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The National Aeronautics and Space Act of 1958
divected the annual Aeronautics and Space Report
to include a “comprehensive description of the
programmed activities and the accomplishments
of all agencies of the United States in the field of
aeronautics and space activities during the preceding
calendar year.” In recent years, the reports have
been prepared on a fiscal-year basis, consistent
with the budgetary period now used in programs of
the Federal Government. This year’s report covers
activities that took place from October 1, 2005,

through September 30, 2006.
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NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION

Exploration Systems Mission Directorate

NASA'’s Exploration Systems Mission Directorate (ESMD) worked toward
its goal of conducting space expeditions of increasing scope that encompass the
Moon, Mars, and other destinations. Building on the foundations and efforts of
programs such as the International Space Station (ISS), the Space Shuttle, and the
Apollo program, ESMD focused its programs and projects on fulfilling exploration
architecture requirements in order to realize the Nation’s vision of future space
exploration.

In FY06, ESMD streamlined and reorganized to strengthen and enhance
programmatic coordination, direction, and accountability. This was accomplished
primarily through the transition of program management authority from

Headquarters to Center program offices.

Constellation Program

ESMD has charged its Constellation Systems Program with bringing a new
Crew Exploration Vehicle (CEV) into service as soon as possible after Shuttle
retirement, but not later than 2014. This program currently includes the Orion
CEV; Ares [, an expendable crew launch vehicle (CLV); Ares V, a heavy-lift cargo
launch vehicle; spacesuits and tools required by the flight crews; and associated
ground and mission operations infrastructure to support both lunar and initial low-

Earth orbit (LEO) missions.
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Orion CEV

As the crew exploration vehicle, Orion will carry crewmembers to the Moon,
serve as the primary exploration vehicle for future missions, and will ferry astronauts
(plus cargo) to and from the ISS if commercial transport services are unavailable.

In FY06, NASA continued CEV preliminary design work and began systems
testing, including conducting heat shield tests at the Ames Research Center’s (ARC)
arc-jet facility. Johnson Space Center (JSC) engineers built a full-scale mock-up of
the command module, which will be used to test systems in situ. Additionally,
NASA established an intra-agency CEV Smart Buyer Team to perform trade
studies and design analysis to help the CEV Project Office understand and verify
requirements incorporated into the CEV Phase Il solicitation. On August 31, 2006,
NASA awarded the Orion development contract to Lockheed Martin, who will

work with NASA to deliver Orion by 2014.

Ares [ CLV

The Ares I, a solid rocket booster and upper stage, will carry Orion into LEO.
In FY06, NASA subjected an Ares | partial model (including part of the upper
stage, the spacecraft adapter, Orion, and the launch abort system) to over 80 wind
tunnel tests at ARC. Test data provided insight into the vehicle’s aerodynamic
characteristics and the algorithms necessary for the flight control software that
regulates the vehicle’s ascent. NASA also successfully completed preliminary tests
of an augmented spark igniter, a critical engine component that ignites a mixture
of liquid hydrogen and liquid oxygen propellants while in flight.

Other important steps toward developing the CEV included selecting the
RS-68 engine to power the core stage of the heavy-lift cargo launch vehicle, Ares V
(superseding initial decision to use Shuttle main engine derivative), after life-cycle

cost studies showed the engine to be the best choice.

Spacesuits

In addition to developing the Orion vehicle, JSC engineers continued work
on developing a next-generation spacesuit capable of supporting exploration. In
FY06, engineers conducted spacesuit configuration testing under various scenarios.
One such test, an emergency “walk back” in which a crewmember walks from a
stalled rover to a lunar lander or habitat, was conducted in June 2006 and provided

guidance for spacesuit modifications. Set up to simulate different levels of gravity



(including lunar gravity), the test evaluated whether an astronaut could perform a
strenuous walk in the spacesuit and still possess the mental and physical capabilities

to operate the hatch on the lander or habitat.

Additional Field Center Activity
To capture skills and capabilities across multiple Field Centers in
support of Constellation, NASA assigned the following development tasks to
each of the Centers:
e ARC: develop the thermal protection systems and information
technology systems for the spacecraft.
e Dryden Flight Research Center (DFRC): lead the abort flight test
integration and operations.
¢ Glenn Research Center (GRC): manage Orion’s service module work
and Ares | upper stage development.
e Goddard Space Flight Center (GSFC): take on responsibility for
communications, tracking, and support mechanisms.
e Jet Propulsion Laboratory (JPL): lead the systems engineering process
planning as related to operations development and preparation.
e JSC: manage Constellation systems and astronaut corps, lead crew
module development.
e Kennedy Space Center (KSC): develop Constellation ground systems;
process and launch Orion and Ares.
e Langley Research Center (LaRC): lead Launch Abort System
integration.
e Marshall Space Flight Center (MSFC): manage launch vehicle
projects and launch vehicle testing.

e Stennis Space Center (SSC): test rocket propulsion systems.

Transition Activity

An important part of Constellation Program support and development is
the carefully considered and planned transfer of beneficial assets from other NASA
programs to Constellation. During FY06, ESMD worked with the Space Operations
Mission Directorate (SOMD) to continue to develop a transition plan of action from

the Space Shuttle to future space exploration vehicles that leverages for maximum
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exploration benefit the rich experience base, key resources, and infrastructure of the

Space Shuttle and ISS programs.

Commercial Orbital Transportation Services (COTS)

Another significant Constellation-related support effort initiated by ESMD
involved the expansion of launch service providers who, after Space Shuttle retire-
ment, will provide cargo delivery and return services to the ISS. As a result, ESMD
established the Commercial Crew and Cargo Program Office at JSC that is respon-
sible for managing NASA’s COTS projects. On August 18, 2006, NASA entered
into agreements with Space Exploration Technologies and Rocketplane—Kistler to
demonstrate the vehicles, systems, and operations needed to move supplies, cargo,

and crew between Earth and the ISS.

Advanced Capabilities Division

The Advanced Capabilities Division (ACD) addresses issues pertaining to
human performance in the space environment according to recommendations made
by the Exploration Systems Architecture Study (2005). Consequently, ACD refo-
cused biomedical research and human life-support activities on new milestones and
requirements that target the timely delivery of research products by creating the
Human Research Program (HRP) and the Exploration Technology Development
Program (ETDP).

The HRP researches and develops technologies that enable safe, reliable,
and productive human space exploration. In FY06, HRP performed an exhaustive
programmatic review of its focus areas (bone and muscle research, cardiology, etc.)
to assess its research, data, and significance to current exploration missions. This
review also served as an assessment of the forward work required to implement the
Vision for Space Exploration (VSE).

The ETDP develops technologies (structures, thermal protection systems,
non-toxic propulsion, life support systems, capabilities for in situ resource
utilization, etc.) for future human and robotic exploration missions. In FY06, the
program matured Orion CEV technologies through ground- and ISS-based research.
Specifically, the Exploration Life Support project worked toward developing
new concepts and technologies for removing carbon dioxide and humidity from
spacecraft environments that are lighter and smaller in order to free up valuable

mass on future exploration vehicles.



ETDP’s Advanced Environmental Monitoring and Controls project prepared
the following monitors for ISS deployment and testing: Vehicle Cabin Air Monitor
(monitors gases in the air), the Electronic-Nose Monitor (detects air “events”), and
a first-generation bacterial monitoring system. The program’s technological contri-
butions assisted in the successful completion of the Dust and Aerosol Measurement
Feasibility Test (DAFT)—an experiment that tested fire safety technology effective-
ness in detecting above-normal particle concentrations. Validated DAFT technology
will fly as part of the Smoke Aerosol Measurement Experiment (SAME) in 2007.

During FY06, NASA established the Lunar Precursor and Robotic Program
(LPRP) Office at MSFC. Previously called the Robotic Lunar Exploration Program,
the program will conduct missions that support the overall lunar exploration effort
and may include missions that investigate radiation protection and dust mitiga-
tion technologies. In 2006, LPRP’s Lunar Reconnaissance Orbiter (LRO) mission,
scheduled for launch in fall 2008, passed the preliminary design and confirma-
tion reviews in which an external team reviewed plans for systems, software, and
vehicle configuration.

An unmanned orbiter developed by GSFC, the LRO probe will emphasize
obtaining the kind of data to facilitate returning humans safely to the Moon for
extended stays. In addition to surveying lunar resources and identifying possible
landing sites through high-resolution mapping, the LRO will investigate lunar
topography, the characterization of deep space radiation in lunar orbit, and the
lunar polar regions, including possible water ice deposits and the lighting environ-
ment. The LRO will orbit the lunar poles for one Earth year; however, its mission
may be extended up to five years so that the LRO may provide a communications
relay for potential ground lunar missions.

To take advantage of the LRO’s cost of performance, NASA also selected
a secondary lunar mission, the Lunar Crater Observation and Sensing Satellite
(LCROSS), to launch with the vehicle. Designed to watch the LRO’s Centaur
upper stage impact a permanently-shadowed region near either the Moon’s north or
south poles, the LCROSS will provide spectral analysis and then impact itself into

a crater. Its preliminary design review was completed in FY06.
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Additional ESMD Activity: Centennial Challenges

In FY06, ESMD pursued a number of collaborative efforts to move forward
exploration activities, such as the Centennial Challenges prize competitions. These
competitions award prizes and intellectual property rights for achievements in
creating space technologies and systems to stimulate the emerging U.S. entrepre-
neurial launch sector and accelerate the growth of the commercial space industry.
Through these competitions, NASA continued to encourage both private sector

breakthroughs across a broad range of technologies and designs and future collabo-

rations with NASA.

Industry Collaboration

NASA’s collaborations with industry included Bigelow Aerospace, which
successfully launched the Genesis | inflatable Earth-orbit module—a proof-of-
concept mission to show the feasibility of using inflatable structures to serve as
modules for future space stations and habitats. Attractive for space exploration,
inflatables offer large volume and easier launching because they weigh far less and
pack up more compactly than other structures. Genesis | technology originated in
the 1990s at JSC as part of NASA’s TransHab project to create an inflatable module
for the ISS. A second license provided Bigelow access to NASA’s radiation shielding
technology.

Bigelow’s multiday Genesis I mission carried NASA’s Genebox, a shoebox-
sized prototype microlaboratory designed to fly in the near future on small-scale
satellites called nanosats. Being able to perform research in such small-scale labo-
ratories could lead to launching more experiments for less money and in less time
than more costly and larger counterparts. The FYO6 Genebox flight focused on

microlab’s systems and procedures testing.

International Collaboration

In FY06, ESMD entered into several international collaborations. For
example, ESMD participated in the European Space Agency Workshop for
International Cooperation for Sustainable Space Exploration held in Italy.
Associate Administrator Dr. Scott Horowitz gave the keynote speech for the work-
shop, the goal of which was to facilitate the establishment of a global international
cooperation framework to support the space exploration plans of various spacefar-

ing nations, including the VSE and Europe’s Aurora Programme.



On a more significant note, in response to a Congressional mandate and
the Agency’s VSE goals, ESMD initiated the development of a Global Exploration
Strategy (GES) that focused on addressing two overarching issues: why we are
returning to the Moon, and what we plan to do when we get there.

Through its work with the worldwide community of space agencies, academia,
and private sector stakeholders, ESMD defined six primary lunar exploration themes
that provide the high-level rationale for lunar exploration, along with a detailed set
of over one hundred lunar exploration objectives. With the assistance of NASA’s
Office of External Relations, ESMD conducted discussions with both international
space agencies and the private sector that broadened a mutual understanding of
unique interests related to lunar exploration, identified where NASA’s interests
overlap with those of other organizations, and explored the roles that these groups
may play in future lunar exploration efforts.

In addition to the GES development, NASA planners used the interna-
tional, academic, and private sector input as the basis for sketching a U.S. blueprint
for a return to the Moon. NASA'’s Lunar Architecture Team (LAT), chartered in
May 2006, sought to concretely address the lunar return program by developing
a lunar architecture that allows for the incremental buildup of a lunar outpost to
support long-duration stays (i.e., <180 days) on the lunar surface beginning with

the first human landing in 2020.

Space Operations Mission Directorate

The Space Shuttle has supported the Nation’s space exploration programs
for over 25 years, carrying crews and cargo to low-Earth orbit; performing repair,
recovery, and maintenance missions on orbiting satellites; providing a platform for
conducting science experiments; and supporting construction of the ISS. Until
NASA retires the Space Shuttle fleet in FY10, the Agency will demonstrate its
commitment to safety by promoting engineering excellence, maintaining realistic
flight schedules, and fostering internal forums where mission risks and benefits can
be discussed and analyzed freely.

NASA'’s Space Shuttle has inspired generations of schoolchildren to pursue
dreams and careers in science, technology, engineering, and mathematics, and
it is recognized around the world as a symbol of America’s commitment to space

exploration. The Space Shuttle program provides direct benefits to the Nation by
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advancing national security and economic interests in space, as well as spurring
technology development in critical areas such as navigation, computing, materials,
and communications. Furthermore, due to its heavy-lift capacity, the Shuttle is the
only vehicle capable of completing assembly of the ISS in a manner consistent with
NASA’s international partnership commitments and exploration research needs.
The remaining Shuttle flights will be dedicated to ISS construction and a Hubble
Space Telescope (HST) servicing mission.

The Space Shuttle flew two successful missions in FY06. NASA celebrated
Independence Day 2006 by launching the Space Shuttle Discovery on mission
STS-121. The second of two test flights (the first was STS-114 in July/August 2005),
STS-121 helped validate the improvements made to the Space Shuttle system since
the loss of Columbia on February 3, 2003. During the STS-121 mission, Discovery
crewmembers conducted a series of hardware and procedural tests and delivered
several tons of supplies to the ISS. The mission also delivered Flight Engineer
Thomas Reiter of the European Space Agency to the ISS, increasing the Station’s
crew complement to three for the first time since 2003.

Atlantis (STS-115), launched on September 9, marked a return to sustained
Shuttle operations and placed NASA on track to completing assembly of the ISS
by 2010. Atlantis delivered the critical P3/P4 truss to the ISS, which will provide
a quarter of the power, data, and communications services needed to operate the
completed research facility. During the mission, Atlantis crewmembers conducted
three spacewalks to attach the truss and its accompanying Solar Alpha Rotary Joint,
a wagon wheel-shaped joint that will allow the solar arrays attached to the truss to
turn toward the Sun.

As the Space Shuttle’s retirement in FY10 approaches, the program faces two
main challenges. First, NASA must maintain the skilled workforce and critical assets
needed to safely complete the Shuttle manifest. Second, NASA must manage the
process of identifying, transitioning, and dispositioning the resources that support
the Shuttle in anticipation of the Shuttle’s retirement. The Shuttle transition and
phase-out effort will be complex and challenging, occurring at the same time as the
Shuttle is set to carry out the most complicated sequence of flights ever attempted—
carrying tons of hardware to the ISS, where astronauts and cosmonauts will conduct

nearly 80 spacewalks to assemble, check out, and maintain the orbiting facility.



NASA will also conduct a fifth servicing mission to the HST to repair critical
subsystems and improve the telescope’s astronomical instruments.

The Space Shuttle program occupies 654 facilities and uses over 900,000
pieces of equipment. The total equipment value is over $12 billion, and this
equipment is located in hundreds of Government and contractor facilities across
the United States. The total facilities value is approximately $5.7 billion, which
accounts for approximately one-fourth of the value of the Agency’s total facility
inventory. NASA currently has more than 1,200 suppliers located throughout the
country. Retiring these assets and facilities, or transitioning them to new human
exploration efforts, is a formidable challenge. NASA established a number of
working groups and control boards to monitor and control the transition process.
These boards and processes manage and reduce the risks associated with flying the
Shuttle while transitioning from this craft to other exploration vehicles.

The Space Shuttle Transition and Retirement team completed initial plan-
ning in 2006 and began implementation. SOMD worked closely with ESMD
to transition American human spaceflight from the Space Shuttle to the new
Constellation vehicles, starting with the Orion CEV and Ares | CLV. The Shuttle’s
assets have been reviewed and categorized, with last use and last need date deter-
mined. Several items have already been transferred to the Constellation program
for early engineering development, such as a Solid Rocket Booster Aft Skirt and
Solid Rocket Booster Parachutes. Because the special aluminum-lithium metal
used to make the high-performance external tank of the Shuttle was immediately
needed for development of the Orion and Ares I, it was identified and transferred.
SSC’s A-1 Engine Test Stand conducted its final test of a Shuttle main engine, and
the stand was transferred to Constellation for use in Ares engine development. In
FYO06, selected skilled technical workers assigned to the Shuttle program for contin-
ued fly out of the manifest began contributing to the system definition of the follow-
on Constellation projects as part of the knowledge transfer between programs.

Assembly of the ISS resumed in FY06. Overall, ISS systems performance was
excellent. The highlights of the year include achieving the five-year milestone of
continuous human presence on ISS and returning three-member crew operations to
the Station. During 2006, a total of 10 spacewalks were conducted for ISS mainte-
nance, science, and assembly. At the end of FY06, ISS assembly was approximately

55 percent complete with over 467,000 pounds on orbit.
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The Expedition 12 crew—U.S. Commander Bill McArthur and Russian
Flight Engineer Valery Tokarev—replaced Expedition 11 on board the ISS on
October 10, 2005. McArthur and Tokarev conducted two spacewalks safely and
became the first two-person ISS crew to conduct a spacewalk in both Russian and
U.S. spacesuits.

On November 2, 2005, NASA celebrated five years of continuous, onboard
human presence on the ISS. In that timeframe, the ISS grew to a state-of-the-art
laboratory complex and technology testbed. During more than 1,826 consecutive
days, ISS crews conducted research and experiments related to areas such as physical
and materials science, microgravity science, climatology, geology, manufacturing,
medicine, and other life sciences. For example, knowledge gained by research and
experiments in human health while exposed for long durations in a microgravity
environment not only helps current crews but also provides greater capability to
send humans on longer missions to farther locations. During the first five years of
continuous presence, 97 people from 10 countries visited the ISS with 29 of those
visitors living aboard as members of the 12 expedition crews.

The Expedition 12 crew returned to Earth on April 8, 2006, replaced by
Expedition 13. Russian Commander Pavel Vinogradov, along with U.S. Flight
Engineer and NASA Science Officer Jeff Williams, arrived at the ISS on March
31, 2006. During their stay on the ISS, the STS-121 Shuttle mission brought
European Space Agency astronaut Thomas Reiter to the ISS, resulting in the first
three-member crew complement since 2003. The crew conducted two success-
ful spacewalks before the Expedition 13 crew—Vinogradov and Williams—were
replaced by the Expedition 14 crew of U.S. Commander Michael Lopez-Alegria
and Russian Flight Engineer Mikhail Tyurin in September 2006.

The Agency’s Russian partners continued supporting crew and cargo trans-
portation to the ISS. In FY06, automated Russian Progress vehicles resupplied the
ISS crew three times, and Russian Soyuz vehicles transported three crews safely
and reliably to and from the ISS. Each resupply vehicle contained several thousand
pounds of food, fuel, oxygen, experiment hardware, spare parts, and other supplies.
This cooperation enabled a continuous crew presence to be maintained on the ISS.

The resumption of regular Shuttle flights with greater transport capabili-
ties, combined with the additional crew member, allowed greater opportunity to

conduct research on the ISS. In FY06, the ISS conducted 26 experiments, such as



the Materials on International Space Station Experiments (MISSE) that investi-
gated the effects of extremes in the space environment on various materials and
coatings, and the Anomalous Long-Term Effects in Astronauts’ Central Nervous
System (ALTEA) experiment, which furthered our understanding of the impacts
that radiation has on the human central nervous system and visual system. Through
the end of FY06, approximately 650 hours of combined crew time were dedicated
to research.

On March 2, 2006, the heads of the space agencies from Canada, Europe,
Japan, Russia, and the United States endorsed a revision to the International Space
Station’s configuration and assembly sequence. Each of the partners reaffirmed their
respective agency’s commitment to meet their mutual obligations, to implement
six-person crew operations, and to complete the assembly of the ISS by the end of
the decade through an adequate number of Shuttle flights.

In June 2006, the European Space Agency’s Columbus research module
arrived at KSC. Columbus will expand the research facilities of the ISS by provid-
ing increased capability to conduct experiments in the areas of life science, physical
science, and materials science.

Also in June, the ISS Independent Safety Task Force (IISTF) conducted its
initial meeting in which it received a detailed briefing about the ISS. The IISTF
was chartered to review the ISS program with the objective of discovering and
assessing any vulnerabilities related to destruction of the ISS, compromising crew
health, or necessitating premature abandonment. The task force met a second time
in July and continued its activities into the next fiscal year.

In July 2006, Space Shuttle Discovery visited the ISS during mission STS-121.
The Shuttle transferred more than 11,000 pounds worth of supplies and hardware to
the ISS—including food, water, nitrogen, and scientific equipment—and returned
more than 6,000 pounds worth of expended hardware and supplies from the ISS
back to Earth.

Other highlights from Discovery’s mission included the repair of a cable
system that provides power, command, data, and voice connections to the ISS’s
mobile transporter (MT) rail car. (The MT is used to move a platform containing
the ISS’s robotic arm; movement of the arm along the truss is necessary for future
assembly.) The Shuttle helped increase ISS’s research capability by delivering the
Minus Eighty-Degree Laboratory Freezer for the ISS (MELFI), which will be used to
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store life science samples prior to their return to Earth, and the European Modular
Cultivation System (EMCS), which will facilitate long-term plant growth studies.
The Shuttle also delivered the U.S. Oxygen Generation System (OGS), which,
when operational, will help enable an increase in ISS crew size from three to six.

In August 2006, NASA selected SpaceX of El Segundo, California, and
Rocketplane-Kistler of Oklahoma City, Oklahoma, to develop and demonstrate
COTS as part of an effort to open new commercial markets and pave the way
for private contracts to launch and deliver cargo to the ISS. NASA plans to
purchase cargo delivery services competitively in order to fill the ISS cargo
requirements gap.

In September 2006, Atlantis arrived at the ISS for the STS-115/12A mission.
Atlantis and its crew delivered and installed the 35,000 pound, 45-foot P3/P4 truss—
an integral part of the ISS’s backbone that contains the two sets of solar arrays that
provide one quarter of the ISS’s power. During three spacewalks, the crew installed
the truss and performed the work to enable automated deployment of the solar
arrays and radiator on the truss. The crew also installed a signal processor and tran-
sponder that transmits voice and data to the ground, delivered a high- definition
television system that was developed in cooperation with NASA’s Japanese part-
ner, and performed other tasks to upgrade and protect the ISS systems.

During FY06, Space Communications provided high- proficiency services via
the Tracking and Data Relay Satellite System (TDRSS) network and the NASA
Integrated Services Network (NISN) to all NASA missions and a number of other
national missions. Notable of these missions are the Shuttle and the ISS, as well
as the Hubble Space Telescope and such Earth-observing satellites as Aqua and
Aura. Communications services were provided also to launch vehicles including
Sea Launch and the Atlas.

The Agencywide Space Communications Architecture work addressed
in the FYO5 report reached its first milestone, and the top-level architecture was
published. This architecture sets forth a framework for NASA’s space commu-
nications infrastructure consistent with the national goal to advance scientific,
security, and economic interests through a robust space exploration program that
encompasses all phases of our missions from launch to mission completion. The
architecture also sets forth areas of emphasis for technology maturation to allow for

the necessary new capabilities and capacities.



To implement the architecture most efficiently, NASA decided to centralize
all space communications activities within the SOMD, meaning that Space
Communications and Navigation will now encompass the total infrastructure
rather than having parts distributed within the Agency. The complement of systems
under this management framework now includes the Deep Space Network (DSN),
the Ground Network, the Space Network, and the NISN.

Radio spectrum management remained an important focus in FY06 to ensure
success of all NASA missions both aeronautical and astronautical. In support of
the national space exploration goals, NASA worked with several other space-
faring countries to ensure interoperability and interference free operations for lunar
and Mars missions. NASA continued to work its spectrum agenda with multiple
national agencies to ensure spectrum availability for future NASA activities and
missions.

The SOMD Launch Services Program successfully managed the launches of
three missions on expendable launch vehicles in FY06. Pluto New Horizons was
launched from Cape Canaveral Air Force Station, Florida, and Space Technology
5 (ST5), Cloud-Aerosol LIDAR—Light Detection and Ranging—and Infrared
Pathfinder Satellite Observation (CALIPSO), and Cloudsat were launched from
Vandenberg Air Force Base, California. The 1,054-pound, piano-sized Pluto
New Horizons launched January 19, 2006, on a Lockheed Martin Atlas V launch
vehicle. The fastest spacecraft ever launched, it will use a Jupiter gravity-assist in
February 2007 to reach Pluto in the summer of 2015 to conduct the first close-up,
in-depth study of Pluto and its moons. The ST5 mission was launched on an Orbital
Sciences Corporation Pegasus vehicle on March 22 for a 3-month mission. ST5
focused on technology validation using three 25-kilogram class satellites to obtain
research-quality measurements of the Earth’s magnetosphere and operate as a single
constellation versus three separate spacecraft. On April 28, the CALIPSO and
CloudSat missions launched on a Boeing Delta Il launch vehicle. The two spacecraft
then successfully joined NASA’s “A-Train” constellation of environmental
satellites. The CALIPSO satellite will examine the role that clouds and airborne
particles play in regulating the Earth’s weather, climate, and air quality. CloudSat
is an experimental satellite using radar to measure the cloud properties to improve
weather prediction and clarify climatic processes. For all of these missions, NASA

competitively procured launch services from domestic commercial companies.
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In an effort to encourage emerging commercial launch service providers in
order to potentially provide significant cost savings to the science and explora-
tion community, the Agency modified the NASA Launch Services contract to
allow new proposers who have not yet had a successful flight. In addition, NASA
conducted a study of emerging launch providers. During the summer of 2006, a
cross-Agency team visited four out of an initial 40 emerging launch service provid-
ers to gather information and evaluate their maturity and ability to satisfy NASA’s
mission requirements.

In 2006, the Rocket Propulsion Test (RPT) Program provided a common
entry point for RPT customers, including NASA, industry, the Department of
Defense (DOD), other Government agencies, and academia. RPT developed and
maintained a Propulsion Test Facility Management Plan “right sized” to align with
the current Agency mission, evaluating what facilities should be maintained, consol-
idated, closed, and built to provide the appropriate propulsion test capabilities. RPT
worked to increase DOD/NASA collaboration and cross utilization, to increase
technical collaboration between RPT centers (i.e., cross-training development of
workforce, cross-utilization of equipment and workforce, maintaining common stan-
dards and specifications), and to increase understanding of facility maintenance and

operational requirements.

Science Mission Directorate

In January 2006, NASA'’s Science Mission Directorate (SMD) launched its
spacecraft, New Horizons, on the Agency’s first mission to Pluto, Pluto’s moon
Charon, and the Kuiper Belt. The National Academy of Sciences ranked the explo-
ration of Pluto-Charon and the Kuiper Belt among the highest priorities for solar
system exploration. Different from the inner, rocky planets (like Earth) or the outer
gas giants, Pluto is a dwarf type of planet known as an “ice dwarf,” commonly found
in the Kuiper Belt region billions of miles from the Sun. Exploring Pluto and the
Kuiper Belt is like conducting an archeological dig into the history of the outer solar
system, a place where we can peek into the ancient era of planetary formation.

After a 2.88 billion mile round-trip journey, the Stardust mission returned
cometary and interstellar dust particles back to Earth. Since the returned material
has been unaltered since the formation of our solar system, scientists believe these
dust particles will help provide answers to fundamental questions about comets and

the origins of the solar system.



The Cassini spacecraft may have found evidence of liquid water reservoirs
that erupt in Yellowstone-like geysers on Saturn’s moon Enceladus. This discovery,
along with the presence of escaping internal heat and very few (if any) impact
craters in the south polar region, shows that Enceladus is geologically active today.

NASA'’s Mars Reconnaissance Orbiter (MRO) began its inspection of the
Red Planet in fine detail. The orbiter carries six scientific instruments for examin-
ing the surface, atmosphere, and subsurface of Mars in unprecedented detail from
low orbit. NASA expects to get several times more data about Mars from MRO
than from all previous Martian missions combined. MRO’s high data rate commu-
nications system relays information between Mars surface missions and Earth. The
data regarding the history and distribution of Mars’ water will improve understand-
ing of planetary climate change and whether Mars ever supported life. The MRO
also continued to evaluate potential landing sites for future missions.

On Mars, the rover Opportunity reached the rim of a hole in the Martian
surface that is wider and deeper than any it had previously visited. The crater,
known as Victoria, is approximately one-half mile wide and 230 feet deep. Initial
images from the rover’s first overlook after a 21-month journey to Victoria Crater
show rugged walls with layers of exposed rock and a floor blanketed with dunes.
The layers of rock offer information about the environmental conditions long ago.
MRO recorded images of the rover at the site.

During hurricane season, NASA'’s airborne and orbiting science instruments
contributed a great deal of information. NASA satellites provide critical detail in
determining if and when a hurricane is forming. NASA provides researchers and
forecasters with space-based observations, data assimilation, and computer climate
modeling. NASA-sponsored measurements and modeling of global sea surface
temperature, precipitation, winds, and sea surface height have also improved under-
standing of El Nifio and La Nifia events, which respectively tend to suppress and
enhance Atlantic and Gulf hurricane development.

NASA’s current hurricane-related products from orbiting science instruments
include data from the Atmospheric Infrared Sounder (AIRS) on the Aqua satel-
lite; the Microwave Limb Sounder (MLS) and the Ozone Monitoring Instrument
(OMI) on the Aura satellite; the Moderate Resolution Imaging Spectroradiometer
(MODIS) on the Aqua and Terra satellites; the Tropical Rainfall Measuring
Mission (TRMM) satellite; the Total Ozone Mapping Spectrometer (TOMS); and
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the Ocean Color Time-Series Project. In addition, researchers investigated tropical
storms and hurricanes in the eastern and mid-Atlantic Ocean regions, including
those threatening Senegal and the Cape Verde Islands.

On April 28, 2006, the CloudSat and CALIPSO satellites were launched into
space from Vandenberg Air Force Base in California. The CALIPSO and CloudSat
are a pair of Earth-observing satellites designed to study clouds from orbit. CloudSat
is an experimental satellite using radar to detect clouds and aerosols from space.
CALIPSO is equipped to examine the role that clouds and airborne particles play
in regulating Earth’s weather, climate, and air quality. The satellites are the latest
spacecraft to join NASA’s A-Train constellation of environmental satellites.

Just 30 seconds after radar activation, CloudSat obtained its first image—
a slice of the atmosphere consisting of a warm storm front over the North Sea
and approaching Greenland. Unlike other satellite observations, the CloudSat
radar image simultaneously showed the storm’s clouds and precipitation—the storm
front’s warm air rising over colder air with precipitation below.

The first-ever millimeter wavelength radar, CloudSat’s Cloud-Profiling radar
is more than 1,000 times more sensitive than typical weather radar and possesses
the ability to distinguish between cloud particles and precipitation. Its measure-
ments have offered new insights into the manner in which fresh water is created
from water vapor and how much of this water falls to the surface as rain and snow.

CALIPSO returned never-before-seen images of clouds and aerosols—tiny
particles suspended in the air—that revealed how clouds and aerosols form, evolve,
and interact with the atmosphere. In early June 2006, CALIPSO took its first
images: a major lava dome collapse at the Soufriere Hills Volcano on the island of
Montserrat. The dome had collapsed on May 20, 2006, sending ash clouds 55,000
feet into the sky.

In FYO06, analysis of NASA data showed that Arctic perennial sea ice,
which normally survives the summer melt season and remains year-round, shrank
abruptly by 14 percent between 2004 and 2005. According to researchers, the
loss of perennial ice in the East Arctic Ocean neared 50 percent during that time
as some of the ice moved from the East Arctic to the West. Researchers have
long suggested that the icy surface of the Arctic’s waters is retreating due to a
warming climate. Sea ice functions as an indicator of changing water, air, and sea

surface temperatures, in addition to being an important factor in the continued



well-being of Arctic mammals such as polar bears. A research team that used
NASA'’s QuikScat satellite to measure the extent and distribution of perennial
and seasonal sea ice in the Arctic discovered that, while the total area of all the
Arctic sea ice was stable in winter, the distribution of seasonal and perennial sea ice
experienced significant changes.

In the most comprehensive survey ever undertaken of the massive ice sheets
covering both Greenland and Antarctica, NASA scientists confirmed that climate
warming is changing how much water remains locked in Earth’s largest storehouses
of ice and snow. The survey showed a net loss of ice from the combined polar ice
sheets between 1992 and 2002 and a corresponding rise in sea level. The survey
provided the first documentation of the extensive thinning of the West Antarctic
ice shelves, an increase in snowfall in the interior of Greenland, and thinning at
the edges. All these phenomena are indicators of a warming climate previously
predicted by computer models.

NASA continued to monitor the polar ice sheets with the Ice, Cloud, and
Land Elevation Satellite (ICESat), which uses a laser beam three times a year
to measure the elevation of ice sheets with unprecedented accuracy. Scientists
used ICESat data to develop Digital Elevation Models—three-dimensional high-
resolution images of ice sheets in Greenland and Antarctica. ICESat’s view of
changes in the ice sheets provide information critical to understanding how the
Earth’s changing ice cover affects sea level.

NASA'’s Solar TErrestrial RElations Observatory (STEREO) mission lifted
off at night in October 2006 from Cape Canaveral Air Force Station in Florida.
With spacecraft on opposite sides of the Earth, STEREO provided three-dimensional
mapping of the structure of solar storms as material leaves the Sun and flows around
the planet. STEREQ also compiled data on coronal mass ejections (CMEs)—solar
storms that travel at nearly 1 million mph and can knock out power on Earth.
The nearly identical twin observatories provided perspectives that are critical to
improving our understanding of space weather and its impact on astronauts and
Earth systems.

Dr. John C. Mather of GSFC received the 2006 Nobel Prize for Physics for
his work that helped cement the Big Bang theory of the universe and deepened our

understanding of the origin of stars and galaxies. This work was based on data from
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NASA'’s Cosmic Background Explorer (COBE) satellite. Dr. Mather is the first
NASA civil servant to receive a Nobel Prize.

Using the Chandra X-ray Observatory and the Hubble Space Telescope,
scientists developed direct proof for the existence of dark matter. Hubble also
found evidence of the existence of dark energy for most of the universe’s history.
These results provided new insights into gravity and the structure and growth of the
universe.

NASA used the unique capabilities of the Hubble Space Telescope for a new
class of scientific observations of the Moon. Hubble’s resolution and sensitivity to
ultraviolet light have allowed the telescope to search for important oxygen-bearing
minerals on the Moon. Since the Moon does not have a breathable atmosphere,
minerals such as ilmenite (titanium and iron oxide) may be critical for a sustained
human lunar presence as they could provide a potential source of oxygen for breath-
ing or to power rockets. The new Hubble observations are the first high-resolution
ultraviolet images ever acquired of the Moon, providing scientists with a new tool
to study mineral variations within the lunar crust. As NASA plans future expe-
ditions to the Moon, such data—in combination with other measurements—will
help target the best sites for robotic and human missions.

NASA'’s Spitzer Space Telescope made the first measurements of the day and
night temperatures of a planet outside our solar system. The infrared observatory
revealed that a Jupiter-like giant gas planet circling very close to its sun is always as
hot as fire on one side while potentially as cold as ice on the other. The temperature
difference between the day and night sides of the planet provides information about
how energy flows in the planet’s atmosphere. The finding represents the first time
any kind of variation has been seen across the surface of an extrasolar planet.

NASA researchers using the Solar and Heliospheric Observatory (SOHO)
spacecraft developed a method of seeing through the Sun to the star’s far side.
Because the Sun’s far side faces away from the Earth, it is not directly observable
by traditional techniques. This new method allows more reliable advance warn-
ing of magnetic storms brewing on the far side that could rotate with the Sun and
threaten the Earth by disrupting satellites, radio communications, power grids, and
other technological systems. Many of these storms originate in groups of sunspots—
active regions with a high concentration of magnetic fields. Active regions situated

on the near side of the Sun can be observed directly; however, previous methods



provided no information about active regions developing on the far side of the
Sun. SOHOQO’s insight into any large active regions on the far side of the Sun greatly

improved forecasting of potential magnetic storms.

Aeronautics Research Mission Directorate

“We conduct the long-term, cutting-edge research needed to ensure
revolutionary capabilities for both the air vehicles of the future as well as the air
transportation system in which they will fly.” This statement by Dr. Lisa Porter,

Associate Administrator for the Aeronautics Research Mission Directorate

(ARMD), captures the new focus for NASA aeronautics research set forth in FY06.

Restructuring

During FY06, ARMD underwent a comprehensive restructuring to ensure
that it was enabling the pursuit of long-term, cutting-edge research for the
benefit of the broad aeronautics community. The three principles that guided this
restructuring were:

1. NASA will dedicate itself to the mastery and intellectual stewardship
of the core competencies of aeronautics for the Nation in all flight
regimes.

2. ARMD will focus its research in areas appropriate to its unique
capabilities.

3. ARMD will directly address the fundamental research needs of
the Next Generation Air Transportation System (NGATS) while
working closely with its agency partners in the Joint Planning and
Development Office (JPDO).

Using these principles, ARMD established four new programs: the
Fundamental Aeronautics Program, the Aviation Safety Program, the Airspace
Systems Program, and the Aeronautics Test Program. The Fundamental
Aeronautics Program conducts cutting-edge research that produces innovative
concepts, methods, tools, and technologies that enable the design of vehicles that
fly through any atmosphere at any speed. The Aviation Safety Program focuses
on developing the cutting-edge tools, methods, and technologies to improve
the intrinsic safety attributes of current and future aircraft that will operate in
the NGATS. The Airspace Systems Program directly addresses the Air Traffic
Management (ATM) research needs of the NGATS initiative as defined by the
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JPDO. The Aeronautics Test Program ensures the strategic availability and acces-

sibility of a critical suite of aeronautics test facilities that are deemed necessary to

meet aeronautics, Agency, and national needs.

ARMD established a four-step approach to putting together technical plans

in the ten aeronautics projects in the four aeronautics programs. The approach was

designed to facilitate the exchange of ideas and information among researchers

at NASA, industry, academia, and other Government agencies, in a manner that

provided fair and equal access to information and opportunities for collaboration,

without providing preferential treatment to any one entity. The four steps were:

1.

NASA researchers, with input from other Government agency part-
ners, developed preliminary ten-year roadmaps for each program,
including technical milestones for each project.

NASA released a Request for Information (RFI) to solicit interest
from industry for nonreimbursable cooperative partnerships in pre-
competitive research that would allow NASA to leverage industry’s
systems-level expertise while facilitating the rapid transfer of knowl-
edge and technology from NASA to industry. The Agency received
over 230 responses from more than 100 different organizations, many
of which resulted in working collaborations.

Using the preliminary roadmaps as a starting point, NASA researchers
incorporated feedback from respondents to the RFI, as well as
from colleagues in other Government agencies, to develop refined
technical proposals for each project. Panels of Government subject-
matter experts then reviewed and evaluated the proposals based on
their technical, management, resource, and partnership plans. This
rigorous proposal review process ensured that NASA had technically
credible and relevant research objectives and a sound approach for
pursuing these objectives. It also allowed NASA to identify research
areas where it needed to supplement in-house capabilities with
external expertise.

Finally, NASA released a NASA Research Announcement to solicit
proposals, in afull and open competition, from the external community

in those research areas. In the first evaluation round, the Agency



received more than 700 proposals from more than 110 universities and
over 120 other organizations (companies and non-profits). More than
600 highly qualified technical and scientific experts from NASA and
other organizations provided thorough reviews of these proposals, and
138 proposals representing 73 different organizations from 29 States

plus the District of Columbia were ultimately selected for award.

New Aeronautics Programs

While most of FY06 was devoted to defining the research content and devel-
oping the research plans for the restructured programs, each program still achieved
several technical accomplishments. The following sections are descriptions of the

new programs and representative accomplishments for each.

Fundamental Aeronautics Program

The restructured Fundamental Aeronautics Program is dedicated to the
mastery of the principles of flight in any atmosphere at any speed. The program
develops physics-based, multidisciplinary design, analysis, and optimization
(MDAO) tools that will make it possible to evaluate radically new vehicle designs
and to assess, with known uncertainties, the potential impact of innovative
technologies and concepts on a vehicle’s overall performance. The program also
develops advanced component technologies to realize revolutionary improvements
in noise, emissions, and performance. The program supports the Agency’s human
and robotic exploration missions by advancing knowledge in aeronautical areas
critical to entry, descent, and landing (EDL).

The restructured program has four projects. The Subsonic Fixed Wing Project
addresses the challenge that future aircraft need to be quieter and cleaner to meet
stringent noise and emissions regulations. These aircraft must also meet challeng-
ing performance requirements to make them economically viable alternatives to
the existing fleet. The Subsonic Rotary Wing Project addresses the technical barri-
ers that constrain rotorcraft from reaching widespread use in civil aviation. These
barriers include range, speed, payload capacity, fuel efficiency, and environmental
acceptance. The Supersonics Project conducts research to address the efficiency,
environmental, and performance barriers to practical supersonic cruise, as well
as the critical issue of supersonic deceleration to enable safe, precision planetary

EDL of human and large science missions in any atmosphere. Because all access
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to space and all entry from space through any planetary atmosphere require hyper-
sonic flight, the Hypersonics Project tackles all the key fundamental research issues
required to make hypersonic flight and reentry feasible.

The Fundamental Aeronautics Program achieved the following
accomplishments in FY06:

e The Subsonic Rotary Wing Project conducted a helicopter flight
test to provide data for rotorcraft acoustic analysis validation and to
develop low-noise flight profiles.

e The Subsonic Fixed Wing Project completed a design of geared tur-
bofan components that has the potential to reduce both noise and
emissions relative to current engines.

e The Subsonic Fixed Wing Project completed testing of two scale
Blended Wing Body (BWB) models. These tests will help validate
aerodynamic and control characteristics on the BWB in preparation
for flight tests at DFRC in early 2007.

e The Supersonics Project completed an initial study of the impact of
atmospheric turbulence on very low-noise sonic boom waveforms.

e The Hypersonics Project, in partnership with the U.S. Air Force
(USAF), completed Mach 5.0 testing of Pratt & Whitney Rocket-
dyne’s Ground Demonstrator Engine No. 2 at LaRC’s 8-Foot High
Temperature Tunnel. These were the first tests of a hydrocarbon-fu-
eled, fuel-cooled scramjet with full-authority digital engine control at
hypersonic conditions.

e The Hypersonics Project completed a preliminary design review of the
Hypersonic Boundary Layer Transition Flight Experiment (HyBoLT).
This flight test will acquire data for the effects of protuberances and

cavities on aerodynamic heating to support the Space Shuttle.

Aviation Safety Program

The restructured Aviation Safety Program provides aircraft safety-related
concepts, tools, and technologies that will help ensure the safety of the U.S. Air
Transportation System as it transitions to meet the future needs of the NGATS.
These needs include the anticipated significant increases in air traffic, increased

reliance on automation, increased diversity of air vehicles, and increased complexity



in the system. The long-range goals of the research include reduced occurrence of
in-flight failures, onboard systems capable of self-correcting anomalies, improved
crew workload allocation and situational awareness, and advanced flight controls
to ensure flight safety during adverse flight conditions. In addition, the Aviation
Safety Program technologies can be leveraged to improve the resilience of future
space vehicles against the hazards of long-duration space travel, as well as operations
in harsh and/or remote environments.

The restructured program has four projects. The Integrated Vehicle Health
Management (IVHM) Project addresses the challenge of integrating, processing,
and effectively using large amounts of information across highly integrated and
complex flight critical systems. The Aircraft Aging and Durability (AAD) Project
addresses the challenge of improving the operational resiliency of future structures
and advanced materials. The Integrated Intelligent Flight Deck (IIFD) Project
addresses the challenge of ensuring the proper integration of the human operator
in a highly automated and complex operational environment. The Integrated
Resilient Aircraft Control (IRAC) Project addresses the challenge of providing
onboard control resilience to ensure safe flight in the presence of adverse
conditions.

The Aviation Safety Program achieved the following accomplishments
in FY06:

e The IVHM Project completed initial designs and a testbed of the
Scalable Processor-Independent Design for Extended Reliability for
IVHM architecture.

e The AAD Project developed a multiscale analysis methodology that
models damage processes and more efficiently represents material
behavior near crack tips. This work is critical to developing better
criteria for crack growth propagation and to engineering more
damage-tolerant and durable structural materials.

e The IIFD Project completed the Information Sharing Initiative
demonstration in response to the industry’s need for advanced tools
and technologies that can query large sources of disparate data.

e The IRAC Project completed the Airborne Subscale Transport
Aircraft Research (AirSTAR) testbed to support research in upset

modeling, prevention, and recovery.
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e The IRAC Project conducted a series of flight tests of the Intelligent
Flight Control System (IFCS)—an integrated state-of-the-art direct
adaptive neural network technology with flight control algorithms
that correctly respond to changes in aircraft stability and control
characteristics and that adjust to maintain the best possible flight per-
formance during an unexpected failure. The tests showed that, with
the direct adaptive neural networks turned on, the pitch rate of the
aircraft more closely followed the pilot pitch commands than when
the neural networks were off.

¢ Improvements were made to the Icing Research Tunnel at GRC
and to a Viking S-3 aircraft to enable new icing physics research on
large super-cooled droplet dynamics. Super-cooled droplets that hit
freezing surfaces such as aircraft wings can form thin layers of ice and

impede performance.

Alrspace Systems Program

The primary goal of the Airspace Systems Program (ASP) is to develop revo-
lutionary concepts, capabilities, and technologies in air traffic management that
will enable significant increases in the capacity, efficiency, and flexibility of our
National Airspace System (NAS).

Consistent with NGATS capabilities, ASP focuses on two major NGATS
ATM projects: Airspace and Airportal. The NGATS ATM Airspace Project
focuses on developing capabilities in traffic flow management, dynamic airspace
configuration, separation assurance, and airspace super density operations, which
are supported by cross-cutting, technical areas of trajectory synthesis, prediction,
and uncertainty, performance-based services, and system-level design, analysis
,and simulation tools. The NGATS ATM Airportal Project focuses on developing
airportal and terminal capabilities in three areas: safe and efficient surface
operations, coordinated arrival/departure operations, and airportal transition and
integration management. Research in the two projects will be integrated for gate-

to-gate solutions.



The Airspace Systems Program achieved the following accomplishments
in FYO6:

e The Virtual Airspace Modeling and Simulation project completed
development of its concept for enhancing future National Airspace
System capacity.

e A flexible software tool called FACET (Future Air traffic manage-
ment Concepts Evaluation Tool) was honored as NASA’s Software of
the Year for 2006. FACET’s simulation capabilities can rapidly gener-
ate thousands of aircraft trajectories to enable efficient planning for

traffic flows at the national level.

Aeronautics Test Program

The goal of the Aeronautics Test Program is to ensure the strategic avail-
ability of a critical suite of aeronautical test facilities that are necessary to meet the
long-term needs and requirements of the Agency and the Nation. The program is
responsible for the strategic and business management of the major wind tunnels
and ground test facilities at ARC, GRC, LaRC, the Western Aeronautical Test
Range (WATR), and for the Support Aircraft and Testbed Aircraft at DFRC. The
program ensures the funding levels allow for continuous operations at its facilities
and for the appropriate levels of maintenance and investments in test technology/
test techniques. A major benefit of this program is that it establishes stable user
pricing at its facilities.

The Aeronautics Test Program achieved the following accomplishments

in FYO6:

e Invested nearly $1 million in Agency-wide test technologies (aero-
dynamic force measurement system improvements, angle-of-attack
measurement systems, virtual diagnostic interfaces, and facility con-
trol system simulations).

¢ Reduced maintenance backlog by $10 million, thereby cutting the
number of lost-days-of-testing.

e Reached a 71 percent facility utilization goal, keeping it on track to a

90 percent utilization goal.
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National Aeronautics R&D Policy
President George W. Bush issued Executive Order 13419, entitled “National

Aeronautics Research and Development,” on December 20, 2006. Section 1 of the

order established a National Aeronautics Research and Development Policy:
Section 1. National Aeronautics Research and Development Policy.
Continued progress in aeronautics, the science of flight, is essential
to America’s economic success and the protection of America’s
security interests at home and around the globe. Accordingly, it
shall be the policy of the United States to facilitate progress in
aeronautics research and development (R&D) through appropriate
funding and activities of the Federal Government, in cooperation
with State, territorial, tribal, local, and foreign governments,
international organizations, academic and research institutions,
private organizations, and other entities, as appropriate. The Federal
Government shall only undertake roles in supporting aeronautics
R&D that are not more appropriately performed by the private
sector. The National Aeronautics Research and Development Policy
prepared by the National Science and Technology Council should,
to the extent consistent with this order and its implementation,

guide the aeronautics R&D programs of the United States through
2020.

The President’s order and the National Science and Technology Council
document to which it refers establish an aeronautics R&D policy for the Nation
through 2020 and fulfill the request for such a policy in Section 101(c) of the
National Aeronautics and Space Administration Authorization Act of 2005 (Public
Law 109-155)(42 U.S.C. 16611(c)) and Section 628 of the Science, State, Justice,
Commerce, and Related Agencies Appropriations Act, 2006 (Public Law 109-108).

NASA’s aeronautics programs are well aligned with this first-ever national
aeronautics R&D policy. The essence of the policy is captured in its overarching
goal, which is to “advance U.S. technological leadership in aeronautics by fostering
a vibrant and dynamic aeronautics R&D community that includes Government,
industry, and academia.” ARMD contributes to the realization of this national
goal by:

e Focusing on high-quality, cutting-edge research that benefits the
constituents of the entire aeronautics community, including founda-
tional research across a breadth of core aeronautics competencies that

supports aeronautics and space exploration activities; research in key



areas related to the development of advanced aircraft technologies
and systems, including those related to aircraft safety, environmental
compatibility, and fuel efficiency; and research that supports NGATS
in partnership with JPDO.

¢ Disseminating the results of all its research to the widest practical
and appropriate extent (consistent with national security and for-
eign policy).

e DPursuing a coordinated approach to managing the Nation’s research,
development, test, and evaluation (RDT&E) infrastructure.

e Fostering intellectual partnerships with industry and academia by
means of cooperative Space Act Agreements and fully and openly
competed research awards that emphasize true collaborations among
all partners.

e Establishing strong partnerships with other Government agencies and

organizations, especially the Federal Aviation Administration (FAA),

DOD, and JPDO.

Forming Partnerships with Government and Industry

Creating strong intellectual partnerships with the broad aeronautics commu-
nity was a focus of ARMD’s activities during FY06.

NASA continued its work as a key member of the JPDO. In addition to
conducting research that directly addresses the NGATS challenges, ARMD
provides workforce, analysis tools, and funding directly to the JDPO in order to
assist with the JPDO’s responsibility of planning, coordinating, and overseeing the
research and implementation for the NGATS.

In May 2006, NASA signed a new Memorandum of Understanding (MOU)
with the FAA to outline cooperation in collaborative activities in aviation and
space transportation. Potential areas of collaboration include aviation and space
transportation safety, airspace system efficiency, environmental compatibility, and
international leadership. Under this partnership, the agencies coordinate their
planning efforts, and senior management monitors the collaborative activities
between the two parties.

In August 2006, NASA announced an MOU forming an aeronautics research
partnership between NASA and the U.S. Air Force (USAF). The agreement builds
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upon the longstanding relationship between the two organizations and facilitates
the exchange of research information, reduces duplication of research, and enhances
long-term research planning for both organizations. The MOU covers areas such as
advanced aircraft design, integrated propulsion concepts, multifunctional materials
development, and advanced aviation safety technologies.

Examples of other aeronautics partnerships include:

e NASA’s Fundamental Aeronautics Program continued its participa-
tion in the Versatile Affordable Advanced Turbine Engine (VAATE)
Technology Program, which coordinates turbine engine science and
technology (S&T) across Government agencies.

e The Aviation Safety Program participated in the Commercial Avia-
tion Safety Team with the FAA and industry, a forum that worked to
identify safety problems and solutions.

e NASA continued its participation in the Aircraft Icing Research
Alliance, an international group that coordinates joint activities
among NASA, the National Oceanic and Atmospheric
Administration (NOAA), the FAA, Environment Canada,
Transport Canada, the Canadian National Research Council,
the National Defence of Canada, and the United Kingdom (UK)
Defence Science and Technology Lab.

Developing the Future Workforce

On June 1, 2006, in Washington, DC, ARMD convened more than 50 repre-
sentatives from academia, technical associations, and industry to explore issues
associated with attracting students to aerospace and related engineering disciplines.
“We all recognize that it is critically important to the U.S. aeronautics community to
continue to foster new generations of highly-skilled scientists and engineers,” stated
Dr. Lisa Porter, ARMD Associate Administrator, in the workshop invitation.

In January 2007, NASA coordinated a followup workforce workshop in
conjunction with the annual AIAA (American Institute of Aeronautics and

Astronautics) Aerospace Sciences conference.



Aeronautics Research Benefits

With the restructuring of its aeronautics programs, NASA’s ARMD improved

its ability to serve the American public by conducting high-quality, innovative,

integrated research across the fundamental disciplines of aeronautics, thereby

creating revolutionary tools, concepts, and technologies that lead to a safer, more

environmentally friendly, and more efficient national air transportation system.

Some of the areas in which ARMD focused its efforts include:

Reducing noise and emissions for fixed wing, rotary wing, and
supersonic aircraft.

Reducing pilot error.

Improving the ability to avoid hazards.

Improving fuel efficiency.

Improving aircraft airworthiness and durability.

Improving flight performance and control.

Improving airspace capacity.

Improving the collection, analysis, integration, and display of infor-
mation for air and ground operations.

Improving the viability and capabilities of our Nation’s aeronautics

testing facilities.
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THE DEPARTMENT OF DEFENSE
DOD

During FY06, the DOD engaged in a wide-ranging effort to develop and field
next-generation space systems critical to maintaining the asymmetric advantage
of the U.S. in the space domain. Modernization efforts covered the entire range of
vital capabilities including missile warning, navigation, communications, weather,
launch, surveillance, counterspace, and ground-based space system:s.

The DOD Executive Agent for Space’s Back to Basics initiative is a key
component of the DOD’s plan to improve space acquisitions and deliver capability
to the warfighter. The Back to Basics initiative promotes a renewed emphasis on
stabilizing and aligning requirements and resources, an increased emphasis on disci-
plined systems engineering, and moves issues of national security in space towards a
more effective management system. This will deliberately spread development risk
across the life cycle of the program as part of up-front acquisition strategy planning.

The Back to Basics initiative adopts an evolutionary block approach strategy
to modernization, which is focused on delivering military capability through discrete
value-added increments. In 2006, the USAF restructured several programs to comply
with the Back to Basics strategy initiative. The GPS IlII, National Polar-orbiting
Operational Environmental Satellite System (NPOESS), and Transformational
Satellite Communication System (TSAT) programs were restructured to reduce
risk and define executable block strategies, thereby delivering the best value war-
fighting capabilities in the least amount of time.

The Defense Support Program (DSP) continued to provide critical
space-based missile warning. Preparations continued for the final DSP launch—
DSP-23—in spring 2007. Development of the Space-Based Infrared System (SBIRS)
progressed. To mitigate the risks associated with the SBIRS GEO (geosynchronous

orbit) development, the USAF awarded risk-reduction contracts for the Alternative
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Infrared Satellite System (AIRSS) flight-qualifiable infrared spectrometer (IR)
sensor assemblies.

The Global Positioning System Wing (GPSW) successfully launched the
second GPS IIR(M2) satellite in FY06. This new satellite provides a new military
signal more resistant to jamming, as well as a new civil signal for improved posi-
tion accuracy. Work also continued on the follow-on system, GPS IIF, which will
provide IIR-M capabilities plus add an additional civil signal for aviation safety-
of-life services, and the next-generation GPS III, which will further enhance
navigation capabilities and provide increased power for improved resistance to
jamming. A third civil signal compatible with the European Galileo System was
also added. Consistent with Back to Basics, the GPS III program was restructured
into a block approach to reduce risk, increase cost, and provide confidence in the
ability of the team to meet the published schedule.

The operational DOD Military Satellite Communications (MILSATCOM)
constellations—Defense Satellite  Communications System (DSCS), Global
Broadcast Service (GBS), Ultra High Frequency Follow-On (UFO), and Milstar—
continued to provide space-based communications to U.S. and allied activities
throughout the world, including operations in Afghanistan and Iraqg, and to natural
disaster response missions.

The DOD continued development of next generation systems to meet the
ever-increasing user demand for satellite communication capabilities. The follow-on
spacecraft program to DSCS and GBS, the Wideband Gapfiller System (WGS)—
since renamed Wideband Global SATCOM—spacecraft Satellite Vehicle (SV)
completed final assembly and integration, as well as most of the system-level testing
required in preparation for launch in 2007. Additionally, in February 2006, the
USAF awarded a contract for the Block II WGS SV 4-5 that will provide greater
ISR (intelligence-surveillance-reconnaissance) capabilities than the Block I satel-
lites (SV 1-3). The Advanced Extremely High Frequency (AEHF) program, the
follow-on to Milstar, successfully completed its first End-To-End Communication
Test with Milstar terminals in June 2006 and is on track for first launch in 2008.
The Mobile User Objective System, the follow-on to UFO, executed the detailed
design phase of the program.

TSAT, which will complete the AEHF constellation and thereby enable

DOD net-centric operations, focused on maturing key technologies, such as the



laser-based communications components and pieces of the Internet Protocol
(IP) router. TSAT is the first MILSATCOM acquisition fully implementing the
USecAF’s (Under Secretary of the Air Force) new Back to Basics approach to Space
Acquisition and has become the flagship for future space acquisitions. The USAF
awarded the TSAT Mission Operations System (TMOS) contract in January 2006
to improve development and horizontal integration with other Global Information
Grid (GIG) systems.

Space Radar (SR), another key transformational space-based intelligence-
surveillance-reconnaissance (ISR) program, continued risk-reduction activities on
the path to KDP-B
established—decision in FY09.

the key decision point by which a funding baseline must be

The NPOESS—a tri-agency program among the DOD, the Department
of Commerce (DOC), and NASA—provides timely high-quality environmental
data to warfighters, as well as to domestic first responders. In 2006, the NPOESS
program was restructured to reduce integration risks by removing several of the
planned sensors from the spacecraft. The restructured program provides data conti-
nuity and constellation management flexibility and delivers the greatest capability
for the least cost.

The Evolved Expendable Launch Vehicle (EELV) program continued to
provide assured access to space. In 2006, the EELV program conducted four success-
ful launches, including two NASA missions. In addition to EELV, the USAF
successfully launched the last remaining Titan IV, a National Reconnaissance
Office (NRO) classified mission (B-26), culminating 50 years of Titan service to
the U.S. space program. The Delta II Medium Launch Vehicle (MLV) program
conducted three operational launches, including two successful DOD missions
and one NASA mission. DOD missions included the Defense Advanced Research
Projects Agency (DARPA) micro-satellite technology experiment (MiTEx) and
the GPS II-R15(M2) modernized GPS satellite. In April 2006, the Rocket Systems
Launch Program (RSLP) continued its string of 5/5 successful Minotaur launches
with the DOD/DOC/Taiwanese Constellation Observing System for Meteorology,
Ionosphere, and Climate (COSMIC) mission to study the atmosphere. The DOD
also supported the March 2006 Pegasus launch of SpaceTech 5.

The USAF continued to modernize its fleet of Intercontinental

Ballistic Missiles (ICBMs) with the deployment of the first Safety Enhanced
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Reentry Vehicle (SERV) on an operational Minuteman III missile. In addition,
by the end of 2006, the USAF had fielded 427 Guidance Replacement Program
(GRP) guidance sets and 293 Propulsion Replacement Program (PRP) booster
sets. Finally, the USAF conducted four successful Minuteman III flight tests
within six months.

In 2006, the USAF established the Space Development and Test Wing,
headquartered at Kirtland Air Force Base, New Mexico, to focus on the development
and testing of orbital assets with the goal of reinvigorating innovation in the space
mission area. One of the Wing’s key responsibilities is the Operationally Responsive
Space (ORS) effort. The ORS program has the ability to launch, activate, and
employ low-cost and militarily useful satellites to provide surge capability,
reconstitute damaged or incapacitated satellites, and provide timely availability of

tailored or new capabilities.



FEDERAL AVIATION
ADMINISTRATION
FAA

FY06 brought new accomplishments for scientists and engineers directed
by the FAA Office of Aviation Research and Development. To accomplish their
work, FAA researchers maintained many liaisons with public agencies, private
companies, and academic institutions that share common safety goals at airports
and aboard aircraft.

One major concern of the FAA is fire prevention. Recently, FAA scientists
perfected a procedure that will greatly accelerate discovery of ultra-fire resistant
plastics. The thermal analytical method known as pyrolysis-combustion flow calo-
rimetry allows the FAA to measure quickly the flammability of hundreds of tiny
milligram-sized samples of new plastics and compositions.

Researchers synthesized and evaluated nearly three dozen different poly-
carbonates to find one better suited to build the plastic portion of aircraft cabins.
The material containing the chemical group 1,1-dichloro-2,2-diphenylethene had
a lower heat release rate than the current plastics in use. This past year, fire safety
researchers also contributed their expertise to writers of FAA Advisory Circular
25.856-2, which addressed the testing and installation of thermal acoustic insu-
lation. Researchers resolved issues with evaluating burnthrough resistance and
installing protection blankets that overlap. The voluntary guidelines will help
airframe manufacturers, customizers, foreign regulatory authoritie