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AFRL Success Story Program

Helping to maintain the Air Force’s strong
S&T foundation one success at a time.

The Air Force, established upon the foundation of science and technology (S&T) more than 50 years ago,
continues to lead the way into the 21st Century. Senior Air Force leaders recognize the Air Force Research
Laboratory’s (AFRL's) impact on the Air Force’s future and share our belief that S&T is as important as any

other part of our aerospace force.

The imagination of the world’s most inquiring minds-in government, industry, and academia—provides the
best equipment, weapon systems, and ideas driving our organization. These Success Stories showcase some
of the work accomplished within AFRL to turn science fiction into science fact and reality, to ensure the Air
Force foundation stays strong and continues development, one composite brick at at time.

You'll find in these pages some of our most noteworthy
successes for 2001. These stories are just the “tip
of the iceberg” of AFRL technologies currently being
worked. The accompanying CD-ROM provides the
same information as the book in a “shirt pocket”
transportable format.

AFRL, headquartered at Wright-Patterson AFB, Ohio,
is the Air Force's largest employer of scientists and
engineers — about 3,000, of which more than 750 have
doctorate degrees in science and engineering disciplines.
These highly skilled and motivated personnel are critical
in leading our government-industry-university team and
in making technology breakthroughs. Their in-house
research efforts are pushing known boundaries to new
heights in most of the scientific disciplines.

If you want to know more about a Success Story,
please contact our technology clearinghouse, TECH
CONNECT, at (800) 203-6451 and they will direct
you to the appropriate laboratory expert. Also
take a moment to check out our home page at http:
[Iwww afrl.af.mil.

PAUL D. NIELSEN
Major General, USAF
Commander
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Introduction

The Air Force Science and Technology Success Stories herein often represent the combined
effort of several scientists and engineers working as a team. The basic and applied research,
plus the follow-on technology development described, are essential to the continued success
of the Air Force mission.

Success Stories were selected from one or more of the following categories:

Support to the Warfighter
Technology that has potential for or has achieved application on a Department of
Defense system in development or operation or that has provided “quick-reaction”
response to problems or needs of field organizations.

Major innovative technological advancements that offer significant potential for existing
and future Air Force systems.

Technology Transfer
Technology that has transferred from the laboratory to the private sector, to include
industry, academia, and state and local governments.

Awards/Recognition
Awards or recognition by the scientific community at large, concerning technology
advancements in the areas of technology transition, technology transfer, or technical
achievement.




Support to the Warfighter
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State-of-the-Art Visual Display System
Developed for Simulation-Based
Research and Development

Payoff The Infinity Cube™, a state-of-the-art, color, wide field-of-view visual display system, provides a continuous
vertical field-of-view that allows a real world feel, giving out-the-window objects correct size, altitude, and visual cues. lts
air-to-ground orientation complements other resources supporting the flying simulations that are the core components of
simulation-based research and development.

Accomplishment The Air Vehicles Directorate, Control
Simulation and Assessment Branch, recently completed the installation of
the one-of-a-kind Infinity Cube. The cube's wide field-of-view provides
avisual display system for flight simulation, research, and development.
The Infinity Cube’s display system surrounds the “pilot” with four
Pancake Window™ displays to the front, top, left, and right.

The directorate will use the Infinity Cube to support research for the
Joint Strike Fighter and unmanned aerial vehicles. However, the cube
has potential to support broader-based research including weapon
systems analysis, flying qualities, and networked “war gaming” activities.
The Infinity Cube is a unique research tool that the directorate and
other organizations will use to support mission simulation for years
to come.

BaCkgl' ound Electro Visual Engineering (EVE) developed the Infinity Cube as a prototype display system for use as a training
device. The Control Simulation and Assessment Branch perceived the potential for simulation-based research and development
and arranged to acquire the system. They contracted with EVE to upgrade the system to better suit directorate requirements. EVE
increased the cube’s image generator and projector resolutions, as well as doubled the channel brightness.




F-16 Test Aircraft Completes
Long Distinguished Career

Payoff F-16 tail number 75-0750 flew its first mission in April 1978 and participated in 10 flight test programs since that
time. For the past two decades, the aircraft was the technology demonstrator for the Air Vehicles Directorate’s Advanced
Fighter Technology Integration (AFTI) program. The aircraft helped directorate engineers transition digital flight controls,
a night vision system (night vision goggles and compatible cockpit lighting), improved takeoff and landing gear control, and
a voice annunciation system.

Accomplishment Aircraft 750 flew its final flight in January 2001 from Ft. Worth, Texas to Wright-Patterson Air Force
Base in Dayton, Ohio, for induction into the Air Force Museum. The aircraft, having flown more than 756 flights, accumulated 1446
flight hours under 23-plus test pilots from Lockheed Martin, the US Air Force, the National Aeronautical and Space Administration,
the US Marine Corps, the Swedish Air Force, and the Department of Defense Joint Strike Fighter program.

Background  The AFTI/F-16 was
an excellent test platform due to its modern
systems, relative ease of incorporating advanced
technologies, and low cost of operation and
maintenance. Lockheed Martin originally built
aircraft 750 as an F-16A, the sixth “A” model
and seventh of eight aircraft in the F-16 Full-
Scale Development program. The aircraft's
last mission was the very successful Joint Strike
Fighter Integrated Subsystems Technology
demonstration in Fort Worth during October-
November 2000.

The manufacturer modified the AFTI/F-16 with
an all-electric flight control system with electrohydrostatic actuators and a 270-volt direct current switched reluctance electric power
system. The AFTI/F-16 was the first aircraft to fly with an all-electric flight control system. These technologies reduce weight,
improve reliability and maintainability, increase survivability, and trim costs compared to traditional hydraulic actuator systems.

Other AFTI/F-16 technologies transitioning into F-16 production include multifunction displays, dual multiplex bus avionics
architecture, wide-angle heads-up display, up-front controls, single-switch mission reconfiguration, dorsal avionics compartment,
digital data link, digital terrain system, automatic terrain following, and system-wide integrity management. Prospective items for
the F-16 in the near term include helmet-mounted cueing of weapons and sensors, digital color map display, internalized forward
looking infrared (FLIR) targeting system, and in-flight route planning.

Advanced technologies demonstrated with promise for the next generation of fighters or for future incorporation on current fighters

include voice interaction, auto ground collision avoidance, head-steered FLIR imaging, covert radar altimeter, electric flight control
actuation, and cooperative engagement capability (separated target sensor and shooter).



Distributed Mission Training Effectiveness

Payoff The Air Force Distributed Mission Training (DMT) program provides pilots and other warfighters with ground-based
training for complex, multi-player combat operations using a network of flight simulators and other systems. This shared training
environment, comprised of live, virtual, and constructive simulations, trains warfighters individually or collectively at all levels of war.
DMT allows multiple players at multiple sites to engage in instructionally valid training scenarios focusing on individual, team, and
intra-team competencies development, as well as refresher training within a realistic combat-oriented environment.

Accomplishment The Human Effectiveness Directorate, Warfighter
Training Research Division’s Training Systems Technology Team is providing
DMT system data to the Air Combat Command (ACC) for aircrew training.
This data identifies the tasks and missions best suited for DMT, defines system -
capabilities required for effective distributed training, and creates a strategy for - P
developing future training programs using DMT for fighter pilots and air weapons : i -t
controllers. Research using DMT for Flight Leader Upgrade, Instructor Pilot =
Upgrade, and Fighter Weapons Instructor course training programs demonstrates -
the return-on-investment available through the effective integration of learning P
objectives-based DMT syllabi with existing operational academic and live-flight "
aircraft training.
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The directorate, supported by the ACC DMT office, an instructor pilot, and
Airborne Warning and Control System (AWACS) controllers, conducted
training exercises during 1999-2000 for mission-qualified F-16 pilots. DMT,
complemented with aircraft training, enhances warfighter proficiency and reduces
the need for repeated training flights at home units. The Fighter Weapons
School syllabus served as the initial test and validation for new F-16 weapons
employment standards implemented in the school. Directorate personnel at
the Mesa test bed evaluated and adjusted the standards more rapidly than using
live-flight exclusively.

Background Structured interviews with F-16 instructor pilots and unit commanders indicate that many mission-
qualified pilots lack recent experience in four-ship tactics. Reasons include high cost, scheduling difficulties, constrained
airspace, very limited availability, and interactions with AWACS controllers. The directorate’s Training Systems Technology
Team developed and tested DMT training syllabi and measurement methods that augment live-flight aircraft training with
high-fidelity, multi-player simulation.

The training research syllabi involve the four-ship, F-16 DMT test bed, located in Mesa, Arizona, integrated with the AWACS
simulation facility, located at the directorate’s facility at Brooks AFB, Texas. In addition, the syllabi include the constructive integrated

air defense system, developed and operated by the Air Force Information Warfare Center at Kelly AFB, Texas.

DMT allows participation from each weapon system and mission area using almost any type of networkable training
device. Additionally, computer-generated or constructive DMT provides realistic and reactive threats for developing and

evaluating tactics.




Logistician’s Contingency
Assessment Tools (LOGCAT)

Payoff The Logistician's Contingency Assessment Tools (LOGCAT) suite consists of automated decision support
tools for crisis action planning across all levels of command in logistics command and control. These tools support the Air
Force Core Competencies of Agile Combat Support and Rapid Global Mobility. They also provide proactive identification of
logistics-related mission critical limiting factors through reduced response planning time and execution cycle, deployment footprint,
man-hours, and time to deploy at the wing level.

Accom plishment The Human Effectiveness
Directorate is providing LOGCAT technologies to aid today’s
and tomorrow’s deployment and beddown planners at all
levels of the Air Force (AF). LOGCAT programs have the
potential to revolutionize the entire Agile Combat Support
planning and execution process.

The Aerospace Expeditionary Force (AEF) Battlelab
Integrated Planning and Execution Capability Initiative field
tested LOGCAT. They identified these tools as critical AEF
enablers to the Air Force Requirements Oversight Council
and recommended them for AF implementation.

Several high visibility joint and service-unique wargames/
experiments, such as Global Engagement ‘98, ‘99 and
Expeditionary Forces Experiment ‘98, ‘99, tested LOGCAT as primary logistics inputs. The tools were so successful, the AEF selected
them as the Agile Combat Support infrastructure and baseline for Joint Expeditionary Forces Experiment ‘00 and beyond.

Background The LOGCAT program began in 1995 as an integrated suite of logistics command and control applications
developed by Air Staff planners, local contractors, and Major Command functional representatives. Using a combination of commercial
off-the-shelf and government proprietary products in its design, the LOGCAT team developed several proof-of-concept software
programs.

The team designed these tools to operate with existing legacy systems in the Secret Internet Protocol Routing Network
environment. The LOGCAT team transitioned three components of the LOGCAT suite (Survey Tool for Employment Planning,
Beddown Capability Assessment Tool, and the Employment Knowledge Base) to the Air Staff sponsor and Standard Systems Group
at Gunter AFB, Alabama for full operational production and worldwide implementation.

A fourth component of LOGCAT, the Logistics Analysis to Improve Deployability (LOG-AID), shows promise for improving the
base-level deployment process. The Air Staff plans to incorporate LOG-AID into AF deployment instructions and policy.



Aircraft Battle Damage Assessment
and Repair Program

Pa)’()ﬁ The Human Effectiveness Directorate’s Aircraft Battle Damage Assessment and Repair (ABDAR) program increases the
number of aircraft available for duty by decreasing the time to diagnose damaged aircraft. Over a seven-day air conflict, simulations
show ABDAR capabilities can increase the number of sorties available over standard aircraft battle damage repair (ABDR) up to
10%. In a prolonged engagement, the advantages are even greater. In peacetime, ABDAR is an effective ABDR training tool to
assess fire- or crash-damaged aircraft, or augment the diagnostic tools available in programmed depot maintenance.

ACC()mp“Shment When combined with highly versatile interactive
electronic technical manual (IETM) aircraft technical data, the ABDAR
assessment logic decreased assessment time 72% over a standard paper-based
assessment, while at the same time increasing accuracy by 96%. Using less
advanced interactive portable document format (IPDF) aircraft data, ABDAR
improved time by 41% and accuracy by 80% over a paper-based assessment.
ABDAR also shows that F-15 flightline mechanics can perform assessments
almost as well as system specialists when using this system.

BaCkgr ound Specially trained Air Force Materiel Command Combat
Logistics Support Squadrons perform ABDR to restore maximum mission
capability to combat-damaged aircraft in minimum time. The first step in
restoring capability to an aircraft is to assess the extent of damage to the aircraft,
which frequently takes longer than the repair process.

The directorate’s ABDAR program researches methods to apply advanced
assessment logic in conjunction with electronic technical information to improve
aircraft damage assessment. The program began with user interviews to identify
and define requirements. The directorate then designed and developed an
ABDAR demonstration system based on the requirement study.

The demonstration system’s portable maintenance aid provides all the information the user requires including assessment
and repair logic, technical orders, part information, wiring schematics, and troubleshooting data. Directorate engineers
developed technical data using both the IPDF and IETM format. A graphical user interface allows users to easily access and
comprehend ABDAR information. A directorate-conducted field test evaluated the effectiveness of IPDF- and |ETM-based

data, compared to the current paper-based data.




“Training for Dynamic Aerospace
Control” Demonstration

Payoff The Human Effectiveness Directorate’s Warfighter Training Research Division presented engineering, training, and
behavioral solutions for the conduct of asymmetric coalition force operations training at the Air Force Technology Exposition 2000.
The Division’s “Training for Dynamic Aerospace Control” demonstrated the real-time training potential of ground-based, high fidelity
training environments for command and control readiness training in a multi-site, networked environment.

Accomplishment Using a unique, laboratory-developed solution, directorate engineers connected the show site (Marriott
Wardman, Washington, D.C.) to the directorate’s Distributed Mission Training (DMT) test bed in Mesa, Arizona, over a one megabit-
per-second Internet connection using encryption devices at both ends. The local area network in the Mesa test bed consisted of
three additional F-16C Multi Task Trainers (MTTs) and an A-10 Unit Training Device. The engineers connected the DMT test bed
with a primary rate integrated services digital network line (equivalent toa T-1,
|.5 megabit-per-second data line) to two Royal Air Force Tornado simulators,
one virtual and one constructive, provided by Thomson Training and Simulation
of Crawley, United Kingdom.

Other networked elements included an E-8 Joint Stars virtual simulation, a virtual
Airborne Warning and Control System, E-3B Weapons Director simulator, a
virtual Space Maneuvering Vehicle concept simulator, one Predator uninhabited
air vehicle (UAV) MTT, joint semi-automated forces for multiple friendly (blue)
and enemy (red) intelligent agent constructive forces, the Automated Threat
Engagement System for multiple blue and red forces, and a Mission Control
Station. During the real-time demonstration, all virtual players could see, fly
with, and talk to each other.

The demonstration focused on training to accomplish the six stages of the
operational chain: find, fix, track, target, engage, and assess. The directorate
designed the training scenario to emulate a combined air operation event. Mission
elements included suppression of enemy air defenses, offensive counter air, close
tactical control for air-to-air engagements, air-to-ground strike missions, real-time
reconnaissance with Joint Stars and the UAV, use of overhead space assets, and
real-time re-targeting by the Combined Air Operations Center of F-|16s and A-10s
against Scuds and moving tank columns. The performance of the networks, the
quality of the voice transmissions, and the overall validity of the training concepts
were unqualified successes.

Backgrﬂund The Warfighter Training Research Division conducted the demonstration using technology assets
and simulation interoperability communication protocols currently in existence for distributed air and ground simulations.
The demonstration also supported virtual representations of major components of the command and control infrastructure
in both the United States and the United Kingdom. The Air Force Association invited the Warfighter Training Research
Division to the 2000 exposition because of their outstanding performance at the 1999 Aerospace Technology Exposition

and Annual Convention.



Configurable Aerospace Command Center
Master Caution Panel Supports Warfighter

Payoff Information Directorate engineers demonstrated the Configurable Aerospace Command Center (CACC) Master
Caution Panel (MCP) during Joint Expeditionary Force Experiment (JEFX) 2000. JEFX 2000 is a major exercise used to expedite
building the expeditionary Air Force for the 2| st century. JEFX uses live fly and simulations to evaluate new operational concepts and
emerging technologies. This exercise features a number of experiments focusing on agile combat support and time-critical targeting.
The MCP met or exceeded all criteria during the Air Force Experimentation Office’s evaluation.

Accomplishment Directorate
engineers delivered and installed the new
Java-based version of MCP at multiple sites.
The demonstration included an automatic
display of the health status of the JEFX
networks using BBN Technologies’
information management system and
Hewlett-Packard OpenView, the network
management system used by the JEFX
Networks Operation Center.

Background The directorate’s
Systems Concepts and Applications Branch,
working closely with the Aerospace
Command and Control Intelligence Surveillance and Reconnaissance Center (AC2ISRC), developed user interface modifications
according to the Joint Battlespace Infosphere Management Process initiative. The Human Effectiveness Directorate’s Crew System
Interface Division performed task analysis of warfighter needs for the MCP.  The operational experience and direction of the
JEFX participants assisted the developers in building upon the delivered version of MCP, yielding a more robust capability to the
warfighter.

Directorate engineers installed the new Java-based version at Hurlburt Field, Florida; Nellis AFB, Nevada; and Langley
AFB, Virginia. Electronic Systems Command and the AC2ISRC upgraded the MCP program to a category | advanced
technology demonstration.




AFRL Successfully Demonstrates
Theater Ballistic Missile Reasoner

Payoff Alphatech and the Information Directorate’s Fusion and Intelligent Information Systems Branches demonstrated
Alphatech’s Theater Ballistic Missile (TBM) Reasoner at the Joint Expeditionary Force Experiment (JEFX) 2000. JEFX 2000, a
large- scale experiment preparing the Air Force for the challenges of the 2 st century expeditionary operations, features a number
of smaller experiments focusing on agile combat support and time-critical targeting. The TBM Reasoner provides the capability
to support the increased operational tempo of intelligence, surveillance, and reconnaissance (ISR) collection and attack operations
against TBM time-critical targets through the integration of fusion and knowledge-based technologies.

I
Fite Reaitime  Playback  [iltering  Seftings  Run

Accomplishment  The TBM Reasoner
helps identify TBM objects from sensor data in near
real time and generates named areas of interest to
focus ISR planning/collection and updates of intelligence
preparation of the battlefield. The TBM Reasoner
also uses movement analysis/TBM identification to
discriminate against postulated enemy courses of
action.

Background Current manual methods for finding TBMs are not successful. The state of practice for the identification
of TBM vebhicles requires analysts to sift through large amounts of data, seeking patterns of activity consistent with expected
TBM vehicle behavior. Analysts do not examine as much as 80% of the data due to information overload. The TBM Reasoner
uses knowledge base and other artificial intelligence techniques to assist the analyst in the near real-time identification of
TBM vehicles. The general consensus of potential Air Force users of the TBM Reasoner was that the technology is extremely
valuable and needed. Other potential application areas for the TBM Reasoner include locating engineering bridging units
and drug smuggling watercraft.



Information Directorate Program Passes
NASA Review for Space Shuttle Flight

P'd)’()ff The National Aeronautics and Space Administration (NASA) approved an Information Directorate miniature
self-inspection system payload for inclusion on the Space Shuttle. This self-inspection system enhances satellite command and
control operations by providing active onboard imaging capability to assess spacecraft damages from man-made or environmental
threats, monitors launch operations, and augments servicing operations.

Accomplishment The directorate’s miniature
self-inspection system provides decision makers with a
rapid feedback capability for detection and response to
spacecraft anomalies for maintaining ultimate satellite
longevity. Directorate engineers can develop the miniature
self-inspection system for a particular space system or for
carrying aboard virtually any host vehicle.

Operationally, the directorate’s self-inspection system
demonstrates the capability to store a miniature self-
inspection system that can be released to conduct
surveillance of its host vehicle for independent situational
awareness. Once released from the host, the directorate’s
miniature self-inspection system assumes full autonomous
control by using inertial sensors, microthrusters, reaction
wheels, and high-level “smart” processing.

The directorate’s miniature self-inspection system can either downlink image data in real time to the ground station or
store it for downlink for future passes over the ground station. The directorate developed two concepts: “Space Onboard
Servicer and Space Onboard Protector.” The directorate’s miniature self-inspection system provides the basis for implementing
required proof-of-concept for each.

Background The directorate’s Advanced Computing Architecture Branch met with NASA for a combined safety review of
puting ty

this miniature self-inspection system payload. The NASA safety panel meticulously reviewed the directorate’s miniature self-inspection

system hardware for any concerns or hazards that could impact mission and flight crew safety.

Representatives from the Aerospace Corporation (the program’s hardware integrator), the directorate, and NASA gathered and
met all safety board requirements. The uniqueness of the directorate’s miniature self-inspection system payload and the thorough
design of the hardware allowed NASA to combine the first three safety reviews into one. NASA stated that this self-inspection
system is the smallest payload ever deployed by the Space Shuttle program. The miniature self-inspection system's small size and
mass (less than | kg) allow it to fly in previously unusable cargo bay locations.



Laser Shock Peening - the Right
Technology at the Right Time

Payoff The Materials and Manufacturing Directorate is developing a laser shock peening (LSP) process that toughens aircraft
turbine engine blades greater than five times the normal fatigue strength. Tougher engine blades result in greater resistance to
foreign object damage (FOD) and less risk to aircraft and pilots. This technology provides a cost avoidance of over $100 million
above and beyond the savings in preflight inspections and aircraft losses.

ACC()mpliShme“t Application of this
technology avoided over $59 million in reduced blade
replacement costs, reduced secondary damage engine
repair costs, and avoided cost from airfoil failures.
Avoiding 42 catastrophic failures over the remaining
life of the B-I1B/FI0I program may result in another
$40 million cost avoidance savings. This, added to
the money saved by avoiding the redesign of the
F119, is a cost avoidance of more than $100 million.
Directorate engineers project a similar impact on the
F110. Potential savings could easily approach $1 billion
when calculating this impact over all the engines in the
Air Force fleet.
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Background Beginningin 1991, the B-I'sF 10

engine began experiencing failures of titanium turbine

blades due to FOD caused by ice and hard objects ingested into the engine. Chunks of blades that broke loose, in some cases,
did irreparable damage on the rest of the engine. General Electric Aircraft Engines (GEAE), under license from Battelle Memorial
Institute, investigated the little known technology, called LSP, as a potential solution to increase the durability of titanium fan blades
and decrease the sensitivity to FOD.

LSP uses a strong laser pulse to impart high compressive residual stresses into the leading-edge surface of metal blades.
The laser pulse ignites a blast or shock wave from the specially coated surface of the blade. The expansion of the blast
wave then creates a travelling stress wave into the blade, thereby compressing the material surface. The resulting surface
compressive residual stress significantly improves the high-cycle fatigue properties of the blade and greatly increases resistance
to blade failure caused by FOD.

In 1995, the Air Force decided to move ahead with the production development of LSP technology, bringing this technology
out of the lab and into the production environment. By 1997, GEAE proved the beneficial effects of LSP and began production
of titanium blades. Current Air Force efforts with LSP Technologies, supplier of commercial laser equipment and services,
focused on maturing LSP manufacturing capabilities and implementing commercially affordable production manufacturing cells
for application to turbine engine blades and components. While this new technology's production costs are relatively high, the
benefits far outweigh inspection and replacement costs.



Ceramic Materials Technology Streamlines
Aircraft Component Inspection Process

Payoff Research shows a new ceramic calibration block (MACOR™), incorporating thin-gage wire, is an acceptable substitute
for the current electro-discharge machined (EDM) blocks used for the standard retirement for cause (RFC) calibration. Using the
MACOR block concept requires no change in the scanning pattern, system software, or gain calibration, and saves time by reducing
the number of index scans required. Aside from reductions in calibration times, the benefits include a 50% reduction in block cost
and significant reductions in the property control and utilization logistics associated with the EDM notch calibration blocks. Air
Force aircraft using turbine engines will benefit greatly from these improvements.

Accomplishment Scientists and engineers at the Materials and Manufacturing Directorate, working with the University
of Dayton Research Institute identified an efficient, cost-effective means for improving one of the inspection processes for turbine
engine components and other critical aircraft parts. The researchers identified and developed a ceramic calibration block concept
to replace all EDM blocks currently used to set the gain and phase angle for RFC-based eddy current inspections. Directorate
engineers expect the new block, made of a machinable ceramic material called MACOR, to save several hundred dollars per block
and simplify the inspection process, as well as ensure the reliability of component part life-expectancy testing.

Background In the current budgetary
environment, the Air Force often uses fielded
equipment beyond its design life. To avoid the
large cost of replacing critical rotating parts, an
RFC program may prove to be a cost-effective,
safe alternative. Studies indicate, for example,
that about 80% of the parts replaced at low-
cycle, fatigue-calculated, “safe life” limits have
an order of magnitude or more of remaining
fatigue life. The Air Force currently uses RFC
to manage part life for several of its gas turbine
engines.

Successfully implementing turbine engine
component RFC requires automated eddy
current inspection stations that locate and measure part defects accurately. Eddy current probes used for performing the inspections
require a fast, reliable method for calibrating inspection probe sensitivity prior to each use.

Each part tested requires standard reference samples because, without a standard reference, eddy current inspections are of little
value. Each calibration consists of two steps: phase calibration and gain calibration. The phase calibration requires an artifact using
the same alloy as the evaluated engine part. The gain calibration requires a sample defect made in a repeatable fashion. Currently,
these simulated defects are EDM notches in engine material samples.




Materials Engineers Improve
Reliability of C-17 Landing Gear

Payoff Rapid deployment of a fix for C-17 landing gear problems eliminated a major operational and safety concern in
the C-17 fleet and will provide the Air Force a cost avoidance of more than $500,000 for each failure eliminated. Elimination
of this failure mode also increases mission readiness.

Accomplishment Engineers from the Materials and Manufacturing Directorate, working with members of the C-17
System Program Office and two Safety Investigation Boards, solved a landing gear failure problem on the C-17 aircraft. Their rapid
analysis recommended use of the C- |7 trunnion collar—a new design that provides fatigue-resistant thread roots.

Background During routine landing of a C-17 aircraft, the main landing gear failed upon impact and folded into the plane’s
fuselage. Responding to a request from the Safety Investigation Board, engineers from the directorate’s Systems Support Division
analyzed the landing gear structure to determine the reason for failure.

Analysis included a detailed examination
of fracture surfaces using optical
and scanning electron microscopes,
and energy dispersive spectroscopy.
Engineers also performed cross-sectional
analysis including dimensional verification,
base alloy metallurgical analysis of the
chemistry, microstructure and hardness,
and a residual stress survey using X-ray
diffraction. In addition, they reviewed
the manufacturer’s processes that would
affect the fatigue initiation performance
of this component.

Directorate engineers determined the
trunnion collar, a mechanism that keeps
the 10 ftlong, 800 Ib gear straight with the
wheel well, to be the problem. Threads
cut in the trunnion collar, where a fatigue flaw initiated, use a non-standard “buttress” thread cut. Engineers use the buttress cut,
designed for axial loads, when the applied loading is primarily in one direction.

Directorate engineers found this type of cut produced a high-stress concentration located at the thread root that causes
fatigue crack initiation. To prevent fatigue initiation, the collar required a more uniform stress distribution, so the engineers
recommended a larger root radius thread.

Procedures developed by the materials engineers helped the Air Mobility Command implement the fix on the entire fleet in
just six weeks. Long term, the program office will field a further enhanced trunnion collar, incorporating both the gentler root
radius threads as well as an increased cross-sectional area.



Predicting the Remaining Useful Life
of Composite Aircraft Structures

Payoff Predicting the remaining useful life of composite aircraft components using nondestructive test (NDT) data has
operational and economic importance for military and commercial aviation. By accurately identifying the significance and existence
of structural deterioration or damage, aircraft maintainers can employ repair resources more intelligently, thus enabling greater
efficiency, performance, reliability, and confidence, all at a lower maintenance cost.

Accomplishment Research sponsored and supported by the Materials and Manufacturing Directorate proved the
possibility of predicting the residual useful life of advanced composite aircraft structures using NDT data. Aircraft maintainers can
apply the analytic framework developed to a broad class of composite aircraft structures to improve the effectiveness and efficiency
of composite repair resources and provide substantial reductions in aircraft maintenance costs.

Background Modern aircraft and aerospace vehicles
are heterogeneous structures comprised of complex mixtures
of composite and metallic materials. Substandard fabrication
procedures, environmental exposure and handling, or service
damage can all have a negative impact on the mechanical
integrity of these structures without affecting their visual
appearance.
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In composite structures, material discontinuities can consist
of delamination, matrix cracking, fiber fracture, voids,
porosity, inclusions of foreign objects, and bond failure.
Aircraft maintainers consider periodic characterization by
various NDT methods an important aspect of ensuring
reliable performance for composite components subject to
increasingly demanding structural requirements.

Dr. Jocelyn M. Seng, a directorate scientist and engineer, worked with Dr. Raymond |. Nagem of Boston University, and
Dr. James H. Williams, Jr. of the Massachusetts Institute of Technology, to combine NDT data with structural design data.
They combined this data with material degradation models to formulate a residual life prediction model for the Harrier
Jump Jet’s horizontal stabilizer.

The team defined the structural integrity state and operational failure criteria for the stabilizer and developed an analytical paradigm
for predicting its remaining useful life. The analytic framework developed as a result of the project is applicable to a broad class of
composite aircraft structures and could lead to more effective, more efficient use of composite repair resources, extended use of
composite structures, and substantial reductions in aircraft maintenance costs.




JASSM Program Completes Successful
Series of Sympathetic Detonation Tests

Payoff The Joint Air-to-Surface Stand-off Missile (JASSM) may become the first munition item to obtain insensitive munition
(IM) certification and a |.2.3 hazard classification. Currently, almost all munition items are hazard classified |.1. This certification
and classification reflect improvements in the munition that greatly reduce both the threat for accidental initiation of the item and the
severity in case of an inadvertent initiation. The safety implications and reduced costs associated with storage of such [M-compliant
munitions are of significant benefit to both the US Air Force and Navy customers.

Accomplishment The JASSM Joint Program Office and Lockheed Martin have something to celebrate. With full support
of the Munitions Directorate’s Energetic Materials Branch, the JASSM warhead and All-Up-Round passed some of the most difficult
tests for obtaining IM certification and a reduced explosive hazard classification (1.2.3).

Background After a disappointing failure
of the first JASSM warhead during sympathetic
detonation testing, engineers from Lockheed Martin
asked the Energetic Materials Branch to analyze the
failure. Drawing on previous experience in the
development of IM-compliant Mk-82 bombs filled
with the newly developed AFX-645 explosive,
the directorate recommended a non-standard
pallet stacking arrangement. This new stacking
arrangement mitigates the energy transferred
during sympathetic detonation from one munition
to the next.

Lockheed Martin engineers tested this configuration
in a hydrocode study and confirmed that the
directorate’s suggestions did provide a significant
improvement for survival. Lockheed Martin further improved this concept by positioning the JASSM warheads side by side in a
nose-to-tail configuration. The engineers placed the warhead casings as close as possible, preventing a sympathetic detonation from
occuring. Lockheed Martin engineers performed a new test using this storage configuration and successfully passed the sympathetic
detonation criterion.

To date, the directorate and Lockheed Martin have accomplished all required IM classification testing, while hazard classification
testing is nearly complete. This is a major milestone since it is the first time a major Air Force weapon system has passed
all required IM testing.

The Energetic Materials Branch developed AFX-757, the explosive fill used in JASSM, as a replacement for tritonal in the Miniature
Munition Technology program. Lockheed Martin, the JASSM contractor, chose AFX-757 for their warhead because of its
increased blast energy and potential insensitivity.



MEMS IMU Calibration and
Alignment Program

Payoff The Microelectromechanical systems (MEMS) inertial measurement unit (IMU) calibration and alignment (MICA)
transfer alignment algorithm benefits any MEMS IMU exhibiting 50-200%hr gyro drift rates and up to 10%hr bias in-run stability
errors. The algorithm allows an aligned and calibrated MEMS IMU to navigate with accuracy similar to that of a conventional
tactical-grade IMU during the weapon'’s post-alignment trajectory. Improved navigation accuracy provides a technology transition
opportunity to weapons programs (like the Wind Corrected Munitions Dispenser program) that require near-tactical grade weapon
accuracy for relatively short weapon delivery trajectories.

A(‘.complish MeNnt  The Munitions Directorate, in partnership with System Dynamics International, recently completed the
first ever F-16 flight tests of a MEMS IMU. The flight tests demonstrated the viability of MEMS IMU technology and the effectiveness
of an innovative transfer alignment algorithm called the MICA algorithm.

Researchers designed the MICA algorithm to accurately align the MEMS IMU and substantially calibrate its low-grade (100°/hr)
MEMS gyros using data provided by the aircraft’s inertial navigation system. The MICA algorithm consists of a conventional
integrated velocity-match Kalman filter augmented with
yaw attitude-match measurements and two associated
filter state variables.

These innovations provide a continuous calibration of the
yaw gyro and suppress IMU heading error growth during
the low-dynamic cruise segments of the aircraft’s alignment
trajectory. After a successful series of laboratory and van
tests, F- 16 captive-carry flight tests demonstrated that the
low-grade MEMS IMU, when aligned and calibrated with
the MICA algorithm, achieved unaided navigation accuracy
comparable to a 5°/hr optical-gyro IMU.

Backgrou Nd  AFRL and the Defense Advanced Research Projects Agency are currently pursuing several programs, which
specify requirements for small, low-cost IMUs for tactical air-launched weapons. Specifically, investigations are under way to
determine the suitability of MEMS sensors and ultimately MEMS-based IMUs for these applications.

Currently, MEMS gyro errors are approximately one to two orders of magnitude larger than those associated with the more
mature and costly optical gyro IMUs (e.g., ring laser gyros and fiber optic gyros). For most tactical weapon systems, these
large MEMS gyro errors induce prohibitively large weapon miss distances (hundreds of meters), virtually eliminating MEMS
IMUs from serious consideration.

Ongoing research efforts to develop a practical 1-10%hr MEMS gyro are several years away from completion. However, the
Air Force recognized near-term MEMS IMUs as viable candidates for tactical weapon systems if researchers developed an
advanced algorithm to reliably calibrate and align the MEMS IMUs during prelaunch transfer alignment. This approach provides
a software solution to a current hardware limitation, thereby allowing system designers to use small, low-cost MEMS IMUs
without sacrificing weapon system performance. m




Instrumented Reusable Blast Pad
Provides Reliable Data

Payoﬁ The Munitions Directorate, located at Eglin Air Force Base, Florida, completed the design, fabrication, and assembly
of a unique, highly instrumented, reusable blast pad. Innovative features incorporated in the blast pad allow directorate engineers
to obtain blast pressure measurements reliably in blast environments characterized by high-intensity pressure loads and severe
fragmentation. Munitions engineers need these measurements to develop explosive source models more representative of realistic
Air Force munitions, a critical aspect of simulation tools used for warhead designs of the future.

Accomplishment  The data from blast pad
experiments will provide more accurate explosive source
models to Air Force simulation tools. As a direct result,
directorate engineers will perform Air Force simulations of
concept and inventory munitions with explosive source models
that place more accurate blast loads on targets. Engineers
will perform concept evaluations, analyses of alternatives,
and other studies of munitions effectiveness with greater
confidence of predicted structural damage.

The instrumented blast pad will also support other explosive
and warhead development efforts at the directorate. By
locating the blast pad, the directorate capitalized on the
existing range infrastructure and workforce. The directorate
continues its munitions development cost reduction pursuits
by improving the ability to simulate innovative warhead designs
instead of relying on expensive full-scale experiments.

Backgrou Nd  Directorate personnel conceptualized a new and innovative experimental approach for characterizing the
blast output of realistic munitions by constructing a special blast pad that incorporated features needed for cased explosive charges,
yet closely approximated a classic hemispherical surface burst experiment. This apparatus, referred to as the instrumented blast pad,
consists of a 140 ft by 80 ft by 8 in. thick concrete slab with a specially designed replaceable detonation area.

Directorate engineers can reliably measure blast pressures and arrival times regardless of the nature of the explosive source tested.

Experiments with the instrumented blast pad should provide detailed characterization of the blast environment from realistic cased
charges (e.g., munitions or warheads) without the analysis problems posed by traditional arena tests.



TECH CONNECT - AFRL’s Technology
Information Clearinghouse

Payoff From the maintainer on the flight line to overseas logistics directors, TECH CONNECT finds information quickly
for customers who can submit queries by phone, email, in person, or at conferences/displays. Customers report an average
savings of 61 hours of research each time they use this service. TECH CONNECT searches a number of federal databases
and the World Wide Web, and has strong ties to the technology transfer effort, using the technology transfer focal points as

their primary contacts within the AFRL directorates.

ACC()mpliShme“t TECH CONNECT relies upon the expertise
of scientists and engineers in AFRL who may have novel solutions to
answer technology needs. However, TECH CONNECT also assists
AFRL personnel.

TECH CONNECT can research ongoing Department of Defense (DoD)
efforts, using Air Force sources as well as Army and Navy, through Tri-
Service Network (TriNET), an e-mail network to share science and
technology information. TriNET encourages rapid teaming to help
satisfy common requirements, enhances rapid responses to requested
technology information needs, shares technology information, and reduces
the workload involved in finding technical area experts.

For example, a logistics contractor with the Aeronautical Systems Center
wanted information on aviator night vision compatibility testing. TECH
CONNECT sent a TriNET message to DoD and received input from
the Army Night Vision Office at Fort Belvoir, Virginia, the Naval Aircrew
Systems Office in Patuxent River Maryland, and several other government
agencies (AFRL/MLP, AFRL/HEC, ASC-YF, and WR-ALC/TIE). In another
request, a FedEx customer wanted information on pilot selection and
performance capability. TECH CONNECT received feedback from the
Navy with points of contact at Pensacola’s Operational Medical Institute

and the Naval Aerospace Medical Research Laboratory, from the Army science advisor at Fort Hood with points of contact for both
fixed and rotary aircraft, from AFRL/DE, and from the University of Florida's Gulf Coast Alliance for Transfer.

Background TECH CONNECT averages over |,500 requests per year. About 30% come from DoD, 5% from academia,
and 65% from the private sector. Any company, academic institution, or business may contact TECH CONNECT to locate a scientist
or engineer who can answer questions on the desired technology, or learn about specific technology opportunities.

TECH CONNECT is the contact point for AFRL Success Stories and AFRL's quarterly magazine, Technology Horizons®.
TECH CONNECT provides customers with additional information on articles in the magazine and available literature.
The TECH CONNECT office, located within AFRL/XP at Wright-Patterson AFB, Ohio, provides this service free of
charge. For more information, call (800) 203-6451, DSN 986-9030, e-mail afteccon@wpafb.af.mil, or visit the web site:

http://www.afrl.af mil[techconn/index.htm.



Radar-Based Target Identification
Capability Developed for AWACS

Payoff Current identification (ID) capabilities, combined with restrictive rules of engagement, often result in very
limited ID ranges, which limit weapons engagement ranges. The technical breakthroughs achieved in the radar-based target
capability identification (RTCID) effort and their application to the E-3 Airborne Warning and Control System (AWACS) radar
system provide reliable target ID at significant target ranges. Such long-range target ID information is available in real time to
fighter aircraft for more effective use of advanced medium-range air-to-air missile and improved overall combat effectiveness
of current and future Air Force weapons systems.

Accomplishment Sensors
Directorate engineers, working with
Northrop Grumman’s Electronic Sensors
and Systems Sector, andtheirsubcontractor,
JJM Systems of Jamison, Pennsylvania,
developed a long-range, non-cooperative
target D capability for the AWACS aircraft.
Directorate engineers flight tested RTCID
at the all-service combat identification
evaluation team (ASCIET) exercise. The
Information Directorate’s Hostile Target
ID program sponsored this advanced
technology demonstration (ATD).

Background Fire control-type radar systems historically performed target ID functions. The Air Force expressed an
interest in adding a radar-based, non-cooperative target identification (NCTI) capability to the E-3 AWACS. Recent conflicts and
ASCIET testing demonstrated both a lack of adequate target ID capability and the value of adding such a capability to surveillance
and command and control systems.

Past efforts investigated the addition of various target ID techniques for AWACS with limited success. This ID solution does not
impact radar performance and uses existing modes of the radar. The RTCID ATD provides both a method and architecture for
adding an NCTI capability to the AWACS, while providing a timely, high-confidence ID source for fusion with other onboard
and offboard sources of ID information.



Low-Cost Digital Electronic
Warfare Receiver

Payoff Scientists at the Sensors Directorate designed and developed Monobit, an affordable cueing receiver, which processes
and detects simultaneous signals to enhance situation awareness. This new design uses a cost-effective and reprogrammable field
programmable gate array. The multiple-chip module (MCM) design integrates all the components, greatly reducing size, weight, and
power. The Monobit receiver improves and upgrades the performance of tactical; strategic; intelligence, surveillance, reconnaissance;
and space systems to improve warfighting capabilities.

Accom pIISh Ment Directorate scientists demonstrated a low-cost digital electronic warfare (EW) receiver that processes
two simultaneous signals in | GHz bandwidth. This new receiver, manufactured on a single MCM, will provide 20 times the reduction
in weight, 10 times the reduction in power, and less than |% false alarm rate with improved reliability.

Background In EW, a broadband radio
receiver, such as the instantaneous frequency
measurement receiver, senses a target by
intercepting an incoming radio frequency (RF) signal.
Directorate scientists designed and developed a
new, unique, and simple-to-implement EW receiver
called the Monobit receiver. The hardware consists
of an RF front-end, analog-to-digital converter; de-
multiplexer; and a signal-processing chip.

This new digitized EW receiver handles two
simultaneous signal sources and provides the
operator with information indicating detection of a
hostile signal. The basis of the receiver is real-time

application of the discrete Fourier transform mathematical function with a single binary-bit kernel function. The Fourier transform,
accomplished through the mathematical operations of addition and subtraction, eliminates the multiplication operation and enables

much higher speed signal-processing.




Real-Time Infrared Scene Simulator
Transitioned and Commercialized

Payoﬁ The Real-Time Infrared Scene Simulator (RISS), a Small Business Innovation Research (SBIR)-funded breakthrough,
provides simulation technology for rapidly implementing software modifications to infrared missile warning receivers and significantly
reduces response time and cost for meeting urgent operational needs. RISS is a new core simulation technology that revolutionizes
the Air Force methodology for developing software changes for electro-optical missile warning receivers.

Accomplishment  Under the Air Force SBIR
program, the Sensors Directorate developed, demonstrated,
and transitioned real-time hardware-in-the-loop simulation
technology enabling Warner-Robins Air Logistics Center
(WR-ALC) to meet critical United States Special Operations
Command (USSOCOM) mission needs. This technology is
the result of highly successful leading- edge SBIR research
by Amherst Systems, Inc. of Buffalo, New York. Amherst
Systems’ engineers commerecialized this pioneering SBIR
technology breakthrough as one of their standard simulator
products for the development and integration of electro-
optical missile warning receivers for Department of Defense
weapon systems.

Background The Electronic Warfare Branch applied
two SBIR Phase Il initiatives with their Integrated Defensive
Avionics Laboratory to a USSOCOM special operations force need for a rapid prototyping capability to modify infrared missile warning
receiver software. The Electronic Warfare Branch worked with the WR-ALC Electronic Warfare Management Directorate’s Special
Programs Engineering Branch aad the SBIR contractors to form a government/contractor integrated product team to transition this
SBIR technology and meet the urgent USSOCOM need.

This team’s effort resulted in the development and transition of RISS, enabling WR-ALC to develop their Missile Warning
Receivers Integrated Support Station, a revolutionary concept for rapidly modifying the software of electro-optical missile
warning receivers. This technology provides an unprecedented cost-effective capability for developing and implementing
these software changes in a laboratory environment through high fidelity hardware-in-the-loop simulation, significantly reducing
the requirements for flight test.



Mobile Test Van Adds
New Testing Capabilities

Payoﬁ The mobile test van is a proven autonomous, stand-alone system that is a valuable resource capable of generating
coherent and non-coherent electronic attack signals. Technicians can set up the test van in nearly any terrain. Technicians can tailor
the van, a flexible and dynamic system, to nearly any test conditions required. At a reasonable cost, the test van is adept for quick
reaction or long-term tests.

Accomplishment Engineersat the Sensors
Directorate developed a mobile test van to assist in
evaluating electronic warfare techniques. The van
is a self-contained resource that generates a variety
of electronic signals simulating battlefield conditions.
Technicians can configure the test van to provide a
diverse array of electronic attack techniques including
non-coherent noise, coherent noise, and coherent
false targets. With this type of capability, engineers
can perform numerous tests with the van on any
terrain at a reasonable cost.

Backgrou Nd  The environment of electronic
warfare is continuously evolving. Directorate
engineers need quick and accurate simulations of a variety of jamming and waveform systems to accurately test new electronic
warfare techniques. The directorate developed the test van to perform these difficult tasks.

The self-sufficient mobile van generates a variety of electronic warfare techniques. It is also highly configurable for multiple
roles including generating synthetic coherent targets, coherent jamming, transponder jamming, noise jamming calibration
targets, and radar parameter characterization.

Housed in a standard Ford truck, the van operates as a stand-alone system qualified to produce frequency coverage from high
frequency to Ku bands for applications ranging from air-to-ground, ground-to-air, space-based or laboratory-based systems. In
addition, man-portable generators are available for autonomous repeater operation that is either synchronous or nonsynchronous
to the radar pulse repetition frequency.




Automated Method to Build Technical
Data Packages for Competitive
Procurements of Spare Parts

Payoﬁ By providing the Defense Logistics Agency (DLA) with technical data packages, the Department of Defense (DoD) can
now outsource the assembly of critical spare parts. Critical parts can be obtained faster, cost less, and possess improved quality
because the technical data packages contain accurate information for the manufacturers. The Technical Data Strategy program
successfully decreased the number of nonexistent and incomplete technical data packages in a six-month period.

Accomplishment Under contract with the Sensors Directorate, Altech Services, Inc. developed conversion and
management software for procuring critical spare parts. Using Standard for the Exchange of Product Model Data (STEP), DLA will
build initial technical data packages for competitive procurements of spare parts.

This program also allows DLA to obtain missing data from the Joint Engineering Data Management Information Control
System (JEDMICS) database. Without these technical data packages to procure new spare parts, many aging aircraft would
lack the necessary parts to fly.

Background Several years ago, the DLA
assumed responsibility from the Air Force Materiel
Command for procuring spare parts for all weapon
systems in the DoD. Aging aircraft and the unwillingness
of the original equipment manufacturers to manufacture
replacement items, components, and parts exacerbated
the problem. DLA requested assistance from the
directorate in analyzing and possibly automating the
current technical data package process.

Teaming with Altech Services, Inc. and the Air Logistics
Center in Oklahoma City, Oklahoma, directorate
engineer Ms. Janice Chinn (pictured) used automated
tracking, MetaPhase® metrics capturing, and STEP
data transferring to begin building and reconstructing
technical data packages for procurement of spare parts.
The directorate’s goal over a 12-month period was to
compile and complete a total of 90 technical data packages for the bidding and procurement process. During the first month, 52
technical data packages containing 2,860 images were consummated. To date, the directorate completed a total of 2,519 technical
data packages for procurement of spare parts for DoD warfighters. The automated methodology to reconstruct and build initial
technical data packages, and obtain the required missing data from JEDMICS and manufacturers is significantly beneficial to the Air
Force E-3, B-1, B-52, and C/K- I35 aging aircraft. As a result of this test program, engineers reduced the average cost to build a
technical data package by more than 50% (from $1050 to $500) per package—a savings of over $1.3 million.




The Integrated Precision Synthetic
Aperture Radar Targeting System

Payoff The Integrated Precision Synthetic Aperture Radar Targeting (IPSART) system is a user-friendly system that allows
researchers to design, analyze, and develop synthetic aperture radar (SAR) targeting techniques with greater precision and at a
faster rate. In addition, IPSART is a learning tool for users with various levels of radar experience. Engineers can use this tool to
perform collaborative work with other agencies and laboratories to produce new technologies and improve current capabilities in

multiple disciplines.

Accomplishment Researchers at the Sensors Directorate developed IPSART, an innovative design tool for modeling and
analysis of airborne radar system performance for precision SAR targeting. IPSART allows research and development organizations

at various locations to perform collaborative engineering.

BaCkgI'Oll N High-resolution SAR targeting capability is vital for
precision-strike mission success. In difficult electronic countermeasure
environments, increasingly sophisticated enemy defenses require
fire control information derived from highly maneuverable aircraft
trajectories rather than traditional straight-and-level flight.

These imaging and targeting conditions impose severe performance
requirements on the sensor’s aircraft motion compensation system
and dictate the need for sophisticated algorithms to counteract the
electromagnetic compatibility threats. The IPSART system develops a
high fidelity end-to-end simulation for realistic SAR targeting in a hostile
environment for a highly maneuverable tactical aircraft.

In order to simulate a complex environment, this system must model a
spotlight SAR, a trajectory generator, and coherent jamming. IPSART
generates synthetic images, which will allow software designers to
determine the best method in designing, developing, or analyzing SAR
targeting capability on current or new SAR systems.

The IPSART tool uses the Cantata graphical user interface to provide

user-friendly operations for a large number of researchers and support a variety of experiments. Cantata is a data flow visual
programming language, which enables the developer to generate a workspace by connecting several functional modules to form a

data flow graph.




Defense Meteorological Satellite
Program CRADA

Payoff The Space Vehicles Directorate and Northrop Grumman Corporation recently signed a $9.103 million Cooperative
Research and Development Agreement (CRADA,) to provide research and development capabilities for the Defense Meteorological
Satellite Program (DMSP) environmental sensors and to help assure continuity of mission support to the warfighter.

Accomplishment The results of this
research will address the needs of both commercial
technology and the Department of Defense (DoD)
by advancing state-of-the-art satellite communications
systems. This CRADA is one of the largest research
initiatives in terms of dollars within the Air Force.
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Background Recently, the DMSP System
Program Office assigned total system performance
responsibility for the DMSP space sensors to
Northrop Grumman. The directorate will provide continued technical support and services to the DMSP through this CRADA.
The Air Force and Northrop Grumman expect to benefit from the relationship and the resulting shared data.

The Air Force benefits include optimally sustaining the DMSP throughout its mission lifetime, compliance with DMSP developments
with the Space Weather Transition Plan, and seamless transition of space weather support to the next-generation National
Polar-orbiting Operational Environmental Satellite System. Northrop Grumman will benefit by allowing the combined technical staffs
to develop and deploy advanced earth-monitoring space sensors in coordination with DoD needs.
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Quantifying Human Performance
Achieves New Accuracies

Newly created Synthetic Task Environments (STEs) can more accurately measure a person’s performance
in the workplace. Now for the first time, scientists can use STEs to compare results of varied influences on Air Force
individual and team performance.

The Air Force Office of Scientific Research’s Chemistry and Life Sciences Directorate and the
Human Effectiveness Directorate funded the research for this landmark measuring tool. The Warfighter Training Research
Division in Mesa, Arizona, and the Information Systems Training Branch at Brooks AFB, Texas, accomplished the research
from 1996 to the present.

The STE approach observes the effectiveness of Air Force personnel on the job and encompasses a complex
array of tasks. The STE gives researchers a flexible tool to gather useful data in areas previously thought difficult and measure
computer-aided instruction, human-computer interfaces, team member interactions, and training interventions.

As a result of the findings, directorate researchers
established a real-time collaborative team research
program on the Internet for government, university, and
small business participation to expand these results into
information fusion, distributed decision making, and human
representation modeling. Researchers tested the STEs
by analyzing the tasks involved in operating unmanned
air vehicles and observing Air Force experts perform
command and control functions in airborne warning and
control aircraft.

Based on the findings, the researchers formulated
computer-based simulations of operational scenarios and
established a benchmark for human performance called
Human Performance Units (HPUs). HPUs enable experts
to make scientific recommendations on how to improve a
worker's performance and the impact of new technology
in the workplace.




New Class of Composite Materials

A new material could prove useful in improving communication by developing new optical lenses, novel antennas
and filters, and other electromagnetic devices. It may even make possible the construction of a “perfect lens,” capable of
focusing light and other forms of radiation to limits not achievable by normal lenses. These advances would offer significant
advantages to many Air Force applications.

Funding from the Physics and Electronics Directorate of the Air Force Office of Scientific Research and
the Defense Advanced Research Projects Agency supported a team of physicists from the University of California, San Diego (UCSD),
who verified predictions for a new class of composite materials. Last year, researchers produced these composite materials believing
they would exhibit behaviors opposite of many fundamental properties commonly associated with composites.

Drs. Richard Shelby, David Smith, and
Sheldon Schultz at UCSD tested earlier theoretical predictions of
new electromagnetic properties. After building a prototype of
their proposed composite from fiberglass and tiny copper wires, the
researchers sent microwaves of the same frequency used in police radar
guns through the material. The microwaves emerged from the sample
with a deflection opposite to that predicted by Snell’s law for ordinary
materials, thus confirming the predictions.

Snell's law describes the angle of refraction—the angle through which
light and other forms of electromagnetic radiation are deflected on
entering water, glass, and other ordinary materials. Physicists refer to
the parameter that determines the degree of deflection caused by a
material as its index of refraction. Normal materials have a “positive”
index of refraction, associated with a deflection produced by the slowing
of light on entering the material.

When radiation enters the new class of composite materials produced
by UCSD researchers, it is bent in the opposite direction, equivalent
to exhibiting a “negative” index of refraction. Since no existing
composite has this property, the UCSD scientists demonstrated the
effect using a metamaterial—a composite material fabricated from
repeated elements, specifically engineered to produce the desired
electromagnetic behavior.

Engineers use the deflection of light by materials, coupled with curved

and patterned structures, such as lenses and gratings, for controlling electromagnetic radiation in optical and microwave systems.
Currently, all optical systems are based on materials with a positive index of refraction. The introduction of materials with a negative
index offers the potential for radically different designs in optical and microwave systems of the future.



Atomic Structure Models Provide Link to
Predictions of Properties of Materials

The Air Force Office of Scientific Research sponsored research to verify the accuracy of a model that predicts certain
aspects of the deformation behavior of metals. This discovery will allow the Air Force to vastly decrease the scope, duration, and
cost of testing materials used in weapon systems.

Since 1998, the Metallic Materials program in the Aerospace and Materials Sciences Directorate funded
two universities involved in the determination of atomic core structure of dislocations in various metals. First, Professor Arthur
Freeman and his colleagues at Northwestern University, created a first-principles model that forecasts the atomic core structure
of dislocations in gold and iridium.

Then, using high-resolution transmission electron microscopy, Professor Kevin Hemker and associates at Johns Hopkins
University, achieved direct resolution of dislocation cores in gold and iridium. Professor Hemker's team proved that previous
calculations by Professor Freeman's group accurately forecasted atomic positions around dislocation cores for several different
dislocation configurations.

Many useful engineering properties of materials depend on the type and distribution of defects in the
arrangements of their atoms. Scientists rely on experiments to establish and validate materials, databases used in design, and selective
use of computations, using physically based models to vastly decrease the scope, duration, and cost of experimental programs.

This computational strategy provides the foundation for programs leading to shorter design cycles that incorporate optimized
techniques for materials selection and processing, resulting in more affordable and reliable weapon systems. Dislocations are the
principal crystal defect responsible for permanent changes in the shape of crystalline materials.

Atomic models of dislocations, based on quantum mechanics, provide the necessary information to explain and predict differences
in the deformation behavior of various metals. This information
forms the basis for computational models that relate the behavior Images of Screw Disiocation Cores In Gold ond iridium
of a material to its thermo-mechanical environment, thus permitting Sod
computations of structure and property changes during processing :
and service.

Experimental verification of structures, based on models, increases
confidence in the prediction of other properties that are more
difficult to measure. Researchers at the Materials and Manufacturing

Directorate developed a hybrid model that couples discrete and ST -

continuum descriptions of the crystal to calculate dislocation core around the core of @ screw disiocation In Molybdenum
structures in molybdenum.
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Results of current research at Johns Hopkins will extend the
capability for linking deformation behavior of these metals to their
atomic structure. This will expand the capability for constructing
accurate models for the design of materials and reduce costs of new
materials.




AFOSR Funds the Development
of a Self-Healing Plastic

Researchers recently reported significant progress in the development of a self-healing plastic. The material
could increase the reliability and service life of thermosetting polymers used in a wide variety of applications ranging from
microelectronics to aerospace. The payoff of this research to the Air Force (AF) could be significant because of the many
polymer-based composites in AF aircraft.

Air Force Office of Scientific Research (AFOSR)-sponsored researchers at the University of lllinois at
Urbana-Champaign (UI) developed a synthetic material that can heal itself when cracked or broken. The research team, inspired
by biological systems in which damage triggers an autonomic healing response, embedded a microencapsulated healing agent and a
special catalyst in a structural composite matrix.

Frequently, structural damage in the form of microcracks develops deep within the aircraft where detection is difficult and repair
becomes almost impossible. However, with this potential new material, the repair process would begin as soon as a microcrack
forms, resulting in more durable aircraft/spacecraft.

Dr. Scott White and his Ul team received
initial and some follow-on funding from a Ul Critical Research
Initiatives grant. In 1999, AFOSR’s Aerospace and Materials
Sciences Directorate awarded the Ul research team a three-year
grant.

When a material cracks, the microcapsules rupture and release the
healing agent into the damaged region through capillary action. As
the healing agent contacts the embedded catalyst, polymerization
initiation bonds the crack’s face closed. Because microcracks are
the precursors to structural failure, the ability to heal will enable
structures to last longer and require less maintenance.

Filling the microcracks may also mitigate the harmful effects of
environmentally assisted degradation such as moisture swelling
and corrosion cracking. This technology could increase the lifetime
of structural components, perhaps by as much as two or three
times. Additionally, the ability to self-repair and restore structural
integrity could extend the lifetimes of printed circuit boards where
microcracks can lead to both mechanical and electrical failure.




Improved Jet Engine Design
from Soot Research

The Air Force Office of Scientific Research (AFOSR) supported research that produced a computational model for the
prediction of soot emissions from gas turbine combustors. This technology led to improved jet engine design, resulting in significant
advancements in environmental emission standards.

Under AFOSR's Aerospace and Materials Sciences Directorate support, Dr. Meredith B. Colket IIl, of
United Technologies Research Center (UTRC) in East Hartford, Connecticut, along with Mr. Robert J. Hall of UTRC, and Professor
Mitchell D. Smooke of Yale University, formulated a dual-phase model for soot production. This model incorporates (1) gas-phase
chemistry to describe the progressive growth of gaseous hydrocarbon molecules to form incipient soot particles, and (2) aerosol
dynamics to predict the agglomeration of these initial soot particles into larger particles found in engine combustor environments.

Arguably, emissions represent the most stringent test of engine design capability. Turbine engines produce
trace amounts of soot and nitrogen oxide emissions in combustors relative to the mass flow rates of fuel and air. However, these
small amounts can cause serious damage to engine components and are stringently regulated due to their adverse environmental
impact.

Engine manufacturers, such as Pratt and Whitney, face these
challenges for both military and commercial engine designs. For
example, Pratt and Whitney's 2037 engine, used for commercial
transportation systems like the Boeing 757 aircraft, is also the
basis for the F117 engine that propels the Air Force C-17 cargo
plane.

Computational tools are essential elements of gas turbine design
as the only cost-effective means to achieve preeminent design
objectives. However, because of limitations in both computational
capability and basic physical understanding, computational design
methods were limited to qualitative screening of alternative
combustor configurations.

Future Department of Defense performance requirements, computational Model of Soot

as elucidated in the advanced phases of the Integrated High
Performance Turbine Engine Technology and the Versatile
Affordable Advanced Turbine Engine programs, will necessitate
new designs that will surpass evolutionary strategies relative to current engine designs. AFOSR research addressed both computational
software and physicochemical deficiencies in order to produce quantitatively accurate computational design methodology.

Dr. Saadat Syed, a Pratt and Whitney Fellow in combustion, recognized the accuracy and computational efficiency of this model
and incorporated a streamlined version into the design methodology for the Pratt and Whitney 6000 aircraft engine. Based
on the test results, Pratt and Whitney projects this engine to comply fully with existing International Aviation Organization

emission standards.



Visual Crack
Measurement System

Structural failures in secondary structures plague aging US Air Force aircraft. The Visual Crack Measurement
System (VCMS) allows researchers to view the crack growth in those structures relative to vibration. This research is
invaluable to the fleet of Air Force aging aircraft. VCMS is useable on composite, as well as aluminum, structures and opens

the door for commercial applications.

The Air Vehicles Directorate successfully
developed the VCMS, which uses temperature sensitive paint (TSP) to
view and measure cracks on a vibrated structure. The VCMS records
the images of fatigue-induced crack growth using a digital camera on a
personal computer. This is the first time researchers obtained plots of
crack length versus cycles for vibrating plates.

A major issue for aging aircraft is structural failure
in secondary structures. Cracks appear in secondary structures due to
turbulent aerodynamic flow, exhaust flow, and high acoustic environments.
The directorate developed a way to reliably slow or stop the crack growth
through bonded composite repairs with added damping to reduce the
vibrations that cause the stresses that, in-turn, cause the cracks. However,
knowing where and when to place the repair on a secondary structure
remained an issue.

Directorate researchers resolved that issue through successful use of the
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VCMS. They conducted an experiment to assess the reduction in fatigue crack growth in secondary aircraft structures with and
without bonded damped fiberglass repair patches. Researchers used eight completely cracked plates to determine the effects of no
patching. They used another 12 plates, cracked to a length of approximately 25 mm, and tested them with patches of structural
adhesive, visoelastic material, and fiberglass. The researchers then used VCMS and TSP to observe crack growth.



SARL Wind
Tunnel Operational

The Air Vehicles Directorate’s Aeronautical Sciences Division recently repaired the Philip P. Antonatos Subsonic
Aerodynamic Research Laboratory (SARL) wind tunnel in-house for a significant savings. Returning this one-of-its-kind wind tunnel to
operational status allows Air Force researchers to perform valuable research and development testing.

The directorate successfully repaired
the SARL wind tunnel, permitting airflow through the tunnel under its
own power. This is the first time the wind tunnel operated in over
two years.

The SARL is the newest of the wind tunnels at Wright-Patterson Air
Force Base (WPAFB), Ohio. It allows 360° optical access and facilitates
high angle-of-attack simulation that cannot be completed elsewhere.
This wind tunnel allows simulations at speeds of Mach 0. 15 to Mach 0.6
(approximately 100 to 450 miles per hour) and accommodates models
with up to a 3 ft wingspan.

The Philip P. Antonatos SARL wind tunnel,
named for former Aeromechanics Division Chief Philip Antonatos, is
the newest of WPAFB’s wind tunnels. This wind tunnel began with
motor and gearbox shakedown, followed by testing two years later.
The SARL is an open circuit subsonic wind tunnel run by a 20,000
horsepower motor. The directorate designed the facility to maximize
flow visualization, with 55% of the test sections constructed of optical
quality Plexiglas® panels that allow the all-around visibility of the test
subject.

In 1998, the SARL wind tunnel suffered a failure of the advanced model
support arc bearing system. Directorate engineers used temporary supports to complete the test season. However, testing that
required the support system to rotate/pitch or allow high angle-of-attack was impossible without the advanced model support.

Months later, directorate engineers began disassembling and removing the 16-plus ft arc sector, weighing over 2.5 tons. The
directorate was unable to use the SARL wind tunnel again until completing the necessary repairs.



Vertical Wind Tunnel Can Now Test
Realistic Aircraft Maneuvers

A new combined motion test capability demonstrated by the Air Vehicles Directorate at Wright-Patterson Air Force
Base, Ohio, will significantly enhance the evaluation and modeling of future highly agile aircraft. This expanded test capability will

also result in a reduction of required test time and a corresponding cost savings.

The directorate recently demonstrated
a new combined motion test capability using a multi-axis test rig in its
vertical wind tunnel (VWT). The combined motion capability identifies
the traditional roll, yaw, and wind axis motions. Combining a roll or
yaw body axis test motion with a rotation about the wind axis rotation
achieves virtually any motion combination.

The ability to simulate and model the aerodynamic
forces and moments generated on highly agile aircraft in maneuvering
flightis difficult. Past efforts only collected data during rotation of a model
around asingle vehicle axis. During an actual aircraft maneuver, however,
the vehicle’s axis of rotation is continually changing.

No existing rig generated the motion of a true maneuver, and researchers
could only study idealized maneuvers using actual wind tunnel test data.
The original multi-axis test rig in the VWT, built with several types of
motion capability, used only one type of motion at a time.
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Under a United States Air Force-funded Small Business Innovation Research program, Bihrle Applied Research of Hampton, Virginia,
modified the rig to simultaneously combine two types of motion. This allowed the rig to simulate virtually any maneuver.



Adaptive Optics
Experiment Completed

The Directed Energy Directorate recently completed an adaptive optics experiment at the directorate’s North
Oscura Peak site in the northern portion of the United States Army's White Sands Missile Range. The experiment demonstrated
how a beam-control system could transmit a laser beam over a long, nearly horizontal path to a moving target. The system also
corrected for the distorting effects of optical turbulence in the atmosphere. If unchecked, optical turbulence could limit the range
and effectiveness of a laser.

Directorate engineers
designed the Dynamic Compensation experiment to
replicate the functionality of the beam control system
on the Airborne Laser (ABL). The experiment will
help keep the ABL program on track by validating its
beam control design against non-cooperative targets.
An improvement factor of 5 to 20 between the
uncompensated and compensated laser spots on the
target was noted. This unprecedented performance
in strong turbulence will pave the way for many future
directed energy applications.

The directorate uses the North Oscura Peak site to conduct research for improving the Air Force’s ability to
track and apply laser energy to destroy missiles. This research benefits the ABL, which uses a laser aboard a jumbo jet to destroy
theater ballistic missiles hundreds of miles away.

Facilities at North Oscura Peak house a |-meter telescope and a beam director that projects a [0-watt scoring laser toward
various targets. The experiment used targets located at a static site, such as Salinas Peak—approximately 35 miles south
of North Oscura Peak, or moving targets on a Cessna Caravan aircraft with an instrumented target board. North Oscura
Peak also has state-of-the-art tracking and adaptive optics systems that correct the outgoing laser beam for the effects of
atmospheric optical turbulence.



Large Membrane Optics and
Compensation Program

The Large Membrane Optics and Compensation program encompasses enabling technologies critical to the
development of ultra lightweight, large aperture, and space-based optical systems. Several Air Force missions, such as beam
projection, surveillance, remote sensing, communications, and imaging, require very large optical apertures in space. The ability
to perform all these missions will provide affordable “virtual global presence” by earth observations and force enhancement for
the warfighter on demand. The ability to reduce the launch weights and compact packaging of the optical system in smaller
launch vehicles will drastically reduce future costs.

The
Directed Energy Directorate built
and tested a one-meter-class optical
membrane mirror in the laboratory.
Directorate engineers accomplished
theoretical work, finite element
modeling, and experimental work for
the in-house laboratory membrane
mirror experiment.

The engineers used liquid crystal-
based optically addressed spatial light
modulators (OASLMs) for wavefront
correction of up to 200 waves of optical
aberrations. The directorate initiated
investigations of beam projection and
relay mirror applications using OASLM.
The directorate established international, domestic, and academic technical relationships for this project. A new experiment, called
the Fully Adaptable Telescope Experiment will exercise the fusion of the membrane mirror and the OASLM technology.

The directorate is investigating membrane mirrors for their lightweight, deployable, compact packaging
and optical characteristics. The approach is to develop a new revolutionary telescope mirror technology using the stress-coated,
net-shape, membrane mirror concept.

These membrane mirrors will form the large apertures in space-based optical systems. However, a membrane mirror coupled
to a deployable, lightweight structure will not meet the precise tolerances needed by optical systems. Active control of the
optical aberrations will be necessary to obtain the precise optical tolerances. The directorate plans to incorporate real-time
holographic optical compensation methods.



ADT Research Team Achieves
Outstanding Success

The directorate is investigating membrane mirrors for their lightweight, deployable, compact packaging and optical
characteristics. The approach is to develop a new revolutionary telescope mirror technology using the stress-coated, net-shape,
membrane mirror concept.

These membrane mirrors will form the large apertures in space-based optical systems. However, a membrane mirror coupled
to a deployable, lightweight structure will not meet the precise tolerances needed by optical systems. Active control of the
optical aberrations will be necessary to obtain the precise optical tolerances. The directorate plans to incorporate real-time
holographic optical compensation methods.

The Directed Energy
Directorate and Human Effectiveness Directorate
Active Denial Technology (ADT) Research Team
completed a United States Air Force Force Protection
Battlelab initiative and demonstration in the field using
an ADT technology demonstration system. These
field tests consisted of a demonstration of power
density at range, and researchers greatly exceeded
all the exit criteria.

The ADT Research Team then conducted a series of
human effects experiments in field tests at tactically
significant ranges and spot sizes. Researchers exposed
82 human test subject volunteers four times each to
the millimeter-wave electromagnetic energy beam,
and observed and documented the resulting repel
effects. The ADT Research Team transitioned these
basic research results into real hardware systems for
potential use by the warfighter.

The ADT Research Team recently completed a nine-month field test and demonstration of their non-lethal
weapons technology. ADT is a breakthrough, non-lethal technology that uses millimeter-wave electromagnetic energy to stop,
deter, and turn back an advancing adversary from relatively long range. Researchers expect ADT to save countless lives by providing
a way to stop individuals without causing injury before a deadly confrontation develops.

The two directorates and the Department of Defense’s Joint Non-Lethal Weapons Directorate developed this technology in
response to needs for field commanders to have options short of the use of deadly force. Peacekeepers can use non-lethal
technologies for protection of defense resources, peacekeeping, humanitarian missions, and other situations in which the

use of lethal force is less than desirable.




High-Power Microwave Source Solves
Long-Standing Efficiency Dilemma

Directed Energy Directorate researchers investigated the Relativistic Klystron Oscillator (RKO) as a potential high-power
microwave (HPM) source for a number of years. The source currently operates at gigawatt power levels and has high efficiency
(>30%). One particularly intriguing feature of the RKO's efficiency, however, eluded explanation over the years.

A number of groups (Mission Research Corporation, The University of Michigan, and The University of California) using
two-dimensional simulation, consistently found that the source should be operating at lower power levels than observed in the
experimental testing of the device. The directorate used their in-house three-dimensional (3-D) parallel particle-in-cell code,
called the Improved Concurrent Electromagnetic Particle-In-Cell (ICEPIC), to model the device in the most comprehensive

way possible. This revealed the source of the discrepancy and paved the way for full deployment of this powerful source
of HPM radiation.

The key feature of
the experiment is that the direct current (DC) in the
device slowly increases over time when modulated
into alternating current (AC) by the radio frequency
(RF) cavities. Researchers included this ramping
current in ICEPIC simulations. The parallel nature of
ICEPIC allows researchers to perform long simulations
in full 3-D that mimic the pulsed power drive of the
experimental system.

The combined effect of the 3-D structure and the
ramping current has shown a new mechanism that
enhances the efficiency of extracting RF from the
modulated beam. The ramping DC current envelope
on a modulated AC current induces a time-varying
inductive voltage on the extractor gap. This effect
increases the amount of HPM produced. With these
effects included, the ICEPIC simulations compare
favorably with experimental observations. These new
simulations explain, for the first time, the enhanced
microwave production seen in the RKO.

Researchers recognize HPM radiation as an effective means of directing energy in military, industrial, and
scientific applications. Among the powerful sources currently under development, the RKO stands apart in terms of efficiency and
robustness. The new inductive mechanism allows the possibility of exceeding the theoretical maximum efficiencies for relativistic
klystrons. The higher efficiency reduces system constraints, leading to smaller pulsed power drivers. The resulting HPM system
can therefore be more compact while retaining the high power needed to meet warfighter needs.



Improved Concurrent Electromagnetic
Particle-in-Cell Models

The Directed Energy Directorate is developing a particle-in-cell (PIC) code, known as Improved Concurrent
Electromagnetic Particle-In-Cell (ICEPIC), that models plasmas kinetically by numerically solving Maxwell's equations coupled with
the Lorentz Force Law for charged particles. ICEPIC simulates collisionless plasma physics phenomena using a Cartesian or cylindrical
grid in two or three dimensions (3-D).

Directorate researchers specifically designed ICEPIC for parallel high-performance computing resources by including several novel
features such as automated partitioning, dynamic load balancing, and an advanced parallel PIC algorithm. ICEPIC adds a high degree
of flexibility and power to the researcher’s tools for high-power microwave (HPM) source simulation.

Directorate researchers
used ICEPIC to perform the first end-to-end 3-D
simulation of the Magnetically Insulated Line Oscillator
(MILO) with a Vlasov antenna as well as the first end-
to-end 3-D simulations of the Relativistic Klystron
Oscillator (RKO) (as shown in the photo). This
included detailed simulations of the three separate
sections: cathode, oscillator circuit, and extractor.

Researchers also used ICEPIC to discover new critical
physics for long-pulse HPM radiation in the MILO and
a novel inductive energy extraction method in the
RKO. In addition, they used ICEPIC to perform 3-D
simulations of the Gyro-Backward Wave Oscillator and
Radial Acceletron.

ICEPIC is written in “C” (a programming language like Pascal or Fortran) and uses the message passing
interface standard to provide portability to a variety of systems. The Air Force Office of Scientific Research funds this software
development effort. The directorate’s High Power Microwave Division collaborates with NumerEx (a subcontractor of Science
Applications International Corporation) in the development of ICEPIC. The Department of Defense High Performance Computing
Modernization Office provides high-performance computing resources for the development and application of ICEPIC.



Muitiblock Arbitrary Coordinate
Hydromagnetics in Three Spatial Dimensions

Multiblock Arbitrary Coordinate Hydromagnetics in three spatial dimensions (MACH3) is a three-dimensional (3-D)
magnetohydrodynamics (MHD) code specifically designed to execute on parallel high-performance computing resources. MACH3
solves the continuum equations for conducting materials that are in the solid, liquid, gas, or plasma states. The software has advanced
numerical methods for computing the time evolution of a magnetic field and its influence on the materials in the simulation.

The Directed Energy Directorate’s High-Power Microwave Division is developing a general-purpose
physics simulation code known as MACH3 to solve the unsteady, non-ideal MHD equations in complex geometries. Researchers
used a structured, arbitrary coordinate 3-D grid for the 3-D version of this software based on the 22-dimensional predecessor
code, MACH2.

The MACH3 design allows researchers to divide and distribute extremely large computational domains into blocks, which are
distributed across multiple computer processors and share common boundary information via the message passing interface standard.
MACHS3 can execute on the largest distributed memory multiple processor computing machines available.

During 2001, researchers used the 2'/2-dimensional predecessor software at over 40 government, university,
and contractor institutions. The code demonstrated 3-D time-dependent simulations of an explosive magnetic flux compression
generator (MCG). An MCG is a compact, pulsed power driver for numerous directed energy concepts.

In addition, researchers conducted 3-D time-dependent simulations of fast z-pinch experiments. Z-pinches generate powerful X-
ray pulses for a variety of laboratory applications. The researchers also used the code for two-dimensional (2-D) time-dependent
simulations of solid shell implosions. Such implosions
can create extremely high pressures that researchers
use to investigate the behavior of matter under extreme
conditions.

Finally, researchers used MACH3 for 2-D and 3-D time-
dependent simulations of high-speed flows in the presence
of plasma. Such flows offer the potential to change the
aerodynamics of hypersonic vehicles.

The fully 3-D code is under development with funding from
the Department of Defense High-Performance Computing
Modernization Office (HPCMO) and from the Air Force
Office of Scientific Research. The directorate’s High-Power
Microwave Division’s high-performance computing team
consists of government researchers and on-site contractors from NumerEx (a subcontractor to Science Applications International
Corporation) to assist in the development of MACH3. Furthermore, the HPCMO provides high-performance computing resources
for the development and application of MACH3.




Laser Damage Studies on
Focal Plane Arrays

Currently, the Directed Energy Directorate is developing a wide variety of military systems containing optical components
and detector elements critical to their function. Concern about our ability to protect our assets from foreign, and sometimes our
own, infrared (IR)-seeking missiles led to a need for a better understanding of the laser damage processes. Several mechanisms
dependent on a variety of laser parameters produce laser damage. Wavelength, which determines if the material is transparent or
absorptive to the radiation, and pulse duration, which determines the primary mechanism for the onset of damage, are among the
variables investigated.

Directorate researchers recently
performed a detailed study of laser damage to IR detector material
and focal plane arrays (FPAs). Experimental results using a variable
pulse format Nd:YAG (1.064 um) laser to damage silicon, platinum
silicon, and indium antimony FPAs elucidate damage as a function
of energy.

Researchers also demonstrated the improved effectiveness of
multiple pulses compared to single pulses on IR detectors. They
discovered that the first pulse of a multiple pulse needs a less amount
of the fluence compared to a single pulse laser. This discovery
significantly impacts the requirements for lasers to defeat FPA-based
IR seeker threats, ultimately resulting in smaller, lighter, and lower-
Cost countermeasure systems.

Determining the optimum damage
mechanism to defeat FPA-based missiles is critical in establishing
future IR countermeasure (IRCM) techniques and designing IRCM
systems. The directorate is conducting extensive research to
determine the optimum laser pulse format for causing catastrophic
damage to FPAs. Directorate researchers conducted the study to
determine functional dependence of IR detectors on pulsewidth
and the effect of single- and multi-shot laser formats.




Directed Energy Directorate
Invents New All Gas Laser

Researchers in the Directed Energy Directorate’s High Power Gas and Chemical Laser Branch have worked on the All
Gas-phase lodine Laser (AGIL) project for the past five years. They believe this laser may have the potential for use in the Airborne
Laser and Space-Based Laser programs.

The directorate
designed AGIL to be more versatile than the
Chemical Oxygen lodine Laser (COIL) invented
by the directorate in 1977. In particular, this new
laser is potentially lighter in weight, operational
in zero gravity environments and, because it is a
purely gas phase reaction laser, will have a built-in
heat rejection via its exhaust. The COIL was the
first continuous wave electronic transition chemical
laser. AGIL is the first continuous wave electronic
transition chemical laser invented since then and,
because of its gaseous form, Air Force officials
believe it will have more utility.

The directorate’s all gas-phase chemical laser, AGIL, creates its light by combining two specific gases—nitrogen
chloride (NCI) and atomic iodine (I). AGIL’s laser light results when electronically excited NCI transfers its energy to | and then
releases the energy in the form of infrared light.

A series of reactions involving chlorine atoms and hydrogen azide generates the electronically excited NCI. Most chemical reactions
do not produce electronically excited products; the reaction that produces the excited NCl is a rare exception.

As the excited | atom relaxes back to its ground state, it produces a photon of light in the near-infrared region of the

electromagnetic spectrum (1.3 microns). A relatively dilute mixture of NCl and | is capable of generating enough light to
produce a low-power laser.



1.3-Micron Diode-Pumped Solid-State Laser
System Used in Laser Radar Research

The Directed Energy Directorate’s Solid State Laser Products Group inserted a |.3-micron diode-pumped solid-
state [aser system into a Munitions Directorate ladar system. Munitions Directorate researchers will use this laser to test receiver
performance and collect metrology data to determine optimal wavelengths for multi-wavelength operation. Multi-wavelength ladar
is an active (illuminator) remote-sensing technique that will enable much greater ability to discern objects since objects have different
reflection properties at different wavelengths.

The directorate developed and built a |.3-micron diode-pumped laser system as part of an Air Force
Office of Scientific Research effort to explore multi-wavelength laser radar. Directorate researchers are currently developing a second
laser, operating at ~2.0 microns, in conjunction with the |.3-micron system. This will allow Munitions Directorate researchers to
explore the potential of such a multi-wavelength system for Air Force use.

The laser is an end-pumped
Nd:YVOA4 laser that produces .| watts average power
at 1.342 microns with a beam quality of 1.2-1.3 at a
Q-switching frequency of 20 KHz. The pump is a
I5-watt Specification or Design Language 3460-P6
fiber-coupled diode array that directorate researchers
packaged into a 19-inch rack mount box containing the
associated electronics to digitally control the diode
output power and temperature via keypad or RS-232
interface. The electronics include a diode current driver,
an acoustic-optic Q-switch driver, thermo-electric
cooler/controller, and a laser interlock system tied to
the diode laser cooling.




Supersonic Carbon Monoxide
Overtone Laser

The Directed Energy Directorate’s Supersonic Carbon Monoxide (CO) Overtone Laser program addresses the need
for high-power 4-micron laser sources. The results of this effort will yield a scalable, frequency-agile device operating between
3.4-4.1 microns, which would make this system an attractive candidate for the Airborne Laser, Space-Based Laser, and Tactical High
Energy Laser demonstration projects. Since the pump mechanism is electrical in nature, closed-cycle operation of the CO Overtone
Laser would lend itself to a compact, flight-worthy design viable for military applications. This device would also be applicable for
remote sensing.

This research yielded
a maximum observed fundamental power (>.5 kW)
utilizing a one-pass resonator. It also characterized
fundamental band multi-line lasing transitions and
demonstratedtunable, single-line lasing on fundamental
band transitions.

More importantly, directorate researchers used
this system to generate low-power overtone lasing
at 2.7 microns. This is the first time researchers
demonstrated lasing on CO overtone bands with a
radio frequency (RF)-pumped supersonic system, and
it was an important first step towards the long-term
goal of CO laser output at 4 microns. In addition,
the directorate’s Chemical Laser Facility (CLF)
established a working relationship with the Lebedev
Physics Institute in Moscow, currently one of the
world’s leading authorities on CO lasers, to help
accomplish further scientific breakthroughs with this
technology.

The directorate is constantly researching the suitability of laser technology to meet Air Force warfighter
requirements. Recent developments with CO lasers show significant potential for their applicability for airborne platforms. The
build-up and testing of a supersonic RF-excited CO laser system has been ongoing at the directorate’s CLF since 1999.



Low-Cost Diode Laser-Based Sensors
Developed for Environmental Monitoring

Through a Small Business Innovation Research (SBIR) Phase | effort, Southwest Sciences showed that near-infrared
diode lasers are useful for the detection of trace gases by optical absorption. As a result of this effort, Southwest Sciences sold diode
laser-based instrumentation for the measurement of combustion gases, including several toxic gases, in tank fires.

Researchers use this instrumentation to characterize the performance of several fire suppressants and to measure concentrations
and time evolution of toxic gases in tank crew compartments. Commercially, Southwest Sciences and an instrument manufacturer
are jointly developing instrumentation for monitoring and process control in the semiconductor industry. The market forecast for
this application alone is several hundred instruments per year.

The Directed Energy Directorate requires the ability to detect trace amounts of moisture to improve
the manufacturing process for microelectronics and semiconductor laser devices. Southwest Sciences exploited the properties
of diode lasers originally designed for applications, such as fiber optic communications and compact disk players, and developed
instrumentation to detect ultratrace (sub parts per billion) levels of
moisture in process gases.

The technology developed by Southwest Sciences has many potential
applications for both the military and commercial sectors. The military
can use this technology to monitor toxic gases on the battlefield and
hazardous gases in rocket launch areas, and provide on-line diagnostics
and control of advanced jet engines. Some promising commerecial
applications include monitoring and control of chemical processes,
monitoring pollutant gas emissions, and measuring trace impurities
in gas processes.

In order to improve the yield of manufacturing
processes and the efficiency of semiconductor laser devices,
manufacturers must closely monitor these processes to control the
amount of moisture present. Many gases have characteristic absorption
bands that overlap the operating wavelengths of these lasers and, in
many cases, it is possible to provide highly selective and sensitive
measurements of trace concentration of these gases.

In Phase |l of this SBIR, Southwest Science focused on the development
of a low-cost diode laser gas sensor that would be marketable for
widespread commercial use. They developed a trace moisture sensor
using a vertical cavity surface-emitting laser with excellent optical and

spectroscopic sensitivities.




Advances in Laser Welding

By assisting Metal Tech Industries in microprocessing thin sheet metal, the Directed Energy Directorate is enabling
the manufacture of many exciting new products. The first commercial application allows the manufacture of large gasket material,
which fills a significant need for the petroleum, marine, locomotive, and chemical industries. These industries needed larger materials
beyond the 1.0 x |.0-meter size for some time.

These industries also have several applications requiring gaskets up to 1.5 x 1.5 meters. Lack of this product required the use of
multipiece flanges. These flanges, which leak, caused many types of quality and environmental problems in manufacturing both
military and civilian products. Manufacturers can use the technology arising
from this effort to manufacture new products. The gasket marketplace
already placed large gasket orders with Metal Tech.

This project addressed several advanced
photonic technologies and their ability to provide exacting beam qualities.
This project provided important insight into those abilities.

Metal Tech Industries, in partnership with the University of Central Florida,
conducted many successful experiments for microwelding sheet metals witha
laser beam in the Laser-Aided Manufacturing, Materials and Microprocessing
Laboratory at the School of Optics/Center for Research and Education in
Optics and Lasers. This research group, headed by Dr. Aravinda Kar, found
that the optical-thermal phenomena in laser welding of sheet metals are
different from those observed in thick metal welding. This finding will play
an important role in manufacturing technologies for years to come.

The directorate and Metal Tech Industries jointly
pursued improvements in the abilities of lasers to perform microwelding
of sheet metals. This effort has many potential benefits for the military and
will pave the way for Metal Tech Industries to become a leader in the field
of metallic gasket manufacture.




Mid-IR Semiconductor Lasers with
Record Power and Brightness

The much-improved lateral beam quality of the mid-infrared (IR) semiconductor lasers will enable novel beam-combining
schemes that can improve brightness from a small array of semiconductor devices. Consequently, this new generation of lasers
results in a substantial reduction of risk in developing compact, efficient sources for numerous applications.

The Directed Energy
Directorate Mid-IR Semiconductor Research group’s
in-house research and development produced 4-
micron semiconductor lasers. These lasers have many
characteristics that make them attractive for applications
requiring compact systems.

The directorate demonstrated lasers with record output
powers based on advances in type-Il quantum well
epitaxial growth technology coupled with an improved
understanding of the opto-electronic properties of
nanometer-scale antimonide thin films. In addition,
optimized cavity designs that limit the tendency for
filamentation led to a reduction of the slow- and fast-axis
divergence, approaching diffraction-limited output.

The increased power, concentrated in a less divergent

beam, results in unprecedented brightness for semiconductor lasers operating at this wavelength. This accomplishment strongly
benefited from a fruitful interaction with the University of New Mexico’s Center for High Technology Materials. The directorate
and the University of New Mexico share the epitaxial growth facility.

Scientists can engineer semiconductor lasers to have substantial wavelength agility, with power outputs that
can be modulated at high rates, and as semiconductor products that can be mass-manufactured. Since these lasers are extremely
small and highly rugged, they are oftentimes ideal for low weight and moderate power applications. Despite enabling the telecom
revolution at the 0.8-1.5 micron wavelength range, semiconductor laser development for emission in the mid-IR (3-5 microns)
wavelength range is not yet mature.

The directorate pursued contractual development of lasers emitting in the mid-IR wavelength range for numerous applications. The
principal achievement of this program was the development of optically pumped 4-micron lasers.



Radial Non-Ceramic High-Power
Waveguide Laser for Multiple Uses

The unique radial waveguide laser system is low cost, has a high power-per-unit weight, and is easily scalable to higher
powers. The power-per-weight is much higher than any comparable solid-state laser. In addition, by using other gaseous lasing
species, high power at 3.5-4.6 microns and high brightness lasing at |-2 microns are possible.

The Directed Energy Directorate is pursuing this technology for use in aircraft self-defense, munition removal, and illuminators
due to its low cost, good beam quality, and long-term operation. The emphasis for the future is to scale these systems to much
higher power, demonstrate good beam quality and efficiencies greater than 10%, and investigate lasing species at attractive
wavelengths in the near- and mid-infrared region.

During the last year, the directorate developed a non-ceramic, radially configured, radio frequency
(RF) waveguide laser that demonstrated high power with multi-beamlets lasing at 10.6 microns. The newly designed laser system
is a non-ceramic system with excellent operation, no vacuum degradation, high power, reasonably good beam quality, and easy
assembly.

The most significant advances include () a design incorporating all
non-ceramic and easily assembled material seals, (2) efficient low-
cost manufacturability with a minimum of vacuum and water seals
including both water cooling of electrodes and RF feedthroughs,
(3) easy resonant cavity tuning for maximum RF energy storage and
excitation of multiple waveguide beamlets, (4) reliable laser operation
without vacuum failure from any thermally or high-power RF-induced
expansions, (3) reliable mirror systems incorporating close mirror-
electrode spacing (< 2 millimeters) without RF arcing, and (6) good
extractable energy from each waveguide beamlet.

RF waveguide lasers are attractive as compact,
lightweight systems often employed in machine processing. Unlike
most electric discharge lasers (EDLs), these lasers depend upon
diffusion for the thermal management of gaseous lasing medium
similar to solid-state lasers.

This method eliminates the need for large mechanical pumps required
for the convective cooling in high-power EDLs and chemical lasers.
Directorate researchers demonstrated kilowatt power levels with
carbon dioxide before using ceramic materials for the RF insulator.
The sophisticated geometry necessary to create good beam quality
at high powers is quite costly and often impossible to fabricate out of
ceramics. A totally non-ceramic system offers the advantage of lower
cost and more compact systems.




First Compensated Satellite llumination
from the SOR 3.5 m Telescope

This experiment represents a major advance in the beam control capabilities necessary for ground-based laser weapons.
The Directed Energy Directorate’s Starfire Optical Range (SOR) demonstrated effective integrated beam control on a weapons-class
scale and made the first real measurements of the effectiveness of atmospheric compensation. Data from this experiment furnished
the first characterization of the effects of anisoplanatism (point-ahead turbulence effects) in a satellite engagement.

Directorate researchers used
the SOR’s 3.5 m telescope to propagate a compensated
laser beam to a retroreflector-equipped satellite. They
measured the reflected signal at the SOR 1.0 m beam
director. Researchers then used the telescope’s 941-
channel adaptive optics system to compensate the outgoing
laser beam for the effects of atmospheric turbulence,
producing measured increases of factors of 5-10 over
uncompensated beams.

Researchers used a 20 watt (W) neodymium doped
yttrium aluminum garnet laser, reduced to -3 W to
avoid saturating the receiving sensor. They first performed
compensated laser propagation from the SOR’s 1.5 m
telescope in 1991.

This experiment marks the first propagation of a

compensated laser beam from a weapons-class aperture and the first-ever measurement of compensated versus uncompensated
laser energy on a satellite target. Directorate researchers repeated the experiment, furnishing a valuable collection of real-world
compensated laser propagation data for validation of theory, models, and future system design.

The directorate’s SOR is an advanced optical research site, located at Kirtland AFB, New Mexico, to develop
advanced optical wavefront control technologies. Research focuses on field experiments in adaptive optics to compensate for the
effects of atmospheric turbulence upon lasers and imagery. This technology is key for both real-time space imaging and a variety
of laser weapons applications.

Equipment includes three major optical mounts: a 1.0 m beam director, a |.5 m telescope, and a 3.5 m telescope, all capable of
tracking low-earth orbit satellites. The 3.5 m telescope, equipped with a 941-channel adaptive optics system, is currently the
largest and highest performance atmospheric compensation system in the world. The 3.5 m telescope/adaptive optics combination
is highly successful, producing images of stars and satellites with resolutions approximately 65 times better than normal images
and very near the theoretical limit of the telescope.




Development of a Reference Dose
for Ammonium Perchlorate

Appropriate toxicological studies are critical to the establishment of scientifically based standards for remediation of
perchlorate, a chemical that prevents iodine uptake of the thyroid gland. This research will lead to a formal peer-reviewed process
to establish regulatory standards for perchlorate. Currently, recommended action levels are low, provisional, and based on limited
analytical detection capability and incomplete data. This standard will protect human health without undue restrictions and could
reduce clean-up costs substantially.

The Interagency Perchlorate Steering
Committee (IPSC) is a partnership between state and Environmental
Protection Agency (EPA) regulators, industry, and the Air Force. The IPSC
serves as a single toxicology point of contact for customers, regulators, and
media on multiple, independently completed toxicology research efforts.
This committee ensures the maximum efficiency of resources and optimal
solutions in a timely manner.

The participation of the Human Effectiveness Directorate’s Operational
Toxicology Branch in the IPSC ensures that research conducted provides
risk managers (Air Force/insulation and logistics, and base environmental
managers) with the necessary data to make health-based decisions.
Final regulatory decisions affect Air Force personnel, the public, and the
disposition of Air Force property and contracts.

The directorate’s in-house toxicology research and collaborations generate
critical toxicity information that fills substantial data gaps concerning the
effect of perchlorate on the thyroid gland. The directorate’s research
led to a draft assessment document in |4 months versus the traditional
10-12 years.

The United States Government specifies the use of ammonium perchlorate (AP) powder as an oxidizer in
most solid rocket motors. AP’s high solubility in water results in a long-lived perchlorate ion that competes with iodine, resulting
in an iodine-deficient thyroid or goiter.

EPA regulators discovered AP-contaminated drinking water sources in California and Nevada and in groundwater in Utah, Arizona,
Texas, Maryland, Arkansas, Florida, West Virginia, and at Holoman Air Force Base in New Mexico. The IPSC partnership is providing
the best decisions to minimize duplication of effort while informing the public of perchlorate-related events. The directorate and
industry are addressing the significant data gaps identified by the first draft assessment.



AFRL Develops “FANTASTIC” Approach
to Air Traffic Control Restrictions

The Information Directorate is developing a cost-effective solution for upgrading United States Air Force tactical
fighter and civilian platforms in an effort to meet new and evolving air traffic control restrictions imposed by the Federal Aviation
Administration and international governing bodies. The program is called Future Air Navigation and Traffic Avoidance Solution
Through Integrated Communications, Navigation, Surveillance (CNS) (FANTASTIC).

FANTASTIC targets Air Combat
Command tactical aircraft, such as the F- | 5E and F-16CJ, whose F A N T A S T | C
size/weight/power restrictions preclude the use of commercial
equipment to meet the new and evolving air traffic control INTEGRATED FANS/GATM
restrictions. The directorate's Information Grid Division,
Platform Connectivity Branch, working with Rockwell-Collins
scientists and engineers, found that non-compliance with Air
Traffic Control requirements impacts both cost and mission.
Restrictions could range from non-preferred routes and
operating altitudes to precluding certain missions altogether.

MODIFIED
COMMUNICATIONS

IMPROVED

. . ' ADDED
Directorate engineers recently demonstrated FANTASTIC's NAVIGATION  suRvEILLANGE

fully compliant hardware/software system that weds a unique
blend of a state-of-the-art receiver/processor with Future Air
Navigation System (FANS)-certified software, currently employed in the air transport fleet. The FANTASTIC program-developed
receiver/exciter, called the Miniature Modular Digital Radio, employs commercial off-the-shelf components, patented software,
and a direct conversion receiver architecture, meeting all global air traffic management (GATM) requirements in an incomparable
combination of small size and low cost. Engineers combined a Fast In-Phase/Quadrature processor to provide a baseline for a radio
system in two standard electronic module, type E modules. Commercial software from Rockwell-Collins’ Air Transport Division
provides significant cost containment.

Rockwell-Collins transitioned interim products from the FANTASTIC program to military and civilian
applications. They loaned the receiver/processor pair to the military’s Airborne Communications Node program for the Phase |
demo with planned transition to the F-22, Joint Strike Fighter, and Comanche, saving hundreds of millions of dollars. They also
transitioned very high frequency (VHF) data link and communications management software to the ARC-210 radio. The general
aviation market business and personal aircraft are the primary civilian targets of the FANTASTIC program. Products transitioned to
the commercial sector include VHF data link software insertion into the general aviation and air transport VHF radios. The Office of
the Secretary of Defense (Science and Technology) recently recognized the FANTASTIC program as a recipient of the first annual
Dual Use Award.




JAOC Information Viewing Environment

Web-enabled Temporal Analysis System (WebTAS) software provides the capability to easily access disparate data
sources, including real-time feeds, and visualize the data together, overlaid on a map, timeline, graph, or table as defined by the user.
This software reduces the time to access and visualize data, resulting in reduced man-hours for data aggregation, and decreases
critical decision-making time by the Joint Aerospace Operations Center (JAOC) staff.

The Information
Directorate, in partnership with the United States
Air Force Command and Control Battlelab (C2
Battlelab), applied the WebTAS for data access
and visualization of JAOC data sources. The
WebTAS software is a government off-the-shelf
product developed over the last three years by
Intelligent Software Solutions (ISS) under contract
to the directorate.
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Directorate engineers accomplished an initial assessment at Exercise Roving Sands 01 for the 8th Air Force. The directorate’s
engineers installed the JAOC Information Viewing Environment (JIVE) in the Combined Air Operations Center-Experimental at
Langley Air Force Base, Virginia for further spiral development.

No single viewing environment exists for all the data sources in a JAOC. JAOC staff members can only
see certain data sources on specialized viewing equipment developed solely for a specified data source. A multitude of different
database types also makes simultaneous access extremely difficult.

The C2 Battlelab identified, from warfighter input, accessible Aerospace Operations Center data sources and visualized them onto

a common viewing environment. While other agencies and the United States Southern Command used WebTAS, directorate
engineers applied JIVE technology for the first time to the JAOC.



Advanced Electronic Insulating Materials
Offer Higher Temperature Capabilities for
Next Generation Systems

Low dielectric constant polymers will provide the Air Force
with significantly improved insulating materials for a diverse range of
electronics applications directly benefiting US national security. These
new polymer materials are tough, can handle high temperatures during
manufacturing, have good adhesion to different types of surfaces, and are
essential for fast signal processing as well as high density and low noise
electronics. These combined qualities allow for the production of lighter
weight, highly efficient signal processing systems and offer tremendous
potential for important commercial applications in the private sector.

Scientists at the Materials and Manufacturing
Directorate’s Nonmetallic Materials Division developed a new family of
materials that will dramatically improve the high-speed integrated electronic
circuitry supporting important military defense systems. These high-
performance insulating materials, low dielectric constant polymers can handle the ultra fast processing speeds and high temperatures
the Air Force will need to operate and sustain next generation air and space systems. Applications include high-speed computers,
space-based radar, satellite communications, high-resolution imaging, and miniaturized electronics packages.

Next generation air and space systems require even smaller microelectronic packaging. This is driving the
requirement for new insulating materials with higher temperature operational capability and ease of high-temperature fabrication.
Directorate researchers discovered a family of polymer materials that meets these stringent objectives.

Scientifically referred to as flexible, aromatic benzoxazole polymers (containing perfluoroisopropyl units), and more commonly
known as low dielectric constant polymers, these advanced materials are crucial because they enable higher circuit density. The
high-element density electronic chips currently in use in Air Force warfighting support systems are rapidly approaching their optimal
performance levels. Making them smaller could lead to interconnect delays and reductions in the speed of the circuitry.

The directorate’s research team demonstrated that low dielectric constant polymers exhibit extremely low levels of water
absorption, which is important for integrated circuit processing. They also demonstrated that the thermal expansion, energy loss,
and directional uniformity, all critical factors in producing a highly efficient insulation material, are well within the acceptable limits
for integrated circuit applications. These combined characteristics make the behavior of the new insulating materials extremely
predictable, while allowing higher temperature processing and needed assembly capabilities.

Measurements on films of the materials in the new benzoxazole polymer family resulted in typical dielectric values of 2.1 to

2.5 at one megahertz—values that are significantly lower than the state-of-the-art. This achievement is very important to
the electronics community because smaller size electronic devices will soon require insulators with these newly achieved

low dielectric values.
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Advances in Bolted Composite Joint Strength
Prediction Improve Structural Integrity of
Military and Commercial Aircraft

A Materials and Manufacturing Directorate’s cooperative effort yielded significant breakthroughs in mechanical modeling
that provide greater insight into the strength of bolted composite structures, while reducing cost and risk on future programs. This
effort also demonstrated the formation of unique partnerships between government and industry to achieve solutions to complex

problems.

Materials research scientists at Wright-Patterson AFB, Ohio, in cooperation with industry, continue to
make dramatic advancements in mechanical modeling to predict the strength of bolted composite joints that are critical to safe and
cost-effective flight operations. The ability to predict the strength and evolution of composite materials damage, such as cracking
and delamination particularly at microscopic levels, profoundly impacts the design of future composite structures, while trimming

millions of dollars off life-cycle costs.

In the past, industry used several different
methods to model the strength of bolted composite joints including
two-dimensional, semi-empirical models that assumed a fixed
contact zone between the bolt and the composite material. Industry
methods predicted strengths that varied considerably from statistically
measured joint test configurations. Due to the difficulty in conducting
combined loading tests, comparing test results to predictions of
simulated structures subjected to multiaxial loading and shear was
not possible.

Directorate researchers developed a new, advanced method based
on accurate three-dimensional stress analysis called Spline Variational
Elastic Laminate Technology (SVELT). In-house efforts experimentally
validated the new analysis method, focusing on initial ply failure and
surface strain behavior around the hole. Qualitative agreement
between SVELT predictions and actual initial failure locations, and
the excellent quantitative experimental and analytical strain behavior
indicated that SVELT was accurately predicting ply-level behavior.
Further experimental investigations verified the accuracy of ply-level
predictions of stress and strain and justified additional investigation.

SVELT refinements and modifications include the provision of an
elastically deformable bolt. This technology can also examine where
a pure interference fit exists between the bolt and the hole. The Air
Force and industrial participants signed a formal partnership ensuring
the availability of industrial participation to help guide future SVELT

development efforts.

Analytical Results
(3-D SVELT)

Experimental Results
(from moiré interferometry)



Versatile Transparency Material
Otfers Superior Protection While Saving
Millions of Dollars

Polycrystalline aluminum oxynitride, or ALON™, satisfies a diverse range of technological interests throughout the
Department of Defense (DoD) and other federal agencies due to its extensive versatility. It offers performance and scaling not
otherwise possible for large, strong, lightweight, infrared (IR) transparencies and transparent armor applications that are affordable.
Military applications include forward-looking IR windows and domes, such as missile domes and towed underwater sensors, and
transparent armor including windows for motor vehicles, riot shields, and protective headgear for bomb disposal operations.
Commercial uses for ALON include supermarket scanner windows, currently being field tested; watch crystals; and scratchproof
lenses.

Research engineers at the
Materials and Manufacturing Directorate, working with
Raytheon Electronic Systems, identified a tough, lightweight,
transparent material that could substantially reduce the cost
of windows on military reconnaissance aircraft. Directorate
engineers are scaling this new material, ALON, into 20in.
long by 14 in. wide blanks to evaluate forming techniques
and optimize fabrication processes, in order to produce e
a window for flight testing. The successful development
and transition of ALON could reduce the life-cycle cost
of reconnaissance aircraft windows by as much as $25
million, while providing greater protection for flight and
ground vehicle crews.

ALON is an extremely tough, lightweight, transparent ceramic material offering outstanding potential for
both military and commercial applications. ALON offers significant advantages over conventional materials currently used to make
windows for reconnaissance aircraft, missile domes, protection shields and lenses, and other important products.

ALON is a very durable, optical material with a high degree of transparency from the ultraviolet through the mid-IR wavelengths. A
potential market exists for its use in commercial supermarket scanners, which are manufactured in quantities of tens of thousands of
units per year. ALON is equivalent to sapphire in terms of optical quality, low density, high strength, and high durability; however,
ALONTM is an isotropic ceramic, making it scaleable by conventional powder processing methods.

ALON demonstrates outstanding ballistic impact resistance, making it an excellent candidate for motor vehicle windows
designed to safeguard occupants. The new material is IR transparent; whereas glass, polycarbonate, and other conventional
materials are not. Directorate engineers identified tens of thousands of window panels throughout the DoD as potential
applications for ALON technology.



Government and Industry Team Creates
Lightweight, Highly Conductive Space
Radiator Panel

Carbon-carbon has the widest range of tailorable thermal conductivity and stiffness among the elements. |t
has a low density and, in some circumstances, is two to three times lighter in weight than aluminum. High conductivity
carbon-carbon facesheets enable radiator panels to dissipate more heat, thereby reducing, and possibly eliminating, the
number of required heat pipes. Based on the success of in-flight tests, the panel may change the way spacecraft builders
and integrators view carbon-carbon.

Apartnership between government and industry yielded a revolutionary carbon-carbon space radiator
panel that could increase the service life of satellites, while reducing the cost of putting them in orbit. Partners included AFRL's
Materials and Manufacturing and Space Vehicles Directorates, the Navy, the National Aeronautics and Space Administration (NASA),
and Lockheed Martin. NASA launched the earth observing satellite,
installed with the radiator panel from Vandenberg AFB, California. The
satellite is the first of three new millennium program earth-orbiting
missions that demonstrates new instruments and spacecraft systems.

Researchers know future spacecraft will
require smaller and more closely packed electronic components
and lightweight radiator panels that conduct more thermal heat. In
response to future requirements, researchers from the Materials and
Manufacturing Directorate’s Nonmetallic Materials Division and NASA
created the carbon-carbon space radiator partnership. Satellites in orbit
carry electronic components that generate heat while performing their
jobs and absorbing radiation. Radiator panels, which are a structural
element of the satellite, prevent damage to heat-sensitive components
by conducting and radiating heat away from them.

In the past, researchers used aluminum in satellite radiator panels
because of its conductivity, and structural and physical properties. In
order for aluminum panels to work, they must be thicker near high
heat load zones. However, lighter weight and superior performing
material alternatives exist such as carbon-carbon.




Emerging Technology Saves Time and Money
Transporting Users into the “World of 0z”

An object management system called Object Czar® (referred to as Oz) reduced project management task support
time by 30% during validation. Used in a Virtual Manufacturing Enterprise (VME), Oz reduces parts acquisition costs by up
to 70%, decreases logistics response times by more than 50%, and increases the supplier chain to more than |70 companies.
This increases user flexibility; provides timely performance, visibility and global data accessibility; and reduces the learning
curve as well as application design, development, and implementation costs. Design of this tool allows it to operate in a
Common Object Request Broker Architecture (CORBA), NT®, or Windows® environment with user-friendly Microsoft®
products such as Excel, Word, and PowerPoint.

Under a contract with the Materials and Manufacturing Directorate, researchers at Knowledge Base
Engineering (KBE), Inc. developed Oz. Oz has proven in a global environment that it can link data spread across a wide range of
computers, networks, databases, and computer-based application tools. Air Force engineers and project managers using Oz find
that it shortens the cycle time for the procurement of new technology and enhances program stability.

Developed under an Air Force-
sponsored Small Business Technology Transfer contract, Oz is
a secure environment that provides point-and-click capabilities
to create and maintain end-user production applications. With
Oz, project team members and administrative personnel can
obtain different privileges and work in a secure environment.

The Oz-Integrated Program Management s a tool for engineers
and scientists to manage work flow and projects. As various
team members or contributors provide input, Oz automatically
generates charts, reports, and graphs in both text and graphics.
Oz provides immediate access to mission critical data, allows
managers and project team members to maintain their shared
data, automatically creates case files, and supports records
managers.

Oz can incorporate Microsoft office capabilities automatically.

The manufacturer leverages the KBE-developed universal object-oriented scheme that has a similar structure to the Windows Explorer
hierarchical version for Oz applications. Oz uses CORBA and Open Database Connectivity to communicate with local and remote
databases such as Microsoft Access and SQL Server, Oracle®, and Borland® InterBase®. KBE providesan Oz multitiered distributed
application server with a powerful application programming interface, both of which are state-of-the-art in the computer industry.

Team members used Oz to successfully integrate and manage a VME, a coalition that began with more than 100 small, high

technology manufacturing organizations throughout the United States. Each small manufacturing operation performs a specialized
role in the VME process in order to deliver a quality product at a reduced cost to the government.




New Suppression System Extinguishes
Fire Ignition in Milliseconds

Munitions workers will soon be able to conduct inherently dangerous tasks while protected by a fire suppression system
that is both faster than and superior to previous technologies. This system enhances productivity and virtually eliminates current
environmental contamination hazards caused by accidental system discharges. Engineers conducted first-time electromagnetic
radiation measurements of pyrotechnic and propellant materials and provided this information to commercial high-speed optical
detector manufacturers to further develop/improve their detectors.

Engineers at the Materials and Manufacturing Directorate’s Fire Research Laboratory developed a
fire protection device that responds to a propellant or pyrotechnic munitions fire in four to eight milliseconds. More than ten times
faster than current Department of Defense standards, this Advanced Fire Protection Deluge System (AFPDS) will save lives, reduce
injuries, and save millions of dollars in property damage at munitions manufacturing and surveillance facilities.

Hazardous, flammable, and explosive materials pose a significant risk in military plants that produce, maintain,
and renovate munitions. The United States Army Operations Support Command and the private sector have suffered severe loss
of life and property damage due to related incidents. Their facilities also encounter false alarms from the reaction of fire suppression
systems' ultraviolet detectors to non-threatening catalysts in the area of detection.

At the request of the Army Defense Ammunition
Logistics Activity, the directorate’s Fire Research
Group at Tyndall AFB, Florida, examined speed,
effectiveness, and false alarm concerns with the
Army’s existing high-speed deluge fire protection
systems. Directorate engineers developed and
tested the AFPDS using an electronically integrated
combination of commercially available high-speed,
false alarm-immune optical fire detectors, a
controller operating at less than a millisecond, and
pressurized water expelled in small particles from
high-rate discharge spheres.

Although the system extinguished over 99% of more

than 200 burns (test fires) in the stand-alone mode, the engineers provided pressurized water for a few additional seconds from
standard nozzles. This test proved the system useable as a stand-alone suppression device or as a complement to existing systems
without replacing the current deluge systems.

To date, the system has successfully detected and extinguished test fires from 17 pyrotechnic, high-explosive, and propellant
materials. Each of the system’s multi-spectrum detectors also performed superbly against a host of directorate-created false alarm
sources similar to those found in plants and arsenals. In the remote chance of activation, the AFPDS expels only two to five gallons of
water compared to current systems that use up to 15,000 gallons, virtually eliminating environmental runoff problems.



Inflatable Structures Can Reduce Logistics
and Setup Time for Bare-Base Operations

Shelters made with inflatable air beam technology could greatly reduce the manpower required to set up deployable
shelters, as the existing shelter requires eight people and the inflatable shelter requires five. Researchers expect to reduce deployment
time by 75% and labor hours, required by deployed forces to construct shelters, by nearly 85%. Researchers anticipate the shelters
to be 60% lighter and require only a single shipping container in lieu of three, which will allow twice as many shelters shipped per
transport aircraft.

Researchers at
the Materials and Manufacturing Directorate, in
conjunction with the Army, are developing a new
temporary aircraft shelter for deploying forces
that is significantly lighter, faster to transport, and
easier to construct. The inflatable structure will
dramatically reduce deployment logistics including
the amount of time, people, and aircraft required
to set up bare-base operations.

One major concern for forces
deploying to bare-base locations is constructing large
shelters for use as aircraft hangars, maintenance
facilities, and storage warehouses. Many of the
current shelters use aluminum frame tent technology
and take several civil engineers many hours to days
to construct.

A six-year cooperative research and development
effort between the directorate’s Deployed Base
Systems Branch at Tyndall AFB, Florida and the United States Army Soldier and Biological Chemical Command at Natick, Massachusetts,
produced inflatable textile air beams to replace the heavier aluminum structural frame. These high-performance beams feature high
strength under applied loads, high stiffness, low weight, and high overload to deflect weight or load without damage. Researchers
expect air beam-supported shelters to protect aircraft against environmental effects and provide a controlled environment for
maintenance, while reducing the amount of time and energy required to deploy, construct, and maintain a functional shelter.

During the summer of 2001, the branch evaluated two small-sized shelters at their facilities at Tyndall AFB. During fiscal
years 2002 and 2003, researchers expect to choose a manufacturer, based on this testing, to design, build, demonstrate, and
evaluate a shelter large enough to house an aircraft.

Follow-on efforts will incorporate smart skin for protection against toxic chemical effects, integrate next-generation power utilities,

and accelerate the transition of all other bare-base shelter support equipment. In addition, the air beam technology manufacturers
anticipate numerous technology spin-offs useful to the military services.



ORB_IT Software Allows
Enterprise-Wide Computing

Object Request Broker (ORB), known as ORB_IT, provides seamless connectivity to distributed databases of many
different kinds and may save about 95% of the cost and effort needed to convert legacy databases into modern databases. To
facilitate transition of data, organizations will develop “software adoptions,” which will require about 5% of the effort needed to
obtain data from legacy data sources to ORB_IT and the network.

An organization does not need to “retire” all its legacy computing platforms and applications and buy new computing systems. Ina
large organization, such use of legacy platforms and applications can result in savings of millions of dollars, which otherwise would be
spent on purchasing newer computing platforms and rewriting the legacy applications to run on modern systems.

A Small Business Innovation Research Phase Il contract effort between the Materials and Manufacturing
Directorate and Systran Federal Corporation developed a real-time communications service called ORB_IT. ORB_IT resolves
heterogeneous platform issues and provides end users with seamless reliability that makes enterprise-wide data processing
as simple as performing data processing on a personal computer. The service hides all the details of the corporate network
from the user.

Data processing in the
heterogeneous manufacturing information systems
environment is cumbersome and time consuming.
In many enterprises, including the government, users
characterize this environment by dissimilar computer
hardware, dissimilar operating systems, dissimilar
databases, and application programs written in many
different languages.

When users of a system require data from the
network, they spend considerable time searching for
the needed data, trying to obtain the datain the proper
electronic form. In such a highly heterogeneous
environment, an employee may find data processing,
using all the complete sets of enterprise data, to be
extremely cumbersome unless sophisticated software,

such as ORB_IT, is available.

ORB_IT software is multilayered and consists of several modules such as Object Transport Layer (OTL), Data Exchange (DE),
Portable Binary Input Output (PBIO), and Threads. OTL is a key module since it is responsible for transporting all object
invocations and responses. DE and PBIO are software packages needed for connection establishment between clients and
server applications, and for performing data marshaling. Systran designed ORB_IT to work with system threads (including
real-time system threads) and user-level threads.



Multi-Spectral Scene Generation
Demonstration Funded by the Central Test
and Evaluation Investment Program

The ability to evaluate the performance of multi-mode (radio frequency/infrared [RF/IR]) guided munition seekers in a
laboratory environment will greatly enhance the development of future munitions while reducing the cost of test and evaluation.

The Munitions Directorate teamed with the Naval Air Warfare Center Weapons Division and the
United States Army Aviation and Missile Command to develop and demonstrate hardware-in-the-loop capabilities for evaluating multi-
mode weapon sensors. Each service equipped their facility with a unique system specifically tailored to meet their test and facility
requirements. In October 2000, a demonstration at Eglin AFB, Florida involved the projection of an airborne target simultaneously,
in both long-wave IR and X-band RF, moving across the field of a common bore-sighted, dual-mode sensor, which detected the
relative angular position of the target. The directorate’s engineers will use the data collected and lessons learned as a baseline for
future developments to transition this technology to other Department of Defense (DoD) laboratories and test facilities.

Development of new generations
of advanced, highly capable, multi-spectral, precision-guided
weapons will address advanced threat systems. These
weapon systems require extensive and elaborate testing to
validate their effectiveness. Simultaneously, the increasing
costs of live-fire testing and environmental concerns mandate
fewer complete munitions evaluations in field testing. As a
result, it is essential to perform realistic laboratory tests to
augment field demonstrations and ensure the success of those
demonstrations actually performed.

The joint service team created the Multi-Spectral Scene
Generation project, a Central Test and Evaluation Investment
Program-funded project, to demonstrate the technologies
required to simultaneously project combined IR and RF
dynamic imagery to a guided weapon seeker in a Hardware-
in-the-Loop Simulator test facility.

Each service was primarily responsible for a different development area under the project. The Air Force provided the IR scene
projection assets, the Army provided the scene generation capability, and the Navy worked beam combiner technologies.

The directorate reconfigured their Radio Frequency Target Simulator test facility by integrating the existing X-band RF array
wall with a long-wave IR scene projector, RF/IR combiner, and surrogate dual-mode seeker composed of a quantum-well focal
plane array camera and a conformal array RF antenna. Hardware-in-the-Loop Simulator test facility personnel performed
many years of continuous development on the directorate’s IR resistive array scene projection technology. The directorate,
recognized as a world leader in the development of IR scene projection technology, continues to support the needs of the
DoD laboratory and test communities. m




Flexible and Survivable Non-Volatile
Memory Data Recorder

The Munitions Directorate developed a dedicated high-performance, non-volatile memory data recorder to
improve flexibility over systems currently available. The directorate merged two different state-of-the-art, non-volatile memory
technologies with reduced instruction set computer microprocessor technology to remove the need for the data recorder power
source to survive for a relatively long duration after impact.

The directorate contracted
with Thomson Thorn Missile Electronics, Ltd. of the United
Kingdom, to develop a non-volatile memory data recorder
for the electronic control module (ECM) of the Multiple
Event Hard Target Fuze (MEHTF) program. The directorate
demonstrated impact shock survivability in MEHTF gun tests
when the ECM units, which employ the same technology as the
data recorder, survived multiple supersonic concrete impacts.
The recovered data from these tests demonstrated that the
technologies operated correctly and provided stable recorder
characteristics during the impact shock conditions.

The directorate proved the application of the technologies for
data storage and provided evidence that the design will operate
during and after successive applications of high-gravitational
environments. A number of possible physical arrangements are available, depending on the probable use of the units and their
requirements for built-in accelerometers. In order for the design to provide maximum applicability in munitions testing, engineers
will package the electronics in a smaller volume, allowing easy location in a standard three-inch fuze well booster cup assembly. In
addition, further engineering of the data recorder software will allow a wide range of recording modes required for typical munitions
gun tests.

In the world of munitions testing, high-gravitational constant impact conditions place special constraints on
test equipment. In order to obtain useful data from gun tests, data-logging devices must meet several requirements. They should
be easy to set up and small enough to fit in the limited space available in impact test vehicles. They should have an adequate range of
inputs to store anticipated data and be flexible enough to permit the storage parameters of the unit to capture a wide range of possible
signatures. They should operate under the extreme shocks present in gun test impacts with unmodified response characteristics,
retain the data after the impact, and be reusable.

Current data recorder technologies address some of these requirements, however, they contain volatile memory, which
must be maintained using a power source until the data is removed from the recorder and processed. Locating penetrators
after testing can be difficult; therefore, it is undesirable to sustain a power source until the projectile is located. A recorder
that contains non-volatile memory would be more beneficial since this type of memory does not require a sustainable power
source after the penetration event is complete. m



Windows-Based Application Brings 3-D
Visualization of Munitions to Desktop PCs

The three-dimensional (3-D) visualization analyzer, known as Keenlnsight™, successfully brought 3-D visualization to
desktop Windows® personal computers (PCs). Keenlnsight proved that creating flexible munition in-flight visualization need not be
complicated or take much time. Keenlnsight creates realistic in-flight visualizations using current PC graphics hardware.

FAAC Inc., recently delivered a novel 3-D visualization analyzer called Keenlnsight to the Munitions
Directorate under an ongoing Phase Il Small Business Innovation Research effort. FAAC, Inc. also successfully transitioned this
graphics technology to the commercial vehicle driver-training simulator markets for the Department of Defense as well as the
private sector.

FAAC personnel incorporated the PC graphics technology into the simulators that were delivered as part of the United States
(US) Marine Corps Medium Tactical Vehicle Replacement-Training System, Operator Driver Simulator. The PC graphics-based
simulators provide low life-cycle costs and easily maintainable systems.

In addition, FAAC sold simulators using the same PC graphics technology to the private sector. The company is also integrating
the PC graphics technology into the multi-spectral man-in-the-loop cockpit simulator developed for the Guided Weapon
Evaluation Facility at Eglin Air Force Base.

FAAC, Inc. designed Keenlnsight
to give the creators of munition in-flight simulations at
the directorate’s Guidance Simulation Branch the ability
to quickly create 3-D visualizations on their desktop PCs.
This application proves 3-D visualization is useful for three
phases of the in-flight simulation process: (1) test/debug,
(2) analysis, and (3) presentation. The directorate actually
used Keenlnsight to support the test/debug phase of this
project during the evaluation period.

Keenlnsight uses information produced off-line (by
engineering simulations or other suitable sources) to provide
a graphical interactive depiction of real-world engagements
involving 3-D entities representing launchers, weapons, and
targets. Keenlnsight operates on a PC running a Windows
operating system (Windows 95/98, NT® 4.0, and 2000) and
is easy to use.
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Keenlnsight is a valuable tool in the development and analysis

of future weapon systems, and the cost savings are immense since Keenlnsight is freeware for the US Government. Interested
agencies may contact Michael Vanden-Heuvel at (850) 882-8195 IC 3214 or email: vandenm@eglin.af.mil. Individuals outside the
US Government are encouraged to contact FAAC, Inc. directly for shareware versions.



Small Business Innovation
Research Program Grows

Congress mandated the Small Business Innovation Research (SBIR) program in the late 1980’s and recently
renewed the program until fiscal year 2008. The program grew from a few million dollars to $200M. Throughout its history,
the Air Force has taken the lead in its part of the Department of Defense (DoD) program, introducing many management
initiatives to help manage this growth.

Within the past few years, the Air Force (AF) established the AF SBIR Program Management Team
within AFRL headquarters. Program managers and contracting officers in every AFRL technology directorate and at every product,
test, and logistics center in the Air Force support
this team.
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of SBIR topics to the Program Executive Officers J
and the Designated Acquisition Commanders.
This move provides increased opportunities for
SBIR topics to become more than just research
and development projects. The SBIR team
now ties the topics to operational technology
requirements. This, in turn, should result in an
increase in commercialization of the technologies
through technology transition.

The AF manages the largest SBIR program within the DoD (AF $200M, Navy $125M, Army $110M). AF SBIR
accounts for over 700 contracts each year. With this growth in program breadth and scope, SBIR required improved communication
and management tools for field managers.

On the communications side, the team created the quarterly Air Force SBIR Advantage newsletter for people in senior positions in
the science and technology community and in the acquisition community in both the AF and DoD. The newsletter's purpose is to
make SBIR more accessible and to quickly disseminate information about program philosophy and program changes.

For management tools, the team created the web-based SBIR Manager’s Desk Guide. This is a detailed description of all the
processes, lessons learned, and best practices in order to make the field manager's job easier. The team updated the SBIR database,
adding many features to enhance usability. The team also developed a new web-based tool for sharing ideas of potential topics. This
tool doubles as the topic submission module, thereby reducing the need for reams of paper.

For additional information, please check the AF SBIR web site at http://www.afrl.af mil/sbir/index.htm and the AF SBIR intranet
site at https://aftech.afrl.af. mil/sbir/index.htm.



Scramjet Testing Reaches
Major Milestone

A collaborative team of researchers from the Propulsion Directorate and Pratt & Whitney achieved a major
development milestone in demonstrating a hydrocarbon-fueled, supersonic combustion ramijet, or scramjet engine. Such
propulsive power will enable weapons that will dramatically increase range and decrease the reaction time when employed
against high-value targets at long standoff ranges.

Built under the
Propulsion Directorate’s Hypersonic Technology
(HyTech) program, the Performance Test Engine
(PTE), an integrated engine with inlet, combustor,
and nozzle, successfully completed a series of free jet
tests. Pratt & Whitney developed this heavyweight,
heat-sink demonstrator engine under contract to the
directorate. The directorate conducted the tests in
the GASL facilities at Ronkonkoma, New York. The
PTE met or exceeded performance goals.

The next step and culmination of the HyTech
program will be the flightweight ground
demonstration engine. Pratt & Whitney will
fabricate this integrated scramijet engine with fuel-
cooled structures to demonstrate the performance,
operation, and structural durability of this flight-type
test engine.

The HyTech program is the latest in a long series of Air Force efforts to prove the viability and utility of the
scramijet engine. The program establishes a scramijet technology base with near-term applications to hypersonic cruise missiles. The
directorate can expand this technology base to include reusable hypersonic vehicles such as strike/reconnaissance and affordable
access to space vehicles.

By maturing scramjet propulsion, researchers will provide a key component to a new breed of propulsion systems known as
the combined cycle engines. These engines, made from some combination of turbine, ramijet, scramijet, and rocket engines,
use each of the different cycles to the fullest advantage of their respective efficiencies to optimize overall system performance.
Such propulsion systems have the potential to enable a family of vehicles, including global range, high-speed aircraft, and
spaceplane-type vehicles, for on-demand access to space.




Compressor Demonstrates Technology for
Advanced Family of Turbine Engines

The Propulsion Directorate successfully tested a turbine engine compressor representing nearly 20 years of
research at the directorate’s Compressor Research Facility. New technologies incorporated in this compressor demonstrate
dramatic performance gains over existing operational engines and will lead to high-performance, high-efficiency engines for
both military and commercial users.

Built by team member Pratt
& Whitney, this compressor represents an Integrated High
Performance Turbine Engine Technology (IHPTET) Phase
Il compressor, the final phase of this multi-year effort. This
4-stage compressor does more work, more efficiently than
the 10-stage compressor currently installed in the F100
engine of the F-15 aircraft. The compressor performs with
adrastically reduced parts count and reduced overall engine
length and weight. To accomplish performance gains, the
IHPTET team incorporated advances in compressor
aerothermodynamics, understanding of secondary flow
losses, high stage loading approaches, advanced structural
and manufacturing concepts, and advanced materials. These
improvements benefit all end users, milita-y and commercial,
by reducing maintenance and acquisition costs.

The IHPTET program is an ongoing national effort to double United States military aircraft propulsion
capability. The IHPTET team coordinates the gas turbine engine research and development activities of the Army, Navy, Air Force,
National Aeronautics and Space Administration (NASA), Defense Advanced Research Projects Agency, and six US turbine engine
manufacturers.

IHPTET team member, NASA Glenn Research Center, provided computational fluid dynamic simulations in support of this test.
Researchers used the NASA/Glenn-developed multistage turbomachinery code, APNASA, to quantify design changes that will
ultimately lead to more improved compressor performance.

According to sources at Pratt & Whitney, the engine manufacturer will use derivatives of this compressor in engines such as the

PW7000 developed for military users and the PW6000 for commercial users. An additional IHPTET demonstration of this compressor
technology will involve the Advanced Turbine Engine Gas Generator core, designated XTC67/1, in early 2001.



IHPRPT Phase 1 Solid Boost
Demonstrator a Success

An aggressive 23-month Integrated High Payoff Rocket Propulsion Technology (IHPRPT) program recently resulted
in a highly successful full-scale solid rocket motor demonstration. The Propulsion Directorate and Thiokol Corporation
jointly funded the program.

The Phase | Solid Boost Demonstrator program
demonstrates new technologies for the case, propellant, nozzle, and control
technologies in a 92 in. diameter, 120,000 Ib class motor. This motor contained
the most recent technologies of any one demonstration since the Trident | (C4) 25
years ago.

Preliminary dataindicates meeting or exceeding all program goals. These technologies
demonstrate the potential to yield a 23% increase in payload capability at a 32%
lower cost for solid booster space lift applications.

These technologies are now ready to transition into small and large launch vehicles as
stages or strap-on boosters, and defense missiles. Building off the success of Phase
|, the second phase of this program is currently under way.

This IHPRPT program demonstration is part of a three-phase,
government- and industry-coordinated effort that began in 1996 with the goal to
double propulsion capability by 2010. A demonstration, held at the end of each of
the three distinct phases, shows the achievement of goals.

The Solid Boost Demonstrator program represents the climax of years of materials
development, design, and analysis work performed in partnership between the directorate and industry. IHPRPT is an excellent
example of talented people working together as an integrated team to achieve an aggressive objective.




Advanced Compressor Design Benefits
from First Demonstration of New
Modeling and Simulation Code

The Propulsion Directorate’s Turbine Engine Division is making significant advancements in the modeling and
simulation of unsteady flows for advanced turbine engine compressors. This new, in-house capability enhances the directorate’s
ability to deal with the complex and challenging flows associated with high-performance compressor designs. This capability will
help directorate engineers achieve the goal of the Integrated High Performance Turbine Engine Technology (IHPTET) program to
double the propulsion capability of turbine engines by 2005.

The directorate’s Compressor Research Group successfully applied an unsteady three-dimensional
Navier-Stokes computational fluid dynamics code to model a research compressor. This is the first in-house demonstration of
this advanced code. The code, called MSU TURBO, is a three-dimensional, viscous, time-accurate code that solves the Reynolds
Averaged Navier-Stokes equations in Cartesian coordinates in a rotating frame of reference. Directorate scientists are using the
code to model the stage matching investigation (SM) rig recently tested in the directorate’s Compressor Aero Research Lab.

Experimental data from the SMiI rig test shows that axial blade-row spacing
affects the rotor efficiency and pressure ratio. Directorate engineers use
MSU TURBO to model the unsteady interaction between the stator and
the transonic rotor in an effort to understand the flow physics driving the
change in compressor performance with axial blade-row spacing. The
code ran on a Cray supercomputer at the Naval Oceanographic Office
Major Shared Resource Center and took 225 hours of central processing
unit time to reach a converged solution.

Time Step 1

IHPTET is a national program coordinating the
efforts of the Air Force, Army, Navy, National Aeronautics and Space
Administration, and major United States gas turbine engine manufacturers.
To meet IHPTET goals and the follow-on program’s (Versatile Affordable
Advanced Turbine Engines) goals, directorate engineers are designing fans
and compressors with increased stage loading and closer axial blade-row
spacing.

Time Step 13

The understanding of unsteady blade-row interactions has a significant
impact on performance attainment and prevents high-cycle fatigue failures.
Accurate analysis of these complex fields is imperative to understand the
flow physics of these compressors in order to design the high-performance
and durable compression systems for advanced turbine engines.




Successful Test Represents Leap Forward
for Air Force Turbine Testing Capability

A team of researchers from the Propulsion Directorate completed the first true performance test of the uncooled
high-pressure turbine for the F | |9 engine used in the F-22 air superiority fighter. The Air Force now has the ability to verify turbines
designed for their warfighters.

Using the directorate’s Turbine Research Facility (TRF) to make fifty runs, researchers applied the
resulting data to create a complete operating map of the turbine. The researchers varied parameters, such as pressure ratio, Reynolds
number, corrected speed, and temperature, in these runs.

The researchers acquired detailed surface pressure measurements and
surface heat fluxes in these runs as well as overall aero performance
data. This data, compared to design predictions, will help researchers
analyze the FI19 turbine performance by providing benchmark

aero thermal data used to calibrate computational fluid dynamics
(CFD) codes.

Turbine failure in a jet engine is costly. Predicting
performance of advanced turbine designs is difficult and expensive.
Prediction depends on the quality of the predictive tools, which, in
turn, depend on the quality of test data. Forthe F |19 turbine test, the
directorate research team solved a number of issues enabling them to
generate exceptionally high quality test data. This project focused on
the tip and shroud region of the turbine blades because only very limited
experimental data in this region exists for a fully rotating rig.

The TRF can generate accurate torque measurements, remove the
approach boundary layer flow prior to entering the test section,
accurately control the corrected speed of the turbine, account for
“g” field effects on pressure transducers, and eliminate oscillations in
the flow field due to starting transients. Collectively, these capabilities
provide safe, reliable, and highly accurate testing, which represents
true performance testing for turbine stages. The Air Force now has
the tools to fully understand the unsteady flow fields generated in

turbine engines.

The highly accurate, high-frequency response pressure and heat flux measurements of the TRF now allow the technical community
to better understand the physics of these complicated flow fields. Based on this improved understanding, researchers can calibrate
CFD codes to higher accuracy and, hence, more accurate predictive capabilities. With more accurate predictive tools, researchers
can create more durable and less costly turbines for future advanced engines while improving our understanding of currently installed

engine performance.



Propulsion Directorate Achieves Non-
Mechanical Cascade Airflow Vectoring

Scientists from the Propulsion Directorate’s Fan and Compressor Branch, in collaboration with Virginia Polytechnic
Institute and State University (Virginia Tech), demonstrated an airflow control technique with application to future compressor
designs. This technique, if successfully applied to future turbine engines, should reduce the number of engine parts, significantly
lower overall engine weight, and reduce overall engine cost.

The directorate and the Virginia Tech team demonstrated the first-ever counter-flow-blowing-based
flow vectoring in a high through-flow Mach number stator cascade. Virginia Tech tested the cascade in their “blow-down wind
tunnel” facility as part of this collaborative effort. By placing a blowing jet on the pressure side surface of the cascade blade near the
trailing edge, researchers vectored the passing airflow and provided flow control without mechanical parts.

Current jet engine fan designs, in many cases, require flapped inlet guide vanes and variable stators to ensure
correct inlet flow conditions during off-design operation. Every stator blade in the compressor section must be coupled mechanically
to all other stator vanes in a stage and then, in turn, to an actuating mechanism. This is a complex and heavy aspect of current
COmpressors.

Through these connections, research engineers can change stator blade angle-
of-attack (relative to incoming air) to control engine airflow. The ability to No Control
vector the flow without the need for this mechanical complexity reduces both
the number of parts and overall weight of the compressor.

Instead of a complex mechanism to vector the airflow in the test cascade,
directorate scientists employed blade pressure side surface counter-flow
“blowing” to increase blade circulation and achieve considerable flow vectoring.
Increasing the circulation increases the pressure distribution on the stator and
turns the airflow.
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For this demonstration, directorate engineers placed the blowing jet on the
pressure surface of the blade near the trailing edge and directed it into the main
flow direction, that is, a counter-flow direction. The engineers directed the
blowing as tangent to the blade surface as possible.

The results of this technique, as illustrated in the photos, clearly demonstrate
that the blowing caused an increase in the amount of flow turning from the
baseline. Directorate engineers achieved this result in the test by counter-flow
blowing at a level of 1% of the air passing through the cascade.
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When measured using the particle image velocimetry technique, this |% case
resultedin a 9° flow turning. Based on these results, the directorate anticipates
achieving even greater levels of flow vectoring, leading to higher efficiency and
lower weight compressor designs.




Laser Source Enables Sensitive Gas
Concentration Measurements for Aircraft
Engine Combustion Tests

Diode-pumped optical parametric oscillators provide a compact, tunable, room-temperature, mid-infrared light
source, which is useable as the basis of a multi-species gas sensor for Air Force combustion diagnostics. These oscillators may
improve engine efficiencies through studies using such a sensor, and engineers may use similar techniques for pollution/industrial
process monitoring and electro-optical targeting sensors.

Funded by a Phase Il Small Business Innovation
Research award from the Sensors Directorate, Aculight Corporation in
Bothell, Washington, incorporated customer feedback from the Propulsion
Directorate and developed a novel, room-temperature, mid-infrared
laser source for combustion diagnostics applications. Aculight engineers
demonstrated prototype computer-controlled sources operating at four
different wavelength ranges from 2.2 to 3.7 microns.

Aculight delivered the prototypes to the Propulsion Directorate for test
and assessment in combustion diagnostics experiments. They also supplied
similar sources to a commercial company and to the National Institute of
Science and Technology for tests in highly sensitive, cavity ringdown species
measurements. The world's foremost laser conference hosted a presentation
of this groundbreaking work as a postdeadline paper.

The infrared spectroscopy source is a periodically poled
lithium niobate (PPLN)-based optical parametric oscillator pumped directly
by a near-infrared semiconductor laser. This PPLN-based source produces
narrowband (5 MHz) radiation in the | to 4 microns wavelength range.

This wavelength range, where absorption features exist for many species
of great interest in combustion science and trace species measurement,
previously required semiconductor lasers cooled by liquid nitrogen. By contrast, this new source retains the attractive features
(compactness, tunability, and robustness) of the semiconductor laser while operating entirely at room temperature and above.




Electronic Devices Fabricated
Using Nitride-Based Material

The Sensors Directorate in-house project teams are investigating nitride-based technology. These teams
leverage in-house capabilities, contractual efforts, commercial developments, and diverse funding sources in a collaborative
and complementary program of technology development. New nitride-based devices can potentially reduce system level
aperture size by 1.8 times and improve range by 80%. This technology will also improve efficiency by a threefold reduction
of prime power and thermal management and a twofold reduction in mass and volume, and will reduce the overall cost
of the aerospace subsystems.

A team of scientists from the directorate, industry, and academia investigated fabricating
electronic devices using nitride-based material. The collaboration achieved a record output power of 40 watts (W) at 10
gigahertz from a single solid-state device (greater than 2.5 times conventional) and record power density of 9.8 W/mm
(greater than 10 times conventional).

Unlike conventional technology using silicon or gallium arsenide, nitride-based devices are more robust when
exposed to extreme temperature and radiation environments. In addition, the unique properties of nitride-based devices help them
sustain very high voltages, typically more than 200 V, and high current densities greater than | amp per mm. Therefore, nitride-based
devices should operate under direct exposure to a harsh environment while also subjected to hostile input signals.

Advanced unmanned air vehicles and space platforms need
electronic devices that operate in a very hostile environment
with low mass and reduced volume. Commercial industry
investigated nitride-based technology for several years with
particular emphasis on light-emitting diodes for lighting. The
results show great promise for military applications because
of their wide bandgap properties.

With increased power density, nitride-based devices also have
unique power characteristics that would enhance microwave
amplifier technology. Leveraging commercial industry
research, the directorate initiated an in-house nitride device
project team to examine the possibilities of a robust nitride-
based technology for critical military applications.

Nitride-based devices, when inserted into sensor applications,

should enable new operational capabilities for the warfighter. These systems require limited volume, reduced mass, and limited
environmental control, and include examples such as Sensor Craft, unmanned air vehicles, space-based radar, communications links, and
electronic warfare. The characteristics noted offer a solution to the technical barriers associated with radio frequency apertures.



Genetic Algorithms Improve
Antenna Performance

As the Air Force migrates to space, Sensors Directorate researchers recognize an emphasis on increased
antenna performance. Using genetic algorithms for antenna design generates antenna configurations never before seen.
Genetic algorithm technology provides a deeper breadth of antenna design, saving time and, consequently, money in the
development of new antenna technology.

Directorate researchers refined a well-known optimization technique for antenna design through
an in-house research and development effort. Genetic algorithms allow researchers to develop antennas that outperform those
previously available. The success of this research resulted in the award of US Patent No. 5,719,794, entitled “Process for the Design
of Antennas Using Genetic Algorithms.”

Avariety of wire antennas exist including
dipole, monopole, rhombic, the beverage, the yagi, the log-
periodic, the loop, the helix, and the spiral antenna. The design
of these antennas relied mainly on the use of trial and error
techniques. Researchers, using ingenuity and intuition, created
a better antenna, or used existing antenna configurations, to
apply changes until they obtained an acceptable design.

The increased need for improved performance led to the
innovative use of genetic algorithms. This mathematical
phenomenon, first investigated in the 1970s, had limited
application because it needed greater computational
capabilities. The availability of high-speed computers
permits researchers to use the genetic algorithm for many
new applications including antenna design.

In this process, the engineer specifies the desired antenna

parameters using a synthesis approach, then the genetic

algorithm attempts to find the best antenna configuration for the intended application. A genetic algorithm randomly selects several
hundred possible configurations from a very large population and identifies each configuration by a chromosome (a string of zeros
and ones).




Automated Motion-Compensation and
Semi-Automated Restoration Techniques

Unavoidable variations in aircraft speed, direction, altitude, and orientation introduce distortions, which reduce the
usefulness of electro-optical (EO) and hyperspectral imagery acquired from line-scan sensors. The Sensors Directorate developed
automated motion-compensation and semi-automated techniques that restore distorted images caused by failure of camera stabilizers,
incomplete data due to sensor failure, or unavailable geographic reference and navigation data.

Directorate engineers developed
automated motion-compensation and semi-automated restoration
techniques that greatly reduce distortions with line-scan images
caused by variations in the motion and orientation of sensor platforms.
Directorate engineers successfully demonstrated these techniques on
highly distorted, high-resolution EQ infrared sensor and hyperspectral
sensor images.

Images acquired from aircraft-mounted line-
scan sensors are subject to distortions caused by changes in platform
speed, direction, orientation, or altitude. Even with camera stabilizers,
aircraft movements create distortions in line scans. These distortions
can reduce the ability to identify characteristics of objects or make the
objects completely unrecognizable.  For example, when an aircraft
begins scanning a building at one altitude, then climbs to a higher altitude
before completing the scan, the width of the building appears to become
progressively narrower over its length.

Directorate engineers achieved a compensated image for the EO
imagery on highly distorted images by applying a matched filter to
each line. For hyperspectral imagery, the directorate completed an optimally matched filter from selected frequency bands, then
propagated it through the other frequencies. The engineers successfully demonstrated the line scan-matched filter even when
camera stabilizers failed, when no geographic reference or available navigation data existed, and when sensor failure resulted in
incomplete data.



ERASER - Enhanced Recognition
and Sensing Radar Sensor

A new image enhancement technique increases sensor identification ranges, allowing pilots to target and attack from
greater standoff ranges, thereby reducing aircrew and aircraft risk. Computation improvements should increase the identification
range performance of the Enhanced Recognition and Sensing Radar (ERASER) sensor by a factor of two or more for the observer
and/or the automatic recognition and cueing systems. The algorithm developed during this project has great transition potential for
imaging sensors used and developed by the Air Force.

A team of researchers from the Sensors Directorate,
Wyle Laboratory, and Optimetrics developed image-processing software to enhance
the image quality and performance of a new laser identification technology known as
the ERASER. ERASER uses a laser to illuminate the target area and a high-resolution
camera to collect the reflected laser energy and obtain a clear picture of the area.
ERASER increased the identification range with no additional hardware modifications.
The team also developed a computer model that predicts the performance of the
ERASER for a variety of atmospheric, sensor, and laser combinations and scenarios.

Previous laser radar technology generated images much like
a television with two mirrors scanning a laser beam and building the picture one
pixel, or picture element, at a time. This technology is only suitable for short-range
applications. The cost of beam pointing and stabilization at longer ranges is prohibitive
for scanning systems.

Instead of building an image one pixel at a time, ERASER works like a regular camera
taking a snapshot of the potential target area. New algorithms provide electronic
image stabilization using pixel-based registration while improving image resolution
using frame averaging.

Engineers used a variety of filtering algorithms to eliminate spatial noise. The engineers
also minimized the computational requirements for these algorithms to allow real-time
implementation using commercial off-the-shelf (COTS) processors.

The team built a COTS processor, which is compatible with the ERASER and automatic target recognition systems, to implement
these algorithms for the field and flight demonstrations. The team also worked with Raytheon developing a performance model
applicable to the ERASER sensor system. The team upgraded the model to provide results with a much higher confidence factor
after conducting extensive research on the sensor, laser, and various atmospheric parameters.
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Dynamic Antenna Pattern
Generation Prototype

The Sensors Directorate Integrated Demonstration and Applications Laboratory’s (IDAL) new Dynamic Antenna Pattern
Generation Prototype will enable radio frequency (RF) threat simulations to include emitter antenna pattern dynamics modeled
on-the-fly. These RF threat simulations accurately represent antenna effects correlated with sensor platform dynamics. This will
enable the directorate and future IDAL customers to continue sensor technology maturation in a controlled laboratory environment
prior to entering flight test.

| Directorate engineers, in conjunction with ITT Industries, Avionics Division, designed and built a Dynamic
Antenna Pattern Generation Prototype. The prototype models the dynamics introduced by emitter antenna movement relative to
changing sensor platform dynamics (e.g., aircraft maneuvers).

Directorate engineers used a specialized dual-port memory controlled by a complex programmable logic device and an embedded
microprocessor to achieve programming flexibility and design goals. Engineers will use this intricate prototype to explore
simulation algorithm and implementation alternatives necessary to satisfy the next generation simulation needs for precision
targeting/location/identification systems. Examples of such systems include the directorate’s Precision Location and Identification
and Advanced Tactical Targeting Technology programs.

The directorate developed RF-level simulation technology to support research and development, and technology
insertion. As sensor technology changed and adapted to new and differing requirements, the IDAL successfully modified, extended,
and developed new RF-level simulation technology and techniques.
This ensures sensor technology matures in the laboratory prior
to progressing to the flight test environment.

Directorate engineers successfully proved the methodology of
risk mitigation through laboratory demonstrations over the years.
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