• of rHMtd\ announc.n.nts 
("'6()1l) High Oala Ralt and T1·VSAT l«mlnalsc:t.v.topm«11 oompt.ttd 

16% h«MHd produoC ct.... I !light aotivly, llansl., S81AIEP, I IMn'linalt $$Cs 

-6% S81f\'EP transl tr & ltrrninalt SSCs 

New tlfP-,lmtnls progr1.rns 

(· 100%) 
No funds r«p.ttSI in 06, ln~h ,..,._w lo proot,~ with mlsslon ont 

(-9%) FY 04 restructuring ~r Congressional dr.ction 

32% 
ln«.as. outr.ach cap & dfN acllllfl~s. transl« S81RJEP, t•rminll• SSCs 

(0%) Hold ocnslanl @ FYo.4 l•v .. 
(0%) Hold constant @ FYO. .. ~ 

(188%) 
lmprov• p.rlorma~ & proo.a.s with additionaj lraining, inwsl~al• n.w m•lhods, 

and addlicna/ outr.aohl•xt~sion possibiliti" 

-4% 

-12.5 -10CI% Rock«•noin.lestfacUily·on•yearfunding 

123.9 
100!!. - ...... u. •. ....... ,_ ......... "'°-
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ADVANCED CONCEPTS AND TECHNOLOGY 

SCIENCE, AERONAUTICS AND TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

BUDGET SUMMARY 

k 

i?;~/,"/ c'f/1;: )-1') 

~
) ~ ~u, ~ 

'}t; 1~ . ' t-i\,\, ' 
~"">. "'"lJ 11S t .1 

SUMMARY OF RESOURCES REQUIREMENTS 

Advanced space transportation .................. . 
Spacecraft and remote sensing .................. . 
Flight programs ................................ . 
Space communications ........................... . 
Space processing ............................... . 
NASA technology transfer ....................... . 
Advanced smallsat technology ................... . 
Industry technology program .................... . 
Construction of facilities 

Rehabilitation of rocket engine test facility 
(Lewis Research Center) ..................... . 

Small business innovation research and 
small business technology transfer ........... . 

Total .................................... . 

FY 1993 

114. 600 
140.800 
115 .ooo 
33.100 
31. 900 
29.500 

(98,825) 

464.900 

FY 1994 
(Thousands of doll 

121,900 
156,000 
~,n.'f 

31. 000 
16,500 
27,800 
12,500 
19,700 

12.500 

(111.511) 
s-,r.2.60 
..J.i95, 36'0 

l ...... , 
1' Page 

FY 1995 -! Number 

103,100; 
143,300 

91. 600 
23.700 
19,200 
36.800 
47,900 
18.900 

123.900 

608.400 

SAT 
SAT 
SAT 
SAT 
SAT 
SAT 
SAT 
SAT 

5-5 
5-10 
5-15 
5-21 
5-25 
5-29 
5-31 
5-32 

SAT 5-34 

SAT 5-1 



• • 
SCIENCE, AERONATUICS AND TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

BUDGET SUMMARY 

ADVANCED CONCEPTS AND TECHNOLOGY 

SUMMARY OF RESOURCES REQUIREMENTS 

FY 1993 

Distribution of Program Amount By Installation 

Johnson Space Center ........................... . 62,698 
Kennedy Space Center ........................... . 3,640 
Marshall Space Flight Center ................... . 41.524 
Stennis Space Center ........................... . 6.325 
Langley Research Center ........................ . 49.601 
Lewis Research Center .......................... . 68.918 
Ames Research Center ........................... . 27.687 
Goddard Space Flight Center .................... . 22.588 
Jet Propulsion Laboratory ...................... . 50.781 
Headquarters ................................... . 131,138 

Total .................................... . 4Q-4:,900 

FY 1994 
(Thousands of dollars) 

52.900 
2,600 

49.700 
8.800 

41. 500 
74.500 
22.900 
17.500 
50.700 

174,200 

495.300 

• 

FY 1995 

66.140 
12. 077 
73.683 
13. 004 
68.767 
54,590 
25.316 
33.370 
75.795 

185 .658 

608,40Q 
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SCIENCE. AERONAUTICS AND TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

OFFICE OF ADVANCED CONCEPTS AND TECHNOLOGY 

OBJECTIVES AND JUSTIFICATION 

ADVANCED CONCEPTS AND TECHNOLOGY 

In 1993, the Office of Commercial Programs (OCP) and the Space Technology Directorate of the Office of 
Aeronautics and Space Technology (OAST) were merged to create a new organization, the Office of Advanced 
Concepts and Technology (OACT). The OACT is the NASA focal point for technology innovation and transfer. 
The focus of the new office is the development and application of technologies critical to the economic, 
scientific, and technological competitiveness of the U.S. and the promotion of U.S. industrial preeminence 
through strengthened linkages between the private sector and NASA technology efforts. Specifically. the 
mission of OACT is to pioneer innovative. customer-focused space concepts and technologies. leveraged 
through industrial. academic. and government alliances to ensure U.S. commercial competitiveness and 
preeminence in space. Several goals for the new organization have been established: 

to be a center of systems engineering excellence performing concept definition and evaluation 
studies for NASA, industry, and commercial applications: 

to be a nationally recognized customer-oriented focal point for solicitation, evaluation and 
implementation of innovative technology and products for space and terrestrial applications; 

to establish new alliances and mechanisms to develop and transfer technology to create new self
sustaining industries. improve performance, reduce costs. and demonstrate benefits and potential of 
dual-use technology; and 

to develop and promote the unique attributes of space for new commercial products and services. 

In FY 1994, programs previously supported through the Space Research and Technology program and the 
Commercial programs were merged to form a new work breakdown structure which aligned the budget structure so 
that it was consistent with the strategic and customer-focused efforts that the program supports. Also. in 
FY 1994 the Advanced Space Transportation program combines space transportation technology efforts 
previously distributed in several programs: Advanced Concepts and Technology [Space Transportation), Space 
Systems Development [Advanced programs specifically Advanced Transportation and Solid Propulsion Integrity 
Program (SPIP). Advanced Launch Technology, and Single Engine Centaur]. Each customer-focused technology 
program supports a range of technology activities from near- to mid- to longer-term efforts. Each program 
also involves balanced participation by NASA Field Centers. universities, and industry. including such 
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Filename is: M:\COMMON\EXCELDAT\CM\BUDGET\FY1995\CCUSRTIC.XLS 

Office of Advanced Concepts and Technology 

CENTER STATE FY 1993 FY 1994 FY 1995 

~ 32.08 19.95,Y 18.40 FY 1994 

SPACE AUTOMATION AND ROBOTICS CENTER MICHIGAN 1.65 0.55 0.00 close out 
CENTER FOR MAPPING OHIO 1.25 1.05 0.90 costs TBD 
!TD SPACE REMOTE SENSING CENTER MISSISSIPPI 1.45 1.15 1.00 
CENTER FOR MACROMOLECULAR CRYSTALLOGRAPHY ALABAMA 1.92 1.90 2.20 1-----· 
CENTER FOR COMMERCIAL CRYSTAL GROWTH IN SPACE NEW YORK 1.46 0.57 0.00 r-·-·-----
SPACE VACUUM EPITAXY CENTER TEXAS 5.47 4.80 3.75 
CENTER FOR THE COMMERCIAL DEVELOPMENT OF SPACE ALABAMA 2.10 1.85 1.52 --

POWER AND ADVANCED ELECTRONICS 
WISCONSIN CENTER FOR SPACE AUTOMATION AND ROBOTICS WISCONSIN 1.47 0.75 1.25 
BIOSERVE SPACE TECHNOLOGIES COLORADO 1.34 1.64 2.40 
CENTER FOR CELL RESEARCH PENNSYLVANIA 2.88 0.49 0.00 ---- ----- ------------·-
BATTELLE ADVANCED MATERIALS CENTER OHIO 2.97 0.55 0.00 --------·---
CONSORTIUM FOR MATERIALS DEVELOPMENT IN SPACE ALABAMA 2.39 1.1 s 2.68 

·-
CENTER FOR SPACE POWER TEXAS 1.25 0.90 0.90 
CENTER FOR SPACE TRANSPORTATION & APPLIED RESEARCH TENNESSEE 1.40 0.40 0.00 
CENTER FOR MATERIALS FOR SPACE STRUCTURES OHIO 1.17 0.40 0.00 
CENTER FOR SATELLITE AND HYBRID COMMUNICATION NETWORKS MARYLAND 0.92 0.90 0.90 
CENTER FOR SPACE COMMUNICATIONS TECHNOLOGY FLORIDA 1.00 0.90 0.90 

~ 12.60 f. 10.80 .( 3.60 
UNIVERSITY OF NEW MEXICO NEW MEXICO 1.63 1.45 0.45 -
NORTH CAROLINA STATE UNIVERSITY NORTH CAROLINA 1.73 1.25 0.45 ~----
UNIVERSITY OF COLORADO COLORADO 1.53 1.55 0.45 --·-------
UNIVERSITY OF CINNCINNATI OHIO 1.43 1.25 0.45 
UNIVERSITY OF ARIZONA ARIZONA 1.53 1.05 0.45 
PENN STATE UNIVERSITY PENNSYLVANIA 1.44 1.25 0.45 -
UNIVERSITY OF MICHIGAN MICHIGAN 1.63 1.35 0.45 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY MASSACHUSETTS 1.39 1.45 0.45 -
RENSSELAER POLYTECHNIC INSTITUTE NEW YORK 0.29 0 20 



innovative arrangements as the 9enters for_!he Commercial Development of Space (CCDS). The new structure 
merges both the technology and commercial elements into one OACT budget which is organized by customer 
focus. These are advanced space transportation, spacecraft and remote sensing, space communications, and 
space processing. In addition to these four technology programs, two other program elements have been 
developed: (1) technology transfer which supports the necessary infrastructure and networks to foster the 
transfer of technology from NASA laboratories to U.S. industry and (2) flight programs which supports the 
development of commercial and technology experiments and carriers. In addition, two new initiatives were 
initiated in FY 1994 as part of the Administration's technology policy, the advanced small satellite 
technology program and the industry technology program. With regard to the clean car initiative, NASA will 
respond to the Department of Commerce-led clean car initiative with a supporting program to help develop the 
next generation of environmentally sound, fuel efficient automobiles after a program plan has been 
established. 

The Administration is presently conducting an interagency review of the National Space Launch policy to 
determine a future course of action for supporting near-. mid-. long-term space launch requirements. This 
review is being conducted over the first half of 1994. The NASA program plan and budget for advanced space 
transportation research and technology development activities will be altered consistent with the policy 
determinations of the Administration and will be submitted to the Congress in accordance with established 
procedures. 
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Advanced Space Transportation 

FY 1995 Budget to Congress 

FY 1995 Budget Structure 

Technology Assessment & Development 

Systems Analysis 

Propulsion 
Materials and Structures 
Aerothermodynamics 
Thermal Protection Sys / Cryo Tank Insulation 

Avionics 
Univ. Space Engineering Research Ctrs 

HBCU 
Taxes / Reserves 

Advanced Technology Maturation 
Shuttle Technology Development 
Commercial ELV Technology Development 

Advanced Development Projects 
Advanced Launch Vehicle Tech. Development 

Solid Propulsion Integrity Program (SPIP) 

In-Space Transportation 
Advanced Propulsion Concepts 

On-Board Propulsion 
Solar Electric Flight Exp. 

1.Q.L1 

3Ll 
6.0 

10.0 
7.6 
4.1 
5.3 
1.0 
0.9 
1.0 
1.3 

ll:.2 
8.5 
8.7 
2.2 

29.6 
7.6 

LI 
1.8 
4.8 
3.5 

FY 1994 Budget Structure 

Space Transportation 
Earth-to-Orbit Transportation 

In-Space Transportation 

Advanced Programs 
Adv Transportation Studies 
Adv Development 
Program Taxes 
Solid Propulsion Integrity Program 

SSTO Technology Program 
Reusable Cryo Tank 
Composite Primary Structure 
Adv Propulsion 
Lightweight, Durable TPS 
Adv Technology Demonstrator 

103.1 

36.1 
26.8 

9.3 

17.0 
4.8 
4.0 
0.6 
7.6 

50.0 
13.0 

5.0 
24.0 

3.0 
4.0 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

ADVANCED SPACE TRANSPORTATION 

Technology assessment and development .......... . 
Advanced technology maturation ................. . 
In-Space transportation ........................ . 
New launch system (NLS) ........................ . 
Single engine centaur ......................... . 

Total .................................... . 

OBJECTIVES AND STATUS 

FY 1993 

37.600 
35.700 
31,300 
10.000 

114,600 

FY 1994 
(Thousands of dollars) 

45,100 
51. 000 
15.800 

FY 1995 

37,200 
56,600 

9.300 

103,100 

• 

The objective of the Advanced Space Transportation program is to develop the technologies to support current 
and future space transportation systems which are significantly less-costly and more reliable, operable and 
robust. Emphasis will be placed on evolving high-payoff technologies critical to the attainment of this 
objective. Technologies applicable to existing systems (Shuttle and the Expendable Launch Vehicles (ELV's)) 
are supported on a selective basis to provide an effective space transportation system until a new. more 
effective system can be developed. These activities will be closely coupled with the Shuttle program 
office, the ELV industrial organizations and the Department of Defense (DoD) as appropriate. The program is 
comprised of technology assessment and development. advanced technology maturation, and in-space 
transportation activities. The Advanced Space Transportation program combines space transportation 
technology efforts previously distributed in several programs: Advanced Concepts and Technology [Space 
Transportation], Space Systems De~elopment [Advanced Programs specifically Advanced Transportation and Solid 
Propulsion Integrity Program (SPIP). Advanced Launch Technology. and Single Engine Centaur]. 

The program develops and validates technologies for current and future space transportation systems enabling 
their development at reduced cost and schedule risk. The program includes propulsion, vehicle materials and 
structures, avionics. supporting systems, and operations technology activities for both launch vehicles and 
in-space systems. Efforts range from near-term activities applicable to the Shuttle, existing ELV's and 
near-term vehicle development efforts, to far-term efforts to provide an understanding of the potential of 
very advanced propulsion concepts which will form the basis of revolutionary, twenty-first century space 
vehicles. It provides and maintains conceptual design and analysis capability (analytical and experimental) 
and a base of technology to support the initial design and the development efforts. Technical areas include 
analytical and experimental capabilities required to assess aerodynamic performance, vehicle structural 
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weights. sensitivity to structural materials, engine performance and complex hypervelocity flow 
environments. Experimental facilities supported exclusively by this element are the Langley Research Center 
(LaRC) Hypersonic Facilities Complex (provides performance characteristics for design optimization and 
validation of aerothermodynamic computational codes incorporating real-gas chemistry effects): and the Ames 
Research Center (ARC) Arc Jet Complex (supports validation of advanced thermal protection materials). 

In early FY 1994. NASA in coordination with the Departments of Defense and Transportation, completed an 
Access-to-Space assessment of future space transportation options. NASA's assessment of these options is 
being considered in the Administration's ongoing policy review of space launch. One finding of NASA's 
assessment was that there is an opportunity to make additional technology investments which could later 
support development of a new space transportation system with lower-cost and better reliability. operability 
and robustness. The potential of this opportunity to provide the U.S. with a competitively superior launch 
system was considered to be significant. Depending on the Administration's future policy determinations. 
specific technology development plans can later be developed and pursued in close coordination with 
industry. the Department of Defense. and other federal agencies. 

In the propulsion area, several advanced main combustion chambers (AMCC's) will be tested in the Space 
Shuttle Main Engine (SSME) technology testbed for final verification of a new fabrication method. For the 
SSME application, the AMCC's are expected to cost one-sixth as much as the current main combustion chambers. 
require one-third the manufacturing time, and substantially reduce the number of welds and the operating 
temperature. In cooperation with McDonnell Douglas and TRW. hot fire tests of a potentially low fabrication 
cost rocket engine concept. using a pintle injector-ablative thrust chamber design have been conducted at 
the Lewis Research Center (LeRC). In an associated cooperative effort, Allied Signal foil bearing 
turbopumps have been tested, using liquid hydrogen and liquid oxygen, at the Stennis Space Center (SSC) and 
the Marshall Space Flight Center (MSFC). respectively. The hybrid motor program is developing a data base 
to define critical performance and safety characteristics: this is a cooperative NASA/industry effort using 
industry developed and supplied test hardware which is hot-fired in NASA facilities. Electromechanical 
actuators for thrust vector control and engine valve positioning are being developed and tested in simulated 
environments. 

In-space transportation technology activities include advanced chemical engines, solar electric flight 
systems. on-board propulsion and advanced propulsion concepts. and other space vehicle systems. On-board 
propulsion has seen significant breakthroughs in an area that comprises 25 percent to 50 percent or more of 
the mass of a spacecraft. In late 1993, a commercial (Telestar) satellite using NASA-developed arcjet 
thrusters for station-keeping was successfully launched. The higher performance of these thrusters resulted 
in a substantial reduction to spacecraft weight enabling the use of an Atlas in lieu of an Ariane 4 launch 
vehicle. Because of the potential to reduce the spacecraft propulsion system weight, permitting reduced 
spacecraft weights. reduced trip times and increased scientific yields for near-Earth and outer planet 
missions, ion thrusters are one of the science community's highest technology priorities. A joint effort 
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with the NASA Space Science Program Office, the Air Force and industry, will conduct a flight experiment of 
an ion propulsion system which will reduce launch weights and trip times and provide for increased 
scientific yield from near-Earth and outer planet science missions. Longer range efforts to evaluate very 
advanced propulsion system concepts are also included. The advanced propulsion concepts program continues 
to explore high-leverage. high-performance concepts for future propulsion needs: for example, the modeling 
of an anti-proton-catalyzed inertial-confinement fission/fusion concept was completed and development has 
begun of a portable anti-proton container which will be used by the Air Force to conduct a proof-of-concept 
demonstration. Because of the possible use of unmanned vehicles to service in-space vehicles or resupply 
the Space Station. an automated rendezvous and capture capability is being developed and preliminary 
concepts for an in-space demonstration are being formulated. 

Materials developments includes technology for more durable thermal protection system (TPS) materials and 
lightweight reusable cryotank concepts using Aluminum-Lithium alloys and graphite composites. Support is 
being provided to the Mars Environmental Survey (MESUR) Project Office at the Jet Propulsion Laboratory 
(JPL) to accurately define forebody heating for TPS selection and afterbody heating resulting from 
unexpected recirculation in the wake flow region effecting sensitive communications antenna and parachute 
mechanisms. A cooperative technology activity with General Dynamics and Martin Marietta is developing low 
cost fabrication processes for lighter weight aluminum-lithium cryogenic tanks and launch vehicle structure. 
The goal of this LaRC-led effort is to reduce structural weight by 20-30 percent and manufacturing cost by 
30-40 percent. 

To significantly reduce the cost of placing small (half-ton class and smaller) payloads into orbit. NASA is 
investigating the opportunity for cost-shared developments using joint government/industry teams to design. 
develop. and test new concepts to replace the expendable solid rocket-based systems in use today. Reusable, 
liquid-fueled booster stages and liquid-fueled upper stages are prime contenders. 

The program includes systems definition and preliminary design (Phase B) studies. These provide the 
necessary technical and programmatic data needed to assess evolving space transportation and systems 
requirements and to evaluate new technical capabilities. Studies define flight systems options to satisfy 
near-term and longer range national space transportation requirements in sufficient detail to select cost 
effective pathways and guide technology. Systems include expendable, partially reusable and fully reusable 
two-stage and single stage vehicles. 

The SPIP. is developing a comprehensive database to improve the engineering understanding of solid rocket 
motors to enhance their reliability. In FY 1994, the database and analytical tools for resolving nozzle 
ply-lift phenomenon will be developed. the bondline "issues" will be resolved, and the low-cvst combustion 
simulator design will be completed permitting initiation of facility modification. 
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Solid Propulsion Integrity Program 

• Content 

- Bondlines (Propellant-to-Liner, Lin.er-to-Case) 
- Motor Nozzles 
- Verification and Testing (Hot Motor Firings) 

• Customer I Application 
- Titan, Pegasus, Delta, RSRM, ASAM, i.e.: the Nation's Solid Rocket Motor Industry 

• Products 

- Nation-Wide Infrastructure 
- Civil Servant Experience Base 
- Examples of Products Being Applied By Industry & Government: 

• Analytical Capability - Margins of Safety - MSFC Test Motor Facility 

Cost: 

NOA, 
RY$M 

• Ref. Data Manuals - PAN Ablators - Combustion Simulator 
- Industry Standards - Pore Pressure Analysis & Mitigation 

FY93 FY94 FY95 FY96 FY97 FY98 FY99 

. 
7.2 12.9 7.6 7.2 6.0 0 0 
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The program is supported by flight experiments. a system analysis capability, and a university based 
research program. Continued emphasis will be placed on facilitating the transfer of emerging technologies 
to the commercial space transportation industry and on developing cooperative agreements for application of 
technology advances to non-aerospace organizations and industry. 

BASIS OF FY 1995 ESTIMATE 

In partnership with industry and in coordination with DoD, the program will invest in critical. high-payoff 
technologies. Projects include light-weight, robust propellant tankage and primary structure and high
performance propulsion systems with sufficient margins and health-statusing to attain the reliability. 
operability and robustness goals. The tankage projects will address technology for a reusable cryogenic 
capability (materials, certification for flight, and the insulation system); the identified material options 
include aluminum-lithium and graphite-composites. Reusable launch systems will also require reusable, 
light-weight thermal protection systems which do not require the extensive servicing of existing systems. 
Propulsion projects will address dual-fuel options (using both LH2 and radio frequency (RP) with LOX). and 
advanced engine designs (an example is the linear aerospike engine). Appropriate Russian technology and 
systems will be considered, with particular emphasis on their extensive experience base in high-pressure 
LOX-hydrocarbon engines. Business relationships between Russian design bureaus and U.S. industry 
organizations will facilitate these efforts. 

Propulsion efforts focused on the reduction of Shuttle costs will continue at a reduced level focusing on 
improved operations. These are cooperative efforts with the Shuttle program office. In addition. some 
propulsion related efforts such as hydrogen leak detectors. improved sensors and other vehicle heath 
management technologies will be completed at the engine test and launch sites. 

Cooperative efforts to reduce the cost of existing commercial launch vehicles of all sizes will be expanded. 
initiating industry-driven. cooperative activities resulting from the broad solicitation to industry issued 
in FY 1994. NASA will continue support for the industry hybrid motor test program. The FY 1994 initiated 
funded activities will be completed. 

The SPIP will focus on nozzles, verification testing. and on infusing technology engineering results and 
cultural changes into flight programs. The program will continue to sustain the NASA-industry nozzle team 
and infrastructure across the U.S. solid motor community with steady advances in engineering data bases. 
analytical tools for design, fabrication and verification. The program will also deliver the results and 
findings of the bondline effort. and complete the combustion simulator facility. 

System analysis and technology assessment activities. experimental and analytical capabilities required to 
support future technology definition and development decisions will.be continued. 
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A multiyear funding plan and schedule of annual performance milestones for the development of a single
engine Centaur will be developed and provided to the Congress: no funding will occur until the report is 
accepted. 

By the end of FY 1994, all work on chemical upper stages will be terminated. Ground test and flight system 
design efforts for the ion engine flight experiment will continue with a planned flight test of an ion 
system on-board an Air Force vehicle in FY 1998. Support for efforts in the area of on-board propulsion 
will continue at a reduced level. with emphasis being placed on those activities with high industry interest 
and cooperation. Assessment of very advanced propulsion concepts will continue at various academic 
institutions. Funding for the transportation-related University Space Engineering Research Centers at 
Pennsylvania State University and the University of Cincinnati will be terminated by the end of FY 1995. 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

SPACECRAFT AND REMOTE SENSING 

FY 1993 FY 1994 FY 1995 
(Thousands of dollars) 

Earth applications systems ..................... . 50.900 60,100 57,100 
Space and planetary systems .................... . 50.800 58.800 52,800 
Space platforms systems ........................ . 39.100 37.100 .2.1.t_4_0 0 

Total .................................... . 140,800 156,000 143.30Q 

OBJECTIVES AND STATUS 

The Spacecraft and Remote Sensing program is pioneering innovative spacecraft and remote sensing 
technologies and applications to meet the needs of the civil space program and commercial users. Working 
closely with the future users of the technology products. the objectives of the Spacecraft and Remote 
Sensing program are to advance a broad spectrum of engineering technologies that generate new concepts. and 
to validate technologies that advance the state-of-the-art in spacecraft development in support of Mission 
to Planet Earth (MTPE), space science missions and space platform applications. The program focus is on 
enabling an evolution toward physically smaller, lower power, less expensive, but more capable spacecraft, 
which allow NASA to continue the enterprises of understanding the Earth, discovering the fundamental nature 
of the universe. and initiating steps toward human exploration. 

This program features work in advanced composites. integrated spacecraft design concepts. as well as the 
demonstration of a companion set of micro-instruments. Light-weight space power concepts and systems 
including batteries, photovoltaic arrays and light weight thermal systems are demonstrated. The program 
develops detectors and measurement systems that will increase the resolution and data return from the next 
generation of science spacecraft and in the longer term allow scientific measurements in new regions of the 
electromagnetic spectrum. Our efforts to assist in the development of a viable commercial remote sensing 
industry include prototyping of specialized packaging of space data into usable customer defined products. 
Robotic technology is being advanced through flight demonstration of existing microrover technology on the 
Mars Environmental Survey (MESUR) Pathfinder mission. which is being pursued jointly with the Office of 
Space Science. Operations technology emphasizes the insertion of new approaches to reduce the life cycle 
cost of science missions and the archiving and analysis of resulting scientific and commercial information. 
Across the entire Spacecraft and Remote Sensing program there is increased emphasis on and concentration of 
resources on the highest priority Agency activities. on technology dual use. and on interagency activities 
to advance national competitiveness. 
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MESUR PATHFINDER ROVER 

LEAD CENTER: JPL 

LAUNCH DATE: 12/96 

FY 1993 FY 1994 FY 1995 FY 1996 FY 1997 TOTAL 

2.0 5.0 8.0 7.0 2.0 24.0 

Advance robotic technology through flight demonstration of existing microrover technology on the Mars 
Environmental Survey (MESUR) Pathfinder mission. Jointly pursued with the Office of Space Science. 

Goals: 
- Demonstrate that a low cost microrover can be provided 
- Capable of imagining the lander on the Martial surface using an alpha-proton x-ray spectrometer 

- Acquiring compositional data on rocks and soils 
- Obtain engineering data to guide development of furture microrover systems 

Design Approach: 
- Self-contained microrover design to minimize dependence on lander design 
- Use simple/standardized mechanical, electrical and thermal interfaces 

- Minimize cost and schedule risk 
- Where ever possible use available technology and components 
- Exchange small performance loss for large cost, schedule or risk reduction 
- New technology developed only when required or payoff is significant 
- Many subsystems being bought off the shelf (RF-modems, CCD sensors, etc) 

- Deliver microrover end of 1995 



• • • 
The spacecraft and remote sensing program is organized into three areas which support three customer foci: 
(1)-Earth application systems, (2) Space and planetary systems, and (3) Space platforms systems. In the 
Earth applications systems element, the principal customer is the MTPE program; but this area also includes 
efforts for the commercial remote sensing industry and for non-space commercial applications. Discipline 
work areas include Earth orbiting spacecraft subsystems, such as structures and materials, power. thermal 
control and vibration isolation: operations technology for infusion into future improvements in the Earth 
Observing System (EOS) data information system (EOSDIS); and sensors and data processing systems that 
support the achievement of Mission to Planet Earth scientific objectives. Specific work elements include 
tasks on large format, long-life visible and infrared detector arrays which will be used for Earth surface 
temperature and emissivity measurements, submillimeter components for extending the measurement out to the 
2.5 Terahertz spectral band; and prototype micro-instrumentation for remote and in-situ science sensing 
applications. 

In FY 1994, a number of small commercial applications have been initiated in areas where NASA space-derived 
engineering expertise and facilities will contribute to near-term commercial needs and opportunities. The 
set of applications includes multiple applications of the capabilities of the Microdevices Laboratory at the 
Jet Propulsion Laboratory (JPL). superplastic forming and advanced electronics with the automotive industry, 
~ickel electrode development with United States Automobile Battery Consortium and several advance materials 
research efforts. 

A number of significant technical accomplishments that are directly applicable to Earth science missions 
were achieved in FY 1993. The Lidar In-Space Technology Experiment successfully completed all the preflight 
subsystems and integration testing. In FY 1994, the Laser In-Space Technology Experiment flight hardware 
was completed and successfully ground-validated for its Shuttle flight scheduled for September 1994. The 
fabrication of a 30-degree Kelvin, two-stage Stirling Cooler was completed and characterization testing was 
initiated. This cooler has been specifically developed in collaboration with MTPE. but it has multiple 
applications to all infrared and x-ray instruments that require low vibration and sustained cooling in the 
temperature range between 30 and 70 degrees Kelvin. The two-micron. solid-state laser analytical modeling. 
development and characterization program identified a Holmium and Thulium doped Lutetium Aluminum Garnet 
(Ho:Tm:LuAG) as a likely candidate for characterization. Subsequent experiments demonstrated that 
Ho:Tm:LuAG has a 25 percent higher light conversion efficiency than existing solid state laser materials. 

In the space and planetary applications program. the customers are the astrophysics. space physics, and 
robotic solar system exploration flight programs of the Office of Space Science. The engineering emphasis 
includes spacecraft technology infusion programs focused on near Earth and deep space probes, the MESUR 
Pathfinder rover flight hardware development. spacecraft subsystems technology, advanced rover technology, 
sensors and instrument technology, telescope optics, and operations. The purpose of the technology infusion 
program is to eliminate the barrier to technology transfer into flight projects and to assure the continuous 
transition of advanced technology into NASA spacecraft projects. In both the near Earth and deep space 
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probes programs, the projects have identified highly focused technology enhancements that have specific 
quantifiable benefits for specific missions. The technology developers have been given performance metrics 
that must be achieved for their subsystem to be included on specific flight programs. In the area of 
telescope technology the objective is to initiate a program demonstrating cryogenic mirrors and telescope 
assemblies for future NASA, commercial and defense applications. The goals of the MESUR Pathfinder rover 
program are to demonstrate that a low cost microrover can be provided to the project which is capable of 
imaging the lander on the Martian surface, acquiring compositional data on rocks and soils using an alpha
proton x-ray spectrometer, and obtaining engineering data to guide the development of future Mars microrover 
systems. 

The examples of significant technical accomplishments in our space and planetary activities include the 
programs contribution to the modeling of the prescription for the Hubble Space Telescope optical correction 
repair and the electrostrictive ceramic actuators that will be used for adjusting the Wide Field Planetary 
Camera actuated fold mirror: the first demonstration of 670 GHz superconductor mixer performance which opens 
up this wavelength to comprehensive astronomical study and the application of an OACT-developed antimony 
impurity band conduction silicon detector to obtain unparalleled imagery of the galactic center in the 20 to 
40 micron range. Fiscal Year 1993 was the year the Erebus Explorer Remote Robotic Rover system was in one 
year's time, designed, fabricated. and field tested in Antarctica including demonstration of remote 
operation, autonomous navigation and walking. In the power area. Indium Phosphide photovoltaic cells were 
demonstrated with a ten times improvement in radiation tolerance over state-of-the-art gallium arsenide 
(GaAs) cells. In the area of structural materials. rapid fabrication (30X) of carbon-carbon spacecraft 
components was demonstrated using a rapid densification fabrication innovation. The first use of the SkiCat 
automated astronomical cataloging tool for use on the CalTech Mt. Palomar total sky survey also occurred 
during FY 1993. 

The customers for the space platforms technology program are the offices of NASA that are responsible for 
Earth orbiting space stations. future large communications antennas, and planetary orbiters. All of these 
applications require efficient and compact energy systems. stable structures and environmentally compatible 
materials which requires understanding of space environmental effects. Many missions are dependent on 
precise pointing and a quiescent environment for successful performance. Specifically, jitter reduction of 
a science instrument can improve data quality (resolution) and reduce cost and improve data timeliness 
through reduced data processing requirements. The objectives of the space environmental effects program are 
to develop, document and disseminate information which will improve environmental and effects modeling. 
reduce risk and accelerate ground based facilities and test guidelines. Space platforms also have a need 
for minimizing the requirement for human extra vehicular activity (EVA) by telerobotic maintenance systems. 
science payload tending and capture/manipulation of external objects. Telerobotics provides many dual use 
technology applications and the program hopes to see emerging industry in a number of areas such as micro
surgery, construction, agriculture, and entertainment applications. Space platforms also present some of 
the most significant operations challenges. The platform operations programs goal is to infuse technology 
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into station operations to improve efficiency, reduce costs and risks by developing automated monitoring and 
diagnosis, provide tools for developing automated diagnosis systems and automation of power system 
management expert systems. 

Technical accomplishments relevant to the platform include completing the assessment of the Long Duration 
Exposure Facility flight results and initiation of a space environmental effects design handbook. 
demonstration and transfer to NASA of the Flight Telerobotic Servicer Arm; and development of the linear 
Fresnel solar concentrator concept which simplifies photovoltaic array design and has a projected cost 
reduction of one third. The Hazardous materials handling robot (HAZBOT) development was completed and the 
robot was turned over to the JPL fire department for training and user evaluation. 

Each of the three major program application areas also has specific systems analysis studies underway to 
refine the definition of critical technologies for future high priority missions. In most cases, these 
studies are performed in cooperation and co-funded by the user offices. Finally, support for four centers 
for the commercial development of space which are working on related technologies will continue. These 
centers are the Center for Mapping (Ohio State), Space Remote Sensing Center (Stennis Space Center). Center 
for Space Power and Advanced Electronics (Auburn University). and the Center for Space Power (Texas A&M). 
Their respective efforts are focused on the following technologies -- high resolution map technology, remote 
sensing for natural resource management, advanced electronic systems and components. and space power 
generation, conversion and transmission. 

BASIS OF FY 1995 ESTIMATE 

In FY 1995. the Spacecraft and Remote Sensing program will continue to emphasize technologies that support 
the NASA's objectives of an evolution to smaller, less expensive. more capable spacecraft that will be able 
to launch on a more frequent basis with less budget risk per flight. Increased program emphasis will be on 
dual use technology and on participation in supporting interagency activities to advance national 
competitiveness. Program funding requirements will be minimized by consolidating Research and Technology 
(R&T) activities at every opportunity concentrating discipline technology responsibility at the fewest 
possible NASA Centers. Programs being supported include solar dynamic technology supporting the joint NASA 
Russian Space Station activity and use of aerospace technologies for the national clean car initiative 
currently under review. 

Some of the specific spacecraft subsystems tasks that will be pursued in FY 1995 include deployable/ 
inflatable designs for antennas and solar arrays to reduce launch volume by 50 percent, documenting the 
reductions of fabrication time and cost for carbon-carbon spacecraft structures by using a rapid 
densification process. and multiband gap planar photovoltaic arrays that are projected to have efficiencies 
greater than 25 percent and ten-year space performance degradations of less than two percent. In 
operations. the FY 1995 program will develop and infuse into EOSDIS advanced concepts for automated user 
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friendly data archiving. image data registration and data visualization and analysis. The sensors and 
instruments program will emphasize demonstration of efficient long-life, high pulse-energy/power lasers for 
wind and atmospheric chemical composition measurements. 

A major focus will be to stimulate commercial remote sensing markets by providing flight testbed 
opportunities as well as user specific, multi-spectral sensor development and customized software data 
analysis systems. This area has a very high commercial potential and only a small part of the market has 
been exploited. By the end of FY 1995, we anticipate the completion of four Space Act projects which will 
include comparable industrial co-funding. thereby assuring commitment to utilization of technology. 

The results of the technology infusion effort should be seen as the advanced technologies for a possible 
Pluto fast fly-by mission will complete breadboard testing and final technology selection. The second 
generation of technology infusion candidates will be chosen. Spacecraft technology has become central to 
the Agency's goal of small, lower cost spacecraft that can be flown with increased frequency. The 
spacecraft technology program will develop and demonstrate improved space durable polymers for films and 
composite matrices, the baseline interferometer testbed will become operational. and a 100 milliampere hour 
Lithium polymer battery will be demonstrated. The rover technology program will demonstrate a range of 
cheaper, better planetary rovers systems for science instrument placement and planetary surface exploration. 
By the end of FY 1995, a 100 meter micro-rover traverse will have been demonstrated and a representative 
science payload servicing demonstration will be achieved. Subscale silicon carbide panels for cryogenic 
infrared primary mirrors will be fabricated and characterized. A number of operations technology 
demonstrations should demonstrate ways of greatly reducing mission operations costs. These include 
operational use by the deep space network at JPL of automated link monitoring and control systems. wide 
distribution of an artificial intelligence-based astronomical plate analysis system, and demonstration of 
remote operational control of Extreme Ultraviolet Explorer (EUVE) spacecraft and science experiments from 
the University of California at Berkeley. In FY 1995 the completion of the MESUR Pathfinder Rover flight 
unit will also be seen. 

The space platforms program will be demonstrating several systems on the control structures ground testbed 
such as a TRW active mount system and a two kilowatt solar dynamic system. The space environmental effects 
program will complete the first generation of environmental interaction design tools and participate in the 
flight opportunity. In FY 1995 the free flying demonstration of a remote operations robot in the KC-135 
aircraft and an initial integration of an on-orbit manipulation testbed for Space Shuttle based servicing 
should be seen. Prototype console software should be delivered to the Johnson Space Center (JSC) for 
testing. The test of the power expert system demonstration should also be completed. 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

FLIGHT PROGRAMS 

FY 1993 

Program definition ............................. . 
Flight experiments ............................. . 
Space station utilization ...................... . 
Experiment carriers and transporters ........... . 

COMmercial Experiment Transporter (COMET) .... . 
Commercial Middeck Augmentation Module (CMAM). 

Experiment preparation, integration, 
and mission management ....................... . 

Total .................................... . 

OBJECTIVES AND STATUS 
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The overall goals of the flight programs are to validate advanced technologies and manufacturing techniques; 
to investigate space environmental effects; and to provide access to space for industry. universities. and 
government. These goals will be accomplished through the following specific objectives: to develop flight 
experiments to enhance U. S. industry competitiveness and satisfy space research and technology program 
requirements; to obtain launch vehicles and carriers for these flight experiments; to provide for technology 
transfer to users; to stimulate participation and investment of industry in commercial development of space; 
to maintain a high degree of student/university involvement in flight experiments; and to reduce cost and 
schedule risks for future space missions. Five elements are supported by flight programs: program 
definition; flight experiments; Space Station utilization; experiment carriers and transporters; and 
experiment preparation. integration and mission management. A description of the objectives and status of 
the elements of the Flight programs follows. 

Program definition provides for analysis and studies for future space carriers. such as Space Station, and 
for program definition, such as defining program policy for small flight experiment implementation and 
strategic and tactical planning. Thi~ element currently involves two field centers. The Langley Research 
Center (LaRC) serves as the primary interface for the Office of Advanced Concepts and Techn0logy (OACT) 
technology experiments with the Space Station organizations ensuring that the Space Station can accommodat~ 
the broad range of technology experiment requirements. The Jet Propulsion Laboratory (JPL) provides support 
such as defining new initiatives. program policy for small flight experiments implementation. and strategic 
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and tactical planning. In FY 1995. the Space Station support will become part of the Space Station 
utilization program. 

The flight experiments budget provides for the development of small experiments to advance space technology 
concepts which have been developed within NASA, industry. and university facilities and which require flight 
evaluation and validation in the relevant space environment to reduce the risk of incorporating these 
concepts into advanced space systems. A major component of this program is the In-Space Technology 
Experiments Program (IN-STEP) which was initiated in 1986. In FY 1993. 352 proposals were received from 
U.S. industries. universities. and government agencies in response to the 1992 IN-STEP Announcement of 
Opportunity which solicited proposals for the validation or verification of advanced space technologies in 
the microgravity and space environment. Of the 352 proposals. 27 proposals were received from university 
students for a special streamlined two-year. $200K experiment designed to provide first hand space flight 
experience to promising graduate students. Over 50 percent of the proposals received involved 
collaborations with other organizations. In FY 1994. 51 of the proposed experiments were selected and will 
begin a nine-month Phase A feasibility study. These selected experiments represented 109 participants from 
U.S. industries, universities. and government organizations located in nineteen states. 

In FY 1993. experiments from previous IN-STEP solicitations were flown with successful results. These 
results will aid in the design of future space systems utilizing supercooled fluid storage; will lead to 
improvements in current heat pipe computer modeling techniques and predictive capabilities; and will aid 
thermal system engineers in designing future spacecraft. The results from the heat pipe experiment have 
already reduced the amount of ground testing required for current spacecraft heat pipes. Other 
accomplishments include the second flight of the Orbital Acceleration Research Experiment (OARE) as part of 
the Orbiter Experiments (OEX) program. The data collected over the years by the twelve OEX experiments have 
been an important source for designing and developing performance improvements in the present orbiter 
program and have supplied data for validating models for the design of future space transportation vehicles. 
The OARE measures linear accelerations (to an accuracy of 10-9g) and is the most sensitive three-dimensional 
accelerometer of its kind ever flown on the Shuttle. Validated over three separate missions. the technology 
will be transferred to the Office of Life and Microgravity Sciences and Applications for their use with 
future microgravity payloads. In FY 1994, nine flight experiments are manifested for Shuttle launch. The 
last OACT flight of OARE was in October 1993. Six small experiments on a common Hitchhiker carrier in the 
Shuttle bay and a middeck reflight will be launched on STS-62 scheduled for March 1994. These experiments 
will support the measurement of the spacecraft glow phenomena. the collection of data on the freeze-thaw 
behavior of molten salts (which are needed for the design of thermal energy storage systems); the 
investigations of advanced thermal control technology; the measurement of solar cell arcing under high 
voltage conditions; an advanced space radiation measurement device: and measurement of nonlinear structures 
dynamics to better understand effects of microgravity. Results of these experiments will serve to aid in 
the design of Space Station and other future advanced spacecraft. Also, the Lidar In-Space Technology 
Experiment (LITE) is scheduled to be launched in September 1994 and is aimed at verifying the technology 
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COMMERCIAL EXPERIMENT TRANSPORTER (COMET) 

LAUNCH DATE: 3RD QUARTER FY 94 

<\V 
JL ~f. r ,-,,,ry· 

!;I & 
CONTRACTS: CSTAR HAS THREE COMMERCIAL CONTRACTS: 

SIi - PROVIDES FOR RECOVERY SERVICES ORBIT OPS & PAYLOAD INTEGRATION 

FUNDING: GRANT WITH CENTER FOR SPACE TRANSPORTATION / WESTINGHOUSE - SERVICE MODULE AND SYSTEMS ENGINEERING 

AND APPLIED RESEARCH (CSTAR) EER - LAUNCH SERVICES 

PRIOR FY 1993 FY 1994 TOTAL 
28.5 22.8 14.5 65.8 

OBJECTIVE: 
NATION'S FIRST COMMERCIAL PROVIDER OF RELIABLE. COST-EFFECTIVE SPACE TRANSPORTATION 
AND RECOVERY SERVICES TO INDUSTRY, GOVERNMENT, AND ACADEMIC RESEARCH INSTITUTIONS. 

STATUS: . . 
- SUBSTANTIAL COST GROWTH FOR THE PLANNED THREE MISSION PROGRAM 
- NASA WILL CONDUCT IN-DEPTH REVIEW IN FEB 
- REVISED PROGRAM PLAN - COST & SCHEDULE FOR ONE MISSION STILL PENDING 

ISSUES: 
- FUNDING IN FY 94 SUFFICIENT TO COMPLETE MISSION ONE 
- NO FUNDING REQUESTED IN FY 95 
- CONTRACTORS LOOKING FOR $19.5M IN FY 95 TO OFFSET THEIR COST 

BENEFITS: 
- 30 DAYS tN ORBIT FOR RECOVERY SYSTEM 
- 2 YEARS OR MORE IN ORBIT FOR THE NON-RECOVERABLE SERVICE MODULE 
- MICROGRAVITY ENVIRONMENT UNDISTURBED BY HUMAN INTERACTION 
- FLIGHT INDEPENDENT OF SHUTTLE SCHEDULE & SAFETY 

AND DOCUMENTATION 



readiness of using a Lidar (solid state laser) in space for measuring critical atmospheric parameters such 
as cloud top heights and aerosols. 

The objective of the Space Station utilization program is to plan for, select, approve. design, develop, and 
integrate OACT flight experiments and facilities to be placed on Space Station. These flight experiments 
and facilities will be selected on the basis of the highest priority technology and commercial benefits that 
can be derived from the unique Space Station environment, i.e. long duration, low gravity, and radiation 
coupled with human interaction. This program will also serve to strengthen the established aerospace 
industry, nurture emerging space industries, and promote aerospace engineering education. Plans are 
underway to release an Announcement of Opportunity in the second half of FY 1994 to solicit small 
experiments for Space Station and award approximately twenty Phase A feasibility studies in FY 1995. 

The experiment carriers and transporters budget obtains launch vehicles and carriers for OACT flight 
experiments and stimulates participation and investment of industry in the commercial development of space. 
The major component of this prsgram is the Commercial Middeck Augmentation Module (CMAM) contract. The CMAM 
contract with SPACEHAB, Inc. involves the lease of flight accommodations and associated supporting services. 
In FY 1993, the. f~rst SPACEHAB flight under the CMAM contract carried 22 experiments. twenty of which were 
sponsored by bACT. The second flight of SPACEHAB is scheduled for early 1994 with thirteen experiments. 
twelve of which are spons-0r~d by OACT. This second flight of SPACEHAB and the experiments c·ontained within 
it. highlights a continuing cooperative effort between government and industry in using the benefits of 
microgravity to foster economic growth as well as improve life here on Earth. The CMAM contract is 
proceeding successfully this year after a restructuring under the new funding profile as a result of FY 1994 
Congressional appropriations action. 

Another major component of the experiment carriers and transporters program is the COMmercial Experiment 
Transporter (COMET) which is planned for its first mission in March 1994. The COMET program's goal is to be 
the nation's first commercial provider of reliable, cost-effective space transportation and recovery 
services to industry, government, and academic research institutions. However, due __ to substantial cos_! 
g_ro~th. __ fC:_~~~el-anned three mission pro_gram, NASA will conduct an in-depth review of the COMET program in 
early 1994 and pr:().~~4€: findings and recommendations to Congress regarding plans to proceed with mission one. 
No funds are being requested in FY 1995 for additional COMET missions. In addition, the experiment carriers 
and transporters program includes a series of testbed transportation systems to optimize access to 
microgravity. such as KC-135 aircraft ·flights. These systems provide short-duration microgravity flight 
opportunities at a low cost for investigators to evaluate concepts and flight hardware before committing to 
higher cost space flight opportunities. The experiment carriers and transporters program also includes the 
launch voucher program. The voucher program supports commercial launch and payload integration development 
efforts by the private sector and provides a more flexible manner of government acquisition of commercial 
launch and payload support than the traditional procurement practices. 
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SPACE STATION UTILIZATION 

FY 1995 FY 1996 FY 1997 FY 1998 FY 1999 

15.0 37.1 47.6 51.3 52.8 
STUDIES & ANALYSIS 0.3 0.3 0.3 0.3 0.3 
ON ORBIT FACILITIES 4.9 12.4 20.5 17.2 11.3 
PHASE A/B EXPERIMENTS 3.1 8.1 3.5 0.9 
PHASE C/D EXPERIMENTS 6.7 16.3 23.3 32.9 41.2 

- SUPPORT 20 PROPOSALS FOR PHASE A 
- COMPETITIVE DOWN-SELECT PROCESS 
- SELECT 8 - 10 FOR PHASE B DEFINITION 
- SEVERAL EXPERIMENTS WHICH HAVE FLOWN ON SHUTTLE WILL BE 

REFURBISHED TO FLY ON STATION 

- EXAMPLES OF POTENTIAL EXPERIMENTS: 
ZEOLITE CRYSTAL GROWTH 
COMMERCIAL CRYSTAL GROWTH FROM SOLUTION 
PHYSIOLOGICAL SYSTEMS EXPERIMENTS 
BIOREGENERATION OF WATER 
SINTERED AND ALLOYED MATERIALS 

- DEVELOPMENT OF UNIQUE SPACE STATION FACILITIES: 
MULTIPURPOSE GLOVE BOX 

EXTERIOR ATTACHMENT FACILITY TO INVESTIGATE SPACE ENVIRONMENTAL EFFECTS 



• 
The experiment preparation. integration. and mission management budget provides services for the OACT flight 
experiments. Several of the payloads require optional services such as late access for biotechnology 
investigations that are not included in the standard processing template. This element funds these services 
as required. During FY 1993. overall manifesting support was provided for 35 CCDS payloads and 32 payloads 
are planned for FY 1994. During FY 1993. optional services were provided for six payloads and will be 
provided for five payloads in FY 1994. Also. during FY 1993 and much of FY 1994. the CCDS payload 
developers were provided with technical information to accelerate the development of independent mission 
capabilities. and also to obtain Program Office-level manifesting and flight documentation support. In 
addition. experiment integration activities are provided which includes thermal design. safety. mission 
operations, design, fabrication and qualification of unique hardware required for the integration onto 
carriers such as Hitchhiker and Spartan. In FY 1994. the Goddard Space Flight Center (GSFC) performed all 
the integration activities for six IN-STEP flight experiments on a common Hitchhiker carrier scheduled for 
launch on STS-62 in March 1994. 

BASIS OF FY 1995 ESTIMATE 

The major focus of the program definition element will be in defining new initiatives. program policy for 
small flight experiments implementation. and strategic and tactical planning. In the flight experiments 
element. eleven of the experiments in Phase CID are scheduled to be launched of which four will be on a 
common Hitchhiker carrier in the Shuttle bay. These four experiments will support the measurement of 
damping to improve understanding of mechanical joints and large space structures; demonstration of an 
integrated two-phase thermal control system (TCS) to provide reliable. efficient TCS for high power 
spacecraft; and. development of fluid resupply to allow maximum use of tank volume in future spacecraft 
designs. The other seven experiments will determine specie accretion. velocity direction. and chemistry of 
spacecraft contamination to improve contamination modeling techniques and prediction codes; characterize the 
space radiation environment; validate operation of an active cryogenic thermal control system: investigate 
the control structures interaction of an actively controlled, flexible. articulating. multibody platform; 
validate performance of static-feed water electrolysis for future long-term life support in space: evaluate 
heat pipe performance: and measure dynamics of liquids in spinning tanks. In addition. the experiments 
selected from the 1992 IN-STEP Announcement of Opportunity will be entering into Phase B Project Definition 
of the experiment implementation process after a competitive down-select process in late FY 1994. The 
feasibility study phase for these advanced technologies was initiated in FY 1994 and only those flight 
experiments providing the greatest technological value will be continued through to flight evaluation and 
demonstration in the microgravity environment. 

The Space Station utilization program will support approximately twenty proposals for Phase A feasibility 
study and a competitive down-select process of which eight to ten of these studies will be selected and will 
begin a Phase B Project Definition activity. In addition. several experiments which have been developed and 
are (or will be) flying on Shuttle as precursors to Space Station experiments will be refurbished to fly on 
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COMMERCIAL MIDDECK AUGMENTATION MODULE (CMAM) 

LAUNCH DATES: FLT 1 Jun-93 CONTRACTOR: SPACEHAB,INC. 

FLT2 Feb-94 FIRM FIXED PRICE 

FLT3 Jan-95 

FLT 4 Dec-95 

PRIOR FY 1993 FY 1994 FY 1995 FY 1996 TOTAL 

48.2 51.4 45.0 41.l 7.0 192.7 
;-~ - Jttt.f {U>a,~- f,t_ ~,-,{, 

&I. I lvJJ:J!_ 6 c.J- I , 1 '7 'r /J fy91~:1.afalk:J 
1' JD,D 

/o5,D 
OBJECTIVE: 
- PROVIDE THE CENTERS FOR THE COMMERCIAL DEVELOPMENT OF SPACE (CCDS) PAYLOAD 

WITH TIMELY AND ASSURED ACCESS TO SPACE. 

STATUS: 
- SUCCESSFUL FIR ST LAUNCH JUNE 21, 1993 ON STS-57 
22 OACT SPONSORED EXPERIMENTS AND 1 COMMERCIAL EXPERIMENT 

- SECOND FLIGHT SCHEDULED FOR FEBRUARY 3, 1994 
11 OACT SPONSORED EXPERIMENTS 

- CONTRACT RESTRUCTURED - NEW FUNDING PROFILE DUE TO CONGRESSIONAL ACTION 

BENEFITS: 
- FIVE-FOLD INCREASE IN mlDDECK EXPERIMENT SPACE PR FLIGHT 
- CREW INTERACTION AND REPAIR CAPABILITY 
- SIX MONTH INTERVAL BETWEEN FLIGHTS 
- ENVIRONMENT COMPATIBLE tWTH EXISTING MIDDECK HARDWARE 



• • • 
Space Station. Examples of potential Space Station experiments are zeolite crystal growth. commercial 
crystal growth from solution, physiological systems experiments. bioregeneration of water. sintered and 
alloyed materials, and solar dynamic power units. These precursor Shuttl~ flights have established the 
feasibility and Space Station could enable the development of production prototypes. The results of these 
experiments are expected to lead into viable commercial products such as better pharmaceuticals. contact 
lenses, semiconductor materials, etc. In addition, unique Space Station facilities will be required by some 
of these experiments and plans include the development of r;quired facilities such as a multipurpose glove 
box and/or an exterior attachment facility to investigate space environmental effects. In addition, as part 
of this element, a program has been defined to jointly develop with the Russian Federation a technology 
experiment to facilitate the eventual use of solar dynamic power for the international Space Station. 

This program is envisioned as being conducted in two phases. with the first phase being flight demonstration 
of a subscale unit and the second phase being production and delivery of two 10 kW units for Space Station. 
The flight demonstration of the subscale unit is planned for 1997 on either the U.S. Shuttle or the Russian 
Mir-1. Space Station flight units would be planned for delivery in 2001. The Russian Federation would 
provide the deployable concentrator/radiator and deployment controls and the module orientation system and 
controls. The U.S. would provide overall system and module integration and controls, heat receiver and 
power conversion and controls. integrating structures, and launch and on-orbit vehicle integration. 

The experiment carriers and transporters program includes the third flight of the CMAM scheduled for launch 
on STS-63 in January 1995. This effort includes use of the commercially-developed CMAM flight modules and rAA 
trainers. physical and analytical integration services. training of flight crews, and support to experimentfltl\.~y·~ 
flight operations. The OACT has developed an experiment candidate list which reflects 100 percent NASA I..._ 

utilization on this flight. The fourth CMAM flight is scheduled for October 1995 which also includes 100 
percent NASA usage. The CMAM will support fifteen payload tests in FY 1994 and 1995. 

systems, such as KC-135 aircraft flights are planned. These aircraft flights provide additional short-
As part of this element, to optimize access to microgravity environment, a series of testbed transportation ~ 

duration microgravity flight opportunities at low-cost for investigators to evaluate concepts and flight ;;;Jw~ 
hardware before committing to a space flight. In addition, the launch voucher program demonstration will 
consist of six launches planned to be completed by the end of FY 1995. of which one will be sponsored by 
OACT in the fourth quarter of 1995. 

The experiment preparation. integration, and mission management program supports preparation, integration, 
and mission management services for the OACT flight experiments. Many of the commercial biotechnology 
experiments require late access and other optional services that are not included in the standard processing 
template and are covered by this program. The IN-STEP experiment integration activities include thermal 
design, safety, mission operations, design, fabrication and qualification of unique hardware required for 
the integration onto carriers such as Hitchhiker and Spartan. 
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Mission management support will be provided for four Commercial Development of Space payloads and the 
preparation and integration activities will be provided for the OAST Flyer mission and the OAST-3 mission. 
The OAST Flyer mission. manifested for mid-1995. will make use of the Spartan carrier which will be deployed 
from the shuttle bay for approximately 40 hours as a free flyer. This Spartan will carry three experiments 
of which one is funded by OACT. The OAST-3 mission, manifested for late 1995. will carry four flight 
experiments mounted on a common Hitchhiker. These experiments will benefit future spacecraft designs. 
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ACTS PROGRAMS 

EARTH STATION STATUS 

- 18 Tl-VSAT TERMINALS DELIVERED 
- 16 OPERATING IN NETWORK 

12 FULLY FUNCTIONAL 
4 IN USE WITH FAULTS 

HISTORY: 

,,,. 
~ 

PRIOR FY 94 FY 9i FY 96 FY 97 FY 98 
14.5 7.4 3.0 3.0 3.0 2. 7 

-THE NUMBER OF FULLY OPERATIONAL Tl-VSAT'S FLUCTUATES ON A DAILY BASIS 
WITH SEVERAL NOT MEETING THE BIT ERROR RATE REQUIREMENTS SPECIFIED FOR SYSTEM PERFORMANCE 

- STAFFING PROBLEM IS IMPACTING REPAIR OF PARTS NEEDED TO MAINTAIN THE Tl-VSAT'S 
- TARGET DATE TO HAVE ALL FULLY FUNCTIONAL- FEBRUARY 20 

- SEVERAL Tl-VSAT'S START-UP PROBLEMS (HARDWARE, SOFTWARE, 
TEST EQUIPMENT, HUMAN EROR) HAS INCURRED AND INCREASED CHECKOUT TIME 

- EFFORT HAS BEEN DEDICATED TO DEBUG THE 18 EARTH STATIONS- ONE THIRD OF THE TlVSArs STILL 
OPERATIONAL (6) THIS IS NET NUMBER -- OPERATIONAL STATIONS ARE NOT ALWAYS THE 

FY99 
0.8 

SAME ONE THIRD. MAIN REASON FOR ANOMALIES IS DUE TO SOFTWARE AND SETUP PROBLEMS AND ABOUT TEN COMPONENT 
FAILURES 

- PROJECT OFFICE FORMALLY CONTACTING HARRIS CORPORATION TO BRING MATTER TO SATISFACTORY RESOLUTION 

- BASEBAND PROCESSOR (BBP) NETWORK EXPERIENCING UNEXPLAINED SHORT TERM NETWORK CRASHES 
PROBLEM IS BELIEVED TO BE THERMALLY INDUCED (BELIEVE THIS IS SOLVED) 

-THERMAL DISTORTATION OF MULTIBEAM ANTENNA-- SOFTWARE FIX 

- SOFTWARE PACKAGES TO BE USED BY NUMBER OF EXPERIMENTERS HAVE BEEN DELAYED BY A LACK OF SYSTEM TIME DUE TO 
TERMINAL AND SYSTEM PROBLEMS 



• • 
BASIS OF FY 1995 FUNDING REQUIREMENT 

SPACE COMMUNICATIONS 

Near earth communication systems ............... . 
Deep space communication systems ............... . 
Space terrestrial hybrid systems ............... . 
Applications experiments ....................... . 
(ACTS Experiments and Operations) .............. . 

Total .................................... . 

OBJECTIVES AND STATUS 

FY 1993 

22.000 
1.900 
1.100 
8.100 

(7,900) 

33,100 

FY 1994 
(Thousands of dollars) 

20.500 
2.000 
1.000 
7.500 

(7,400) 

31,000 

FY 1995 

16.400 
3.200 

900 
3.200 

(3,000) 

23,700 

• 

The Space Communications program reflects NASA's role as maintaining a significant research and development 
(R&D) effort in space communications to preserve U.S. leadership in technology and in the application of the 
technology for the benefit of the Nation. The communications program seeks to work with the U.S. space 
communications industry to understand their needs and address those needs systematically in a strategic way. 
The implementation of this program based on the Office of Advanced Concepts and Technology (OACT) strategic 
plan will help retain U.S. leadership in the space communications industry and strengthen the industry's 
competitive position in the global marketplace. 

The Space Communications program is comprised of four major program elements. Near Earth communications 
research explores radio frequency (RF). digital. and mobil communications systems technologies in support of 
the commercial space communications industry and the needs of NASA's Mission to Planet Earth. The deep 
space communications element develops technologies primarily to meet the needs of special NASA missions 
which are not supported by near Earth communications. including planetary exploration and astrophysics. 
Space terrestrial hybrid systems investigates the space communications portion of hybrid satellite/ 
terrestrial systems such as will be utilized by the National Information Infrastructure. The applications 
experiments program element supports the Advanced Communications Technology Satellite (ACTS) experiments 
program. which includes operation of the ACTS spacecraft and its associated ground network and experiment 
development. This element also supports technology demonstrations of new space communications systems and 
services. 

The near Earth communications systems element analyzes the space communications needs of both the commercial 
and government sector and manages a technology development program to meet those needs. The technology 
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m SPACE COMMUNICATIONS 3.Lll 2U 2QJl 2.U 22....4. 2U 

-01 NEAR EARTH COMMUNICATIONS SYSTEMS 2.LQ 2Q...Q .16.A 1M 15d li.8. lM 
-01 SYSTEMS ANALYSIS 0.4 0.5 0.1 0.1 0.3 0.4 0.5 

-02 APPLICATIONS STUDIES 2.1 2.1 0.9 0.5 0.5 0.5 0.5 

-03 HIGH RATE/CAPACITY RF COMM SYS 9.5 9.1 8.3 6.8 7.6 7.9 9.0 

-04 HIGH RATE/CAPACITY DIGITAL COMM SYS 4.0 3.1 2.2 1.5 1.5 1.5 1.5 

-05 MOBILE SATELLITE COMM SYSTEMS 4.0 4.0 3.2 3.2 3.5 3.5 3.6 

-06 SEARCH AND RESCUE COMM SYSTEMS 1 ,C 0.8 0.8 0.8 0.9 1.0 1.3 

-07 CCDS 1.0 0.9 0.9 0.9 1.0 1.0 1.0 

-02 DEEP SPACE COMMUNICATIONS SYSTEMS .1.2 2J2 u 2.J. 22. u z._a 

-01 SYSTEMS ANALYSIS 0.2 0.2 0.1 0.1 0.2 0.2 0.3 

-02 SMALL SPACECRAFT COMM SYSTEMS l. 7 1.8 3.1 2.0 2.5 2.5 2.5 

-03 SPACE TERRESTRIAL HYBRID SYSTEMS l...l L.Q QR QR L.Q L.Q L.Q 

-01 SYSTEM ANALYSIS 0.1 0.1 
-02 ADVANCED INFORMATION NETWORKS 
-03 CCDS 1.0 0.9 0.9 0.9 1.0 1.0 1.0 

-04 APPLICATIONS EXPERIMENTS al LQ u u u 2.c2 L.Q 

-01 APPLICATIONS TECH SAT OPERATIONS 0.2 0.1 0.2 0.2 0.2 0.2 0.2 

-0:i ACTS EXPERIMENTS AND OPERATIONS 7.9 7.4 3.0 3.0 3.0 2.7 0.8 . . - . ·"" . - \ 
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areas of interest are high rate and capacity RF systems. optical systems, digital communications systems. 
mobile satellite communications systems and search and rescue communications systems. NASA will also 
continue its work in the study and mitigation of propagation effects at various frequencies. The program 
includes participation in national and international bodies that develop standards and allocate 
orbit/spectrum. The program provides for experts to support NASA and other government agencies such as the 
National Telecommunications and Information Administration and the Federal Communications Commission. It 
also provides technical support to regulatory agencies by developing modeling techniques and strategies for 
optimal utilization of spectrum and orbit resources. In FY 1993, the development of the first ACTS mobile 
terminal (AMT) was completed and completion of the development and testing of the second AMT is planned in 
FY 1994. These terminals are being used extensively in the ACTS experiments program. Additionally. FY 1994 
plans include using the mobile terminal hardware, in conjunction with a Monolithic Microwave Integrated 
Circuits (MMIC) phase array antenna (to be completed in FY 1994) in the demonstration of the first ACTS 
aeronautics experiment. 

The deep space communications systems element includes analysis of the needs for deep space communication~ 
by the scientific research community. This community conducts planetary science, space exploration and 
astrophysics-related missions. The rigors of science requirements and unique mission needs result in 
technology requirements that cannot be met by commercial communications technology. These requirements are 
the focus of deep space communications research by the OACT communications program. In FY 1994. the first 
very high power laser for deep space optical communications is being demonstrated in the laboratory. This 
will open up new possibilities for more efficient system design for optical communications for deep space 
applications. 

The space terrestrial hybrid systems element is directed toward the incorporation of satellite communication 
links into the National Information Infrastructure. which will result in significant interaction between 
terrestrial fiber and wireless communications systems and space communication systems. For maximum 
effectiveness. the National network should establish communication paths for individual interconnections 
using whatever combination of communication links will be most efficient, with the actual choice of the 
links being transparent to the user. even though the transmission characteristics of the links may be quite 
different. This element analyses the interaction of these components in the overall system, identifying and 
developing structures and technologies that support hybrid operation. In parallel with this effort is the 
development of standards and protocols that allow efficient and seamless transport of information between 
terrestrial and satellite systems. 

The applications experiments near-term central focus is the ACTS spacecraft which was launched in September 
1993. ACTS will operate from the fall of 1993 to the fall of 1995, with the possibility of continued 
operations for two more years. Experimenters from industry. academia, and government will demonstrate the 
operation of several new communications technologies and the application of these technologies to create new 
classes of communications service. A total of 78 experiments have been approved so far. The ACTS program 
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will help the U.S. maintain its leadership in the communications satellite market by the development and 
flight verification of advanced technologies that will enhance the capability of communications satellites. 
The key ACTS technologies include high effective isotropic radiated power; fast-hopping multiple antenna 
beam; on-board message switching; Ka-band components; and dynamic rain fade compensation techniques. The 
U.S. user community, consisting of private sector organizations and other government agencies. will develop 
and execute experiments that will test and evaluate the ACTS technologies under various applications 
scenarios. Fiscal Year 1994 is the first year of the ACTS experiments program and emphasizes applications 
experiments in the areas of education. medicine, business networks and mobile communications using the AMT 
terminals. 

Opportunities for new service and technology demonstrations will also be sought out for joint NASA/industry 
experiments using satellites of opportunity operating at other RF bands. Such experiments can provide 
program partners with an opportunity for early verification of their communications systems as well as early 
service demonstration to the public. 

Based on the realization that government support is needed to ensure the survival of a U.S. laser 
communication (lasercomm) capability. major corporations have formed a consortium to conduct a lasercomm 
readiness demonstration in the 1997 timeframe. The demonstration includes a low-Earth orbiting spacecraft, 
an aircraft and a ground terminal, with a goal of 1 GBPS data transfer. It will demonstrate the viability 
of high data rate transceivers. as well as the acquisition, pointing and tracking needed to achieve 
connectivity between dynamic terminals. These application-oriented tasks will require significant 
resources. It is anticipated that they will be carried out using both NASA and non-NASA funding, with 
significant contributions from industry. A Phase A feasibility study will be initiated in FY 1994 in laser 
communications in preparation for a potential future flight experiment. 

BASIS OF FY 1995 ESTIMATE 

The near Earth communications program will support system analysis and application studies. and applied 
research and advanced development in the areas of high rate RF and digital communications, mobile and 
personal satellite systems. and search and rescue. The high rate capability radio frequency area will 
perform research on phased array antenna technology and on high performance electron beam technology for 
advanced satellite systems. The high rate digital technology area will emphasize research on modulation, 
coding, and switching up to one gigabit per second. The first aeronautical Ka-Band mobile communication 
terminal will be demonstrated in joint experiments with ACTS. Two mobile aeronautical terminals operating 
at Ka-Band frequencies are being built for FY 1995 demonstration of video signal transmission to/from 
aircraft cabin to/from the ground via ACTS. Propagation and spectrum utilization studies will support the 
development of technical justification for standards and regulatory decisions at the national and 
international level. The program will support research and technology development leading to new or 
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additional applications or capabilities in search and rescue in support of the National Oceanic and 
Atmospheric Administration's operational program. 

• 
The deep space communications activities will include analysis of communications requirements for NASA 
missions which cannot be satisfied with commercially available equipment. with special emphasis on small 
spacecraft. The operation of an optical wavelength communication system suitable for deep space 
communications will be demonstrated. 

The space terrestrial hybrid systems effort will be directed toward developing systems to analyze and manage 
the operation of hybrid systems, largely in collaborative efforts between the University of Maryland CCDS 
and TRW. Hughes, and Loral. It is expected that the market survey and the initial system design for the 
Hughes spaceway system will be completed. Work will also continue with the committees and working groups 
which are developing new communications system standards and protocols to ensure that they will accommodate 
satellite links. 

The applications experiments centerpiece is the ACTS satellite and ACTS experiments. In FY 1995. the second 
year of ACTS experiments. some of the most advanced satellite communications systems will be demonstrated. 
The most important demonstration is the high data rate (HOR) communications system that will demonstrate 
communication at the same rate as fiber optics links and shows that satellites can complement and work 
together with fiber optic systems. This will be very important because it will demonstrate that satellites 
can play a unique role in the National Information Infrastructure. Communication via ACTS at 600 MBPS and 
above will be demonstrated during FY 1995. Additionally. connecting the NASA supercomputers will be 
demonstrated as one of the HOR experiments. Another area of great importance will be the broad-band 
aeronautical experiment. which will demonstrate a video signal transmission between the aircraft cabin and 
the ground via ACTS. 

In FY 1995, funding has been reduced in the Near Earth Communications Systems and Applications Experiments 
(ACTS) program. This reduction will reduce NASA Research Announcement's to support industry in technology 
development in the areas of radio frequency and digtal systems. The reduction in the Applications 
Experiments (ACTS) program reflects the completion of the development of the High Data Rate (HOR) and 
Tl-VSAT terminals that will be used for ACTS experiments. 
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-06 SEARCH AND RESCUE COMM SYSTEMS 
, ,o 0.8 0.8 0.8 0.9 l .O 1.3 

-07 CCDS 1.0 0.9 0.9 0.9 1.0 1.0 1.0 

-02 DEEP SPACE COMMUNICATIONS SYSTEMS 1.2 w. .3.2 2J. 21 2.7 2-..a 

-01 SYSTEMS ANALYSIS 0.2 0.2 0. l 0.1 0.2 0.2 0.3 

-02 SMALL SPACECRAFT COMM SYSTEMS l. 7 1.8 3.1 2.0 2.5 2.5 2.5 

-03 SPACE TERRESTRIAL HYBRID SYSTEMS Ll Lll Q.2. Q.2. Lll Lll Lll 

-01 SYSTEM ANALYSIS 0.1 O. l 

-02 ADVANCED INFORMATION NETWORKS 
-03 CCDS 1.0 0.9 0.9 0.9 1.0 1.0 1.0 

-04 APPLICATIONS EXPERIMENTS hl U2. .3.2 .3.2 .3.2 2..2. Lll 

-01 APPLICATIONS TECH SAT OPERATIONS 0.2 0. l 0.2 0.2 0.2 0.2 0.2 

-0'.1 ACTS EXPERIMENTS AND OPERATIONS 7.9 7.4 3.0 3.0 3.0 2.7 0.8 
. .. ·- ;~ ' .... ' 

2.3A SPACE PROCESSING ll.2 1M lU 1M 1.2A ia..2 1M 

-01 MATERIALS PROCESSING lZA. 1M lL.6 ill lLZ .lll2 ill 

-01 COMMERCIAL APPLICATIONS 11.3 6.5 8.7 8.4 8.8 8.0 8.6 

-02 CCDS BASE GRANTS 5.1 3.0 2.0 2.0 2.0 2.0 2.0 

-03 SPECIAL STUDIES AND ANALYSIS 1.0 0.9 0.9 0.8 0.9 0.9 0.9 

-02 BIOTECHNOLOGY .1M hl L!2. 1A u u .8J2 

-01 COMMERCIAL APPLICATIONS 4.3 3.1 4.6 4.4 4.7 4.3 5.0 

-02 CCDS BASE GRANTS 4.1 3.0 3.0 3.0 3.0 3.0 3.0 

Human Support (506-7 l) 6.1 

• • • 



• • 
BASIS OF FY 1995 FUNDING REQUIREMENT 

SPACE PROCESSING 

FY 1993 

Materials processing ........................... . 
Biotechnology .................................. . 

Total .................................... . 

OBJECTIVES AND STATUS 

17.400 
14,500 

31.900 

FY 1994 
(Thousands of dollars) 

10,400 
6.100 

16.500 

FY 1995 

11. 600 
7,600 

19,200 

• 

The objective of Space Processing is to support U. S. private sector investment and involvement in 
commercially-driven space-based research and terrestrial application in materials processing and 
biotechnology. This objective is accomplished through experiments which use the unique environment of 
space - microgravity. the vacuum of space. thermal range, etc. 

The intent of materials processing commercial application discipline is to aid in developing the next 
generation super and semiconductors, special coatings and composites, polymers, alloys and new catalytic 
materials. 

Experiment payloads within the materials processing discipline address both space-based and terrestrial 
initiatives. Some space-based experiments are conducted to develop materials capable of withstanding the 
environment of low-Earth orbit and to monitor changes in atomic oxygen. The Wake Shield Facility (WSF) 
free-flyer will be used to manufacture in the ultra vacuum of space improved semiconductors for next 
generation electronics. The improved sintering project will develop stronger, lighter and more durable 
bearings and cutting tools for high stress environments. The investment casting activity will use the 
thermal range achieved in microgravity to develop modeling parameters for improved metal and alloy casting 
procedures and equipment, having the potential for significant cost savings in a multi-billion dollar 
industry. Electro-deposition research will focus on the development of higher quality industrial metals and 
alloys along with prosthetic implant improvements. 

Highlights include efforts by a Center for the Commercial Development of Space (CCDS). the Consortium for 
Materials Development in Space (CMOS), to develop a technique to coat titanium or alloys with 
hydroxyapatite, which is identical in composition to the material making up teeth and bones. This has 
significant potential for the medical community in application of this technology for improved prosthetic 
devices. The CMOS and an aerospace firm are negotiating licensing agreements which have space technology 
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application but would also be used in the medical community, as noted above. In a separate achievement, 
aRother CCDS, the Space Vacuum Expitacy Center (SVEC) applied for a patent in 1993 for a next generation 
solar cell for power generation modules which are cheaper per watt than existing generators. 

The materials processing CCDS base grants funding provides the institutional support for two commercial 
research centers: the Consortium for Materials Development in Space and the Space Vacuum Expitaxy Center. 

The special studies and analyses budget provides for special analyses of emergent market trends for 
technical projects developed within the Space Processing Division. as well as database analysis and support. 

The intent of the biotechnology commercial applications discipline is to aid the pharmaceutical and 
biomedical communities in developing new products, services and markets, including next generation drugs for 
treating disease. 

Flight hardware supported by this program element. such as the Plant Module for Autonomous Space Support 
(PMASS), Bio-processing Laboratory (BPL) and Materials Dispersion Apparatus (MDA). continue to greatly 
expand experiment activities in space under controlled environments. Through the attributes of the 
microgravity environm~nt, prior experiments in crystal growth techniques and drug structure analyses will be 
used towards development of new drug combinations, based on the clarity and size of crystals first developed 
in space. 

Highlights of recent achievements include development by a CCDS spin-off firm (BioCryst) of novel drugs 
(five patents generated) for treating cancer and autoimmune disease. In addition. the Center for 
Macromolecular Crystallography in collaboration with a leading private research institute is leading efforts 
in the development of new lymphokines (proteins which regulate the immune system and are used to treat viral 
diseases). Another highlight is the partnership between the Center for BioServe Space Technologies 
(BioServe) and Chiron, a Bioserve affiliate holding the patent for the only Food and Drug Administration 
(FDA) approved drug currently available to treat kidney cancer. BioServe and Chiron will fly this drug in 
1994 to test its ability to alleviate the immune suppression which occurs in space. This flight activity 
has significant terrestrial application in maintaining an active immune system to benefit patients. 

The biotechnology CCDS base grant funding element provides institutional support for three commercial 
research centers in biotechnology: Center for Macromolecular Crystallography. at the University of 
Alabama/Birmingham: Wisconsin Center for Space Automation and Robotics of Wisconsin: and the Center for 
Bioserve Space Technologies. 
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BASIS OF FY 1995 ESTIMATE 

The major goal of the Space Processing program for FY 1995 is to prioritize key commercial space initiatives 
and increase the emphasis on focused program objectives in materials processing and biotechnology on those 
technologies having the most potential for near-. mid- and long-term technical and commercial application 
success. 

Close collaboration will take place with the materials and biotechnology researchers to foster commercial as 
well as government use for the experiment carriers developed under the auspices of the Space Processing 
Division (BPL. MDA. PMASS. the Wake Shield itself, etc.). We will continue to foster the progress made in 
the biotechnology community transitioning drug research to patent protection and eventually approved 
manufacture of new drugs. We will also explore cooperative agreements where applicable, in order to 
maintain program flexibility at a time of greatly constrained resources. 

As a result of FY 1994 phase-out of several CCDS. the breadth of commercial materials processing activities 
will be reduced and prioritized. 

It is anticipated that there will be commercial validation of advanced casting technologies during FY 1995 
(Auburn CCDS) as a result of commercial research associated with low cost. high quality thin wall castings 
of alloys; this casting technology will utilize automated manufacturing processes. There will also be 
commercial processing techniques for epitaxial thin film growth developed as a key milestone in commercial 
transition of thin film growth in microgravity (SVEC CCDS). Licensing arrangements will be developed 
between the CMOS and the private sector for hydroxyapatite coating/electrodeposition coating processes. 

Materials processing CCDS base grants funding will continue to provide institutional support for two 
commercial research centers: the Consortium for Materials Development in Space and the Space Vacuum 
Expitaxy Center. 

Under materials processing special studies and analyses. special analyses will be done of emerging market 
trends for technical projects developed within the Space Processing Division. as well as database analysis 
and support. 

As a result of FY 1994 phase-out of several CCDS, the breadth of commercial biotechnology activities will be 
reduced and prioritized. 

In respect to biotechnology commercial applications, FY 1995 will see continued commercialization of drugs 
whose structural design was greatly enhanced through the biotechnology microgravity of space. 
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It is anticipated that a CCDS spin-off firm (BioCryst) in collaboration with the Center for Macromolecular 
Crystallography will continue towards commercial drug development of specific drugs developed through prior 
flight research activities and licensing agreements with major pharmaceutical firms. 

In collaboration with a major pharmaceutical firm. there will be clinical tests in 1995 of Gamma interferon 
protein crystals grown from prior space flight activities. There will be commercial development, in 
partnership between a CCDS and a major pharmaceutical firm. of malic enzyme inhibitors. 

Biotechnology CCDS base grants funding will continue to provide institutional support for three commercial 
research centers in biotechnology: Center for Macromolecular Crystallography. Wisconsin Center for Space 
Automation and Robotics of Wisconsin: and the Center for Bioserve Space Technologies. 
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TECHNOLOGY TRANSFER 

ADANET FUNDING: WEST VIRGINIA 

NTTC 

FY 1993 FY 1994 FY 1995 

ADANET 2J. 2.2 2.2 

NIIC 4.4 M 2..8. 

!TOTAL 6.5 5.6 121 

ADANET 
- BUILD LOYAL CUSTOMER BASE AMONG DEVELOPERS OF AEROSPACE, MISSION AND SAFETY 
CRITICALY SOFTWARE-- CUSTOMERS WHOSE SUCCCESS EFFECTS U.S. COMPETITIVENESS AND 
FROM WHOM TECHNOLOGY SUCCESS SPREADS QUICKLY 

- RESTRUCTURING PROGRAM TO CONCENTRATE ON REUSABILITY AS A WAY TO REDUCE 
SOFTWARE DEVELOPMENT COSTS FOR THE NATION 

- STRENGTHENING REUSABLE SOFTWARE REPOSITORY TO BETTER SERVE USER'S NEEDS. 

- T ARGETIING FY96 FOR REPOSITORY'S SELF SUFFICIENCE 

NATIONAL TECHNOLOGY TRANSFER CENTER (NTTC) 
- CONTINUE TO FACILITATE THE TRANSFER OF FEDERAL TECHNOLOGY THROUGH OPERATION OF A NATIONAL 
GATEWAY/CLEARINGHOUSE THAT LINKS "TECHNOLOGY INQUIRERS" WITH FEDERAL LABORATORIES, 
- DEVELOPMENT OF TEAMING ARRANGEMENTS BETWEEN FEDERAL LABS AND INDUSTRY, STATE AND LOCAL GOVERNMENTS 
- DEVELOPMENT OF TECHNOLOGY TRANSFER TRAINING PROGRAMS FOR FEDERAL MANAGERS 

-TRANSITIONING FROM DEVELOPMENT EFFORTS TO OPERATIONAL STATUS 
INCRESED FUNDING WILL PROVIDE PERFORMANCE & PROCESS IMPROVEMENTS 
ADDITIONAL TRANING AND OUTREACH/EXTENSION 

NTIC.XLS 

• 



BASIS OF FY 1995 FUNDING REQUIREMENT 

NASA TECHNOLOGY TRANSFER 

FY 1993 FY 1994 FY 1995 
(Thousands of dollars) 

Technology dissemination ....................... . 5.700 6,100 8,800 
National network ............................... . 9.700 9.900 8.600 

Regional technology transfer centers (RTTC) .. . (6.800) (7,000) (7,000) 
Commercial applications ........................ . 7.600 6,200 7,400 
Civil systems .................................. . 6.500 5,600 12.000 

AdaNET ....................................... . (2,100) (2,200) (2,200) 
National technology transfer center (NTCC) ... . (4,400) (3,400) (9,800) 

Total .................................... . 29,500 27,800 36.800 

OBJECTIVES AND STATUS 

The NASA Technology Transfer program is designed to transfer and apply aerospace technology resulting from 
NASA's research and development (R&D) efforts to the private sector in order to enhance the productivity and 
competitiveness of U.S. companies in the international marketplace. To accomplish this objective. NASA 
operates a number of technology transfer mechanisms designed to provide private companies and other 
government agencies with timely access to useful NASA derived technologies with commercial potential. In 
the past. aerospace technologies have been beneficial in improving medical treatments and procedures. 
rehabilitation. transportation, and safety. The specific goals of this program are: 

to accelerate and facilitate the effective application of new NASA technology into the commercial 
sector: 

to encourage multiple secondary uses of NASA technology in industry. education and government. 
and/or develop dual use technologies in partnership with private industry which will address the 
technological needs of both NASA and industry: and 

to develop applications of NASA's aerospace technology. including its unique facilities. to address 
priority non-aerospace needs of the private and public sectors. 
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J2,J11~u 1-Jt<i,ul,tt 'JI~~ 
fl r~ f 114 f '-lf.j" 

RTTC 6.45 7.00 7.00 
MID-CONTINENT COMMERCIAL TECHNOLOGY SERVICES TEXAS 1.05 1.10 1.17 
MID-WEST RTTC GREAT LAKES INDUSTRIAL TECHNOLOGY CENTER OHIO 1.05 1. 10 1.17 
FAR WEST RTTC UNIVERSITY OF SOUTHERN CALIFORNIA - CALIFORNIA 1.05 1.10 l. 17 
NORTHEAST RTTC CENTER FOR TECHNOLOGY COMMERCIALIZATION MASSACHUSETTS 1.08 1.10 1. 17 
MID-ATLANTIC RTTC MID-ATLANTIC TECHNOLOGY APPLICAIONS CENTER PENNSYLVANIA 1.05 1.10 1. 17 
SOUTHEAST RTTC SOUTHERN TECHNOLOGY APPLICATION VENTER FLORIDA 1.05 1.10 1. 17 

SBIR, et al surcharges 0.13 0.40 NA 

----- . -·--· 

~ ~ EY....25 EY..26 fY..22 fY..2.a. EY.22 
2M TECHNOLOGY TRANSFER 22..5 ID 3U 3U 3ti 32..1. ~ 

-01 TECHNOLOGY DISSEMINATION 5.1 hl .8...6. a.o ill.2 .lL.5 112 
-01 TECHNOLOGY TRANSFER SUPPORT 3.3 3.5 5.1 4.5 6.7 7. 1 7.3 
-02 TECHNOLOGY BRIEFS 1.2 1.3 1.3 1.3 1.5 1.5 1.6 
-03 CENTER FOR AEROSPACE INFORMATION 1.2 1.3 1.4 1.2 1.4 1.5 1.5 
-04 REPORTING & EVALUATION 1.0 1.0 1.3 1.4 1.5 

-02 NATIONAL NETWORK 22 2.2 M M .lM l.QA 1M 
-01 REGIONAL TECH TRANSFER CENTERS 6.8 7.0 7.0 7.0 7.8 8. l 8.2 
-02 EARTH DATA ANALYSIS CENTER 0.3 0.4 
-03 COSMIC 0.7 0.8 
-04 NETWORK SUPPORT 1.9 l. 7 1.6 l.5 2.2 2.3 2.3 

-03 COMMERCIAL APPLICATIONS li;)_ 6..2 ZA 62 M L5. M 
-01 APPLICATIONS PROJECTS 4.5 1.6 l.9 l. l 5.6 4.5 3.5 
-02 TECHNOLOGY COMMERCIALIZATION 3.1 4.6 5.5 4.1 2.9 3.0 3.1 

-04 CIVIL SYSTEMS M M 12..Q J2..l 2,]_ 2J_ 2,]_ 

-01 AdaNET 2. l 2.2 2.2 2.3 
-02 NATIONAL TECH TRANSFER CENTER 4.4 3.4 9.8 9.8 9.7 9.7 9.7 



BASIS OF FY 1995 ESTIMATE 

Funding for the Field Center technology transfer offices will be enhanced to provide for increased outreach 
capability to conduct economic development activities: increased capability to negotiate cooperative 
agreements with commercial firms: and increased ability to conduct in-house new technology evaluations and 
manage the task of maintaining and reporting NASA technology information in an efficient manner. 
Preparation of Tech Briefs magazine layouts and related materials will continue. The Center for Aerospace 
Information will also continue to provide support by responding to general or specific inquires from public 
and private sources for information concerning NASA technological developments and other technology transfer 
program products and services. 

The Regional Technology Transfer Centers (RTTC) will continue to provide enhanced linkages between the NASA 
and other Federal agency technology transfer offices and commercial firms or state and local economic 
development agencies. The Office of Advanced Concepts and Technology (OACT) will also provide funding for 
other critical elements of the technology transfer program, such as the Technology Commercialization Centers 
established in FY 1993 at the Johnson Space Center and Ames Research Center. and new initiatives in 
commercialization of NASA technology. 

A small core of technology application projects conducted in partnership with commercial firms or other 
government agencies will continue to be funded. Only those projects considered to have a high probability 
for commercial success (as determined through a market analysis) and with commercial or other agency 
support. either through cost sharing or provision of "in kind services", will be funded. The Joint 
Sponsored Research program will continue to accelerate the development of dual-use NASA mission technology 
that is also of value to the commercial sector. 

The AdaNET software repository and pilot project to determine the feasibility of using reusable software 
components to satisfy complex software development needs will continue as planned. The National Technology 
Transfer Center (NTTC) will continue to facilitate the transfer of Federal technology (both NASA and other 
agencies) through operation of a national gateway/clearinghouse that links "technology inquirers" with 
Federal laboratories; development of teaming arrangements between Federal laboratories and industry as well 
as state and local governments; and development of technology transfer training programs for Federal 
managers. In addition, the NTTC will begin to develop plans to improve NASA technology transfer performance 
and supporting processes through development of additional training programs, investigation into new and 
innovative methods for industry to access NASA new technology information. and examination of additional 
outreach/extension possibilities. 
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ADVANCED SMALL SATELLITE TECHNOLOGY 

FY 1994 NEW INITIATIVE LAUNCH DATE: 

FIRST TECHNOLOGY SATELLITE MAY 1996 

SECOND TECHNOLOGY SATELLITE MAY 1997 CONTRACTOR SELECTION : MAY 1994 

TWO IPD TEAMS 

FY 1994 FY 1995 FY 1996 TOT AL FY 1997 FY 1998 FY 1999 TOT AL 

12.5 47.9 47.9 108.3 37.3 37.3 37.3 111.9 
FUNDING FOR FOLLOW-ON MISSIONS 

OBJECTIVES: 
- REDUCE THE COST & DEVELOPMENT TIME OF SPACE MISSIONS FOR SCIENCE AND 

COMMERCIAL APPLICATIONS 
- DEMONSTRATE NEW DESIGN AND QUALIFICATION METHODS FOR SMALL SPACECRAFT 
- PROACTIVEL Y PROMOTE COMMERCIAL TECHNOLOGY APPLICATIONS 

APPROACH: 
- INDUSTRY-LED INTEGRATED PRODUCT DEVELOPMENT (IPD) TEAMS 

INDUSTRY, SMALL/DISADVANTAGED BUSINESS, UNIVERSITIES, NASA CENTERS 

- HIGHLY INTEGRATED SPACECRAFT BUS DESIGN 
- BMDO/ARPA TECHNOLOGY AS BASELINE 

- TECHNOLOGY FLIGHT IN 2 - 3 YEARS 

BENEFITS: . STANDARD INTERFACES 

• REDUCE TOTAL MASS (10X) - "SMART" MATERIALS TO REPLACE PYROTEHNICS 

- HIGHER PAYLOAD MASS FRACTION (70%) • MODULAR BUS ARCHITECTURE 

· SMALLER LAUNCH VEHICLES • SMALL INSTRUMENTATION 

• REDUCED POWER DEMANDS (2X) • REUSABLE SOFTWARE/COMMON MODULES (80-90%) 

• REDUCED DEVELOPMENT COMPLEXITY (18-24MONTHS) • SPACECRAFT DESIGN INDEPENDENT FROM LAUNCH VEHICLE 



BASIS OF FY 1995 FUNDING REQUIREMENT 

ADVANCED SMALLSAT TECHNOLOGY 

FY 1993 

Advanced smallsat technology ................... . 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

12.500 

FY 1995 

47.900 

This FY 1994 new initiative has as its principal objective to revolutionize the way NASA does business in 
designing, building. launching. and operating small spacecraft for scientific missions and commercial 
activities in space. A solicitation for proposals in February 1994 will precipitate the formation of 
Integrated Product Development (IPD) Teams to bid two technology demonstration satellites to be conceived, 
designed. built, qualified, and launched in two and three years. respectively. The IPD Teams will have 
unprecedented responsibility for the utilization of commercial practices and standards and the establishment 
of metrics for measuring success. The degree of success or failure will be determined during the one-year 
or more operational phase on-orbit. 

Contracts for at least two IPD Teams will be established in approximately May 1994 after an abbreviated 
selection process. NASA Headquarters representatives will be IPD Team members to facilitate fast, minimum
paper, decision-making at the Team site. Elaborate government reviews with large numbers of government 
bureaucrats will NOT be allowed. Reviews with essential government managers and executives will be held at 
IPD Team locations. An important product of this activity. in addition to the actual technologies that are 
demonstrated, is documentation of this radical IPD process. The process and lessons learned will have far
reaching implications for future NASA missions and commercialization of space. 

BASIS OF FY 1995 ESTIMATE 

Fiscal Year 1995 is a crucial funding year for the program. Approximately 50 percent of the total program 
funding is required to meet the ambitious schedule of contract-to-launch in 24- and 36-months. respectively. 
for the two missions. Major hardware commitments for the spacecraft buses. payloads, and launch vehicles 
will be made. Missions operations and control will be defined; integration of the subsystems into the 
overall spacecraft bus design will occur: data system will be defined for the information and power 
management system; low mass instrumentations will be incorporated into the instruments and sensors payloads; 
and non-aerospace commercial applications will be initiated. 
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INDUSTRY TECHNOLOGY PROGRAM 

FY 94 NEW INITIATIVE 

COST SHARING: 50% GOVERNMENT 

50% INDUSTRY 

OBJECTIVE: 

SELECT 10 • 15 COOPERATIVE AGREEMENTS IN FY 94 

ADDITIONAL 10-15 COOPERATIVE AGREEMENTS IN FY 95 

FY 1994 FY 1995 FY 1996 TOT AL 
19.7 18.9 38.4 77.0 

TO SIGNIFICANTLY ADVANCE AEROSPACE TECHNOLOGIES IN U.S. INDUSTRY 
WHICH HAVE A HIGH PROBABILITY OF LEADING TO COMMERCIAL PRODUCTS AND 
APPLICATIONS, OR TO NON-AEROSPACE INDUSTRY APPLICATIONS, WHICH MAY 

BE IMPORTANT IN NASA APPLICATIONS 

APPROACH: 
- NASA/INDUSTRY SELECT TECHNOLOGY FOCUS AREAS 
- STREAMLINED INNOVATIVE PROCUREMENT PROCESS 
- LIMITED PROJECT PERIOD OF PERFORMANCE FOCUSED ON NEAR-TERM 

TRANSITION TO PROTOTYPE OR PRODUCT DEVELOPMENT PHASE 
- GOVERNMENT FUNDING SHARE TO INDUSTRY TEAM LEAD 
-TWO STAGE SELECTION: TECHNICAL MERIT-- BUSINESS PLANNING/COMMERCIAL IMPACT 

ISSUES: 
- FUNDING INSTRUMENT/AGREEMENT 

- INTELLECTUAL PROPERTY 
- NASA UNIQUE CHARACTERISTICS 



• • 
BASIS OF FY 1995 FUNDING REQUIREMENT 

INDUSTRY TECHNOLOGY PROGRAM 

FY 1993 

Industry technology program .................... . 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

19.700 

• 
FY 1995 

18.900 

The objective of the Industry Technology program is to significantly advance aerospace technologies in U.S. 
industry which have a high probability of leading to commercial products and applications, or to non
aerospace industry applications, and which may be important in NASA applications. To accomplish this 
objective. the program will: (1) develop pre-competitive technologies and novel applications, supporting 
high-risk and high-payoff research and development (R&D); (2) focus on aerospace concepts and technologies 
with strong potential for commercial benefits (where appropriate, these may include government or non
aerospace commercial applications); (3) work with industry in all aspects of the program - including program 
formulation and planning, industry-led project planning and execution. and providing government technology 
to support projects as requested; and (4) create industry-led consortia to implement projects where such 
teams can enhance technology development and increase the probability of commercial application -
potentially including organizations that are not part of the traditional Federal contracting base as well as 
potential roles for universities and other organizations. 

The Industry Technology program, which will be an important component in NASA's overall support to the 
Administration's technology policy. is being initiated in FY 1994. The FY 1994 program will create a number 
of individual technology development and application projects. Projects will focus on R&D in pre
competitive aerospace technologies and novel applications, supporting high-risk and high-payoff 
opportunities that demonstrate strong potential for commercial benefits. They may exhibit a mix of 
technology development and transfer activities. but will emphasize applications, while still achieving 
significant technical advancements. During FY 1994. the Industry Technology program will likely create ten 
to fifteen or more cooperative agreements. 

BASIS OF FY 1995 ESTIMATE 

The FY 1995 Industry Technology program will create a number of additional technology development and 
application projects. As in FY 1994, projects will focus on R&D in pre-competitive aerospace technologies 
and novel applications, supporting high-risk and high-payoff opportunities which demonstrate strong 
potential for commercial benefits. In addition, the FY 1995 program is planned to create an additional ten 
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• 
to fifteen or more cooperative agreements. 
sharing in each of the projects. 

• • 
The program will include the goal of 50 percent industry cost 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

SMALL BUSINESS INNOVATION RESEARCH 

Small business innovation research (SBIR) 
Phase I awards ................................. . 
Phase II awards ................................ . 

SBIR Subtotal ............................... . 

FY 1993 

(29,478) 
(69.347) 

(98,825) 

Small business technology transfer pilot program (STTR) 
Phase I awards ................................. . 
Phase II awards ................................ . 

STTR Subtotal ............................... . 

SBIR/STTR Total .......................... . (98 1825l 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

(17,197) 
(90. 717) 

(107,914) 

(3,597) 

(3,597) 

Pll1Slll 

• 
FY 1995 

28,000 
....2Q.,, 000 

118. OOQ 

1.400 
4,500 

5,900 

1231900 

The NASA Small Business Innovation Research (SBIR) program is designed to obtain quality research and 
development from small businesses throughout the U.S. that satisfy not only the mission needs of NASA for 
innovative technology, but also those of the commercial sector. The primary goal is thus twofold: to meet 
NASA's need for innovative technology and to fully commercialize this technology through the small business 
community. The Small Business Technology Transfer Pilot (STTR) program. established in FY 1994 by Congress. 
P.L. 102-564. as an adjunct to the SBIR program, is a three year pilot program intended to increase 
cooperative, broad research efforts in critical technology areas with small businesses and research 
institutions with a goal of eventual commercial application of the technologies. 

BASIS OF FY 1995 ESTIMATE 

The FY 1995 level of funding will support a wide variety of research efforts at small companies throughout 
the U.S. It is expected that approximately 380 Phase I contracts will be awarded and approximately 180 
Phase II contracts. The Phase I awards are intended to determine the technical and commercial feasibility 
of the proposals. The Phase II awards further develop those Phase I proposals which have demonstrated 
scientific and technical worth and commercial potential during Phase I development. Additional efforts will 
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be undertaken to increase the commercialization of SBIR derived technology. to improve the solicitatiou 
process to encourage submission of increasingly innovative proposals, and to outreach to more women-owned 
and socially and economically disadvantaged small businesses. 

In FY 1995, the STTR initiated in FY 1994 will continue and Phase II awards will be initiated for those 
Phase I contracts initiated in FY 1994 which demonstrated the highest scientific, technical and commercial 
value at the conclusion of the Phase I process. In addition to the new Phase II STTR awards. additional 
STTR Phase I proposals will be funded to investigate new proposals for research by the small business 
community. 

SAT S-35 



• 
• M

is
si

on
 C

om
m

un
ic

at
io

n 
Se

rv
ic

es
 

• 



OFFICE OF SPACE COMMUNICAIIOMS 
FY 1995 CONGRESSIONAL BUDGET 

TO AT 
PRIOR 1993 1994 1995 1996 1997 1996 1999 COMPLETE COMPLETE 

Srf.1 
~'NM.Zi™°;,;;_;.w;o~ 

MISSION COMMUNICATION SERVICES 
~~~.::;'\~;m::;,;•,s-::LW''.-;-;,;,;,:,;,;,;,;,;:7, 

Ground Network 306.6 311.3 273.4 279.7 283.1 314.7 337.7 
Deep Space Network Systems Implementation 78.2 97.5 86.8 87.1 78.9 91.4 102.7 
Deep Space Network Operations 115.5 102.9 106.l 116.7 123.8 132.4 139.9 
Spaceflight Tracking and Data Network 

Systems Implementation 5.5 3.4 1.9 2.8 3.1 3.0 3.2 
SpaceftlghtTracklng and Data Network 

Operations 62.4 56.4 32.2 25.6 26.7 32.5 34.6 
Aeronautics. Balloons. and Sounding Rockets 

Systems Implementation 21.4 26.3 20.0 21.4 21.4 22.3 20.8 
Aeronautics. Balloons. and Sounding Rockets 

Operations 23.6 24.8 26.4 26. l 29.2 33.1 36.5 

Mission Control and Data Systems 156.9 205.6 175.8 175.4 183.1 187.8 190.3 
Mission Control Systems 14.2 17.5 14.3 13.1 14.7 14.4 10.4 
Mission Control Operations 48.3 52.7 51.0 52.6 53.5 53.0 53.1 
Data Processing Systems Implementation 29.5 44.4 40.6 41.9 41.3 44.1 47.6 
Data Processing Operations 64.9 91.0 69.9 67.8 73.6 76.3 79.2 

Space Network Customer Service 27.9 30.0 32.0 31.5 33.7 37.7 42.1 
Advanced Technology 23.3 2-t:6 J'i. '" 
Construction of Facilities 31.8 17.6 -

NOMINAL PERCENT ANNUAL CHANGE 8% (18%) l "lo 3% 8% 6% 
REAL PERCENT ANNUAL CHANGE 34¥. (22%) (3%) (2%) 4% 1% 

MAJOR All4H:ISignal, Inc. •• DSN and Goddard Network Operations Raytheon -- Logistics Support 
CO~TRA~TORS Computer Science Corp. •• Network EnglnH,tng Toronto Iron Works -- DSN Construction 

• • • 



SCIENCE, AERONAUTICS AND TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE COMMUNICATIONS MISSION COMMUNICATION SERVICES 

SUMMARY OF RESOURCES REQUIREMENTS 
Page 

FY 1993 FY 1994 FY 1995 Number 
(Thousands of dollars) 

Ground network ................................. . 306.601 311.300 273.400 SAT 7-4 

Mission control and data systems ............... . 
Space network customer service ................. . 
Advanced technology ............................ . 
Construction of facilities ..................... . 

156,914 205.600 175.800 SAT 7-10 
27,900 30.000 32,000 SAT 7-15 
23,273 ~19·'- SAT 7-17 

311800 17,600 SAT 7-18 

.sg'{. I 
Total .................................... . 5Lt_6. 488 _.5..§Q. 106 481,200 

Distribution of Program Amount by Installation 

Lewis Research Center .......................... . 930 1.500 

Ames Research Center ........................... . 18,463 14.300 18.300 

Goddard Space Flight Center .................... . 
Jet Propulsion Laboratory ...................... . 
Headquarters (including foreign contracts) ..... . 

276.612 324.816 260.800 
221.035 220.006 179.300 

3Q.t.2.ll, 29.048 -1..L 3Q_0 

Total ...................... , ....... , ... , , , 546,488 589,100 481,200 
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OFFICE OF SPACE COMMUNICATIONS 

MISSION COMMUNICATION SERVICES 

Ground Network 
Deep Space Nelwotk Syatems Implementation 
Deep Space Nelwotk Operottorw 

Spaceflight Trocklng and Doto Nelwotk 
Syitems lmplementotlon 

Spaceflight Trocklng and Doto Network 
Ope,ollorw 

Aetonoullcs. Balloons. ond Sounding Rockell 
Syitems Implementation 

Aeronautics, BoJloonl, ond Sounding Rockets 
Operollorw 

Mission Control and Data Systems 
Mlulon Control Syitems 
Mlulon Control Ope,ollorw 
Doto Processing Syitems lmplementotton 
Doto Processing Operolkn 

• Y' 
__ J • -~ Space Network Customer Service 
~ V ~ Advanced Technology _J ~ Con,tructlon ol Facilities ~'i~ \)7_ (J~ 

PWtOI 1993 .... . ... 
l*l.~ll~llllL~'f@ 

306.6 311.3 273.4 
78.2 97.5 86.0 

115.5 102.9 106.1 

5.5 3.4 1.9 

62.4 56.4 S2.2 

21.4 26.3 20.0 

23.6 24.8 26.4 

156.9 205,6 175.8 
14.2 17.5 14.3 
48.3 52.7 51.0 
29.5 44.4 40.6 
64.9 91.0 69.9 

27.9 30.0 32.0 
23.3 24.6 
31.8 17.6 

11~J:J ;i;;f OFFICE OF SPACE COMMUNICATIONS 

1993 1994 

=,,,, 

•37.9 ·12% 
·10.7 
+3.2 
+0.0 
-1.5 
+0.0 

·24.2 
+0.0 
-6.3 
+0.0 
+1.6 

·29.8 ·14% 
-3.2 
-1.7 
-3.8 

·21.1 

+2.0 +7% 
·24.6 ·100% 
·17.6 ·100% 

1995 

Delete 34m BWG Anlenno electronic,; VSOP completion 

Tran,ler ol depol logl,Hc1 wpport requirement 

Cancel new procurement 

Terminate Dakar laclllty; launch and landing support only; 

decentrallze 1og1,11co aupport 

Complete ADEOS and Wallop, Orbital Tracking sy,tem project, 

Traml8' depot la~lsllc, 1upport requirement 

Delete Hubble lacUlty Improvement,; reduce new SMEX ,onwora 

Reduce control cent8' and command management 

Delete Advanced On-board Sy,tem Te,tbed; reduce Hubble ,ortware 

Delete o!Htude verlftcotlon and GTDM ,ervtce,; reduce Flight Dynamic 
Faclllty 18'Vlce,; tron,18' SLDPF to MSFC 

Reallocate cu,tom8' 1ervtce1 

Absorb requirement In other prog,am element, 

End ol l4m BWG lacllltte, con,tructlon 

1996 1997 1998 1999 '4' 
~or 11~mamaJt111aa-mar~1;11,_iq:2•1111~YRw:rtq~1.1;;~rr&rD1.9.3 

PMWMWRg&1pW,age;r:jj¥81]z72B1:1l.~~:l!I~1~P,· 
FY 1994 Operating Pion ·59.5 
Credll 100% Anticipated Reimbursement ·38.0 ·40.0 ·42.0 ·43.0 -45.0 
Deloy TDRS Replenishment Spocecrotl (·45.4) ·73.5 ·40.0 ·63.5 ·26.9 + 11.4 
Add ELV to TORS Procurement +40.1 +80.9 +128.7 +91.7 
Defer Next Generation Spocecrotl ·5.9 ·21.0 +24.9 ·12.9 +28.3 
Cancel 34m &WG Antennas {+7.6) +2.3 ·25.5 ·31.2 ·36.5 -38.0 
Consolidate SLDPF ot MSFC • j (+4.3) •7.7 ·8.0 ·6.5 •4.7 ·8.4 
Ellmlnote Advanced Systems M, ~ ~ ·24.6 ·25. l ·25.7 ·26.3 -27.0 
Reduce STDN Support {·7.0) ·30.6 ·36.l ·38.7 ·42.5 -43.2 
Reduce DSN Support (·8.3) ·38.7 ·36.7 ·19.8 -18.5 -17.1 
Freeze NASCOM/PSCN Services (·5.8) ·30.4 -37.6 -36.5 ·34.9 -18.6 
Transfer ColF +17.6 
Other Changes {·4.9) ·42.9 ·53.4 -28.9 -30.5 +4.9 

illimr;'i&inll~im 



SCIENCE, AERONAUTICS AND TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

OFFICE OF SPACE COMMUNICATIONS 

OBJECTIVES AND JUSTIFICATION 

MISSION COMMUNICATION SERVICES 

The Mission Communication Services (MCS) program provides tracking. telemetry. command and data acquisition 
for NASA space science. Earth science. and aeronautics systems. and supports Space Transportation System 
(STS) launch and landing operations through the use of common ground network systems primarily dedicated to 
science applications. Support is also provided to international flight programs and for the needs of other 
domestic users. Development of new system capabilities. ongoing maintenance and refurbishment of existing 
facilities and equipments. and mission and space flight operations planning activities are also funded under 
this program. 

Beginning in FY 1995. funding for these activities is requested under the NASA appropriation for Science. 
Aeronautics and Technology. so as to link these activities more directly with the Agency programs which 
constitute the principal users of these facilities and programs. As with other NASA programs. discrete. 
program-direct Construction of Facilities projects are now included in this account. The FY 1993 and 
FY 1994 values reflect the restatement of accounts consistent with this change. 

These capabilities are provided to meet the requirements of NASA's near-Earth orbiting astronomy. Earth 
science, and space plasma physics space flight missions; NASA's planetary exploration missions; other 
science programs conducted using NASA's scientific research aircraft. sounding rockets and balloons; and 
test flight programs conducted in support of NASA's aeronautical research and development program. These 
facilities are also used to provide tracking for the STS during its launch and landing sequences. These 
funds support the establishment. advancement. and conduct of NASA's ability to determine the position and 
trajectory of vehicles during space flight and operation; to acquire real-time health and safety data for 
spacecraft and launch vehicle systems during flight; to uplink spacecraft and instrument commands from 
ground facilities to orbiting or deep space traveling spacecraft: and to download the scientific data 
obtained by on-board instruments and sensor systems. 

Additional capabilities funded under this program provide for the planning and implementation of future 
missions; for the acquisition and processing of launch vehicle data obtained during launch sequences; for 
the operation of Payload Operations Control Centers (POCC) at the Goddard Space Flight Center (GSFC) which 
provide real-time management. planning and operation of spacecraft flight systems and their scientific 
observations; and for the planning and implementation of orbital and maneuverable trajectories needed to 
sustain the health and safety of robotic spacecraft systems or to conduct scientific data-gathering. 

SAT 7-2 



1993 1994 199S 
93.94 94·9S I 93·9S 
~~~ 

GODDARD SPACE FLIGHT CENTEI fil2 llil 2lli •S2S 
Roytheon 129 112 110 
GTE 2S4 209 145 
AllledSlgnol 1974 1874 1731 csc 1182 1146 981 

JET PROPULSION LABORATORY 1W 1W .1W 13 JPl 451 431 429 
AllledSlgnol 600 636 664 

MARSHALL SPACE FLIGHT CE~TE, ill ill ~ 0 
Boeing 31S 320 300 

HOW MUCH HAS BEEN REDUCED IN THE NASA COMMUNICATIONS AND 
TRACKING PROGRAM? 

The Office ot Space Communication$ FY 199S Budget Is about 7%, or 
about $50 million less than the FY 1994 Budget. 

However, since our FY 1994 program contains very Utile money tor any major Space 
Nelwork development programs. the actual loss lo our ongoing operations 
and Improvement programs 1$ more severe, or about 22% (see below). This 
Is because NASA hos placed on emphasis on eNUflng the availability of critical 
communications se!Vlces IOI' some of our more signlflcont missions. current and future 
(Hubble, UARS, CGRO, Shuttle ond Spocelob, lntematlonol Space Station, EOS) 
which requires us to proceed wl1h continuing TORS spacecraft development. 

rum ~ 

MAJQR QEllELQfMEtH l!R~RAMS 
TOOS Replacement CF-n SS.7 $22.2 
TORS Replenishment (F-8/ I 0) 2.6 100.0 
Second TDRSS Ground Termlnol .12.0 .....1M 

$27.3 $140.8 

To1al0SC $803.S $7S0.1 

Total OSC without Development $776.2 $609.3 

Reduction to Other OSC Programs ($166.9) 
(22%) 

·374 ·899 

·132 ·119 

·20 ·20 

COULD YOU ELABORATE ON WHAT KINDS OF SERVICES AND SYSTEMS WILL 
NO LONGER BE AVAILABLE TO USERS OF NASA'S COMMUNICATIONS 
SYSTEM? 

Some currcnl seNices. such os orbital tracking of the Shuttle u~ino our Ground 
Network onlonnos. will no tonger be provided. lnslcod. lhc Sl,utl!o w1ll lH!C0111t: fiill'( 

reliant on Ilic !DRS Space Networl< for all Its frocking. telemelry. ond cornrnunrcolror, 
requirements while it is In orbit around the Earth. We will conlinuo lo provide Ground 
Networl< support to the Shuttle during launch and landing phases. These ore 
manageable changes, since our new Dof'\Zonte ground communication complex 
of White Sands, New Mexico (formerly coiled the Second TDRSS Ground T crminol) w,11 
become fully operolionol in o few monlhs (Morch 1994). 

Other changes will be more difficult. we onlicipote. Hord decisions need to be 
mode about the kinds and volume of seNices thol other NASA program offices. and 
NASA Might programs. con expect from NASA's communicolions infrostruclurc. 

For example. in the future we pion to require tho! all NASA flight programs will need 
to accept the kinds of capability tho! NASA's communication system con provide to 
them-they will need to design ·to the Interface· rather !hon assuming !hot the 
lnlerfoce con be designed for their unique requiremenls. 

SeNices to existing flight programs will also be affected. We will seek to 
preserve current support to NASA's high priority spocecroH programs. such os the 
Hubble Space Telescope, but seNices to users of NASA's communications networks 
and seirvices we provided to the communications networks themselves will hove to 
be reslroined. 

And no new development of communications technology rs proposed under 
lhe current program, with the sole exception or lhe Next Generation Spacecraft 
program We've planned to sci aside funding for this program beg,nn,ng in FY J<;'9(· 
in order to insure !hot we're posilioned to respond lo the space communications 
challenges of the nexl century. 

We will continue 10 explore opportunities to ·coNe our funds from our existing 
program to develop other new capabilities: but our currenl assessment of future 
service requirements combined with the reslrictcd budget profile:, we ore looking at 
indicates thot we will be reliant on induslry, olhAr federal agencies, and 
olher offices within NASA for these new technologies for the foreseeable 

future. 



MISSION 

FACILITIES 

To provide ground network tracking and data acquisition tor NASA's science and aeronautics programs. Mission operations 
and tracking system development are supported. 

Also provides emergency tracking services to spacecraft (Including lhe Shuttle) supported by the TORS Space Network, 
and dlrecHy supports launches on lhe Eastern Launch Range. 

To provide mission planning, attitude and orbit determlnaHon, and mission control services for astrophysics, 
space physics, and earth science missions flown by the Goddard Space Flight Center. 

Funds the Network Control Center at Goddard Space Flight Center, which provides scheduling services for the 
TORS Space Network tor all users (scientific, human space flight, and olher users). 

The Deep Space Network (OSN), with ground tracking locations at Goldstone, California; Madrid, Spain; and 
Canberra, Australia: supports deep space and high elllptlcal Earth orbiting spacecratt. The Network Operations 
Control Center Is located at JPL In Pasadena, California. 

The Spaceflight Tracking and Data Network (STDN) with ground tracking facilities at Bermuda; Merritt Island, Florida; 
and Dakar, Senegal; supports Shuttle missions. Orbital tracking will be discontinued and only launch and landing 
support provided In the future. The Dakar facility will be closed as the White Sands Space Network complex becomes 
fully operaHonal, Including parallel operation of the two ground terminals located there. 

The Wallops Orbital Tracking Station (WOTS) supports Eastern Launch Range operations (for the Shuttle and other NASA 
and commercial launches) and tracking and data acquisition for Earth orbiting missions. NASA's Wallops Flight 
Facility (WFF) also manages a number of other facilities In support of NASA's suborbital flight programs and 

NASA and International orbital spacecraft. 

The Westem AeronauHcal Test Range (WATR), composed of the Dryden Flight Research Facility; Moffett Field; and 

Crows Landing; provides support for NASA aeronautical test programs and landings of the Shuttle. 

'IT.XLW)958ACl(lJP 
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J OFFICE OF SP ACE COMMUNICATIONS 
FY 1995 CONGRESSIONAL BUDGET 

DOLLARS IN MILLIONS \i v'C..: I e vl : "" Jc, l L" c:· ::. 
-J ((',·,.' ,i 

----------------------------------__'.6l,\..(._ -r 1 ·t f'I h,' .,·,, 

LIFE-CYCLE COST* 

l:i EY2J EY21 EY2~ El'. 2Q FY 27 FY 28 FY 22 BTC 6I (QMPL. 

ISTP $.38.1 $11.4 $9.3 $7.5 $4.0 $1.5 $71.8 r----------·--- ------ • ------- ... . -ISTP /GGS $15.2 $5.4 7.S' $4.0 "/. ~ $2.2 ~.<.. $1.6 "'·~ $28.4 3:.?..7 

·-· ISTP/COSTR -·--·--··-- $22.9 --·---· $6.0 _,,.~ .... $5.3 u_·L.t _____ $5.3 __ ;,:, .. _$2.41.6" $15 ~ $43.4 '-ill.P 

CASSIN! $10.1 $0.71.1 $0.8 ,., $2.0 11. "3 $4.1.:l~ $3.6 u.s- $8.6 ,'J.r $15.2 ,7. ~ $45.1 /J),.) 

TRM·M $0.2 $1.2 /,3 $3.4 (/,', $4.9 c...1 $4.2 i,,J $3.0 '3,; $0.9 $0.2 $18.0 ~L;:i ... 

XTE $3.s~.~ $4.7 f.<.o $4.2 ,S:o $1.7~.I $0.5 q, $14.9 n. J 

ACE $0.4 $3.5 $4.3 $3.5 $0.5 $0.1 $12.3 
TOPEX $8.9 $0.1 $9.0 

AXAF-1 $0.1 $0.2 $0.5 $0.4 .~ $0.3."'I' $0.2 ¢ $2.0 ¢ $3.7 ;,7 

GRAVITY PROBE-B (tfot ;11\t.l""(!c.c.l. i ... f'<'i'-') $0.2 $0.3 $1.6 $4.2 $6.3 </ 
TOMS·EP $2.5 $1.4 $0.5 $0.7 $5.1 

FUSE $0.2 $1.2 $3.3 $3.8 $3.4 $6.2 $18.1 

TOTAL $57.3 $19.7 $20.1 $23.0 $20.7 $16.0 $14.4 $20.7 $12.4 $204.3 

,. PROJECT UNIQUE HARDWARE, SOFTWARE AND OTHER PERIPHERAL REQUIREMENTS TO SATISFY BASE LINED PROGRAM 
DEFINITION AND INCLUDB OPERATIONAL SUPPORT THROUGH THE BASIC MISSION LIFE CYCLE. 

FY95-1 



' 
Similar capabilities provided for planetary exploration missions are funded by NASA under other program 
elements outside of the MCS program. Access by NASA users and by all external users to the Space Network 
via the Network Control Center (NCC) located at GSFC is also funded under this program. 

Finally, funding is provided for NASA management of its access to specific communications frequencies in 
order to conduct space-based and ground-based radio transmissions. Members of the Office of Space 
Communications participate in national and international exchanges of information and as representatives to 
governing boards and other bodies in sponsorship of NASA's interests and of the interests of other users of 
NASA's communications facilities and systems. 
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OFFICE OF SPACE COMMUNICATIONS 
FY 1995 CONGRESSIONAL BUDGET 

1993 1994 1995 1996 1997 1998 1999 

Ground Network ,.,,,,,,,,,,,,,,,,;,;•;•,,, .. ,~;·,i,,·,·,::,.,,,,,,,,,,,.,,al~~:r·:···,,,.,'..,.,.,.,.,.,aa,:11 
Deep Space Network Systems Implementation 
Deep Space Network Operations 

78.2 
115.5 

97.5 86.8 87.1 78.9 91.4 102.7 

102.9 106.1 116.7 123.8 132.4 139.9 

Spaceflight Tracking and Doto Network 
Systems Implementation 5.5 3.4 1.9 2.8 3.1 3.0 

Spaceflight Tracking and Data Network 
Operations 62.4 56.4 32.2 25.6 26.7 32.5 

Aeronautics, Balloons, and Sounding Rockets 
Systems Implementation 21.4 26.3 20.0 21.4 21.4 22.3 

Aeronautics, Balloons, and Sounding Rockets 
Operations 23.6 24.8 26.4 26.1 29.2 33.1 

NOMINAL PERCENT ANNUAL CHANGE 
REAL PERCENT ANNUAL CHANGE 

2% 
(3%) 

(12%) 
(16%) 

2% 1% 11% 
(2%) (3%) 7% 

JUSTIFICATION Funds used lo maintain, operate, and improve Deep Space Network facilities in Spain, Australia and California. Also 

provides for mission interface planning, network reconfiguration, and network test and calibration. Emergency backup 
of TDRSS also p~ovided. Goldstone Solar System Radar and Radar Astronomy c;1ctivilies conducted. Launch tracking, 
early operaHon, and continugency support provided for other U.S. and international spacecraft, including the GOES 

and NOAA series. 

The Spaceflight Tracking and Dalo Network, consisting of antenna facilities at three sites and portions of the Network 

Control Center at Goddard Space Flight Center, is funded under this program element, providing service for the STS. 

Emergency services provided to NASA robotic and other U.S. and international spacecraft will be discontinued. 

OperaHon, maintenance, and improvement of additional ground networks in the U.S. and at several international sites also 
supported. These Include the Wallops Flight Facility and the Western Aeronautical Test Range, which support NASA 

suborbital missions, aeronautical testing, ELVand STS launches, and STS landings. Electro-optical, photographic, and 

meteorological equipment; and research aircraft maintenance and operation also supplied with these funds. 

1 

3.2 

34.6 

20.8 

36.5 

.7% 
3% 

WSBACKUP 
112:40 PM 



BASIS OF FY 1995 FUNDING REQUIREMENT 

GROUND NETWORK 

FY 1993 

Deep space network systems 
implementation ............................... . 78.175 

Deep space network operations .................. . 115,496 
Spaceflight tracking and data network 

systems implementation ....................... . 5,526 
Spaceflight tracking and data network 

operations ................................... . 62.396 
Aeronautics, balloons, and sounding 

rockets systems implementation ............... . 21,386 
Aeronautics. balloons, and sounding 

rockets operations ........................... . ~ u. 622 

Total .................................... . )QQ,601 

OBJECTIVES AND STATUS 

FY 1994 

(Thousands of dollars) 

97.500 
102.900 

3,400 

56,400 

26,300 

24,800 

311,300 

FY 1995 

86.800 
106.100 

1.900 

32.200 

20.000 

-1..§.... 400 

~400 

NASA's Ground Network program provides direct support to the missions flown under NASA's Earth orbiting, 
planetary, aeronautics test. and suborbital programs. In addition, launch and landing range support is 
provided to the Space Transportation System (STS) from several of NASA's ground network facilities. The 
Ground Network program funding provides the operation and maintenance of the worldwide tracking facilities. 
Implementation funds are used for the design. development, and implementation of ground network hardware and 
software subsystems to better service NASA flight missions; 

Due to fiscal constraints upon the entire NASA program in FY 1995. the Ground Network program is planning to 
implement lower-cost methods of providing operational services to NASA's flight programs and projects. 
including greater use of advanced technologies, reduction of overhead costs, and reduction of the scope and 
quality of services. Specific actions include elimination of some planned 34-meter Beam Wave Guide 
Electronics systems and reduction of orbital support provided by the Merritt Island and Bermuda tracking 
facilities. Completion of the Nimbus-7 and Magellan missions will provide relief from some support 
requirements, as well, as will savings accruing from loss of the Mars Observer spacecraft. NASA's Dakar 
station is scheduled to be closed in the spring of 1994 and the UHF astronaut voice communications 
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PEEP SPACE NETWORK JET PROPULSION LABORATORY 

1993 1994 1995 1996 1997 1998 1999 / 

TOTAL 193.7 200.4 192.9 203.8: 202.7 223.8 242.6 

NOMINAL PERCENT ANNUAL CHANGE 3% (4"/o) 6% (1%) 10% 8% 
REAL PERCENT ANNUAL CHANGE (1%) (8"/o) 1,-. (5%) 6% 4% 

DSN Systems lmplementatton 78.2 97.5 86.8 87.1 78.9 91.4 102.7 
SYSTEMS MANAGEMENT 7.8 lll..lS":S" 17.8 \ 19.2 18.3 19.3 21.8 

SUSTAINING 7.4 5.0 5.2 5.7 5.8 6.4 6.5 

NEWDMLOPMENT ui.O 71.0 
Casalnl Radio Science/Data Sublystem 5.4 0.4 1.7 3.7 3.1 8.3 14.9 
Gallleos-Band 9.9 8.7 3.8 2.0 
Radio SclenceMBI Upgrades 6.1 8.3 7 .2 8.7 8.3 0.0 
OVlBI 10.6 2.1 0.2 
34mBWGAn1emaSystems 10.6 15.8 16.2 3.5 4.5 0.9 
Dlgltal Rec:elver/E>Celter Uplgrade 16.5 10.3 11.9 11.6 13.3 6.6 
70mAnlemaRenewal 0.8 1.9 1.9 1.8 2.0 2.1 
Other 44.2 15.5 14.4 30.0 23.1 32.9 50.8 

GODDARD SPACE FLIGHT CENTER/HEADQUARTERS 2.8 2.2 0.2 

DSN OperaHons 115.5 102.9 106.1 116.7 123.8 132.4 139.9 

S:=GEME &ANAl:~IS 4.9 5.1 5.3 5.5 5.8 6.1 
MS GEMENT/ TIO GINEERING 11.3 15.0 15.3 16.9 17.5 17.6 

INING/N ORK PE CE D LOGISTICS 15.8 16.4 18.3 19.4 20.2 21.2 

OPERATIONSUUPPORI' :. '1;'.o "ic/.1.. '/'/.;J....) 
Goldslone,Calfomla 20.1 19.7 21.0 21.9 23.4 24.9 27.4 

(]

Greenbank,West~ 0.5 0.6 0.6 0.7 0.8 0.8 

PERATIONS a NETWORK SUPPORI' 
Network Opergtkn Control Center 8.7 8.4 7 .o) 7 .5 8.1 8.8 9.2 
F°llghtM~~SUppoif - 9.7 10.1 10.7 11.4 11.8 12.5 

ER 61.9 10.5 7.2 8.7 10.5 13.3 13.0 

~DARO SPACE FLIGHT CENTER/HEADQUARTERS 24.8 22.1 23.7 
Madrid.Spain - 18.1 17.9 18.4 19.6 

Canberra.Australia "'1'111110-,k.. .S"'ff"r 317 3~.~ ;3q!f'\ 10.3 10.0 10.9 12.5 

tld~o'l'k. etv•,j -&'f:,l l'l,'4 ".t>,.... FEATURES 1 70m, 1 26m, and 2 34m antennm" 4:oidstone, Canberra and Mad beep Space Communications Centers 
AddlHonal 34m learn Wave Gulde ant.nnaa being Installed at GoJclstone, with operation commencing In FY 1995 

11 m OVLBI antennas located at Goldstone, Madrid and Canberra wlll be operational In FY 1995 

MISSION SUPPORT CURRENT 
Magellan 
u1y ... 

Gallleo 
PlonNr 10 and 11 

VO'/O;tH 1 and 2 
ICE 

Sampex 
GeotaU 

Yohkoh 
ROSAT 
Astro-D (ASCA) 

Hlppa,eot 

EY 1994·1995 DEPLOYMENTS 
TOMS·EP SOHO 

FAST 

ISO 
SWAS 

Wind 

Polar 
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capability will be relocated to a nearby Senegal Earth station. Other specific actions await clarification 
upon the receipt of responses from NASA's contractor. engineering. and science communities. 

The Deep Space Network (DSN), operated by.the Jet Propulsion Laboratory (JPL), Pasadena. California. 
provides telecommunications for NASA's planetary and solar system exploration missions as well as for Earth 
orbiting missions. which can not be accessed by the Tracking and Data Relay Satellite System (TDRSS). The 
DSN receives spacecraft telemetry and download of scientific data and transmits command. control and 
navigation signals to a variety of spacecraft from distances relatively near the Earth to those as great as 
8 billion kilometers from the Earth. Three DSN antenna and communications support complexes are maintained 
at Goldstone. California: Canberra. Australia; and Madrid. Spain. The central network control center is 
located at the JPL in Pasadena. California. 

The systems required to perform tracking and data acquisition of spacecraft at the limits of the solar 
system are highly specialized and include large aperture antennas which can receive extremely weak radio 
signals. These antennas use ultra-sensitive receivers and powerful transmitters. Extremely stable time 
standards are also required for precise navigation of distant spacecraft. Advanced data handling systems 
are required at both the Network Operations Control Center (NOCC) located at the JPL and the Deep Space 
Communications Complexes located in California. Spain. and Australia. Funds contained in the DSN Systems 
Implementation program are used to support initiatives to enhance communication with spacecraft at these 
ever greater distances from the Earth. Other enhancements are required to provide enhanced precision of 
navigation needed for highly accurate and stable spacecraft pointing. science data acquisition targeting. 
and probe delivery. These capabilities are fundamental to some of NASA's future deep space missions. such 

as Cassini. 

The DSN Operations program provides for ongoing operation of the three DSN antenna sites and of the JPL 
NOCC. Missions currently supported are the deep space Ulysses. Voyager 1 and 2. Pioneer 10 and 11 missions: 
the Magellan and Galileo planetary missions: the Small Explorer Mission Solar Anomalous. and Magnetospheric 
Particle Explorer (SAMPEX): and the international Astro·D. Roentgen Satellite (ROSAT), and Geotail missions. 
Magellan was recently lowered in orbit via aerobraking maneuvers to perform gravity field studies. Its 
operation is scheduled to end in FY 1994. 

New requirements for DSN services include a 1994 launch and operation of the Infrared Space Observatory 
(ISO). the Total Ozone Mapping Spectrometer Earth Probe (TOMS EP). the Fast Auroral Snapshot Explorer 
(FAST). and the Polar and Wind spacecraft of the Global Geospace Science (GGS) program. The DSN will also 
be used to collaborate with the Ballistic Missile Defense Organization in two space flight missions that are 
testing lightweight instruments and sensors. Clementine. to be launched in January 1994. is to explore the 
moon's polar regions before it travels on to an August flyby of the asteroid Geographos. The Space 
Technology Research Vehicle (STRV) is scheduled for launch in February 1994 for a year long Earth orbiting 
mission. 1995 launch and operation of the Submillimeter Wave Astronomy Satellite (SWAS). and the 
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NEW DEVELOPMENT Casalnl Improvements Include convolutlonal decoder, emergency X·band 70m lelemetry uplink, and radio science 

.mIYl 

oPefdlonai facUlel. 
Enhancements of data compression, modulation and antenna anaylng for th• Galileo S·band program 
Radio Science Upgrades Include fiber optic ground antenna tlnka and other systems for Galileo mission support; 

VLBI upgrades Include adding a second VLSI string at each facility. 
OVLBI support ot Japanese VLBI and Russian Rodloastron mlulons; Includes Installation ot 11 m K ·band/X-bond antenna, 

34m BWG p,ogram to meet future loading requirements 
Digital Recelver to enhance system reliability and availability through 2020 
Replacement of Exciter to be compatible with Digital Receiver 
70m antenna program to extend life to 2020 and other upgrades 

Reductions achieved through deletion ot the new Installation of five additional 34m Beam Wave Gulde (BWG) 

antennaa. Four CY1tennaa have been Installed, augmenting DSN deep space operations. 
Casslnl costs were reduced due to the elimination of X·Band scheduling conflicts due to the problems with Galileo's 

atlenna system; and a change in concept for Cassinl radio science operations. 
Additional reductions due lo expected completion of the installation of radio astronomy facilities 

In suppod of lhe lnlemallonal Very Long Baseline Interferometry (VSOP) program supported by NASA. 

the Ndlonal Science Foundation, Japan, and Ruslla. 
Reduction In the cost of operallon of the DSN will also be required, Including reductions In services lo users; 

discussions with JPL to define specific reductions are underway. 
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international Solar Observatory for Heliospheric Observation will add to these requirements. Finally. 
ongoing support for ground-based radar and radio astronomy observations will be provided by the DSN. The 
network's ultra-sensitive antennas are being used in an attempt to learn more about pulsar high energy 
sources. quasars, and other interstellar and intergalactic phenomena. Solar system radar is useful in 
understanding surface characteristics of planets. asteroids. comets. moons. near·Earth asteroids. and ring 
systems. 

The function of the Spaceflight Tracking and Data Network (STDN) is to provide pre·launch, launch, and 
landing communications required by the STS. The STDN consists of three ground stations located at Bermuda: 
Merritt Island. Florida: and Dakar. Senegal. The Bermunda and Merritt Island stations are capable of 
tracking spacecraft, transmitting commands for spacecraft and experiment control, receiving engineering and 
scientific data from the spacecraft and providing primary and backup voice communications for STS operations 
and range safety functions for the Eastern Range in coordination with the Wallops Flight Facility (WFF). 
The Dakar station. which also provided telemetry and voice communication in both S·band and UHF frequencies, 
has begun to be closed. The S·band voice communication was ended in December 1993. and the NASA facility 
will be vacated this spring. The UHF voice communication will continue to be provided from a Senegalese 
government communication facility until December 1995. when all support from Senegal will be terminated. 
Termination is feasible at that time because of the completion of redundant Space Network ground terminal 
capability at the White Sands. New Mexico complex. Combined with the DSN. the STDN ground communications 
stations also provide emergency access to Earth·orbiting scientific spacecraft if they become unable to 
communicate through the TDRSS Space Network. Efforts are underway to reduce operations and maintenance 
costs through replacement of obsolete equipment. 

The two elements of the Aeronautics. Balloons. and Sounding Rocket (AB&SR) program. Systems Implementation 
and Operations. provide funding for a wide range of NASA activities. including aeronautical research flight 
testing: launch vehicle tracking and communication: and support to the aircraft. balloon, and sounding 
rocket elements of NASA's suborbital research and technology demonstration programs. Tracking and 
communications support to a limited number of scientific spacecraft is also provided. In addition. tracking 
and communications support for landings of the STS is provided by this program. Funds are provided to the 
Ames Research Center (ARC) and to the Goddard Space Flight Center (GSFC) for these purposes. 

Primary facilities of the AB&SR program are located at the WFF and the Dryden Flight Research Facility 
(DFRF). The Western Aeronautical Test Range (WATR) is composed of the DFRF as well as ranges at Moffett 
Field and Crows Landing. The principal function of the WATR is to provide tracking and communication 
support for aeronautical research flight testing. The DFRF has the additional responsibility of providing 
tracking and communications for STS landings along with the DSN facilities at Goldstone. The WATR maintains 
an aggressive schedule of aeronautics research operations. During FY 1993. WATR operations included 1.553 
missions conducted at the three facilities. which are managed by the ARC. The trend continues upward in 
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SPACEFLIGHT TRACKING AND DATA NETWORK GODDARD SPACE FLIGHT CENTER 

1993 1994 1995 1996 1997 1998 1999 

TOTAL 67.9 59.8 34.1 28.4 29.8 35.5 37.8 

NOMINAL PERCENT ANNUAL CHANGE 
REAL PERCENT ANNUAL CHANGE 

(12%) 
(15%) 

(43%) (17%) 
(45%) (20%) 

5% 19% 6% 

1% 14% 2% 

STDN Systems Implementation 
SUSTAINING/OTHE!l 

~ 
5.5 

1.1 

3.4 1.9 
1.0 o.8J 

2.8 3.1 3.0 3.2 
0.9 1.1 1.2 0.9 

2.0 1.8 2.3 NEW PROJECTS 4.4 2.4 1.1 1.9 

62.4 56.4 32.2 25.6 26.7 32.5 34.6 STDN Operations 
NEJWORKSUPPORT (S+~-/11'\;s.,;~ Sft) 
STATION OPERATIONS 

15.0 

15.1 

15.2 9.8 

"Ts-:e.J(J,3 14.8 

10.0 10.7 11.5 13.1 

8.1 7.5 12.1 11.8 

CONTROL CENTER 
LOGISTICS/OTHER 
HEADQUARTERS 

FEATURES 

MISSION SUPPQRT 

NEW DEVELOPMENT 

filA.M 

1.3 1.4 1.0 1.0 1.1 1.2 1.3 

28.5 "2N..z.;z. ~ 6.6 6.5 7.4 7.7 8.4 

2.5 2.5 

2 9m S-band antennas at MIia and Bermuda; 1 4.3m S·band antenna at MILA; radar and UHF/VHF service$ at Bermuda 

Space Transportation System 

Automation ol network operanons, Including upgradei ol lhe Tracking Processor Systems, consolei and antennas 

Depol loglstlcs, performed by !he Raytheon Service Company and previously funded under the STON Ground Network 

element, ls transfeffed to other program elements In the Mission Services programs beglmlng In FY 1995. 
Upgrades lo the STON related to orbllol lllghl support ol the ShutHe are being cancelled. 
Telemetry lor ShJffle llghll via the Dakcw, Senegal ground laclUty has been terminated; all voice communication at 

Dakar wlll be cancelled once lUlly redundant STGT/WSGT operations begin In late 1995. 
STON support wlll be Umlled lo Shuttle launch and lancllng lelemelry and communication; emergency services provided 

lo other spacecraft wlH be dlscontlooed unless support does nol require system adjustments. 
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FY 1994 with approximately 2,000 aeronautical missions planned. Programs tracked from these ranges included 
high'performance aircraft, advanced technology research aircraft. and complex control systems and powered 
lift technologies. The WFF. which is managed by the GSFC. also manages a wide range of other NASA 
facilities. The facility at Wallops Island. Virginia. is used for tracking orbiting scientific spacecraft 
and for conducting sounding rocket and small meteorological balloon launches. The Wallops Orbital Tracking 
Station (WOTS) also provides round·the·clock space tracking operations for various spacecraft missions and 
for the STS. The WFF also manages the operation of several off·site ranges located at the White Sands 
Missile Range. New Mexico: the Poker Flat Research Range. Fairbanks. Alaska: the National Scientific Balloon 
Facility. Palestine. Texas. and at Ft. Sumner, New Mexico. Finally. tracking and data acquisition is 
provided for mobile campaigns of balloon and sounding rocket launches which are conducted at various 
locations throughout the world. 

During FY 1993. WFF operations included sixty-four aeronautics missions. twenty sounding rocket flights. and 
thirty-four balloon flights. Ninety. forty-eight. and twenty·five flights are planned for each of these 
activities. respectively. in FY 1994. Aeronautics flight programs in the areas of automatic landing 
operations using Global Positioning Satellite inputs: aircraft performance using vortex flap technology: the 
Shuttle Microwave Scanning Beam landing system checkout: WFF Range Surveillance: and Langley lifting body 
launch abort studies were supported. 

The AB&SR Systems Implementation program is directed at assuring reliable service to NASA's research 
programs. Aeronautical. balloon and sounding rocket research requires specially instrumented ranges as well 
as mobile stations. These funds are also being used to establish new ground stations facilities in Earth's 
polar regions for upcoming missions. related to NASA's Mission to Planet Earth program. A facility at 
McMurdo Sound, Antarctica is being developed in cooperation with the National Science Foundation (NSF) to 
meet the requirements of the joint U.S.-Canada Radarsat mission. This mission will also be supported by the 
Alaska Synthetic Aperture Radar (SAR) Facility. Fairbanks. Alaska. which is being developed concurrently as 
the principal U.S. groun4 station for the international Advanced Earth Observing Satellite (ADEOS) mission. 

The AB&SR Operations program supports the operation and maintenance of ground-based tracking instrumentation 
systems, both fixed and mobile. under the management of the ARC and the GSFC. Tracking, radar. telemetry. 
data acquisition. data processing, data display. communications. and special purpose optical equipment are 
located at these disperse facilities. 

In FY 1993 and FY 1994. the WOTS will provide tracking operations for the STS. the International Ultraviolet 
Explorer (IUE). the Interplanetary Monitoring Platform (IMP·8), Meteosat. NOAA·lO. TOMS Meteor-3. the ROSAT. 
and the SAMPEX. Support to the Fast Auroral Snapshot Explorer (FAST) and TOMS Earth Probe missions is also 
planned to begin upon their launch in 1994. 
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OONS, AND SOUNDING ROCKETS AERONAUTICS, BALL 1993 

1994 1995 1996 

WALLOP$ FLIGHT FACILUY AND WESTERN RANGE 

1999 1997 1998 

TOTAL 45.0 51.1 46A 47.5 50.6 55.4 57.3 

NOMINAL PERCENT ANNUAL CHANGE 
~ !REAL PERCENT ANNUAL CHANGE 

1-,. ABSR Systems Implementation 

14% 
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TOMS-Meteor 
$AMPEX 

ROSAT 
NOAA·lO 
IUE 

FAST 
SWAS 
Solar-A 

FY ]994·]995 DEPLOYMENTS 
TOMS·EP 

~~;: 
~~e 
om~ 

NEW DEVELOPMENT 

~ 

IMP·8 
METEORSAT 
LANDSAT 4 and 5 

Shuttle Transportation System 
Tacllcal/SUperlOnlc Air Systems 

SeaWIFS 

Funds support Installation of the Wallops Integrated Control Center, automation ol the WOTS, and preparation for the 
RADARSAT mission; and WATR radar returblshment and telemetry systems upgrades. 

Installation of an adclllonal receiving capablllty at the Alaskan Synthetic Aperture Radar (SAR) Facility, In support of 

lnlernollonal earth observing missions, WIU be completed. 
Upgrade ol lhe Wallops Orbital Tracking System (WOTS) WIii conHnue. 
CUnent services lot su:>orbltal sc:lence missions and for aeronautical test program, lncludlng on-going maintenance and 

rell.lrblshment of exlsffng equipment, wtD be maintained. 
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BASIS OF FY 1995 ESTIMATE 

FY 1995 funding for DSN Systems Implementation is intended to support reliability and maintainability 
initiatives at the DSN sites. to assure the success of the Galileo Low Gain Antenna mission. and to complete 
a new DSN 11-meter antenna subnet in support of the Russian Radioastron and the Japanese VSOP programs. The 
FY 1995 budget also provides for multimission improvements needed to accommodate a variety of missions that 
will be operating in the mid-to-late 1990's including Cassini. the joint U.S.-Canadian Radarsat. the joint 
U.S.-Japanese ADEOS mission. elements of the International Solar Terrestrial Physics (ISTP) program, the 
Advanced Composition Explorer (ACE), and the Near Earth Asteroid Rendezvous (NEAR) and Mars Environmental 
Survey (MESUR) missions. Finally, the Army will transfer two 34-meter Antenna Research System (ARS) 
antennas to the Goldstone facility in FY 1994. One of these antennas will be modified to support NASA 
spacecraft communications in FY 1995. Transfer of these antennas will preclude the necessity for future 
purchases of new antennas which had been planned. 

The DSN Operations funding will provide for the maintenance and operation of network facilities and for the 
support of the sustaining engineering required for continued operation of the network. The DSN will also 
provide emergency communications to endangered spacecraft and serve as backup to the TDRSS Space Network. 
Major TDRSS users that have used ground-based emergency communications include the STS. the Hubble Space 
Telescope (HST), the Compton Gamma Ray Observatory, the Upper Atmospheric Research Satellite (UARS). and 
TOPEX. 

The FY 1995 request for STDN Systems Implementation provides funds to replace obsolete equipment and 
subsystems required for the STS operations at the Merritt Island, Florida, and Bermuda STDN tracking 
stations. The reduced request for funds for STDN Operations reflects the discontinuance of centralized 
management and funding for a logistical supply depot. Beginning in FY 1995. funding for depot logistics 
will be provided for out of the respective program elements within the Mission Communication Services 
program where these requirements will compete with funds available to support the NASA scientific user 
community. Magnetic tape certification and a centralized equipment repair facility will continue to be 
funded under this program element. 

The FY 1995 request for STDN Operations provides for the operation and maintenance of the STDN ground 
stations and limited tracking services purchased from the Department of Defense (DoD) and the University of 
Chile. In FY 1995, the STDN will be composed of the Merritt Island and Bermuda stations with a limited UHF 
voice capability provided from Senegal. The function of these stations will be limited to STS launch and 
landing support activities. 

The AB&SR Systems Implementation program includes funding for support of aeronautical research and 
scientific experiments using sounding rockets and balloons. This support includes fixed and mobile 
instrumentation systems, including radar. telemetry, optical, communications, command. and data handling and 
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processing capabilities. The FY 1994 budget request includes funds to continue to replace and upgrade test 
and calibration equipment and to refurbish or modify equipment to assure reliable performance. Funds are 
also included for acquisition of equipment in support of the Radarsat and ADEOS missions and for the 
automation of the WOTS. 

The funding for the AB&SR Operations program supports the operation. maintenance. and technical services 
needed to provide tracking. data acquisition. and command and control from these disperse fixed and mobile 
facilities. Funds are included to prepare for Radarsat operations at McMurdo and for the operation and 
maintenance of the Alaska SAR facility. Funds are also provided for aeronautics research operations and for 
overhaul of radar systems at the WFF and the DFRF. 
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OFFICE OF SPACE COMMUNICATIONS 
FY 1995 CONGRESSIONAL BUDGET 

1993 1994 1995 1996 1997 1998 1999 

isslon Control and Data Systems 
Mission Control Systems 

·'~9iYr~;:1::1:r:::'.::'.~::;;1:[§.Z;:§:::::;:::::::::~::::1!e:;.~; 
14.2 17.5 14.3 13.1 14.7 14.4 10.4 

Mission Control Operations 48.3 52.7 51.0 52.6 53.5 53.0 53. 1 

Data Processing Systems Implementation 
Data Processing Operations 

29.5 

64.9 

44.4 

91.0 

40.6 
69.9 

41.9 
67.8 

41.3 

73.6 

44.1 
76.3 

NOMINAL PERCENT ANNUAL CHANGE 
REAL PERCENT ANNUAL CHANGE 

31% 

26% 

(14%) 

(18%) 
0% 

(5%) 
4% 

0% 

3% 
(2%) 

JUSTIFICATION Mission Control funds used to support the activities of the Mission Operations Division and the Flight Mission Support Office, 

Mission Operations and Data Systems Directorate, Goddard Space Flight Center. All mission operations services provided 

for SMEX missions, including flight dynamic support, is provided as a unified program under Mission Control Systems . 
. 

Data Processing funds are to support the Information Processing Division, the Flight Dynamics Division, and the Data Systems 

Technology Division; Mission Operations and Data Systems Directorate, Goddard Space Flight Center; and for 
communication technology planning activities conducted by the Jet Propulsion Laboratory. 

47.6 

79.2 

1% 
(3%) 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

MISSION CONTROL AND DATA SYSTEMS 

FY 199~ FY 1994 FY 1995 
(Thousands of dollars) 

Mission control systems ........................ . 14.241 17.500 14.300 
Mission control operations ..................... . 48.336 52.700 51.000 
Data processing systems implementation ......... . 29.460 44.400 40,600 
Data processing operations ..................... . 64,877 91,000 69,900 

Total .................................... . lSQ..2,il 205.600 ~80Q 

OBJECTIVES AND STATUS 

The Mission Control and Data Systems program provides for the development and operation of facilities and 
systems that are required for mission control and data processing for space flight missions conducted by the 
Goddard Space Flight Center (GSFC). 

In addition to supporting currently operating spacecraft. Mission Control and Data Systems funding provides 
for the planning and implementation of several new missions soon to be launched. These include the Wind. 
Polar. Solar and Heliospheric Observatory (SOHO); and Cluster missions of the International Solar 
Terrestrial Research program; the Fast Auroral Snapshot Explorer (FAST) and Submillimeter Wave Astronomy 
Satellite (SWAS) Explorer missions; and the Total Ozone Mapping _Spectrometer Earth Probe (TOMS EP). The 
Space Shuttle will carry several Spacelab and attached payloads into orbit this year with data processing 
preparations nearing completion. 

In order to achieve funding reductions faced by NASA programs in FY 1995. the Mission Control and Data 
Systems program will implement lower cost methods of providing operational services to NASA's flight 
programs and projects. These methods include use of advanced technology. reducing overhead costs. and 
reducing the scope or quality of services. The end of operations for the Cosmic Background Explorer (COBE) 
will also aid in achieving these reductions. Other actions include consolidation the Spacelab Data 
Processing Facility: phase-out of the operation of Generic Time Data Multiplexing facility: termination of 
the implementation of Advance On-board System Testbed facility: elimination of some improvements to the 
Hubble Space Telescope's ground station support: and reduction in Flight Dynamic services for a number of 
missions. Other specific actions await clarification upon the receipt of responses from NASA's contractor, 
engineering and science communities. 
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MISSION CONTROL GODDARD SPACE FLIGHT CENTER 

TOTAL 

NOMINAL PERCENT ANNUAL CHANGE 
REAL PERCENT ANNUAL CHANGE 

Mission Control Systems 
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0.9 

6.4 

2.0 
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70.2 65.3 

12% (7%) 
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Fight MIiiion Support Olllc:e (tec:hnlc:al planning for advanc:ed system, Including EOS and ShulHe/Stollon payloads) 

MISSION SUPPORT Ptdlcattd Mission QperaHon centeo <Current> Dedicated Mission Qperotton centers <New Devmenll 
Hubble Space Telescope $MEX ISTP MIiiions (GGS and SOHO) TIMM 

IUE TOMS XTE 

MuW-SateVU• Mission Operatton centers <Current> MutH-sateUtte Mission Operation centers CNew Pev'ment> 
ERB$ ICE/IMP 

Compton Gamma Roy Observatory EUVE 

Upper Almotpherlc Reseorc:h Satellite Attached Payloads 

NEW DEVELOPMENT POCC, TPOCC, and soffware development for Wind, Pola and FAST lo be c:ompleted In FY 1994. 
Complellon ol syatems lnlegrallon for SWAS, SOHO and XTE In FY 199$ 
MOC upgradea for TRMM underway; ACE MOC system design wUI begin In FY 1995. 
Command Management Simulators for TOMS•EP, SOHO, XTE, SWAS and FAST lo be completed In FY 1995. 
FGIEC s«Ylcea being provided lo EOS; early sludlea ot TIMED, FUSE, and HESP opera Hons underway. 
Ongoing software COlfecHons for HST sc:hedullng Improvements and accomodallon for STGT lntertace 

Support ol GOES launchea and Initial operations to be provided as needed. 

~ Planned Improvements for Hubble Spoc:e Telescope ground control facUlllea wDI be c:ancelled, and the abllHy lo 

pr~ unique IOftwore lor Smal Explorer millions llmlled. 
Spocecroft ground control center operations wll also be reatralned. 

J 
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The mission control function provides support for the planning of scientific observations and implementation 
of command sequences that are transmitted to the spacecraft. Real-time information is crucial to determine 
the condition of the spacecraft and payloads and to prepare commands in response to emergencies. Funding 
for this activity also supports the transformation of spacecraft downlink data into a form usable for 
spacecraft monitoring in the control centers and for telemetry and scientific data analysis by the 
scientific investigation teams. 

The Mission Control Systems program provides the systems and facilities needed for the command and control 
of the GSFC's unmanned scientific satellites. Command and control of the spacecraft and on-board 
experiments are carried out by the respective Payload Operations Control Centers (POCCs) and their auxiliary 
facilities. 

The POCCs are responsible for the receipt. processing, and display of spacecraft engineering data and the 
generation of commands. Five POCCs currently monitor and control eleven spacecraft. The Extreme 
Ultraviolet Explorer (EUVE). launched last year. is the last new spacecraft that will be controlled out of 
the aging Multi-Satellite Operations Control Center. The SAMPEX. Goddard's most recent launch. is the first 
spacecraft to be controlled using the new Transportable Payload Operations Control Center (TPOCC) 
architecture. Future spacecraft POCCs are being implemented in the TPOCC architecture with distributed 
workstations to take advantage of the increased processing capability and lower cost. Other related mission 
systems include the Johnson Space Center/Goddard Space Flight Center Shuttle POCC Interface Facility (SPIF) 
and the Mission Planning/Command Management System to generate command sequences for transmission by the 
POCCs to the spacecraft. and the User Planning System (UPS) to schedule spacecraft communications periods 
through ~he Tracking and Data Relay Satellite System (TDRSS). 

The Mission Operations program provides for the operation of the mission control centers and the related 
software and services necessary for the monitoring and control of in-orbit spacecraft and prelaunch 
preparations for new spacecraft. 

Control facilities for spacecraft and payload operations have the capability for rece1v1ng. processing. and 
displaying spacecraft engineering data and for generating co~mands. Commands are generated in response to 
emergencies and also preplanned in sequences and transmitted to the spacecraft to carry out the mission 
objectives. Software is developed for the control of each new spacecraft. made up of approximately 50% 
reused standard software and 50% mission-unique software. Each facility is operated 24 hours per day. 7 
days per week for mission services. For Shuttle missions with attached payloads operated by GSFC. a 
specialized system processes and displays Shuttle-unique data that is needed for payload control. 

The Data Processing Systems Implementation program provides for the procurement of equipment and development 
of data processing and computational systems at GSFC that are required by a broad range of Earth orbiting 
scientific missions. These systems determine spacecraft attitude and orbits. and generate attitude and 
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DATA PROCESSING AND PLANNING GODDARD AND JET PROPULSION LABORATORY 

1993 1994 1995 1996 1997 1998 1999 

TOTAL 94.4 135.4 110.5 109.7 114.9 120.4 126.8 

NOMINAL PERCENT ANNUAL CHANGE 43% (18%) (1%) 5% 5% 5% 

REAL PERCENT ANNUAL CHANGE 38% (22%) (5%) 0% 0% 1% 

Doto Processing Systems Implementation 29.5 44.4 40.6 41.9 41.3 44.1 47.6 

GOODARD SPACE FLIGHT CENTER i)e..f ~ f'Aoc. /;J.,l I</. 'I .10 • .y 
£~~~~System 

. 
3.5 3.8 5.b 2.2 
4.4 6.1 5.0 4.3 3.3 1.7 

0,9 Q§ 0.5 
Programng. Comp and Analysis l':Q. I.~ ~ ,.a '-..a 7. l.t ~ 11.0 10.5 10.3 10.8 

/ -Caadond..._ (r,,,fc/~ oo-S:K<.1) "<.V,.- 1',l.ao."- l>qAA., 120 11.7 13.1 13.2 

4.5 4.8 5.0 5.2 5.6 6.0 

3.1 3.9 4.6 4.1 6.2 6.5 

2.8 2.1 

J~~ -.J "~r ./,' . l:. :-: H C ER/H QUARJERS o, 
- .c.y· - OTHER 2.4 3.6 (2.6) 2.3 6.5 7.2 11.1 

'-01"-h t, clAi e..( 
; ..... -+'('/'{ . . 

Doto Processing Operations ~ 91! 69~ 67.8 73.6 76.3 79.2 

GODDARD SPACE FLIGHT CENTER 

~~~m~romSupport 

CH~ t>3. • ~J.1 ~:.<{ i4.J 
6.0 6.2 6.4 - .5 ~3 . 5.7 

3.7 3.6 3.5 3.9 4.0 4.1 4.3 

Proc 15.1 15.2 14.1 13.6 13.9 13.7 13.7 

Spaoel ab~Plocelllnpfae!X 9.$ 12.6 3.0 ) 3.0 3.0 3.0 3.0 

Progrom·ng. O'ld Analysis Maintenance and Ope(n 6.2 7.5 ,.v 8.2 8.6 8.8 9.2 

General Syatema 3.3 5.8 6.0 6.2 6.7 7.0 7.4 

9.2 21.6 23.2 23.8 25.5 26.0 26.9 

8.9 9.5 9.1 11.4 12. l 11.6 12.4 
Ftg,t~ =· &islems Analysis and Devel men! 
Other <'•ro ~ • :'·" ::·;f,u :ii u8.0) (6.2) (4.1) (4.1) 

FEATURES Teltmetry Proce55ing Facility (sup:ai1: i1:'.<n11tt i£~f@le ~~ s; e.g., iMP-8, ICE, ERBS, and UARS) 

Paeket Processor Data Capture Facility (generic support to CGRO, EUVE, SAMPEX and future Goddard flight programs) 

Hubble Space Telescope Data Capture Facility 

ISTP Data Capture Facility 
Centtal Data Acquisition Facility (fall•sat. data capture backup for other telemetry systems) 

Advancec:I Orbiting Systems Testbed (standardized data handling interface studies and component qualification) 

Information Processing Local Area Network/Mass Storage System 

Dda Distribution Facility/Tape Staging and Storage Facility 
Flight Dynamics FaeDity (orbit and altitude control and determination, 10ltware development, operations concepts) 

Systems Technology Laboratory (advanced concepts and systems) 

' ~ 
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, 
orbit maneuvers for operating spacecraft. These systems also process the large volume of data produced by 
the operational spacecraft as a prerequisite to analysis of the data by the individual mission research 
projects. 

Major data processing computational capabilities include the multimission Flight Dynamics Facility (FDF), 
which performs the real-time attitude, orbit and flight maneuver control computations. In FY 1993, the FDF 
computers were replaced with faster computer systems under a lease/purchase contract. In addition, 
migration of the FDF from mainframe computers to a future distributed computing architecture will allow for 
increased capacity and minimized life-cycle expenses. Other activities within this program include the 
development and test of advanced data system components. Through these facilities. advanced techniques in 
the areas of remote payload operation and control. expert systems. high-speed data processing. high-level 
languages. and custom-engineered hardware processors using Very Large Scale Integration (VLSI) will continue 
to be applied to operational systems to replace costly conventional systems and to reduce operational 
staffing needs. 

The Data Processing Systems Implementation program funds four major systems for processing spacecraft data: 
(1) the Packet Data Processor (PACOR), which processes data from satellites that employ the new packet 
technology and protocols: (2) the Hubble Space Telescope (HST) Data Capture Facility (HSTDCF), which 
captures. processes. and forwards the packetized telemetry from the HST to the Science Institute Facility; 
(3) the Generic Time Division Multiplexer (GTDM) Facility. which processes data from all Time Division 
Multiplexer {TOM) satellites; and (4) the Spacelab Data Processing Facility (SLDPF). which performs the data 
processing required by Spacelab missions. As noted, in FY 1995 the GTDM will be terminated and the SLDPF 
will be transferred from GSFC to the Marshall Space Flight Center (MSFC). 

The large number of missions using modern packet data systems require corresponding packet data processing 
services. These missions include the SMEX ~eries, SOHO. Cluster. and others. The existing packet data 
processing system is being expanded to provide the required increased data processing capability in a cost
effective way, by taking advantage of advances in distributed computing and VLSI digital processing. 

Information received in the form of tracking and telemetry data from the various spacecraft must be 
processed into a usable form prior to analysis by the scientific investigation teams. Data are processed to 
separate spacecraft telemetry from the scientific data gathered by on-board instruments and systems. This 
data must be consolidated and marked with key spacecraft telemetry and temporal information. This 
transformation is performed as part of the data processing function and is funded under the Data Processing 
Operations program. Use of this capability extends across a variety of NASA missions. ranging from the 
small explorer satellites to more complex imaging satellites. 

The Data Processing Operations program funds the management, maintenance and operation of the data 
processing and flight dynamics facilities at the GSFC. The FDF provides attitude and orbit products and 
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NEW PEYELQPMENT 

~ 

PACOR 1ystem1 upg,ade, using distributed systems archltedure; mission unique features will b• provided for the SWAS, 

SOHO, XTE, TRMM, ACE and FUSE missions. 
Upgrade of the Central Data Acqullltlon Facility and the Data Distribution Faelllty In support of Explorer, ISTP and TRMM 

Ongoing Flight Dynamics Faelllty upglOd•• 
Development of th• Generic Spacecraft Analyst Assistant, th• Ground Operations Technology Test bed, and VLSI 

ffonl·•nd pioeessors and data capture systems; and examination of expert NCC scheduling systems 

Ongoing evaluation of atmospheric, geodetic, geopotentla~ and tidal effects on spacecraft orbits; and of atmospheric 

effects on optical communication and Ka-band transmission 

Development of TDRSS user transponders and other advanced spacecraft control and communication technologies 

Development of the Advanced Dlgltal Deep Space Transponder 

Spectrum management and data system standards programs 

Oversight of Space Station communlcallons Interface control 

Generic mission control and telemetry supporl being provided to CGRO, UARS, EUVE, SAMPEX, ERBS, IMP·8, ICE, 

and NOM·lO unique support forth• Hubble Space Telescope. 

Maneuver analysis and support being provided to CGRO, UARS, ERBS, ICE, IUE, GOES, Wind, Polar, SOHO, TRMM, TOMS, 

ACE, FUSE, E0S-AM1 and 2. and EOS-PM. 
Attitude control and determination for CGRO, UARS, ERBS, ICE, and DE; analysis for Wind, Polar, SOHO, XTE, TRMM, ACE, 

FUSE, and SMEX 

Orbital determination studies for EOS, TOPEX, Wind, Polar, SOHO, EUVE, SMEX, XTE, TRMM, TOMS, and ACE 

Previous consolldallon of flight systems integration support wiU be restricted, along with other services provided to 

spaeecrall flown by the Goddard Space Flight Center. Specific reductions are under review. 

The Spacelab Data Processing Facility (SLDPF) wlll be consolidated at the Marshall Space Flight Center. 

Use of the Generic Tim• Division Multiplexer wiU be discontinued. 

GODDARD SPACE FLIGHT CENTER 
GREEN8Et. T. MARYi.ANO 
PRINCE GEORGE'S COUNTY 
LOCATION MAP 

osc-... 
-(II 

UIOCC-1: MUlTI-SATEU.ITE OPERATIONS CONTROl CENTER·! 
HITUOC: HUBBLE SPACE TIEL&SCOPE PROJECT MISSION OPERATIONS CENTER 
METOCC: METl:OROlOGM:AL OPERATIONS CONTROL CENTER 
IUIOCC: IHTEANATJC»4AL UL TRAVIOt..ET EXPLORER 0CC 
TPOCC: TRANSPORTABt.E PAVLOAO OCC 
IPIF: SHUmE PAYLOAD INTERFAtCE FACILITY 
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ODF: 0ATADt$TAKIVTIONFAC1l.lTY 
COPS: CAS OUTPUT PROCESSING SYSTEM 
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IEL: SOF'TWAAE ENGNEAtNG LAB 
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• • 
services for the NASA low Earth-orbital spacecraft in all mission phases. Flight Dynamic software is 
developed and operated throughout the life of the missions. 

BASIS OF FY 1995 ESTIMATE 

• 
The FY 1995 budget request for Mission Control Systems Implementation includes funds for continued 
development of mission control capabilities at the GSFC for the SMEX missions and of replacement equipment 
for the HST control center. Funds are also needed to procure equipment to implement control center 
facilities for the upcoming Tropical Rainfall Measurement Mission (TRMM). SOHO, X-ray Timing Explorer (XTE). 
Advanced Composition Explorer (ACE). and TOMS missions. 

The Mission Control Operations program includes funds for the operation of control centers and facilities 
for control of ten missions which will be fully operational throughout the year. and for the three new 
missions scheduled to be launched in FY 1994. Additional funds are used to develop the control center 
capabilities needed for spacecraft under construction that will be launched beyond 1994. The funds will 
also be used to provide a scheduling system to be used with the new Danzante facility (formerly called the 
Second TDRSS Ground Terminal). These enhancements are required to permit the control centers to operate 
with evolving NASA ground systems, to control the increased number of spacecraft, and to accommodate the 
higher data rates and complexity of new spacecraft. Previously planned improvements to the planning. 
scheduling. and command generation system for the HST have been deleted due to budget constraints. 

The Data Processing Systems Implementation program request reflects cost savings to be achieved by 
consolidating the Spacelab Data Processing Facility functions with the control center functions. The 
request also reflects discontinuing the operation of the Generic Time Division Multiplex (GTDM) data 
processing facility, consistent with Agency plans to standardize on packet data systems. The budget request 
includes funds to meet future packet processing requirements of SOHO and other missions under development. 
As noted, in FY 1995 the GTDM will be terminated and SLDRF functions will be transferred from GSFC to MSFC. 
Funds are also requested for upgrading the capability to exchange data within the data processing complex 
and to other mission service facilities. 

The budget request includes funding for equipment to provide the required reliability and availability of 
the FDF consistent with commitments to ongoing missions, new mission initiatives. and internal services to 
the space and ground networks. along with the acquisition of some elements of the future distributed 
architecture systems. The budget request also includes funding for the Data Systems Technology program to 
maintain the VLSI capability developed over several years and to apply state-of-the-art technologies to 
prototype and operational systems for mission control, data processing, and communications. 

Significant reductions to the Data Processing Operations program will occur due to the consolidation of the 
SLDPF functions and the phase out of GTDM data processing. The FY 1995 budget request will provide for the 
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continued operation of the general packet data processing system and the Hubble Space Telescope Data Capture 
Facility. The budget request also reflects termination of attitude and orbit services to the COBE 
spacecraft and reduced flight dynamics services for the upcoming TOMS. XTE, TRMM. WIND. POLAR. SOHO. and ACE 
projects in the areas of mission analysis and health and safety monitoring of the spacecraft attitude 
control systems. 
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FY 1995 CONGRESSIONAL BUDGET 
SPACE NETWORK CUSTOMER SERVICES 

MISSION COMMUNICATION SERVICES PROGRAM 

GODDARD SPACE FLIGHT CENTER 

1993 1994 1995 1996 1997 1998 

~pace Network Customer Service 27.9 30.0 32.0 31.5 33.7 37.7 

STATUS 

NOMINAL PERCENT ANNUAL CHANGE 
REAL PERCENT ANNUAL CHANGE 

8% 

3% 

7% 

2% 

(2%) 

(6%) 

7% 

3% 

12% 

7% 

A new funding element under the Science, Aeronautics, and Technology program; intended to capture the direct expense 

of services provided to users of the Space Network, Including the cost of operating the Network Control Center (NCC) 

located at Goddard. The NCC is the common scheduling Interface for all users of the TDRS communication network. 

See Network Customer Services under the Space Communication Services Program for further discussion. 

j 

1999 

42.1) 

12% 

7% 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

SPACE NETWORK CUSTOMER SERVICES 

FY 1993 

Space network customer services ................ . 27.900 

OBJECTIVES AND STATUS 

FY 1994 

(Thousands of dollars) 

30,000 

• 
FY 1995 

32,000 

The Space Network Customer Services program provides access to the multimission communications network 
serving all TORS-compatible Earth orbiting missions. The program provides for the operation and maintenance 
and improvement of the those ground systems and facilities located at the Goddard Space Flight Center 
(GSFC). including the Network Control Center (NCC). required to schedule user services and to control and 
operate the Space Network system. 

Beginning in FY 1995, funding previously provided under the Space Network Operations and Systems Engineering 
and Support programs are now combined. Capabilities that represent the services needed to provide user 
access to the Space Network, representing both scientific and other purposes, have been combined in the 
Space Network Customer Services program under the Science, Aeronautics and Technology appropriation. 

The objective of this program is to develop and maintain the interfaces required by users for the Space 
Network. In order to serve its many users. customer service provides user scheduling, ground equipment 
configuration, and fault isolation services for the network. In addition. mission planning, user 
communications systems compatibility, simulation, and testing services are provided to the network and 
flight project to insure network readiness and technical compatibility for in-flight communications. Also 
funded under this program element is the NCC at the GSFC which provides customer interface to the Space 
Network system. 

Finally. engineering services, hardware and software development required to sustain and improve the Space 
Network are funded by this program. Equipment design and replacement: logistics support: and specialized 
maintenance, configuration management, and procedure development are provided under the Space Network 
Customer Services program. These services are critical to insuring reliable space communication and network 
operation in support of user spacecraft systems. 
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BASIS OF FY 1995 ESTIMATE 

Funds are requested for operations. hardware and software maintenance. sustaining equipment purchases. and 
software modifications for the Network Control Center. Simulations Operations Center. Compatibility Test 
Vans. and related analytical tools and support systems. Related engineering. documentation. mission and 
operational analytical services are also provided under this program. 
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FY 1995 CONGRESSIONAL BUDGET 
ADVANCED TECHNOLOGY 

MISSION COMMUNICATION SERVICES PROGRAM 

1993 1994 1995 1996 1997 1998 

1\dvanced Technology 23.3 ~ l't.lA 
GODDARD SPACE FLIGHT CENTER 6.3 6.7 

JET PROPULSION LABORATORY 16.4 'lM._I~'{ 

Ii. HEADQUARTERS 0.6 0.5 

STATUS All funds previously captured under the Advanced Systems program element hove been deleted; future development of 

advanced communication technology will be required to compete tor funding provided under other program elements. 

) 

1999 

.... 

'QSBACKUP 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

ADVANCED TECHNOLOGY 

FY 1993 

Advanced technology ................ . . . . . . . . . . . . . 23.273 

OBJECTIVES AND STATUS ~Sf"C. 

FY 1994 

(Thousands of dollars) 

24.600 

FY 1995 

The objective of the Advanced Technology program is to improve the performance, capability and reliability 
of future space missions in the critical areas of communications. navigation. and mission operations. This 
is accomplished in the program by evaluating and developing new technologies to demonstrate their 
feasibility to a level that allows field implementation to be undertaken with confidence. The research and 
development under this program has, over the years. enabled the cost-effective introduction of new 
technology and techniques into the Deep Space Network. the Space Network, communications systems. and data 
processing systems. 

BASIS OF FY 1995 ESTIMATE 

Beginning in FY 1995, the Office of Space Communications' Advanced Systems program will no longer be funded 
as a separate element. Essential activities will be reconstituted within the Mission Communication Services 
program. 
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FY 1995 CONGRESSIONAL BUDGET 
CONSTRUCTION OF FACILITIES 

~onstruction of Facilities 

1993 

31.8 

1994 

MISSION COMMUNICATION SERVICES PROGRAM 
JET PROPULSION LABORATORY 

1995 1996 1997 1998 1999 

~ tS:t.. ) 

STATUS Construction of 34m BWG facilities will be comr:Jleted. 

.;). a.4-t IV\Ao 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

CONSTRUCTION OF FACILITIES 

FY 1993 

Construction of facilities ..................... . 31.800 

OBJECTIVES AND STATUS 

FY 1994 

(Thousands of dollars) 

17.600 

• 
FY 1995 

The FY 1993 funding provided for the construction of two 34-meter high efficiency beam wave guide (BWG) type 
multifrequency antennas at the Goldstone Deep Space Communications Complex. The FY 1994 funding provides 
for an additional antenna 34-meter BWG antenna at the Canberra, Australia Deep Space Communications Complex. 
These new antennas will provide performance improvements for mission support. 

BASIS OF FY 1995 ESTIMATE 

No Construction of Facilities funds are requested in FY 1995. 
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FY 1995 CONGRESSIONAL BUDGET 
ACADEMIC PROGRAMS 

ACADEMIC PROGRAMS 

EDUCATION PROGRAMS 
(CLASSROOM OF THE 
FUTURE) 

MINORITY UNIVERSITY 
RESEARCH AND 
EDUCATION 

£l23 .EY24 .EY25 ~ COMMENTS 

92.9! 85.5 97.2 l l.7jLARGE INCREASE IN FY 1995 DUE TO INCREASE IN MINORITY 
PROGRAMS 

70.2! 54.3 56.3 2.0!FY93 FUNDING LEVEL INFLATED DUE TO $22 MILLION OF 
EARMARKS 

(2.8) (1.0) (1.0) FY95 LEVEL IS UNCHANGED FROM FY94 BUDGET RUNOUT 

NEW INITIATIVES IN INTENSIVE TEACHER WORKSHOPS AND 

PROGRAM EVALUATIONS INCLUDED. 

NEW BUDGET STRUCTURE TO ORGANIZE ACTIVITIES TO 

MORE CLEARLY REFLECT THE EDUCATIONAL FOCUS 
OF THE ACTIVITIES 

22.7! 31.2 40.9 9.7!FY94 INCREASED $8.0 MILLION IN APPROPRIATIONS Bill, 
MAINLYHBCU 
FY95 INCREASE IS IN OTHER MINORITY UNIVERSITY PROGRAMS 
FY95 BUDGET SUSTAINS HBCU AUGMENTATION RECEIVED 
IN FY94 . 
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ACADEMIC PROGRAMS 

SCIENCE, AERONATUICS AND TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

BUDGET SUMMARY 

SUMMARY OF RESOURCES REQUIREMENTS 

FY 1993 FY 1994 

(Thousands of dollars) 

Education ...................................... . 
Minority university research and education ..... . 

Total .................................... . 

70,200 
22.700 

92.900 

54.300 
31.200 

85,500 

FY 1995 

56,300 
40,900 

97.200 

Page 

Number 

SAT 8.1 
SAT 8.2 
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FY 1995 CONGRESSIONAL BUDGET 
ACADEMIC PROGRAMS 

.EY23. .EY24 fY25 

ACADEMIC PROGRAMS 92.9 85.5 97.2 

EDUCATION PROGRAMS 70.2 54.3 56.3 

MINORITY RESEARCH AND UNIVERSITY 22.7 31.2 40.9 

.QElIA 

11.7 

2.0 

9.7 
PROGRAMS 

DISTRIBUTION OF FUNDING BY CENTER: DISTRIBUTION OF CIVIL SERVANTS 

JOHNSON 
KENNEDY 
MARSHALL 
STENNIS 
LANGLEY 
LEWIS 
AMES 
GODDARD 
JPL 
HEADQUARTERS 

TOTAL 

STRATEGIC GOALS 

EDUCATION 
PROGRAMS 

MINORITY UNIVERSITY 
RESEARCH 

1,603 2,829 
1,680 1,876 
2,522 2,880 
1,655 1,709 
2,756 3,276 
2,259 2,595 
1,505 1,719 
2,653 3,220 
2,815 3,308 

73,452 62,088 

92,900 85,500 

3,636 
2,152 
3,685 
1,833 
4,245 
3,185 
1,843 
4,115 
4,149 

68,357 

97,200 

FY93 FY94 FY95 
0 4 4 
0 0 0 
0 0 0 
3 3 3 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

29 

32 

31 

38 

32 

39 

(1) CAPTURE AND CHANNEL STUDENT INTEREST IN SCIENCE, ENGINEERING, 
MATHEMATICS AND TECHNOLOGY 

(2) ENHANCE TEACHER AND FACULTY KNOWLEDGE AND SKILLS RELATED TO SCIENCE, 
ENGINEERING, MATHEMATICS AND TECHNOLOGY 

(3) TO INCREASE THE NUMBER OF HIGHLY TRAINED SCIENTISTS AND ENGINEERS IN AREAS OF 
SPACE SCIENCE, AERONAUTICS, SPACE APPLICATIONS, SPACE TECHNOLOGY. 

(1) STRENGTHEN THE RESEARCH INFRASTRUCTURE CAPABILITIES OF MINORITY INSTITUTIONS 
TO ENABLE THEM TO COMPETE FOR MAINSTREAM NASA RESEARCH FUNDS 

(2) INCREASE THE NUMBER OF WOMEN AND MINORITY STUDENTS RECEMNG GRADUATE AND 
UNDERGRADUATE DEGREES IN MATH AND SCIENCE 

(3) EXPAND OPPORTUNITIES FOR K-12 TEACHERS AND STUDENTS AT SCHOOLS WITH SIGNIFICANT 
MINORITY ENROLLMENTS 
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FY 1995 CONGRESSIONAL BUDGET 
EDUCATION PROGRAMS 
BUDGET STRUCTURE SUMMARY 

NEW BLI STRUCTURE 

STUDENT PROGRAMS 
ELEMENTARY AND SECONDARY 

SPACE SCIENCE STUDENT INVOLVEMENT PROGRAM 
SUMMER SCHOOL APPRENTIC PROGRAM 
SHARP-PLUS (MINORITY FOCUS) 
STUDENT AMATEUR RADIO EXPERIMENT 
NATIONAL SCHOLARS PROGRAM 

HIGHER EDUCATION 
GRADUATE STUDENT RESEARCHERS PROGRAM 

TEACHER FACULTY PROGRAMS 
ELEMENTARY SECONDARY 

NEWEST/NEWMAST 
TEACHING FROM SPACE 
SUMMER TEACHER WORKSHOPS 
INTENSIVE TEACHER WORKSHOPS 

HIGHER EDUCATION 
SUMMER FACULTY PROGRAM 
JOVE 
INNOVATIVE RESEARCH 

COMPREHENSIVE 
AESP 
SPACE GRANT COLLEGE AND FELLOWSHIP PROGRAM 
EPSCOR 
TRI-STATE EDUCATION INITIATIVE 

EDUCATION TECHNOLOGY 
RESEARCH 
TECHNOLOGY TRANSLATION 
DISSEMINATION 

EVALUATION • 

OLDBU STRUCTURE 

INNOVATIVE EDUCATION 

GSRP 

INNOVATIVE EDUCATION 

SUMMER FACULTY PROGRAM 
JOVE 
INNOVATIVE RESEARCH 

AESP 
SPACE GRANT COLLEGE AND 
FELLOWSHIP PROGRAM 
EPSCOR 

EDUCATIONAL TECHNOLOGY 

• 



ACADEMIC PROGRAMS 

SCIENCE, AERONAUTICS AND TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

BUDGET SUMMARY 

SUMMARY OF RESOURCES REQUIREMENTS 

FY 1993 FY 1994 

(Thousands of dollars) 

Student programs ............................... . 
Teacher/faculty ................................ . 
Comprehensive .................................. . 
Education technology ........................... . 
Special projects ............................... . 
Evaluation ..................................... . 

Total .................................... . 

Distribution of Program Amount by Installation 

Johnson Space Center ........................... . 
Kennedy Space Center ........................... . 
Marshall Space Flight Center ................... . 
Stennis Space Center ........................... . 
Langley Research Center ........................ . 
Lewis Research Center .......................... . 
Ames Research Center ........................... . 
Goddard Space Flight Center .................... . 
Jet Propulsion Laboratory ...................... . 
Headquarters ................................... . 

Total .................................... . 

9,800 
11.120 
25.680 
4.200 

19.400 

70,200 

1. 253 
1. 280 
1. 397 
1. 505 
1. 250 
1.365 
1. 355 
1. 270 
1.525 

58.000 

Z0,200 

10.700 
12.000 
26.500 
5.100 

54.300 

1.175 
1.349 
1. 392 
1. 509 
1. 285 
1. 413 
1. 519 
1. 392 
1. 601 

41. 665 

54.300 

EDUCATION PROGRAMS 

FY 1995 

11, 200 
14.300 
26.400 

3.900 

_iQQ 

56.300 

1.198 
1. 3 7 5 
1,491 
1. 539 
1. 310 
1.441 
1. 549 
1.419 
1. 633 

43.345 

56.300 

Page 
Number 

SAT 8.1-4 
SAT 8.1-6 
SAT 8.1-8 
SAT 8.1-11 

SAT 8.1-12 

SAT 8.1·1 



FY 1995 CONGRESSIONAL BUDGET 
EDUCATION PROGRAMS 

.EY23 .EY24 .EY25 94-->95 

STUDENT PROGRAMS 9.8 10.7 11.2 0.5 
TEACHER/FACULTY PROGRAMS 11.1 12.0 14.3 2.3 
COMPREHENSIVE 25.7 26.5 26.4 -0.1 
EDUCATION TECHNOLOGY 4.2 5.1 3.9 -1.2 EARMARKS - FY93-2.8M CLASSROOM EVALUATION 0.0 0.0 0.5 0.5 -FY94-3.0M ED TECH SPECIAL PROJECTS 19.4 (1.0 CLASSROOM) 

TOTAL 70.2! 54.3 56.3 2.01 

THE EDUCATION PROGRAMS BUDGET WAS RESTRUCTURED IN THE FY 1995 BUDGET TO MORE ACCURATELY 
REFLECT THE FOCUS OF THE PROGRAM ACTIVITIES. NEW BUDGET STRUCTURE CLOSELY TRACKS COMMITTEE 
ON EDUCATION AND TRAINING (FORMERLY FCCSET) STRUCTURE. 

STUDENT PROGRAMS - PROVIDES FUNDING FOR STUDENT INVOLVEMENT ACTIVITIES, WHERE STUDENTS PARTICIPATE 
IN ACTIVITIES AT NASA CENTERS. NEW EMPHASIS ON EXPANDING SUMMER PROGRAM FOR MINORITY STUDENTS. 
FUNDING INCLUDED FOR GRADUATE STUDENT FELLOWSHIP PROGRAM. SUPPORTS 500 GRADUATE STUDENTS IN 
MASTERS, PH.D. PROGRAMS. 

TEACHER/FACULTY PROGRAMS- SUPPORTS TEACHER WORKSHOPS TO IMPROVE TEACHING SKILLS AND KNOWLEDGE OF 
SCIENCE AND MATH TEACHERS. PROVIDES INCREASED FUNDING FOR CONDUCTING INTENSIVE SUMMER WORK
SHOPS FOR TEACHERS AT NASA CENTERS THAT IS ONE OF THE HIGHEST CET PRIORITIES. 

COMPREHENSIVE PROGRAMS- SUPPORTS ACTIVITIES THAT REACH DIFFERENT LEVELS WITHIN THE EDUCATION COMMUNITY. 
INCLUDES AEROSPACE (SPACEMOBILE) PROGRAM, SPACE GRANT UNIVERSITY PROGRAM, EPSCOR. INCLUDE 
CURRICULUM DEVELOPMENT, OUTREACH, RESEARCH INFRASTRUCTURE IMPROVEMENT ACTIVITIES. 

EDUCATION TECHNOLOGY - FUNDING FOR EFFORTS TO APPLY TECHNOLOGY OEVELOPMENTS TO EDUCATION PRODUCTS. 
FUNDING TO SUPPORT CLASSROOM OF THE FUTURE INCLUDED. COMPUTER PROGRAMS TO TEACH MATH AND 
SCIENCE, VIDEO PRODUCTS CONCERNING RESULTS OF NASA RESEARCH. 

SPECIAL PROJECTS- FUNDING FOR EARMARK PROJECTS THAT WERE INCLUDED IN THE FY93 APPROPRIATIONS BILL. 
CLASSROOM OF THE FUTURE FUNDING INCLUDED IN EDUCATION TECHNOLOGY. 



• • 
SCIENCE, AERONAUTICS AND TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

• 
ACADEMIC PROGRAMS EDUCATION PROGRAM 

OBJECTIVES AND JUSTIFICATION 

The goal of NASA's Education program is to promote excellence in America's education system through 
enhancing and expanding scientific and technological competence. This program directly supports three of 
the National Goals for Education, including goal number four that states by the year 2000. U.S. students 
will be the first in the world in mathematics and science achievement. NASA's program is designed to 
capture and channel student interest in science. engineering, mathematics, and technology. as well as 
enhance teacher and faculty knowledge and skills related to these subjects. These Agencywide pre-college. 
university and minority university programs are in support of NASA's education mission to ensure a 
sufficient talent pool to preserve NASA and U.S. leadership in aeronautics, space, Earth science, and 
technology and to help meet the national education goals. 

The specific objectives of the Education program are: 

To disseminate to the pre-college educational community -- students, teachers, and administrators -
experience and knowledge derived from NASA research and development and its application to the study 
of mathematics, science, and technology; 

To encourage elementary and secondary students to take greater interest in mathematics, science, and 
technology through the use of advanced instructional technology. development of strong teacher 
resource centers, curriculum materials designed for the elementary level. and the initiation of 
cooperative relationships with private industry, local school systems. and community organizations; 

To significantly increase the number of highly trained scientists and engineers in aeronautics. space 
science, space applications, and space technology to meet the continuing needs of the national 
aerospace effort; 

To facilitate the direct interaction, further the professional knowledge and stimulate the exchange of 
ideas between university faculty members and NASA scientists and engineers; 

To explore the application of state-of-the-art technologies to enhance teaching methods and improve 
dissemination of education program materials; 
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To support innovative research at U.S. institutions of higher learning that is in the formative or 
embryonic stage and that would appear to have significant potential to advance space science and 
applications programs: and 

To provide for the development and use of a core. long-term U.S. national university capability to 
conduct multiyear. Earth science discipline-oriented applied research and remote sensing. 

NASA is actively involved in the activities of the National Science and Technology Council/Committee on 
Education and Training (NSTC/CET). This budget request supports programs which contribute to the program 
domains as defined by the Committee on Education and Training (CET), and is supportive of the milestones 
outlined in the CET Strategic plan. 

Beginning in FY 1994. the Academic programs budget has been restructured to more clearly reflect thP. 
educational focus of the programs and to be consistent with the CET activities. There has been no change to 
the individual programs that have comprised the NASA Education program. For budget purposes. these programs 
have been grouped to reflect the educational emphasis or the audiences the programs seek to reach. 
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FY 1995 CONGRESSIONAL BUDGET 
EDUCATION PROGRAMS 

STUDENT PROGRAMS 
ELEMENTARY/SECONDARY 

HIGHER EDUCATION 

.EY2J £{24 E{2.Q COMMENTS 

2..a! .ll1Z 
2.8 3.1 

7.0 7.6 

112 M! 
3.7 0.6 INCREASE IS TO EXPAND HIGH SCHOOL APPRENTICESHIP 

PROGRAM (SHARP/PLUS) 
7.5 -0.1 FELLOWSHIP PROGRAM FOR GRADUATE STUDENTS 

SUPPORTS500STUDENTS 



• • 
BASIS OF FY 1995 FUNDING REQUIREMENT 

STUDENT PROGRAMS 

FY 1993 

Elementary and secondary ....................... . 
Higher education ............................... . 

Total .................................... . 

OBJECTIVES AND STATUS 

2.800 
7.000 

~ 

FY 1994 

(Thousands of dollars) 

3.100 
7.600 

10.700 

FY 1995 

3.700 
7,500 

11,200 

• 

The Student programs at the Elementary and Secondary level include a series of programs to capture student 
interest in mathematics. science and technology. and channel that interest into mathematics. science and 
technology career paths. By demonstrating the applications of mathematics. science and technology in 
aeronautics and space. programs such as the Summer High School Apprenticeship Research Program (SHARP), 
SHARP-PLUS. Space Science Student Involvement Program (SSIP). and the Shuttle Amateur Radio Experiment 
(SAREX) program encourage students to become interested in and pursue coursework in these fields of study. 
NASA's involvement in science and engineering fairs and cooperative activities with other agencies and 
organizations continue to stimulate interest in aeronautics and space sciences among middle and secondary 
school students. 

At the Higher Education level. the Graduate Student Researchers Program (GSRP). initiated in 1980. provides 
graduate fellowships nationwide to post-baccalaureate U.S. citizens to conduct thesis research at a NASA 
Center or to carry out a program of study or research at their home institution. Awards are made to 
graduate students for a maximum of three years. On an annual basis. NASA supports approximately 500 
graduate students pursuing the masters or doctorate degrees in science, engineering. mathematics. and 
technology. 

BASIS OF FY 1995 ESTIMATE 

The FY 1995 funding will allow for the continuation of NASA student involvement programs (SHARP. SHARP-PLUS. 
SSIP. and SAREX). To enhance the current SHARP program. which now targets approximately 200 
underrepresented minority students at the 11th and 12th grade level, the program has been extended to a 
nationwide SHARP-PLUS program that will involve upwards of 1,000 students by the time it is fully 
implemented in 1996. The SSIP is being expanded to include fourteen competition activities. encompassing 
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all 50 states. Puerto Rico and the District of Columbia throughout eight geographical regions. Program 
participation will expand from 100.000 students to 300.000 in FY 1995. 

The FY 1995 request for Higher Education will maintain the fellowships at the graduate level. This program 
continues to be a very competitive program. with a 6 to 1 ratio of applications to awards. 
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FY 1995 CONGRESSIONAL BUDGET 
EDUCATION PROGRAMS 

em EtM ~ COMMENTS 

TEACHER/FACULTY PROGRAMS 
ELEMENTARY/SECONDARY 

ill! .l2Q 
1.7 2.2 

~ ul 
4.6 2.4 INCREASE IS TO EXPAND INTENSIVE TRAINING 

WORKSHOPS FOR TEACHERS 
THIS IS HIGH PRIORITY FCCSET ACTIVITY 

9.7 -0.1 FUNDING FOR SUMMER FACULTY FELLOWSHIPS, INNOVA-
TIVE RESEARCH AT FY94 LEVEL. HIGHER EDUCATION 9.4 9.8 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

TEACHER/FACULTY PROGRAMS 

Elementary and secondary ....................... . 
Higher education ............................... . 

Total .................................... . 

OBJECTIVES AND STATUS 

FY 1993 

1,720 
9,400 

11.120 

FY 1994 

(Thousands of dollars) 

2.200 
9,800 

12.000 

FY 1995 

4.600 
9,700 

14.300 

• 

One of the priorities identified in the Committee on Education and Training's Strategic Plan is the 
immediate upgrading of the existing teaching workforce. The Teacher/Faculty programs at the Elementary and 
Secondary level include a series of teacher enhancement programs targeted at pre-college teachers. The goal 
is to enhance and improve the teaching of mathematics. science, and technology at the elementary and 
secondary level by demonstrating the application of mathematics, science and technology in aeronautics and 
space. Programs include: NASA Education Workshops for Elementary School Teachers (NEWEST), NASA Education 
Workshops for Math and Science Teachers (NEWMAST), Teaching From Space, Urban Community Enrichment Program 
(UCEP). Summer Teacher Workshops and Teacher Enhancement Workshops. 

The Teacher/Faculty programs at the Higher Education level include programs created for graduate and 
undergraduate faculty to further their professional knowledge of engineering and science disciplines. 
Research opportunities for undergraduate and graduate faculty are provided through access to the NASA 
laboratories and to our extensive datasets. The Summer Faculty Fellowship Program (SFFP) provides highly 
beneficial opportunities for engineering and science faculty throughout the U.S. to participate in NASA 
research. This program has contributed significantly to the improvement of both undergraduate and graduate 
education, and directly benefits NASA, universities, faculty. students, and the Nation. Approximately 300 
university faculty are supported annually for ten weeks. Evaluations conducted by the American Society for 
Engineering Education (ASEE) of the program indicate that approximately 30-40% of the participating faculty 
subsequently receive NASA research grants or contracts. 

The JOint VEnture (JOVE) and Innovative Research programs also provide opportunities for undergraduate 
faculty to come to the NASA Centers to work with NASA data and to enhance research and teaching 
capabilities. The JOVE is managed by the Marshall Space Flight Center. where it was initiated as a pilot 
program in 1989. NASA provides scientific on-line data from space missions, as well as support for 
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electronic work stations and partial faculty and student support. In turn. the universities agree to grant 
faculty release time, student support. and an instructional unit on a space science topic. There are 
currently 75 academic institutions in 44 states and Puerto Rico participating. This program allows NASA to 
provide data to a broader range of academic institutions. 

The Innovative Research program is managed through the Offices of Space Science and Mission to Planet Earth. 
to support research which has the potential for significant advances for Planetary and Earth Science and 
Astrophysics. This program is intended to provide a mechanism for the funding of scientifically sound 
proposals which might not be funded through normal channels either because of their interdisciplinary nature 
or because they are speculative or risky. The long-term goal is to help the new ideas mature to a state of 
acceptability within a particular science discipline. 

BASIS OF FY 1995 ESTIMATE 

The FY 1995 funding will allow for expansion of NASA sponsored teacher workshops (NEWEST/NEWMAST) and 
increased participation in a National Science and Technology Council/Committee on Education and Training 
(NSTC/CET) program for long-term teacher enhancement activities. In 1993, NASA participated in a NSTC/CET 
pilot program for long-term teacher enhancement where teachers were given a month of in-service and work 
related opportunities at the Marshall Space Flight Center and the Jet Propulsion Laboratory. The cost is 
approximately $5,000 per teacher. NASA will increase the number of participating teachers in FY 1995 to 
approximately 500. This represents an increase of 350 teachers over FY 1994. In addition. NEWEST/NEWMAST 
will support an additional 50 teachers this year for a total of approximately 260 teachers. 

The FY 1995 funding for Higher Education will provide for continuation of ongoing projects and a limited 
number of new awards. 
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FY 1995 CONGRESSIONAL BUDGET 
EDUCATION PROGRAMS 

em .EY.24 ~ COMMENTS 

COMPREHENSIVE 

AESP 

25.Z! 2M 2M :OJ.! 
6.5 6.3 

SPACE GRANT COLLEGE & 13.4 14.5 
UNIVERSITY FELLOWHIP PROGRAM 

EPSCOR 

TRISTATE EDUCATION 
INITIATIVE 

5.0 5.0 

0.8 0.7 

6.3 0.0 SPACEMOBILE PROJECT. SUPPORTS MOBILE VANS, 
SPECIALISTS THAT VISIT ELEMENTARY SCHOOLS 

14.4 -0.1 SPACE GRANT CONSORTIA ARE IN EVERY STATE. 
SUPPORTS ACADEMIC CURRICULUM RELATED TO 
SCIENCE AND ENGINEERING. 

5.0 0.0 ESTABLISHED IN FY93 AUTHORIZATION BILL. NASA EPSCOR 
PROGRAMS WILL BE INITIATED IN SIX STATES IN FY 1994. 

0.7 0.0 EDUCATION INITIATIVE STARTED IN CONJUNCTION WITH 
ASRM. TARGETED AT MISSISSIPPI/ALALABAMNTENNESSEE. 
DEVELOPED CURRICULUM MATERIALS FOR AREA WITH 
MINIMAL EDUCATION STRUCTURE 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

COMPREHENSIVE 

FY 1993 

Aerospace education services program (AESP) .... . 
Space grant college and fellowships ............ . 
Experimental program to stimulate competitive 

research (EPSCoR) ............................ . 
Tri-state education initiative program ......... . 

Total .................................... . 

OBJECTIVES AND STATUS 

6,500 
13.400 

5,000 
780 

25.680 

FY 1994 

(Thousands of dollars) 

6,300 
14.500 

5.000 
700 

26.500 

FY 1995 

6.300 
14,400 

5,000 
700 

26,400 

• 

These programs address many different levels within the education community and include: the Aerospace 
Education Services Program (AESP), Space Grant College and Fellowships Program, Experimental Program to 
Stimulate Competitive Research (EPSCoR). and the Tri-State Education Initiative Program. 

The AESP, also known as Spacemobile, is NASA's premier outreach program at the elementary and secondary 
education level. The AESP specialists. all former science. mathematics. or technology teachers. capture the 
interest of millions of students and enhance the teaching skills of teachers each year by using aeronautics 
and space as a catalyst in the teaching of science, mathematics. and technology. The AESP specialists visit 
schools throughout the U.S .. conducting student assemblies and teacher workshops. The AESP specialists also 
conduct teacher workshops at the NASA Centers and various colleges and universities. The format of the AESP 
is being redesigned. New training and program delivery strategies are being implemented to include more 
teacher enhancement emphasis and support of the National Science Foundation systemic change initiatives. 

The Space Grant College and Fellowships program is composed of three interrelated elements: Designated 
Space Grant Colleges/Consortia, Space Grant Program Consortia, and Space Grant Capability Enhancement 
Consortia. The 21 Designated Space Grant Consortia were selected in 1989 and are led by preeminent 
institutions which are substantially involved in a broad spectrum of NASA research, offer advanced study in 
aerospace fields. and are significantly involved in related public service. In FY 1992, 1993. and 1994, 
designated schools received grants ranging from $295.000-$380,000. 
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In FY 1991, a second competition took place to select states for Program Grants or for Capability 
Enhancement Grants (the difference between the two types of programs is related to current involvement in 
aerospace fields). Twenty-nine proposals were received. Of those 29, fourteen were funded as Program 
Grants, twelve as Capability Enhancement Grants and three as planning grants. Selections were announced in 
February 1991. Program Grant and Capability Grant awardees received $150.000 in FY 1991. a portion of which 
was to be used for fellowships. In FY 1992. FY 1993. and FY 1994. the states received an additional 
augmentation of $20,000, with the opportunity to receive an additional $35,000, depending upon the size of 
the consortium. The three states which received planning grants of $25.000 each, were brought into the 
program as fully-funded Capab~lity Enhancement grantees. along with Vermont and Puerto Rico, in FY 1992. 
Institutions of higher education involved in the Space Grant program currently number over 400. All 
consortia match their grants at 100% in either dollars and/or cost sharing arrangements to carry out 
programs of education, public service, and research. 

The FY 1993 NASA Authorization Act (P.L. 102-588) directed NASA to initiate a program to strengthen the 
research capability of states that do not successfully participate in competitive space and aeronautical 
research activities. This program, modeled after the National Science Foundation's Experimental Program to 
Stimulate Competitive Research (EPSCoR), provides seed funding that will enable eligible states to develop 
an academic research enterprise directed toward long-term, self-sustaining, nationally competitive 
capability in space science and applications. aeronautical research and technology. and space research and 
technology programs. This capability will, in turn, contribute to the state's economic viability. 

A program announcement was issued in June 1993 advising eligible states of the opportunity to submit 
proposals for the NASA EPSCoR program. Nineteen proposals were received, and after a thorough. merit-based 
review, up to nine awards will be made in early 1994. As the selected states are also part of the Space 
Grant College program. the two ~rograms are being closely coordinated. 

The goal of NASA's Tri-State Education Initiative program is to provide educational programs, as requested 
by the educators of the Tennessee/Alabama/Mississippi region in a manner consistent with NASA's total 
education program. and to support systemic reform of the education system as recommended in the Goals 2000 
education program. Originally. the Tri-State Education Initiative was to provide needed education programs 
to an underserved area affected by the Advanced Solid Rocket Motor (ASRM). However, it became clear in the 
early planning phase of the program that since major education reforms were the results desired by the 
education personnel in the region, a more comprehensive and long-term program was required. The region is 
an excellent location for a program aligned with the national education goals and the Goals 2000 plan, and 
therefore, it was determined that the education program should be carried forward independently of the 
termination of the ASRM program. NASA's principal role has been as a facilitator in order to (a) identify 
the education-related needs of schools in the Tri-State area, (b) convene representatives of other Federal 
agencies (e.g. Departments of Energy and Education. Tennessee Valley Authority) in order to guide support of 
Federal resources to the area, and (c) provide direct education services where appropriate. 

SAT 8.1-9 



BASIS OF FY 1995 ESTIMATE 

The FY 1995 funding request for AESP will allow for continuation of the current program. with funding 
targeted toward maintaining the staffing level of specialists and upgrading aerospace models and vans. 
Activities for FY 1995 include development of instruction media, program evaluation activities, and 
expansion of the Urban Community Education program to reach additional inner city communities. 

The FY 1995 funding request for the Space Grant College and Fellowships program will continue funding to all 
51 consortia. Funds will also be used to perform program evaluation activities .. which include site visits 
to Space Grant college campuses. and to initiate community college and undergraduate teaching initiatives. 
A Space Grant Review Panel will be convened, as directed by Congress in House Report 103-150 and Senate 
Report 103-137. 

Implementation of the NASA EPSCoR program will continue in FY 1995, through renewal of grants awarded in 
FY 1994. Progress of the participating states will be evaluated in FY 1996; the results of that evaluation 
will determine whether states may qualify for an additional two year award. 

The FY 1995 funding will provide for continuation of the Tri-state Education Initiative. 
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. FY 1995 CONGRESSIONAL BUDGET 
EDUCATION PROGRAMS 

EDUCATION TECHNOLOGY 
(CLASSROOM OF THE FUTURE) 
(APPROPRIATIONS EARMARK) 

.EY23. .EY24 .EY25 COMMENTS 

4.2. il 
(2.8) (1.0) 

(2.0) 

.3..2 :.1.2 FY93 - $2.SM EARMARK FOR CLASSROOM OF THE FUTURE 
FY94 INCLUDES UNSPECIFIED AUGMENTATION OF $3M 
FOR EDUCATION TECHNOLOGY 
FY95 PROGRAM INCLUDES AUGMENTATION FOR 
RESEARCH ACTIVITIES. 



BASIS OF FY 1995 FUNDING REQUIREMENT 

EDUCATION TECHNOLOGY 

FY 1993 

Education technology ........................... . 4,200 

OBJECTIVES AND STATUS 

FY 1994 

(Thousands of dollars) 

5.100 

FY 1995 

3.900 

NASA's Education Technology effort is an essential component of the Agency's Education program. Education 
technology products and services produced will ensure that NASA is able to develop a high level of 
leadership in Education technology as it has in aeronautics and space technology. Education technology is 
one of NASA's highest priorities for FY 1994 and beyond. Fundamental work is underway to make available, in 
a user friendly format. the results of NASA's research (e.g .. data sets) to the education community; and to 
translate NASA's research tools into education formats (e.g .. virtual reality). Significant education 
technology products have been produced or are under development, and a research and development center for 
education technology. the Classroom of the Future. is under construction. 

BASIS OF FY 1995 ESTIMATE 

The FY 1995 funding reflects a real increase of $800,000, and will allow for the development of several 
technology-based products of high priority to NASA. These include a videodisk for Earth systems science, a 
feasibility study of a telecourse for teachers. and enhancements to the Spacelink Computer Information 
System. Funding will be used for NASA Select educational video programming. expansion of the Regional 
Teacher Resource Center Network, hands-on participatory science using computers and telecommunication 
systems. and the Classroom of the Future. As was addressed in an earlier section discussing changes between 
the FY 1994 Amended Budget Request and the FY 1994 Current Estimate, the Congress directed a $3.0 million 
increase in funding for Educational Technologies in FY 1994. The projects to be funded by this increase are 
being defined. 

SAT 8. 1-11 



EVALUATION 

SPECIAL PROJECTS 

FY 1995 CONGRESSIONAL BUDGET 
EDUCATION PROGRAMS 

fY23. EY.24 .EY2.5 COMMENTS 
0.0 0.0 0.5 M NEW FY95 INITIATIVE TO BEGIN OUTSIDE EVALUATION OF 

NASA'S EDUCATION PROGRAMS. 
19.4 FY93 EARMARKED FUNDS. $2.8M EARMARKED FOR 

CLASSROOM OF THE FUTURE INCLUDED IN 
EDUCATION TECHNOLOGY. 



• 
BASIS OF FY 1995 FUNDING REQUIREMENT 

Evaluation ..................................... . 

OBJECTIVES AND STATUS 

• 
EVALUATION 

FY 1993 FY 1994 

(Thousands of dollars) 

FY 1995 

500 

• 

Evaluation is essential to the effectiveness of the NASA Education program. Therefore. a comprehensive 
evaluation plan has been drafted and is being implemented to ensure that necessary data are gathered to 
provide for accountability in the use of Federal funds, monitor progress. provide feedback. and document 
program outcomes. The evaluation plan includes both short- and long-term actions. 

In the short-term. the following actions have been or will be conducted: (1) The Education Division 
conducted a major Agencywide survey in FY 1992 to identify all existing NASA Education programs. This 
database will be maintained and the survey will be repeated every three years; (2) A data collection and 
management system has been designed and implementation is underway for all national education programs. 
Implementation will be completed by FY 1994; and (3) NASA is participating in National Science and 
Technology Council/Committee on Education and Training (NSTC/CET) activities designed to improve and 
coordinate evaluations of Federal education programs and develop evaluation standards. 

Two major long-term efforts are underway. First, the National Research Council (NRG) is conducting a study 
to identify evaluation indicators for all of NASA's Education programs. These indicators will become 
standards against' which programs will be evaluated for termination. modification. or enhancement. Second, 
NASA's data management system will be expanded to all Field Centers to provide a database system of 
evaluation data. Additionally. the database will be modified to be consistent with the recommendations 
resulting from the NRG study and with the NSTC/CET evaluation standards. 

BASIS OF FY 1995 ESTIMATE 

The funding for FY 1995 will initiate an external comprehensive evaluation of NASA's education programs. 
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FY 1995 CONGRESSIONAL BUDGET 
MINORITY UNIVERSITY RESEARCH AND EDUCATION PROGRAM 

FY93 Ei.24 fY..2.5 

HISTORICALLY BLACK COLLEGES 11.4 17.7 17.8 0.1 FUNDING INCREASED $5M BY CONGRESS IN FY94. EXPANDED 

AND UNIVERSITIES 
FACULTY RESEARCH PROGRAM. AWARDS TO INCREASE 
INSTITUTIONAL RESEARCH CAPABILITY OF HBCU'S 
FY 1995 FUNDING CONTINUES SUPPORT TO 7 HBCU RESEARCH 
CENTERS, CONTINUE FACULTY AND INSTITUTIONAL AWARDS 

INITIATED IN FY94 
FY 1995 FUNDING INITIATES PROGRAM TO INCREASE SKILLS OF 
MINORITY TEACHERS IN GRADES K-12. 

OTHER MINORITY UNIVERSITIES 4.8 7.0 16.6 9.6 INCREASE IN FUNDING IS TARGETED AT HISPANIC SERVING 
INSTITUTIONS TO FULFILL GOLDIN- PLEDGE TO DOUBLE 
FUNDING GOING TO THIS SECTOR. 
FY94 FUNDING AUGMENTED IN APPROPRIATION BILL. INITIATES 
RESEARCH CENTER PROGRAM FOR OMUs. 
FY95 FUNDING WILL SUPPORT SELECTION OF 4-6 OMU RESEARCH 
CENTERS. EXPAND NUMBER OF FAR AWARDS. INSTITUTIONAL 
CAPABILITY ENHANCEMENT GRANTS. 
FY95 FUNDING INITIATES PROGRAM TO INCREASE SKILLS OF 
MINORITY TEACHERS IN GRADES K-12. 

GRADUATE STUDENT RESEARCHER 3.4 3.4 3.4 0.0 FELLOWSHIP SUPPORT TO MINORITY GRADUATE STUDENTS 

PROGRAM 
PURSUING DEGREES IN SCIENCE AND ENGINEERING. 
PROGRAM SUPPORTS 180 STUDENTS 

UNDERGRADUATE STUDENT 3.1 3.1 3.1 0.0 
FELLOWSHIP SUPPORT TO MINORITY UNDERGRADUATE STUDENTS 

RESEARCHER PROGRAM 
PURSUING DEGREES IN SCIENCE AND ENGINEERING. 

PROGRAM SUPPORTS 300 SlUOENfS 

.. 
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ACADEMIC PROGRAMS 

SCIENCE, AERONAUTICS AND TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

BUDGET SUMMARY 

SUMMARY OF RESOURCES REQUIREMENTS 

FY 1993 FY 1994 

MINORITY UNIVERSITY RESEARCH 
AND EDUCATION PROGRAM 

Page 
FY 1995 Number 

(Thousands of dollars) 

Historically black colleges and universities ... . 11,400 17.700 17.800 SAT 8.2-4 
Other minority universities .................... . 4.800 7,000 16.600 SAT 8.2-6 
Graduate student researchers program/ 

Underrepresented minority focus .............. . 3.400 3.400 3.400 SAT 8.2-9 
Undergraduate student researchers program/ 

Underrepresented minority focus .............. . -3..J .. QQ 3.100 3,100 SAT 8.2-10 

Total ............................. ,···,··· 22.700 31.200 40,900 

Distribution of Program Amount by Installation 

Johnson Space Center ........................... . 350 1. 654 2.438 
Kennedy Space Center ........................... . 400 527 777 
Marshall Space Flight Center ................... . 1.125 1.488 2.194 
Stennis Space Center ........................... . 150 200 294 
Langley Research Center ........................ . 1.506 1. 991 2,935 
Lewis Research Center .......................... . 894 1.182 1. 744 
Ames Research Center ........................... . 150 200 294 
Goddard Space Flight Center .................... . 1. 383 1. 828 2.696 
Jet Propulsion Laboratory ...................... . 1. 290 1.707 2.516 
Headquarters ................................... . 15.452 20.423 .f.L.t O 12 

Total .................................... . 22.700 31.200 40.~QQ 
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FY 1995 CONGRESSIONAL BUDGET 
MINORITY UNIVERSITY RESEARCH 

FY93 

HISTORICALL V BLACK COLLEGES AND 
UNIVERSITIES (HBCU) 11.4 

OTHER MINORITY UNIVERSITIES (OMU) 4.8 
GRADUATE STUDENT RESEARCHERS 3.4 

PROGRAM 
UNDERGRADUATE STUDENT RESEACHERS 3.1 

PROGRAM 

TOTAL 22.7 

FV94 

17.7 
7.0 
3.4 

3.1 

31.2 

FY95 FY94->FY95 

17.8 
16.6 
3.4 

3.1 

< 40.9 

0.1 
9.6 
0.0 

0.0 

9.7 

FY 1995 BUDGET REPRESENTS A MAJOR COMMITMENT ON THE PART OF NASA TO STRENGTHEN THE RESEARCH 
INFRASTRUCTURE AND CAPABILITIES OF MINORITY INSTITUTIONS. SUPPORTS GOAL IN PRESIDENT'S 
EDUCATION STRATEGY TO INCREASE THE NUMBER OF WOMEN AND MINORITIES PURSUING DEGREES IN MATH, 
SCIENCE AND ENGINEERING. 

HBCU - FUNDS EFFORTS TO INCREASE THE CAPABILITIES OF THE RESEARCH INFRASTRUCTURE. FACULTY AND STUDENTS AT 
HBCUs. $5 MILLION INCREASE DIRECTED BY CONGRESS IN FY94 IS SUSTAINED. FUNDING INCLUDED TO SUPPORT 
SEVEN HBCU RESEARCH.CENTERS. SUPPORT RESEARCH AWARDS TO HBCU FACULTY. TO BUILD RESEARCH 
INFRASTRUCTURE (LAB, RESEARCH SUPPORT EQUIPMENT), TO BUILD OUTREACH PROGRAM TO COMMUNITY 
COLLEGES AND K-12 GRADE TEACHERS WITH SIGNIFICANT MINORITY ENROLLMENTS- DONE THROUGH WORKSHOPS. 
CONDUCTED AT HBCUs. 

OMU- AREA OF LARGEST INCREASE, PRIMARILY TO HISPANIC INSTITUTIONS. WILL ESTABLISH 4-6 OMU RESEARCH CENTERS. 
IMPLEMENT AWARD PROGRAMS TO OMU FACULTY FOR RESEARCH, INFRASTRUCTURE (EQUIPMENT). 

GRADUATE/UNDERGRAD STUDENT RESEARCHERS- STUDENT FELLOWSHIP PROGRAM. SUPPORTS 180 GRADUATE 
STUDENTS. BILL BUILD UP TO ABOUT 300 UNDERGRAD STUDENTS. 



ACADEMIC PROGRAMS 

OBJECTIVES AND JUSTIFICATION 

.,.,-
.;-:-..,.~ 

SCIENCE, AERONAUTICS AND TECHNOLOGY 

FISCAL YEAR 1995 ESTIMATES 

... 

MINORITY UNIVERSITY RESEARCH AND EDUCATION PROGRAM 

NASA has made a major commitment to being a leader in strengthening the research infrastructure capabilities 
of minority universities to compet~ for "mainstream" federal research funding. The Congress and Executive 
Branch have established a clear record of commitment to increasing the involvement of minority institutions 
in federally sponsored programs. One of the President's national education goals. and a milestone in the 
National Science and Technology Council/Committee on Education Strategic Plan is to increase the number of 
women and minority students receiving graduate and undergraduate degrees in mathematics and science. NASA. 
through the Office of Equal Opportunity Programs (OEOP). seeks to bring together a strong research focus and 
alliances between minority institutions. majority research universities. state and local governments. 
elementary and secondary schools. industry and other Federal research and development (R&D) agencies to 
encourage the development of a resource pool of talent. The OEOP pursues this alliance through the 
aggressive implementation of initiatives for Historically Black Colleges and Universities (HBCUs). by 
developing closer relationships with Other Minority Universities (OMUs) including Hispanic Serving 
Institutions (HSis). and by continuing the student scholarship and fellowship programs at the Graduate and 
Undergraduate levels. In support of the National Education Goals. NASA will increase opportunities for 
teacher preparation and enhancement at the elementary and secondary level in schools with significant 
minority enrollments. 

The goals of the NASA minority university research and education programs are to improve and expand the 
research capability of selected HBCUs and OMUs. and to encourage the development of a resource pool of 
talent through a strong research focus. One of the objectives of the President's goal in mathematics and 
science education is to increase the number of women and minority graduate and undergraduate students 
receiving degrees in mathematics. science and engineering. NASA endeavors to achieve this goal through the 
aggressive implementation of initiatives for HBCUs: by developing closer relationships with OMUs; and by 
continuing the Graduate Student Researchers program. Underrepresented Minority Focus (GSRP/UMF); and, the 
Undergraduate Student Researchers programs. Underrepresented Minority Focus (USRP/UMF). An additional 
responsibility for NASA and the OEOP's Minority University Research and Education Division (MURED) will be 
to ensure that opportunities for K-12 teachers and students at elementary and secondary schools with 
significant minority enrollments are enhanced under Executive Order 12821, entitled "Improving Mathematics 
and Science Education in Support of the National Educational Goals." 
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SUMMARY OF PROGRAM OFFICE CONTRIBUTIONS TO HBCU/OMU PROGRAMS - FY95 BUDGET 

FY94 FY95 FY96 FY97 FY98 FY99 
PROGRAM OFFICE CONTRIBUTIONS 11..Z 20..8 ~ 28..5 ~ ~ 

HBCU ill 12B. 14.2 .15..5 ru ru 
oss 2.9 3.2 3.6 4.1 4.7 4.7 
L&MS 0.6 0.6 0.6 0.7 0.7 0.7 
MTPE 2.0 2.7 3.3 3.7 4.6 4.6 
OSF 1.5 1.8 2.0 2.2 2.5 2.5 
AERO 2.3 2.4 2.5 2.6 3.1 3.1 
OACT 1.0 1.1 1.2 1.2 1.5 1.5 
OSSD 1.0 1.0 1.0 1.0 1.C:) 1.0 

OMU .M .a.o J.QJ_ .13..Q .lhl .lhl 
oss 1.6 2.0 2.4 3.4 4.1 4.1 
L&MS 0.3 0.4 0.4 0.5 0.6 0.6 
MTPE 1.1 1.6 2.2 3.1 4.1 4.1 
OSF 1.0 1.3 1.7 2.0 2.3 2.3 
AERO 1.5 1.7 2.2 2.6 2.6 2.6 
OACT 0.9 1.0 1.2 1.4 1.4 1.4 

CODE E FUNDING 31.2 40.9 52.3- 55.6 58.6 61.6 

TOTAL FUNDING TO MINORITY 48.9 61.7 76.6 84.1 91.8 94.8 
UNIVERSITIES 

TOTAL NASA FUNDING TO 740.4 740.1 
UNIVERSITIES 

!%AGE TO MINORITY UNIVERSITIES 6.6% 8.3%! 

FY 1999 FUNDING IS CONTINUED AT FY 1998 LEVELS- NOT YET NEGOTIATED WITH PROGRAM OFFICES. 

C .XLS 16/94 
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NASA's HBCU initiative is mandated by Executive Order 12876, which requires Federal agencies to increase 
significantly the involvement of HBCUs in Federally sponsored programs. Congress also mandated NASA, in 
FY 1985, to build closer relationships with universities that tend not to be major research institutions, 
but do have significant minority enrollments. To accomplish this goal, the Agency has established the OMU 
program to focus on meeting NASA's research objectives. and concurrently, increase the number of individuals 
from underrepresented groups in the pool of graduate researchers while not diminishing the Agency's effort 
toward HBCUs. Additionally, under the auspices of the OMU program, NASA is responsive tG Executive Order 
12729 on Educational Excellence for Hispanic Americans which directs Federal agencies to be actively 
involved in helping advance educational opportunities for Hispanic Americans. As directed by the FY 1994 
House Appropriation Committee Report, NASA has adopted the definition of HSis under Part A of Title III of 
the Higher Education Act, which also establishes HSis as worthy of special Federal attention. 

NASA implements both the HBCU and OMU programs' initiatives primarily using research and training grants 
sponsored through the MURED in the OEOP. The research and training grants focus on specific research 
disciplines relevant to NASA requirements in science and technology and are used to support faculty and 
students at HBCUs and OMUs, thereby increasing the scientific and technological contributions from these 
institutions and increasing the pool of minorities in NASA-related science and engineering disciplines. In 
FY 1992, the NASA Institutional Program Offices (IPOs) became directly involved and responsible for the 
selection, funding, and conduct of minority university research. Currently, the IPOs and other technically 
oriented program offices are working collaboratively with the OEOP to expand institutional research 
capability at minority universities and to enhance research opportunities for faculty principal 
investigators (Pis) and student researchers in their program offices' areas of responsibilities. 
Ultimately, it is anticipated that the institutions. faculty and students will compete successfully in 
NASA's mainstream research and employment processes. This new process also facilitates NASA's efforts to 
comply with Congressional mandate to expand HBCU research centers and develop mechanisms for increased 
participation by faculty and students of HSis in mainstream research. 

To encourage the development of talent at the undergraduate and graduate level, NASA will continue the 
GSRP/UMF, the USRP/UMF. and expand the undergraduate scholars programs at HBCUs and OMUs, including HSis. 
NASA's efforts in these areas were highlighted when Congress noted that "the agency's goal of expanding 
opportunities for capable students from underrepresented groups pursuing degrees in engineering and science 
disciplines is not only deserving but clearly in our nation's self interest." 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

FY 1993 

Historically black colleges and universities .... 11.400 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

17.700 

• 
FY 1995 

17.800 

The objectives of the Historically Black Colleges and Universities (HBCU) program are to continue to 
increase the level of NASA's participation with HBCU's and to strengthen the infrastructure of selected 
universities. Congress directed a major increase in the HBCU program in FY 1994. Despite the overall 
Agency budget constraints. the increased level of funding will be maintained in FY 1995. This reflects 
NASA's commitment to play a leadership role in strengthening the research capabilities of the Nation's 
minority research institutions. and to increasing the pipeline of minority scientists and engineers into the 
workforce. Special emphasis will be placed on enhancing the mathematics and science abilities of students 
at these universities. which will lead to careers in science and engineering research and education. The 
NASA Program Offices and Field Centers play an integral role in the HBCU program. All research efforts are 
coordinated through the NASA technical offices and are responsive to NASA research needs. These program 
offices contribute research funds to the HBCU research programs. ensuring a coordinated approach between the 
Office of Equal Opportunity Programs (OEOP) and the NASA technical programs. The Program Offices involved 
in the OEOP programs include the Office of Space Science. the Office of Mission to Planet Earth. the Office 
of Life and Microgravity Sciences. the Office of Advanced Concepts and Technology. and the Office of Space 
Flight. 

In FY 1991. seven HBCUs were selected through a competitive process to be HBCU Research Centers. This 
competition was based on the strength of these institutions in science and technology disciplines related to 
NASA research requirements. The goal of this program is to strengthen the capability of these institutions 
to compete effectively against other "mainstream" research institutions for NASA funding. The HBCU Research 
Centers received initial funding in FY 1992. and regularly meet with the NASA Centers and Headquarters 
Program Offices. to implement focused research activities leading to "mainstream" capability at the HBCU's. 
Research Center activities involve Principal Investigators (Pis) and graduate and undergraduate students. 
Collaborative efforts between the Equal Opportunity Programs Office and the NASA Program Offices will 
provide funding, technical assistance and long term guidance for the HBCU Research Centers. 

The HBCU Institutional Research Awards (IRA) program is designed to strengthen the capacity of HBCUs. by 
building institutional infrastructure and providing a quality learning and research environment. Research 
awards awarded under this program provide a quality learning and research environment for underrepresented 
minorities to increase their opportunity to participate in Federal research activities. 
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The Mathematics. Science. and Technology Teacher Awards for Teacher and Curriculum Enhancement focuses on 
enhancing the teaching skills of secondary level teachers. This program. which will be initiated in 
FY 1995. seeks to: (1) increase the number of state certified underrepresented minority teachers in schools 
with substantial enrollments of minorities. by strengthening the technical skills and knowledge of 
underrepresented middle and secondary science, mathematics and technology pre-service teachers; and, (2) to 
improve science and mathematics literacy among underrepresented minority pre-service and in-service teachers 
and middle and secondary students. Five awards are planned for FY 1995. 

Consistent with the Agency's FY 1991 commitment to issue a FY 1994 call for research proposals from 
underrepresented minority principal investigators at HBCUs. the Faculty Awards for Research (FAR) program 
was expanded for this purpose. Ten HBCU Pis were selected as FAR recipients and approximately ten 
additional HBCU Pis will be selected during FY 1995. The FAR was established under the Other Minority 
University (OMU) program to encourage outstanding and promising underrepresented minority faculty to propose 
research in NASA-related fields of space and Earth science and aerospace technology. Awards up to $75,000 
are made for up to three years based on the annual determination of continuing achievement and subject to 
the availability of funds. 

The Facility Enhancement and Faculty Development initiative. started in FY 1994, will be continued in 
FY 1995. This program seeks to increase outreach efforts to minority students at community colleges. The 
goals of this program are to: (1) improve the facilities; (2) enhance the mathematics and science 
curriculum; (3) upgrade the credentials of the mathematics and science instructors; and (4) improve the 
transfer rates of science, mathematics, and engineering students to four-year institutions. 

BASIS OF FY 1995 ESTIMATE 

In FY 1995. the seven HBCU Research Centers will be continued for the fourth of a five-year commitment by 
NASA. Funding for the HBCU Research Centers includes contributions from the NASA program offices for 
research conducted by the Research Centers. supplemented by funding from the OEOP. 

In FY 1995, up to three new HBCU Institutional Research Awards will be competitively selected. The IRAs. 
which range from $400-$600 thousand each. are awarded to HBCUs other than the HBCU Research Centers. 

Five Mathematics. Science. and Technology Teacher Awards for Teacher and Curriculum Enhancement are planned 
for FY 1995. These awards range from $150-$200 thousand each with an anticipated three year period of 
performance. 

In FY 1995. the fourteen Faculty Awards for Research that were competitively awarded to indi•:idual Pis will 
be continued. In addition, fourteen new FAR awards will be competitively awarded. The FAR awards range 
from $50-$75 thousand each. 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

FY 1993 

Other minority universities .................... . 4.800 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

7,000 

• 
FY 1995 

16.600 

The objectives of the Other Minority Universities (OMU) program are to continue to work in collaboration 
with NASA Program Offices and Field Centers to implement a comprehensive program that provides opportunities 
for universities with significant minority enrollments to compete for individual Principal Investigators 
(PI) awards, institutional research awards, and educational and training awards. These awards will enhance 
the retention and advancement of minority and disabled secondary students in mathematics-based curricula, 
expand science and mathematics enrichment opportunities for in-service teachers, and increase cultural 
diversity among pre-service mathematics and science teachers at schools with significant minority 
enrollments. NASA has made a major commitment to expanding this program. The Institutional Program Offices 
provide the majority of funding for NASA research conducted at OMUs, while the Office of Equal Opportunity 
Programs (OEOP) funds provide the majority of funding for the educational and training programs at these 
institutions. This collaboration ensures close coordination between the development of research 
capabilities at the OMUs and the research priorities of NASA. 

In FY 1994. a program notice was issued to announce the Other Minority University (OMU) Research Center 
program, with awards to be made in FY 1995. This program will be patterned after the HBCU Research Center 
program and will target primarily Hispanic-serving institutions. The OMU Research Center program will be a 
collaborative effort with the Office of Space Science, the Office of Mission to Planet Earth. the Office of 
Aeronautics, the Office of Advanced Concepts and Technology. and the Office of Life and Microgravity 
Sciences and Applications in terms of the evaluation, selection and monitoring processes. and funding. The 
goal of this program is to establish university-broad based, competitive, core aerospace research capability 
among minority universities other than HBCUs. NASA seeks institutions which are committed to developing or 
enhancing a strong research base in one or more of the traditional space or Earth science and aerospace 
engineering disciplines or in a cross-discipline research. The objective is to foster new science and 
technology concepts, expand the nation's base for aerospace research and development. and develop mechanisms 
for increased participation by faculty and students at OMUs in mainstream research. NASA anticipates a five 
year commitment building up to $2,000.000 per year. 
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The Faculty Awards for Research (FAR) program described under the HBCU program was implemented and funded 
jointly between the NASA Program Offices and the OEOP as an outreach to principal investigators at OMU 
programs in FY 1992. Since that time, thirty outstanding and promising faculty researchers at OMUs have 
been competitively selected to conduct research in NASA related fields of space and Earth sciences. and 
aerospace technology. Each FAR recipient is assigned a technical monitor at a NASA installation or at the 
Jet Propulsion Laboratory. 

The Institutional Research Award (IRA) for Minority Universities program was initiated in FY 1993. In 
FY 1994, six OMUs. including HSis were selected for IRA awards. The IRA awards are designed to strengthen 
the capacity of minority universities by building institutional infrastructure and providing a quality 
learning and research environment for underrepresented minorities to increase their opportunity to 
participate in. and benefit from Federal programs. In FY 1995. funding for the six IRA institutions will be 
continued with a 20% increase in funding. 

The Mathematics. Science, and Technology Teacher Awards for Teacher and Curriculum Enhancement Program 
(MASTAP). Underrepresented Minority Focus was initiated in FY 1994. and five awards are planned in 
FY 1995. The goals of this program are identical to the same program previously described under the HBCU 
program. 

In FY 1994. a Native American Science and Technology Consortium (NASTEC) was· established and funded. The 
guiding principles for NASTEC include respect for Native American cultural/tribal needs and the active 
participation of the Native American community. and capacity building and multicultural literacy. The goals 
of this program include addressing the special needs of the Native American community for technical literacy 
and skills development, and increasing the number of Native American scientists and engineers by the end of 
the decade. 

The Facility Enhancement and Faculty Development initiative is expanded to include OMUs this fiscal year. 
The OMU program targets outreach to minority students at Tribal Colleges. other community colleges and 
liberal arts colleges with strong mathematics and science student transfers to four-year institutions. The 
goals of this initiative are: (1) to improve the facilities. (2) to expand the mathematics and science 
curriculum: upgrade the credentials of the mathematics and science instructors: and ultimately improve the 
transfer rates to four year institutions. 

BASIS OF FY 1995 ESTIMATE 

In FY 1995. funding for OMU programs is significantly increased to fulfill the commitment to ensuring 
cultural diversity in the NASA research community and outreach to Hispanic serving institutions. NASA will 
continue to fund comprehensive educational and training programs at OMUs. and the OEOP will work in close 
cooperation with the NASA technical program offices in funding NASA research efforts at these institutions. 
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In FY 1995, four to six OMU Research Centers will be competitively selected. Awards of $2 million per year, 
anticipated for five years, are planned. Funding for the FAR will continue the awards made in FY 1994. and 
provide for an additional ten new FAR awards in FY 1995. The FAR awards are approximately $75 thousand 
each. In FY 1995, the five Mathematics, Science. and Technology Teacher Awards for Teacher and Curriculum 
Enhancement Program (MASTAP) awards made in FY 1994 will be renewed. In FY 1995, two additional new awards 
will be made. The MASTAP grant awards are provided up to $200 thousand for each three years of support, for 
a total of up to $600,000. Funding for the Native American Science and Technology Consortium (NASTEC) is 
planned for $800 thousand. Funding is also included for OMU Facility Enhancement and Faculty Development 
awards for FY 1995. 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

FY 1993 

Graduate student researchers program/ 
underrepresented minority focus .............. . 3.400 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

3.400 

• 
FY 1995 

3.400 

The objectives of the Graduate Student Researchers Program/Underrepresented minority focus (GSRP/UMF) are to 
enhance the development of underrepresented minorities and persons with disabilities in an effective way so 
as to utilize the potential of this Nation's diverse citizenry; and to increase the size of the resource 
pool of research skills that will be needed to meet aerospace and other technological objectives of the 
future. Graduate students who have research interests relevant to NASA's needs are competitively selected 
into the program. This program's targets are Blacks. Hispanics. American Indians. Pacific Islanders and the 
disabled. They must be enrolled in masters or doctoral programs in engineering, physics. mathematics. 
computer science, biology. or other disciplines of interest to NASA. Data show that approximately 76 of the 
GSRP/UMF students are in Ph.D. programs, and that Blacks and Hispanics make up about 93% of the program 
population. This is particularly encouraging since recent national scientific manpower data show Blacks and 
Hispanics making the least educational advancement of all target groups in science and engineering. 

In FY 1993, the seventh year of the program, an additional 60 underrepresented minority students were 
selected for a total of 152 participants in the program. This total included 59 Black males. 25 black 
females. 46 Hispanic males, 12 Hispanic females. 3 American Indian males. 1 American Indian female, 1 
Pacific Islander male and 3 Paci£ic Islander females and 2 disabled males. FY 1994 shows a continuing 
upward trend in applications and candidates. Candidates from Historically Black Colleges and Universities 
will be allowed to apply. (Previously they were excluded due to NASA's other programs for HBCUs). 

BASIS OF FY 1995 ESTIMATE 

Funding in FY 1995 will sustain the planned maximum operating level of 180 students. 
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BASIS OF FY 1995 FUNDING REQUIREMENT 

FY 1993 

Undergraduate student researchers program/ 
underrepresented minority focus .............. . 3.100 

OBJECTIVES AND STATUS 

FY 1994 
(Thousands of dollars) 

3,100 

• 
FY 1995 

3.100 

This program, initiated in FY 1991, identifies high ability high school senior and continuing first year 
underrepresented minority and disabled students majoring in science or engineering and awards them portable 
scholarships through universities with proven records of recruiting, retaining and graduating minority 
science and engineering students. This program added approximately 75 students each year, so that by the 
fourth year (1994) NASA expects to be supporting approximately 300 students through the program. Our 
projected graduation rate is 85-90%, based on the fact that approximately 10% of the participants have 
dropped out of the program to date. The students receive tuition support: are monitored, tutored and 
nurtured: and spend their summers conducting research with principal investigators at their universities. 
NASA Installations, Federal laboratories or private industry. During their final year. students will be 
encouraged to apply for NASA's Cooperative Education program. The pipeline of undergraduate minority 
students majoring in the physical and life sciences and engineering coming from this program is expected to 
substantially and positively impact NASA's and the aerospace industry's hiring needs. Even more important, 
these students are being targeted for graduate level studies and research and teaching careers in the fields 
of science and engineering. The Undergraduate Student Researchers Program/ Underrepresented Minority Focus 
(USRP/UMF) may serve as a feeder to the Graduate .Student Researchers Program/Underrepresented Minority Focus 
(GSRP/UMF). 

In FY 1993, the third year of the program. an additional 71 underrepresented minority students were selected 
for a total of 211 participating in the program. This total included 107 African-Americans. 86 Hispanics, 
9 Native Americans. 2 Pacific Islanders, and 7 students with disabilities. In FY 1994. the total 
participation will be increased to 300 students representing scientific and technical disciplines related to 
NASA's work force needs projected over the next ten years. The 300 student level represents the maximum 
student support possible under the anticipated funding levels through FY 1999. 

BASIS OF FY 1995 ESTIMATE 

The funding level of the USRP/UMF will approximate the funding level of the GSRP/UMF. Since the undergraduate 
component will serve as a feeder to the graduate component, the proposed budget structure for the 
undergraduate component represents a natural progression. NASA's goal is to have a continuous flow of 
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underrepresented minority undergraduate and graduate level students in science and engineering educational 
tracks related to the Agency's mission. 
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