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DEPARTMENT OF THE AIR FORCE
FY 1990 TOPIC DESCRIPTIONS

AF90-001 TITLE: Armament Research

OBJECTIVE: To develop innovative concepts in areas associated with air deliverable conventional
munitions and armaments.

DESCRIPTION: New and innovative ideas/concepts and analysis methodologies are desired in the area of
air delivered nonnuclear munitions and armaments. These include energy sources and conversions, bombs,
submunitions, warheads, fuzes including safe and arm devices for air-to-air missiles, dispensers, rockets,
sensors and seekers, explosives, carriage and release equipment, aerodynamic and structural technologies,
fiber optics, solid state inertial components, exterior ballistics, and lethality and vulnerability assessment
techniques. Some examples of desired research are low drag/observable weapon airframes, conformal
ejector racks, fuze and electronic component sealing techniques, unique initiation techniques, compact high
voltage storage and switching techniques, compact high voltage storage and switching techniques, compact
short-term cryogenic cooling for passive IR fuzing, millimeter wave seekers/sensors for midcourse and
terminal guidance, heavy metal explosive-formed penetrator warheads, heavy metal shaped charges, long
rod penetrators, reactive fragment warheads, and computational fluid dynamics including interactive grid
generation techniques.

AF90-002 TITLE: Innovative Electromagnetic Launcher Concepts

OBJECTIVE: Explore and combine new technologies to enhance existing electromagnetic launcher (EML)
capabilities.

DESCRIPTION: Innovative concepts to advance the technology of hypervelocity electromagnetic
launchers should be directed toward the following: 1) lightweight technology (especially projectiles); 2)
mega ampere switching (opening and closing switch technology); 3) directional control concepts for
distribution of electrical and thermal currents (advanced concepts required for armatures and projectiles); 4)
energy recovery; and 5) high strength-to-weight electromagnetic launchers. Continuous development of
key technology areas are required to address critical issues (e.g., velocity limitations caused by inbore rail
damage) which limit the performance and efficiency of electromagnetic launchers. The knowledge to be
gained will be assessed with regard ti the use of advanced materials and structural designs, especially the
compatibility of the armature and/or the projectile with the rail conductors. The knowledge also will be
evaluated by the capacity to obtain more reliable measurements to better establish the maturity and
performance potential of EMLs, and by the feasibility of merging new technology with system
requirements. Phase | should focus on expanding existing knowledge of EMLs and should provide
recommendations as to how this increased knowledge will advance the state of EMLs. Phase Il should
incorporate hardware or experimental demonstrations resulting from the concerns defined in Phase I. Phase
111 should produce prototype devices that will advance technology applicable to space based EMLSs in areas
such as power requirements, platform mass, cooling requirements, and system efficiency.

AF90-003 TITLE: Monostatic, Bidirectional Laser Reflectometer

OBJECTIVE: To design and fabricate a monostatic, bidirectional laser reflectometer system.

DESCRIPTION: The design of laser radar and tracking system (seekers) requires a large base of accurate
monostatic reflectance data. That is, how a wide variety of target materials react to far-field laser
illumination at the many wavelengths that are or may be employed. Available reflectance data that has
been taken with nonmonostatic geometries can be incorrect by large factors and completely mislead design
and feasibility studies. The needed data must be obtained under conditions which accurately reproduce or
simulate operational conditions. It must be true monostatic measurement of reflections from coherently
polarized radiation with the target in the far field of the transmitter and the receiver in the far field of the



target. It must account for speckle, opposition effects, and any other phenomena of importance under these
conditions. These far-field, monostatic measurements can be obtained from field experiments. A
laboratory system which can accurately simulate these conditions and geometries in a controlled
environment is more cost effective and less time consuming. A laboratory system is therefore preferable
and essential to providing accurate, efficient measurement. The technical challenge is to provide the
techniques and design needed to make monostatic measurements on the order of 10 esteradian, an order of
resolution compatible with the seeker technology under development. Phase | of this task is to develop the
technique and system design necessary to make the appropriate measurements. Phase 11 of the SBIR will
include fabrication and demonstration of the monostatic, bi-directional laser reflectometer syste, designed
in Phase .

AF90-004 TITLE: Inertial Guidance Technology Demonstration (IGTD) Seeker Development

OBJECTIVE: Develop a low cost imaging seeker and/or the algorithm for application of this sensor in
support of the Inertial Guidance Technology Demonstration (IGTD).

DESCRIPTION: The ability to guide bombs to targets using low cost inertial guidance has been
demonstrated. The accuracy of this bomb demonstration provides the opportunity to couple the inertial
guidance systems to very low cost seekers which need operate only within a narrow field-of-view and short
acquisition range. In this effort a very low cost soaker will be designed for use with inertially alded bombs
to acquire and track large features such as roads, bridges, runways, POL tanks, and buildings. The cost of
any terminal seeker for this study must be less than $5,000 including the sensor/seeker, signal and data
processor, and interfaces. Test results indicate an area of only 4 x 10 ft needs to be searched for a point
target for inertially guided bomb applications. If the target is a large part of the search area and presents a
large number of pixels for the seeker, a seeker with appropriate algorithms should be able to locate and
track the target. The target set is restricted to large image features such as roads, runways, bridges,
buildings, and POL tanks. This should minimize the required signal processing and target recognition
requirements. The sensor/seeker will also be restricted to TV, lasers, and imaging infrared (IIR) types. The
images will be generated from the aforementioned sensor at ranges of 1-2 km. The algorithms developed
must be compatible with low cost designs, volume, and processing restrictions applicable to inexpensive
weapons of the future. Future developments in computers should also be considered for this application.
Phase | efforts should be devoted to the hardware design of the low cost seeker for IGTD applications
andor the examination of the signal, data and image processing algorithms required for systemization. In
Phase Il, hardware and/or software will be developed and tested in a breadboard configuration. Feature
detection, tracking, and processing algorithms will be evaluated for further development.

AF90-005 TITLE: Critical Humidity Detector and Warning Device

OBJECTIVE: Develop an accurate, positive indicating, resettable relative humidity indicator.

DESCRIPTION: Military hardware that requires long term storage with environmental protection is often
packaged in sealed storage containers designed to maintain low relative humidity conditions. These
containers are equipped with humidity indicators that allow monitoring of relative humidity levels within
the container. As specified in MIL-1-26860, humidity indicators have a chemical type, color change
element, which turns from blue to lavender to pink as the relative humidity increases and then back to blue
when the humidity decreases. These indicators have been used for decades but have been known to be
unreliable. Also in use is an irreversible color stain element in which crystals dissolve when subjected to a
high relative humidity and permanently change the indicator form white to orange. This style has a
tendency to prematurely actuate causing unwarranted maintenance action. The goal of this task is to
develop a humidity detector and warning device designed specifically for use on sealed, rigid type,
shipping and storage containers. It must be rugged, compact, accurate, relatively fast acting, provide
positive indication when the critical relative humidity is exceeded for a prescribed time, and allow manual
reset. Phase | of this SBIR task is to develop concepts and document advantages and disadvantages of the
various approaches. Phase | will include the recommendation of candidates to be demonstrated in Phase II.



Phase Il shall consist of building prototypes of the approved concepts and subjecting them to qualification
testing. Phase Il is expected to result in a low rate initial production of the successfully qualified device.
These devices may be integrated with an appropriate container production program.

AF90-006 TITLE: Thermoplastic Binders for High Explosives

OBJECTIVE: To identify promising thermoplastics which may be used as inert or energetic binders for
explosives.

DESCRIPTION: Plastic binders currently used in high explosives are typically thermosetting. At elevated
temperature these binders cure into a rubbery solid. Disadvantages of these binders include short pot life,
low cure time, high viscosity during blending and attendant long six cycle, difficult demilitarization and
toxicity. To achieve proper curing requires many additives, some at very low concentrations. This requires
high shear mixers and extensive agitation. The large family of thermoplastics, especially in the unit range
should include many candidates for explosive application. Some of these candidates may even contribute
energy to the explosive reaction. Phase | of this program should provide a selection methodology and
listing of potential thermoplastics for explosive binder applications. Chemical properties for all candidates
should be defined. Phase Il should characterize chemical, physical and mechanical properties of the
selected thermoplastics with explosive or simulated explosive ingredients. Selected explosive systems
should be characterized in terms of performance and sensitivity. The end product should be new families
of explosives for DoD applications. This is a new initiative which should expand the market for explosives
manufacture and loading.

AF90-007 TITLE: Reactive Kill Mechanism Instrumentation and Modeling

OBJECTIVE: Develop instrumentation and/or modeling to characterize high energy rate reactive kill
reactions.

DESCRIPTION: Certain combinations of materials (solid/solid, solid/liquid, solid/gas, and liquid/gas) in
highly dynamic environments will rapidly react either hypergolically, pyrophorically, or oxidateively. If
warhead fragment materials are able to react in such a way with the materials making up an aircraft target,
for example, greate damage occurs than with an inert collision. The extent of this greater damage is a
metter under investigation and requires the development of both instrumentation and modeling to promote
greater understanding of the new reactive kill mechanism. The damage mechanism, or how the energy is
coupled to the target, is of great interest. The effects ot be modeled and/or instrumented include
projectile/target interaction, the vaporific effects and the energy release (rates). The Phase I effort should
clearly define the approach to design instrumentation or methodology to measure or model the reactive kill
mechanism quantities defined above. Instrumentation should be designed to answer the basic questions
about the functional relationships between the quantities of interest. Any modeling should delineate the
intensive and extensive state variables and their relationships. Phase Il should be devoted to fabricating
and testing instrumentation selected in Phase | or exercising and validating the model developed. Any
instrumentation developed should be fully tested along with data reduction techniques, any model
developed must include the data used to validate the model. Phase 11l should extend the instrumentation
and/or model designed to a system concept to fully measure, analyze and predict the appropriate variables
that define the reactive warhead phenomenology.

AF90-008 TITLE: Laser Beam Steering Technology

OBJECTIVE: To develop solid state scanner technology for active laser seekers.

DESCRIPTION: One of the fundamental difficulties for producing an inexpensive active imaging infrared
seeker is the current state-of-the-art of the scanner. Certain tactical laser radar (Ladar) seekers use an
inertial operating scheme that employs a single range image to update the seeker position before returning



the guidance control back to the inertial unit. The mechanical, push-broom scan used int his system is not
fast enough to allow more than one image position update in the terminal phase of the flight. A solid state
scanner will not only reduce the cost of the seeker, but will allow multiple image updates, which will
increase the probability of acquiring the correct target and/or correct aimpoint. Additionally, it will provide
target information at the rate needed for accurate terminal guidance. The goal of this program is to
investigate the feasibility of developing a solid state scanner for the carbon dioxide laser would yield an
increased probability of true target selection, more accurate aimpoint and a reduced CEP. Phase I of this
SBIR task will investigate various solid state, beam steering devices and identify the one(s) with the
greatest overall potential for active laser applications. Several promising deivces such as Magnetooptic and
Electrooptic Light Deflectors may be explored as well as newly emerging devices/techniques which may be
identified. Phase Il of the SBIR task will select, design, and fabricate a breadboard of the device that offers
the greatest potential in the active laser seeker mission. The breadboard will be used in the laboratory for
concept demonstration. Phase Il may include building a brassboard to be used for hardware-in-the-loop
simulation testing, tower testing and possibly captive flight testing.

AF90-009 TITLE: Barrier Coatings for Hermeticity of Encapsulated High-G Electronic Devices

OBJECTIVE: To demonstrate improved hermeticity through use of non-permeable coatings applied at
relatively low temperature.

DESCRIPTION: Hermetic electronic componenets have traditionally been specified for military hardware
to help assure operability following long term storage. For post-impact fuzing, hermetic components often
will not suffice. Micro-circuit chips and lead frames must be rigidly encapsulated and posted in order to
enhance their ability to survive in a high-G shock environment. However, epoxy encapsulation of
electronic devices has never been an ideal substitute for hermetic packaging. Micro-circuits encapsulated
with epoxies containing chlorine and sulfur will undergo premature failure in humid environments. Use of
high purity encapsulants improves device longevity under all conditions, yet direct comparisons indicate
that hermetic packaging results in fewer corrosion related failures and higher reliability. Coatings have
been applied to microchips in the past with questionable benefit. A coating thick enough to inhibit
diffusion, yet not too thick to thermally insulate the microchip, has not been possible via flassivation,
nittriding or conformal coating. In addition, a low temperature process is required to coat the microcircuit
with an electrically conformal insulative, thermally conductive layer of impermeable material having a
thermal expansion coefficient similar to that of silicon. Phase I of this task shall examine the properties of
various types of coatings and weigh the advantages of each. Impermeability shall be the primary
consideration, followed by electrical insulative and thermal conductive characteristics, thermal expansion
coefficient and ease of application. Experiments shall be conducted to measure the diffusion coefficients of
these materials in thin film form and confirm their projected usefulness as barrier coatings. Phase Il of this
task shall explore methods of applying these coatings to microchips and other electronic devices.
Application of each coating shall be performed at temperatures below 300 C to avoid damage to the
microcircuit elements, and in such a way as to preserve the characteristic properties of the material.
Preliminary accelerated life testing of epoxy encapsulated microcircuits (both coated and noncoated) shall
size be performed. Phase Il could pursue both the military, commercial, and space applications of the
barrier coating process.

AF90-010 TITLE: Remotely Monitored Tactical Sensor Suite (RMISS)

OBJECTIVE: To develop a low cost seismic and infrared recoverable sensor suits.

DESCRIPTION: Tactical intrusion sensors are needed by the security police to protect overseas bases.
Existing sensor suites are expensive or too difficult to use. The sensors must be compact and rugged. The
detection capability of the seismic snesosr should range from 0 (off) to 25 meters. To adapt to their
topology, the detection range should be adjustable in four or more discrete gain settings. The gain settings
must be controlled froma remote deivce. Hardwired or RF units are preferable. The sensors must be
camouflaged in the field, but must be easily found for redeployment. The unit will be deployed for long



periods. Long battery life is desirable. Investigation should include using an alternate energy source to
reduce the need to change batteries. After deployment, up to 200 seismic and infrared sensors must be
monitored from a single control unit. The display must show at least 10 alarms simultaneously, preferably
showing sequence of activation. An interface port to relay sensor activation information to command and
control systems is desirable. Phase | would investigate the technology for the best approach to building a
sensor suite. The recommended approach should be detailed with some laboratory or field testing of
prototype components desirable. Phase Il would demonstrate a sensor configuration in a realistic setting
and provide a product specification for manufacturing the sensor suites. Phase Ill may lead to low rate
initial production and fielding of a sensor suite.

AF90-011 TITLE: Corrected Optical Window for Missiles

OBJECTIVE: To design aerodynamic optical windows that will achieve diffraction limited or near
diffraction limited operation.

DESCRIPTION: Current optical window designs for missiles are hemispherical to obtain diffraction
limited performance. Unfortunately, hemispherical windows create aerodynamic heating a drag problems
at high speeds. The challenge is to change the shape of this window design to reduce aerodynamic heating
and yet obtain diffraction limited or near diffraction limited performance over either the 3 to 5 micrometer
band or the 8 to 12 micrometer band. The offeror will investigate the feasibility of applying different
refractive window materials in a sandwich construction to correct for changes in refractive indices due to
complex shapes. This techniques has been successful in microwave radome designs. The window
diameter at its widest base point is 7.6 centimeters. The surface of the window is a circular tangent ogive
of 3 to 1 fineness ratio. If diffraction limited requirements cannot be obtained with a tip of a tongent ogive
surface, the surface of the tip may be formed by putting a radius of 0.6 centimeters to 1.3 centimeters thick
at the edge and at least that thick everywhere else. The optical detector scans 30 degrees from the ogive
axis in all directions, and the detector is located at the base of the window on centerline. The offeror shall
determine the shapes and refractive indices of the layers of materials that will produce diffraction limited or
near diffractive limited operation. Since there are likely to be difficult mechanical, optical and thermal
requirements for the materials in the layers, the analysis, if possible, should give the shapes and refractive
indices in general terms so that suitable optical materials can be found. Basic materials of interest include:
3-5 micrometer region. Phase | should define the experimental techniques, materials, coatings, etc. The
shapes, incdices and design rules should be investigated with some experimentation desirable. Phase I will
culminate with recommendation of the candidate approaches to be documented in Phase Il. Phase Il of the
SBIR task is expected to demonstrate in the laboratory the material properties that can correct optical
window indices of this shape. Phase 111 is expected to produce a prototype corrected optical window that
can be integrated with a RF radome.

AF90-012 TITLE: Doppler Signal Processor

OBJECTIVE: Demonstrate real time signal analysis and bandwidth compression for advanced Doppler
radar tracking systems.

DESCRIPTION: Laser radar systems are being developed with a number of Air Force applications. One in
particular involves the analysis of the return from various velocity targets transiting the beam. The
baseband Doppler signal for a Ladar is approximately 188 kilohertz per meter per second. For
instantaneous velocity shifts, such as a gun firing, a signal processing technique is needed that will provide
a lower bandwidth tracked signal in real time for recording and for closed loop tracking of the projectile.
Anticipated testing of hypervelocity projectiles in excess recording and for closed loop tracking of the
projectile. Anticipated testing of hypercelovity projectiles in excess of 10 kilometers per second is required
in the data naalysis. For instrumentation purposes a spatial resolution of 0.1 meters is required for a
spectrum sample rate of 100 kilohertz. For some applications an intermittent burst mode of much higher
sampling rates is envisioned for high resolution analysis at points along the projectile trajectory. The
desired technique will provide a spectral output of the velocities of targets in the beam that are recordable



with current state of the art digital or other technologies and a real time servo input for driving range
tracker mirror and focusing systems. The Phase | effort will address the design and bench simulation of the
waveform analysis of the modulated Doppler waveform anticipated from advanced laser radar systems.
The Phase 11 effort will brassboard and test in actual environments the processing and data acquisition
techniques for the Doppler output of the Ladar tracking system. The Phase I11 effort will entail
systemization of the modular and sever environment (flight) configurations required to utilize this
technique in actual aerospace and space flight testing of high/hypervelocity projectiles.

AF90-013 TITLE: Fiber Optic Measurement of Shock Waves

OBJECTIVE: To develp fiber optic shock front velocity measurement system for use in explosives testing.

DESCRIPTION: The detonation velocity of shock fronts in explosives is measured by either by using
piezoelectric pins spaced down the length of the explosive charge or by the use of streak camera records.
The streak camera has the advantage of producing a continuous velocity record but is time intensive in both
set up and analysis of the record. Piezoelectric pins have the advantage of easy set up and data reduction
but produce only an incremental velocity curve and have a high cost. Fiber optics have been usedin a
variety of applications. Exploration of the feasibility of using fiber optics to replace current piezoelectric
pnis for shock front velocity measurement is desirable. Whether a method for continous velocity
measurement of the shock wave can be developed should alos be investigated. The goal of Phase I is to
investigate the feasibility of using fiber optics to study shock phenomena. Development of possible
methods and validation of these methods through small scale testing should be included. Phase Il should
include validation of the Phase I design through fabrication and testing using explosive charges.
Systemization of the concept to include fiber optics instrumentation and data reduction techniques should
be explored. Phase Il should explore the military or commercial use of fiber optic systems to record shock
fronts in high temperature applications.

AF90-014 TITLE: Infrared Image Resolution (IRIR)

OBJECTIVE: Independent determination of image pixel resolutions for detecting, recognizing and
identifying targets.

DESCRIPTION: Most active and passive IR image systems are developed with a particular optical sensor
and image algorithm in mind at the start of the design process. Therefore, starting with the sensor and
algorithm, pixel resolution becomes a tradeoff parameter which is given a lower priority in the design
process. This program will emphasize and start with pixel resolution as the first parameter to be defined.
Phase I will research and establish the methodology and criteria to define pixel resolution for three levels of
image detail for the near IR region. Resoluation is defined by the number of pixels on target, size (or area)
of the pixel, and the number of grey levels. There are three levels of image detail: detection, recognition,
and identification. At the detection level, the target is represeneted as a blob; while at the recognition level,
the target is seen as a group; and at the identification level, the target is seen as a particular type within the
group. Both fixed and moving targets should be studied. Groups of targets are buildings, tanks, tractor
trailers, small trucks and people. The resolution will be determined independently of optical sensor and
image algorithm for each level of image detail. The rationale and supporting evidence defining the
resolution for each level should be provided by the research. Phase Il will refine the methodology of Phase
I to define pixel resolution including mid and far IR regions and multiple target images. System analysis
and tradeoff studies on both IR sensors and image algorithms, using the pixel resolution defined during the
study will be performed. System parameters such as field of view, instantaneous field of view and
processing time will be determined. The research should include artificial intelligence (Al) computer
vision and knowledge-based techniques so that the IR system indicates target types and pointing error
signals. Phase Il should investigate the effects of both scanning and staring sensors, target search and track
capabilities, and tradeoffs. Phase |1l would support the systemization of a sensor designed and optimized
by the process selected from Phase | and II.



AF90-015 TITLE: Real Time Airborne Flow Visualization

OBJECTIVE: Develop real time in-flight visualization and measurement for the flow and shock around
airframes and stores.

DESCRIPTION: A major problem in stores certification and the testing of experimental armaments is the
effect between the aircraft structure and the stores. Boundary layer measurements provide little
information to the analyst or test engineer to define the complex fluidic interaction that is occurring. In
anticipation of the development of high speed and high resolution video imagers, the capability is desired to
generate calibrated imagery of this flow structure during flight and especially during transient events such
as stores separationand maneuvers or ballistic range events. This effort will define the feasibility of
generating interferometric or other nonseeded flow images which can be sotredon film or recorded via an
electronic imaging device. The technique must be compatible with a high performance aircraft
environment, fit into an aircraft instrumentation pod (10 feet by 16 inches diameter) and provide single-
ended measurement capabilities. Short exposure times are required to minimize the effect of the aircraft or
ballistic range vibration and to provide information on transient shock formation and travel. For ballistic
range applications, the requirement is to apply large format imaging focal plane sensors to arc gap/laser
diode synchronized shadowgraphic image capture of projectiles or models which are gun launched in
ballistic ranges. For current test configurations a resolution of 0.004 inches is required over a four by eight
foot area of interest (field of view) for each camera. A single or multiple exposure is required for each
camera with the data temporarily sotred in a memory device until transmitted to an image storage and
processing workstation. Phase | will be a study of the application of flow visulation techniques to the
aircraft/ballistic range/wind tunnel environment and a laboratory demonstrataion of the applicable
phenomena. Phase Il will be the proof of principle systems demonstration for ballistic range, wind tunnel
and/or flight testing. Phase 111 may provide follow on system development and transition to the Air Force
Seek Eagle Program Office or application to ballistic ranges.

AF90-016 TITLE: Binary Explosive
OBJECTIVE: Identify and characterize binary explosive compounds and mixtures.

DESCRIPTION: To date most explosives are either monomoleculars, intermolecular salts, or mixtures of
each. Some are melt cast, plastic-bonded, pressed, gels or slurries. However, they all have in common the
problem of being sensitive to inadvertent initiation by various stimuli either during processing,
manufacturing, or storage. There are many systems known that can be mixed to formulate explosives, but
are inert or nonexplosives when unmixed. Many of these systems use strong oxidizer salts, e.g.,
ammonium nitrate or perchlorates with other salts, liquids and sensitizers. Explosive systems that can be
mixed in the ahrware before or during release from the aircraft are conceivable. Systems with energy equal
to or better than the current tritonal fill are desired. New materials exhibiting a variety of physical and
chemical properties are needed for these type systems. The benefits are rapid, safe and economical
weapons replenishment for the services. The goal of Phase | is to study the feasibility of various
compounds which are explosives only when mixed. These systems would then be physically and
chemically characterized to verify they are not explosives as separate items, but are explosives when indeed
they are mechanically mixed. Safety screening and explosive characterization tests will be conducted on
all components and systems. Phase Il would continue the study on a larger scale by testing and
characterization of the detonation properties and mixing techniques for these systems. A warhead design
will be developed and feasibility tests performed on selected systems.

AF90-017 TITLE: Wavequide/Fiber Transmission Lines for Long Wavelength Infrared Sensors for
Fuzes

OBJECTIVE: Develop miniature waveguides or fibers suitable for photon transmissions.



DESCRIPTION: In the past, air-to-air missile fuzes have typically employed either radio frequency (RF) or
active optical methods of target detection. RF fuzing is susceptible to countermeasures, while active
optical fuzing has all weather limitations. The possibility of using long wavelength infrared (LWIR)
sensing for air-to-air missile fuzes is being explored. The purpose of this program is to develop miniature
waveguides or fibers suitable for photon transmission over the 8 to 15 micron wavelength band in order in
advance the state-of-the-art in target detection technology for air-to-air missile proximity fuzes. LWIR
transmission lines analogous to optical fiber bundles (used in active optical fuzes) must be developed to
achieve target detection with a wide field of view. Presently, no available fiber material or waveguide
exhibits good LWIR transmission over path lengths as small as one tenth of a meter; significantly better
transmission is required in order for LWIR fuzing to become practical. Phase I should be dev oted to a
study of possible transmission devices. Trade studies are needed to ascertain possible viable concepts to be
validated in Phase 11. Phase Il will require the development and fabrication of the transmission concepts
recommended in Phase I. All transmission characteristics of the developed concept should be verified by
actual laboratory tests. Development of prototype devices based on the concepts tested in Phase 11 would
be the focus of Phase I11. Military, commercial, and space applications should be explored.

AF90-018 TITLE: Fault Tolerant Processors for Guided Interceptors

OBJECTIVE: To identify fault tolerant methods of signal and data processing for guided interceptors.

DESCRIPTION: The Air Force is currently investigating the use of signal and data processors for
interceptor applications requiring long lifetimes, high reliability, and low maintenance. Processors are
required for this application which have extended operating capabilities and which include features such as
redundancy and error checking. The processor to be developed for this interceptor must be able to
withstand a harsh storage and launch environment and must have a shelf life of up to ten years in orbit.
The ability to perform pre-launch checkout of the processor is limited due to the extremely short
engagement times for the interceptor. Also, the end game processing rate requires that the processor be
functional throughout this critical time. The volume and mass available onboard the interceptor are
extremely limited and therefore minimize the amount of redundancy which can be employed. The primary
goal of this effort is to develop fault tolerant techniques which will allow the interceptor to perform its
mission. The developed techniques should allow for error checking of functions during flight of the
interceptor and should provide for alternate paths and graceful degradation in the event of component
failure. Phase | of this effort will be a study of the requirements for fault tolerance onboard the interceptor
including a list of critical functions and timing required for those functions. The study will also identify
available techniques for implementing fault tolerant schemes to insure that essential functions are
performed. The study should include an assessment of the impact of each technique on processing speed,
and on interceptor mass and volume. Phase Il of this effort will be design and development of a
breadboard processor employing the technique from Phase | which appears most capable of meeting the
interceptor goals. The breadboard will implement a subset of the interceptor processing functions and will
be tested to demonstrate its performance. Phase 11 of this effort will be development of a prototype unit
for the interceptor processor which uses the fault tolerant techniques generated in Phase I and 1.

AF90-019 TITLE: Diamond Films and Coatings for Missile Radome

OBJECTIVE: Develop diamond coatings/films to increase survivability of infrared domes without
degradation of optical properties.

DESCRIPTION: None of the electromagnetic windows for tactical missiles currently in use which are
transmissive in the 8-12 micron range can survive hypersonic flight through adverse environmental
conditions. This particular requirements has arisen from the advent of effective countermeasures in the RF
and 3-5 microng range and the substantial increase in target velocities. A solution may be within reach due
to recent major breakthroughs in the manufacturing technology for diamond coatings/films. Diamond
exhibits excellent structural properties and IR transmission characteristics. The fundamental goal of this
task is to develop the ability to apply a diamond film/coating to the substrate dome material of a tactical



hypersonic missile operating in the 8-12 micron region. The technical challenge is to apply the diamond
coating to a hemispherical substrate material without seriously degrading the transmission characteristics
through material bond disunities, the polycrystalline structure of the coating,or mismatches betweent he
refractive indices. The cost of a diamond coated dome must not exceed the current cost for a dome by
more than a factor of two. During Phase I, a study will be conducted fo substrate materials and diamond
coating methods to determine the combination having the highest probability of successfully meeting the
requirements. The final product of Phase | will be a report explanation of the predicted mechanical and
optical properties, cost estimates, and the advantages and disadvantages of material. The mechanical and
optical properties of the resulting window will be validated through laboratory testing and analysis. During
Phase 11, a prototype missile dome will be manufactured. The mechanical and optical properties will be
verified through exposure of the dome to dynamic testing.

AF90-020 TITLE: Target Neutralization Mechanisms

OBJECTIVE: To develop advanced mechanisms by which various military targets can be neutralized or
defrosted.

DESCRIPTION: Today’s weapons rely on the impact of metallic projectiles or blast overpressure as the
primary kill mechanism. Many of these weapons employ electro-optical sensors and others rely on some
type of mechanized vehicle for their effectiveness. Some neutralization mechanisms have been
investigated to blind electro-optical sensors or incapacitate mechanical systems, but have not gained
operational status due to the difficulty in employing them. Neutralization mechanisms are needed which
can render various military targets unusable for their designed missions. Examples are aerosols or coatings
which would blind sensors; application of sticky substances which would limit vehicular speeds; and
substances which would drastically reduce engine life once ingested. Innovative applications of technology
are sought which result in target neutralization. Ideas and concepts are not limited to the above examples.
The Phase | effort will assess potential innovative neutralization mechanisms and determine their
feasibility. Trade studies should be conducted to assess the strengths and weaknesses of each proposed
neutralization scheme. In Phase Il, the results of the studies in Phase | will be used to determine viable
candidates for further development. The selected neutralization mechanisms will be fabricated and tests
conducted sufficient to determine initial performance levels. Phase Il systemization may result in the
integration of the concept for field use.

AF90-021 TITLE: Aerospace Ground Environmental Simulation Testing

OBJECTIVE: Develop advanced test and evaluation techniques, instrumentation and facilities.

DESCRIPTION: New and innovative ideas and concepts are needed to develop facilities, methods and
techniques to accomplish testing needed to meet requirements for aerodynamic, propulsion, space, and
reentry testing. Simulation of aerodynamic flight conditions in large test facilities is a very expensive and
technically challenging endeavor. Means of generating the flow conditions, the test technique and the
measurement of performance and flow parameters is of interest. One specific example of a technical need
is a method to heat and contain air on a large scale for true temperature conditions for testing at hypersonic
flight conditions. Some examples of needs are aircraft/store separation, turbulence measurement, boundary
layer diagnostics, diagnostics of high enthalpy flows, hypersonic nozzle design and throat heat transfer, and
real gas computational analysis. Other examples of areas of desired research are aerostructural,
aerothermal, and propulsion testing in ground facilities. Generation of the test environment, measurement
of the test conditions, analysis and interpretation of the test results are also within the scope of interest.
Space propulsion testing, contamination effects and scene sources are of interest. Hypervelocity launchers
for reentry and impact testing, along with associated operational and measurement problems are of interest.
Many of the methods of simulation now used for these technical areas either involve compromise of test
conditions, high cost, poor productivity, or other major problems where innovative approaches might
provide much needed benefits.



AF90-022 TITLE: Non-conventional Precision Traverse System

OBJECTIVE: Develop a non-conventional 3-axis traverse system to support the use of electro-optic
instruments in AEDC Hypersonic Wind Tunnels.

DESCRIPTION: Lack of a proper traversing mechanisms will often prevent application of electro-optical
instruments in existing aerodynamic and aeropropulsion test facilities. These recently developed laser
based, noninstrusive instruments could be productively applied in two AEDC wind tunnels if a proper
traversing mechanism were available for the tunnels. A single portable traversing system woucl dbe used
for either tunnel since the mechanical dimensions and optical access features of these two tunnels are
virtually identical. The three instruments are the Boundary Layer Transition Detector, the Multi-beam
System and the Laser Doppler Velocimeter. A non-conventional traverse system is required because the
system must accommodate a cantilevered optics mount table with a large amount. The load capacity of the
traverse should be at least 500 Ibs. The traversing range for each axis should be axial — 45 inches, vertical
— 20 inches, and traverse — 18 inches. The position resolution for each axis should be 0.001 inch or better
and the position accuracy should be 0.0001 inch per inch or better. The traverse should be designed to be
operated manually or by computer inputs.

AF90-023 TITLE: Cryogenic High Resolution Linear Actuator

OBJECTIVE: Develop a device for fast, accurate, high resolution, linear motion in vacuum at 20 deg K.

DESCRIPTION: Design and develop a linear actuator capable of operating continuously in a vacuum
environment as low as torr, while all components of the actuator are cooled to a temperature of 20 deg K.
Additional requirements are a total motion of 25 mm with a minimum step size of 0.1 m. The actuator
must also be controllable up to a minimum speed of 2 mm/sec with higher speeds desirable. The actuator
should exert a minimum force of 1 kg. Accuracy of obtained position should be 10 and the repeatability of
returning to a given position should be within .25x10 m. The actuator package must also fit into a cube
with sides of 200 mm. Control of actuoator position and operating speed should be by computer through an
interface. Computer recording of position and speed data should also be available. Manual control of the
actuator should also be provided. Good vacuum practice should be observed in construction. Materials in
the actuator should be chosen to minimize contamination.

AF90-024 TITLE: High Temperature Rake Probe for Arc jet Tests

OBJECTIVE: Develop a rake probe and pressure retrieval hardware capable of measuring and mapping arc
jet plane flow quantities.

DESCRIPTION: Design and develop a multi-element rake probe and pressure retrieval hardware capable
of measuring data which can be used to calculate arc jet exit conditions. The probe rake elements should
be able to measure local free-stream total pressure, static pressure, total temperature, and free-stream flow
angles. The probe rake should be able to map these flow quantities over the entire arc jet exit plane. The
probe should also be able to map out flow field velocity. The probe should have retrieval rate for pressure
and temperature data such that the probe can be quickly swept across the arc jet exit plane to reduce probe
cooling requirements. The probe may require water cooling. The rake probe should be able to survive
repeated tests in the arc jet facilities at AEDC. At present arc jet flow conditions are derived. The prove
data should be in a form that mass-averaged flow quantities of total pressure and static pressure can be
calculated for comparison of derived arc jet results. Also inherent arc jet operation is swirling flow, which
is not calculated in exit flow conditions.



AF90-025 TITLE: Submicron Monodispersed Aerosol Generator for Laser Doppler Velocimetry
(LDV)

OBJECTIVE: Develop a mono-dispersed speed particle aerosol generator for LDV applications in
aerodynamic and aeropropulsion testing facilities.

DESCRIPTION: In the LDV techniques, gas velocity is infrared from velocity measurements on small
particles (seed particles) entrained in the gas. To adequately measure velocity gradients in supersonic and
hypersonic flows, seed particles of 0.1 micron and smaller must be detected. Besides being small, the
particles should be of low mass density and strictly mono-dispersed. The particles and carrier gas should
be nontoxic, non-contaminating, chemically inert and reasonably priced. A need presently exists for low
temperature as well as high transmission. A maximum particle production rate in the range of particles per
second or greater is required. Some means of controlling the production rate is also desirable.

AF90-026 TITLE: Command, Control and Communications Systems/Subsystems

OBJECTIVE: Develop innovative concepts for Air Force Command, Control and Communications
Systems and Subsystems.

DESCRIPTION: This covers all aspects of AF systems and subsystems. Proposals may address subjects
not specifically given in other SBIR topics. Proposals may be for any aspect of AF C3 missions including:
Strategic C3 General Purpose Forces; Ballistic Missile Tactical Warning/Attack Assessment C3;
Atmospheric Surveillance and Warning; World Wide C2; Air Traffic Control; all AF ground based and
airborne early warning systems; all communications systems; and C3 countermeasures and Electronic
Warfare. This topic offers great flexibility to both proposers and Air Force managers. Past submissions
included advanced communications systems concepts, database management system, novel information
processing system, multi-level communications security concepts, artificial intelligence applications to AF
systems, air surveillance systems, and target detection systems. AF managers evaluate proposals on their
merits and applicability to ESD programs.

AF90-027 TITLE: Tactical Command, Control, Communications and Intelligence
Systems/Subsystems

OBJECTIVE: Develop innovative concepts and initiatives for Air Force tactical systems and subsystems.

DESCRIPTION: Topic centers on increasing the warfighting capabilities of the Tactical Air Forces in the
areas of command, control, communications and intelligence. The systems covered in this topic include,
but are not limited to, the Airborne and Ground Tactical Air Control System (TACS), NATO Air
Command and Control System (ACCS), and the Korean TACS (KTACS), and Improvements to these
systems. Specific areas of interest are interoperability in joint and combined operations, upgrades and
improvements through technology and application of existing and planned systems into architectures for
the future. Proposals may address specific elements, such as the Tactical Air Control Center (TACC) of
Air Support Operations Center (ASOC), etc. New concepts can also be explored addressing technology’s
impact on future systems in terms of operational capability, logistics, mobility, etc. AF managers evaluate
proposals on their merits and applicability to ESD programs.

AF90-028 TITLE: Military Airlift Command Aircraft Mission Planning Workstation

OBJECTIVE: Define an automated Aircraft Mission Planning capability based on current off-the-shelf
Workstation Technologies.

DESCRIPTION: Military Airlift Command (MAC) air crews daily fly worldwide missions in support of
DoD operational requirements. Currently air crew members spend large maountsof time manually



computing the various segments of each m ission. These computations contain large amounts of data
concerning fuel loads, cargo weights, passengers, threat avoidance, flight parameters, meteorological
conditions, etc., to improve operational efficiency. MAC requires a portable automated Mission
Workstation capable of airborne operation. Initial effort should focus on the C-17 Aircraft. The
workstation would accept inputs from multiple remote worldwide data bases and aircrew derived, weighted
and prioritized mission inputs. Based on these inputs, rapidly select the most effective minimum risk route
capable of meeting the Operational Mission requirements. System outputs would include hard copy
graphics of required charts and forms and digital files for automated aircraft uploading. The workstation
must also be capable of handling the following functions/capabilities: Intelligence productions handling:
serve as an interface to and manipulate world wide intelligence databases (Threat data, order of battle, and
imagery); Complex Algorithms: Incorporate sophisticated terrain masking software, display threat model
data at variable altitude; and generate optimized routes automatically; Simple Algorithms: plan flights
absedon normal aircraft performance data; Graphics: portray digital and analog terrain maps, imagery,
simulated radar mapping and graphics for threat envelope overlays. High speed black and white high
resolution printer to print out various forms of terrain mpas should be used. Color would be desirable;
Communications: access worldwide intelligence data bases, access weather networks, access specific
command and control networks, and Aircraft Interface: load pertinent data to avionics equipment onboard
the aircraft via a 1553 data bus.

AF90-029 TITLE: Imagery Compression/Decompression

OBJECTIVE: Develop computationally non-intensive methods and algorithms for optimal imagery
compression and decompression suitable for current DoD communication networks.

DESCRIPTION: The presently available DoD communication networks are severely stressed and in the
near future will be unable to handle the large amounts of information currently involved in imagery
transmission. Efficient compression algorithms can help alleviate the impending strain on our limited DoD
communications resources. The currently available methods and algorithms are computationally intense
and do not yield optimal results. Phase | of this effort would involve development of methods and
algorithms suited for optimal compression/decompression of imagery over currently available DoD
communication networks. Phase Il would involve the simulation/prototyping of hardware/software to
implement one or more of the developed algorithm(s). A minimum design goal would be a capability to
handle a 512 by 512 by 8 bits per pixel image with an ultimate goal in the area of 4k by 4k by 12 bits per
pixel.

AF90-030 TITLE: Highly Programmable Architectures

OBJECTIVE: Examine and evaluate highly programmable architectures for unique programmability
characteristics, for both numeric and non-numeric applications.

DESCRIPTION: While hardware capabilities (VLSI, WSI Integration) have enabled the design of large-
scale multi-processors, software techniques have not kept up, thereby keeping low the programmability of
these machines. The data-flow model of execution has been proposed as a solution to this problem as it
allows the synchronization of instructions, based not upon a central controller, but rather on the arrival of
their operands. This methodology has been studied for almost a decade now. Originally proposed by
Professor Dennis at MIT in 1968, the principles of execution were first implemented in the LAU
architecture. Several projects in this country and several academic projects are still in existence. Many
data-flow projects are currently pursued outside this country. Basically, in most of these studies numerical
applications hagve been targeted. The data-flow model of computation has long suffered from comparison
with von Neuman’s model of computation. However, sufficient software advances have been made which
will allow great strides in architectural developments. A unique opportunity exists to examine this model
of computation for highly programmable architectures. Phase | will examine both U.S. and foreign data-
flow projects for programmability options. Phase Il will propose development and prototyping of an
architecture for numerical and non-numerical applications.



AF90-031 TITLE: Spatial Optical Objects

OBJECTIVE: Investigate optical computing techniques to represent spatial three-dimensional data objects.

DESCRIPTION: The approach will be to examine/evaluate various optical architecture configurations
combined with data base object oriented paradigm to optimally select configurations for representation,
manipulation, and managing spatial data representations of three-dimensional data objects. Innovative
optical techniques, including speed of light, dimensionality and holography will be evaluated to determine
effectiveness for integration of multi-source data to create, project, and join objects in various
configurations. Alternatives to be investigated include achieving tera-op processing speeds using optical
associative, neural, and/or connectionism architectures to formulate, store and manipulate massive
quantities of data using various object formulations. Phase I should result in techniques for optical special
visualization of three-dimensional data objects. For Phase 11, results for multi-source optical data bases
will be used to being preliminary evaluations of potential optical data base machines.

AF90-032 TITLE: Desktop Thermal Design Evaluator

OBJECTIVE: Develop desktop resistant for evaluation of system thermal designs.

DESCRIPTION: The present lack of thermal design evaluation is inconsistent with the impact that high
temperatures have on the reliability of electronics. This lack or review can lead to incorrect reliability
analyses, which lead to low reliability designs. The Air Force is then left with a costly redesign of the
system. Reliabilty and system engineers do not have the technical training for this evaluation. The
thermaldesign should be revealed at the same time as the reliability design. But there is usually a shortage
of time an thermal design information. An in-house research project at RADC has shown that the basic
technology to solve this deficiency exists today. The in-house project also evaluated the existing thermal
analysis computer programs. These programs did not meet the need for the system normal evaluator
because of their complexity. The in-house project produced a proof of concept expert system for a circuit
board thermal analysis. This expert system combined artifical intelligence techniques and thermal analysis
methods to create a program that incorporated the analysis experience of a heat transfer engineer. This
enabled a printed circuit board thermal analysis when many “necessary” design details were not available.
Additonal research into this area is needed to develop a desktop computer-based thermal evaluator for
electronics systems that would be used by program managers and reliability engineers. Phase | will assess
the information necessary to accomplish the thermal evaluation of systems and modules for all types of
cooling. This will require clever approximations sufficient to the task in order to evaluate thermal designs.
This phase will also examine the various expert system and artificial intelligence techniques that can be
applied to this problem resulting in a selection of techniques and a definition of the rules and input
information needed for the software to be written. Phase 11 will develop software for a desktop thermal
design evaluator. The software will be written for an IBM compatible computer, the industry’s and the
government’s de facto standard. This design evaluator will incorporate the results of Phase | and be
designed for use by program managers and reliability engineers. It will evaluate the thermal designs of
electronic systems and modules with all standard forms of cooling. The program will be resident on a
floppy disk.

AF90-033 TITLE: Integration of Simulated and Measured Vibration Response at Micro-Electronics

OBJECTIVE: Develop analytical/test integration techniques to predict electronic device response in
vibration shock.

DESCRIPTION: Finite element analytical simulations allow material response of modeled structures to be
predicted early in the design cycle. The predicted material response allows a potential failure mechanism
to be identified and corrective design modifications to be made. Two technical problems, particularly with



vibration simulations, often occur. First, there may be unknown or poorly known required finite element
analysis input data. This includes knowledge of the vibration and shock loadings; attenuation or
magnification of the loading due to structural interfaces between the load application region and the
potential failure region; physical or structural support stiffnessess; and material properties, especially
damping valves. The second problem, particularly with micro-electronic devices, is excessive modeling
effort due to the large relative size differences between the stress and failure regions of interest and the
device size. Experimental testing, on the other hand, has shortcomings. Prototypes must first be fabricated.
Interfaces with the upper level hardware must be simulated with appropriate mockups. Locations of force
applicaitonand response measurement points are uncertain, and without any prior experience, are likely to
be inadequate. Appropriate vibration experimental measured data could be used to help solve the above
problems. Test data may help define analytical loadings, determine boundary conditions such as support
stiffnesses, verify or disprove modeling assumptions, define structural interfaces, and provide better
estimates of material properties. Phase | of this effort will determine the feasibility of combining the
information available from vibration and shock measurements with analytical simulation results in order to
eliminate or reduce problems and shortcomings of both. Phase Il will develop the analytical and test
techniques, plus their proper interfaces, in or to effectively predict electronic device response when
operating in vibration and shock environments. This effort would use the synergism of simulations and
testing in order to allow effective responses and reliability assessments be made.

AF90-034 TITLE: Incident/Intermittent Failure and Degradation Detection for Cables and
Connectors

OBJECTIVE: Develop practical test methods for detecting degraded or soon-to-fail cables and connectors.

DESCRIPTION: Many sources indicate that cable and connector failures are the cause of between 30 and
50 percent of system failures. Cables and connectors are also especially prone to intermittent types of
failure. Practical techniques are not available to determine whether or not a cable or connector is in an
advanced state of degradation is cuasing intermittent system failures (false indications of failures leading to
could not duplicate CND or retest OK reports); or is in such a state that it is likely to cause a CND, RTOK
or complete system failure within a relatively short time or a few mission cycles. The objective of this
effort is to develop practical/cost effective nondestructive test methods that can be performed at
organizational, shop or depot level to detect cables connectors which are approaching a degraded state such
that they are soon to fail, or are prone to cause intermittent failures. Degradation of the type caused by
corrosion, vibration, thermal stressing and wearout, as well as degradation resulting from freuncy or
careless handling, shall be considered as candidates for detection techniques development. Emphasis shall
be placed on developing techniques the cable/connector anomalies. In addition, techniques for
nondestructively precipitating intermittent failures should also be investigated/developed (e.g., performing
connector continuity check during a vibration sweep). Phase Il of this effort will develop methodology and
hardware for the filed implementation of the two most promising of the techniques identified in Phase I.

AF90-035 TITLE: Multi-Level Knowledge Bases

OBJECTIVE: Investigate implications of knowledge in multi-level knowledge base being contradictory
and impacts of contradiction on security.

DESCRIPTION: Inferences are drawn by a user when submitting a query to a database management
system. Recent research in the area of multi-level secure database management systems has shown that
queries operating on different levels of data can produce divergent results. This problem of divergent
results is sure to exist in multi-level secure knowledge base systems. In fact, the problem of divergence is
likely to be far greater in multi-level secure knowledge base systems due to the higher level of abstraction
at which this information is manipulated. Phase I will result in a definition of what constitutes sensible
operation of such a system, where security classifications and information different levels may lead to
contradictions. Phase Il will result in the demonstration of a prototypical implementation of the solution
identified in Phase I.



AF90-036 TITLE: Optical Memories for High-Speed Electronic Computers

OBJECTIVE: Develop optical memory architectures

DESCRIPTION: In the 1990’s supercomputers will have computational performances approaching one
trillion floating operations per second. Conventional memory technology will not meet these increased
demands. Typically the on memory requirements approach a factor of 50% of the computational
performance and the off-line memory requires an improvement. Phase | will identify potential memory
architectures to accommodate Input/Output (1/O) rates for magnitude increases. Minimum demonstration
of critical components is desirable. Phase Il will implement at a sector of the memory approach chosen.

AF90-037 TITLE: Database Administration Assistant

OBJECTIVE: Apply expert system and advanced data dictionary technology to the problem of database
administration.

DESCRIPTION: Operational database system performance system performance and responsiveness is
hampered by the lack of adequate database administration tools. Advanced data dictionaries provide
valuable capabilities for the database administrator (DBA). Unfortunately, the proper use of advanced data
dictionaries involves many activities that are labor intensive, requiring intimate insight into the structure
and implementation of the database. An intelligent database administrator assistant system which
interfaces to the data dictionary system could reduce labor intensive activities in logical database design,
physical database design, entity name analysis/reconciliation, performance tuning, capacity planning, and
integrity control. This capability would also be an invaluable tool for the familiarization and support of
less experienced database administrators, especially in light of the fact that the DBA is often an officer with
a limited tour of duty with the system. Phase | will result in the definition and specification of a DBA
Assistant. A prototype implementation shall be demonstrated at the end of Phase I1.

AF90-038 TITLE: Temperature Monitor for Advanced Electronics Processing

OBJECTIVE: Develop a quantitative thermal monitor system with fast response time to control epitaxial
growth parameters.

DESCRIPTION: Thermal information with good temporal and spatial information is needed to achieve the
full potential of state-of-the-art electronics processing equipment. For example, in certain phases of
semiconductor processing it is necessary to heat the wafer for a cycle with very short duration known as
Rapid Thermal Processing (RTP). In order to effectively monitor and control this process, it is desirable to
have thermal data with the following characteristics: The thermal monitor must be noninvasive,
noncontaminating and completely compatible with vacuum technology, vapor deposition procedures and
radio frequency heating. The thermal readout should be accurate and repeatable to over the range. The
instrument must follow rapid thermal cycle siwth rates of change up to 500 k/second. The spatial
resolution must be addressable to multiple regions within the process zone. The instrument must be
compatible with the chemicals used in processing a diverse array of semiconductor materials, such as
silicon, gas, and CdTe. The instrument should be applicable for wafers and be cost effective in terms of
original cost, lifetime and reliability. The Phase | objective is to demonstrate quantitatively the
aforementioned aspects with a point source detector. Phase 11 will include the fabrication and test of a
system capable of addressing multiple wafer locations, processing the thermal data in near real time and
feeding control signals to the heating package.



AF90-039 TITLE: MOCVD Reaction Chamber for Compound Semiconductor Deposition

OBJECTIVE: Develop a safe reaction chamber for use of epitaxial deposition of I11-V and 11-VI
compounds by MOCVD.

DESCRIPTION: Current MOCVD systems used for the deposition of 111-V compounds have advanced in
several areas over the first generation of machines. The use of tube welding and improved plumbing
fittings have reduced leaks to a manageable level. Activated charcoal filters and other types of scrubbing
systems have matured to the point that the toxic effluents can now be handled with reasonable safety.
However, one area of MOCVD systems that has not changed much from earlier designs is in the reaction
chamber section. Quartz tubes or bell jars are still the rule. The gas injection scheme is usually designed
by intuition and verified by experiment rather than starting from a fundamental understanding of the gas
flow dynamics. Current reactors have a large throughput of unreacted gases that are a safety concern and
wasteful. A fundamental change in the manner in which gas is delivered to the substrate wafer is sought
that will remedy these deficiencies. This system will have optimized gas flow dynamics over wide pressure
and flow regimes that will insure high purity and uniformity, abrupt compositional and doping profiles,
minimize gas phase depletion effects and at the same time reduce the amount of unreacted toxins. The
reactor should have a load lock and a stainless steel shell for safety that will not degrade the epitaxial
deposits. Phase I will involve the design and optimization of the reactor design. Phase Il will follow with
the construction and verification of the Phase | effort.

AF90-040 TITLE: Electromagnetic Characterization of Superconductors

OBJECTIVE: Develop methods/apparatus for improved DC or AC electromagnetic characterization of
high temperature superconducting materials/devices.

DESCRIPTION: Research and development on high temperature superconducting materials and devices
require tools that probe their characteristics with accuracy and sensitivity, but which also make
measurements rapidly and are not unduly taxing to operate. For example, improved measurement
techniques for DC and wideband AC magnetic susceptibilities of bulk and thin film materials as a function
of temperature are required for the rapid progress of research into properties of practical significance. In
Phase | a preliminary but practical design must be completed, together with an experimental demonstration,
on high temperature superconductor materials, of its feasibility, practicality, and key advantages over
present measurement techniques. The demonstration must be at selected temperatures above and below the
superconducting transition temperature of the demonstration material. In Phase Il the complete apparatus
must be designed, constructed, and tested. The apparatus must be capable of performing measurements
between 15 degrees Kelvin and room temperature. Deliverables will include the apparatus and a final
report.

AF90-041 TITLE: Vapor Concentration Measurement for MOCVD and MOMBE

OBJECTIVE: Develop a noninvasive vapor concentration measurement system for MOCVD and MOMBE
deposition of 111-V and I1-VI compounds.

DESCRIPTION: Metal Organic Vapor Decomposition (MOCVD) and Metal Organic Molecular Beam
Epitaxial (MOMBE) systems are widely used in the semiconductor industry for the active layer epitaxy of
I11-V and 11-VI compounds. One requirement common to all these reactors is a gas vapor metering system
that controls the concentration of the reactants injected into the reactor. Presently, heat capacity based
Mass Flow Controllers (MFC) having a repeatability of .1% are commonly used to control the carrier gas
flow through a liquid or solid metal organic reactant bubbler. From the reactants equilibrium vapor
pressure, a capor concentration can be assumed. Unfortunately, this assumption is not always valid. Some
metal organic reactants such as Trimethyl Indium have been shown to have a long startup transient to reach
a steady state and to change its vapor pressure with use. Another shortcoming with the present gas
metering systems is that for some applications such as the deposition of repeatability of the MFC is



marginal. Therefore, an innovative vapor concentration metering system would have widespread
application. Most important, it would improve the yield of the semiconductor devices for use in Air Force
systems. The metering system must be compatible with ultrahigh purity semiconductor deposition systems.
It should be a reasonably priced standalone instrument that can be retrofitted into existing systems. The
components should be commercially available if possible. Concentration measurement and control in the
range for chemical vapors is desired. Phase | work will involve proof of concept. Phase Il will emphasize
the design, construction and testing of a system for general use in the MOCVD industry.

AF90-042 TITLE: Thin Film Permanent Magnets

OBJECTIVE: Develop design criteria, techniques and structures to use thin film rare earth permanent
magnets.

DESCRIPTION: Present circulators/isolators are magnetically biased using large, inefficient permanent
magnet (PM) structures. New design criteria and techniques are required to provide miniature and
lightweight biasing magnets for microwave/millimeter magnetic devices. Factors such as bias field
uniformity, elimination of undesirable magnetic flux leakage, field orientation, plating PM films with
conductors/superconductors to prevent RF fields from entering the films, and temperature sensitivity are to
be considered. Also, compatibility of fabrication techniques with standard MMIC processing methods is
jmportant, as ultimately, planar versions of magnetic nonreciprocal devices and their biasing circuits are to
be monolithically incorporated with MMICs. High field strength magnets such as those provided by the
materials are to be incorporated in the program. Phase I should result in a demonstration by the contractor
of the ability to deposit thin film permanent magnets suitable for biasing a nonreciprocal, magnetic
microwave device. The magnets should be deposited on a microwave substrate that is both suitable for
microwaves and also for the deposition of a ferrite film required by a nonreciprocal device. In Phase Il the
contractor should produce a nonreciprocal device, biased by thin film PMs and that is complete, self
contained and functional. A laboratory demonstration of its operation should be provided. A hybrid device
is acceptable, but a complete monolithic device is preferred. Phase li will require some expertise in the
design of a nonreciprocal device, and could involve, in the case of a totally monolithic device, the
deposition of a ferrite film.

AF90-043 TITLE: Near Field Adaptive Array Test Facility

OBJECTIVE: Develop a near field measurement technique for characterizing adaptive array antennas.

DESCRIPTION: Adaptive array antennas are vital to cope with intensive jamming environments.
Determination of the adaptive performance of an array antenna by illuminating it with multiple, mobile
jammers at an outdoors antenna range is both time consuming and costly. Hence, it is important to develop
a new technique for determining far field properties of an adaptive array antenna from measurements taken
in an anechoic chamber using near field jammers. Such techniques should allow for efficient data
collection and calculation of the predicted far field adaptive properties of the antenna. The goal of the
Phase | should be to conduct a feasibility study to design a near field adapt, array facility. The emphasis
should be placed on the practical limitations of implementing a theoretical technique to predict the far field
response from the near field measurements. Taken under consideration must be an anechoic chamber or its
equivalent. The study should also include a jamming radar environment. Phase Il should result in the
practical design of a near field facility lined with anechoic material having the capability of implementing
the theoretical technique developed in Phase I.

AF90-044 TITLE: Active Programmable Microwave Directional Coupler

OBJECTIVE: Design/build a programmable, active microwave directional coupler as part of a T/R module
for an airborne phased array.



DESCRIPTION: Reliability and affordability are the two key promises of technology for airborne active
aperture powered radar systems of the future. By moving more electronics and photonics closer to the
radiating aperture, microwave systems will be much simpler mechanically and will take advantage of most
of the unused surface of aircraft for antenna placement (may be an integral part of the aircraft skin). On
transmit, the directional coupler asked for in this effort should pass with unity gain, no loss, and no phase
dispersion for the exciter signal that provides the transmit pulse for the radar. On receive, each coupler in
the T/R Module at each radiating element should split a Taylor weighted excitation into two signals that
will be collected by two uniform analog beamformers that operate in a vertical, curved dimension of an
airborne array. One signal should leave the T/R module along the path of the transmit signal previously
described while the second coupled signal needs to be weighted by the ratio of the Bayliss to Taylor
distribution at each element. The challenge of this effort is the development of a programmable directional
coupler that will be affordable due to the mass production capabilities of Gallium Arsendie technology by
replicating one copy thousands of times. Depending upon its unique position in the phased array, the
proper coupling ratio of input to output will be programmed as a function of scan angle by the use of small
expert systems residing at the radiating element level. In Phase I of this effort, a design of such a device is
asked for along with a trade study that should estimate the overall system costs in terms of dollars, DC
power and computer control and storage requirements to have such a programmable directional coupler at
each radiating element. In an array of tens of thousands of elements, Gallium Arsenide is the preferred
material since all of the existing T/R module devices are in this technology. Phase Il should seek to build
one of these devices.

AF90-045 TITLE: Optical Logic Gates

OBJECTIVE: Develop approaches for low energy, all optical or electro-optical logic gates, and arrays of
gates for high throughput digital optical signal processing applications.

DESCRIPTION: Planned Air Force missions may utilize digital optical signal processors since it is
estimated that these missions will require computational capabilities several orders of magnitude beyond
that expected from projected electronic computer technology. To implement digital optical signal
processors, optical gates and arrays of gates which are compatible with planar and/or three dimensional
signal processor architectures are required. The primary problem is that current arrays require too much
switching/bias power at this time to be of practical use. In addition they generally have output signals
which are too weak to allow cascaded operation. In Phase I, develop current or new low power innovative
gates with gain, and perform iterative fabrication and test studies to engineer down the required gate power.
Fabrication may be performed in the nearby National Nanofabrication Facility, at the contractor’s expense,
with processing and testing done in the Photonics Laboratory using government resources. In Phase Il,
working in the Photonics Laboratory and the NNF, develop the Phase | optimal concept into a functioning
optical gate, and, if possible, demonstrate logic cascading using functional arrays of gates.

AF90-046 TITLE: Photonics Measurements and Calibration

OBJECTIVE: Investigate measurement and calibration concepts for photonic components.

DESCRIPTION: Photonics has the potential to revolutionize the communication and computer industries
over the next several decades. The key to tapping this potential is the development of components such as
spatial light modulators, fiber optic links, and high bandwidth temporal modulators, fiber optic links, and
high bandwidth temporal modulators that allow the potential of photonic systems to be achieved.
Development of these components in turn requires the development of methods to properly characterize
these components so that their performance in various systems applications can be predicted. The current
capability to characterize photonic components and systems is immature compared to the electronic
components and systems. In Phase | component parameters to be measured will be determined. A test set
up to perform the measurements will be developed. In Phase Il concepts will be demonstrated and
specialized. Test and calibration equipment may be developed. All work may be performed in the RADC
Photonics Labroatory.



AF90-047 TITLE: Very High Speed Signal Processor (VHSSP)

OBJECTIVE: Develop means of applying emerging high speed A/D/A converter and signal processing
technology to achieve directly programmable real time processing for Signal Modulation and Adaptive
Receiver Terminals (SMART).

DESCRIPTION: The impetus for implementation of post-2000 programmable integrated SMART systems
employing multi-layer intelligent application of spatial, temporal, and optimal detection technology, relies
on special purpose devices, such as those planned for Air Force applications such as ICNIA and strategic
and satellite applications. The thrust of this effort is to develop those concepts and recommend those
technologies and computational signal processors that would allow the modular (software) synthesis of
programmable tranceivers using general purpose computational capabilities. The Phase | effort would be to
review the signal processor developments, such as the programmable processor, the 3D processor, and
others, to obtain the design for demonstration of the VHSSP with real time signal an interference
environments. The Phase Il effort would be the development of a brassboard demonstration model using
the appropriate available processors and computerized controllers.

AF90-048 TITLE: Co-Site Interference Reduction

OBJECTIVE: Evaluate theoretically the applicability of Finite Impulse Response (FIR) and Infinite
Impulse Response (IIR) programmable transversal filters for co-site interference rejection of Frequency
Hopping (FH) radios.

DESCRIPTION: Co-located FH radios suffer a co-site interference problem due to the “uncleanliness” of
the transmitted frequency bursts, as well as a lack of frequency selectivity at the receiver. This interference
manifests itself as a desensitization of the victim receiver or complete jamming. The intent of this study is
to evaluate FIR and IIR filter structures for transmit and receive filtering of FH signals. Study shall address
programmable filters which can be reprogrammed to new center frequencies in less than 100 micro
seconds. Critical issues to be addressed include dynamic range, noise floor, frequency hopping bandwidth
and hop bandwidth. Frequency hopping and width of interest is from 225 MHz to 400 MHz. Other
attributes include hop bandwidth of 25 KHz and a noise floor less than that of any other components in the
receiver section. The techniques investigated should be robust against multiple strong hopping
interferences which could form undesirable in band spurious signals in nonlinear sections of a FIR or IR
filter. Phase | of this effort should theoretically evaluate the performance and capability of FIR and IR
filters to the reduction of co-site interference between multiple FH radios. Phase Il of this effort should be
a hardware development of co-site interference rejection system which can demonstrate the performance
against multiple FH radio interference.

AF90-049 TITLE: Communications Applications for Neural Net Technology

OBJECTIVE: To investigate neural net technology and identify specific applications to communications.

DESCRIPTION: Artificial neural net models have been studied for many years in the hope of achieving
human like performance in speech and image recognition. New net topologies and algorithms, analog
VLSI implementation techniques, and the belief that massive parallelism is essential for high performance
speech and image recognition has brought this technology more attention. Must of the work, which has
been very promising, has been for speech and image processing problems. There are many
communications signal processing problems that could benefit from application of neural net technology.
Adaptive spatial and/or temporal signal processing and high level intelligent control of communications
systems are two important areas of interest. Phase | work consists of identification of specific
communications neural net architectures and algorithms, simulation and modeling. Phase Il would involve
a hardware brassboard development of one specific application.



AF90-050 TITLE: Target Angle Tracking in Adaptive Airborne and Space-based Radars

OBJECTIVE: Development of algorithm and methodology for measuring the angular position of targets
with adaptive airborne or space based radars where the receiving antenna patterns have been modified for
rejection of main beam clutter.

DESCRIPTION: The motion of the radar platform in airborne and space based coherent radars spreads the
clutter Doppler spectrum. Clutter scatterers at different angles in the main beam of the radar have different
radial velocities and Doppler frequencies. As a result of this clutter spectral spreading, some targets of
interest have Doppler frequencies. Within the clutter spectrum and cannot be detected using conventional
ANTI or FFT processing. Adaptive space-time processing techniques have been developed for detecting
these targets. An example is displaced phase center antenna (DPCA) which was demonstrated in flight
tests by Lincoln Laboratories. Other alternative adaptive radar designs use multiple receiving beams or
fully adaptive arrays where all receiving element outputs are weighted adaptively. As a result of adapting
the receiving array weights for clutter rejection, the receiving patterns are changing and distorted from the
quiescent patterns. Conventional mono-pulse and dual beam algorithms for angle measurement cannot be
used in these adaptive systems. Methods of simultaneously adapting the radar for clutter rejection and
measuring target angle are required. Phase | will develop algorithm and methodology for measuring the
angular position of targets with adaptive airborne or space-borne radar where the receiving antenna patterns
have been modified for rejection of main beam clutter. Phase Il will obtain data and test the algorithms
developed in Phase I.

AF90-051 TITLE: Constant False Alarm Rate Technigues and Algorithms

OBJECTIVE: To analyze, develop, simulate and evaluate Constant False Alarm Rate (CFAR) techniques
and algorithms.

DESCRIPTION: Efforts to date have concentrated mainly on stream tradeoff and risk reduction studies in
operating frequency, antenna/receiver/transmitter configuration and power/aperture product. A serious
problem with CFAR is how to handle the interface between nonhomogeneous clutter, such as land and sea.
Special techniques are required to maintain false alarm control and detectability at such boundaries. In
addition, if the threat consists of a very dense multitarget raid, the background interference estimates using
adjacent range bin data will be contaminated by targets, desensitizing the detector. Therefore, some
advanced techniques and algorithms are required for CFAR noise estimation. This task should analyze the
specific aspects of the CFAR problem and develop, simulate and evaluate a CFAR algorithm. Phase | will
develop and evaluate CFAR techniques. Phase Il will obtain data to test the techniques.

AF90-052 TITLE: Disposal of Manufacturing Wastes from Composite Materials

OBJECTIVE: Develop technology to dispose of wastes generated from fabrication and repair of
components made of composite materials.

DESCRIPTION: Fiber-reinforced polymers (“composites™) comprise a significant fraction of the materials
used in the fabrication of recent and developing Air Force weapon systems. However, incineration or
autoclaving and landfilling are the only present methods to dispose of waste materials generated during
preparation, molding and finishing of composites. Hazardous wastes requiring disposal may include (but
not be limited to) any of the following: uncured resin, initiator, uncast polymer or composite, mold
trimmings, finishing dust and rejects at all stages of the fabrication process. Technology is required for the
efficient, nonpolluting, cost-effective disposal and/or minimization of the various forms of waste generated
during manufacture and repair of various forms of composite components. Phase | effort should assess the
feasibility of developing economic treatment and/or minimization of wastes generated during composites



manufacture and refurbishment. Phase Il will develop and test the most promising techniques identified in
Phase I.

AF90-053 TITLE: Effects of Structures on Toxic Vapor Dispersion

OBJECTIVE: Develop methods to quantitatively evaluate the effects of large buildings on the dispersion of
hazardous chemical vapors.

DESCRIPTION: Computer models currently used to predict toxic vapor cloud length, concentration, and
duration at Air Force installations are generally of the gaussian plume or puff variety. Vapors are assumed
to travel at the ambient wind speed and to disperse at a rate dependent on atmospheric stability, wind speed,
and horizontally homogeneous surface roughness parameter. This ignores the potential for large buildings
and “street canyons” near an accidental release site to trap hazardous gases in stationary eddies, quiescent
zones, and inside open structures such as hangers, warehouse, and maintenance facilities. Parameterization
of such building effects has been attempted in some long-term air quality assessment models, but not in
hazard response systems. Computer algorithms are needed which can quantify changes in the rate of
concentration reduction that arise due to vapor trapping. Both neutrally buoyant and dense gas cases
should be considered. The ultimate product of this research would be a micro-computer compatible system
adaptable to base-specific building configurations and capable of interfacing with Gaussian puff (passive
tracer) and box-type dispersion models. Phase | work should realistically assess the feasibility of
producing a viable system and whether the building effects in question are significant relative to over all
dispersion model uncertainty. Phase Il will scale up the concept and fully characterize its performance
capabilities in preparation for subsequent advanced development.

AF90-054 TITLE: Innovative Concept for Hardened Aircraft Hanger Door

OBJECTIVE: To develop new and innovative ideas for semi-hardened aircraft shelter door systems.

DESCRIPTION: The Air Force has a need for a new semi-hardened protective door system for aircraft
shelters. The door system should be resistant to jamming after blast pressure loading. The operation of the
door should not be hindered by the presence of debris. A powered opening/closing system must provide
for rapid opening and closing of the shelter door. A backup manual opening/closing system will be
necessary in the event the powered systems fail. The door shall be protected from fragmentation and direct
hot threats as well as blast overpressures. The capability of the door should not degrade from exposure to
heat or fire. The structural design shall consider normal “static” laoding conditions (dead and live loads),
and the dynamic loads associated with the threat. Dynamic designs shall consider both localized weapons
effects on individual structural members and overall weapons effects on the entire structural system.
Design shall analyze weapons effects and structural configurations to determine whether critical loads are
related to the peak pressure or total impulse. High pressures of short duration often result in localized
effects while longer duration total impulse loads typically involve more extensive portions of the structure.
Phase I will develop new and innovative ideas for semi-hardened aircraft shelter door systems. Phase Il, if
approved, should evaluate the concepts and materials identified in Phase I, and develop a complete door
system for installation.

AF90-055 TITLE: Rapid Soil Stabilization

OBJECTIVE: Develop innovative materials and methods of rapid soil stabilization for worldwide
construction of wartime airfields.

DESCRIPTION: Current methods of stabilization involve mechanically compacting soil or mixing in
chemical agents. For sandy soil, geosynthetics may be used to provide added strength. In clays, lime may
be added to chemically alter soil properties and provide increased strength. These methods, are time-
consuming, labor-intensive, and rely heavily on logistical support. Required strengths may not be reach for



weeks. Additionally, conventional methods require disturbing the original soil and affect any
preconsolidation or strength a soil may have naturally achieved. This effort is to push technology forward
in the area of rapid, unconventional in situ soil stabilization. Materials and techniques investigated should
maximize the use of on site materials and be reasonably priced. Materials must require little preparation
and handling, be quick-setting and readily available. Methods must be simple and adaptable to any
scenario. Equipment must be uncomplicated, air-transportable, and field-mobile. Phase I will propose
several innovative approaches. For each approach, perform feasibility analysis to indicate probability of
stabilization success, evaluate each for compliance with system objectives, and investigate prototype
fabrication. Phase Il will consist of fabrication and/or demonstration of the most promising approaches on
in-place soils.

AF90-056 TITLE: Visual Spectrum Flame Recognition

OBJECTIVE: Develop accurate and reliable fire detection systems via machine vision that can assist
mission readiness and prevent major loss of Air Force weapons and support facilites.

DESCRIPTION: Fire detectors which work by the principal of heat and smoke detection are slow.
Therefore, significant damage in the protected area can occur when using the heat and smoke detectors.
Fire detectors which work by the principal of detecting electromagnetic radiation are fast but not desirable
accuracy. Many flame radiation or Optical Fire Detectors (OFDs) have been taken out of service because
of false activations causing release of fire flighting agents and resulting in lack of protection and costly
replacement. Optical Fire Detectors work in narrow radiation bandwidths which yield limited information
for judging fire. This program will develop criteria for detection of fires and collect data that will be used
by a machine vision fire system. The approach will use recent developments of Machine Vision (MV)
hardware. Machine Vision ahrdware is now cost competitive with existing fire detector hardware because
fewer Machine Vision subsystems will be required as compared to narrow bandwidth Optical Fire
Detectors. Information more familiar to human experience may be gathered by a Machine Vision system
and the fire human experience which is accurate for fire detection. New developments in Machine Vision
hardware also allow the human experience which is accurate for fire detection. New developments in
Machine Vision hardware also allow the nalysis speed required for fire detection. Phase I will identify
recent developments of machine vision (MV) hardware and develop an approach for Phase Il. Phase Il, if
approved, will determine appropriate and sufficient data criteria to support rapid fire detection by machine
vision. Further, validation of criteria (via hardware/software testing) for military standard will be
conducted.

AF90-057 TITLE: Human Systems/Subsystems Research

OBJECTIVE: To develop innovative human-related systems or subsystems for aerospace applications.

DESCRIPTION: This topic is intended to provide an opportunity for the proposer to submit ideas directed
towards enhancing man’s capability to function effectively and safely as an integral part of Air Force
systems and military operations with the overall objective of increasing mission success. This general
areas includes: human factors engineering, such as methods improving man/machine interfaces or
enhancing human physical or cognitive performance; personnel protection/life support, such as life support
and crew escape from a thermo-atmospheric vehicle; chemical warfare defense, such as advanced personal
and collective protection equipment; occupational/environmental hazards, such as identification of and
protection of toxic materials and electro-magnetic or ionizing radiations; and personnel training and
simulation, such as new technologies that improve the effectiveness or efficiency of training programs and
methods. ldeas are solicited that effect any or all of the operations, maintenance, and support roles of Air
Force personnel.



AF90-058 TITLE: Innovative Analysis Procedures for Environmental and Occupational Health

Surveys

OBJECTIVE: Analytical procedures and equipment for determining presence and amount of environmental
and occupational contaminants.

DESCRIPTION: The USAF has a need for reliable methods of sampling and analysis of many
environmental and occupational health type of chemicals and materials in different media. Some examples

are:

The USAF has a need for a reliable means of evaluating vapor and particulate fraction exposure to
various forms of isocyanates during applications such as painting and foam production. In the
absence of a reliable method, overprotection in the form of costly and uncomfortable respiratory
protective equipment must be used. The National Institute for Occupational Safety and Health
(NIOSH) analytical method for isocyanates was withdrawn by NIOSH from approved methods
leaving no acceptable method for evaluated exposure. Surrogate techniques involving calculations
based on solvent content of paint or measurement of pigment are inadequate. A method which
captures and measures both free and polymer foam is needed.

This study would determine the feasibility/cost effectivness of using soil gas survey methods in
the remedial performance and long-term monitoring stages. The law requires performance
monitoring at least every five years after the enacting of remedial action at Installation Restoration
Program sites. The Air Force also considers long-term monitoring as an alternative to remedial
action. The Occupational and Environmental Health Laboratory (AFOEHL) is charted for the
long-term monitoring and is likely to perform the performance monitoring as well. This requires
field sampling and laboratory analysis which are expensive and have at least a 2-month time lag
after sampling. Soil gas methods may be cost-effective and produce real-time data at wells and
grids dedicated for performance and long-term monitoring purposes. However, there is no record
of this application. There is a need to determine the feasibility of soil/well-head gas survey with
comparison to the collection of water and soil samples and established protocols for the
implementation.

The USAF needs to determine the influence of purging and sampling methods on volatiles in low
permeability wells. Many Air Force Installation Restoration Program monitoring wells are
installed in low permeability clay/rocks which run dry after purging one well bore volume.
Consequently, it takes a long time for the well to recover and to sample. The problem is when to
sample — after four hours, one day, or after the well is almost returned to its static level? This is
not only tied to the representativeness of the collected water sample but also requires significant
labor hours compared to a high permeability well. The effect of anular space and filter pack on
the water sample shall be determined. It is claimed that ground water seep through the dewatered
filter packs will be aerated and thus lose its volatiles. Sand tank experiments and field tests are
necessary to determine the design of a monitoring well and the time of sampling. The result of
this study will enable the Air Force and DOD to get protocols for sampling low permeability
wells.

AF90-059 TITLE: Distributed Command and Control Research and Decision Analysis Tools

OBJECTIVE: Schema sharing and synchronizing in distributed environment and analysis of dynamic
networks.

DESCRIPTION:

a.

Knowledge Transference and Innovative Decision-Making in Distributed Command and Control
Environments. Objective of research is to investigate the group decision making issues that arise
when the group is in a “distributed” or noncollocated environment; linked by a computerized
network; and attempting to maintain an innovative stance when planning for the inherent
uncertainty of battle. In order to protect resources in the event that an attempt is made to
neutralize command center functions, the option to distribute command and control is a



consideration. It one mode within a network is neutralized, another node should be bale to
overcome the loss and continue operations. This presents a difficult and unpredictable situation as
network functions are increasingly computerized. One of these functions, battle planning, may
suffer greatly if there is an inability to rapidly share/trade understanding of situation assessment
information (often across a computerized network) with other nodes in the network and a
propensity to rigidly follow “old” battle plans which are not keeping up with the rapidly shifting
battle. In other words, how does the battle management team deal with replanning “on the fly?”
Prior research dealing with expert knowledge mental models, indicates resolution may be
determined by a greater understanding of the battle situation and ability to rapidly change and/or
improve their decision making to accommodate the rapid changes in the battle. Along these lines,
if the battle management group is able to share a “mental model” how do they rapidly change that
model commensurate with the change in the battle situation? Can this method of knowledge
transference be captured and built into a group training system?

Reorganizing, Dynamic Network Performance Analysis Tool. Copmlex systems, such as systems,
can be represented in terms of the processes which are performed, the resources which are used to
accomplish the processes, the organization which define the lines of authority and coordination for
the processes and resources, and the goals which are established for the organizations and
processes. Current network analysis tools, such as Structured Analysis and Design Technique
(SADT) and Colored Petri Nets (CPN), allow for ways of analyzing dynamic networks based upon
the structural and behavioral relationships which exist between processes and resources. This
existing tool kit must be augmented by including the goals and organization dimensions into the
analysis methodology. The four dimensions of process, resources, organizations, and goals should
be organizaed into a database which relates the mappings of each dimension onto each other.
Using these interrelated elements, algorithms should be developed which allow the resulting
network description to be reorganized and restructed as changes occur to the four analysis
dimensions. The Phase | product should be a technical report giving complete description of how
the four dimensions are related, the format of how the relationships should be defined and the
algorithm which map the descriptive elements onto the network model. Along with the technical
report, a story board, portraying how the resultant system would operate, should be delivered. The
Phase Il product should be a working prototype of the reorganizing, dynamic network
performance analysis tool.

AF90-060 TITLE: Telepresence Dexterous Manipulator Technology Under Human Control

OBJECTIVE: Develop new technologies and evaluation tools to advance and assess Robotic Telepresence
master-slave systems.

DESCRIPTION:

a.

Design (Phase 1) and fabricate (Phase I1) a standardized task battery to quantify and assess the key
metrics of dexterity, manipulation, and force feedback for human controlled robotic systems.
Presently, no standardized approach exists to identify and measure these key parameters. The
challenge is to identify and design a set of instrumented tasks that measure the important
parameters of telerobotic task accomplishment and force feedback. Also needed are data
acquisition set ups and authenticated analysis routines.

Design (Phase 1) and fabrication (Phase 1) of a force reflecting master for telerobotic (supervised
autonomy) aerial refueling. Current technology relies heavily on direct viewing with little or no
visual signals of successful boom insertion. Force reflection to the boom operator could help to
prevent over stressing of refueling components. System design and force reflection algorithms
should be compatible with existing boom paradigm (flaperons and ailerons instead of motors, for
example). The technologies should also be integrable into existing aircraft. Technologies could
include machine and operator vision systems for supervised autonomous (with human backup)
insertion operations. One challenge is to provide useful feedback to the operator while accounting
for the dynamics of three independent coupled systems.

Design (Phase 1) and develop (Phase 1) advanced interactive graphics models for real time visual
display of flexible telemanipulator arms. The challenge is to acquire and integrate real images



with graphical representations of refueling aircraft and boom in real time to portray the actual state
of the operation and dynamics of the system. Enhanced situational feedback might add
microscopic and macroscopic views to the standard view. Solutions should minimize
modifications to the involved aircraft (i.e., use existing light of receiving aircraft).

Design (Phase 1) and fabricate (Phase Il) instrumented generic master/slave tools for robotic
grasping research. Routinely robotic systems measure the force, torques and tactile pressures at
the end effector. The challenge is to instrument generic tool shapes to quantify internal strains
along principal axes and locate grasper contact points/forces. The objective is to quantify
manipulation parameters at the tool level. The tools may provide force feedback to the operator
and should permit human use of one tool and robotic use of a replica tool.

AF90-061 TITLE: Crew Station Design

OBJECTIVE: Devices and technologies which improve mission performance through better design of crew
systems and interfaces.

DESCRIPTION:

a.

Advanced line-of-sight Helmet Orientation and Position Measurement Systems and reduced
sensitivity to field distorting materials and reduced system installation complexities in aircraft
cockpits. Current military systems that incorporate rugged, lightweight, helmet mounted
transducers use A-C coupled magnetic fields sensitive to conductive and ferromagnetic materials
in cockpits, etc. Other environments produce enough field scattering to prohibit A-C coupled
transducing schemes. An alternate remote sensing or transducing technique is needed which is
insensitive to conductive surfaces, simplifies individual site installation, and is small, lightweight,
and rugged. End product Phase Il: Flyable Brassboard hardware militarized for the fixed-wing
fighter or multi-engine military aircraft environment. End product Phase 111: Preproduction
hardware for general application to Tri-Service vehicles.

Advanced Optical Materials/Devices for Aircraft Cockpit Helmet Mounted Displays (HMD) that
provide more design degreesOof-freedom per element, reducing weight and improving
performance. Current HMDs must obtain monocular fields of view of thirty to fifty degrees,
provie an unvignetted exit pupil size of 14 to 18 millimeters, provide image source to eye
transmission efficiencies above 50 percent, and accommodate eyeglasses. Binocular systems with
full, or almost full, eye overlap are desired. Keeping head-born weight below 3.5 pounds and
maintaining a reasonable head/helmet center of gravity is difficult. Weight savings must be
obtained in the helmet without sacrificing protection and in the optics without sacrificing
performance. Aspherical and holographic elements often have insufficient performance. New
materials and optical elements, such as gradient index materials or selective narrow-bank
coatings/gratings, are needed. End product Phase I1: Prototype HMDs with improved lightweight
optical designs. End product Phase Ill: Flight advanced optical materials for operational
evaluation.

Develop a new HMD design. The helmet-mounted display (HMD) should permit simultaneous
viewing of the display image and the outside world. Some project a collimated image onto a
helmet-mounted combining surface positioned between the outside world and the eye. Designs
that position the display away from the eye and route its image to the combiner via lenses, mirros,
and/or fiberoptics, tend to be bulky, heavy, and pose center of gravity problems. The ideal
approach would place a flat, lightweight, transparent display directly in front of the eye,
integrating the functions of the display and combiner. Flat-panel display technologies hold
promise. Problems include the following: simultaneous clear vision of distant and near and
adequate transparency and luminance of the HMD. End product Phase I: Design and construct a
Combiner Display technology demonstrator with diplay and optics — may be monocular, need not
be head-wearable or helmet-mountable. Image generator may be self-contained and need not
interface with external graphics devices. Provide a final technical report. End product Phase II: A
fully functional binocular prototype, suitable for head worn or helmet mounted operation and
capable of displaying dynamic images from external graphics devices.



AF90-062 TITLE: Application of Artificial Intelligence Technologies to Training Systems

OBJECTIVE: Apply artificial intelligence technologies to training systems.

DESCRIPTION: Artificial Intelligence technologies hold significant promise for developing automated
intelligent tutoring systems that achieve a student to teacher ratio of one to one by customizing presentation
of instruction to an individual student. All proposed software systems should run on an IBM/XT
compatible microcomputer under MS/DOS. Within this broad topic we invite proposals which address one
of the following areas:

a. Knowledge representation can run the gamut from formal logic grammars (most rigorous) to
freedom text (least rigorous). Much research suggests that an optimal approach to knowledge
representation in an ITS may be “semiformal” in nature. Examples of semiformal approaches to
knowledge representation include hypermedia and frame languages. We wish to examine the
semiformal approach to knowledge representation. Proposals in this area, therefore, should cover
the specification, design, and implementation or a proof of concept ITS in an Air Force domain
which uses just such a semiformal approach to knowledge representation. All media, including
interactive videodisk (I'VD), should be considered.

b. Inorder for ITS to adopt to the instructional needs of individual students, they must be able to
dispose skills and knowledge a student posses at various stages of training. Online diagnosis of
problem solving abilities is a viable near term goal. Research on student models and
Psychometric Theory feed the design and development of a prototype computer based diagnostic
testing system. A successful project in this area must design specifications for student modeling,
identify psychometric issues and solutions in Computer Based Diagnostic Testing (CBDT) and
design, develop, and document a prototype CBDT Software Shell.

c. Artificial Neural Networks (ANNs) may provide significant capabilities for ITSs in areas such as
student modeling, recognition of patterns of “paths” students take through instruction, intelligent
interfaces, rule generators for expert systems, and others. Proposals in this area should emphasize
a novel application of ANN technology to ITSs.

AF90-063 TITLE: Concurrent Engineering

OBJECTIVE: Develop information architectures and new applications of decision science methodology
within concurrent engineering environment.

DESCRIPTION: In order to fully exploit the potential benefits of concurrent engineering, the following
research area is of specific interest.

a. Information Architecture. Develop information architectures, as well as the methodologies and
tools to support and implement them, which will provide the data integration required in a
concurrent engineering environment. Such architectures must support the complex,
heterogeneous, and distributed data environment characteristic of concurrent engineering
applications. The goal of these information architectures is to facilitate the sharing of data and to
allow design parameter tradeoffs horizontally and vertically in the design hierarchy.

b. Design Decision Support. Determine and develop new applications of decision science
methodology that allows the design team to tradeoff the various design attributes such as
performance, cost, schedule, supportability, operability, and producibility within a Concurrent
Engineering environment. These attributes may have logical measures of merit which are either
qualitative or quantitative in nature, or the measures of merit may have to be derived as part of the
decision support system. The goal of these decision models is to provide the design team with the
capability to judge the relative merits of various design options and to evaluate the final design
with respect to life cycle implications.



AF90-064 TITLE: Contingency Task Training

OBJECTIVE: Predict critical enlisted specialties, develop procedure to determine training requirements,
and apply across AF specialties.

DESCRIPTION: The Air Force does not have sufficient capacity for effectively predicting which tasks are
needed in critical contingency situations. The present method utilizes subject matter experts who identify
which tasks they feel are critical during the last few moments of an annual review of Air Force Specialty
Training Standards (STS). The first objective of this research need is to develop methods for predicting
which peacetime enlisted specialty tasks are critical to the mission of the Air Force during wartime or Low
Intensity Conflict (LIC) situations. Secondly, a procedure must be developed for determining the training
requirements to perform those critical tasks under a range of contingencies. As a minimum, this project
requires the creation of a “scenario analyzer” which determines the tasks required to support each wartime
scenario presented. For example, a PC based scenario analysis program might be developed to facilitate
the analysis of wartime or LIC task requirements. The final phase of the project might determine the
developed for linking scenario task analysis to Air Force occupational task survey data and SME judgments
in the specifications of task criticality and performance requirements. The final phase of the project might
determine the tasks within and across Air Force specialties which are critical to mission completion during
contingency situations and describe what their extraordinary training requirements are. Phase | will result
in prototype development of technology and software for analyzing scenario. Phase Il should develop
linking procedures for scenario task analysis to occupational task surveys.

AF90-065 TITLE: Analysis of Air Force Office Accession and Retention

OBJECTIVE: Develop a model capable of explaining and predicting officer accession and retention
behavior in critical occupations.

DESCRIPTION: In determining the Air Force’s ability to attract and retain officers in critical fields such as
flying, engineering, and medicine, it is crucial that the Air Force make the best informed use of limited
fiscal and personnel resources tempered with an understanding of how future demographic patterns and
national trends effect officer accession and retention. The recent implementation of a pilot retention bonus
is but one example of the use of retention models on which to base policy decisions. Phase | of this project
would see a review of relevant military and civilian labor market and demographic models with emphasis
on theoretical and empirical soundness. The career retention, and desired experience policies as well as
how these policies should be modified in light of increased knowledge about future demographic trends
would be key areas of concern. The final part of the first phase of the research would construct a model,
based upon the results of the review of existing models, which would be most suitable for Air Force needs.
Such a model would include not only pay, compensation, policy, and demographic variables, but also
attitudinal factors such as perception of the military, job performance, job satisfaction, accommodation to
military life, trends in national attitudes, and others that affect accession and retention behavior. A
preliminary test of the model’s capability to explain and predict officer accession and retention behavior in
critical occupational areas would be conducted. This test would also focus on how the Air Force must
adopt its economic, accession and retention policies to meet changing national and regional demographic
patterns. Phase Il of the research would see the development of a large-scale officer accession and
retention model capable of modeling the flows into and out of officer job specialties. The impact of the
civilian labor market such as airline hiring patterns and other civilian occupational trends would be studied.
Special emphasis would be on incorporating and testing in the model critical demographic factors and
future demographic trends determined to be relevant during the Phase I effort. The total officer force
accession and retention model would permit the joint estimation of accession needs with the Air Force
ability to retain qualified and experienced officer personnel in specific occupations, with the required
experience and training in light of future demographic trends. An interactive personal computer-based
model would be developed to assist personnel managers in making the most effective force policy decisions
for the officer force.



AF90-066 TITLE: Life Support Systems Development

OBJECTIVE: Develop advanced life support systems for aircrews.

DESCRIPTION: Aircrew of advanced systems technologies requires improved environmental protective
systems in order to provide sustained operator capabilities. The development of advanced systems and
improved psychologic performance measurements remains imperative for man-machine interface.
Proposals should specifically address subtopics:

a.

Aircrew of high performance fighter aircraft capable of sustained 9-G and high altitude aircraft
capable of altitudes, have unique requirements providing for their basic physiologic functions to
allow adequate performance. Frequently this performance requires non-machine interface at a
highly technical level; i.e., a compromise in performance results in a less than satisfactory
equipment function. These environments include high-thermal stress, high-sustained exposures
for 30 seconds, long-term continuous operations, hypobarism, rapid decompression, laser eye
hazards, and chemicals of warfare. Although protective methods and systems are available for
these extreme environmental changes, they frequently do not provide adequate protection for
optimal performance. These systems frequently need to be refined or new solutions provided.
The Phase | efforts shall address methods and systems capable of improving physiologic aircrew
functions.

There are many life-threatening situations inherent in a chemical warfare scenario. In addition to
the obvious risk of exposure, individuals working and wearing the Chemical Defense Ensemble
face the extreme hazard of becoming thermal casualties. A device to gather and integrate the
biophysical data necessary to determine if a person is a heat casualty, without compromising the
integrity of the Chemical Defense Ensemble, would assist in the determination of appropriate
medical treatment. Measurements applicable to this task include heat flux, vapor flux, temperature
inside the Chemical Defense Ensemble, heart rate, skin temperature, and core temperature
estimates. The device would incorporate these values to calculate a category, or rating, of the
individual’s thermal status. This information could be used to “triage” heat casualties, determine
the extent of treatment needed to alleviate heat stress/illness, and ultimately return the individual
to duty. Phase I is envisioned as a concept and requirements analysis and design of a device for
demonstration purposes. Phase Il product should be a prototype device that has undergone initial
testing.

Provide on-line physiological assessment of pilot workload and state in aircraft and simulators.
Real-time monitoring of pilot state is required now and will be essential on newer aircraft and
simulator systems. A physical logical monitor is required which will provide on-line collection,
analysis and storage of information about pilot’s heart rate, heart rate variability in two bands, eye
blink rate and duration, and respiration. These are reliable measure of operator state and
workload. The device can be modular, but must be capable of being worn by pilots during flight
and should weigh no more than currently available on-body physiological recording devices. Up
to eight hours of battery operation and storage capacity is required. All amplification, signal
processing and storage must be accomplished by the device. End product Phase I: Design and
prototype development of the device. End product Phase Il: Fabrication and testing of the actual
simulation and flight environments.

Use neural networks to process real-time physiologic data to generate a mental workload metric.
Classic analysis of physiologic data has failed to measure small changes in mental effort required
for different tasks except in tightly controlled, non real world tasks. What meaningful data are
generated are often time and computing intensive and thus not available until long after the data
are collected. Using the proper set of physiologic measures and applying concatenated neural nets
of both supervised and unsupervised types might recognize subtle patterns in data. Even more
powerful would be the ability to do this in real time while the subject is performing. Various
measures such as EEG, EKG, respiration, temperature, facial muscle signals, GSR, and others
have shown some promise when both classic analysis or neural net analysis techniques are used.
However, putting a collection of this type of data into a complex neural net has not yet been
reported. Phase | product would be a proof of concept demonstration of non real time analysis
with a net and the generation of a trial mental workload metric. This demonstration could use a



laboratory type simplified task. Phase Il products would be a full system that produces a useful
mental workload metric in real-time from a complex real world task.

e. Agile laser effects and countermeasure interests include methods to evaluate safety hazards from
lasers and optical munitions, risk and effectiveness assessment of electro-optical countermeasures,
and T&E methodologies for holographic and fact-switch protective devices. Phase I shall include
assessment of laser effects and countermeasure methodologies, and Phase 11 shall address
protective devices.

AF90-067 TITLE: Systems Analysis of Aerospace Medical Technology

OBJECTIVE: To develop analytical tools for diagnostic systems and subsystems used in aerospace medical
technology.

DESCRIPTION: Medical standards for aircrew selection and evaluation change frequently. The current
emphasis is on flying stress associated with new aircraft/missions. Aerospace medical technology is used
to determine fitness to fly. Analytical tools for aerospace medical diagnostic (sub)systems need to be
developed. The product of Phase | will be proof of concept of a systems-oriented, analytical technique.
The product of Phase 11 will be a new methodology for diagnosis based on analysis of aerospace medical
technology. This systems-analysis approach should be applicable to other aspects of military and civilian
health care.

AF90-068 TITLE: Chemical Modeling of Halocarbon Toxicity

OBJECTIVE: Predictive structure/activity relationships for estimating the toxicity of halocarbon
compounds.

DESCRIPTION: Many of the hydrocarbon-based fluids currently in use by the Air Force as solvents,
degreasers, lubricants, hydraulic fluids, and pump oils often pose significant fire and environmental
hazards. For these reasons, the Air Force has been investigating alternate nonflammable, chemically inert
halocarbon-based replacements for many of the fluids found in its inventory. Unfortunately, commercially
available halocarbon fluids currently under evaluation may pose significant health risks to personnel
exposed to these materials. The chemical structure/property relationships involved in halocarbon toxicity
and potential for biological reactivity appear to be significantly different than those for hydrocarbon
compounds. A predictive quantitative structure/activity relationship (GSAR) for the toxicity of halocarbon
fluids need to be developed and validated. Phase I would develop a predictive QSAR model for halocarbon
fluids using available data to relate structure, chemical reactivity, and toxicity. Phase Il would test the
predictions generated by the QSAR model through the synthesis of model halocarbon fluids for assessment
of toxicity and metabolic potential by the Air Force. Data generated through the evaluation of these model
compound will allow the development and Phase 11 application of the validated QSAR model, leading
potentially to commercialization of nontoxic, nonflammable compounds capable of performing to
performing to appropriate MilSpec requirements.

AF90-069 TITLE: New Concepts and Innovations for Aeronautical System/Subsystems

OBJECTIVE: To develop new concepts and innovations for aeronautical systems/subsystems.

DESCRIPTION: This category of innovative concepts is intended to cover all facets of aeronautical
systems/subsystems research, development, and acquisition. It is also intended to provide latitude to the
innovator to include areas specifically addressed by other specific aeronautical topics. This general area
covers the full spectrum of Air Force aeronautical missions. Emphasis is placed on potential long-term
planning concepts. Topics as diverse as new weapon system concepts and improved operational techniques
can be submitted. Additionally, innovative proposals which address logistic Technology Need are
encouraged. Some other areas of interest are very low or maintenance free systems, countermeasures, and



innovative R&D systems/subsystems concepts. This topic is structured to provide a maximum of
innovative flexibility to prospective participants.

AF90-070 TITLE: Artificial Intelligence Applied to Aeronautical Systems

OBJECTIVE: To develop artificial intelligence systems applications applied to all aspects of the Air Force
mission.

DESCRIPTION:: This category of innovative concepts is intended to cover all facets of artificial
intelligence in aeronautical systems. It is meant to provide the innovator with latitude to include areas of
application not address by other specific aeronautical R&D topics. This general area covers all aspects of
artificial intelligence. This subject area is considered as applying to all aspects of the Air Force mission
with special emphasis on solutions to operational or logistics needs. Therefore, it applies to systems
applications such as UAVSs, hypersonic system, decision aiding, training, etc, logistics, and maintenance,
and as innovative applications of the science of artificial intelligence solving Air Force problems.

AF90-071 TITLE: New Concepts and Innovations (NCI) to Enhance the Cost Estimation of
Aeronautical Systems/Subsystems

OBJECTIVE: To develop or upgrade cost estimating tools to evaluate the Life Cycle Cost effects of NCI
during the conceptual phase of aeronautical systems/subsystems development.

DESCRIPTION: This category of innovative concepts is intended to cover all facets of cost estimating
from the laboratory technology phase to the fielding of weapon systems/subsystems. It is also intended to
provide latitude the innovator to cover specific technologies as well as the accumulation of these initiatives
into a total systems/subsystems cost model for application of estimating the cost of “integrating”
combinations technologies in an operational system including the cost and cost benefit of prototyping for
functional demonstration as a prelude to scale development/production. Lack of an ability to evaluate the
cost of technologies being considered across the Project Forecast arena will severely impact out-year
budgetary planning resulting in project cancellation due to the unpredictable “cost growth.” High
Temperature Materials; Ultralight Airframes; Smart Skins, High Performance Turbulence Engineers;
Combined Cycle Engineers; STOL/VTOL Technology; Advance Manufacturing Technology advanced
avionics; every imaginable new system are all beyond today’s cost estimating capability and should be
addressed individually and in combination. This topic is structured to provide a maximum innovative
flexibility to prospective participants.

AF90-072 TITLE: Determination of Effects of Interoperability Issues on Intratheater Airlift

OBJECTIVE: Devise/develop effective methods of cargo transfer between USAF intratheater airlift and
army transportation assets.

DESCRIPTION: Determine what technology improvements may be possible for future theater airlift
designs with emphasis on rapid loading and unloading. Conventional transports require externally-
provided material handling equipment considerable time to load/unload palletized cargo. All types of cargo
transfers between USAF theater airlift and Army transportation assets in Europe, Southwest Asia, Central
America, etc., should be examined. Such factors as the compatibility of USAF/Army material handling
equipment (MHE), USAF intratheater airlifter cargo handing compatibility with Army helicopters, trucks,
palletized loading systems and international Standards Organization shipping containers must be treated.
The availability, reliability, ability, maintainability, survivability, and rough terrain capabilities of cargo
transfer assets also require evaluation and understanding. Self-contained loading/unloading approaches,
either fixed to the aircraft or preferably removable, featuring ease of operation, structural integrity,
reliability, maintainability, lightness of weight, rapid load/unload times, and reasonable costs need to be
investigated. Phase | will review all available military and commercial data sources, define key issues and



problems and recommend possible options and potential innovative solutions to develop further in Phase 11.
Phase Il will examine in-depth key issues and problems and further develop technological solutions to
cargo loading, unloading and transfer from USAF aircraft to Army transportation system.

AF90-073 TITLE: Vulnerability Assessment Technigues for Conceptual Aircraft

OBJECTIVE: To develop rapid assessment techniques for evaluating vulnerability of conceptual aircraft.

DESCRIPTION: An innovative approach is required to rapidly estimate vulnerabilities for conceptual
aircraft versus a range of non-nuclear weapons. These estimates are needed to provide inputs to
survivability and effectiveness simulations and to develop desired hardness levels. Typically they must be
generated with only minimal design data and within two-three weeks to meet analysis schedules.
Responsiveness is critical if the analysis results are to be usable to develop desired hardness levels.
Vulnerability analysis techniques such as have been developed and documented. However, they are
principally applicable to aircraft in final design phases and are not usable for preliminary design concepts.
Some development of approximation techniques has been done, but a highly experienced analyst is still
currently required to generate data within the time constraints. Phase | is expected to consist of a review of
typical levels of design data available, usages, and analysis time and threat requirements. Based on this
review a set of analysis requirements would be developed and compared to existing analysis techniques,
and a suggested approach would be developed. Phase Il would consist of developing, implementing, and
documenting the suggested approach.

AF90-074 TITLE: Consolidation of Leadless Chip Support for the F-15

OBJECTIVE: Determine vendors using Leadless chip carriers in their circuit and assembly design, and the
support method they plan on recommending to the Air Force. Methods are to be consolidated.

DESCRIPTION: Leadless chip carriers are used by various Line Replaceable Units in the F-15E, Dual
Role Fighter. Currently there is no consistent method of providing for the organic depot support of these
chip carriers. With each F-15E vendor proposing his own different support method this leads to an over
proliferation of depot support equipment. This requires the depot maintenance personnel to learn many
different support systems. Phase | activity will include consolidating the list of all F15E systems that use
leadless chip carriers and their proposed method of support. This leads to the Phase Il activities of
researching and determining if there is a generic method to support leadless chip carriers and if this method
can be utilized by the F15E vendors using leadless chips.

AF90-075 TITLE: Consolidation of Electrical Standards Set (ESS) Equipment

OBJECTIVE: Research and determine how existing F15ESS equipment can be consolidated and reduced.

DESCRIPTION: The F-15 ESS currently contains several programmable controllers and numerous manual
programming devices. This equipment is used to program Programmable Read Only Memory (PROMsS),
Eraseable Programmable Read Only Memory (EPROMS), and load computer programs into LRU and
support equipment memories. Maximum consolidation of this equipment into a multi-purpose device
would both reduce mobility requirements and proliferation of support equipment. Additionally, reliability
could be increased and supportability improved. Travel to Air Logistics Centers and Operational Sites
would be required to investigate current procedures. Phase | activity will consist of a feasibility report to
insure the validity of consolidating ESS equipment. Phase Il will consist of identification of equipment
required to perform the function of the various components of the ESS.



AF90-076 TITLE: Maintenance System for Artificial Intelligent (Al) Knowledge Bases

OBJECTIVE: To develop methodologies/techniques for developing/maintaining robust Al systems without
sacrificing real-time performance.

DESCRIPTION: A growing number of “real time” Artificial Intelligence (Al) Systems are being developed
to quickly and efficiently analyze large amounts of data. These systems, such as the Adaptive Tactical
Navigation System or the Pilot’s Associate System, must find innovative ways to quickly and efficiently
process their knowledge base to obtain accurate solutions in real time. Conventional Al development
environments have had difficulties in producing efficient run time systems. This is due to the fact that the
same code necessary to enhance the development environment tends to slow down the system during run-
time. In order to overcome these limitations, Al system designers have had to embed the knowledge base
into their own custom run-time Al shells to achieve real-time performance. Unfortunately, the deeper the
knowledge base is embedded into the actual code, the harder it is to change the knowledge base when
maintenance is necessary. Even though Al development environments offer the knowledge engineer a
quick way to develop Al system designer must constantly balance system performance versus ease of
maintaining and manipulating the knowledge base. One method to resolve this problem would be to
develop and test the system using an Al development environment and then strip out the environment and
recode the system to optimize performance. However, if the knowledge base is changed, the knowledge
engineer has no easy way to change the run-time environment, and may be forced to recode the. Under
Phase | of the proposed research, the contractor shall develop a preliminary design of a real time Al
development/run-time shell which will provide the user with a good development system without
sacrificing run-time efficiency. This real-time tool must give the knowledge engineer the ability to easily
develop, test, and maintain a real-time Al system while producing efficient run-time code. At the
conclusion of Phase I, the contractor shall produce a final report which documents the design of the real-
time Al development/run-time shell along with a proposal for Phase 1l. Under Phase 1l of the proposed
research, the contractor shall fully develop the real-time Al development/run-time shell. This system shall
be thoroughly evaluated via computer simulation. This effort will culminate in a laboratory demonstration
which illustrates all salient features of the real-time Al development/run-time shell as a software tool. At
the conclusion of Phase 11, the contractor will produce a final report which documents the system, as well
as possible future enhancements. The contractor shall also provide the documented software code that was
developed under this effort.

AF90-077 TITLE: Instantaneous Frequency Measurement (IFR) Correlator Using Optical Approach

OBJECTIVE: To investigate techniques to implement IFM correlators using optical approaches.

DESCRIPTION: One of the most important problems in IFM receivers is to remedy the receiver deficiency
to process simultaneous signals. An in-house effort to improve the performance of IFM receivers to
receive simultaneous signals has produced satisfactory results. However, with this new approach a large
number of IFM correlators are required. The conventional IFM correlators which are made of microwave
components are, in general, complicated. It is possible to make correlators through optical approaches.
Phase I will address different optical approaches to implement IFM correlators through optical means and
compare their results. Phase 11 will actually fabricate some optical IFM correlators from the results of
Phase I.

AF90-078 TITLE: Environment Generator for Coherent Radar Hybrid Simulator

OBJECTIVE: To develop a cost-effective, modular environment generator for real-time hybrid simulation
of coherent, monopulse threat radars.

DESCRIPTION: A cost-effective method of providing high fidelity real-time simulation of the full range of
modern coherent, monopulse threat radar systems is essential to the efficient development of effective
countermeasure techniques and systems. Past hybrid simulators have been designed as clones of individual



threat radars to ensure simulation fidelity. This approach limited their availability since it required
extensive hardware development for each system and a separate simulator for each threat system of
interest. Recent efforts have been made to develop truly reconfigurable threat radar simulators to lower the
required investment needed to perform simulation testing. To guarantee simulation fidelity, the proposed
simulators plan to perform their signal modulations for modeling antenna patterns clutter and target returns
at the operating radio frequency (RF) of the threat system. This approach presents difficulties due to the
cost and complexity of RF circuit design. An alternative method is to perform the signal modulation at the
intermediate frequency (IF) of the threat systems and up/down convert at the interface to the electronic
countermeasure system under test. If signal processing is much more economical and opens up the
potential for direct digital signal modulation up to the threat systems signal processor and the feasibility of
implementing these effects at IF to provide a high fidelity simulation. Such factors as target modulation,
clutter space loss, antenna effects, and receiver effects should be addressed as a minimum. Consideration
of simulation fidelity and cost tradeoffs should be given to various potential approaches. The contractor
will develop a proposed environment generator with an analysis of feasibility and cost/fidelity tradeoffs for
the various simulation aspects in Phase I. Phase Il will consist of fabrication and demonstration of the
proposed design.

AF90-079 TITLE: Tactical Fighter X-Band Radar Coherent Sidelobe Canceller

OBJECTIVE: To formulate and evaluate adaptive array processing techniques and new air-to-air radar
architectures that allow the detection of future airborne threats in difficult electronic countermeasures and
interference environments.

DESCRIPTION: Internetting, collocated electronic surveillance measures (ESM) equipment, and other
synergistic techniques may allow the enemy to deploy his standoff airborne and ground based electronic
countermeasures (ECM) assets to reduce the effectiveness of Air Force tactical air-to-air radars.
Considering that future airborne threats are likely to have radar cross sections (RCS) greatly reduced in
magnitude form contemporary targets, the ECM sidelobe jamming performance pensity incurred by the X-
band fighter radars could be severe. Historically, tactical airborne radars have not incorporated isdelobe
ECM cancellers for several reasons. The conventional spatial jammer nulling and subsequent
temporalnonadpative ground clutter cancellation two-stage processing has fundamental limitations. Clutter
in the auxiliary antenna channels results in the adaptive spatial system attempting to form a null in the main
beam direction thus canceling the target. Conversely, the adaptive nulling process raises the antenna
sidelobe level which results in increased sidelobe clutter in the Doppler filter bank. Even if clutter is not
present, the convergence rate for the class of adaptive algorithms which could be practically implemented
is very slow requiring tens of thousands of samples to effect an adapted solution. This slow adaption
drastically limits cancellation performance against blinking jammers or when tactical aircraft maneuvers
require an inherent “null steering” capability. Finally, radar receiver hardware errors limit channel
matching and sidelobe nulling orders of magnitude less than desired. The state of the art in adaptive
processing and digital equipment has, however, progressed to a point where coherent sidelobe cancellers,
having the desired rapid convergence rate and ECM nulling performance, are becoming feasible. The
Phase | activity will systematically investigate the exploitation of these technologies which include the
following: joint space time adaptive processing to eliminate the degrading intersetions between jammer
nulling and clutter cancellation that exist in a two step process; adatpvie weight formation by digitally
implemented sample covariance matrix inversion (or equivalent Gram Schmidt orthogonalization)
techniques to eliminate the slow convergence iterative emethods; adaptive finite impulse response (FIR)
filters to reduce receiver hardware channel match requirements; and specialized high speed digital single
autonomous node circuits that can be configured to implicitly perform the matrix formation/inversion,
adaptive weight determination and adaptive beamforming computations in real time when utilized in high
throughput systolic array signal processor architectures. The Phase | output will consist of an adaptive
processing algorithm design, radar architecture definition, and digital computer simulation sidelobe
canceler performance predictions. These activities will lead to the Phase 1l effort of laboratory
demonstrating sidelobe canceler nulling performace in real time utilizing breadboard digital signal
processing, analog to digital converter, and IF/low pass filters to emulate a radar.



AF90-080 TITLE: Innovative Electrooptical Sensors

OBJECTIVE: To develop novel active and passive electro-optical sensor techniques.

DESCRIPTION: Improved electro-optical sensors are required for airborne and spaceborne application
against ground and aerospace targets. This includes target detection, recognition, and tracking. Particular
areas of interest include, but are not limited to: Laser radar receiver techniques, both for coherent and
incorherent laser radars. Methods of improving sensitivity and resolution without increasing laser radar
transmited power or physical aperture size are desired. Techniques applicable eventually to diode pumped
solid state laser radars are preferred. Passive techniques to increase sensor sensitivity or resolution without
increasing physical aperture size are desired. Active or passive electro-optical techniques to provide
increased target detection or recognition information content by novel methods are desired. Wide area
search techniques against a concealed ground target are of special interest. Methods of rapidly moving an
electro-optical field of view with no moving parts are a strong interest, especially broadband techniques for
use with both active and passive sensors. Broadband techniques must either be nondispersive or
compensated such that each wavelength within the band is directed to the same angular position. Other
novelelectro-optical sensor techniques. It is desirable if limited experimental proof-of-principal as well as
design of a more complete demonstration can occur in Phase I. Phase Il should perform the more complete
experimental demonstration.

AF90-081 TITLE: Engagement Visualization for Electronic Combat (EC) Simulation and Modeling

OBJECTIVE: Develop and demonstrate a viable method for generic real time visulaizaiton portrayal of EC
interactions/engagements for Electronic Warfare (EW) simulators and real time digital models.

DESCRIPTION: Historically, the ability to assess the effectiveness of an EC system was dependent upon
the assimilation of vast amounts of data collected from the system under test and/or digital model, and
subsequent execution of manual or semiautomated post analysis methods. The recent evolution of complex
multispectral EC systems and corresponding integrated air defense system threat infrastructure have
compounded the problem of EC effectiveness evaluation. Current test and analysis techniques have
become cumbersome and unresponsive to rapidly changing EC technology. To overcome this difficulty,
the ability to graphically portray threat interactions and engagements is anticipated to show significant
promise in the evaluation of complex systems by reducing the overall problem of representing
system/threat relationships. Hence, the ability to dynamically display threat engagement, scenario and
threat characteristics data in a cost effective manner is needed. This effort involves the development and
demonstration of graphics tools for EC digital models and ismulators in the Air Force community. Special
emphasis on generic tools and standardized graphics software interfaces is important to ensure portability
between differing digital models and simulators, and their acceptance by the EC community. The Phase |
effort will involve the selection of one or more digital models/simulators for application of the visualization
tools, visualization requirements definition, software architecture development and, if possible, small scale
development and demonstration. The use or modification of existing software for the Phase | effort is
encouraged. The Phase Il effort will concentrate on full scale implementation and integration of developed
visualization tools with selected digital models and/or simulators. A demonstration of the full scale
implementation of the Integrated Defensive Avionics Laboratory located at Wright-Patterson AFB, OH will
conclude the Phase Il effort.

AF90-082 TITLE: Avionics Software Performability (ASP)

OBJECTIVE: To develop a general modeling framework that will allow the development of a unified
performance reliability measure for avionics software.

DESCRIPTION: To properly evaluate the effectiveness of avionics software, one must consider both
performance and reliability. Performability modeling requires a “capability function” that relates low level



system behavior to user oriented levels of performance. By formulating the capability function,
performability can be evaluated. Currently, modeling schemes have been developed to measure the
effectiveness of aircraft computers. With software being the current cost driver in avionics, these same
concepts need to be applied to the avionics operational flight programs. This work will allow the Air Force
to acquire a capability for measuring the effectiveness of the avionics system by taking into account
performance and reliability for both the hardware and software. Work performed under this effort can be
divided into two phases. Phase I will identify concepts that currently exist in measuring the performability
of computer hardware that can be applied to avionics software. Phase Il will include the implementation of
the capability function for avionics software. Also, modeling and analysis techniques will be demonstrated
that use performability to measure avionics software effectiveness.

AF90-083 TITLE: Model-Based Vision (MBV) Technology Components

OBJECTIVE: Establish the utility of a qualitative physics approach to target model prediction; develop
new approaches to multisource information integration with uncertainty representation.

DESCRIPTION: MBV Automatic Target Recognizer (ATR) systems are composed of a predictive
component and a descriptive component. The descriptive component examines sensor imagery and
extracts potential target features to build a hierarchical representation of candidate targets and to form an
initial target identity hypothesis. The predictive component consists of geometric and signature models
which are utilized to estimate target features which are then matched to candidate target descriptions at the
feature, feature grouping, and object levels. These two components are unified by a central data and data
uncertainty representation and reasoning scheme which enforce a uniform representation paradigm for
descriptive and predictive data and provides a standard control and integration mechanism for these
disparate information sources. Based upon initial match results, feedback is employed to refine the target
model prediction and extract additional descriptive evidence in an iterative manner to narrow the
uncertainty associated with target parameters such as pose, configuration, and phenomenology. Sources
are sought for research in two MBV component areas:

a. Multisensor target phenomenology prediction via qualitative physics. The above factors in
combination place constraints upon geometry, signature and sensor phenomenology models that
are unique to MBV. State of the art qualitative signature estimation approaches generally fail to
capture all the necessary attributes required for MBV prediction mechanisms. It is anticipated that
a qualitative physics approach to target signature estimation may more readily support critical
MBY prediction requirements such as distributed control and uncertainty representation, target
feature prediction at variable resolution and accuracy, aggregate feature prediction as opposed to
complete target visual renderings, and cause and effect reasoning about energy exchange
mechanisms which drive signatures. Phase 1 effort will consist of concept implementation in the
government supplied Sensor Algorithm Resaerch Expert system testbed.

b. Theoretical development of information and information uncertainty representation techniques and
reasoning paradigms. EXisting approaches to MBV information management and reasoning contrl
include probability theory. Each of these approaches possess advantages and disadvantages with
respect to MBV. In Phase | extensions/combinations of these existing approaches or new
alternative approaches are sought which can accomplish the predictive and descriptive information
integration and reasoning management task at the heart of an MBV recognition system. Phase Il
effort will consist of further development and implementation to augment/replace the information
management techniques in the government supplied Snesor Algorithm Research Expert system
testbed.

AF90-084 TITLE: Computer Aided Software Engineering (CASE) tools for Total-Integration
Avionics (TIA) Systems

OBJECTIVE: Develop CASE tool requirements and capabilities for the sepecification, design, and
prototyping of total integration avionics.



DESCRIPTION: The evolution of advanced avionics architectures over the past ten years has begun to
focus on functional integration, resource sharing, sensor/data fusion, and fault tolerant techniques. In
particular, current programs such as ICNIA, INEWS, and PAVE PILAR, as well as future programs such
as PAVE PACE, are concerned with resource sharing activities. Collectively, this resource sharing concept
is referred to as Total-Integration Avionics (TIA). Reliability, supportability, availability, and
maintainability, of these advanced avionics systems are not only desired goals, but indeed, critical
requirements. Emerging technologies such as wafer scale integration, photonics, artificial intelligence,
parallel processing, neural networks, etc., will play a vital role in bringing the concept of TIA to fruition.
Furthermore, it must be acknowledged that a vital part of these aforementioned technologies is software.
While hardware resource sharing and functional integration are certainly key elements, it is intricate and
complex software systems which represent a driving force behind these technologies. Also, it is well
recognized and understood that real time avionics software design, development, testing, implementation,
and maintenance are extremely resource intensive activities, in terms of personnel, time, and cost.
Unfortunately, the emerging CASE tools do not adequately address the full life cycle from requirement
specification through design, development, testing, implementation, and maintenance. Further, these
CASE tools, in many instances are diverse, ill matched, and not suitably integrated in terms of being
capable of sharing data and information between other tools. Critical issues such as data interchange
formats, user interfaces, common databases, and tool environments remain heretofore unresolved. Yet, it is
these CASE type tool which are needed in order to address these monumental software problems.
Therefore, Phase | will examine the current state of the art in the CASE tool arena, identify specific gaps
and shortcomings in terms of both TIA considerations and spanning the complete software life cycle
spectrum, and provide precise recommendations as to how these deficiencies can be addressed. Phase Il of
this activity will be the development, implementation, and demonstration of a fully integrated and user
sensitive CASE tool suite based upon the insight gather from Phase I.

AF90-085 TITLE: Application of Multiple Model Adaptive Estimation to Adaptive Navigation

OBJECTIVE: To enhance navigation system accuracy while maintaining system robustness using Multiple
Model Adaptive Estimation techniques.

DESCRIPTION: Kalman Filters may be tuned to operate at peak performance for a given system by
iteratively adjusting elements of both the system dynamic noise covariance matrix, Q, and the measurement
noise covariance matrix, R. Although the performance of an optimally tuned filter provides accuracy, it
does not provide robustness, that is, any change in the real world system not modeled by the filter may
cause the filter to diverge. Thus filter robustness suffers at the expense of accuracy and visa versa. Current
efforts in adaptive navigation concentrate on optimally combining information provided by robust yet
suboptimal local filters. Multiple Modal Adaptive Estimation techniques adapt to predictable real world
inconsistencies, which occur at unpredictable times, by providing filters that are tuned for each mode of
sensor operation. In Multiple Model Adaptive Estimation, each sensor then has its own bank of filters,
running in parallel, from which to extract state estimates. The filter which correctly models the sensor’s
current mode of operation is determined via a residual monitoring technique which compares each filter’s
measurement estimate with the actual sensor measurement. The filter with the most well behaved residual
history is then chosen for implementation by the navigation system. To provide robustness, divergent
filters in the bank are continually reset until they sufficiently model the sensor’s mode of operation. The
proposed research will therefore attempt to enhance local tiler accuracy while maintaining overall system
robustness by adapting the filter to the environment in real time. Phase | of this effort will be a feasibility
study to determine what benefit Multiple Model Adaptive Estimation can provide the filter architecture
proposed by the Distributed Kalman Filter Architecture effort. At the conclusion of Phase I, the contractor
will produce a final report which documents the contractor’s approach, results and a recommendation as to
the potential benefits provided by optimally tuned filters on navigation system accuracy. Phase Il of this
eeffort will develop a residual monitoring filter implementation technique to take advantage of the
enhanced local filter performance obtained in Phase I.



AF90-086 TITLE: Electronics Packaging and Interconnection Technology

OBJECTIVE: To develop materials, processes, techniques and concepts relating to the various levels of
packaging and assembly of electronic systems.

DESCRIPTION: Present electronics assembly technology which utilizes multilayer, board mounted,
ceramic packaged circuits aggregated in rack mounted subassemblies severely limits the electrical,
mechanical and thermal performance of systems. Progress in numerous technology areas such as coatings,
nonconventional packages, multichip packages, silicon chip on silicon substrate, appears to allow
significant and beneficial departures from the present methods of packaging and assembly. Programs are
solicited which would contribute to the maintenance of chip level performance through two-three
subsequent levels of interconnection, while advancing reliability and assuring a maintainable product.

AF90-087 TITLE: Integrable Die for Advanced Packaging Assemblies

OBJECTIVE: To develop processes and techniques for semiconductor die integration in multichip
packages and chip on board assemblies.

DESCRIPTION: In order to achieve high performance systems, the performance provided at the debvice
level must be maintained within a factor of two at the next level of interconnect. One method of achieving
this is to mount devices closer together using multichip packaging or chip on substrate/board approaches.
As the density and value added of the assembly increases, it becomes critical that bare die testing
techniques be developed which allow bare die to be fully characterized prior to their being committed to the
final assembly. Device driver size, choice of metallizations, and mechanical and electrical interconnects
must be optimized to yield a reliable thermally manageable assembly. Die attach materials and processes
must be developed and understood so that these procedures do not change the characteristics of the fully
tested devices. In addition, the properties of passivations or coatings used to provide reliability without
hermeticity and their effects on the performance of the device must be fully understood. The above
description defines a broad area of interest and proposals addressing individual or combined areas are
strongly encouraged as long as they are clearly targeted to the final objective. Phase I will identify, analyze
and trade off techniques, processes and materials which will offer the greatest potential for ascertaining
integrated devices for assembly into the next level of interconnect. During Phase Il, the most promising
candidates will be further developed, analyzed and characterized and verified through hardware assembly
and testing.

AF90-088 TITLE: Optical Analog to Digial (A/D) Conversion

OBJECTIVE: To examine novel optical parallel sampling architectures for analog to digital conversion.

DESCRIPTION: Analog to digital converters currently under development operate at 1-2 gigahertz sample
rates for 2-4 bit words. Various problems arise due to the speed limitation of current devices. Systems
using high speed transducers, such as RADAR, require an analog interface between the sensor and the
digital processor in order to reduce the data rate to within the range of the A/D converter. Analog
processing is much less flexible than digital because parameters and processing procedures cannot be
altered as readily. Also the limited dynamic range of present A/Ds makes them sensitive to noise
interference. Issues such as how to do optical thersholding, quantization, and encoding will all be
addressed. Optical A/D converters have potential for 10 bit conversion at 30 gigahertz. Phase | will result
in novel optical architectures meeting program goals. Phase li will further develop promising architetures
indicated in Phase | to working demonstrations.



AF90-089 TITLE: Concepts, Models, and Techniques for Advanced Multifunctional Optoelectronic
Devices

OBJECTIVE: To develop enabling technologies for integration of diverse electronic/optoelectronic
functions on a single semiconductor chip.

DESCRIPTION: Advanced device concepts and models, along with demonstrations of key materials
growth and device fabrication techniques, are required for enhancement of research efforts in the material
synthesis and device development aspects of advanced, electronic and optoelectronic integrated circuits.
Emphasis will be placed on the development and demonstration of critical concepts, modeling tools,
heteroepitaxial growth techniques and processing technologies required for synthesizing multifunctional
integrated circuits incorporating both electronic and optronic devices. Semiconductor material systems of
interest range from the group 1V semiconductors to I11-V and 11-VI compounds and includes
alloy/superlattice and heterojunctions thereof. Phase I activity will include initial feasibility demonstration
of the enabling task to be investigated. Phase Il will consist of the final development of the concept,
modeling tool, process technique or apparatus required for integrating or transitioning the enabling
technology into the existing electronic/optoelectronic technology base.

AF90-090 TITLE: Process Modeling of Microwave Heterojunction Transistors

OBJECTIVE: To develop interactive process models that effectively describe monolithic microwave
integrated circuit heterojunction transistors.

DESCRIPTION: Significant effort is presently devoted to the development and refinement of computer-
aided design (CAD) techniques for gallium arsenide (GAAS) monolithic microwave integrated circuits
(MMIC). The bulk of the work centers on developing field-effect transistor (FET) small signal and large
signal models, circuit simulators, and layout tools. Work is underway on developing GAAS FET process
models that couple with circuit CAD tools. The process model allows the detailed evaluation and
optimization of the specific device fabrication sequence to achieve improved performance and higher
fabrication yields. When integrated with other MMIC CAD tools, the process model becomes a very
effective design tool. The objective of the subject effort is to develop similar process models for
microwave heterojunction transistors such as the heterojunction bipolar transistor. Emphasis will be placed
on developing a modeling program that can accurately and quickly simulate a full set of heterojunction
device characteristics on workstations or personal computer in a matter of minutes starting with the process
specifications. The developed program must have the capability to be easily coupled to MMIC simulators.
Phase I shall consist of the feasibility demonstration and delivery of a preliminary modeling program. In
Phase Il the modeling program will be refined with a full set of parameters and verified by comparison with
measured device results.

AF90-091 TITLE: In Situ Sensors for Semiconductor Processing

OBJECTIVE: To develop new, innovative techniques and devices for in situ sensors and real time process
controls.

DESCRIPTION: Low coat, fabrication facilities for semiconductor devices needed by the Air Force, Army
and Navy are increasingly dependent on real time process controls for first pass success in fabricating small
lots of very complex devices cost effectively. Advanced semiconductor device fabrication facilities for
application specific integrated circuits and many special purpose devices in silicon, gallium arsenide,
mercury cadmium telluride and other semiconductor materials are rapidly moving towards the use of single
wafer processing facilities using all dry, plasma processes for deposition, etching, resist development, etc.
In many cases special sensors are needed to control critical plasma parameters, the rate of the process, or to
detect and points accurately. Various types of electrical and optical measurements have been made at RF,
microwave, and optical wavelengths using spectrophotometric, interferometric, holographic, fluorescent
and other techniques for extracting the critical information. As more complex devices and processes are



developed, real time, in situ sensors and process controls become even more critical for cost effective
manufacturing. Phase I of this program shall consist of a six (6) month feasibility study for new in situ
sensors. New semiconductor processes should be surveyed to determine critical process steps limited by
sensor availability. New, innovative ideas for sensors to acquire the needed data should be analyzed
theoretically to determine the feasibility of this approach. Critical experimental measurements to prove
feasibility of the idea should be performed. A report documenting these ideas and experiments should be
prepared together with designs for a full-scale demonstration. Phase I of this effort shall consist of
additional work to perform the full-scale demonstration of the technique, such that the limits of
performance, operating parameters and benefits of the technique can be demonstrated.

AF90-092 TITLE: Novel Laser Host Materials

OBJECTIVE: Develop new host/lasant combinations with improved performance or which operate in new
spectral regions.

DESCRIPTION: A few solid-state, continuously tunable laser materials such as titanium-sapphire,
alexandrite, and cobalt: magnesium fluoride have been successfully demonstrated. However, these
materials do not cover all wavelength bands of interest. Also, improved operating efficiency is often
needed for various applications. Novel concepts for new laser materials are needed to develop the next
generation of frequency agile laser sources. Phase | will involve growth or fabrication of the new laser
material with demonstration of lasing. In Phase 11 the new material will be optimized and characterized for
laser performance with the goal of a laser or material which could be easily developed into a commercially
available product.

AF90-093 TITLE: Low Profile Capacitance Strain Measurement System for High Temperature
Materials

OBJECTIVE: Develop an accurate/repeatable capacitance strain measurement system for high temperature
structural materials at temperatures over 2000 F.

DESCRIPTION: Develop a reliable capacitance strain measurements system to evaluate materials for
critical high temperature structural applications for both ground thermo-structural testing and flight
operations of advanced structures for aeronautical space applications. The capacitance strain sensor must
be of low profile, directly attachable to the structural material and provide accurate and repeatable apparent
strain compensation without the need of preheating of the sensor installation. Phase | activity will
demonstrate the repeatability of apparent strain by a strain sensor during transient thermo-structural
heating. Phase | activities will consist of refinement of the strain sensor apparent strain compensation for
accuracy and repeatability for selected high temperature materials, plus modularizing the transducer signal
conditioning equipment.

AF90-094 TITLE: Design Guidelines for Multivariable Flight Control

OBJECTIVE: To develop guidelines for application of multi-variable control design techniques to
aerospace systems.

DESCRIPTION: In the past, many flight vehicles with multiple-inputs, and multiple-outputs
(multivariable) have been considered as single-input, single-output (SISO) systems for the purpose of
control law design. As the complexity of these multivariable systems has increased, modeling them as
SISO systems has become less valid. In spit of its decreasing validity, the SISO assumption is still often
used in flight control design. This is due, in part, to a lack of design guidance for applying multivariable
techniques to real flight systems. The objective of Phase I research is to determine measures of goodness to
evaluate control law designs. In other words, when a flight control system is designed using multivariable
control theory, how should the designer determine whether or not the design is good? For SISO systems,



the answer to this question is well defined by existing standards and military specifications. Such
information is not available for multivariable control theory, how should the designer determine whether or
not the design is good? For SISO systems, the answer to this question is well defined by existing standards
and military specifications. Such information is not available for multivariable systems. The emphasis of
this phase will be to select a specific control task (such as landing, takeoff, up and away, etc.) and identify
and justify a catalog of characteristics to check in a multivariable control system design to evaluate it.
These characteristics should reflect the desirable flying qualities for the selected control task. Phase 1l
activities will extend this catalog to other tasks, develop admissible ranges of the characteristics for the
various tasks, and validate the ranges through simulation.

AF90-095 TITLE: Stability Theory for Hypersonic Boundary Layers

OBJECTIVE: Analyze stability of hypersonic boundary layers to improve analytical representation of
boundary-layer disturbance history for transition prediction methods.

DESCRIPTION: An Air Force goal in the area of boundary-layer transition is to have the capability to
make a confident prediction of the location of boundary layer transition on any hypersonic aerospace
vehicle while operating within its planned flight conditions. One basic need in the accomplishment of this
goal is the development of a theory which is capable of describing the pertinent instability phenomena and
provide the basis for the numerical representation of the boundary layer disturbance history up close to the
point of transition. Present analysis capability for hypersonic boundary layers is limited to simple
boundary layers in a perfect gas. There is a need to extend the analysis capability to more complex flow
fields and include high temperature gas dynamic effects. For example, the effects of nose tip bluntness,
three dimensional flow fields, pressure gradients, and high temperature effects (including non-equilibrium
effects) need to be addressed. Also, nonlinear aspects of hypersonic boundary layer stability need to be
considered. Advancements in stability analysis in all of the above areas are considered beyond the scope of
a single study. A specific aspect of hypersonic boundary layer stability is to be selected for investigation.
Phase I will select a specific aspect of hypersonic boundary layer stability to be investigated and
demonstrate the methods and approach for addressing the problem. Phase Il will be the detailed stability
analysis and include comparisons with experimental data where possible.

AF90-096 TITLE: Thermal Protection Technologies for Hypersonic Crew Escape System

OBJECTIVE: To develop thermal protection concepts composed of lightweight materials suitable for use
in hypervelocity emergency crew escape systems.

DESCRIPTION: Crew escape systems for a hypervelocity vehicle must be designed with adequate thermal
protection to ensure that maximum structural temperatures stay below the allowable for that material, and
that heat transmitted to the crew environment comply with human tolerance considerations. New materials
systems and structures have been synthesized that offer solutions to the problems of lightweight, high
temperature heat shield construction. One such new material system consists of chemical vapor infiltration
and deposition on porous carbon by refractory metals and their compounds with oxygen, nitrogen, carbon,
and boron. This class of material structural systems can exhibit low thermal conductance, high temperature
tolerance, and structural strength/stiffness. Other reticulated ceramic foams systems have also been
reported. Temperatures approaching 7000 F should be possible by using Hafnium Carbide for example.
One barrier to the development of emergency crew escape systems for future hypersonic, space capable
aerospace vehicles is the excessive weight associated with the required thermal protection/heat shield
provisions. There is interest in evaluating the potential of new material systems to slash the weight
penalties of hypersonic vehicle escape systems. In Phase I, a preliminary redesign of the Apollo (vehicle
and mission) heat shield using new materials systems is required with a goal of cutting associated heat
shield system weight by at least 50%. Realistic fabrication and structural attachment approaches should be
proposed and feasibility of these and weight goal attained evaluated by analysis and other means. Coupon
samples of representative materials should be fabricated and delivered. In Phase Il, a larger subscale



portion of a heat shield for a hypersonic, space capable capsule to be defined later should be constructed
and subjected to mechanical and thermal testing in simulated typical environments.

AF90-097 TITLE: Design Criteria for Multi-disciplinary Optimization

OBJECTIVE: Develop design criteria for multidisciplinary optimization of airframe structures including
materials, loads, stability/durability, damage tolerance, static/dynamic aero elasticity, and aircraft controls.

DESCRIPTION: Most modern design optimization systems depend on the sensitivity analysis of the
interacting disciplines. Accurate definition of the design criteria is the key for reliable sensitivity analysis
which in turn assures predicted performance. The disciplines that participate in the airframe preliminary
design are material properties, loads, fatigue, fracture, impact damage, static and dynamic aero-elasticity,
and aircraft controls. Phase | activity include identification of data requirements for the development of
such design criteria in the disciplines mentioned. This will lead to Phase 11 activities where the contractor
actually develops prototype design criteria addressing at least three of the above disciplines.

AF90-098 TITLE: Online Adaptive Networks Applied to Aircraft Control

OBJECTIVE: Develop algorithms allowing on line adaptation of polynomial network controllers which
solve an aircraft control problem.

DESCRIPTION: Adaptive Networks have proven valuable as controllers of nonlinear systems for real time
applications due to their low online computational burden. The major problems associated with network
controllers is in the offline computations required during synthesis resulting in controllers which are not
truly “online adaptive.” The two types of adaptation to system variation to be considered are: those which
vary gradually or smoothly and those which vary abruptly. The effort should investigate methods of
employing unsupervised learning to reduce on line computation burden and recover performance. The
problem to be addressed will be controller design for a nonlinear aircraft model and/or an AeroServoElastic
aircraft problem. Phase I should address the on line adaptation methods to support network controller
tuning and integration of those methods into existing network synthesis algorithms in solving a subset of
the problem chosen. Phase Il will continue to apply the adaptive controller in solving a larger more
complex problem and evaluate results.

AF90-099 TITLE: Post-processing for Computational Fluid Dynamics (CFD) Methods

OBJECTIVE: Enhance the understanding of CFD results and facilitate comparisons with experimental
data.

DESCRIPTION: Modern CFD routines have the ability produce vast amounts of flow results. Several
methods exist for displaying these results on terminals, workstations, etc. However, these methods display
the results at computational points, lines, planes, or surfaces (i.e., along grid lines) rather than physical
locations. Engineering experience and intuition would be better served if the information were displayed
along physical locations (constant span stations, fuselage stations, etc.). Also, most experimental data
exists at physical coordinates making comparisons with computational results difficult or impossible. In
Phase I, the contractor shall research possible techniques to determine and display the CFD results at user
specified physical locations. The procedure shall work with single and multiple block CFD solutions, and
with both structured and unstructured grids. The required post-processing equipment is Silicon Graphics,
Inc. IRIS workstation. The procedure shall be capable of using the full graphics capability of the IRIS in
producing plots of scalar and vector variables, contour plots, vector plots, and particle traces. The
contractor shall provide accuracy and computer resource estimates for the proposed method. Phase li
would proceed with development and demonstration of the method for a range of CFD solutions.
Additional enhancements, such as particle tracing where the tracking rate is scaled by local velocity may be
included in a Phase Il effort.



AF90-100 TITLE: Aircraft Tire/Wheel Interface-Load Distribution Measurement

OBJECTIVE: Develop unique measurement test methodologies that allow accurate measurement of load
distribution at the tire/wheel interface.

DESCRIPTION: One of the most common failure locations for an aircraft wheel are in the flange and bead
seat. In order to understand the stress distribution in the wheel bead seat, it is very desirable to measure the
load distribution at this interface. Due to the extremely tight fit of the tire on the wheel flange and sensor
size limitations, common sensors have been used with very limited success during quasi-static and dynamic
load and speed tests. It is also desirable to apply these sensors at this interface without modifying the
tire/wheel interface by, for example, removing tire and/or wheel material at the sensor location. However,
if material removal becomes necessary, the measured load distribution values must not be adversely
affected. Dynamic tests may include contained air pressures up to 300 pounds per square inch, vertical/drag
and side loads up to 50,000 pounds, and speeds up to 50 miles per hour. The Phase I effort should
demonstrate the feasibility of accurate, durable sensors and unique test methodologies for measuring the
load distribution at the tire/wheel interface during dynamic wheel tests. The Phase Il effort should include
the prototype development and application of these unique, accurate, durable sensors/test methodologies
during dynamic wheel testing of aircraft wheels.

AF90-101 TITLE: Fluctuating Pressure Loads Definition for Hypersonic Vehicle Structures

OBJECTIVE: Develop acoustic load prediction methods for oscillating shock behavior with
supersonic/hypersonic flow over vehicle configurations.

DESCRIPTION: Hypersonic vehicle configurations including blended wing body shapes can produce
extremely high fluctuating pressure loads or acoustic loads due to oscillating shock behavior encountered in
flight. Shock interacting can result from compression corners due to ramps, axial corners, bow shock
boundary-layer interactions, and coupling effects. These noise sources can increase the acoustic load
predictions by a factor of 10 or more. The acoustic loads are significant in the design of the structure to
resist sonic fatigue damage. The loads from these noise sources are higher than other noise sources which
must be defined more accurately for proper design. Existing prediction techniques are based on
experimental data in limited flight regimes. There is a lack of data for shock boundary-layer interaction at
Mach numbers around and above three. Also, there is a lack of data for axial offset shock generators, axial
corners, and coupling effects. There is a lack of knowledge in the three-dimensional shock interaction
effects. Extrapolation of the existing database to Mach numbers above three is very uncertain. The
program involves extending fluctuating pressure load prediction methods to the supersonic and hypersonic
speed regimes for vehicles with ramps and corners. Phase | activity will center on the definition of three
dimensional shock wave boundary layer interaction effects through wind tunnel testing to empirically
refine/improve the prediction methods. Wind tunnels capable of Mach 3.0 and 6.0 at high Reynolds
numbers, wind tunnel models consisting of a flat plate with ramps and a corner flow mode, instrumentation,
data reduction, and data analysis equipment will be available to assist in the Phase Il investigations.

AF90-102 TITLE: Model-Bourne Data Management System

OBJECTIVE: Enhance the quality/quantity of experimental aeromechanic data acquired from hypersonic
test facilities to reduce cost/shorten analysis time.

DESCRIPTION: Data acquisition techniques have changed only slightly in the last quarter century. They
require facility dependent hardware applied to pre-defined test strategies within the facility. The cost in test
time alone of this philosophy is unacceptable. The lack of productivity caused by test data delays of
months is unacceptable. This project will take advantage of modern electronic and micro mechanistic
devices to replace an entire control room of outmoded electronics with a model-bourne system. The system



will feature an order of magnitude improvement in the number of sensors available to the experimentalist
from 100 to 1,000. It will dramatically reduce test entry times by conducting concurrent multifunction
testing and adaptively re-focus the test matrix through integrated and real time data analyses which will
drive the tunnel test matrix through algorithms and acquire the data for analysis. Finally, it will allow the
acquisition of reduced engineering aeromechanic data within days of the test — not months as currently
encountered. Several of these features have already been demonstrated in a less capable prototype system
developed by the Flight Dynamics Laboratory (FDL) and operated at the Arnold Engineering Development
Center (AEDC). The new features envisioned in this device reflect our projections of actual operating
experience and hard engineer assessments of computer and electronic capabilities now available. Phase |
activity will consist of design and prototype construction of a candidate system. Phase Il activity will be
installation of the system in a wind tunnel model and completion of a wind tunnel test program.

AF90-103 TITLE: Performance Assessment and Analysis of Rod Eng Bearing Systems

OBJECTIVE: To develop a wear prediction model for aircraft actuator rod end bearings subject to cyclic
loading conditions.

DESCRIPTION: Actuator rod end bearings represent a high incidence frequency reliability problem area
which is common to many different subsystems. Advanced analysis methods are required to accurately
assess the wear properties limited service life of aircraft rod end bearings when subjected to complex
loading profiles. The current spectrum of bearing and bearing liner materials react in unexpected ways
when subjected to the cyclic loading conditions found in today’s aircraft. Phase I activity will define the
approach and examine the feasibility of developing an adequate analytical model to predict bearing life.
Phase Il activities will be the development and validation through testing and prior experimental data of the
analytical model proposed under Phase 1.

AF90-104 TITLE: Airborne Graphics Generation Technology Issues

OBJECTIVE: Investigate issues relevant to the generation of display graphics in an airborne environment.
DESCRIPTION: The following programs are of specific interest:

a. Programmable Hierarchical Interactive Graphics Standard (PHIGS) is rapidly becoming the
standard software for graphics primitives for display generation. As we invest in the hardware
technology to move advanced graphics generation and mapping of graphics primitives, onto these
architectures, using the PHIGS standard. Ada is the language of choice for all DOD applications
for airborne systems. In order to be compatible with the next generation Avionics Architecture,
graphics display generation must reside under a distributed Ada software architecture and the
necessary software must be developed to allow the graphics generation under an Ada environment.

b. The purpose of this effort is to define a digital interface from the graphics processor to the display.
Liquid Crystal display technology looks very promising for avionics displays of the future. These
displays are digitally addressable and currently electronics are required to convert analog signals
to digital for display. The current and future graphics processor is a digital processor with the
output converted to analog for transmission to this display electronics. We could achieve a higher
bandwidth for transmission as well as higher display resolution to this display electronics. If we
developed a digital interface between the graphics processor and the display surface. Phase I will
begin to investigate the feasibility for a digital display interface with Phase Il exploring the
required mechanism. The ability to also handle analog signals will be required.



AF90-105 TITLE: Unique Light Source for Full Color, Dot Matrix Cockpit Displays

OBJECTIVE: Perform investigations/experiments that define new illumination sources as a backlight for
light-valve type, dot matrix displays.

DESCRIPTION: The primary elements of advanced, flat panel, color display instruments for aircraft
cockpits function as light valves. These valves are electronically activated to block or pass light. With
groupings of the three primary colors (red, blue, green) superimposed over the valves, and with their
orderly arrangement in columns and rows, an appropriate activation of these light valves produces desired
images on the related flat panel surface...along with the desired color. A broad spectrum illumination
source behind the display surface provides the necessary backlight. These light-valves are very reliable.
Present light sources, however, lack the desired reliability; therefore, the display instrument, as a whole,
has a reliability that is paced by the light source’s longevity. Also, since the light source is operating
continuously, considerable heat is generated internal to the display assembly; this further contributes to
unreliability. Such heat levels are also influenced by the amount of light required to cope with the ambient
light levels encountered in canopy-covered fighter aircraft cockpits, and by the operating efficiency of the
light source. During dusk and night operations, these light sources are dimmed accordingly. Phase I of this
effort will explore the potentials of defining a new light source that is uniquely suited for the preceding
display instrument application. Phase Il will pursue the fabrication and characterization of samples of the
new light source concept and establish a database for transitioning to quantity fabrication.

AF90-106 TITLE: Autostereoscopic Three-Dimensional Cockpit Display

OBJECTIVE: Develop/demonstrate a 3D cockpit display with high brightness stereoscopic 3D images
without wearing viewing aids.

DESCRIPTION: Future military cockpits will rely on computer generated electro-optic displays to present
information to the pilot. Recent studies have indicated significant performance and situational awareness
advantages may be gained by displaying some information to the pilot using stereoscopic 3D versus two
dimensional display formats. However, current stereoscopic 3D display systems require the user to wear
viewing aids (glasses) to see the images in 3D, and the displays are not bright enough for cockpit
applications. Advanced autostereoscopic display technologies are needed to eliminate the requirement for
user viewing aids. Ability to display high brightness, full color images in both stereoscopic 3D and 2D
formats is required. Due to the high ambient conditions in cockpits, a maximum display brightness of at
least 50 foot-lambert in color is desired. Minimum display unit depth and video display capability are also
desirable. Phase I activity will include development and demonstration of feasibility for the proposed
display design. Phase 11 will include final design, actual prototype display construction, and
testing/performance validation of the autostereoscopic 3D display system.

AF90-107 TITLE: Manufacturing as a Natural Adaptive System

OBJECTIVE: Develop approaches to machine learning to establish fundamental laws of manufacturing and
to improve the activities of design, planning, scheduling, control and configuration of manufacturing
systems.

DESCRIPTION: Manufacturing systems must learn from experience. Manufacturing is a natural adaptive
system, like that of a biological being which undergoes change through generic transformation. The
problem is it takes a lifetime to master the art (product design, plat operation, field support, etc.) of the
manufacturing. Those who have become masters of the art did so by developing manmade laws or
heuristics using a most remarkable process — the uniquely human ability of synthesis. There is a need to
both capture this knowledge and represent it for use by computers to assist and to accelerate the
generalization and codification of new knowledge. The key to the success of machine learning applied to
manufacturing is on line interaction with the environment. More specifically, such a capability must be
interfaced to existing systems for acquisition, analysis and experimentation by a controlled means to affect



the behavior or operation of manufacturing systems in situ. The Phase | goal is to demonstrate a working
discovery system and Phase 11 is to apply a discovery system to a manufacturing problem domain.

AF90-108 TITLE: Computer Aided Abstract Reasoning for Conceptual Design

OBJECTIVE: Establish an understanding of the fundamental issues in using a computer as an intelligent
background that part of the design process commonly referred to as conceptual design.

DESCRIPTION: Computers have found widespread acceptance in analysis and rendering applications in
design. The common thread among these applications is the model. In mechanical design, the designer
assimilates knowledge about the functional specifications and the world and produces a model, which is
successively refined and improved until the model satisfies all the requirements of the functional
specifications and the global constraints imposed by the world. While tremendous contributions have been
made using computers to help designers optimize detailed, concrete models, their usefulness in aiding
designers in creating has been limited, particularly in the area of mechanical design. This is because model
creation requires the ability to reason abstractly, something uniquely human, and because computers have
been traditionally used to manipulate details rather than ideas. Manipulating ideas is the crux of the
problem in conceptual design. For example, in optimizing a model, a designer may need to decide what
size fastener to use to obtain the most economically functional fixed fastener component. In contrast, when
creating the model, the designer might have to decide whether the fasteners or some other method of force
transmission or component mating. These are vastly different problems. The latter subsumes the former.
The conclusion to be drawn is that the amount and content of information to be considered in conceptual
design is orders of magnitude greater than that of detailed design, and perhaps most importantly, includes
all levels of abstraction. The purpose of this SBIR topic is to begin to explore the requirements of
knowledge representation for conceptual design with the ultimate goal of bringing the synergistic of man
and machine together as early as possible in the design process. Phase I goal is to identify the issues
pertaining to information processing and knowledge representation for conceptual design. Phase Il goal
will be a working demonstration prototype of a knowledge representation system for use in conceptual
design.

AF90-109 TITLE: Biotechnology for Aerospace Materials Requirements

OBJECTIVE: Utilize biotechnology for aerospace materials requirements in order to obtain improved
materials design concepts, useful materials with structural complexity not otherwise obtainable, and lower
methods of materials preparation or removal.

DESCRIPTION: The Air Force is interested in research and development directed toward the following
potential applications of biotechnology to aerospace materials requirements: Modeling the chemical or
morphological design natural systems with structural applications such as fiber reinforced composites
which might provide optimization strength, stiffness, toughness, and weight, and subsequent reproduction
of the designs using high temperature chemistry. Utilization of materials with chemical and morphological
structures of complexity obtainable practically only from natural sources for aerospace applications
requiring specific properties. Examples would include carbon matrix composite precursors with high char
yields, ceramic precursors, and materials with nonlinear optical or electromagnetic properties. Biological
preparation methods for aerospace materials, which might include the biosynthesis of chemical
intermediates for matrix resins for organic matrix resin composites, ceramic materials, lubricants,
electrometric materials, electro optical materials, etc. This area also might include bioleaching or
bioaccumulation for obtaining or purifying rare metals for aerospace applications. The use of bio-
degradative methods for the removal of materials such as sealants and paint or other coatings from aircraft,
or for integrated circuit etching. Phase | would address application requirements and goals as well as initial
formulation, fabrication and evaluation required for proof of concept. Phase Il would perform enhanced
development for optimization follow trade and design studies for future efforts. Either process or design
concepts should lead to a marketable product Phase I11.



AF90-110 TITLE: Advanced Processing for Thermoplastic Matrix Composite Materials

OBJECTIVE: To develop a process model for aerospace graphite fiber reinforced/semicrytsalline
thermoplastic matrix composite that incorporates that viscoelastic mechanical behavior and the
crystallization kinetics of the matrix polymer.

DESCRIPTION: Advanced semicrystalline thermoplastic composite (SXTPC) matrix polymers offer
superior mechanical and solvent resistance properties as compared to amorphous systems. However,
during the processing of the semicrystalline polymers up to 25 percent volume changes may occur between
the processing conditions and typical use conditions. This large volume change in the matrix relative to the
volume change of the reinforcing fiber is believed to be responsible for the high levels of residual stresses
in the resulting laminates. These stresses cause reduced laminate strength and deviations from new shape
processing. Innovative approaches to processing of SXTPC are sought that would result in controllable
levels of residual stress. Phase | of this program would assess the relative contributions to the level of
residual stress of factors such as crystallization kinetics, crystal morphology, volume relaxation, stress
relaxation, and the thermal expansion mismatch between matrix and fiber. Phase Il would involve
development of a process model and control strategy that incorporates the significant factors identified in
Phase I.

AF90-111 TITLE: New High Performance Polymers

OBJECTIVE: To investigate the synthesis, characterization, morphology processing and properties of new
polymer systems to provide performance advantages over state of the art materials.

DESCRIPTION: Investigation are sought to discover new polymeric materials with potential for the
development of improved structural materials, nonlinear optical materials or conductive materials.
Polymer system with exceptionally high use temperatures and reasonably low processing temperature
requirements are of primary interest. Areas of emphasis include investigations of synthesis routes and
methods to improve processing of rigid rod polymer molecular composites which give rise to very
thermally stable structural materials under reasonably processing conditions and without the evolution of
impractical quantities of volatiles; theoretical chemistry to provide fundamental understanding of the
molecular requirements for achieving nonlinear optical or conductive properties in organic and semi
organic polymer systems; processing, morphology and mechanics of rigid rod polymers to discover
approaches for achieving superior compressive strengths; and polymer structure property correlations to
elucidate processing options for achieving desired morphologies and mechanical properties. The
establishment of viable approaches to obtaining improved nonmetallic materials are sought in Phase |
efforts which can be pursued in Phase Il follow on efforts.

AF90-112 TITLE: High Temperature Structural Materials for Advanced Air Force Systems

OBJECTIVE: To develop and characterize advanced high temperatures structural materials and to model
forming processes.

DESCRIPTION: New approaches are requested to develop and characterize advanced high temperature
structural ceramic composites and intermetallic materials and composites and to model forming processes
for advanced structural materials. For ceramic composites, research may include new, unique ceramic
reinforcement/matrix systems and coatings; reinforcement/matrix interactions during processing or use; test
techniques to determine mechanical and physical behavior (such as failure modes, crack and void growth,
oxidation, stress strain, cyclic stress strain, etc.) as a function of temperature and loading history; and
analytical modeling of composite behavior. For intermetallic materials and composites, research may
include new or novel methods for synthesis of intermetallic materials with emphasis on achieving
theoretical density, low defect content, and synthesis temperatures comparable with the use temperatures;
methods for identifying, synthesizing, characterizing, and modeling intermetallic composites; and methods



of fabricating composites to provide chemistry control on a submicron scale while maintaining the ability
to vary and control the final micro structural scale. For modeling of forming processes research may
include modeling of the unit forming process; modeling of the material behavior in response to the
demands of the unit process; modeling of the interface between the work piece and the die mold; and novel
methods of obtaining physical property data and constitutive equations for insertion into the models. Phase
I shall focus on the critical issues which, when solved, will provide proof of concept. Phase Il shall be
structured to develop and refine those feasible concepts to the point where an assessment could be made of
ultimate potential to help meet Air Force advanced materials needs. The demarcation between Phases | and
Il should be clear.

AF90-113 TITLE: Improved Nondestructive Evaluation

OBJECTIVE: Identify and evaluate new nondestructive evaluation techniques for advanced aerospace
applications.

DESCRIPTION: Advanced, innovative approaches are needed for the development of new and improved
nondestructive inspection and evaluation (NDI/E) techniques for the detection and characterization of flaws
in airframe and engine materials including metals and metal matrix and ceramic matrix composites, and for
use in real time monitoring or the manufacturing processes used to fabricate aerospace components from
these materials. In particular, innovative technical approaches are needed for the detection and
characterization of bulk and surface defects in both metallic and nonmetallic structures, for the evaluation
of the integrity of bondlines in structures containing adhesive and metal-metal bonds, for the determination
of the condition of matrix and reinforcing substructures in advanced compos structures, for the quality of
high temperature material coatings, and for hteinspection and evaluation of electron device materials and
components. Technical approaches proposed must either achieve clearly significant improvements to the
standard techniques currently being used in factory and field inspections or must identify new inspection
and evaluation technologies which have capabilities far superior to those currently used and which have the
potential for ultimate use in realistic manufacturing or in service environments. Phase | of this program
would address the initial formulation, fabrication, and evaluation of specific NDE techniques for
demonstration of proof of concept. Phase Il would perform enhanced development for optimization of the
techniques investigated in Phase | followed by trade and design studies for future efforts.

AF90-114 TITLE: High Performance Light Metal Alloys and Metal Matrix

OBJECTIVE: Develop improved light metal alloys based on the aluminum, beryllium, titanium, and
magnesium systems.

DESCRIPTION: Unique approaches which result in new aluminum, beryllium, magnesium, and titanium
alloys are required to support the technology/system requirements identified in the Air Force Systems
Command Forecast |1 study. Incorporated are ultra high temperature aluminum alloys to replace titanium
for applications to 900 F and ultra high temperature titanium alloys to replace super alloy applications to
1800 F, strength 210 ksi, and high modulus/density ratio. Research is now needed to explore property
improvements, especially in the corrosion resistance of Mg alloys. Improvements in strength, stiffness, and
a reduction in density may be possible using novel alloying additions. Metal matrix composites (MMC)
offer considerable promise for aerospace applications because of their strength to density ratio and potential
use at high temperatures. Low cost scaleable approaches are needed for fiber wetting, composite
compaction and assembly. Matrix materials considered should take advantage of unique property
improvements available through MMC. Phase | of this program would address application requirements
goals as well as initial formulation, fabrication, and evaluation of specific subjects for proof of concept.
Phase Il would optimize chemistry and processing and also produce larger amounts of material for a full
spectrum of mechanic property evaluation. It would also include preliminary evaluation of trade and
design studies to give an early indication of future application potential.



AF90-115 TITLE: High Temperature Superconducting Materials

OBJECTIVE: Development of high temperature superconducting thin film materials that can be used for
sensing and modifying electromagnetic radiation.

DESCRIPTION: High temperature superconducting ceramic (HTSC) materials offer a variety of
application opportunities. Detection of infrared (IR) radiation can potentially be improved through the use
of these HTSC materials. For exam sensitivity, operating temperature, and signal processing speed are
functions that need to be increased over present technology. The properties of the materials must be
established and detection techniques evaluated in order to fully assess their value in electromagnetic
sensing. Modeling of the superconducting mechanisms, development of unique thin film deposition and
processing methods which produce films with the required properties, and optoelectronic response and
temperature dependent noise measurements are examples of topics considered appropriate for this program
area. Phase | would address application requirements and goals as well as initial formulation, fabrication,
and evaluation of specific subjects for proof of concept. Phase Il would perform enhanced development for
optimization followed by tradeoff and design studies for future efforts.

AF90-116 TITLE: Nonlinear Optical Materials

OBJECTIVE: To demonstrate approaches for obtaining materials with large nonlinear optical coefficients
in useful configurations.

DESCRIPTION: Nonlinear optical materials are required for a variety of potential Air Force applications
including optical signal processing and a new laser source. Approaches applicable to inorganic and organic
materials will be given consideration both in thin films and bulk media. Nonlinear optical devices may be
examined for the purpose of evaluating and demonstrating the properties of the material(s). Phase I of this
program would address application requirements and goals as well as initial formulation, fabrication, and
evaluation of specific subjects for proof of concept. Phase Il would perform optimization of the material(s)
in order to promote rapid development.

AF90-117 TITLE: Repair of Plated-Through Holes (PTHs) in Multilayer Printed Wiring Boards

OBJECTIVE: Develop a repair procedure for cracked PTHs in loaded PWBs.

DESCRIPTION: Multilayer boards are extremely expensive to manufacture. The conductive integrity of
the holes is extremely important since the reliability of the circuits is dependent on the plated-through holes
being defect free. Accordingly, multilayer boards are normally subjected to a rigorous testing procedure
after manufacture to determine if they function properly. On occasion, manufacturing defects may occur
with a defective hole or holes being present. It is normally not practical to reprocess a multilayer board
where such defect exists. More importantly, once a board has had the various electronic components
mounted, it is impossible to reprocess the board through conventional means. Because of the critical nature
of the reliability of such boards, it has been necessary to scrap the boards. In addition to the existence of
occasional manufacturing defects, damage to the board can occur after the board has been put into use. As
with defectively manufactured printed circuit boards, those boards damaged during use or after installation
are normally scrapped, because no practical or dependable solution for repairing plated through holes has
been known, and, in particular, no method has been known to repair plated through holes in multilayer
printed circuit boards in which the printed circuit board can be repaired to a condition that satisfies original
manufacturing specifications and in which the original electrical and structural integrity of the board are
achieved so that defects resulting from either manufacture or damage are corrected. Phase I goal is to set
up a system, while Phase Il goal is to repair multilayer boards.



AF90-118 TITLE: Light Curing Fuel Tank Repair Sealant

OBJECTIVE: To investigate and develop light curing sealants for repairing aircraft integral fuel tanks.

DESCRIPTION: Fuel tank sealants are normally of the polysulfide type and are cured under room
temperature conditions although eat up to 140 F can be applied to accelerate cure. The fastest curing
sealants require in the range of three hours to become tack-free and the sealant must be tack-free before
fuel can be added to the tanks. Repairs of fuel tanks are slowed because of the waiting for the sealant to
cure. Cure is further slowed when the sealant has to be applied and cured at low temperatures. There are
products available which can be cured in less than a minute by the use of visible or ultraviolet light. An
example is dental fillings. The material used for dental fillings would not be suitable because it is too rigid
but it is certainly conceivable that an elastomeric, fuel resistant, high adhesion sealant could be light cured.
Such a product would greatly reduce the time required for making integral fuel tank repairs at normal
temperatures. It is believed it would greatly improve the low temperature cure problems. It is also
conceivable that such a product could be used in production sealing since aircraft manufacturers would like
to be able to keep chips out of freshly applied sealant and would like to be able to move parts in the factory
without waiting for sealant cure. This is concerned mainly with fuel tank sealing, but a light curling sealant
could also be used for other type sealing such as cabin pressurization, potting, and firewall. Phase I will
show proof of concept. That is, whether a fuel resistant sealant material can be found in thickness of
approximately 1/8” by the use of ultraviolet light. Phase Il will develop the actual sealant compound with
appropriate materials properties for tensile strength, elongation, hardness, peel strength, resistance to heat
and fuel and low temperature flexibility. The material shall be packaged in a suitable container for Air
Force fuel system repair personnel.

AF90-119 TITLE: Concurrent Engineering

OBJECTIVE: Develop a methodology leading to optimal design of electronics products considering all
aspects of the product life cycle.

DESCRIPTION: Concurrent Engineering is the integrated design of the product, manufacturing, and
support processes together with emphasis on efficiency, improved quality, and reduced costs. The method
developed needs to allow the interaction of constraints which arise from the various design disciplines. The
information available from the numerous domain experts must be unified during the design phase. The Air
Force has a particular interest in improving the product life cycle of multilayer interconnect structures used
in advanced electronic systems. Current electronic design and assembly practice emphasize electrical
characteristics as related to performance and trivialize mechanical stress/strains, material properties, and
manufacturing process improvements. A need exists to characterize temperature dependent material
properties of the conductors and insulators used in a multilayer electronic interconnect structures.

AF90-120 TITLE: Machine Tool Products and Processes

OBJECTIVE: To improve domestic machine tool builder manufacturing capabilities and introduce new
technologies into machine tool products.

DESCRIPTION: New and creative solutions to problems facing the machine tool industry are sought. The
primary aim of this effort is to investigate and develop innovative approaches to advanced machine tool
products and to the manufacturing activities employed to produce machine tools. New ideas for machine
tools and industrial production equipment addressing virtually any manufacturing operation will be
considered. Creative ideas for improving, integrating or combining any processes used in the design,
planning, production, or test of machine tools are considered of equal importance with new machine tool
products. The end objective of this effort is successful competition with nondomestic suppliers as to
product performance, quality, reliability, delivery time, price and product support. Activities required to
develop and test any specific approach will be dictated by the product or process being addressed, but the
following specific requirements apply where appropriate: a) identify potentially applicable DoD production



needs for new products, as well as non defense needs, and quantitatively address the ability of new products
to meet those needs; b) perform conceptual design, analysis and proof-of-concept experimentation; c)
complete engineering design and analysis, prototyping and prototype testing; and d) production planning
and implementation. The Phase | product will result in a preliminary design. The Phase 11 product will be
a prototype.

AF90-121 TITLE: Electronic Packaging and Interconnect Multichip Package Automated Assembly
Yield and Cost Verses Complexity

OBJECTIVE: Improved yield and cost of automated assembly, test and production of complex, dense
multichip packages.

DESCRIPTION: Current automated assembly, test and manufacturing of electronics deals primarily with
the assembly of single chip packaged devices onto printed wiring boards and to a lesser extent with the
assembly of bare integraed circuits onto ceramic substrates representative of the classical hybrid electronics
industry. Future military electronics will require the automated assembly, test and production of bare
integrated circuits at much greater densities and complexities than state-of-the-art hybrids. These future
assemblies must be dense to meet performance requirements; and the system designer will want the
assemblies to be as large (complex) as possible. Manufacturing assembly processing, test, rework,
associated equipments, and cost will determine the complexity that is affordable for a life cycle cost point
of view. Phase | will establish the impact payoff of the proposed manufacturing process, assembly
equipment development or modification, test or rework methodology approach. This assessment will
greatly influence the efficacy of proceeding with the Phase Il development of the approach for transition to
the military electronic equipment manufacturers. A very desirable aspect of the proposed approach is that
it also will have payoff for high end commercial electronic equipment.

AF90-122 TITLE: Space Power Energy Conversion and Thermal Management Systems

OBJECTIVE: To develop survivable, lightweight spacecraft power and thermal technology for military
satellite applications at the 5-100 kw level.

DESCRIPTION: Development of one or more of the following technologies is needed: lightweight solar
array electrochemical energy storage and thermal control technology for long (5-10 yrs) in a high
particulate radiation environment; technologies to provide protection from weapon effects from nuclear,
laser, and other weapon threats; high efficiency radiation resistant solar cell technology for high
temperature exposure of planar and concentrator arrays; autonomous system operation; thermionic
converter technology with emitters for thermionic fuel elements which avoid distortion due to fuel
swelling; a reliable way to regulate cesium pressure in failures and the effects of redundancy and key
component reliability on overall system reliability; cryogen and thermal energy storage; rotating heat
transfer joint; deployable radiators; and high energy density rechargeable electrochemical energy storage,
Phase | products will consist of analyses, design studies, experimental verification, and preliminary proof
of feasibility demonstrations. Phase Il products will include prototypical device performance verification,
detailed phenomena characterization and performance optimization studies and analyses.

AF90-123 TITLE: Pulsed Power for Airborne Space-borne Applications

OBJECTIVE: To develop pulsed power component technology for airborne/space-borne applications.

DESCRIPTION: Development of one or more of the following advanced pulsed power component
technologies is needed for future airborne/space-borne high power applications: advanced lightweight
power sources with power densities less than; capacitive energy devices with energy densities approaching
or exceeding 3 kilogram, output voltage of greater than 10 kilovolts, response time of less than 10
nanoseconds, and lifetimes of greater than 10 million pulses per device; inductive energy storage devices



with energy densities approaching or exceeding 100 kilograms; repetitive opening switches capable of
hundreds to thousands of cycles when interrupting 2-4 megamperes at several hundred volts; closing
switches for repetitive switching of average currents of 10 amperes at voltages of 100-500 kilovolts;
advanced lightweight pulse forming networks for peak power pulses at tens to hundreds of gigawatts with
rise times of tenths of nanoseconds, pulse widths of 10-1000 nanoseconds and repetition rates of 10 hertz to
10 kilohertz; high current density pulse conductors that are lightweight with high tensile strength and are
suitable for airborne and space-borne operating environments; advanced lightweight, high voltage, high
temperature, radiation tolerant insulation suitable for airborne or space-borne operating environments; high
temperature, high dielectric strength, low dissipation factor, radiation tolerant power semiconductor devices
with a maximum junction temperature exceeding 500 degrees Kelvin and the ability to switch
tens/hundreds/thousands of amperes at 5-20 kilovolts per device; high permeability, ultra-low loss
ferromagnetic materials for application in passive and active magnetic systems; development of control
algorithms and philosophies for the autonomous or quasi-autonomous operation of high power systems in
conjunction with their power source for a variety of pulsed loads such as microwave sources and lasers;
power sources for RF generators; high power density sources including batteries, fuel cells,
turbogenerators, and thermionic energy conversion systems; and superconductivity as applied to pulsed
power component. Phase | goals include study results, analytical derivations and proof of concept
experiments. Phase Il goals include detailed analytical derivations and prototypical hardware
demonstrations.

AF90-124 TITLE: Strategic and Tactical Missile Power

OBJECTIVE: To develop novel, high payoff poker system technologies for strategic and tactical missile as
well as silo applications.

DESCRIPTION: The battery/fuel cell power source goals/desired characteristics are: strategic and tactical
onboard power: peak power in a pulse mode, active lifetimes from 1-60 minutes; shelf life of 25 years
without maintenance; 1 second delay or less from initiation to full load; operation over altitude range from
sea level to 150 km; operation over temperature range from without power from an external heat source;
gravimetric energy density from 25 wh for one minute lifetimes to over; volumetric energy densities from
0.1 to 10 kw; silo power sources; 15 years inactive lifetime; active lifetimes up to 10,000 hours; 900 kg or
greater; 500 kg or greater modules; silo energy storage: 15 years lifetime; roundtrip energy efficiency 80%;
1 kg peak power capability; 1000 discharges/charges; minimum self discharge rate of 10,000 hours; size of
kwh or larger. Phase | products will consist of analyses, design studies, experimental verification, and
preliminary proof of feasibility demonstrations. Phase Il products will include prototypical device
performance verification, detailed phenomena characterization and performance optimization studies and
analyses.

AF90-125 TITLE: Aircraft Power and Power Electronics

OBJECTIVE: Develop electrical, mechanical, thermal, fluid, and energy storage systems and component
power technologies and develop power electronic devices and systems for space and aircraft applications.

DESCRIPTION: Development of one or more of the following advanced power and power electronics
technologies for future aircraft: cold weather energy storage technology (batteries, capacitors); highly
reliable, fault tolerant electrical power generation and distribution components; high temperature magnetic
materials; lightweight shafts, gearing clutches, housings, and gearboxes with special emphasis on advanced
distribution technology; hot aircraft surfaces and secondary power components thermal control; high
temperature, radiation hardened power semiconductor devices; advanced converter and inverter topologies
for spacecraft and aircraft applications; advanced motor and motor drive technology for aircraft actuators,
fuel pumps and environmental control systems; “smart power” electronic technology for aircraft and
spacecraft; and high temperature components, fluids, seals for hydraulic systems. Phase | goals include
study results, analytical derivations and proof of concept experiments. Phase Il goals include detailed
analytical derivations and prototypical hardware demonstrations.



AF90-126 TITLE: Computer Aided Structural and Life Analysis of Turbine Engine Components

OBJECTIVE: To develop methods for structural analysis and life prediction of high performance gas
turbine engine components; and to develop computer graphics that simplify model development and results
interpretation.

DESCRIPTION: Advanced analysis methods are needed to accurately assess the stress, strain, dynamic
response, and life of high performance turbine engine components. Emphasis is placed on simplifying
model development and results interpretation, while maintaining accuracy. Components of interest include
compressors, turbines, nozzles, ducts, and cases. Typicak materials for these components would include
organic matrix composites, metal matrix composites, ceramic matrix composites, and titanium aluminides.
Phase I activity will include demonstration of feasibility through comparison of analysis results with
experimental results, and with analysis results from other sources. Phase Il activity will include: expansion
of code to full capability, development of pre- and postprocessing capability, porting to government
computers, and training of government engineers. Possible Phase 11 activities include further expansion of
capabilities, further validation of materials data base, and transition of code from assessment tool to design
tool.

AF90-127 TITLE: Weaving and Braiding Technigues for Turbine Engine Composite Components

OBJECTIVE: To investigate the automation of the fabrication of continuous fiber reinforced composite
components for future advanced gas turbine engines.

DESCRIPTION: Continuous fiber reinforced composite materials offer properties which enable the
designers of gas turbine engines to develop lightweight, high performance engine components. The
purpose of this effort is to investigate the application of special weaving or braiding techniques to the
automation of the fabrication of composite components for advanced engines. Current fabrication methods,
other than filament winding, rely heavily on hand lay up techniques. This leads not only to high fabrication
costs, but also to problems with repeatability and quality assurance. Future, highly structurally efficient
components will require three-deimensional fiber reinforcement to achieve the high stress levels. This
Phase | effort will investigate the feasibility of automating the fabrication of near net shape components,
while allowing total freedom of fiber orientation and geometry. These latter qualities will allow the true
tailoring of the materil’s, and hence the component’s, mechanical properties. A follow-on Phase |1 effort
will build and test the automated fabrication technique designed during the Phase I activities.

AF90-128 TITLE: Multifunctional Additives for High Temperature Fuel

OBJECTIVE: Develop additives for JP-8 fuel which increases thermal oxidative stability of the fuel by at
least 50 degrees C, improve lubricity and preserve other performance qualities.

DESCRIPTION: Military aviation turbine fuels such as JP-8 contain additives to protect against ice
formation, improve storage stability, improve the lubricity of the fuel, and prevent electrostatic charge
hazards. These additives can interact with one another to cause problems. Aviation turbine fuel and ramjet
fuel additives that combine several functions are needed. Of special interest are additives that provide long
term ambient storage protection and high temperature stability and lubricity without degrading system
performance and durability. Phase I should result in the demonstration of an additive that will increase the
thermal stability of jet fuel by 50 degrees F and impart sufficient lubricity to the fuel. Phase Il should result
in an additive that increases fuel thermal stability by 100 degrees F, imparts adequate lubricity to the fuel at
the elevated temperatures, and extends the storage life of the fuel to at least ten years.



AF90-129 TITLE: Solid Lubricants and Their Distribution for Advanced Aircraft Gas Turbines

OBJECTIVE: To develop a powder solid lubricant system (including onboard storage, distribution, control,
and reclamation) having potential for use in advanced gas turbines.

DESCRIPTION: Future aircraft turbine engines being developed in support of the integrated High
Performance Turbine Engine Initiative will gain much of their performance from higher cycle
temperatures. Current liquids, used to lubricate bearings and other components will not be bale to survive
the cycle imposed temperatures. Protection of the liquid lubricant will incur severe performance penalties.
One potential solution to this temperature problem is to use a solid lubricant to minimize bearing friction
and wear. That solution problem is to use a solid lubricant to minimize bearing friction and wear. That
solution requires a distribution and control system to be incorporated into the engine and/or aircraft. Phase
I of this effort shall result in the definition of system concepts for lubrication of turbine engine components
with low coefficient of friction solid materials. The materials and system concepts shall have potential for
use in advanced gas turbine engines over their full operating envelope. The system shall provide for
onboard storage, distribution, control, and reclamation/scavenge for recirculation. Materials/concepts
posing a hazard to the engine, environment and/or personnel are not acceptable. Phase Il of this effort shall
result in the design, fabrication and evaluation of the system having the most potential or satisfying overall
requirements. It is expected that the evaluation would include demonstration of the system with several
solid lubricants under simulated engine operating conditions. This effort should have Phase 111 potential in
that the system could be supplied to various engine contractors having need of this technology.

AF90-130 TITLE: Lubrication of High Temperature Bearing Surface by VVapor Deposition

OBJECTIVE: To develop a system for vapor depositing suitable lubricants on bearing and/or bearing
raceway surfaces for application in high temperature, advanced gas turbine engines.

DESCRIPTION: Lubrication of bearings in high temperature, advanced gas turbines will be difficult with
conventional liquid or powder lubricant systems. Preliminary data suggest that a vapor deposition system
may be superior in weight, lubricant performance, and delivery ease. Emphasis shall be placed on
determining suitability of lubricant delivery and tribological performance over a temperature range of
approximately =50 to 500 C. System size and weight shall be considered so as to minimize impact of
advanced gas turbine engine design. Phase | activity shall include development and demonstration in a
laboratory environment of a feasible lubricant and lubricant delivery system suitable for high temperature
advanced turbine engines. This will lead to Phase Il activities of bearing rig and possible full scale
simulator demonstration of the system. This effort has Phase 111 potential for engine manufacturers to use
the system for lubrication of high temperature bearing systems.

AF90-131 TITLE: Surface Deposit Analyzer

OBJECTIVE: An instrument for identifying, measuring, and characterizing surface deposits formed by the
thermal decomposition of jet fuels is desired.

DESCRIPTION: When hydrocarbon fuels flow over hot surfaces, they tend to degrade thermally and create
surface deposits that interfere with heat transfer and, in some critical subassemblies, with mechanical
tolerances. These deposits are usually carbonaceous materials, or lacquer-type polymers on their way to
carbon, but are generally poorly understood and characterized. The rate and extent of deposit formation
depend strongly on both the precise chemical composition of the fule, the environmental tmepeature
profile, residence time, the presence of oxygen and trace components, and the nature and morphology of
the surface. A method is desired that will permit monitoring the growth of such deposits as they are formed,
beginning in the submicron thickness regime, in order to understand the relative significance of those
chemical, physical, and mechanical parameters. The Phase | product would be the demonstration of a
prototype laboratory-scale device capable of either intrusive or nonintrusive operation. This program has



the potential for development of a commercially applicable device, useful in either research or quality
assurance applications, in Phase Il.

AF90-132 TITLE: Air Breathing Propulsion Using Antimatter

OBJECTIVE: To determine if antimatter could be used as the power source for manned or unmanned air
breathing vehicles such as missiles, single stage to orbit vehicles, etc.

DESCRIPTION: Since the existence of antimatter has been determined, and the production and
containment of antimatter has no near term solution, its application to air breathing propulsion should be
determined in advance of a possible breakthrough. This study would be concerned with the development of
a vehicle concept that would make use of this power source. The main concerns for this study would be the
estimation of thrust levels available and whether they would be usable in an atmospheric vehicle. Also,
such questions as would the vehicle be manned, what would be the size and weight of such a vehicle based
on extrapolated data from current concepts), what safety and operations problems would such a vehicle
cause? Phase | activity will include a literature search, development of concept vehicle(s), as well as, a
parametric study that would provide size, weight, and perofmrance estimates of the vehicle concept(s).

This would provide a basis for Phase Il activities, which would include the refinement of the concept
vehicle(s) and their expected performance.

AF90-133 TITLE: Nonintrustive Velocity Measurements of Supersonic Combustion

OBJECTIVE: Development of instrumentation suitable to measure velocity of a supersonic combustion air
stream in a test cell environment.

DESCRIPTION: In a supersonic combustion ramjet (scramjet), nonintrusive instrumentation is necessary
to avoid distribution that which is being measured. Determination of the inlet and exit stream thrust to a
combustor will define the performance. Measurement of the airstream velocity will permit determination
of stream thrust as the other parameters for stream thrust can be determined with conventional means. The
challenge is to develop a method that will measure scramjet combustor velocity ina test cell environment,
which can be quite different than a laboratory environemtn. The instrument must be able to hold
calibration and obtain useful data for the test run duration. The operation of such a system should be
development to ap oint where extensive pretest and post test preparation is not required. Seeding with
external particles in the airstream to measure velocity is not desirable. The scramjet fuels to be considered
are hydrocarbons and hydrogen. Delivery of an actual working system compatible with the test cells of the
Aero Propulsion and Power Laboratory would be a final deliverable item. The goal of Phase I is to
demonstrate in a laboratory test the concept to be developed for the test cell environment. Phase 1l goal is
to develop and demonstrate a system capable of measuring the velocity in a test cell environment.

AF90-134 TITLE: High Energy Radiation Discrimination for Long Wavelength Infrared Detector
Arrays

OBJECTIVE: Demonstrate long wavelength infrared detector arrays exhibiting near under-graded
performance in high-energy radiation environments.

DESCRIPTION: New long-wavelength infrared detector array technology is solicited which exhibits state-
of-the-art performance in low or moderate optical space backgrounds, and which can discriminate between
high energy radiation and infrared radiation. Detector arrays which are located in space are subject to
unwanted high energy radiation arising from charged particles in the earth’s radiation belts, cosmic
particles, and gamma radiation from various sources. In addition, the density of some of these radiation
types can be greatly enhanced through both natural and man-made events. Infrared detector arrays which
can discriminate against or essentially ignore the high energy radiation while maintaining nearly
undergraded infrared detector performance are desired. Potential approaches may include, but are not



limited to the following: new materials, novel device architectures, and on array optical lenses/condensers.
Phase | will demonstrate a proof of concept. Phase Il will further refine the design, fabricate, and
demonstrate a prototype device array. Particular attention will be given to completely novel approaches
which are based on sound physical principles.

AF90-135 TITLE: High Throughput Detector and Hybrid Array Production Testing

OBJECTIVE: Demonstrate improved, automated test equipment for testing large numbers of infrared
detector and hybrid arrays.

DESCRIPTION: Over the next few years, several government programs will produce hundreds or
thousands of infrared focal plane arrays. A major cost driver for these programs is the cryogenic testing of
the detector arrays or the hybridized (Detectors mated with suitable readouts) focal plane arrays. Currently,
testing is done with single arrays mount individually in customized Dewar’s. The development of
innovative, automated test equipment is solicited which is capable of testing multiple, low noise detector or
hybrid arrays operating at low temperatures. Sample times on individual detector pixels of less than 100
microseconds are required, as is low optical background capability. Test capabilities must include
responsivity for several operating conditions and compatibility with many different readout array types.
Phase I will demonstrate new design concepts for critical engineering tasks: low noise electrical contacts,
multiple array handling, array temperature control, and infrared (optical ) background control. Phase Il will
build and demonstrate models of the critical components, in preparation for fabrication and demonstration
of an automated cryogenic test station in Phase IlI.

AF90-136 TITLE: Innovative Concepts for Space Control

OBJECTIVE: To develop new approaches (integrative methods and modeling tools) to perform the space
control mission.

DESCRIPTION: Space control is the assured use of space by U.S. and friendly forces and the denial of
space to hostile forces when directed. Space control functions include destruction or denial of enemy space
capabilities, protection of U.S. space capabilities, space surveillance and the associated command and
control nodes. Innovative approaches are sought to enhance U.S. capabilities in these areas. Methods
should model this time and spatial dimension so that variation of operational concepts and tactics can be
explored. Possible approaches include data flow diagrams and Petri nets. Concepts should focus on the
system architecture level. Phase | will define the method and demonstrate significant characteristics and
improvements in the state-of-the-art by limited test cases. Phase Il will continue the development through a
full model of space force macro system performance.

AF90-137 TITLE: Innovative Concepts for Force Support from Space

OBJECTIVE: To identify new and/or improved methods of supporting military forces from space.

DESCRIPTION: Space systems provide critical support for operational military forces, including ground,
sea and air. The key support functions include navigation, communications, meteorology and surveillance.
The Air Force seeks innovative improvements in these particular capabilities as well as innovative hew
methods and capabilities to support worldwide military operations. This support may involve current
systems or new system types. Changes to current support types might be accomplished with new
approaches, or the application of new technologies. New support types should be described in sufficient
detail to permit evaluation. An example of new technology might include improvements, changes or
modifications to computer data links which would ultimately improve military capabilities. To better
support terrestrial forces, innovative, small, inexpensive, user-friendly equipment is required. Phase | will
define the concept and describe the feasibility of developing force support from space. Phase Il will



develop a laboratory model, validate the technology and demonstrate in the laboratory the concepts
proposed in Phase I.

AF90-138 TITLE: Innovative Applications of Emerging and Mature Technologies for Air Force
Space Capabilities

OBJECTIVE: To identify innovative applications of new technologies for military space missions.

DESCRIPTION: New innovative space applications for emerging technologies are needed for the 21%
century. Research and development technologies are discouraged. New technology areas of particular
interest include low thrust electric propulsion, high power density (greater than 10 kilowatts), solid core,
gas cooled fission propulsion reactors; and non-propulsive space transportation. Phase | will define the
concept and establish the technology and methodology requirements to validate and demonstrate the Phase
| proposal. Phase Il will develop, validate and demonstrate the Phase | proposal. Concept feasibility is the
product of Phase II.

AF90-139 TITLE: Innovative Concepts for Improved Space Object Surveillance and Classification

OBJECTIVE: To develop new technologies and innovative applications of existing technologies to
improve space object surveillance and classification.

DESCRIPTION: New technologies and innovative applications of existing technologies need to be
investigated to improve space object surveillance classification. Classification should include a
determination of the mission and potential hostile intent of space objects. Topics of particular interest
include, but are not limited to the following: nuclear event detection; improved resolution and cloud
penetration techniques for ground based systems; and radar and laser techniques for classification of space
based systems. Phase | will define the concepts and establish the technology and methodology
requirements to validate the concept. The contractor shall provide a rough estimate of anticipated
improvements over the existing systems, as well as projected cost savings. Phase Il will develop, validate
and demonstrate Phase 1. Proof of concept feasibility is the product of Phase II.

AF90-140 TITLE: Stabilized Sensor Platform for Manned Space Observations

OBJECTIVE: To develop a compact, flexible two gimbal stabilized sensor platform for manned
observations of the earth or sky from space.

DESCRIPTION: Observations from space, using an optical sensor having sufficient magnification to
recognize terrestrial objects, requires a sensor platform having the capability to assist the observer in
finding and then tracking these objects from an orbiting space ship (presently the NASA space
transportation system). This platform must be capable of being mounted in the Space Transportation
System overhead window during flight and of being stored in a crew compartment locker when not in use.
Sensors, such as a high magnification optical telescope, should be easily attached and stabilized. The
platform should be capable of accepting object position parameters and automatically tracking a point on
the ground while that point is within sight of the instruments. Because of the small size required, and the
weightless environment encountered in space, innovative techniques should be utilized, such as
magnetically floated gimbal bearings. The offeror should also consider designing the system so that its
inputs could be form another pointing system mounted in the Space Transpiration System cargo bay. Phase
I1 will build a prototype unit capable of being tested in space.



AF90-141 TITLE: Respiratory Protection Device

OBJECTIVE: Develop a lightweight respiratory protection device suitable for use in atmosphere
contaminated with low concentrations of rocket propellant vapors.

DESCRIPTION: A lightweight comfortable device is needed for respiratory protection of personnel
working in areas contaminated with low concentrations of rocket propellants. Hydrazines are widely used
as rocket propulsion fuels in space launch operations. Because they are extremely toxic compounds,
categorized as suspected human carcinogens, personnel must be protected from exposure to even very low
levels. The threshold limit values (TLVs) of the three amino fuels, for eight hours a day, five days a week,
are 0.1, 0.2, and 0.5 ppm respectively. Protection against rocket propulsion oxidizer vapors, primarily
nitrogen dioxide, is also a concern. Nitrogen dioxide is a respiratory irritant with a work place TLV of 3
ppm. Because it would be very disruptive to evacuate personnel from nearby work stations every time a
propellant activity takes place at a nearby launch support site, a device is needed that provides required
respiratory protection for personnel working in contaminated environments having propellant vapor
concentrations as high as several hundred ppm. Protection time is a minimum of four hours of exposure
and preferably eight. The remaining protection capacity must be readily available to the wearer. The
device should be lightweight and comfortable to wear. It should protect the eyes, nose, and mouth. It
should be inexpensive to produce and maintain. Phase | shall be a concept feasibility design and building
of a prototype for further development under Phase Il. Phase li will consist of device performance
improvement through continued development, testing, and modification. The proposal must show
demonstrated potential for development into a viable device having field applications.

AF90-142 TITLE: System to Measure Currently Unfulfilled/Partially Satisfied Environmental Data
Parameters

OBJECTIVE: Develop an optimum system prototype to measure unsatisfied or partially satisfied
environmental data parameters.

DESCRIPTION: This effort should concentrate on the environmental data parameters detailed in Joint
Chiefs of Staff Memorandum. The 43 MJCS 154-86 parameters include clouds, wind, moisture profiles,
electron density profiles, and visibility. More than one parameter may be investigated in the proposed
effort. Phase I should address a conceptual design development of analysis of currently available
technology for an optimum data collection system. The system should be aimed at satisfying currently
unfulfilled or partially satisfied requirements. The Phase | design should consider satisfying as many
related parameters as possible in a single cost effective system. Pros and cons of the proposed system
should also be addressed. Power, weight, cost, and state-of-technology constraints should be
considerations. Active or passive sensing techniques may be investigated. Phase Il shall include further
development of the Phase | concept into development of a prototype (working laboratory model) of the
optimized system.

AF90-143 TITLE: Improved Lens Polishing and Coating Techniques for Zinc Selenide Optical
Components

OBJECTIVE: To develop better methods of polishing and coating zinc selenide optical elements in order to
reduce the amount of scattered light.

DESCRIPTION: Zing selenide is a relatively soft optical material. As a result, standard polishing
techniques do not produce very smooth surfaces. These smooth surfaces are required in order to minimize
the amount of scattered light at the surfaces of the zinc selenide optical elements. The goal would be to
develop surface finishes that would allow the zinc selenide to be used in optical systems that operate with
the sun close to the field of view. An improvement in scattering by a factor of 3 or 4 is desired. Coatings
for optical elements are needed to permit desired target energy to pass through wile rejecting out of band
backgrounds such as solar energy and other unwanted bright sources. The required coatings must have



very steep cut on and cut off wavelengths and, therefore, require very many layers. These coatings must
have very low scattering properties when applied to the zinc selenide optical elements for the reasons
discussed in the above paragraphs. Existing coating materials and/or techniques for zinc selenide scatter
too much light. New techniques and/or materials are desired which can reduce the amount of scattered
light by a factor of 3 or 4. The Phase | effort will be to develop proof of concept approach. The Phase Il
effect will be the design of the system using the approach developed in Phase I. Particular attention will be
given to revolutionary approaches.

AF90-144 TITLE: Retro-directive Flight Test Article Instrumentation Antenna

OBJECTIVE: To develop small light weight antennas which direct gain in the direction of desired
incoming signal.

DESCRIPTION: National Test Ranges such as the Western Space and Missile Center (WSMC) use radio
frequency (RF) links to provide command, control, and position monitoring of articles undergoing flight
testing. More data could be collected from flight tests if better antennas were available. Omni directional
antenna coverage is needed. The antennas should not introduce amplitude or phase modulation. Additional
challenges include small size, low weight, high efficiency, minimum aerodynamic effects, ability to
withstand high temperatures, ability to withstand high vibration levels, and capability for both transmit and
receive. Initial development should concentrate on S-band for telemetry an command relay via satellite.
Other areas of interest are C-band for radar and L-band for GPS. Future systems will use x-band and k-
band and extremely high frequencies (EHF). A retro-directive antenna automatically directing the transmit
energy to the proper direction would reduce the required on board transmitter power. Likewise, the retro-
directive antenna would maximize receiver antenna gain in the direction of the desired incoming signals.
The retro-directive antenna will be useful for such programs as the National Aerospace Plane (NASP) and
Hypersonic Glide Vehicle. In this application, command data would be linked down to the test article
antenna and narrowband telemetry containing test measurements would be up-linked via satellite through
the retro-directive antenna. Such retro-directive antennas have not been developed yet. Innovative
approaches are sought. Phase I should develop one or more alternatives to achieving retro-directive
antennas as described in the preceding paragraphs. Phase Il should result in a deliverable prototype retro-
directive antenna for testing and characterization. Phase | should be in sufficient detail to allow the
feasibility of producing a suitable prototype antenna to be accurately assessed. There are several possible
commercial applications for retro-directive antennas. These include mobile and airborne long distance
telecommunications and high fidelity mobile radio.

AF90-145 TITLE: Space Launch Complex Waste Water Treatment Plan

OBJECTIVE: Develop a method to treat toxic waste water generated by space launch complexes.

DESCRIPTION: During space launch operations, large amounts of water are sprayed on areas of the
launch pad to prevent blast damage. After use, this waste water is channeled into storage pond where, in
the past, it was treated to neutralize any toxic agents and released into the environment. Recently, however,
the treatment methods were found to be inadequate to meet environmental regulations are release of the
water was prohibited. The current practice is to transport it to a large pond for long-term storage. Even
this ponds capacity may not be adequate to support all launch operations, and rain water further
complicates the problem. The Air Force is therefore soliciting innovative approaches for the permanent
disposal of this water. Phase I will develop proof of concept for a new method to treat the water so that it
may be safely released to the environment. This plan should be based upon water samples taken from the
pond and must conform to all environmental laws applicable to the treatment, transportation and storage of
toxic liquids. Phase Il will develop detailed engineering to implement the water treatment techniques at the
space launch complexes. The water capacity required for launch operations should be considered as well as
the physical dimensions and accessibility of the storage ponds.



AF90-146 TITLE: High Power Microwave Detector

OBJECTIVE: Design, fabricate and test a High Power Microwave (HPM) receiver to detect range radar
emissions.

DESCRIPTION: The recent attention to RF power issues at Vandenberg AFB has resulted in increased
awareness of potential damage to spacecraft electronic systems. A simple receiver should be developed to
provide a monitoring capability to detect the occurrence of high power microwave illumination. Support
systems at satellite launch facilities may illuminate satellites with high microwave energy prior to and
during launch operations. For example, tracking radars, located close to launch sites, use large antennas
and high peak power transmitters to achieve the sensitivity to track satellites as they proceed to orbital
altitudes. These support systems can exceed the field strength value specified by MIL-STD-4618 for
satellite electronic systems at the short range between the support system and the launch site. An
innovative design will result in a receiver that can be triggered by an RF impulse similar to a smoke
detector. The detector should be as simple and portable as possible because monitoring sites may be
remote and power sources may not be available. Some possible uses for the HPM detector include inside
transporters during satellite transport to launch base; at off site processing facilities (factories) prior to
integration of the satellite and launch vehicle; and at the launch base, both at the pad and at offline
processing facilities. Eastern Test Range is also interested in detector development. Some commercial
applications may be as a detector in ordnance factories or storage areas; in factories that produce sensitive
micro circuits; and any other industry where electronic devices may be damaged by large emitters. At
Vandenberg, data from the detector will be used to correlate vehicle failures with excessive RF power
levels. Therefore, if a failure occurs, data from the detector will confirm or eliminate excessive RF levels
as a potential cause.

AF90-147 TITLE: Innovative Concepts for Structural Dynamics and Control Space Experiments

OBJECTIVE: Design structural dynamics and control research space experiments.

DESCRIPTION: Several proposed Air Force missions call for large precision space structures. These
structures present new challenges in the areas of structures, dynamics and control. Over the past decade,
extensive research has been conducted in methodologies associated with the control of large precision
structures. To address the need for validation of these methodologies, several ground demonstration
facilities have been developed. These ground facilities are limited in their ability to mimic space
environmental conditions which affect structural behavior. Space experiments which complement the
ground demonstration facilities are needed. Innovative structural dynamics and control space experimental
designs are solicited to address the limitations of ground demonstration facilities. Shuttle based, free
flying, and piggyback concepts will all be considered. Experiments should provide data related to the
dynamic behavior of structures in the space environment. Effects of microgravity and material degradation
are of particular interest. Also, as a minimum, experiments should provide transient response of some test
article to various disturbances. Platforms which can easily be adopted to support a variety of experiments
will receive greatest consideration. In Phase |, the contractor will identify and evaluate experiment
conceptual designs and the means available for putting a space experiment into space. In Phase Il, a
detailed design of the most promising concept be generated, and hardware will be purchased or fabricated
and assembled.

AF90-148 TITLE: Innovative Models of Propellant Combustion

OBJECTIVE: To develop and verify innovative models of various aspects of the combustion process.

DESCRIPTION: There are several areas in the combustion process that strongly need to have models
developed or improved. The first area is droplet formation, breakup and coalescence. These play a critical
role in many proposals and spacecraft problem areas. Accurate predictive models of droplet behavior are
not available, especially when the propellants is in the super critical state. A second area in which a



significant improvement to existing models could be made is in the detailed spatial and temporal modeling
of the gas phase reaction zone associated with heterogeneous solid propellant. Most of the models that
currently exist, use global reaction models rather than the full set of reactions that may occur. With the
increases in computing power that have occurred in recent years considering the added information that the
full set of rate equations will provide, it is time and appropriate that this important steep be made. Finally,
combustion process models are very limited in the physics that they include well as the validity of the
results they provide. Models which include a more realistic analysis of the combustion process could lead
to greater understanding of this process and improve our ability to predict and control combustion.
Innovative new models might include detailed diffusion and finite rate kinetics, time dependent surface
geometry variation and heat transfer analysis, surface melt effects, and stochastic analysis of the interaction
of multiple flames produced from multiple surface sources. Phase | of the project will involve the
development of the model while Phase Il will validate the model by comparing the predictions with
experimental data.

AF90-149 TITLE: Advanced Turbo-machinery Systems and Components

OBJECTIVE: Develop lightweight, highly reliable dynamic space power and thermal management system
components.

DESCRIPTION: The Air Force solicits innovative concepts that provide substantial improvements in
rotating components for application to dynamic power and thermal management systems. Areas of
particular interest include: novel thermodynamic cycles, highly reliable lightweight pumps, self healing or
integrated bearing and seals, and high efficiency cryorefrigerators. Current thermodynamic cycles are
substantially below the predicted cannot efficiencies. New or hybrid thermodynamic cycles with cycle
efficiencies in excess of 40% offer the potential for power generation and thermal management system
mass savings. Besides a device specific power greater than 50 kw and low cost of prime concern. Long
life lightweight pumps with assured reliability are required. Both rotating and passive concepts are
solicited. The ability to autonomously detect incipient failure and reliably self-heal bearings or such would
eliminate the need for multiple redundant components or systems for required reliability. Components
which highly integrate bearings or seals into their designs could also result in increased reliability and
reduced mass. Development of higher efficiency cryorefrigerators significantly impact the development of
lighter weight spacers with enhanced operational capability by both reducing the cryorefrigerator mass and,
more importantly, reducing the required electrical power to operate the refrigerator. Based on his expertise,
an offeror may submit a proposal for any of the identified areas of interest. For each effort, Phase | should
produce a complete analysis of the concept of feasibility; limited laboratory testing, if required; a prediction
of performance characteristics; and a design of proof of principle model. The phase | proposal should
include a preliminary feasibility analysis as part of the concept justification. In Phase I1, appropriate scale
models will be fabricated and tested under simulated operational conditions to verify performance
estimates. A detailed technology development plan shall also be prepared during I1.

AF90-150 TITLE: Technology for Storage, Handling, or Use of Antimatter

OBJECTIVE: Develop technology in the area of analysis of matter by matter-antimatter annihilation
radiation; prediction of its products and effects; or safe long-term, high-density storage systems for
antimatter.

DESCRIPTION: Antimatter is composed of quantum mechanical particles which have reverse properties of
their normal matter counterparts. When antimatter and matter are allowed to interact, the entire mass of
both is converted into energetic radiation, mostly charged and gamma rays in the near field. This property
of antimatter has led to concepts for the use of stored antimatter as an analytic radiation source in the near
term, and as an energy source for rocket propellant in the far term. Proposals are sought to design and
demonstrate an element of the technology needed to use antimatter which: can be developed within the
funding and time limitations of an SBIR procurement, and can be demonstrated using an appropriate form
of normal matter (a normal matter analog) to simulate antimatter. Examples of the technologies sought



include: wide angle, high resolution x-ray fluorescence, annihilation gamma ray, or charge detector arrays
to locate and characterize annihilation site within normal matter; storage systems for charged or neutral
solid anti hydrogen; computer models and software for predicting annihilation products and their effects;
and other innovative technologies which review of the literature indicate are required for use of antimatter
in astronautics related areas. Phase | of this effort shall consist of a design for the proposed technology
element. In Phase Il, the selected item shall be built and demonstrated with a normal matter analog.
Designs shall consider (as applicable): radiological safety with respect to annihilation rates; vacuum
requirements; temperature requirements (solid anti hydrogen storage will probably require a 1 Kelvin
radiative heat sink); proposed uses of the technology, and other appropriate constraints.

AF90-151 TITLE: Innovative Concepts for Ground Testing Spacecraft Structures

OBJECTIVE: Develop innovative techniques, equipment or facilities for testing large precision space
structures.

DESCRIPTION: Several proposed Air Force missions call for large precision space structures. These
structures will be larger than anything flown before. The combination of large size and low structural mass
will make these structures very flexible. Many of these structures will not have sufficient strength to
support their own weight when on the earth’s surface. Those capable of withstanding gravitational loads
will behave differently on the earth’s surface then when an orbit because of those loads. Their large size
will require these structures to collapse for launch then deploy once on orbit, undergoing radical changes in
geometry and dimension in the process. Some proposed systems are actually composed of several
interconnected, articulated structures. Spacecraft which utilize theses types of structures present new
challenges in the area of ground testing. Innovative concepts are solicited which address the problem of
ground testing large precision space structures. Concepts related to techniques, equipment or facilities are
sought. Ground tests of interest include modal testing, structural performance validation, and deployment.
The Phase I contractor will define approach and perform trade studies against other existing approaches to
evaluate feasibility, payoffs, and penalties associated with the concept. In Phase Il, the contractor will
refine and concept based on Phase I findings, then proceed as appropriate for the concept proposed.
Techniques and equipment will be developed and implemented in a structural dynamics and control tested
to evaluate the performance of the concept. Detailed designs will be generated for facility proposals.

AF90-152 TITLE: Innovative Pumping Concept for Supporting Ammonia Arcjet Propulsion

OBJECTIVE: Develop new and innovative techniques providing high throughput vacuum capability
required for ammonia arcjet research.

DESCRIPTION: A new techniques is required to provide high throughput, high vacuum pumping
capability needed to provide 1E-4 Torr vacuums with arcjet propellant flow rates of 0.25 to 1.0 grams per
second for 10 to 100 minutes. The technique must be able to withstand the 30 to 100 kilowatt exhaust
plume of the thruster with degradation. No such facility or technique currently exists in the United States.
The technique must also be amenable to cost effective retrofitting to existing vacuum facilities.
Approaches using one or more of the following techniques are suggested: mechanically scraped
cryopumps, titanium getter pumping, and ion pumping. Concepts need not be limited to these suggestions.
Phase I will develop the technique and perform a proof of concept test using an ammonia arcjet. Phase Il
will be the deign, fabrication, and installation into a government vacuum facility of a full sized engineering
version of the new pumping concept. Particular attention will be given to revolutionary approaches based
on sound scientific principles.

AF90-153 TITLE: Electrochemical Energy Storage

OBJECTIVE: Develop lightweight, high power electrochemical energy storage systems for satellites.



DESCRIPTION: Most Air Force satellite missions use photovoltaic arrays to generate required electrical
power. These systems require some sort of electrical storage system to allow for operation during orbital
eclipses. Current electrochemical energy storage system (fuel cells and batteries) are solicited. Proposals
should include a preliminary feasibility analysis as part of a concept justification. For fuel cell systems,
research needs to be performed in areas of high performance electrolytes. Maximizing the amperage
generated per unit area of electrolyte is desirable for systems having separate fuel cell and electrolyzer
stacks. For a fuel cell stack itself, minimizing the mass per unit area of electrolyzer is desirable for
producing a high energy density system design. Electrolyzers suitable for extended use on orbit also need
to be developed. Another possibility is the development of a bi-functional electrolyte, allowing the
functions of the fuel cell and electrolyzer to be combined into a single hardware stack. Advanced fuel cell
concepts using reactants other than hydrogen and oxygen have high potential payoffs. Other
electrochemical energy storage concepts in the field of rechargeable batteries can also provide very high
energy densities. The primary technical issues associated with satellite rechargeable batteries are related to
design engineering: constructing hardware from theoretical designs, consistently obtaining deep depths of
discharge from test cells, and verifying long lifetime operation at high performance levels. Desired energy
storage system performance parameters are: 20 to 50 kw of power delivered, usable energy density greater
than 100 whr/kg, and orbital life greater than 5 years. Technical issues to be considered include thermal
and fluid management (if any); and reliable operation under various charge/discharge cycle conditions.
Phase | should produce a complete system feasibility analysis, a prediction of performance characteristics,
and a proof of principle design. In Phase Il, small-scale models will be fabricated and tested under
simulated operational conditions.

AF90-154 TITLE: 2.10 Micron Doppler Lidar Detection System

OBJECTIVE: To study detection techniques for a 2.10 micron coherent Doppler and back scatter lidar
system.

DESCRIPTION: The Geophysics Laboratory (GL) is pursuing the development of lidar sensors for use in
both ground and space based applications. There is currently strong interest in the development of near IR
lidar systems which could obtain both aerosol back scatter and Doppler information from space. The
objective of this effort is to study detection techniques for a 2.10 micron coherent Doppler and back scatter
lidar system to be used in ground based proof of concept studies. This would include the selection of
candidate detectors, use of single mode fiber optic photo mixing techniques, and the review of designs for a
signal acquisition system to handle the detected signal. If the Phase I results warrant it, the Phase 11 effort
would include fabrication and testing of a prototype system with the laser transmitter and receiver optics
provided by GL as Government furnished equipment. The system would be integrated into an existing
mobile lidar laboratory containing a Raman lidar and a coherent CO backscatter/Doppler lidar system. The
2.10 micron lidar would share the MicroVAX Il computer, displays, scanners, and other hardware used by
the existing systems. Details of the mobile laboratory and the 2.10 micron laser would be made available
to the successful awardee.

AF90-155 TITLE: Knowledge Based Seismic Event Automatic Associated and Location Estimation

OBJECTIVE: Development of advanced, knowledge based techniques for the association and location of
seismic events.

DESCRIPTION: Successful monitoring and verification of compliance with nuclear test ban treaties
requires the Air Force to effectively integrate a complex set of resources including a signal collection,
processing, and analysis. The product of this effort is forwarded to the highest levels of the Government
including the National Security Council and the White House. The generation of accurate, and reliable
information is of paramount importance. The process of nuclear test ban treaty monitoring involves the
collection of raw signal data; reduction of these data by analysis and processing; and the fusion of the
results with other intelligence information. The Air Force’s ability to meet current test ban treaty
monitoring requirements is critically dependent on the second of these activities: the analysis and



processing of the signal data. The objective of this activity is to detect and extract information on the
seismic signals of interest; to associate this information with specific events; and to characterize the events
in the context of nuclear test monitoring and verification requirements. Limitations in existing association
and location algorithms restrict the number of detections that can realistically be processed, and reduce our
capabilities to meet monitoring requirements. This restriction is largely imposed by the inability of the
current architectures to quickly analyze and eliminate most of the possible association combinations
resulting form large numbers of seismic arrival detections. This limitation could be overcome through the
application of effective control “knowledge” and modification of current algorithm architecture. Success in
this area would significantly increase the capability of the Air Force to meet current and future monitoring
requirements. Phase I: The contractor will study current association and location algorithms and evaluate
where processing and control knowledge could be employed to reduce the number of association
combinations processed. The contractor will prepare a design for a proposed “knowledge based
architecture” and demonstrate, through prototype development, at least three examples of how and to what
degree the application of these techniques can improve the algorithm performance. The preliminary design
and results of the prototype processing will be delivered at the end of Phase 1. Phase II: The contractor will
prepare a final design and develop an advanced, knowledge based prototype system for association and
location of seismic events. The prototype will be tested at the contractor’s facility and be demonstrated on
24 hours of real data to be provided by the government. The hardware for implementation of the prototype
system will be approved by the government prior to commencing development. The completed system
must operate at least ten (10) times faster than real time on the test database provided.

AF90-156 TITLE: Surrogate Cloud Information From Satellite

OBJECTIVE: To provide from environmental satellite data the specialized information needed to specify
the degradation in radiance intensity affected by cirrus clouds.

DESCRIPTION: In order to specify the attenuation of radiation which passes through clouds, and in
particularly cirrus clouds, a considerable amount of bulk and microphysical cloud data is needed, e.g.,
particle sizes, condensed water content, physical thickness, radiative properties, etc. Since these
specialized data can only be obtained from in situ measurements and well calibrated remote sensors (e.g.,
lidar), such information is not available on a global, continuous basis. Nevertheless, requirements exist for
specifying cirrus cloud attenuation on this scale. The satellite platform affords coverage needed but no
methodology presently available allows satellite radiometric and sounder data to be used as surrogate for
the specialized could data. The objective of this proposal is to develop techniques which will provide the
cloud information required for an accurate assessment of radiance degradation under typical cirrus cloud
conditions, given only satellite data. Evaluation of the errors resulting from substituting satellite data for
more direct cloud measurements must be made. The wavelengths for which attenuation is of interest are
the upper half of the visible spectrum and the infrared atmospheric windows out to 14 microns. The
techniques must be based on radiation theory and the analysis of multiplatform, coincident measurements.
Precedence should be given to data from the Defense Meteorological Satellite Program (DMSP) sensors.
Any DMSP data required will be provided as Government Furnished Equipment (GFE). All other data sets
are the responsibility of the contractor to obtain. The Phase I six month report should consist of the
pertinent radiation theory, an appropriate cloud discrimination scheme, an annotated compendium of
germane data sets and a detailed work plan and milestone chart of the rest of the effort. The end product of
Phase Il will be a well documented methodology, in equation form and in appropriate computer code,
having as input a very effective satellite retrieval algorithm for cirrus clouds and as the output the bulk and
microphysical cloud information needed to specify attenuation in the required wavelength bands.

AF90-157 TITLE: lonospheric Tomography System

OBJECTIVE: Develop a system for constructing two-dimensional ionospheric electron density profiles
using tomographical techniques.



DESCRIPTION: Many modern military space systems involving communications, radar or precise
positioning, require knowledge of the ionospheric environment. Advanced radar sensors require
corrections for both range and range rate errors, particularly when tracking objects as they pass through the
ionosphere. Large gradients in the electron density can limit signal returns from OTH radars at times when
the ionospheric trough region is deep. The tomography technique, applied to the ionosphere, has the
potential of yielding near real time two dimensional electron density profiles versus height and latitude over
a wide range of latitudes at low cost. The tomography technique works by making integrated
measurements of electron content at a number of sites along a latitude chain, and applying mathematical
algorithms to construct two dimensional electron density profiles versus latitude. The overall system
design requires cost effective, dual frequency, electron content receivers, a method of communicating data
from each receiving location to a central location in near real time, and the development of efficient
algorithms for reconstruction of equivalent electron density profiler along the direction of the station chain.
In Phase I, system design tradeoffs would be examined including potential methods of obtaining electron
content data and performing computations at a central site. Tradeoffs also would be computed on desired
profile height and horizontal resolution versus number of stations, communication and computational assets
and time required. A possible Phase Il demonstration of the concept would be made near existing
ionospheric diagnostic facilities located in an ionospheric region where large gradients in the ionosphere
normally occur.

AF90-158 TITLE: Instrumentation to Measure Low Electron Densities in Laboratory Vacuum
Chambers

OBJECTIVE: Develop techniques to measure temporal and spatial properties of low electron densities in
vacuum chambers.

DESCRIPTION: Laboratory chambers are being used to experimentally investigate high power microwave
breakdown of the air. It is important to measure long lifetime electron densities in the chamber
experiments. Current state of the art techniques can measure densities down only to the order of 10
electron/cm. Projected requirements for the apparatus are: ability to measure electron densities down to the
order of 10 per cm, in plasmas of thickness of the order of 4 cm and diameter of the order of 20 cm, with
time resolution of the order of 10 microseconds or better, in tank pressures of from 0.01 to 3 Torr. In Phase
I, we expect that the feasibility of building such an instrument will be evaluated and that preliminary design
will be prepared. In Phase Il, a prototype instrument will be constructed and tested, and if successful, will
be used in future chamber experiments on AIM lifetimes.

AF90-159 TITLE: Variable Polarization Lidar Optics System

OBJECTIVE: To provide an existing lidar with an adjustable polarization optics system for cloud studies.

DESCRIPTION: The Air Force ABLE (Atmospheric Backscatter Lidar Experiment) lidar system utilizes a
frequency doubled and tripled Nd:YAG laser transmitter and a half meter telescope receiver to make
backscatter measurements at 355 and 532 nanometers. This lidar system has successfully performed in
both ground based and balloon borne experiments. In the Rayleigh/Mie backscatter mode, the ABLE
system has measured atmospheric neutral density and aerosol profiles from 30 km to the ground. In the
Raman backscatter mode boundary layer profiles have been measured. Although capable of cloud
detection, the lidar is unable to make any assessment of cloud composition. A conventional lidar of the
ABLE type transmits a linearly polarized laser pulse and measures the backscatter from atmospheric
constituents including aerosols and clouds. The backscattered radiation is assumed to be linearly polarized
in the same manner as the laser pulse, but this has not been experimentally confirmed for various
meteorological cases. A polarization uncertainty can degrade the measurement and compromise the
accuracy of lidar data analysis. Under certain atmospheric conditions, such as ice crystal formation, the
backscatter is expected to be polarization dependent. A lidar polarization system implemented in both the
transmitter and receiver optics to permit selectable polarized illumination of clouds and polarization shift
analysis of the backscatter, is to be developed. Phase I will consist of a feasibility study and development



of a preliminary design of the lidar polarizer. Phase Il will require the fabrication of the polarizer followed
by integration and testing with the ABLE lidar system in preparation for field operations during various
meteorological conditions. This will be an important enhancement of the ABLE system at a time of
increased interest in cloud studies, especially visible and sub visual cirrus.

AF90-160 TITLE: Phased Array Telescope Image Processing

OBJECTIVE: Develop an algorithm to measure misalignments in a phased array telescope using image
plane information.

DESCRIPTION: The phased array imaging telescope concept has advantages over traditional single
telescope systems for space applications where very large apertures are required for high resolution.
Primary mirrors may be relatively small, lightweight, easy to fabricate and test. The system may be
launched in pieces, but with individual sub telescopes fully assembled and aligned. The phased array
telescope must be designed so that the sub telescope positions with respect to each other are not critical. A
servo system then adjusts the smaller beam combining optics so that the array achieves the resolution of a
single very large telescope. This requires that two conditions be met simultaneously over the telescope’s
entire field of view. First, the images must be superimposed with an accuracy of much less than the
required resolution of telescope array. Second, the images from each telescope must be phased to the
others to an accuracy of much less than a wavelength. The first phased array imaging telescope is now in
operation at the Weapons Laboratory. A sensor system estimated pupil geometry errors from phase and tilt
measurements on a local alignment beam which is scanned over the telescope’s field of view. The phase
and tilt control loops requires a bandwidth of about 50 Hertz because the tolerances on phase and tilt are
very tight. The lateral pupil geometry loops operate at a bandwidth of less than one Hertz because pupil
geometry tolerances are much looser. The system works but has two problems. First, the sensor optics are
very complex because they have to measure piston errors over many points in the field of view. Second,
the sensor is subject to bias errors since it is strictly a local measurement and does not utilize any
information from the object being imaged by the telescope. The Air Force is looking for innovative
concepts to measure telescope misalignments by processing the image of an extended object at the
telescope array’s focal plane. If this algorithm is fast enough, it could replace all of our local sensor
systems. If it is relatively slow, the traditional local alignment sensor could be retained to control the
arrays on axis phase and tilt at high bandwidth. Since this new focal plane sensor would operate on the
image of the actual object being viewed, it could also remove any bias errors in the local phase and tilt
loops. In Phase | the contractor should develop a concept for measuring phased array misalignments by
analyzing the image of an extended object at the phased array telescope’s combined focal plane. The
contractor should perform initial algorithm tests with simple images using a computer simulation of a
phased array telescope. A the end of Phase I, the contractor should deliver a final report. In Phase 11, the
contractor should refine his algorithm with a simulated phased array telescope using realistic images and a
more accurate telescope simulation. At the end of Phase I, the contractor should deliver a final report and
software suitable for demonstration by the Air Force.

AF90-161 TITLE: Nonlinear Optical Target Recognition

OBJECTIVE: Develop nonlinear optical techniques to recognize patterns within images.

DESCRIPTION: The Air Force needs to recognize and select targets within optical images. Prior pattern
recognition systems required complicated computer algorithms using artificial intelligence. Electronic
neural networks and associative memories have been used to decrease the complexity of computerized
pattern recognition algorithms, but they remain complicated and inflexible. Recently, all optical neural
networks and associate memories have been developed using nonlinear optical processes. These processes
eliminate the requirement for computer algorithms, and do all image processing in parallel, rather than
serially. This topic solicits innovative approaches for nonlinear optical pattern recognition systems. The
required outcome of Phase | is a conceptual model and detailed engineering design of a nonlinear optical
imaging neural network or associate memory. The product of Phase Il will be a robust, adaptable image



processing system, which may involve a hybrid of computer and nonlinear optical techniques, and which
recognizes selected objects in images.

AF90-162 TITLE: Modular, High Efficiency, High Temperature Energy Conversion Systems

OBJECTIVE: Develop modular (redundant), high efficiency, high temperature energy conversions systems
for spacecraft applications.

DESCRIPTION: Redundant, high temperature, high efficiency power systems offer many advantages to
Air Force spacecraft, such as reduced mass, reduced area, and enhanced survivability. In Phase I, the
contractor shall produce the conceptual design of one or more power conversion systems with as many of
the following features as possible: modularity (allow the use of multiple redundant units); high efficiency;
high temperature (particularly on the heat rejection side of the cycle); interface flexibility indirectly
coupled with a wide range of heat sources, including nuclear; and a variety of heat transport systems —
conductive, radiative, heat pipe, and/or pumped loop; low specific mass; producibility (avoid expensive,
scarce, or hard to produce materials, if possible). In Phase I, the contractor shall identify thermodynamic
characteristics, materials of construction, interface requirements, development status, life limiting
mechanisms, and scaling implications of the technology. In Phase I, the contractor shall develop a
working prototype of the converter as a proof of principle device. In addition, system studies shall be
performed to determine the performance of the technology in comparison with established conversion
systems. In Phase Ill, the prototype could be further developed to meet the specifications for a particular
application as to power, mass, volume, temperatures, efficiency, cost, and manufacturability. Potential
applications of the power conversion technology developed by this effort include primary and secondary
space and terrestrial power systems.

AF90-163 TITLE: Anechoic Chamber Performance in the Near Field of High Power Antennas

OBJECTIVE: Develop a personal computer based expert system for calculation of anechoic chamber
performance.

DESCRIPTION: Susceptibility/vulnerability testing of military systems to irradiation by high power
microwaves requires a controlled electromagnetic environment. A typical environment consists of a
conducting faraday cage which is lined with varying height of microwave absorber. Although the absorber
generally reduces wall reflections, its effectiveness is highly dependent on the angel of incidence and the
frequency of the incident wave. Angles of incidence are in turn highly dependent on the pattern of the
radiating antenna and its proximity to the object under test and walls. A key goal of anechoic chamber
design is to irradiate the object under test exclusively with energy launched directly by the source antenna,
even though multiple reflections between imperfectly absorptive walls, the conducting test object, and the
antenna itself, always occur. A second consideration in chamber operation is to utilize antenna and source
geometries which simulate free field, plane wave conditions. However, often antenna near field conditions
prevail at the location of the test object, because the distance from antenna to test object is limited. Thus,
uniformity of HPM illumination over the surface of the test object is adversely affected both by near field
antenna effects as well as by waves partially reflected from anechoic chamber walls. A need exists for a
personal computer based, innovative expert system to aid in the planning, execution, and interpretation of
high power microwave effects testing. The expert system embodied in software should allow calculation of
all relevant electromagnetic quantities at any point exterior to the test object when the antenna geometry
and operating mode, radiated power spectrum, approximate test object shape, and spatial distribution of
wall absorber are given. Of particular interest is the variation in power density over the surface of the test
object. The expert system should be able to carry out near field calculations for a wide variety of antenna
types and should adequately treat, as a minimum, the effects described above. Phase | work should explore
potential novel, computationally efficient techniques for calculation of the spatial distribution of power
density and other electromagnetic quantities in the presence of multiple reflecting surfaces as described
above. Novel methods for near field calculations of a wide variety of HPM antennas should be included as
a subset of the proposed expert system. Phase Il work will involve implementation of the methods



proposed in Phase | research on a personal computer to produce the expert system. This expert system will
be a flexible tool in evaluating the new effectiveness of the antenna/anechoic chamber combination for
HPM effects testing.

AF90-164 TITLE: Advanced Suspension/Isolation System

OBJECTIVE: Develop a system for supporting the weight of a simulated/actual beam director in a 1-G
environment.

DESCRIPTION: Pointing and tracking experiments with a large beam director require a means for
supporting its weight while accurately simulating the unconstrained boundary conditions of space. A
system is needed which can produce rigid body suspension frequencies on the order of 0.1-2 Hz for
payloads in the range of 6000-12000 Ibs supported by 3-4 devices with nominally equal loading, i.e. 2000-
3000 Ibs per device. The payload must be free to translate through amplitudes of several inches in all three
directions and to undergo rotations of several degrees about all three axes. The suspension device must
support the payload from underneath in order to minimize headroom requirements and thus be usable in an
ordinary (low bay) laboratory facility. Suspension must be accomplished with minimal added mass and
minimal nonlinear constraint due to friction. The moving structure of the suspension devices must be
compact, stiff and well damped such that they add no objectionable vibration modes of their own. Phase |
would investigate active and passive technologies for the suspension devices, including construction of a
subscale proof of concept demonstrator. The Phase |1 objective would be the design, construction and
testing of a set of full scale devices plus the associated system controller.

AF90-165 TITLE: Optical Parametric Oscillator (OPO) with a Diode Laser Pump Source

OBJECTIVE: Develop and demonstrate a tunable OPO using a diode laser as the pumping source.

DESCRIPTION: Recent developments in semiconductor laser diode technology have taken the power
output of these devices from the milliwatt into the watt regime. At these power levels, many Air Force
applications, such as Infrared Counter Measures (IRCM) and optical communications exist for such a
compact, robust light source. These applications, however, require sources which are wavelength tunable
or, at least, operate at a non-absorbing wavelength in the atmosphere. The current semiconductor materials
suitable for diode lasers do not contain band gaps which allow this. A solution to this problem is to use an
Optical Parametric Oscillator (OPO) with the diode laser as the pumping source. The output of this device
would be tunable through either temperature or incidence angle control of the nonlinear crystal. Although
OPOs have been demonstrated with several other laser sources, none have been demonstrated with diode
lasers. Reasons for this are: High Intensities are required for the nonlinear process of the OPO to occur.
The output power of a single diode laser is typically in the mw range. Since the OPO intensity
requirements cannot be met with single devices, diode arrays must be used. OPOs also require a clean,
nearly diffraction limited beam over the nonlinear interaction length. The output of such arrays only
approaches the diffraction limit when coherence of the entire array is achieved. The beam must be focused
to a very small spot to achieve the required OPO intensity level. Focusing the beam this tightly shortens its
Rayleigh Range and, therefore, the effective interaction length. This impacts the overall gain of the OPO
since it is a function of the intensity length product. However, possibilities exist to develop an OPO in
nonlinear fibers or waveguides, both of which presently exist. Phase | of this program is to design an OPO
which is driven by a diode laser source. The nonlinear crystal requirements to be used per diode type will
be determined. Examples of such requirements are the transparency wavelength range and the phase
matching wavelength range. Once these parameters have been determined, the appropriate nonlinear
materials will be research and the proper material or set of materials determined. Also included in Phase |
will be the design of the OPO cavity and any required optics. Phase Il should apply the designs of Phase |
and physically develop an OPO driven by a laser diode source. This development is to include
quantification of such figures of merit for an OPO as intensity threshold of the nonlinear process, gain to
the device, conversion efficiency from the source wavelength to the desired wavelength and temperature
and/or angle tuning parameters of the device. Such an OPO device will be deliverable at the end of the



Phase Il period. The technology develop is directly associated with initiatives established under Project
Forecast Il. Commercial applications which will result from a successful Phase 11 effort are wavelength
tunable or wavelength agile laser sources for infrared countermeasure systems and optical communication
systems.

AF90-166 TITLE: Large-Scale Scientific Programming in a Supercomputer Based Object Oriented
Environment (OOP)

OBJECTIVE: Develop techniques for increasing the reliability and reusability of large modeling/simulation
computer programs.

DESCRIPTION: In pursuit of optimum productivity, a researcher should remain focused on the potential
solution(s) to a problem. In the supercomputing environment though, current programming tools do not
provide a high enough level of abstraction for this to be possible. They require that the researcher also be
concerned with low level implementation details. These high performance systems also lack any vehicle,
other than, and often unruly, relocatable libraries, which favor code reuse. Accordingly, a significant
number of new programming efforts involve rewriting code which, usually unbeknownst to the author,
already exists elsewhere in the system. In the last few years, a revolutionary new programming
methodology has begun to emerge. Entitled Object Oriented Programming (OOP), this approach
effectively addresses the above problems via a shifting of emphasis from the code supplier to the code
consumer. Many OOP environments are available on small to medium sized computers; however there is
apparently no evidence that any such environment has ever been utilized in the development of software on
a supercomputer. Phase | work should therefore explore the feasibility of using C++ on a Cray
supercomputer, as a tool for the modeling of problems in areas such as computational fluid dynamic,
quantum chemistry, and plasma physics. Phase Il should conclude with an actual demonstration on a Cray
based C++ environment, used as substantial play in the construction of a simulation code for a
representative problem.

AF90-167 TITLE: Ballistic Missile Research

OBJECTIVE: Develop new concepts and innovations for ICBM systems and/or subsystems.

DESCRIPTION: This category of innovative concepts is intended to cover all facets of ICBM
systems/subsystems research, development and acquisition. It is also intended to provide latitude to the
innovator to include areas not specifically addressed by other specific ICBM topics. This general area
covers the full spectrum of Air Force ICBM missions. Emphasis is placed on potential long term planning
concepts. Topics as diverse as new weapon system concepts and improved operational techniques can be
submitted. This could include studies of heavy weather and cirrus clouds over target areas. Some other
areas of interest are high energy fuels, maintenance free systems, facility threat, countermeasures,
innovative R&D organizational concepts, etc. This topic is structure to provide a maximum of innovative
flexibility to prospective participants.

AF90-168 TITLE: Alternate Laser Initiated Detonator (LID) Designs

OBJECTIVE: Demonstrate improved LID safety and inspectability while maintaining current form, fit and
function constraints.

DESCRIPTION: Present LID designs do not allow for in situ inspection of the detonator charge. There is
no means of determining if the explosive charge has seen any laser energy without physically destroying
the LID configuration. In addition, this requires removal and shipment back to the manufacturer. An
approach whereby nondestructive physical examination or diagnostic instrumentation feedback allows
verification of whether or not laser energy has impinged on the detonator charge is preferred. The current
LID design is initiated using a 1.06 micrometer light pulse emitted from a laser through a 400 micron fiber



optic cable. These LIDs have a 10 millijoule all fire threshold and must produce a minimum 15 millimeter
dent in a steel plate of Rockwell B hardness between 84 and 90. Safety improvements are desired from a
thermal “cook off” standpoint. A “thermal fuse” or similar approach whereby the detonator material is
rendered benign when a specified temperature is reached is desirable. The primary benefit here would be
during a confined fire scenario. Alternate materials should be considered and investigated. The desired
output of Phase I is to successfully conduct an assessment of alternate explosive materials including limited
testing on the two preferred candidates. Phase Il will carry both LID materials through stringent
environmental testing and result in a Level Il engineering design drawing package of the preferred design.

AF90-169 TITLE: Development of a Standard Propellant to Liner Peel Test Method

OBJECTIVE: Develop a standard propellant to linear peel test method and an analysis technique for peel
failure.

DESCRIPTION: Propellant to liner failures in solid rockets can result in catastrophic failures of the motor.
In a case like this, the propellant would “un-zip” from the liner and the propellant burning area would
increase to the point that the additional chamber pressure developed would blow the motor apart. Major
solid rocket motor manufacturers have developed a peel test to evaluate the integrity of the bond and track
bond quality. However, there is no standard method of testing or analyzing the results of these peel tests.
An acceptable peel value for one process may not be acceptable on another, even if both are manufactured
in the same plant. Furthermore, there is now way of knowing how much margin of safety exists with each
peel test. A method should be developed to not only standardize the peel test techniques, but to also
interpret the results in a quantitative way that will be meaningful to the design engineers of the rocket
motor. Phase I will research the current methods used for testing peel and will examine ways to quantify
peel. Phase Il will develop and standardize the chosen test technique.

AF90-170 TITLE: Abrasive Water Jet Machining/Diffusion Bonding of ICBM Isogrid structures

OBJECTIVE: To develop a process for cost effective production of Missile Isogrid Structures.

DESCRIPTION: Current Isogrid manufacturing processes are prohibitively expensive as a result of
extremely long cycle times and untenable scrap rates. Isogrids are used in BSD’s Peacekeeper and Small
ICBM development and SSD’s Expendable Launch Vehicles, but because of cost, have been dropped from
the Small ICBM production program. Proposed concept is expected to produce a short cycle time,
economical, high quality isogrid structure in time for Small ICBM production. The proposed concept
should use existing technologies as a basis for the new production process. A phase | would look at
different concepts and determine the machinery, facilities, etc. required. A phase Il would be to validate
the process.

AF90-171 TITLE: Non-contact Small Diameter Bore Gauge

OBJECTIVE: Develop machined device that measures small bore diameter, taper, out of round to 10 inch.

DESCRIPTION: Current Peacekeeper and Small ICBM guidance systems require tolerances on SFIR and
TGG bores of 5 x 10 to the sixth inches. Honeywell is measuring these bores with a manually loaded air
gauge. It is possible for the operator to damage the bore while trying to measure it. The part must then be
reworked or scrapped. A mechanically loaded non-contact small diameter bore gauge based on Heterodyne
Laser Interferometry would save many man-hours, reduce the scrap rate on very expensive parts, and give
more accurate measurements on bore, taper, our of round and surface finish. A phase | would look at all
possible designs for the device and determine the parts needed. A phase Il would down select the designs
to one or two promising designs, manufacture the design(s) and test and validate the design(s).



AF90-172 TITLE: Automatic Manufacture of Very Small Electric Hand Wound Motors

OBJECTIVE: To improve the manufacture and decrease the price of hand wound electric motors with
automation.

DESCRIPTION: The existing method of manufacturing small electric motors for the Peacekeeper and
Small ICBM is expensive and not repeatable. Manual processes are time consuming and not subject to
good process control. However, the size of the motors or windings being made are such that automated
processes have not been developed. There should be a way to automate this process. A phase | would look
at various concepts to automate the process and determine the required machinery, facilities, etc., for the
most promising concepts. A phase Il would be to validate the concept.

AF90-173 TITLE: Non-destructive Tests and Evaluation (NDT&E) Techniques for Solid Rocket

Motors

OBJECTIVE: Develop innovative concepts for the nondestructive test and evaluation of solid rocket

motors.

DESCRIPTION: The following programs are of interest:

a.

Develop portable NDT&E tools employing ultrasonic and other techniques for defect evaluation.
NDT&E techniques are needed for investigating defects in solid rocket motors, nozzles, cones and
other propulsion components during manufacture, acceptance, static and dynamic testing, shipping
and handling, and in the field. Several techniques are in use which require extensive handling of
heavy articles at certain facilities. There is a need for the development of portable techniques that
are non-hazardous and simple to use that would allow for more rapid and convenient evaluations.
Of particular interest for evaluation would be internal surface defects that may be found in large
rocket motors such as case/insulation de-bonds, propellant/liner/insulation de-bonds, propellant
voids and carbon nozzle defects. Phase | would be to evaluate and validate various concepts.
Phase Il would be to manufacture, test and validate in the field the most promising concept found
in Phase 1.

Develop analytical models for defect/effect evaluation. Current methods for such evaluations are
based on somewhat subjective assessments, experience of specific people and limited test. These
evaluation techniques and the resultant database are expected to become less useful with time
because of rapid changes in materials designs and manufacturing techniques and retirement of
experienced evaluators. Current methods therefore need to be augmented with suitable
engineering analyses and test methods that can take advantage of automated data acquisition,
material modeling and computerized data evaluation. This effort is aimed at the development of
automated engineering evaluation methodology. AN evaluation of available performance codes
and the definition of another analytical models for predicting structural and ballistic performance
of propulsion systems accounting for the effects of defects is required. This effort includes
investigation of methods of characterizing material properties with degradations due to defects.
Phase Il effort will develop computer codes for modeling material properties.

Detection and evaluation of critical kissing de-bonds in solid rocket motors. Innovative research
is needed in the development of NDT&E techniques that have the potential for detecting kissing
de-bonds in solid rocket motors such as Minuteman, Peacekeepers, SICBM, and any future ICBM
systems. In particular, techniques are needed for the detection and characterization of kissing de-
bonds in motor cases, propellant/liner/insulation, nozzle and cones. Current defect detection
methods are not totally satisfactory in meeting the requirements of being able to detect all the
different types of defects capable of existing in all solid rocket motors. Existing NDT techniques
like x-ray call for tangential inspections of the cone at intervals ranging from 10-60 degrees, along
with a limited number of through body shots. The degree of success of these techniques vary
somewhat in that the procedures only allow a very small percentage of the test item to be



inspected. Also, in the areas that are inspected by x-ray, de-bonds/de-laminations can only be
detected if the gap is 10 mils or greater, which is the special resolution achievable with the best
quality film. De-bonds or de-laminations with gaps less than this will likely not be detected.
Since no techniques have demonstrated the ability to detect a de-bond or de-lamination when no
gap or a kissing de-bond is present, development in this area is clearly needed. In Phase I, various
techniques found in Phase I using lab samples, analogs and actual motors and motor components.
Phase Il would also provide automated computerized interfaces and defects modeling for the
techniques chosen.

AF90-174 TITLE: Information States, Paths, and Timelines for Strategic Offense/Defense
Integration

OBJECTIVE: Define the conceptual approaches and the associated technology development needed to
enhance ICBM mission performance.

DESCRIPTION: The presence of a U.S. strategic defense presents new opportunities and states of
information to an offensive planner in conditions of strategic and tactical warning. This effort will
synthesize the ongoing DoD efforts in the integration of strategic offense and defense to identify new
technology efforts which can enhance the achievements of ICBM missions. Utilizing information found
within the Battle Management/Command, Control, and Communications system architecture with which
both the offense and defense must interact, this effort will consider new and innovative approaches which
address ICBM missions without relaying solely and autonomously on the booster and its payload to
accomplish these missions. Consideration of external updates during pre-launch, boost, post boost and
reentry will be considered to identify high leverage technology approaches which maximize ICBM mission
effectiveness given the availability, delivery and synthesis of information from the BM/C system.

AF90-175 TITLE: Diamond Technology for Intercontinental Missile (ICM) Applications

OBJECTIVE: Develop various diamond technologies such as bulk diamonds, diamond coatings and films
for future ICM applications.

DESCRIPTION: Diamond technology has many potential applications for ICM offensive/defensive
systems. Before these applications can be realized, certain technical issues have to be resolved. The
following areas are of particular concern.

a. Determine the feasibility and utilization of bulk diamonds for multi-spectral discrimination. Bulk
diamonds have the potential properties to change the focal points of UV and IR wavelengths
enabling the potential of multi-spectral imaging utilizing thin detector layers behind a bulk
diamond optical window. The goal of Phase | is to determine the design of such a device. Phase
I1 would be to construct and demonstrate such a device.

b. Determine the feasibility and utilization of diamond coatings for sensors/windows. Diamond
coatings have a potential to be utilized for sensor windows and/or for the sensors themselves.
Phase | of this effort would be to solve the technical issues involved in utilizing diamond coatings
for this purpose. Phase Il objectives would demonstrate the solutions of Phase | and applications.

c. Develop the technology for diamond film growth on advanced substrates. Diamond film growth
has many potential uses, yet the high temperatures and pressures for diamond film growth
adversely affects the substrate. Phase | of this effort would be to identify solutions to this
technology issue, with Phase Il leading to the demonstration of the solution and applications.



AF90-176 TITLE: ICBM Guidance Technologies

OBJECTIVE: Develop improved ICBM guidance component technologies.

DESCRIPTION:

Current ICBM inertial measurement units (IMUs) require very expensive accelerometers to meet
both accuracy and hardness requirements. There is a need to meet velocity measurement
requirements at substantially lower life cycle cost. A lot cost accelerometer of velocity update
subsystem needs to be able to perform in either a strap down or fully-gimbaled mode. Results of
Phase | should be a conceptual definition of the proposed accelerometer or update subsystem.
Phase Il should develop the idea to a point where a prototype can be delivered to the government
for independent test and evaluation.

The radiation environment postulated for an evader maneuvering reentry vehicle (EMARV)
mission is among the most severe for any military electronics application. Because of the
environment, conventional approaches to electronics, such as dielectrically isolated bipolar and
CMQOS, are of limited usefulness. One of the mechanisms of performance degradation under
nuclear radiation is loss of carrier mobility in the doped semiconductor. Because of this problem
majority carrier devices such as JETs perform better than bipolar devices. Presently, approaches
being studied include the use of 111-V Compounds for semiconductor device construction. The
successful offeror will develop models and approaches for constructing devices in Phase | of the
effort and culminate Phase Il with a demonstration device, preferably a linear device, that will be
radiation tested to evaluate the success of the program.

AF90-177 TITLE: Strategic Relocatable Target (SRT) Sensor Technologies

OBJECTIVE: Investigate the feasibility of various SRT sensors for application to ICBMs.

DESCRIPTION:

a.

Conduct an investigation of proposed processing speed for Synthetic Aperture Radar (SAR) image
processing. Typical methods of creating SAR imagery involve large volumes of data handling,
storage and transmission. ICBM platforms most likely will have penalties in volume and weight
and also compressed time lines. Therefore, alternative methods of creating SAR imagery should
be investigated. SAR related areas that would be suitable for a Phase | investigation include the
following: An investigation of algorithms for creating a SAR image from radar data. This may
involve the generation of synthesized SAR data for testing purposes; an investigation of proposed
computer architectures and a tradeoff study on their possible performance for SAR imagery; an
analysis of figures of merit to describe such SAR imagery and its generation via these algorithms
and computer architectures. These figures of merit should include processing time, complexity
and amount of IC circuitry required, image quality in terms of image features and spatial
resolution, and other technical factors. The Phase | results should provide an analysis of the
suitability of the selected figures of merit. It would be useful to have, from the Phase I results, a
detailed plan for acquiring data on these figures of merit, such as could be achieved in Phase II.
The output of Phase Il should be numerical data on the selected and comprehensive SAR imagery
figures of merit.

Perform an analytical study on the potential utility of state of the art forward looking infrared
(FLIR) systems for ICBM platform applications. An examination of the potential assets and
problems in converting a state of the are FLIR system for imaging ground areas form an ICBM
platform is needed. The intent is to investigate the ICBM system unique problems of such an
imaging system. This will include IR semiconductor sensitive mosaic arrays, very hot surface
(ablative) temperature effects, optics requirements for small diameter apertures, detector cooling,
etc. The high relative velocities between the ICBM platform and the ground area will pose severe
constraints requiring imaginative solutions. The Phase | efforts should propose and provide



analysis of possible solutions for these problem areas. The Phase Il effort would involve scaled
testing of subsystems and concepts needed to explore feasibility of a FLIR on an ICBM platform.

Conduct a study of the feasibility of implementing laser radar on an ICBM platform for target
detection ground mapping applications. This proposed sensor system analysis task should address
the current capabilities of laser radar system. With these identified, it should project technology
developments in this field, including transmitted power, prime power development for small
platforms, instrument packaging, etc. The processing requirements for laser radar image
formation should be examined. Of particular interest would be the identification of critical areas
for development and the formulation of critical hardware experiments. Tradeoff studies to support
the selection of these critical areas for development are needed for Phase I. The Phase |1 effort
would involve the execution of a plan to evaluate a small scale laser radar critical hardware
experiment.

AF90-178 TITLE: ICBM Power Technologies

OBJECTIVE: Develop innovative concepts for reliable and efficient supplies of electrical power for ICBM
applications.

DESCRIPTION: The power requirements of ICBM weapon system are very stringent and different from
other applications. Innovative techniques are necessary to meet demanding power density, energy density,
reliability, and lifetime requirements.

a.

Develop and demonstrate power sources for any of the following general ICBM application areas:
Basing/Survival Power: This area calls for large, multikillowatt power rates for periods of days to
weeks. These power systems must be rechargeable/replenish able and endure dozens to hundreds
of cycles over a lifetime of a decade. Boost flight power: Immediately before and during ICBM
booster flight, onboard systems will require power in the kilowatt range for up to one hour. These
power systems will be used only once but must survive long term storage up to a decade, be
compact, have high reliability, and start quickly. Reentry Vehicle Power: Reentry vehicles (RV)
have nearly the same power requirements as boosters except they must be smaller and lighter.
They typically have a 10 to 100 watt load until the near the end of their trajectory when they must
sustain pulsed loads into the multikillowatt range for several minutes.

Develop and demonstrate a rechargeable RV power source for test purposes. Test vehicles
frequently undergo months of testing before launch to ensure that all systems are functioning
properly. A rechargeable power system that can meet both the mission requirements and endure
10-15 cycles with an integral state of chart readout would facilitate full scale tests of an RV after
mating to the launch system. The energy density should be in the following ranges: Wh/Kg — 100-
120.

Develop and demonstrate a higher voltage cathode design and cathode cell chemistry for thermal
batteries. Advanced ICBM systems could benefit greatly from thermal batteries with higher cell
voltages. Current lithium-iron-disulfide cells generally operate in the 1.6-2.0 volt range, requiring
15 to 18 cells for a 30 volt battery. A new chemistry that provided a loaded cell voltage of 2.8 to
3.0 volts would require as few as 10 cells for a 30 volt battery.

AF90-179 TITLE: ICBM Penetration Aid Technologies

OBJECTIVE: Develop hardware and analysis capabilities to support penetration aid technologies.

DESCRIPTION:

a.

Develop an ablative pyrotechnic heat shield material to enhance visible and IR optical signatures.
It is possible in the future that the Soviet Anti Ballistic Missile (ABM) defense system will have



the capability to detect and discriminate incoming Reentry Vehicles (RVs) with the use of optics
to augment their existing radar systems. During reentry into the atmosphere, the optical signatures
from the two different sized vehicles (decoys & RVs) differ by several magnitudes. By
developing an ablative heat shield with pyrotechnic materials for the decoy, matching of the RV
can be accomplished. The desired end product of Phase I is an initial development of an ablative
material which can potentially be used as a heat shield. Concept should be defined and feasibility
determined. Phase Il will include advanced development of material, and ground tests to include
arc jet ablation tests and ballistic range tests at Arnold Engineering Development Center (AEDC),
Arnold AFB TN.

Develop new methodologies for RCS, IR and visible optical wake/plume signature prediction
capability. The offerors are expected to be familiar with the Ballistic System Division (BSD)
mission and generally the capabilities of threat radars and optical sensors to detect and analyze
wake signatures. Current specific threat information will be available after contract award. The
codes developed should provide for the effects of various wake additives on conical ballistic
Reentry Vehicles (RVs). Material reaction chemistry will be provided for certain test cases.

Develop new methodologies for RCS prediction of bodies with protuberances and electrically
non-homogenous materials. Improvements and upgrades on state-of-the-art computer codes in the
areas of robustness, versatility, speed, and accuracy are expected. The offerers are expected to be
familiar with the BSD mission and generally the capabilities of large ABM radars. Current
specific treat information will be available after contract award. The codes developed should be
applicable to both conical ballistic RVs and shaped bodies such as Maneuvering Reentry Vehicles
(MARVSs) and Hypersonic Glide Vehicles (HGVs).

Develop new methodologies for incorporating RF antennas into RVs and penetration aids.
Penetration against evolving defense systems requires more design consideration for control of
RCS characteristics of reentry bodies while incorporating RF transmission and receive capability.
Currently, dielectric surface discontinuities for antenna windows are distinctive scattering centers.
Techniques should be investigated that incorporate actively controlled dielectric properties to
match surface impedance for non-active antenna elements while allowing low loss transmissivity
when required. Materials considered must be compatible with reentry environments. Techniques
using distributed arrays over the RV skin should be considered. Phase | shall identify promising
technologies and demonstrate by analysis, application to RV and penetration aid design. Phase Il
shall include more detailed feasibility investigations and selected validation testing.

AF90-180 TITLE: ICBM Reentry Vehicle Technologies

OBJECTIVE: Develop innovative concepts and approaches to improve RV aerodynamic capability in
hypersonic flow and in light weather effects.

DESCRIPTION:

a.

Develop a database of the particle size distributions in various types of weather with particular
emphasis on high altitude, cirrus (light weather). The types of data availability and quality of
these data should be assessed. These data should be examined to correlate particle size with liquid
water content for various types of hydrometeors (Ice, small snow, large snow, rain). From this an
updated particle size distribution versus altitude should be generated for various cloud types,
particularly for high altitude cirrus. Special attention should be paid to data taken over land and
over water to insure that differences are accounted for. These updated particle distribution data
will be used in support of future reentry vehicle flight tests.

Develop algorithms to predict the aerodynamics and aerothermodynamics of ballistic reentry
vehicles (BRV), maneuvering reentry vehicles (MARV), and decoys including the influence of
real gas versus ideal gas. Emphasis is to be placed on heat shield/nose tip ablation, surface
blowing, and thermal and chemical equilibrium and non-equilibrium phenomenon. Specifically



the interest is focused on the location of center of pressure for predicting the trim angles of attack
for MARVSs. The heat shield ablation can be large where the conventional boundary layer theory
or even Parabolized Navier Stokes (PNS) methods become invalid, requiring global iteration PNS
or time dependent Navier Stokes methods. The heat shield thermal conduction and ablation are an
integral part of the problem and will yield part of the surface boundary conditions. Innovative
algorithms with minimal numerical viscosity and damping are sought. The numerical grid
generation scheme is an important part of the formulation and the methodology should handle
BRV/MARV/decoy geometries of interest to Ballistic System Division (BSD). The Phase | effort
should demonstrate solutions for a basic RV/decoy at zero angle of attack. The Phase Il effort
should extend this formulation to 3D and would include software and users manual delivery with
proven BSD supplied test cases.

Antenna windows of reentry vehicles and the adjacent heat shield currently have a different
ablation rate. This difference further augments the overall uneven ablation wear and causes
various problems with the performance of the vehicle. An innovative concept is needed to
develop sensors to measure recession in ground and flight tests; and develop a mechanical design
to reduce the uneven ablation. These concepts must be non-intrusive to electromagnetic
transmission/reception.

AF90-181 TITLE: ICBM Command, Control, Communications and Intelligence Technologies

OBJECTIVE: Develop improved C3I technology and Battle Management for ICBM forces.

DESCRIPTION:

a.

Develop and integrate innovative concepts for ICBM launchers, both mobile and fixed; launch
control located in ground mobile units and manned or unmanned aircraft; and satellite relays.
Goals for the communication system include continuous connectivity during peacetime and
throughout the attack and post attack phases of conflict defeat of hostile jammers and direction
finding equipment and operation through difficult weather and nuclear war environments. New
challenges could include higher data rates for rapid retargeting, near real-time reconnaissance
compressed timeline attack and scenarios. Innovative architectures and enabling technologies are
needed for significant performance improvements. Proposals should present promising innovative
architecture and technology options and alternatives for analysis in Phase I. Phase I should
include an estimate or preferred option payoff. Phase Il should include more detailed feasibility
investigations, quantitative descriptions of the preferred architectures or technology and concept
demonstrations.

Future ICBM operational environments which include force reductions, special payloads capable
of attacking or deeply buried targets, defense and attack of spaced based assets and collocation of
reconstitutable reconnaissance assets with ICBM forces are to be considered. Collocation of some
C3 Battle Management assets with ICBM forces be needed for survivability, rapid response or
control. Innovative concepts, architectures and technologies are to respond effectively to these
new conditions. Specific areas that could be selected for investigation include peacetime
reconnaissance and tracking of mobile enemy targets; rapid force retargeting; near real-time of
attacking enemy forces, including expected impact points and penetration aids discrimination;
rapid post attack target damage level assessment for retargeting; reconstitution of C3I assets lost in
initial attack; and in flight-survivability. The proposal should present innovative architectural
approaches and technology for consideration in Phase I. Phase | will consist of development and
preliminary evaluation of concepts/options and estimate of payoffs. Phase Il will validate
effectiveness by analysis, test or computer demonstration or prefer architecture or technology
options.



AF90-182 TITLE: ICBM Advanced Basing Structures Response Technologies

OBJECTIVE: Develop analytical models to evaluate multiple load and high strain response of basing
structures to nuclear attack.

DESCRIPTION:

a.

Current basing upgrade systems and future systems must be able to survive close-in, multiple
nuclear blast environments. These systems include facility structures emplaced in soil or rock and
metallic launcher shell structures protected from direct air blast. The response of these buried
ICBM structures and their attenuating or protective systems to multiple blast loads and upstream
induced ground shocks is not well understood. Innovative simplified analytic response modeling
and parametric studies of representative structures and systems is required to understand the
phenomena and define test requirements. Follow-on Phase Il efforts may involve definition of
simple experiment scale tests to validate ore valuate the analytical data.

Advanced facilities structures, typically involving reinforced concrete cylinders in the high
hardness environment must be able to carry ultimate loads in the high strain regime. These
structures tend to undergo strain soften this regime. The load carrying capability of structure with
the behavior is not well understood. Analytical research on strain softening should focus on basic
cylindrical structure loaded with distributed and concentrated with different schemes of load paths.
Follow-on Phase Il efforts may involve evaluation of this behavior experimentally or a detailed
analytical validation of concepts.

AF90-183 TITLE: ICBM Testing Technologies

OBJECTIVE: Develop innovative testing methods to accurately simulate and measure reentry vehicle
environments in ground test facilities.

DESCRIPTION:

a.

Develop model seeding techniques appropriate for ballistic range simulation of reentry vehicle
wakes. The offer should be familiar with wake electron seeding levels and methods employed by
ballistic ranges in the past. One or more seeding designs would be developed during Phase | and
actual range testing/validation could be conducted during Phase 11. Emphasis would be on
accurate simulation of wake electron distribution while minimizing introduction of contaminate
materials.

Design and develop a multi-element probe rake and pressure retrieval hardware capable of
measuring data which can be used to calculate arc jet exit conditions. The probe rake elements
should be able to measure local free stream total pressure, static pressure, total temperature, and
free stream flow angles. The probe rake should be able to map these flow quantities over the
entire arc jet exit plane. The probe rake should have a data retrieval rate for pressure and
temperature data such that the probe can be quickly swept across the arc jet exit plane to reduce
probe cooling requirements. It may require water cooling. The probe rake would have to survive
repeated tests in the HR, HX, and arc jet facilities at Arnold Engineering Development Center
(AEDC). The probe data should be in a form that mass average flow quantities of total pressure
and static pressure can be calculated for comparison to derived arc jet results. The probe should
be able to map out flow field vorticity. Phase I results should include a low risk test plan with at
least two candidate probe designs. Data reduction procedures for mass averaged flow quantities
should also be part of the Phase | results. The probe and data acquisition hardware should be
developed closely with AEDC guarantee its general usefulness on BSD arc tests. Phase 11 results
will include fabrication of probe and data acquisition hardware and software. The test plan given
in Phase Il will be executed and probe data results will be reduced and reported. Part of Phase Il
results will be software capable of calculating mass averaged flow quantities with the probe
results. Part of Phase li results may require probe calibrations in an appropriate calibration
facility.



AF90-184 TITLE: Life Sciences Basic Research

OBJECTIVE: To provide fundamental data in technology, neurobiology, sensory information processing,
and cognitive sciences.

DESCRIPTION: Basic research in five areas is supported:

Toxicology: Emphasis is on fundamental mechanisms that organisms use to respond to toxic chemical
exposure, especially chemicals to which Air Force personnel are exposed. Primary objectives are to
identify early indicators of toxic insult, to elucidate the mechanism of action of toxic chemicals, and to
enhance neutral detoxification of environmental chemicals through conversion of toxic agents into nontoxic
metabolites.

Neuroscience: Fundamental studies of the neurobiology of learning and memory, attention, biological
rhythms, fatigue, stress, and arousal are one area of emphasis. Proposals for neurobiological research in
which behavior is not studied explicitly but which would clearly further the understanding of behavior are
accepted. Neurobiological research on visual and auditory information processing and higher cognitive
functions and studies that bring together information about cellular ad neural circuit functions with the
information from studies of artificial intelligence are also supported. The relationship between neural
architectures and formal computations that might underlie goal directed behavior is emphasized.

Vision: Psychophysical research is supporting leading to the discovery and quantitative modeling of
featured process mechanisms underlying visual recognition. Contrast detection and discrimination, motion,
eye movement, color, and spatial orientation are examples.

Audition: Psychophysical research is supported on the perception of complex sounds in normal human
adults. The mechanisms underlying recognition, pitch, localization, speech and spatial orientation are
examples.

Cognition: Research is supported on cognitive aspects of perception, attention, working memory, spatial

processing, long-term memory representation, natural reasoning, problem solving, and stressed decision
making.

AF90-185 TITLE: Quantum Structures and Devices

OBJECTIVE: Improve capabilities of high resolution radar systems and high capacity communication
systems.

DESCRIPTION: Recent advances in materials processing and fabrication techniques have made it possible
to produce device structures with characteristic dimensions down to a few atomic layers. New classes of
devices are emerging or being conceived. Many of these manifest quantum mechanical effects such as
tunneling, quantum phase interference, or coherence. Proposals are invited addressing processing,
fabrication, characterization and modeling of quantum devices. It is important that fundamental issues be
addressed while concentrating on devices with realistic potential for DoD applications. Particularly
relevant are devices with possible high frequency or high speed applications. In modeling efforts,
proposals are encouraged that incorporate self-consistency and dissipation as well as realistic boundary
conditions.

AF90-186 TITLE: Development and Application of New Theories and Concepts Relating to
Structures

OBJECTIVE: Improve structural efficiency and durability.



DESCRIPTION: We are particularly interested in the role of nonlinearity in structural response and in the
ability to control the behavior by active and passive means. The dynamic response to external stimuli such
as aerodynamics, gust and impact loads and complex interactions with fluids and control subsystems are of
major interest. We seek the capability for accurate modeling of thermal diffusion through multilayer,
actively cooled structures including consideration of aerothermodynamics heating and surface reactions in
hypersonic flight. Studies of dynamics and stability of deployment and assembly of structures in orbit and
of interactions between sloshing fuel and structural dynamics of orbiting satellites are also of interest. We
support development of advanced constitutive theories capable of modeling the behavior of advanced
materials such as polymeric, ceramic, metal matrix and carbon-carbon composites. Consistency between
micro- and macro-structural viewpoints and accommodation of progressive damage are desirable attributes
in this regard. Special emphasis is placed on innovative interdisciplinary approaches combining materials
science and solid mechanics and aimed at establishing quantitatively the connection between the
microstructure and the mechanical material behavior. Emphasis is also placed on damage growth
predictions and physically identifiable and measurable damage metrics. Emphasis is also placed on
damage growth predictions and physically identifiable and measurable damage metrics. Probability aspects
of damage growth and failure are pursued by considering the development of damage states as a stochastic
process. A significant portion of this research addresses composite materials for propulsion and
hypervelocity flight structures, including airframe composite laminates; solid rocket fuel particulate
composites; and very high temperature ceramic and carbon-carbon composites. Research areas include
micromechanically based, constitutive modeling of soil, concrete and rock; in situ measurement of soil
properties; identification of the mechanics of soil stabilization; investigation of blast induced soil
liquefaction; study of the strength and fracture characteristics of geological materials; modeling of the
response of jointed and monolithic rock formations; identification of damage mechanisms in cement
materials; investigation of structural systems for expedient facilities; study the nonlinear structural response
to dynamic loading; and investigation of structure-media interaction.

AF90-187 TITLE: Multi-functional Non-metallic Materials Processing and Characterization

OBJECTIVE: To develop new non-metallic material concepts for unique combinations of electro-optical
and non-linear optical, electromagnetic and structural properties.

DESCRIPTION: Advances in ceramics, glasses and polymers are expected to come from the control of
features at the 100 to 1000 level (ultra structure) via chemical synthesis and processing methods. These
materials may take the form of ultra structural level structures and composites which will perform a
combination of active and passive functions. Processing includes new and improved materials based on the
methods of organic, inorganic and oregano-metallic chemistry as well as sol-gel, graphite template
chemistry, micro morphology processing, transformation processing, intercalation chemistry, emulsion
chemistry and other innovative processes. Imaginative combinations of these processes are of interest for
materials with nonlinear optical, magnetic, superconducting and/or semi conducting properties and
phenomena and structural integrity. Subpicosecond, non-resonant or near resonant low power optical
polymers, organics and inorganic or combinations thereof or unique materials concepts for high critical
temperature super conduction are specifically required. Molecular composites, which would include the
analogs of macroscopic composites, biological and natural systems as well as new synthetic combinations,
are of interest. Device applications should be considered, particularly where the ultra structure material
will serve as a self-contained functional entity. New organic and inorganic polymers as well as oxides and
non-oxide non-metallics are needed for these multi-functional ultra structures. New mechanisms and
reactions are considered important components of non-metallic materials processing and synthesis. Phase |
must provide sufficient material for proof of principle. Phase Il must make available both well
characterized material and processing know how for high volume, high yield.



AF90-188 TITLE: Atmospheric Science Modeling Technology

OBJECTIVE: To stimulate the development of new experimental and/or numerical methods for modeling
atmospheric processes.

DESCRIPTION: Advances in capabilities for more accurate specification and prediction of the state of the
atmosphere depend to a large extent on the fundamental understanding of underlying physical processes.
There are so many variables in the real atmosphere that isolating various causes/effects of these physical
processes often becomes difficult to nearly impossible in the natural environment. Development of
physical laboratory models and/or computer models will enable controlled simulation of individual
processes to uncover the mysteries of their basic evolution. This effort seeks to enhance scientific research
activities in the area of simulating lesser understood atmospheric processes. Areas of interest include, but
are not limited to, gravity waves, lee waves, turbulence, convection, latent heating/cooling, and boundary-
layer fluxes. The Phase I effort should provide a review of various concepts and design the options for the
proposed model(s). In Phase Il the model(s) will be built and tested against observed atmospheric
phenomena.

AF90-189 TITLE: Development of New Scientific Research Instrumentation for Electronics

OBJECTIVE: To stimulate the development of new scientific instruments for laboratory and industrial
applications.

DESCRIPTION: Progress in fundamental research often depends on use or invention of new diagnostic
techniques which can provide better insight into the fundamental processes or phenomena under study.
Development of improved and novel scientific instrumentation will enable researchers to make more useful
measurements per unit time, to make measurements to a greater degree of accuracy and to make
measurements in places and under conditions not now possible. It may also permit quality instruments to
cost less and be more reliable. This effort seeks to improve the basic function of scientific instruments, and
to reduce the cost and improve the reliability of instruments which would enhance the scientific
productivity of this country. Areas of interest include, but are not limited to, laser combustion diagnostic
testing, vision testing equipment, advanced biogenetic tests for toxicity, new mathematical algorithms
allowing improved computer program performance, optical information processing, accelerator mass
spectroscopy, aerodynamic flow measurement devices, and improved material and process diagnostic
systems. Of particular interest are all types of novel instrumentation for characterizing the electrical,
optical, thermal, acoustical, mechanical, and structural properties of electronic materials and devices, and
improved material and devices with emphasis on semiconductor, superconductor, insulator, and metallic
contacting materials. Of additional interest are novel approaches to instrumentation capable of measuring
the electrical and optical performance characteristics of thin film electronic and optoelectronic devices and
integrated circuits. Novel instrumentation for improved process control of lithography wet or dry etching,
metallization, and other steps in the fabrication of thin film electronic and optoelectronic devise, including
circuits, is of interest. The Phase | effort should provide a review of various concepts and design options
for the proposed type of scientific instrumentation. The Phase li effort would then develop a prototype of
prototypes of the best-concept design alternatives, leading to Phase 111 commercialization of the instrument.
Evaluation of proposals will include the following factors: potential value to the Air Force Research
Program, potential for transition to Air Force laboratories, and potential to aid the scientific community.

AF90-190 TITLE: Routing and Scheduling on Microcomputers

OBJECTIVE: Develop algorithms and models for improved routing and scheduling.

DESCRIPTION: Military organizations, such as the Air Force, are faced with a large number of vehicle
routing and scheduling problems. These range from the scheduling of pickers and placers in a warehouse,
to the scheduling and distribution of resources in a manufacturing facility, to the scheduling of
transportation assets for mobilization. Recent progress in mathematical optimization and in the



development of practical and effective heuristics has made the near optimal solution of some of these
problems possible on easily affordable microcomputers. We seek to extend and develop the capability of
such algorithms for the solution of real problems. Proposers should not limit themselves to extensions of
conventional methodology. Topics such as use of networks of microcomputers to solve problems that
would be impractical on a single machine, determination and management of information that now can be
continuously and automatically generated concerning parameters of the logistics system under study, and
aids to assist the logistics analyst in model or algorithm selection are all of interest.

AF90-191 TITLE: Novel Electron Beam Driven Sources of Millimeter Wave Radiation

OBJECTIVE: To advance the state-of-the-art in compact, efficient, high power microwave and mm-wave
vacuum electronics.

DESCRIPTION: The Air Force is the nation’s single largest customer for vacuum electronic microwave
devices. In spite of the popularity of solid-state devices, there are numerous applications in
communication, radar, and electronic warfare whose power requirements exceed the capabilities of
available semiconductors. Some DoD requirements are putting increasing pressure on industry to produce
microwave tubes which are more compact, lighter in weight, more efficient, and of greater reliability. In
addition, future applications are expected to require tube output at higher and higher frequencies. The
shorter the wavelength of radiation desired, the more intricate and expensive are the required fast wave tube
structures. New tube concepts and geometries are needed to meet these future needs. In addition, the
physics involved with beam-plasma interactions offer alternative mm-wave device concepts that require
exploration. Phase | efforts should provide a solid theoretical foundation for the new mm-wave device
concepts that require exploration. Phase | efforts should provide a solid theoretical foundation for the new
mm-wave amplifier or oscillator concept. Preliminary device design should be addressed. Phase Il should
result in the design and construction of an actual prototype device along with preliminary performance
optimization studies. Phase Il1 should see the commercialization of the device concept.

AF90-192 TITLE: Emerging Technologies Resulting in Lighter Aircraft, Increased Engine
Performance (ISP) and Improved Design Tools

OBJECTIVE: Improvements in aircraft structure, scramjet, and aerodynamic design technologies.

DESCRIPTION: The National Aero-Space Plane is providing a quantum jump in aerospace technologies
by investigating new and innovative solutions. Its goal is a Mach 25 air-breathing scramjet vehicle capable
of single stage to orbit. Emerging technologies providing significant performance improvements for the
aircraft will be considered. Phase | must show experience and understanding of the relative importance of
the technologies. It also must provide detailed drawings, specifications, and test procedures for the
proposed technologies. Phase Il requires prototype and associated test results demonstrating decreased
weight, increased scramjet performance, or improved aerodynamic design tools without increased
liabilities.

AF90-193 TITLE: Development of High Temperature Heat Pipe Wing Leading Edge

OBJECTIVE: Develop a high temperature heat pipe wing leading edge to reduce leading edge size and
mass and eliminate the need for active cooling.

DESCRIPTION: Current heat pipe wing leading edge designs are limited by a maximum reuse temperature
of most refractory metals of 2500 F based on coating and structural limitations. This limits the total heat
rejection capability of such a wing leading edge design. Increasing the operating temperature, by use of
higher temperature structural materials such as carbon-carbon or sic-sic, can greatly reduce the size and
mass of the leading edge, and eliminate the need for active cooling. In addition, reliability and fail-safe
features may also be consistent with such design improvements.



The Phase | efforts should address a particular design for heating representative of a Nation Aero-Space
Plane type vehicle and should include the fabrication and testing of at least one flat individual c-c/heat-
pipe. The Phase I1 effort should address the fabrication, development, and testing of a span wise section of
the wing, including an array of heat pipes.

AF90-194 TITLE: Advanced Algorithms for Hypersonic Flows

OBJECTIVE: Develop innovative algorithms that will increase the accuracy and efficiency of computer
codes used in the analysis and understanding of hypersonic flow physics.

DESCRIPTION: For the past decade and a half most algorithm development for computational fluid
dynamics in the aerodynamics field has focused on the transonic regime. Many of the now standard
algorithms have great difficulty in coping with the more challenging physics of hypersonic flow such as
strong shocks, real gas effects, and chemical reactions. Innovative algorithms for this field which either
solve existing problems more efficiently or solve previously interactable problems are greatly needed.
These algorithms must be suitable for modern vector or parallel computers. The applications of interest
are: steady-state external flow about high-speed vehicles; steady-state internal flows, such as inlets and
combustors; high order algorithms for performing unsteady simulations of transition and turbulence; and
high order algorithms for computing shock/boundary layer and shock/turbulence interactions.

AF90-195 TITLE: Innovative High Temperature Non-intrusive Diagnostic Instruments for Reactive
Flow Field Measurements

OBJECTIVE: Prototype instruments capable of operating within a hypersonic combustor with test results
demonstrating their sensitivity and accuracy.

DESCRIPTION: Innovative, non-intrusive diagnostic instruments and techniques are required for
experiments with high temperature combustor flow fields. The instrumentation must be capable of working
in flow fields with hydrogen and air combustion. Phase | should demonstrate knowledge of existing
measurement techniques and provide detailed drawings of proposed new or improved instruments. Phase Il
must build and test prototype instruments.

AF90-196 TITLE: Ceramic Fibers and Coatings

OBJECTIVE: To provide ceramic fibers with improved high temperature properties and innovative
techniques to uniformly coat these fibers.

DESCRIPTION: The capabilities of current fivers and fiber coatings limit the application temperature and
environmental durability of ceramic or metal matrix composites. Innovative approaches are needed in
developing ceramic fibers with improved high temperature strength, and to import toughening. The small
diameter tow-based fibers are reactive at elevated temperatures and could loser their mechanical properties
as a result. The coating development for these fibers should include various reaction barrier/compliant
layer materials.

AF90-197 TITLE: Oxidation Protection Coating for Titanium Aluminides

OBJECTIVE: To develop innovative techniques to apply oxidation protection coatings to titanium
aluminides and their composites.

DESCRIPTION: Various high strength titanium aluminides and their composites have been developed for
potential use in hypersonic vehicles. This task is to develop and evaluate innovative techniques to provide



oxidation protection coatings for titanium aluminides and their composites at elevated temperatures. The
coatings must be tested in an appropriate environment for 200 cycles from room temperature to 1800 F.

AF90-198 TITLE: Hydrogen Effects in XD Titanium Aluminides

OBJECTIVE: To study the mechanism and determine the effects of hydrogen in XD titanium aluminides.

DESCRIPTION: The XD (Exothermic Dispersion) process was developed by Martin Marietta Research
Laboratory. It leads to the formation of a fine, uniform distribution of stable dispersions in a material. The
process has been applied to titanium aluminides and other materials. This task is to study the mechanism
and determine the effects of hydrogen on the mechanical properties, fracture properties, and fatigue
properties of the XD titanium aluminides. Both low pressure and high pressure effects at various
temperatures need to be delineated.

AF90-199 TITLE: Non-destructive Inspection Methodology for Thin Oxidation Resistant Carbon-
Carbon Composites

OBJECTIVE: To provide non-destructive (NDI) methodology for field inspection for oxidation resistant
carbon-carbon composites.

DESCRIPTION: The thin oxidation resistant carbon-carbon composites have been developed for use as
airframe hot structure on advanced hypersonic vehicles. An NDI methodology is needed for measuring
sealant depletion, coating thinning, and substrate loss from oxidation resistant carbon-carbon composites in
a field situation with the component being interrogated while on the vehicle. The methodology should also
be applicable to detection of cracks during the manufacturing process and establishment of rejection
criteria.



