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INTRODUCTION AND EXPLANATION OF CONTENTS

1. (U) GENERAL. Thisdocument has been prepared to provide information on the United States Air Force (USAF) Research, Development, Test and
Evaluation (RDT&E) program elements and projects in the FY 1999 President’ s Budget Submission (PB), except those listed in paragraph 2 - 4 below. All
formats in this document are in accordance with the revised guidelines of the DoD Financial Management Regulation, VVolume 2B, Chapter 5, insofar as
possible.

a. Contents: Exhibits R-2 and R-3 provide narrative information for all RDT& E program elements and projects within the USAF FY 1999 RDT& E
program except the classified program elements. The formats and contents of this documents are in accordance with the guidelines and
requirement of the Congressional committees insofar as possible.

b. The"Other Program Funding Summary” portion of the R-2 includes, in addition to RDT& E funds, Procurement funds and quantities, Military
Construction appropriation funds on specific development programs, Operations and Maintenance appropriation funds where they are essential to
the development effort described, and where appropriate, Department of Energy (DOE) costs.

c. Volumelll contains the Facilities exhibit (DoD Form 1391) and Combating Terrorism exhibit.

2. (U) CLASSIFICATION.

a  All R-2 and R-3 exhibits contained in Volumes | and Il are UNCLASSIFIED. Classified R-2 and R-3 exhibits are not included in the submission
due to the level of security classification and necessity of special security clearances.

3. (U) COMPARISON OF FISCAL YEARS 1998 AND 1999 DATA. A direct comparison of Fiscal Y ears 1998 and 1999 data shown in this document with

corresponding data in the descriptive summaries dated February 1997 will reveal differences. The table highlights the relationship of the FY 1999 budget
structure to the FY 1998 budget approved by Congress.
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PROGRAM ELEMENT COMPARISON SUMMARY

INTRODUCTION AND EXPLANATION OF CONTENTS

Program Element Remarks

BUDGET ACTIVITY 1. BASIC RESEARCH
No changes

BUDGET ACTIVITY 2. APPLIED RESEARCH DEVELOPMENT
0602201F Phillips Laboratory Exploratory Dev Project 4397 terminatesin FY 99

0602202F Armstrong Laboratory Exploratory Dev Project 1900 terminatesin FY 99
Project 7755 terminatesin FY 99

0602203F Aerospace Propulsion Project 3012 New Start in FY 99
0602204F Aerospace Avionics Project 2001 terminatesin FY 99

0602702F Command, Control & Communication  Project 2338 terminates in FY 99

0602805F Dual Use Applications Program Project 4770 New Start in FY 99
0603852F CV-130J DEM/VAL Project 4025 terminates in FY 99
0603856F AF NRO Partnership Project 4782 New Start in FY 99

BUDGET ACTIVITY 3: ADVANCE TECHNOLOGY DEVELOPMENT

0603106F Logistics Systems Technol ogy In FY'99 and out, Projects 2745, 2940 and 2950 have been
combined into Project 2745
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PROGRAM ELEMENT COMPARISON SUMMARY

INTRODUCTION AND EXPLANATION OF CONTENTS

0603108F Integrated Data Systems Transferred to PE 78611F, Project 4654
0603253F Advanced Avionics Integration Software reuse efforts from Project 3833 transferred to
Project 2735

BUDGET ACTIVITY 4. DEMONSTRATION AND VALIDATION

0603441F Space Based IR Arch (Dem/Val) Project 0008 completed in FY 98
(Space)

0603852F C-130J Dem/Vd Project 4025 terminatesin FY 98
0603853F EELV D/V (Space) Completed in FY 98

0603860F Joint Precision & Landing New Start in FY99

Systems Dem/Val

0603876F Space Base Laser New Start in FY99

Systems Dem/Val

BUDGET ACTIVITY 5: ENGINEERING AND MANUFACTURING DEVELOPMENT

0207414F Combat Intelligence System PEs 0604321F, 0207431F and 0305158F have been consolidated into
PE 0207414F, Project 2758

0604201F Integrated Avionics Planning and Project 2258 completesin FY 99
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PROGRAM ELEMENT COMPARISON SUMMARY

INTRODUCTION AND EXPLANATION OF CONTENTS

0604218F Engine Model Derivation Program
0604227F Flight Simulator Dev

0604243F Manpower, Personnel and

Training

0604441F Space Base IR Arch

0604442F Space Based Infrared Sys (SBIRS) Low

0604602F Armament Ordnance Dev

0604611F Joint Standoff Land Attack Missile

0604740F Computer Resource Technology

0604762F Common Low Observable
Verification System
0604805F Duap Commercial Operations

0605011F RDT&E for Aging Aircraft

Project 2634 terminatesin FY 99

Project 4673 New Start in FY99
Projects 2325 and 2769 terminate in FY 99

Projects 3818 and 4369 terminate in FY 99

Project 4598 transferred to PE 0604442F in FY 99

New Start in FY99, Funds transferred from PE 0604441F

MMHE moved from SEEK EAGLE (PE 0207590F/ Project 2784)
to Armament Ordnance Development to align funding with

ASC/CC decision to move MMHE out of the SEEK EAGLE
program office.

Per Congressional direction funds are held for administrative reasons in PE
0207325F, Project 4515 pending completion of Alternative of Analysis
Project 2522 terminatesin FY 99

Project 4683 New Start in FY 99

New Start in FY99

New Start in FY99
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PROGRAM ELEMENT COMPARISON SUMMARY

INTRODUCTION AND EXPLANATION OF CONTENTS

0605704F Theater Air Defense BMC41 Transfer to JTAMDO, PE 0605126J

BUDGET ACTIVITY 6: RDT&E MANAGEMENT SUPPORT
0603402F Space Test Program Transferred to PE 0605864F beginning in FY 99

0605853F Environmental Conservation Transferred to O & M, PE 0702896F for non-test-specific base
operations support

0605854F Pollution Prevention All fundsfor Test Facility base operations support transferred to
O&M, PE 0702896F

0605856F Environmental Compliance Transferred to O& M, PE 0702896F for non-test-specific base
operations support

0605876F Minor Construction Transferred to O& M, PE 0702896F for non-test-specific base
operations support

0605878F Maintenance and Repair Transferred to O& M, PE 0702896F for non-test-specific base
operations support

0605896F Real Property Services Transferred to O& M, PE 0702896F for non-test-specific base
operations support
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PROGRAM ELEMENT COMPARISON SUMMARY

INTRODUCTION AND EXPLANATION OF CONTENTS

BUDGET ACTIVITY 7: OPERATIONAL SYSTEM DEVELOPMENT

0102325F Joint Surveillance System
0207131F A-10 Squadrons
0207217F Podded Reconnaissance System

0207590F Seek Eagle

0207601F USAF Wargaming & Simulation

0207605F Wargaming & Simulation Center
0208030F WRM-Ammunition

0208019F Tactical Information Program
0208031F WRM-Equipment/Secondary Items
0302015F E-4B Nationa Airborne Operations

0303131F Minimum Essential Emergency
Communications Network

Projects 2976 and 4559 moved to PE 0102326F, Project 4592
Project 3861 New Start in FY' 99
Project 4611 completed in FY 98

Project 2784 moved from Seek Eagle to Armament
Ordnance Development (PE 0604602F/ Project 4696)

Project 1011 transferred to PE 0308610F

Project 2888 transferred to PE 0207590F

Project 4567 FY 99 New Start

New Program Element in FY99. FY 98 fundsin PE 27601F
Combined with 0207323F

Project 4778 New Start in FY 99

Project 4668 New Start in FY 99

Project 4777 New Start in FY 99

Project 4610 New Start in FY 99
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PROGRAM ELEMENT COMPARISON SUMMARY

INTRODUCTION AND EXPLANATION OF CONTENTS

0303140F Information Systems Security
Program

0303144F Electromagnetic Compatibility
0303150F WWMCCS/Globa Command
0303152F Automated Data Processing
Equipment

0305099F Globa Air Traffic Management
(GATM)

0305158F Tactical Terminals

0305176F Combat Survivor Evader Locator

0305910F Spacetrack

0305953F Evolved Expendable Launch Veh
(Space)

0308601F Modeling & Simulation Support
0401119F C5 Airlift Squadrons

0401218F KC-135S

Project 4579 New Start in FY 99

Project 649E was transferred to DISA, PE 0303153K.

FY 99 and out year funding transferred from 0303152F. PE
title changed from Automated Data Processing Equipment

Transferred to PE 0303150F

Projects 4689 and 4690 New Start in FY 99

Project 4394 moved to PE 0207414F, Project 2758

FY 98 and prior years were funded
in PE 0603853F and PE 0603854F

Project 4241 completed in FY 98

New Start in FY99

New Start in FY99
Project 4495 name change to Avionics Modernization Program

Project 4286 New Start in FY 99
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PROGRAM ELEMENT COMPARISON SUMMARY

INTRODUCTION AND EXPLANATION OF CONTENTS

0708071F Joint Log Program-Ammunition New Start in FY99. FY 97 and FY 98 funds reclassified from
O&M to RDT&E
0708611F Support Systems Devel opment Project 4654 New Start in FY99. Funds transferred from 0603018F
0803734F Crypto/Sigint Related Skill Project 1005 completesin FY 99
1001018F NATO JSTARS Project 0002 terminatesin FY 99
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PE NUMBER: 0601102F

PE TITLE: Defense Research Sciences

UNCLASSIFIED

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE
1 - Basic Research 0601102F Defense Research Sciences
COST (§ In Thousands) FZ 1997 FY'1998 FY'1999 FY '2000 FY '2001 FY '2002 FY '2003 Cost to Total Cost
ctual Estimate Estimate Estimate Estimate Estimate Estimate Complete

Total Program Element (PE) Cost 182,082 196,251 209,395 228,104 230,992 234,718 239,378| Continuing| Continuing
2301 Physics 18,479 20,525 20,756 21,702 21,973 22,320 22,756 Continuing| Continuing
2302 Solid Mechanics and Structures 12,087 13,588 15,380 16,077 16,273 16,530 16,853 Continuing| Continuing
2303 Chemistry 25,573 27,069 25,908 27,164 27,574 28,087 28,707 Continuing| Continuing
2304 Mathematical and Computer Sciences 28,919 27,401 34,525 45,239 45,807 46,540 47,449| Continuing| Continuing
2305 Electronics 21,129 24,788 23,473 24,543 24,850 25,244 25,738 Continuing| Continuing
2306 Structural Materials 11,730 14,017 12,160 12,708 12,861 13,063 13,318 Continuing| Continuing
2307 Fluid Mechanics 8,453 11,573 7,212 7,529 7,618 7,736 7,886| Continuing| Continuing
2308 Propulsion 10,075 9,830 18,675 19,524 19,765 20,078 20,470 Continuing| Continuing
2310 Atmospheric Sciences 7,239 6,244 5,562 5,802 5,868 5,958 6,075| Continuing| Continuing
2311 Space Sciences 4,628 4,320 6,827 7,127 7,211 7,321 7,464| Continuing| Continuing
2312 Biological Sciences 12,241 13,917 13,065 13,654 13,821 14,036 14,312 Continuing| Continuing
2313 Human Performance 8,729 7,877 12,567 13,133 13,292 13,500 13,764 Continuing| Continuing
4113 Science and Engineering Education Programs 12,800 15,102 13,285 13,902 14,079 14,305 14,586 Continuing| Continuing

Quantity of RDT&E Articles 0 0 0 0 0 0 0 0 0
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UNCLASSIFIED

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE
1 - Basic Research 0601102F Defense Research Sciences

(U) A. Mission Description and Budget Item Justification: This Basic Research program, managed by the Air Force Office of Scientific Research (AFOSR), supports
Air Force research efforts comprised of in-house investigations in Air Force laboratories and extramural activities in academia and industry. The program element funds
broad-based scientific and engineering basic research in technologies critical to the Air Force mission. These technologies include aerospace structures, aerodynamics,
materials, propulsion, power, electronics, computer science, directed energy, conventional weapons, life sciences, and atmospheric and space sciences. All projects are
coordinated through the Reliance process to harmonize efforts, eliminate duplication, and ensure the most effective use of funds. All technology areas are subject to long-
range research planning and technical review by tri-Service scientific planning groups that interface and support the Defense Technology Area Planning process.

(U) B. Program Change Summary ($ in Thousands):

Tota
FY 1997 FY 1998 FY 1999 Cost
(U) Previous President’s Budget (FY 1998 PB) 210,763 226,832 230,210 Cont
(U) Appropriated Value 219,475 207,249
(U) Adjustmentsto Appropriated Value
a. Congressional/General Reductions -4,597 -6,856
b. SBIR -4,115 -4,142
¢. Omnibus/Other Above Threshold Reprogrammings -27,552
d. Below Threshold Reprogrammings -901
e. Rescissions -228
(U) Adjustmentsto Budget Year Since FY 1998 PB -20,815
(U) Current Budget Submit/FY 1999 PB 182,082 196,251 209,395 Cont

(U) Change Summary Explanation:
Funding: Changes to this PE since the previous President’ s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary: Not Applicable.

(U) D. Schedule Profile: Not Applicable.

Page 2 of 42 Pages Exhibit R-2 (PE 0601102F)
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UNCLASSIFIED

- DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
1 - Basic Research 0601102F Defense Research Sciences 2301
COST ($In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
2301 Physics 18,479 20,525 20,756 21,702 21,973 22,320 22,756 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: This project provides the fundamental knowledge required to conceptualize and develop new Air Force
weapons and also establishes the basis for many technologies critical to the Air Force. Research in physics has an impact on el ectromagnetic countermeasures, nuclear
weapons effects, communications, and non-destructive and non-intrusive testing and analysis, as well as new materials development. Other technologies affected include
avionics, laser technology, and propulsion research. The primary areas of research supported by this project are Photonic Physics, Optics, Plasma Physics, and Atomic and

Molecular Physics.

(U) EY 1997 ($in Thousands):
- (U) $8,518 Performed laser and optical physics research for aerospace applications.
- (U) Demonstrated infrared laser devices for application to spoofing infrared missile seekers.

- (U) Devised and demonstrated efficient laser wavelength converters based on newly developed nonlinear optical materials. Higher

efficiency enables more compact target designators and illuminators.

- (U) Examined innovative, laser-assisted processing techniques to reduce the processing time and cost of micro-electromechanical

systems (MEMS) for control, sensing, and health monitoring applications in mini-satellites.
- (U)  $4,352

surveillance.

Conducted plasma physics research for future directed-energy weapons, affordable low-observables, and space communications and

- (V) Identified the critical importance of high-vacuum conditions to reliable long-pul se operation of ultrahigh power microwave sources

for enemy air defense suppression.

- (U) Established validity of highly collisional ionized gas to serve as alow-cost, switchable, broadband microwave (radar) absorber.

$5,609 Studied atomic, molecular, and imaging physics to enhance space surveillance capabilities.

- )

- (U) Extended existing imaging techniques to the physical limits for monitoring space debris and space assets for deep-space

surveillance.

- (U) Devised theory for power requirement versus pulse format for artificial, guide-star adaptive telescope devel opment.

- (U) $18479  Totd

Project 2301 Page 3 of 42 Pages

Exhibit R-2 (PE 0601102F)
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UNCLASSIFIED

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
1 - Basic Research 0601102F Defense Research Sciences 2301

(U) EY 1998 ($ in Thousands):

- )

(L)

(L)

(V)

(U) $20525

$7,456 Perform laser and optical physics research for aerospace applications.

(V) Intensify research in lasers and optical devices for spoofing and damaging infrared seeking missiles.
(U) Examine physics of lethal and nonlethal directed-energy for speed-of-light target kill.
(U) Direct studies toward developing optimum lasers for high-image quality telescopes for space surveillance.

$4,840 Conduct plasma physics research for future directed-energy weapons, affordable low-observables, and space communications and
surveillance.

(U) Study the power limits and frequency ranges achievable by multi-beam microwave sources; transition results for Airborne Warning
and Control System (AWACY) upgrades.

(U) Reduce thetotal electrical power required to maintain high-pressure ionized gas volumes necessary for air and space low-
observable applications.

$5,229 Study atomic, molecular, and imaging physics to enhance space surveillance capabilities.

(U) Enhance concepts for precision time and frequency standards, enabling high data rate communication and advanced navigation.
(U) Improve spatial and spectral imaging for space surveillance and targeting precision.

$3,000 Perform basic research in adaptive optics for application in advanced ground-based tel escopes.

Totd

(U) EY 1999 ($ in Thousands):

- (U) $9,578 Perform laser and optical physics research for aerospace applications.
- (U) Expand knowledge of lasers and optical devices for infrared countermeasures applications.
- (V) Identify advanced applications of laser physics and devices for directed-energy weapons.

- (U) $4,886 Conduct plasma physics research for future directed-energy weapons, affordable low-observables, and space communications and
surveillance.
- (U) Advance state-of-the art in explosive-driven power generators, enabling future self-contained airborne directed-energy weaponry.
- (U) Examine the scientific feasibility of using collisional ionized gas volumes to protect friendly assets from directed-energy weapon

threats.

- (U) $6,292 Study atomic, molecular, and imaging physics to enhance space surveillance capabilities.
- (U) Develop advanced atomic and molecular processes to produce ideal performance time standards.
- (U) Investigate unconventional imaging approaches for surveillance and target detection and recognition.

- (U) $20,756  Tota

Project 2301 Page 4 of 42 Pages Exhibit R-2 (PE 0601102F)
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UNCLASSIFIED

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
1 - Basic Research 0601102F Defense Research Sciences 2301

(U) B. Program Change Summary ($ in Thousands):

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 18,503 20,362 20,680 Cont
(U) Current Budget Submit/FY 1999 PB 18,479 20,525 20,756 Cont

(U) Change Summary Explanation:
Funding: Changesto this project since the previous President’ s Budget are due to priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:
- (V) PE 0602203F, Aerospace Propulsion.
- (V) PE 0602601F, Phillips Laboratory.

(U) D. Schedule Profile: Not Applicable.

Project 2301 Page 5 of 42 Pages Exhibit R-2 (PE 0601102F)
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oy - DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
1 - Basic Research 0601102F Defense Research Sciences 2302
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
2302 Solid Mechanics and Structures 12,087 13,588 15,380 16,077 16,273 16,530 16,853 Continuing| Continuing

(U) EY 1997 ($in Thousands):
- (V) $4,442

structures.

- (U) $4,080

$3,565

- )

- (U) $12,087 Totd

Project 2302

Page 6 of 42 Pages

Exhibit R-2 (PE 0601102F)

(U) A. Mission Description and Budget Item Justification: This project seeks to develop a fundamental understanding of the behavior of aerospace materials,
structures, and supporting facilities, leading to cost-effective development and safe and reliable operation of superior weapons and defensive systems. Research includes
such diverse topics as the micromechanical design of advanced materials, modeling and simulation of the dynamic behavior of aircraft, missiles, and large space
structures, and technology integration for the performance and survivability enhancement of these systems. This research will result in expanding the fundamental
knowledge base to better understand the mechanics of deformation and damage of aerospace materials and structures. Also, this research will lead to an improved
understanding of the aeroelastic and acoustic behavior of airframe and engine structures, and the dynamic behavior of launch vehicles and space structures.

Studied thermomechanical behavior of advanced structural materials to enhance the longevity and performance of aerospace vehicles and

- (U) Performed research into micromechanics of high-temperature composite materials for use in wing and fuselage structures.

- (U) Developed models for three-dimensionally reinforced composite materials. Models provide for performance testing and predictive
modeling, eliminating steps involved in the manufacture of full-scale prototypes.

Modeled development of materials needed for aerospace structures.

- (U) Researched scaling issues in structural mechanics and developed necessary computational techniques for handling homogenization
in modeling and simulations. Homogenization techniques are computationally very fast and efficient.

- (U) Investigated the fundamental behavior of vibro/acoustic systems and aeroelastic structures to apply toward reduction of noise and
structural fatigue in aircraft with internal bomb bays (B-1, F-22, Joint Strike Fighter).

Gained fundamental particul ate mechanics knowledge to improve weapons performance.

- (U) Developed afirst principles understanding of the behavior of geomaterial fracture mechanics and damage accumulation. First used
in"Live Fire" computer codes to support "smart bomb" testing.

- (V) Investigated strain rate versus confining pressures of geomaterials impacted by penetrating weapons, for optimization of weapon
design and targeting variables. Small "smart bomb" test validated concepts.

6
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998

BUDGET ACTIVITY
1 - Basic Research

PE NUMBER AND TITLE PROJECT
0601102F Defense Research Sciences 2302

(U) EY 1998 ($ in Thousands):

- (U)  $4,994 Study thermomechanical behavior of advanced structural materials to enhance the longevity and performance of aerospace vehicles and
structures.
- (U) Research the micromechanics of high-temperature composite materials for aerospace structural systems and coatings.
- (U) Investigate the fracture behavior and thermomechanical behavior of high temperature aloys and composite materials for engine
and hypersonic vehicle applications.
- (U) $4586  Mode development of materials needed for aerospace structures.
- (U) Examineissuesrelated to dynamics and mechanics of materials at very small scales, as necessary for the development of micro-
electromechanical systems.
- (U) Research the fundamental behavior of actuator/structure interaction for control of shell structures in vibro/acoustic environments.
- (U) Develop afundamental understanding of the behavior of aeroelastic structures to apply toward reduction of noise and structural
fatigue in aircraft.
- (U) $4,008 Seek fundamental particulate mechanics knowledge to improve weapons performance.
- (U) Obtain quantitative relationships to describe the fundamental mechanics governing the behavior of geomaterial systems.
- (U) Investigate the fundamental relationship of geomaterials undergoing high strain rate loadings with increasing confining pressures,
as occurs when impacted by penetrating weapons.
- (U) $13588  Tota
(U) EY 1999 ($in Thousands):
- (U) $5,652 Study thermomechanical behavior of advanced structural materials to enhance the longevity and performance of aerospace vehicles and
structures.
- (U) Perform research in the micromechanics of high-temperature composite materials for aerospace structural systems and coatings.
- (U) Investigate the fracture behavior and thermomechanical behavior of high temperature aloys and composite materials for engine
and hypersonic vehicle applications.
- (U) $5191 Mode development of materials needed for aerospace structures.
- (U) Predict the dynamic and material behavior of structures for micro-electromechanical systems.
- (U) Determine the response of shell structures in vibro/acoustic environments.
- (U) Controal the response of aeroelastic structures to apply toward reduction of noise and structural fatigue in aircraft.
- (U) $4537 Seek fundamental particulate mechanics knowledge to improve weapons performance.
- (U) Investigate quantitative relationships that describe the fundamental mechanics governing the behavior of geomaterial systems.
- (U) Predict the trgjectory and penetration depth of earth penetrator weapons using advanced computational models.
- (U) $15380 Tota
Project 2302 Page 7 of 42 Pages Exhibit R-2 (PE 0601102F)
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
1 - Basic Research 0601102F Defense Research Sciences 2302

(U) B. Program Change Summary ($ in Thousands):

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 14,384 15,608 15,838 Cont
(U) Current Budget Submit/FY 1999 PB 12,087 13,588 15,380 Cont

(U) Change Summary Explanation:

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0602102F, Materials.

- (V) PE 0602201F, Aerospace Flight Dynamics.
- (V) PE 0602202F, Human Systems Technology.
- (V) PE 0603211F, Aerospace Structures.

- (V) PE 0602203F, Aerospace Propulsion.

(U) D. Schedule Profile: Not Applicable.

Project 2302 Page 8 of 42 Pages

Funding: Changesto this project since the previous President’ s Budget are due to priorities within the Science and Technology (S& T) Program.

Exhibit R-2 (PE 0601102F)
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- DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
1 - Basic Research 0601102F Defense Research Sciences 2303
COST ($In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
2303 Chemistry 25,573 27,069 25,908 27,164 27,574 28,087 28,707 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: In the chemistry research program, knowledge and understanding is sought in chemical synthesis and
reactivity, polymer chemistry, surface science, and molecular dynamics. The focusis on building the knowledge base required to develop new materials and to improve
the synthesis of existing materials. Specific research focus areas include functional and structural materials, electronic and photonic materials, biomimetic materials,
electromagnetic and conventional weaponry, propellants, and environmentally safer materials. This program conducts novel synthesis and characterization of higher
performance and lower cost nonmetallic and biomimetic materials for application as infrared sensors, and safer, more efficient fire suppressants and deicer/anti-ice
materials, and mechanistic studies of biological corrosion and semiconductor nanolithography. The chemistry program also investigates effects of chemical and
morphological structures on functional and mechanical properties of polymeric materials. The program also explores atomic and molecular surface interactions that can
limit performance of electronic devices, compact power sources, and lubricant materials, and investigates molecular energy rel ease mechanisms and energy storagein
metastable molecular systems to foster advances in laser weapons development and new chemical propellants.

(U) EY 1997 ($in Thousands):
- (U) $7,672 Studied chemical synthesis of compounds with tailored functional and structural properties for improved aerospace vehicle performance.

- (U) Developed photorefractive polymers for aerospace applications such as protection from laser threats, optical target recognition and
tracking, and laser power amplification.

- (V) Investigated effects of solvation and condensed media on chemical synthesis of energetic materials used for advanced propulsion
systems.

Investigated chemical process at surfaces and interfaces to improve performance and maintainability of Air Force systems.

- (U) Investigated mechanisms of chemical corrosion of aluminum for aging aircraft preservation.

- (U) Formulated molecular-level model for simulating the behavior of hydrocarbon-based Iubricants in aircraft and spacecraft operating
in extreme temperature and pressure environments.

Performed research on molecular-level energy transfer, energy extraction, and chemical reactivity research for advanced aerospace

applications.

- (U) Developed high-energy, photo-pumped, gas-phase mid-infrared laser systems for aircraft protection.

- (U) Identified source of pure-rotational infrared emission from atmospheric radicals, enabling determination of atmospheric optical
backgrounds for surveillance systems.

- (U) Determined key chemical reactions to accelerate ignition in hypersonic vehicle engines.

Tota

- (U)  $7,161

- (U) $10,740

- (U) $25573

Page 9 of 42 Pages Exhibit R-2 (PE 0601102F)
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
1 - Basic Research 0601102F Defense Research Sciences 2303

(U) EY 1998 ($ in Thousands):
- (U) $8,121 Study chemical synthesis of compounds with tailored functional and structural properties for improved aerospace vehicle performance.
- (U) Designideal polymer blends for structural and functional applications such as impact-resistant composites, high-temperature
toughened canopies, and power-efficient flat panel displays.
- (U) Investigate molecul es possessing efficient two-photon processes, enabling laser hardening, optical data storage, and advanced
imaging techniques.
- (U) Design and synthesize novel inorganic polymer systems for enhanced rocket motor insulation.
- (U) $7,579 Investigate chemical process at surfaces and interfaces to improve performance and maintainability of Air Force systems.
- (U) Develop novel methods for non-intrusive detection of hidden corrosion in aluminum elements of aging aircraft.
- (U) Investigate surface growth and characterization processes of thin films coatings for prevention of aircraft corrosion.
- (U) $11,369 Perform research on molecular-level energy transfer, energy extraction, and chemical reactivity research for advanced aerospace
applications.
- (U) Create lightweight, chemical laser systems for missile defense applications.
- (V) Investigate effects of ion reactions with hydrocarbon fuels on combustion initiation in hypersonic vehicle engines.
- (U) Develop novel technique to probe bonding in ceramic materials. Technique will enable development of improved thermal-barrier
coatings in aircraft engines.
- (U) $27,069 Tota

(U) EY 1999 ($in Thousands):
- (V) $7,772 Study chemical synthesis of compounds with tailored functional and structural properties for improved aerospace vehicle performance.
- (U) Investigate the long-term durability of polymers that operate in extreme environments such as in air-breathing propulsion systems,
and aerospace vehicles operating in low earth orbit or deep space.
- (U) Develop organic coatings for aircraft protection applications that can withstand chemical and photochemical deterioration.
- (U) Create functional polymersfor optical signal processing and advanced control of phased-array radar and laser radar.
- (U) $7,255 Investigate chemical process at surfaces and interfaces to improve performance and maintainability of Air Force systems.
- (U) Formulate an atomistic model for corrosion prevention in aluminum aircraft components.
- (U) Develop new vapor phase lubricants for operation in extreme temperature environments.
- (U) $10,881 Perform research on molecular-level energy transfer, energy extraction, and chemical reactivity research for advanced aerospace
applications.
- (U) Investigate high-energy, metastable molecular states for use in advanced rocket propulsion systems.
- (U) Develop and apply methods for simulating molecular energy transfer in extreme aerospace environments to predict and interpret
aircraft and spacecraft signatures.

Project 2303 Page 10 of 42 Pages Exhibit R-2 (PE 0601102F)
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
1 - Basic Research 0601102F Defense Research Sciences 2303

(V) Investigate formation and stability of molecular clusters for use as nanoscale sensors in aircraft and uninhabited air vehicles.
- (U) $25908  Tota

(U) B. Program Change Summary ($ in Thousands):

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 30,560 31,096 31,764 Cont
(U) Current Budget Submit/FY 1999 PB 25,573 27,069 25,908 Cont

(U) Change Summary Explanation:
Funding: Changes to this project since the previous President’s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:
- (V) PE 0602102F, Materials.
- (V) PE 0602601F, Phillips Laboratory.

(U) D. Schedule Profile: Not Applicable.

Project 2303 Page 11 of 42 Pages Exhibit R-2 (PE 0601102F)
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oy - DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
1 - Basic Research 0601102F Defense Research Sciences 2304
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
2304 Mathematical and Computer Sciences 28,919 27,401 34,525 45,239 45,807 46,540 47,449| Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: This research focuses on mathematical modeling, simulation, and control of complex systems and provides
analytical and computational methods. Topics include: effective utilization of high-performance computers; control of aerospace systems, models and computational tools
for the design of aircraft, missiles, or other weapons; efficient production of large-scale, well documented computer programs and software; communication and
information theory; signal processing; artificial intelligence in surveillance systems or independent weapons; reliability and maintainability; and the allocation of resources
in logistics or operational activities using ideas from optimization and linear programming theories.

(U) EY 1997 ($in Thousands):
- (U) $9,833 Studied physical mathematics, control, and signal processing supporting the Air Force's New World Vista (NWV) programs.

- (U) Developed anew, nonlinear controller design technology based on bifurcation theory. Technology is transitioning for advanced
research and industrial applications for improved performance (including reduced stall limits) and reduced jet engine weights.

- (U) Derived mathematical description and simulation capability of a new solid state laser design, known as a master oscillator power
amplifier. Simulation capabilities promise to double the design’s predicted laser output.

Performed research on computer software and systems for battlespace information management.

- (U) Developed formal methods for discovering errors in the specifications for distributed system software in embedded avionics
systems. The research advances the capahility to produce error-free software.

- (U) Created automated tools for browsing open source information, including the World Wide Web, for intelligence analysis.

Investigated computational science for improved design and simulation of advanced aerospace systems.

- (U) Derived new adaptive algorithms for the accurate numerical prediction of radar scattering from realistic air vehicles. Built an
automatic interface to existing computer assisted design (CAD) files, which drastically speeds the computational process.

- (U) Developed anew, fast algorithm to calculate design sensitivities in complex systems of nonlinear partial differential equations.
Thiswill enable effective use of optimal design strategies in awide range of aerospace systems.

Tota

- (U) $10,410

- (U) $8676

- (U) $28919

Exhibit R-2 (PE 0601102F)
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(U) EY 1998 ($ in Thousands):
- (U) $9,316 Study physical mathematics, control, and signal processing supporting the Air Force's New World Vista (NWV) programs.
- (U) Explore new concepts of differential flatness for fast, on-line trajectory generation for aggressive flight in unmanned combat air
vehicles.
- (U) Develop appropriate multi-resolution methods, including time-frequency analysis and the generalizations of Fourier and wavelets
transforms, for use in military signal transmission and reduced signature automatic target recognition scenarios.
- (U) $9,865 Perform research on computer software and systems for battlespace information management.
- (U) Develop scientific foundations to permit integration of information from radically different sources for global battlefield awareness.
- (U) Investigate methods to support the utilization of secure, transportable software agent technology in command and control networks.
- (U) $8,220 Investigate computational science for improved design and simulation of advanced aerospace systems.
- (U) Derive higher order numerical methods for the time-accurate computation of non-smooth, unsteady flows, minimizing reliance
upon steady flow approximations. Thiswill lead to optimal design capahilities for jet engine combustors and other aircraft systems.
- (U) Develop amathematical infrastructure for robust virtual engineering to radically improve Air Force modeling and simulation
capabilities in the presence of multiple uncertainties such as random disturbances or numerical errors.
- (U $27,401 Tota

(U) EY 1999 ($ in Thousands):
- (U) $11,738 Study physical mathematics, control, and signal processing supporting the Air Force's NWV programs.
- (U) Develop modeling, identification, control, and signal processing capabilities necessary for the integrated control of jet engine,
aerodynamic, and combustor instabilities. Thiswill lead to lighter weight engines with greatly improved performance characteristics.
- (U) Expand efforts in mathematical modeling of advanced materials, including composites and smart skins containing shape memory
aloys.
- (U) $12,429 Perform research on computer software and systems for battlespace information management.
- (U) Expand research in transportable agent technology to support defensive information warfare applications.
- (U) Expand research in real-time problem solving strategies to support dynamic planning and execution.
- (U) $10,358 Investigate computational science for improved design and simulation of advanced aerospace systems.
- (U) Integrate new multidisciplinary optimization design strategies with higher order, time accurate flow solvers for improved design of
jet engines and other aerospace components.
- (U) Develop agorithmsincorporating active control procedures involving magnetohydnamics, shock shape modification, and shock
shape manipulation.
- (U) $34525  Tota
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(U) B. Program Change Summary ($ in Thousands):

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 30,828 34,254 34,859 Cont
(U) Current Budget Submit/FY 1999 PB 28,919 27,401 34,525 Cont

(U) Change Summary Explanation:

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0602201F, Aerospace Flight Dynamics.

- (V) PE 0602702F, Command, Control, and Communications.
- (V) PE 0603728F, Advanced Computer Technology.

(U) D. Schedule Profile: Not Applicable.

Project 2304 Page 14 of 42 Pages
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
1 - Basic Research 0601102F Defense Research Sciences 2305
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
2305 Electronics 21,129 24,788 23,473 24,543 24,850 25,244 25,738 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: Research in this project emphasizes electronic devices and systems that enable new Air Force capabilities
such as battle information management systems, countermeasures, sensors, and the more electric aircraft concept. The goals are to increase the data and information
processing speed of electronic systems, to firmly control their complexity and reliability, and to improve the security and reliability of information and data transmission.
Research is conducted in electronic processes which will enable the engineer to model and predict performance of electronic materials, devices, and systems for high-speed
digital and analog signal processing, microwave and millimeter wave signal and power generation, superconducting, optical signal processing, and radiation effects.

(U) EY 1997 ($in Thousands):

- (U) $11,388  Studied semiconductor electronic materials, advanced devices, and applications.
- (V) Investigated new device and circuit concepts based on three-dimensional integration; enables functionally superior and lower-cost
electronic systems.
- (U) Examined radiation hardening of electronic and optoel ectronic devices and systems. Hardening increases survivability and
mission lifetimes of space-borne systems.
- (U) $6,085 Sought fundamental understanding of optoel ectronic information processing and storage.
- (U) Identified opportunities to tailor electronic and photonic propertiesin artificial, three-dimensionally ordered structures, leading to
compact, functionally flexible sensors.
- (U) $3,656 Investigated superconducting and nanoscopic materials, devices and applications.
- (U) Developed manufacturable process for fabricating high-temperature superconducting (HTS) Josephson junctions. Useful for
applications such as frequency-agile phased arrays.
- (U) Devised technique for observing active corrosion in aluminum aerospace structures. Provides a non-destructive, cost-effective,
evaluation process.
- (U) $21,129  Totd
Project 2305 Page 15 of 42 Pages Exhibit R-2 (PE 0601102F)
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(U) EY 1998 ($ in Thousands):

- (U) $13,360

- (U)  $7,137

- (U)  $4291

- (U) $24,788

Study semiconductor electronic materials, advanced devices, and applications.

- (U) Investigate non-stoichiometric compound semiconductor materials and devices, leading to low-power, radiation-tolerant systems.
- (U) Enhance materials processing of nitride compounds for new solar-blind sensors.

Seek fundamental understanding of optoel ectronic information processing and storage.

- (U) Examine spectral hole burning memories, promising orders-of-magnitude enhancement in information storage.

- (U) Investigate micro-lasers needed to solve electronic interconnection problems, as device density and complexity increase.
Investigate superconducting and nanoscopic materials, devices and applications.

- (V) Identify lower limit of surface resistance.

- (V) Investigate Josephson junction arrays as possible terahertz radiation sources for surveillance applications.

- (U) Fabricate new nanometer-scale magnetic structures for use in compact, energy-efficient electronics.

- (U) Apply superconducting magnetic sensors to non-destructive evaluation of aerospace structures.

Tota

(U) EY 1999 ($in Thousands):

- (U) $12,659

- (U)  $6,757

- (U)  $4,057

- (U) $23473

Project 2305

Study semiconductor electronic materials, advanced devices, and applications.

- (U) Enhance research on interface control and stability in semiconductor quantum structures for improved laser and detector
applications, including low-photon count photo receivers.

- (V) Investigate novel methodsto electronically tailor compound semiconductors, to obtain complementary electron-device structures
for ultra-high frequency logic circuits.

- (U) Examine high-temperature electronics for use in hostile environments.

Seek fundamental understanding of optoel ectronic information processing and storage.

- (U) Investigate advanced communications, signal processing, and computing.

- (U) Examine novel micro-lasers and ultra-high density information storage and retrieval.

Investigate superconducting and nanoscopic materials, devices and applications.

- (U) Investigate superconducting microwave properties and devices for advanced communications.

- (U) Develop quantum nanoelectronic and magnetic structures for higher speed signal processing and denser memory.

- (U) Create higher current, high temperature, superconducting materials for power generation and storage on space platforms.

Tota
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(U) B. Program Change Summary ($ in Thousands):
Tota

FY 1997 FY 1998 FY 1999 Cost
(U) Previous President’s Budget (FY 1998 PB) 27,866 30,301 30,553 Cont
(U) Current Budget Submit/FY 1999 PB 21,129 24,788 23,473 Cont

(U) Change Summary Explanation:
Funding: Changes to this project since the previous President’ s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0602204F, Aerospace Avionics.

- (V) PE0602702F, Command, Control, and Communications.
- (V) PE 0603728F, Advanced Computer Technology.

(U) D. Schedule Profile: Not Applicable.
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COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
2306 Structural Materials 11,730 14,017 12,160 12,708 12,861 13,063 13,318 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: Research focuses on metallic, polymeric, and ceramic and nonmetallic structural materials. Materials
research provides the knowledge for improving the performance, cost, and reliability of structural materials. Structural materials research studies a broad range of material
properties such as strength, toughness, fatigue resistance, and corrosion resistance of airframe, turbine engine, and spacecraft materials. Emphasisis on refractory aloys,
intermetallics, polymer composites, metal and ceramic matrix composites, and advanced ceramics, such as aluming, silicon carbide, silicon nitride, and carbon/carbon.
Research in new processing methods complements research on materials properties. Direct goals of this program are to increase the operating temperature of engine
materials which will further increase thrust-to-weight ratio of engines, develop improved aerospace vehicle structural materials, and control or eliminate advance material
reliability issues related to high temperature strength, toughness, fatigue, and environmental conditions.

(U) EY 1997 ($in Thousands):

- (U) $6,217 Sought fundamental understanding of very-high temperature, non-metallic materials for air-breathing engine applications to support
Integrated High Performance Turbine Engine Technology (IHPTET) and Integrated High Payoff Rocket Propulsion Technology (IHPRPT).
- (U) Studied fundamentals of one of the best candidate materials for turbine engine applications; devel oped the best high-temperature

creep resistant material to date -- yttrium-alumina garnet.

- (U) Demonstrated a novel design and fabricated a self-reinforced silicon-nitride ceramic material. This material shows potential as one
of the best structural materials known for high-temperature applications.

Performed research on metallic systems for engines and airframe applications.

- (U) Examined microstructural mechanisms responsible for anomalous engine, high-cycle fatigue behavior of Ti-based alloys.
Examined interfacial stability of intermetallics and found novel approaches to improve ductility and fabricating engine parts for fighter
aircraft.

- (U) Discovered anovel structural material -- metallic glass -- which islighter, stronger, and tougher than aluminum. Shows potential
for airframe applications.

Studied longevity of polymeric composites for advanced airframe applications.

- (U) Studied degradation of polymeric materials due to extreme processing environments and operating conditions.

- (U) Clarified relationship of chemical changes to long-term durability of composites.

Tota

- (U)  $4222

- (U)  $1,291

- (U) $11,730

Exhibit R-2 (PE 0601102F)
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(U) EY 1998 ($ in Thousands):
- (U) $7,569 Seek fundamental understanding of very-high temperature, non-metallic materials for air-breathing engine applications to support
Integrated High Performance Turbine Engine Technology (IHPTET) and Integrated High Payoff Rocket Propulsion Technology (IHPRPT).
- (U) Investigate oxide-oxide eutectics, novel ceramic materials with excellent high-temperature mechanical stability for turbine blades
and combustor lining applications.
- (U) Investigate the new phenomenon of polycrystal-to single crystal conversion. Establish applicability of this novel phenomenon to
turbine blade manufacturing.
- (U) $5,046 Perform research on metallic systems for engines and airframe applications.
- (U) Elucidate the atomic and microstructural mechanisms responsible for primary creep in titanium (Ti)-based aloys. The primary
creep of Ti-alloys has been implicated as one of the major factors controlling the durability of turbine and compressor bladesin Air
Force engines.
- (U) Develop material solution to quantify and provide solution to high-cycle fatigue problem of Ti components in engines.
- (U) Study molybdenum-based alloys as possible candidates for turbine blade applications.
- (U)  $1,402 Study reliability and aging of polymeric composites.
- (U) Conduct research on stress-induced change in solvent and moisture absorption behavior of polymer matrix composites.
- (U) Investigate the elements of chemical and molecular structures on degradation of polymer-matrix composites.
- (U) $14,017 Tota

(U) EY 1999 ($in Thousands):
- (U) $6,444 Perform fundamental studies of very-high temperature, non-metallic materials for air-breathing engine and space vehicle applications.
- (U) Investigate coupled thermal and mechanical stability of very-high temperature oxide composites and eutectics for engine blade
applications.
- (U) Investigate ultra-high temperature materials systems, based on carbides, for rocket propulsion applications.
- (U) $4,378 Perform research on metallic systems for engines and airframe applications.
- (U) Study thermal and mechanical stability of refractory metal systems for very-high temperature applications.
- (U) Investigate functionally gradient structures for thermal barrier coatings and turbine blade applications to reduce weight and to
increase engine operating temperature.
- (U) $1,338 Study polymeric composites life and reliability.
- (U) Investigate free-volume effect in controlling moisture absorption mechanisms and rates in polymer matrix composites.
- (U) Research non-destructive evaluation techniques on adhesive-bonded structures to detect precursor conditions prior to damage
initiation.
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~ (U) $12,160 Totd

(U) B. Program Change Summary ($ in Thousands):

FY 1997
(U) Previous President’s Budget (FY 1998 PB) 15,081
(U) Current Budget Submit/FY 1999 PB 11,730

(U) Change Summary Explanation:

FY 1998 FY 1999
16,100 16,338
14,017 12,160

Total
Cost
Cont
Cont

Funding: Changes to this project since the previous President’s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0602102F, Materials.

- (V) PE 0603211F, Aerospace Structures.

- (V) PE0708011F, Manufacturing Technology.
- (V) PE 0602203F, Aerospace Propulsion.

- (V) PE 0602201F, Aerospace Flight Dynamics.

(U) D. Schedule Profile: Not Applicable.
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BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
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COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
2307 Fluid Mechanics 8,453 11,573 7,212 7,529 7,618 7,736 7,886| Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: Research involves turbulence prediction and control, unsteady and separated flows, hypersonics, and
internal fluid dynamics. This research provides fundamental knowledge, tools, data, concepts, and methods for improving the efficiency, effectiveness, and reliability of
aerospace vehicles. Research provides an understanding of key fluid flow phenomena, improves theoretical models for aerodynamic prediction and design, and originates
flow control concepts and predictive methods to expand current flight performance boundaries. Research includes the development of computational methods for complex
flows, prediction of real gas effects in high-speed flight, control and prediction of turbulence in flight vehicles, propulsion systems, aero-optic applications, the dynamics of
unsteady and separated flows, thrust vectoring and high lift concepts associated with enhanced performance and maneuverability, heat transfer and compressor instabilities
in gas turbine engines, flow-structure interactions in both external and internal flows, and transport phenomena in structural materials processing.

(U) EY 1997 ($in Thousands):

- (U) $1944 Conducted external aerodynamics and hypersonics basic research for improved flight performance and control of Air Force air vehicle
systems.
- (U) Developed Large Eddy Simulation (LES) methodology to predict three-dimensional flow fields. New methodology will decrease
the design cycle time for new aerospace vehicle configurations.
- (U) Derived hypersonic flow computational modeling techniques. These improved techniques will result in lower weight, less complex
hypersonic vehicle configurations, at reduced cost.
- (U) $4,036  Performed turbulence and flow control research to enhance air vehicle stability, performance, and control.
- (U) Investigated micro-flow control to reduce air vehicle drag and increase air vehicle lift. Research will increase air vehicle range and
maneuverability.
- (U) Developed structure-based turbulence model for accurate flow field predictions: model will dramatically reduce the design cycle
time and improve the accuracy of new computational design methodologies.
- (U)  $2473 Conducted internal flow research to improve the performance and reliability/maintainability of airbreathing propulsion systems.
- (U) Investigated the active stabilization of engine surge: research will provide methods to prevent destructive engine failuresin flight.
- (U) Examined the effect of shocks/turbulence on film cooling turbine blades: research will result in longer turbine blade life,
significantly reducing turbine blade life cycle costs.
- (U) $8453 Totd
Project 2307 Page 21 of 42 Pages Exhibit R-2 (PE 0601102F)
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(U) EY 1998 ($ in Thousands):
- (U)  $2,662 Conduct external aerodynamics and hypersonics basic research for improved flight performance and control of Air Force air vehicle
systems.
- (V) Investigate fluid/structure interaction flow fields for optimized vehicle designs to reduce large vehicle weight. This research will
also enhance the reliability and maintainability (R&M) of currently operating air vehicle systems.
- (U) Develop experiments for hypersonic model and theory development. These experiments validate the modeling efforts underway
and allow design of lighter weight, less complex hypersonic vehicles.
- (U) $5525  Perform turbulence and flow control research to enhance air vehicle stability, performance, and control.
- (U) Develop active flow-control strategies for flow reattachment in separated flow regions. These strategies will increase lift and
reduce drag to increase vehicle range performance.
- (U) Explorelow-dimensional computational models for turbulent boundary layer control. These models will be used in an active flow
control scheme to reduce air vehicle drag, thus increasing range for greater mobility.
- (U) $3,386 Conduct internal flow research to improve the performance and reliability/maintainability of airbreathing propulsion systems.
- (U) Explore use of micro-electrical mechanical system (MEMS) devices for turbine engine control. These devices would be used to
reduce or eliminate High Cycle Fatigue (HCF) problems in current airbreathing propulsion systems.
- (V) Vvalidate use of Large Eddy Simulation (LES) methodologies for turbomachinery flows. This research will decrease the design
cycle time for new airbreathing propulsion systems.
- (U) $11573 Totd

(U) EY 1999 ($in Thousands):
- (U) $1,630 Conduct external aerodynamics and hypersonics basic research for improved flight performance and control of Air Force air vehicle
systems.

- (U) Develop fluid/structural interaction models based on flow field interaction research. Use of models in the design phase of new air
vehicles will eliminate fatigue caused by unsteady structural loading. This research will reduce life cycle costs of new air vehicle
systems.

- (U) Investigate novel concepts for hypersonic flow control. This research will reduce the size and weight/cost of new hypersonic air
vehicles, thus alowing for increased global mohility.

- (U) $3461  Perform turbulence and flow control research to enhance air vehicle stability, performance, and control.

- (U) Investigate the use of MEMS devices on swept wing air vehicles. This research will allow for significant drag reduction at
supersonic speeds resulting in increased vehicle range performance.

- (U) Develop MEMS actuators and sensors for micro-air vehicle systems. This research will allow micro-air vehicles and propulsion
systems to operate in low-speed flight regimes.
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- U)  $2121 Conduct internal flow research to improve the performance and reliability/maintainability of airbreathing propulsion systems.

- (U) Develop MicroElectroMechanical Systems (MEMS) devices for turbine engine control. These devices will reduce and/or eliminate
High Cycle Fatigue (HCF) problemsin current airbreathing propulsion systems.

- (U) Develop Large Eddy Simulation (LES) methodology for turbomachinery flows. This research will decrease the design cycletime
for new airbreathing propulsion systems.
- (V) $7212 Totd

(U) B. Program Change Summary ($ in Thousands):

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 11,107 13,294 13,489 Cont
(U) Current Budget Submit/FY 1999 PB 8,453 11,573 7,212 Cont

(U) Change Summary Explanation:
Funding: Changes to this project since the previous President’ s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0602102F, Materials.

- (V) PE 0602201F, Aerospace Flight Dynamics.
- (V) PE 0602203F, Aerospace Propulsion.

- (V) PE 0603211F, Aerospace Structures.
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COST ($In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
2308 Propulsion 10,075 9,830 18,675 19,524 19,765 20,078 20,470 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: Effortsinclude space power and propulsion, airbreathing propulsion, and propulsion diagnostics. Research
is focused on the efficient utilization of energy in airbreathing engines and chemical and non-chemical rockets. Research is organized into the areas of chemically reacting
flow, non-chemical energetics. Chemically reacting flows involve complex coupling between energy release through chemical reaction and the flow processes which
transport chemical reactants, products, and energy. Non-chemical energetic systems include plasma and beamed energy propulsion for orbit raising space missions and
efficient ultra-high energy techniques for space-based energy utilization. Thermal management of space-based power and propulsion systems will be addressed.

(U) EY 1997 ($in Thousands):

- (U) $4,060 Performed research on space and rocket propulsion and power.
- (U) Studied combustion instability in liquid-fueled rockets to achieve Integrated High Payoff Rocket Propulsion Technology (IHPRPT)
program goals.
- (U) Performed experimental and numerical investigation of plasma thrusters for orbit maneuvering and station keeping. Plasma
thrusters provide high payload, affordable, and reliable propulsion aternatives for space operations.
- (U) Constructed a database of high-altitude rocket exhaust plume characteristics through experimental and numerical investigations.
Database will enhance guidance algorithms and background scene generation for protection of space assets and capabilities.
- (U) $5,355 Studied airbreathing combustion for propulsion systems including gas turbines for aircraft and scramjets for hypersonic flight capability.
- (U) Examined combustion product formation to minimize infrared signature in gas turbine engines and to comply with environmental
regulation.
- (U) Investigated hydrocarbon fuel utilization in scramjets as a logistically supportable alternative to hydrogen fuel.
- (V) $660 Investigated propulsion diagnostics for research, development, test, and evaluation of new propulsion system concepts.
- (U) Utilized planar laser-induced fluorescence to conduct time-resolved, multidimensional, multiparameter measurements to
characterize fuel-air mixing and combustion efficiency in gas turbines and hypersonic propulsion systems.
- (U) Examined gquantitative spectroscopic measurements in elevated pressures. Anticipates advanced gas turbine designs (Integrated
High Performance Turbine Engine Technology (IHPTET) Phase 111 and beyond).
- (U) $10,075  Tota
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(U) EY 1998 ($ in Thousands):
- (U) $3,932 Perform research on space and rocket propulsion and power.
- (U) Examine rocket combustion instability to achieve third phase Integrated High Payoff Rocket Propulsion Technology (IHPRPT)
program goals.
- (U) Investigate orbital station-keeping propulsion alternatives at micro- and nano- newtons thrust level for high-precision clusters of
cooperating autonomous mini-satellite operations.
- (U) Experimentally and numerically investigate high-altitude rocket exhaust plume characterization to enhance database for guidance
algorithms and background scene generation.
- (U) $5,376 Study airbreathing combustion for propulsion systems including gas turbines for aircraft and scramjets for hypersonic flight capability.
- (U) Examine combustion product formation in gas turbine engines and explore supercritical fuel behavior under high temperature and
pressure conditions, characteristic of future gas turbine engines and hypersonic propulsion systems.
- (U) Formulate new models for turbulence-chemistry interactions in combustion. Models are needed in computational algorithms for
combustor design, such asthe NASA National Combustor Design Code.
- (V) $522 Investigate propulsion diagnostics for research, development, test, and evaluation of new propulsion system concepts.
- (U) Investigate high-speed image detection methods for propulsion system diagnostics such as planar laser-induced fluorescence.
- (U) Examine picosecond spectroscopic methods for measurements in high-pressure gas turbine combustors.
- (U) $9,830 Tota

(U) EY 1999 ($in Thousands):
- (U) $7,520 Perform research on space and rocket propulsion and power.
- (U) Mode predictions of mini-satellite propulsion and performance for high-precision clusters of cooperating autonomous micro-
satellite operations.
- (U) Develop supercritical combustion models for rocket propulsion to achieve next-generation, high thrust-to-weight ratio propulsion
systems.
- (U) Peform experimental and numerical studies of high altitude ultraviolet (UV) and infrared (IR) signatures to protect space assets.
- (U) $10,1240 Study airbreathing combustion for propulsion systems including gas turbines for aircraft and scramjets for hypersonic flight capability.
- (U) Investigate the combustion chemistry of endothermic fuels to be used for thermal management in later phases of Integrated High
Performance Turbine Engine Technology (IHPTET) gas turbine technology and in scramjets, leading to more efficient engines.
- (U) Study the coupling mechanisms between turbulence and liquid hydrocarbon fuel injection in gas turbine and scramjet engines to
achieve enhanced fuel-air mixing and combustion efficiency.
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- (U) $1015 Investigate propulsion diagnostics for research, development, test, and evaluation of new propulsion system concepts.

- (U) Research novel data reduction and interpretation approaches such as fractal analysis for quantitative image measurementsin
propulsion system environments.

- (U) Extend diode-laser spectroscopic technique for onboard control of propulsion system operation and performance.
- (U) $18,675  Tota

(U) B. Program Change Summary ($ in Thousands):

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 10,686 11,293 11,359 Cont
(U) Current Budget Submit/FY 1999 PB 10,075 9,830 18,675 Cont

(U) Change Summary Explanation:
Funding: Changesto this project since the previous President’s Budget are due to increased emphasis on propulsion efforts within the Science and Technology
(S&T) Program.
Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0602102F, Materials.

- (V) PE 0602203F, Aerospace Propulsion.
- (V) PE 0602601F, Phillips Laboratory.

- (V) PE 0603211F, Aerospace Structures.

(U) D. Schedule Profile: Not Applicable.
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COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
2310 Atmospheric Sciences 7,239 6,244 5,562 5,802 5,868 5,958 6,075| Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: Areas of emphasis include ionospheric research and meteorology. This research includes the physics,
dynamics, and chemistry of processes that determine the structure and variability of the earth's atmosphere. Atmospheric properties such as wind, density, clouds and
precipitation, ionization, and optical/infrared (IR) transmission/emissivity all affect the performance of Air Force systems. Research includes new measurement techniques
and the development of models for specifying and predicting weather and other atmospheric conditions. Emphasisis placed on understanding fundamental atmospheric
processes and their impacts on optical and IR weapon systems, and on understanding the dynamics and structure of the ionosphere that affect communications and
surveillance systems. Mgjor research efforts focus on ionospheric dynamics, mesoscale meteorology, triggered and natural lightning, cloud prediction, and models which
define the optical structure of the atmosphere.

(U) EY 1997 ($in Thousands):

- (U) $3,025 Conducted research on atmospheric modeling to enhance operational forecast capability.

- (U) Enhanced theoretical models of ionospheric dynamics describing processes that determine total electron concentration. Models
will heighten forecast accuracy, minimizing disruptions to global radio communications and space surveillance.

- (U) Improved four-dimensional data assimilation techniques for integrating multispectral satellite data required for periodic updating
of atmospheric models. These techniques facilitate highly accurate forecasts for aviation weather, which in turn limit adverse effects
on precision-guided munitions (PGM) employment, and help identify optimum surveillance opportunities.

Analyzed atmospheric physics to understand and exploit the aerospace environment.

- (U) Profoundly improved techniques for remote sensing of the three-dimensional structure of cloud fields. Enables state-of-the-art
prediction systems to determine precise weather limitations for surveillance and PGM employment.

- (U) Developed methodologies for WSR-88D Doppler radar which improve identification of turbulence, severe weather, and signal
ambiguities, thus enhancing aviation safety and hazard avoidance.

Studied ionospheric physics to enhance global surveillance capability.

- (U) Examined natural and artificially-induced ducting phenomena in the equatorial ionosphere for increased understanding of their
effects on global radio communications and space surveillance.

- (U) Investigated applications of Defense Meteorological Satellite Program (DM SP) observations to forecast equatorial spread-F
(equatorial plasma depletion) events. Accurate prediction will reduce disruption of global radio communications and space
surveillance.

Tota

- (U)  $1,502

- (U) $2,712

- (U)  $7,239

Exhibit R-2 (PE 0601102F)
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(U) EY 1998 ($ in Thousands):
- (U) $1,918 Conduct research on atmospheric modeling to enhance operational forecast capability.

- (U) Identify crucia propagation modes through radio wave - space plasmainteraction models. Enables diagnosis of ionospheric
variability and minimizes disruptions to global communications and space surveillance.

- (U) Mode the structure of Kelvin-Helmholtz instabilities in stratified environments to show their effect on optical turbulence and
propagation of laser radiation from airborne lasers.

- (U) $1,309 Anayze atmospheric physics to understand and exploit the aerospace environment.

- (U) Explore atmospheric electrification processes, focusing on hazards to space launch operations and optical characteristics of high
altitude electric discharges, which affect global command and control capability and global radio communications and space
surveillance.

- (U) Improve satellite-based remote sensing of clouds, winds, visibility, relative humidity, and refractive index for airborne laser tactical
use.

- (U) $3,017  Study ionospheric physicsto enhance global surveillance capability.

- (U) Expand knowledge of gravity wave phenomena and density variations in the ionosphere and mesosphere, to improve forecasts of
adverse effects on global radio communications and space surveillance.

- (U) Enhance capability to observe and diagnose the ionosphere with portable radars and optical instrumentation, to limit disruption of
global radio communications and space surveillance.

- (U) $6244 Tota

(U) EY 1999 ($in Thousands):
- (U) $1,678  Conduct research on atmospheric modeling to enhance operational forecast capability.

- (U) Enhance modeling and data analysis to couple ionospheric behavior with the neutral lower atmosphere and magnetospheric
plasma. Superior models will significantly increase ability to forecast advance effects on global radio communications and space
surveillance.

- (U) Improve atmospheric radiative transfer models to more realistically estimate solar radiation impacts on cloud field dynamics to
identify weather limitations on global surveillance and precision-guided munitions (PGM) employment.

- (V) $263  Analyze atmospheric physics to understand and exploit the aerospace environment.

- (U) Develop techniques using inverted Global Positioning System (GPS) data to determine vertical profiles of refractive index.
Provides tactical decision aidsto PGMs and the airborne lasers.

- (V) Investigate gravity wave interaction with ambient atmospheric vorticity fields, producing “blini” (pancake) structures and optical
turbulence, which degrade the propagation of laser radiation from airborne lasers.
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- (U) $3,621 Study ionospheric physics to enhance global surveillance capability.

(V) Investigate ionosphere manipulation techniques using “heating radars’ to artificially modify radio wave propagation for global
radio communications and space surveillance.

(U) Examine signatures of solar activity on ionospheric optical emissions, density variations, E-region dynamo currents, and ionization
rates, which disrupt global radio communications and space surveillance.
- (U) $5,562 Tota

(U) B. Program Change Summary ($ in Thousands):

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 7,247 7,172 7,381 Cont
(U) Current Budget Submit/FY 1999 PB 7,239 6,244 5,562 Cont

(U) Change Summary Explanation:
Funding: Changes to this project since the previous President’ s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0305160F, Defense Meteorological Satellite Program.

- (V) PE 0602601F, Phillips Laboratory.

- (V) PE0603220C, Surveillance, Acquisition, Tracking, and Kill.

(U) D. Schedule Profile: Not Applicable.
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($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
2311 Space Sciences 4,628 4,320 6,827 7,127 7,211 7,321 7,464| Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: The objective of this project is to provide basic knowledge of the space environment and solar activity for

the design and calibration of advanced Air Force systems relevant to operations in and through near-earth space. The project also supports the Air Weather Service (AWS)
by improving observing and forecasting techniques that support operational military systems in space environments. Theoretical and empirical descriptions and models of
the physics of the sun and the earth's magnetosphere, which are critical elements of future AWS prediction models and radiation belt codes, are being investigated.

(U) EY 1997 ($in Thousands):

- )

- )

- )

-(U

Project 2311

$1,445

disturbance effects on near-earth space.
- (U) Designed, constructed, and field-tested a spectrally tunable, near-infrared vector magnetograph to seek signatures of solar activity

precursors. Ability to predict such occurrences yields advance notice to protect DoD space systems.
- (U) Discovered presence of surface motion and strong vorticity signatures in solar active regions.

$1,426

Analyzed physics of solar magnetic fields, solar flares and coronal mass gjections to provide a physical basis for predictive models of solar

Studied particle and interplanetary magnetic field properties of solar wind which transports solar disturbances to the earth’ s magnetosphere.

- (U) Developed integrated circuit model to predict substorms in the magnetosphere when the interplanetary magnetic field has a
southward polarity. Model will reduce calculation time for the Air Force specification and forecast model.
- (U) Formulated theoretical model to predict creation of transpolar auroral arcs during periods of northward interplanetary magnetic

field. Theoretical model will be used to evaluate performance of the Air Force specification and forecast model during times of

changing interplanetary conditions.

$1,757

- (U) Anayzed satellite measurements to specify correlations between changes in convection patterns and the polarity of the
interplanetary magnetic field. Analysis will enhance performance of Air Force communication systems at high latitudes.

$4,628 Tota
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(U) EY 1998 ($ in Thousands):

- )

- )

- V)

- V)

$1,273

$1,741

$1,306

$4,320

Analyze physics of solar magnetic fields, solar flares and coronal mass gjections to provide a physical basis for predictive models of solar

disturbances on near-earth space.

- (U) Measure and quantify the time dependence of solar magnetic fields to determine topologies leading to solar flares and coronal mass
gjections which can disrupt the earth’ s space environment.

- (U) Study the propagation and structure of coronal mass gjections in relation to the solar magnetic sector structure.

Study magnetospheric and radiation belt processes to eliminate operational deficiencies caused by space weather effects.

- (U) Examinethe response of energetic particlesin the inner magnetosphere to high-speed solar wind streams.

- (V) Investigate the propagation of electrons injected into the magnetosphere by space-based platforms.

Study the particle and interplanetary magnetic field properties of the solar wind which transports solar disturbances to the earth’s

magnetosphere.

- (U) Anayze and model the propagation of solar wind shock waves from a solar-wind sensor in space.

- (U) Study the coupling between the solar wind interplanetary magnetic field and the earth’ s magnetosphere by using solar-wind and
near-earth satellites to analyze the solar wind ions that penetrate the magnetosphere.

Tota

(U) EY 1999 ($ in Thousands):

- )

- )

- )

- )

Project 2311

$1,815

$2,167

$2,845

$6,827

Analyze the physics of solar magnetic fields, solar flares and coronal mass gjections to provide a physical basis for predictive models of the

solar disturbances on near-earth space.

- (U) Mode the evolution and stability of solar active regions to predict the state of the interplanetary medium using solar magnetic field
and coronal data.

- (U) Analyze coronal emission line datafor variations that can be related to disturbances in the interplanetary medium.

Study the particle and interplanetary magnetic field properties of the solar wind which transports solar disturbances to the earth’s

magnetosphere.

- (U) Bvauate techniquesto study solar source regions and infer the magnetic structures of interplanetary disturbances.

- (U) Test solar wind shock detection algorithms and transition them to applied Air Force geospace programs.

Study magnetospheric and radiation belt processes to eliminate operational deficiencies caused by space weather effects.

- (U) Study fluid and particle dynamics of the geomagnetic tail to determine criteria for substorm onset.

- (U) Modd rapid variations in the interaction between the solar wind and magnetosphere using diffusion coefficients estimated from
electric field propagation studies.

Tota
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(U) B. Program Change Summary ($ in Thousands):

(U) Change Summary Explanation:

(S&T) Program.
Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (U) PE 0302101F, Geophysics.

- (V) PE0602702F, Command, Control, and Communications.
- (V) PE 0603410F, Space System Environmental Interactions.

(U) D. Schedule Profile: Not Applicable.

Project 2311 Page 32 of 42 Pages

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 5,229 4,962 5,040 Cont
(U) Current Budget Submit/FY 1999 PB 4,628 4,320 6,827 Cont

Funding: Changesto this project since the previous President’ s Budget are due to increased emphasis on space sciences efforts within the Science and Technology
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COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
2312 Biological Sciences 12,241 13,917 13,065 13,654 13,821 14,036 14,312 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: This project consists of two research areas: biodegradation and the toxicology of biohazards; and
chronobiology and neural adaptation. Understanding how microbes degrade Air Force chemicals will enable the development of efficient and cost-effective strategies for
cleaning up Air Force bases and preventing exposure to hazards due to Air Force operations. Likewise, knowledge of the mechanisms by which Air Force chemical and
physical (lasers and microwaves) agents produce toxic effects will enable the development of safety assessment strategies and technol ogies to ensure the hazard-free
development and use of future aerospace materials and systems. Basic research in neuroscience and chronobiology will result in new strategies to prevent G-induced loss
of consciousnessin pilots, impaired performance due to jet-lag and shift-work, night operations, and the loss of life and aircraft due to stress, inattention, or lack of

vigilance.
(U) EY 1997 ($in Thousands):

- (V) $796 Performed generic basic research in biological sciences for Air Force applications.
- (U) $6,059 Studied biodegradation and toxicology of biohazardous agents.
- (U) Cloned genesthat encode for the microbial enzymatic degradation of tri-nitro-toluene (TNT) for eventual use in cleaning up
military bases.
- (U) Recommended national safety standards for protecting the eye from exposure to single ultrashort laser pulses.
- (U) Described cellular and biochemical effects of anatural neuropeptide (substance P) in protecting immune system from inhalation
exposure to JP-8 jet fuel.
- (U) $5,386 Investigated mechanisms responsible for circadian rhythmicity to increase safety during night operation.
- (U) Determined that exercise shifts the biological clock, therefore, appropriately timed exercise will partially compensate for jet lag.
- (U) Clarified interaction between serotonin and light input to biological clock.
- (U) $12,241  Totd
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(U) EY 1998 ($ in Thousands):

- (U) $6,950  Study biodegradation and toxicology of biohazardous agents.

- (U) Explore molecular biological mechanisms for expanding and controlling the genetic capacity of microbes to enzymatically degrade
awider range of military contaminants.

- (U) Examinethe biological effects from exposure to multiple ultrashort laser pulses and radiofrequency.
- (V) Investigate toxic and protective mechanisms related to JP-8 jet fuel exposures.

- (U) %5558 Investigate biological mechanisms responsible for circadian rhythmicity.
- (V) Investigate chemistry of circadian clock to develop procedures and interventions to improve performance during night operations.
- (U) Explore circadian system plasticity to identify methods of jet 1ag prevention and reduction.

- (U) $1409 Conduct research on animal sensing systems.
- (U) Study natural-world infrared-sensitive systems for insights leading to military applications including space sensors.

- (U) $13917 Totd

(U) EY 1999 ($ in Thousands):
- (U) $5571  Study biodegradation and toxicology of biohazardous agents.
- (U) Usemolecular biological techniques developed for modifying microbial enzyme capacity to engineer the bio-catalysis of reactions
involved in the synthesis and manufacture of developmental military materials.
- (U) Develop mathematical model to predict retinal damage from exposure to multiple ultrashort laser pulses of military importance.
- (U) Investigate molecular and biochemical effects in the brain and the neurobehavioral correlates associated with the inhalation of JP-8
jet fuel.
- (U) $6,048 Investigate biological mechanisms responsible for circadian rhythmicity.
- (U) Examineindividual differencesin circadian systems to predict effects of night operations and jet lag on military personnel.
- (U) $1446  Continue research in mechanisms of animal sensing systems.
- (U) Investigate insect infrared systems for insights leading to military applications including space sensors.
- (U) $13,065 Tota
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(U) B. Program Change Summary ($ in Thousands):

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 15,391 15,986 16,119 Cont
(U) Current Budget Submit/FY 1999 PB 12,241 13,917 13,065 Cont

(U) Change Summary Explanation:

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:
- (V) PE 0602202F, Human Systems Technology.

(U) D. Schedule Profile: Not Applicable.

Project 2312 Page 35 of 42 Pages
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($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
2313 Human Performance 8,729 7,877 12,567 13,133 13,292 13,500 13,764 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: This project provides fundamental knowledge of information processing in humans and other complex
organisms needed to advance technologies for autonomous systems, command and control, human systems integration, and personnel selection and training. Research on
sensory systems impacts technologies of computer image and speech processing, human interface, sensors and sensor fusion. Research on cognitive and perceptual
processes impacts technologies of selection, education and training, command and control, and adaptive autonomous systems. Supported areas of research include Sensory

Systems, with emphasis on vision and hearing, Cognition, Perception, Intelligent Tutors, and Team Situational Awareness.

(U) EY 1997 ($in Thousands):

- (U) $2416 Performed sensory and perceptual system analysis for human machine interface and image expl oitation.
- (U) Discovered new technique for fusing multi-spectral images for visual display.
- (U) Devised new algorithm for computing scene depth from active focus control. Applications include robotics, surveillance, and
targeting.
- (U) Established new, image processing filters based on human-image processing. Enhances image compression in communications
and image segmentation in automatic target recognition.
- (U) Completed laboratory demonstration of performance enhancement aided by three-dimensional auditory cueing. Improves active
visual search in aircraft and improves speech communication in command and control.
- (U) $3478 Conducted cognitive workload analysis for crew training and performance enhancement.
- (U) Completed preliminary cognitive task analyses for uninhabited air vehicle (UAV) mission control and command and control team
research environments.
- (U) Determined benchmark task sets for mission control and command and control teams.
- (U) Created new software tool for faster, more formal, cognitive task analyses.
- (U) Discovered objective technique for cognitive workload assessment in human machine interface and training.
- (V) $2,835  Studied synthetic task environments for baseline performance measurement.
- (U) Created apparatus for laboratory performance assessment of UAV mission control.
- (U) Established synthetic task environment for laboratory performance assessment of command and control teams.
- (U) Completed initial configuration of multi-ship flight simulator for performance and training assessment.
- (U) $8729 Totd
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(U) EY 1998 ($ in Thousands):
- (U) %2101 Perform sensory and perceptual system analysis for human-machine interface and image exploitation.
- (U) Examine human ability to detect and discriminate structure in complex images. Enhances image exploitation and targeting
technologies.
- (U) Study human perception of false coloration in multi-spectral image displays. Improves interfaces for multi-spectral image
acquisition systems.
- (U) Explore human ahility to localize sounds in the near field, to improve communications in command and control.
- (U) $3,025 Conduct cognitive workload analysis for crew training and performance enhancement.
- (U) Develop models and improve theory of individual cognitive performance in decision making. Enhances technologies for
high-tempo operations.
- (U) Develop modelsto predict impact of intelligent job-aiding technologies on overall performance of command and control teams.
- (U) Create framework and experimental techniques for titrating multiple effects of ability, training, interface, and environment on
workload in complex settings.
- (U) $2,751  Study synthetic task environments for baseline performance measurement.
- (U) Establish quantitative models of cognitive performance in scripted uninhabited air vehicle (UAV) mission control tasks.
- (U) Determine sensitivity of command and control teams to increased task demands, mitigated by job aiding and other performance
enhancement technologies.
- (U) Establish performance criteria for multi-ship simulation environments.
- (V) $7877 Totd

(U) EY 1999 ($ in Thousands):
- (U) $3460  Perform sensory and perceptual system analysis for human-machine interface and image exploitation.
- (U) Develop image representation theory using cues of color, motion, texture, and stereo for improved image display and human image
exploitation technologies.
- (U) Investigate agorithms for visual attention that incorporate eye movement patterns. Improves performance assessment in command
and control environments.
- (U) Support model-based predictions of limits in speech communication to improve three-dimensional audio display technologies.
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- (U) $4,980 Conduct cognitive workload analysis for crew training and performance enhancement.
- (U) Examine cognitive performance models for real-time workload measurement to improve technol ogies employed in the training and
the amelioration of cognitive overload -- key elements of command and control environments.
- (U) Develop theory of cognitive workload including multiple dimensions that affect individual workload. Enhances modeling and
simulation technologies.
- (U) Extend cognitive models to include characterization of on-line job aiding systems used in synthetic, laboratory, command and
control environments.
- (U) #4127 Study synthetic task environments for baseline performance measurement.
- (U) Conduct experiments leading to more general theory of utility for performance enhancement techniques, as anticipated for
uninhabited air vehicle (UAV) mission control.
- (U) Extend experimental techniques for command and control team performance, including constellations of small teams.
- (U) Develop multi-ship modeling for UAV surveillance and targeting.
- (U) $12567  Tota
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(U) B. Program Change Summary ($ in Thousands):

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 8,738 9,057 9,190 Cont
(U) Current Budget Submit/FY 1999 PB 8,729 7,877 12,567 Cont

(U) Change Summary Explanation:
Technology (S&T) Program.
Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:
- (V) PE 0602202F, Human Systems Technology.
- (V) PE 0602702F, Command, Control, and Communication.

(U) D. Schedule Profile: Not Applicable.
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($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
4113 Science and Engineering Education Programs 12,800 15,102 13,285 13,902 14,079 14,305 14,586 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: This project stimulates scientific and engineering education and increases the interaction between the
broader research community (including the international research community) and the Air Force laboratories. Emphasisis placed on increasing the number of U.S.
citizens, especially women and minorities, with advanced degrees in science and engineering. These programs include: the Summer Faculty Research Program under
which selected university faculty members conduct research at Air Force labs; the Graduate Student Research Program where graduate students in areas of interest to the
Air Force perform research at Air Force labs; the University Resident Research Program where faculty members spend one year at an Air Force lab contributing to Air
Force research needs and operations; the U.S. Air Force National Research Council (NRC) Resident Research Associateship Program which provides outstanding post-
doctoral and senior scientists and engineers opportunities to research problems of their own choice that are compatible with the research interests of selected Air Force
labs; the Laboratory Graduate Fellowship Program which is designed to stimulate doctoral candidate interest in Air Force labs and the research programs of those labs; and
the National Defense Science and Engineering Graduate Fellowship Program which is jointly sponsored by the Army, Navy, Air Force, the Defense Advanced Research
Projects Agency for the purpose of increasing the number of U.S. citizens trained in science and engineering, and various international programs such as Windows on
Science which providesinsight and experience in international research.

(U) EY 1997 ($in Thousands):
- (U) $2,816 Funded international science and personnel exchange programs and technology liaison mission in Europe and Asia.
- (U) Supported nine Air Force scientists and engineers in European government laboratories, under the Engineer and Scientist
Exchange Program (ESEP) program. Participants gain valuable experience performing research with foreign counterparts.
- (U) Provided the Air Force share of funding for the Von Karmen Research Institute, which researches technologies of special NATO
concern.
- (V) Provided funding for the European Office of Aerospace Research and Development (EOARD) office in London and the Asian
Office of Aerospace Research and Development (AOARD) office in Tokyo to perform technology liaison missions as well asto
establish contact with foreign centers specializing in emerging technologies of critical Air Force interest.
- (U) %7424 Supported science and technology personnel exchange within the United States.
- (U) Funded 189 faculty and 97 students for 12 weeks of research at Air Force labs, focusing on critical Air Force technology areas.
- (U) Supported the University Residence Research Program by funding sabbaticals at Air Force labs for 29 university researchers.
- (U) Provided funding for short-term appointments of Air Force Research Laboratory researchers to commercia and university
laboratories. Participants gain valuable experience with industry and academic counterparts doing research in Air Force-related
technologies.
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1 - Basic Research 0601102F Defense Research Sciences 4113

- (U) $2560  Conducted fellowship awards program and roundtable on national science and technology policy.

(U) Supported a roundtable of senior leaders from industry, government, and academia to formulate a national science and technology
policy.

(U) Provided awards to 50 outstanding university research scientists to pursue critical research at selected Air Force Research
Laboratory (AFRL) locations.

- (U) $12,800 Tota

(U) EY 1998 ($ in Thousands):

- (U) 9$4,983 Fund international science and personnel exchange programs and technology liaison mission in Europe and Asia

(U) Support scientists and engineers performing laboratory research in foreign countries.

(U) Provide Air Force share of funding for NATO-affiliated research institute.

(U) Fund European Office of Aerospace Research and Development (EOARD) and Asian Office of Aerospace Research and
Development (AOARD) detachments to provide technology liaisons with Europe and Asia.

- (U) $5923  Support science and technology personnel exchange within the United States.

(U) Support the summer faculty and graduate student research programs.
(U) Provide funding for university researchers on sabbatical at Air Force labs.
(U) Send AFRL researchers on short-term exchange programs to industry and academia.

- (U) $4,196  Conduct fellowship awards program and roundtable on national science and technology policy.

(U) Support roundtable of senior leaders from industry, government, and academia to formulate a national science and technology
policy.

(U) Provide funding for outstanding university research scientists to pursue research in selected areas at appropriate AFRL
laboratories.

- (U) $15102 Totd

(U) EY 1999 ($in Thousands):

- (U) $4,384 Fund international science and personnel exchange programs and technology liaison mission in Europe and Asia

(U) Support scientists and engineers performing laboratory research in foreign countries.
(U) Provide Air Force share of funding for NATO-affiliated research institute.
(U) Fund EOARD and AOARD detachments to provide technology liaisons with Europe and Asia.

- (U) $5210 Support science and technology personnel exchange within the United States.

Project 4113

(U) Support the summer faculty and graduate student research programs.
(U) Provide funding for university researchers on sabbatical at Air Force labs.
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- (U) Send AFRL researchers on short-term exchange programs to industry and academia.

- (U) $3691  Conduct fellowship awards program and roundtable on national science and technology policy.
- (U) Support roundtable of senior leaders from industry, government, and academia to formulate a national science and technology
policy.
- (U) Provide funding for outstanding university research scientists to pursue research in selected areas at appropriate Air Force
Research Laboratory |aboratories.

- (U) $13285 Totd

(U) B. Program Change Summary ($ in Thousands):

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 15,143 17,347 17,600 Cont
(U) Current Budget Submit/FY 1999 PB 12,800 15,102 13,285 Cont

(U) Change Summary Explanation:
Funding: Changes to this project since the previous President’s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:
- (V) PE0601103D, University Research Initiative.

(U) D. Schedule Profile: Not Applicable.
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PETITLE: Materias

UNCLASSIFIED

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit)

DATE

February 1998

BUDGET ACTIVITY
2 - Applied Research

PE NUMBER AND TITLE

0602102F Materials

COST (§ In Thousands) FX 1997 FY'1998 FY'1999 FY '2000 FY '2001 FY '2002 FY '2003 Cost to Total Cost
ctual Estimate Estimate Estimate Estimate Estimate Estimate Complete
Total Program Element (PE) Cost 75,448 69,339 62,578 63,927 70,330 69,118 68,270 Continuing| Continuing
4347 Materials for Structures, Propulsion, and Subsystems 48,987 41,959 42,017 45,151 49,581 48,852 47,550| Continuing| Continuing
4348 Materials for Electronics, Optics, and Survivability 12,788 13,323 5,509 3,221 3,824 3,782 3,840 Continuing| Continuing
4349 Materials Technology for Sustainment 13,673 14,057 15,052 15,555 16,925 16,484 16,880 Continuing| Continuing
Quantity of RDT&E Articles 0 0 0 0 0 0 0 0 0

(U) A. Mission Description and Budget Item Justification: This Applied Research program is the primary source of advanced materials and processes to

reduce life cycle costs and improve performance, affordability, supportability, reliability, and survivability of current and future Air Force systems. Structural,
propulsion, and sub-systems materials and processes are developed for aircraft, missile, space, satellite, and launch systems applications. Electronic and optical,
advanced electromagnetic, and laser protection materials and processes are developed for application in Air Force aircraft, missile, space, and personnel protection
systems. Advanced nondestructive materials evaluation methods, materials design data, pollution prevention materials, materials failure analysis, and materials
repair methods are developed to improve the sustainment of Air Force systems for the current and future warfighters. Note: In FY 1997, Congress added $7.5
million and $1 million for composite materials research and advanced paint systems, respectively. In FY 1998, Congress aso added $2.0 million and $1.0 million
for composite aircraft shelters and inorganic/organic optical limiters, respectively, which explains the perceived decrease in FY 1999. In FY's 1999 and out,

additional emphasis has been placed on improved materials, space systems, and aging aircraft. Also, in FY 1999 and emphasis has been reduced in electro-optical
materials and processing developmentfor aircraft specific applications.
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DATE
February 1998

BUDGET ACTIVITY
2 - Applied Research

PE NUMBER AND TITLE
0602102F Materials

(U) B. Program Change Summary ($ in Thousands):

FY 1997

(U) Previous President’s Budget (FY 1998 PB) 71,877
(U) Appropriated Value 80,860
(U) Adjustmentsto Appropriated Value

a. Congressional/General Reductions -1,766

b. SBIR -1,094

¢. Omnibus/Other Above Threshold Reprogrammings -2,440

d. Below Threshold Reprogrammings

e. Rescissions -112
(U) Adjustmentsto Budget Year Since FY 1998 PB
(U) Current Budget Submit/FY 1999 PB 75,448

(U) Change Summary Explanation:

Totd

FY 1998 FY 1999 Cost

70,224 74,503 Cont
73224
-2,915
-970

-11,925
69,339 62,578 Cont

Funding: Changes to this PE since the previous President’ s Budget are due to Congressional additions and higher priorities within the Science and Technology

(S&T) Program.
Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary: Not Applicable.

(U) D. Schedule Profile: Not Applicable.

Page 2 of 18 Pages

Exhibit R-2 (PE 0602102F)

44

UNCLASSIFIED




UNCLASSIFIED

oy - DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602102F Materials 4347
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
4347 Materials for Structures, Propulsion, and Subsystems 48,987 41,959 42,017 45,151 49,581 48,852 47,550| Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: Develops materials technologies for aircraft, spacecraft, and missiles with improved affordability,
maintainability, and enhanced performance of current and future Air Force systems. Advanced thermal protection and carbon-carbon (C-C) composites materials are
developed that are affordable, lightweight, dimensionally stable, thermally conductive, and/or ablation and erosion resistant to meet the requirements of aircraft, spacecraft,
missiles, and ballistic reentry systems. A family of affordable lightweight materials are developed, including metals, metallic and nonmetallic composites, and ceramics
which can provide upgraded capability for existing aircraft, spacecraft, missile, and propulsion systems to meet the requirements for new systems beyond the year 2000.
Included are turbine engine materials with operating capahilities from 1700°F to 2800°F that will enable engine designs to double the thrust to weight of 1986 engine
performance capabilities. Spacecraft material technologies are developed that are lightweight, dimensionally stable, noncontaminating, and resistant to the space
environment. Alternative or replacement materials are developed to maintain the performance of aging operational reentry systems. Fluids, lubricants, seals, coatings, and
other nonstructural material technologies are developed for the subsystems on aircraft, spacecraft, and missile systems as well as their propulsion systems

(U) EY 1997 ($in Thousands):
- (U) $8,979 Develop C-C and thermal protection material (TPM) technologies to improve operational capability of strategic and tactical systems.
- (U) Conducted ground test validation of alternate/replacement heatshield and antenna window materials and fabricated flight test
articles to maintain the operational Intercontintal Ballistic Missile (ICBM) fleet.
- (U) Conducted evaluation of operational reentry vehicle heatshields which have been in service.
- (U) Identified and evaluated a cost reducing one step C-C process for electronic packaging applications in aircraft and spacecraft.
Develop nonstructural materials (such as fluids, lubricants, seals, greases, and coatings) for improved system performance, reduced toxicity,
and reduced life cycle costs.
- (U) Completed laboratory demonstration of polyal phaolefin (PAO)-based coolant with improved temperature stability and dielectric
performance for Air Force airborne radar systems.
- (U) Identified advanced lubricants and coating system technologies for application in aging aircraft and spacecraft.

- (U) $6,941

Exhibit R-2 (PE 0602102F)
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- (U) $16,544

- (U) $8,314

- (U) $8,209

- (U) $48,987

Project 4347

Develop advanced nonmetallic composite structural materials that are affordable for aircraft applications including lightweight airframes,

control surfaces, smart skins, and engine compressor frames and ducts, and for spacecraft applications including lightweight trusses, struts,

solar arrays, antenna supports, and space vehicle bus structures.

- (U) Published a composite patch design guide focusing on adhesively bonded materials and processing issues for the repair and life
extension of aging aircraft.

- (U) Demonstrated the viahility of high modulus polymeric composites for lightweight spacecraft structural applications.

- (U) Developed highly active paint-compatible fluorescent dyes for 3D imaging (NDE) of multiple coating layers and sensor protection.

Develop and transition affordable lightweight metals and metal matrix composites, higher-temperature intermetallic aloys, and materials

processing technology to enable enhanced performance, lower acquisition costs, and improved reliability of Air Force weapon systems.

- (U) Completed material validation of SiC/Ti-6242 titanium metal matrix composite (Ti MMC) material for use in actuator rods for
engine thrust vectoring nozzles.

- (V) Identified and characterized the application potential of an advanced titanium metal matrix composites (Ti MMC) for use in next-
generation gas turbine engines.

- (U) Investigated compositional effects on the environmental and creep resistance of niobium and molybdenum intermetallic alloys.

- (U) Accomplished scale-up metal processing and ingot melting for isotropic aluminum-lithium.

- (U) Identified and evaluated permanent mold thin wall casting processes for turbine engines that can reduce the cost of these
composites by 40% of today's cost.

Develop ceramic matrix composites, an understanding of material response to service life environments, and characterize materials to

enable revolutionary performance improvements in advanced propulsion systems and high temperature airframe structures.

- (U) Developed repair materials for low-observable and other ceramic composite structures.

- (U) Conducted initial high cycle fatigue (HCF) evaluations of titanium alloy to provide guidance on resolving HCF issues with existing
and future Air Force turbine engines.

Tota
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(U) EY 1998 ($ in Thousands):

- (U) $7,970

- (V) $6,017

- (U) $11,427

Project 4347

Develop Carbon-Carbon (C-C) and thermal protection material (TPM) technologies to improve operational capability of strategic and

tactical systems.

- (U) Develop alternate/replacement nosetip and heatshield materials for ballistic missile flight test evaluation.

- (V) Develop Global Positioning System antenna window materials with improved durability for ballistic missile flight test evaluation.

- (U) Establish baseline criteria for assessment of the aging affects on materials from operational reentry vehicle heatshields which have
been in service.

- (U) Develop and test properties of a one step C-C process for aircraft and spacecraft electronic materials packaging applications.

- (V) Dédliver dternate/replacement heatshield and antenna window materials for flight test.

- (V) Identify advanced thermal protection system material needs for future Air Force Transatmospheric Vehicles.

Develop nonstructural materials (such as fluids, lubricants, seals, greases and coatings) for improved system performance, reduced toxicity,

and reduced life cycle costs.

- (U) Identify and evaluate materials for improved aircraft paint systems for reduced maintenance and demonstrate low glint, low-
observable coating treatments for Air Force systems.

- (U) Bvauate, develop, and provide materials data to transition long life hydraulic fluid seals for aging aircraft systems.

- (U) Develop advanced lubricants and coating system technologies for application in spacecraft moving mechanical assemblies.

Develop advanced nonmetallic composite structural materials that are affordable for aircraft applications including lightweight airframes,

control surfaces, smart skins, and engine compressor frames and ducts, and for spacecraft applications including lightweight trusses, struts,

solar arrays, antenna supports, and space vehicle bus structures.

- (U) Identify and evaluate processing techniques that will minimize residual stresses in organic matrix composites without adversely
affecting mechanical or physical properties.

- (U) Develop and demonstrate high modulus/thermally conductive polymeric composites for lightweight spacecraft structural
applications.

- (U) Develop three-dimensional (3-D) failure criteriafor the prediction of theinitial failure and progressive damage in bonded and
bolted composite joints by coupling nondestructive damage observations with 3-D spline variation stress anaysis.

- (U) Complete computer computational simulations to guide efforts to prepare new organic polymers for flat panel displays,
photovoltaic and sensor technologies.

- (U) Bvauate two-dimensional (2D) molecules for power limiting and imaging applications.

- (U) Prepare stable n-doped polymers for shielding and charge protection in air and space systems.
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- (U) $8,326

- (U) $8,219

- (U) $41,959

Develop and transition affordable lightweight metals and metal matrix composites, higher-temperature intermetallic aloys, and materials

processing technology to enable enhanced performance, lower acquisition costs, and improved reliability of Air Force weapon systems.

- (U) Demongtrate titanium metal matrix composite (Ti MMC) actuator rods for advanced turbine engines.

- (U) Demonstrate processing techniques for producing isotropic aluminum lithium (Al-Li) thick plate products from 15,000 pound
ingots. Application of this materia in space launch vehicles instead of current aluminum alloys is expected to result in a 10-20%
weight reduction.

- (U) Develop permanent mold thin wall casting processes that can reduce the cost of these high temperature components by 40% of
today's cost.

- (V) Characterize orthorhombic metal matrix composites (MMCs) and gamma titanium aluminide (TiAl) in preparation for engine
testing a bladed ring (bling) containing both materials.

- (V) Invedtigate the effect of processing methods on the properties of niobium and molybdenum intermetallic alloys.

- (U) Investigate the shape-making potential of different processes assuming the most creep resistant, oxidation resistant alloys.

Develop ceramic matrix composites; develop an understanding of material response to service life environments, and characterize materials

to enable revolutionary performance improvements in advanced propulsion systems and high temperature airframe structures.

- (U) Develop ceramic matrix composite for space applications.

- (U) Develop repair materials and techniques for low-observable and other ceramic composite structures.

- (U) Continue detailed high cycle fatigue (HCF) evaluations of titanium alloy to provide guidance on resolving HCF issues with existing
and future Air Force turbine engines.

Tota

(U) EY 1999 ($in Thousands):

- (U) $8,296 Develop Carbon-Carbon (C-C) and thermal protection material (TPM) technologies to improve operational capability of strategic and

tactical systems.

- (U) Demonstrate aternate/replacement heatshield materials ready for ballistic missile flight test evaluation.

- (U) Demonstrate reduced processing time and cost of one step or other low-cost C-C process for therma management applications in
aircraft and spacecraft.

- (U) Identify and evaluate concepts for replacement/qualification of aging materials for life management and life extension of
operational reentry vehicles.
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- (U) $6,261 Develop nonstructural materials (such as fluids, lubricants, seals, greases and coatings) for improved system performance and reduced life
cycle costs.

- (V) Develop improved durability high temperature (450°F) ester-based gas turbine engine lubricant for application to existing aircraft
propulsion systems.

- (U) Develop materials and processes to replace electrolytically deposited chromium and cadnium on aircraft bearings and fasteners
which will improve friction and wear properties.

- (U) Develop space-qualified thermal control coatings to lightweight, durable, long life spacecraft radiators.

- (U) Identify athermoplastic hot melt glue gun approach for conductive gap treatments.

- (U) Identify potential candidate corrosion inhibitors for Air Force coating systems.

- (U) $9,515 Develop advanced nonmetallic composite structural materials that are affordable for aircraft applications including lightweight airframes,
control surfaces, smart skins, and engine compressor frames and ducts, and for spacecraft applications including lightweight trusses, struts,
solar arrays, antenna supports, and space vehicle bus structures.

- (U) Develop processing techniques that will minimize residual stresses in organic matrix composites without adversely affecting
mechanical or physical properties.

- (U) Demonstrate lightweight deployable composite radiator for spacecraft.

- (V) Bvaluate polymer processing techniques for composites such as the two-photon curing process as a mode of low energy cure for
resins and composites.

- (U) Synthesize novel polymer structures for electronic conductivity applications in advanced Air Force systems.

- (V) Extend the three-dimensional (3-D) spline variational elastic laminate technology (SVELT) stress model to incorporate the effect
of environmental exposure in predicting failure initiation and progressive damage in bonded and bolted composite joints.
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- (U) $9,613

- (U) $8,332

- (U) $42,017

Project 4347

Develop and transition affordable lightweight metals and metal matrix composites, higher-temperature intermetallic aloys, and materials

processing technology to enable enhanced performance, lower acquisition costs, and improved reliability of Air Force weapon systems.

- (V) Trangtion orthorhombic titanium metal matrix composites (MM Cs) and gamma titanium aluminides to propulsion technology
demonstrator programs for use in critical compressor rotating hardware.

- (V) Develop friction stir welding techniques for joining isotropic aluminum lithium (Al-Li) as might be done in producing large
structural components for space launch vehicles.

- (V) Demonstrate permanent mold thin wall casting processes for turbine engines that can reduce the cost of titanium components by
40% of today’s cost.

- (U) Bvauatethe feasibility of producing gamma titanium aluminide (TiAl) sheet material with an attractive balance of properties for
potential weight savings in future spacecraft hot nozzle structures.

- (V) Develop intermetallic alloys with the potential for achieving a +200°F temperature increase over current nickel-base superalloy
turbine blade materials.

- (V) Develop investment and permanent mold casting methods of an advanced high-strength, high-toughness titanium aloy, Ti-62222,
for airframe structures.

Develop ceramic matrix composites; develop an understanding of material response to service life environments, and characterize materials

to enable revolutionary performance improvements in advanced propulsion systems and high temperature airframe structures.

- (U) Demonstrate materials and techniques for repair of low-observable and other ceramic composite structures.

- (U) Complete assessment and develop damage tolerant life prediction methods for high cycle fatigue (HCF) design of titanium alloy
turbine engine fan and compressor blades which will resolve HCF issues with existing and future engines.

- (V) Initiate HCF tests of single crystal superalloys.

- (U) Scale-up ceramic matrix composites for space propulsion applications by manufacturing sub-elements.

Tota
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(U) B. Program Change Summary ($ in Thousands):

Tota

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 50,600 42,214 45311 Cont
(U) Current Budget Submit/FY 1999 PB 48,987 41,959 42,017 Cont

(U) Change Summary Explanation:
Funding: Changes to this project since the previous President’s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:
- (V) PE 0603112F, Advanced Materials for Weapon Systems.
- (V) PE 0603211F, Aerospace Systems.
- (V) PE 0603202F, Aeropropulsion Subsystem Integration.
- (V) PE 0603216F, Aeropropulsion and Power Technology.
- (V) DOD Meta Matrix Composite Steering Group.
- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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oy - DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602102F Materials 4348
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
4348 Materials for Electronics, Optics, and Survivability 12,788 13,323 5,509 3,221 3,824 3,782 3,840 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: Develops materials technologies for space sensor systems, radars and subsystems for aircraft, missile, and
space applications. This project also develops new materials for protection of aircrews, sensors, aircraft, and space systems from laser threats. Radar modules, microwave
devices, infrared (IR) detectors, and infrared countermeasures are used in target detection, electronic warfare, active aircraft protection, and communications. The
performance of these systems is constrained by the quality and physical characteristics of these materials. Materials are developed in this project that enable radars and
sensors with higher operating speeds, greater tunability, higher out put power, improved therma management, (including higher operating temperatures), greater
sensitivity, and extended dynamic range. The improved materials also increase production quality , increase yields and reduce costs for radar and sensor systems.
Protection from lasers is dependent upon the power level and wavelength or color emanating from the laser device and the susceptibility of the materia or system being
lased. Additionally, protection schemes are dependent on other characteristics of the laser such as variability of the wavelength and mode of operation (continuous wave or
pulsed). Materials are optimized to counter the most prominent threat wavelengths and new materials are devel oped to respond to emerging threat wavelengths and
ultimately to reject laser energy independent of threat wavelengths.

(U) EY 1997 ($in Thousands):
- (V) $7,344 Develop new materials and processes to provide improved operational capability for Air Force radar and space sensor systems
- (V) Demonstrated the feasibility of a high temperature superconducting (HTS) infrared detector (IR) material that would not require
cryogenic cooling for specialized space applications.
- (V) Demonstrated enhanced operability and resolution of long wavelength Focal Plane Arrays (FPAS) for space imagery and tracking
through the development of very low defect, high performance detector materials.
- (V) Identified improved growth processes for wide-bandgap materials.
- (V) $4,294 Develop materials to enhance the survivability of aircrews against laser threats and heat seeking IR missiles.
- (U) Completed laboratory demonstration of first generation, nonlinear organic materials for protection of personnel eyes, viewing
systems, and night vision devices.
- (V) Transitioned ZnGeP2 frequency conversion crystalline materials to Infrared Countermeasures (IRCM) program.
- (U) $1,150 Develop materials to enhance the survivability of air and space sensor systems against laser threats.
- (U) Bvauated candidate mid-infrared nonlinear optical materials for switches and limiters for laser protection.
- (U) Bvauated tunable filter technologies for laser protection devices.
- (V) $12,788 Tota
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(U) EY 1998 ($in Thousands):

- (U) $5,798

- (U) $5,905

- (U) $1,620

- (U) $13,323

Project 4348

Develop new materials and processes to provide improved operational capability for Air Force radar and space sensor systems

- (V) Identify and evaluate optimum crystals and techniques for high-power wavelength conversion of carbon dioxide and other lasers
for Infrared Countermeasure (IRCM) and related applications (e.g., remote sensing of chemical and biological agents).

- (V) Develop growth processes for wide-bandgap (silicon carbide, SiC) semiconductor materials with low defect densities, larger
diameters and reproducible compositional uniformity for radar applications.

- (V) Develop high performance multispectral sensor materials for the detection of multiple, discrete wavelengths within the infrared
spectrum by space based systems.

- (V) Establish the design criteria for the development of alternative materials for infrared detection.

- (U) Identify innovative materials solutions to infrared imaging of complex targets such as chemical, biological or deeply buried/heavily
camouflaged threats, from space based systems.

Develop materials to enhance the survivability of aircrews against laser threats and heat seeking infrared (IR) missiles.

- (U) Identify second generation, nonlinear organic materials for protection of personnel eyes, viewing systems, and night vision devices.

- (V) Identify and evaluate optimum crystals and techniques for high power wavelength conversion of carbon dioxide and other lasers
for IRCM and related applications (e.g., remote sensing of chemical and biological agents).

Develop materials to enhance the survivability of air and space sensor systems against laser threats.

- (U) Develop mid-infrared nonlinear optical materials for switches and limiters for laser protection.

- (U) Develop tunable filter technologies for laser protection devices.

Tota
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(U) EY 1999 ($in Thousands):

- (U) $870

- (U $3,866

- (U) $773

- (U) 5,509

Project 4348

Develop new materials and processes to provide improved operational capability for Air Force radar and space sensor systems

- (V) Develop efficient, high yield growth processes and surface preparation for wide-bandgap semiconductor materials (silicon carbide,
SiC) for radar and related radio frequency (RF) applications.

- (U) Develop multilayered multispectral infrared sensor materials for space applications that respond to combinations of wavelengths
within spectral bands and between spectral bands.

- (V) Investigate infrared detection using alternative materials (other than mercury cadmium telluride or extrinsic silicon) to minimize
cryocooler requirements for space-based systems and verify the utility of the materials for very long wavelength detection; determine the
flexibility of response of the alternative materials for other spectral regions.

- (V) Study and evaluate innovative materials solutions to infrared imagery of complex targets such as chemical, biological or deeply
buried/heavily camouflaged threats, from space-based systems.

Develop materials to enhance the survivability of aircrews against laser threats and heat seeking infrared (IR) missiles.

- (U) Bvauate second generation, nonlinear organic materials for protection of personnel eyes, viewing systems, and night vision
devices.

- (U) Develop next generation optimum crystals and techniques for high-power wavelength conversion of laser sources for Infrared
Countermeasure (IRCM) and related applications (e.g., remote sensing of chemical and biological agents).

Develop materials to enhance the survivability of air and space sensor systems against laser threats.

- (U) Vvalidate mid-infrared nonlinear optical materials for switches and limiters for laser protection.

- (U) Vvalidate tunable filter technologies for laser protection devices.

Tota
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602102F Materials 4348
(U) B. Program Change Summary ($ in Thousands):
Tota

FY 1997 FY 1998 FY 1999 Cost
(U) Previous President’s Budget (FY 1998 PB) 13,007 13,981 13,698 Cont
(U) Current Budget Submit/FY 1999 PB 12,788 13,323 5,509 Cont

(U) Change Summary Explanation:
Funding: Changes to this project since the previous President’ s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0603112F, Advanced Materials for Weapon Systems.

- (V) PE 0602202F, Armstrong Laboratory Exploratory Development.

- (V) PE 0602204F, Aerospace Avionics.

- (V) PE 0603231F, Crew Systems and Personnel Protection Technology.

- (V) PE 0603211F, Aerospace Systems.

- (V) Tri-Service Laser Hardening Materials and Structures Group.

- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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oy - DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602102F Materials 4349
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
4349 Materials Technology for Sustainment 13,673 14,057 15,052 15,555 16,925 16,484 16,880 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: Develops materials to provide operational support to Air Force mission areas by providing technologies to
inspect the quality of delivered systems, transitioning more reliable and maintainable materials, establishing capability to detect and characterize performance threatening
defects, eliminating the dependency on hazardous and toxic materials in repair and maintenance, and providing quick reaction support to the operational commands and
repair centers. Non-destructive inspection/evaluation (NDI/E) methods are essential to ensure optimum quality in the design and production of aircraft, spacecraft,
propulsion, and missile systems. NDI/E methods are essential to monitor and detect the onset of any service-initiated damage and/or deterioration. This project develops
techniques that increase the capability and reliability of currently used methods to detect and characterize performance threatening defects in metallic and nonmetallic
composite structures.

(U) EY 1997 ($in Thousands):

- (U) $4,871 Develop NDI/E technologies to evaluate and characterize damage in complex, low-observable materials and structures. Develop NDI/E
technologies to inspect and maintain integrity of aging aircraft and missile structures and aeropropulsion systems.

- (U) Identified and evaluated corrosion and crack detection characterization technologies for the inspection of airframe structures.
- (U) Demonstrated NDI/E technologies for the characterization of fiber-reinforced composite materials and structures.
- (U) Identified and evaluated NDI/E technologies for the characterization of low-observable materials and structures.

- (V) $6,883 Develop support capabilities, information, and processes to resolve problems in the use of materias, or in conducting failure analysis of
components. Develop a materials database for transition of materials to aerospace systems. Maintain a handbook and develop guidelines
for materials repair of aircraft structures.

- (U) Demonstrated an advanced non-chromate treatment for corrosion resistance and surface hardening in aircraft structural materials.
- (U) Demonstrated technology for improved composite repairs and composite repairs on metals.

- (U) Demonstrated improved non-hazardous cleaning techniques for liquid oxygen lines and solid state electronics.

- (U) Bvauated technologies and material candidates for a biodegradable chaff.

- (U) Developed alternative paint/depaint technologies to reduce or eliminate volatile organic compounds.

- (V) Established in-house, high-frequency testing capability for aerospace structural materials.

- (U) Assessed material properties of a new materials for military engine applications.
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BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602102F Materials 4349
- (U) $1,919 Develop alternative materials, processes and environmentally friendly technologies which will eliminate dependency on hazardous and toxic

substances in the acquisition, maintenance and repair on aerospace systems.
- (U) Demonstrated techniques for in place cleanliness measurements and devel op laser based cleaning technology.
- (U) Developed coatings, coating/coating remove processes and surface treatments to reduce or eliminate Volatile Organic Compounds,
Hazardous Air Pollutants, and the use of banned substances.
- (U) Developed materials and processes to replace hazardous plating operations.
- (U) $13,673 Tota

(U) EY 1998 ($ in Thousands):

- (V) $4,983 Non-destructive inspection/evaluation (NDI/E) methods are essential to ensure optimum quality in the design and production of aircraft,
spacecraft, and launch systems. This areais developing NDI/E technologies evaluate and characterize damage in complex, low-observable
materials and structures and NDI/E technologies to to inspect and maintain integrity of aging aerospace structures and propulsion systems.
- (U) Demonstrate NDI/E technologies for the semi-automated characterization of fiber-reinforced composite materials and structures

and identify capability to develop remote inspection within complex structures.
- (U) Develop corrosion and crack detection characterization technologies for the inspection of aging airframe structures.
- (U) Develop NDI/E technologies for the structural and electromagnetic characterization of low-observable materials and structures.
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998

BUDGET ACTIVITY
2 - Applied Research

PE NUMBER AND TITLE PROJECT
0602102F Materials 4349

- (U) $7,203

- (U) $1,871

- (U) $14,057

Project 4349

Devd op support capabilities, information, and processes to resolve problems in the use of materials, or in conducting failure analysis of

components. Develop a materials database for transition of materials to aerospace systems. Maintain a handbook and develop guidelines

for materials repair of aircraft structures. Develop technical understanding of corrosion to model and reduce corrosion in aircraft structures.

Assess emerging structures joining technologies for application to new alloys not currently weldable.

- (V) Define effects of corrosion through establishment of corrosion classification methodology and survey domestic and international
industrial base to define most promising environmentally compliant coating technologies for corrosion prevention and control.

- (V) Develop new engineering specifications and or guidelines for selecting corrosion resistant alloys as material substitutesin aircraft
structural applications.

- Vadlidate high-frequency/high cycle fatigue testing capability for new aerospace structural materials.

- (V) Develop dtir/solid-state welding for advanced aerospace structural aloys and participate with aerospace industry to assess new
joining technologies for application to Air Force systems.

- (U) Support transition of phenolic coated fasteners and joining technology for use on large aircraft structures.

- (U) Bvauate materials and processes for repairs of high temperature composite structures and devel op on-aircraft techniques for
advanced surface treatments.

- (U) Provide quick reaction technical support in the areas of fluids, sealants, elastomers, adhesives, and composites to Air Force field
units and Air Logistics Centers.

Develop alternative materials, processes and environmentally friendly technologies which will eliminate dependency on hazardous and toxic

substances in the acquisition, maintenance and repair on aerospace systems.

- (U) Develop Sol-Gel technology as a surface treatment prior to coating and bonding operations, and eval uate the performance of
surface treatment techniques which could replace chrome plating operations.

- (V) Develop laser-based technology for the precision cleaning of aerospace components.

- (V) Evauate the performance of coatings, coating/coating removal processes and surface treatments developed to reduce or eliminate
Volatile Organic Compounds, Hazardous Air Pollutants, and the use of banned substances.

Tota
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BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602102F Materials 4349

(U) EY 1999 ($in Thousands):

- (U) $5,315

- (U) $7,670

- (U) $2,067

- (U) 15,052

Project 4349

Non-destructive inspection/evaluation (NDI/E) methods are essential to ensure optimum quality in the design and production of aircraft,

spacecraft, and launch systems. This areais developing NDI/E technologies evaluate and characterize damage in complex, low-observable

materials and structures, and NDI/E technologies to to inspect and maintain integrity of aging aerospace structures and propulsion systems.

- (V) Demonstrate corrosion and crack detection characterization technologies for the inspection of aging airframe structures and
develop capabilities for the detection of the onset of hidden corrosion.

- (V) Demonstrate NDI/E technologies for the structural and electromagnetic characterization of |ow-observable materials and structures
and identify and evaluate NDI/E technologies to assess advanced technology |ow-observable coatings.

- (V) Identify and evaluate NDI/E technologies for the characterization of solid rocket motors and develop X-ray computed tomography
and microtomography methods to complement metallographic and other materials and processes analysis techniques.

- (V) Identify/evaluate NDI/E techniques to provide process sensing capabilities information for enhanced control of aerospace materials
processing.

Develop support capahilities, information, and processes to resolve problems in the use of materials, or in conducting failure analysis of

components. Develop a materials database for transition of materials to aerospace systems. Maintain a handbook and develop guidelines

for materials repair of aircraft structures. Develop technical understanding of corrosion to model and reduce corrosion in aircraft structures.

Assess emerging joining structures technologies for application to new alloys not currently weldable.

- (U) Assesseffects of corrosion to damage tolerance on materials / structures through testing on simple structures.

- (V) Develop test methodologies and industrial consensus standardization activities required to conduct and assess performance of
environmentally compliant coatings.

- (V) Measure and characterize the threshold for fatigue propagation values for engine materials.

- (V) Assess and provide improvements for joining of new high performance alloys and transition joining techniques to industry and Air
Logistics Centers while providing technical support on procedures and process control techniques.

- (U) Develop procedures for on-aircraft repair of high temperature composites and optimize and demonstrate advanced surface
preparation technologies.

- (U) Provide quick reaction technical support in the areas of fluids, sealants, elastomers, adhesives, and composites to Air Force field,
Air Logistics Centers, and System Program Offices.

Develop alternative materials, processes and environmentally friendly technologies which will eliminate dependency on hazardous and toxic

substances in the acquisition, maintenance and repair on aerospace systems.

- (U) Bvauate environmentally friendly coating and surface treatment processes and the use of laser based cleaning technology.

- (V) Evauate the performance of materials and processes devel oped as alternatives to hexavalent chrome plating.

Tota
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602102F Materials 4349
(U) B. Program Change Summary ($ in Thousands):
Tota

FY 1997 FY 1998 FY 1999 Cost
(U) Previous President’s Budget (FY 1998 PB) 14,270 15,029 15,494 Cont
(U) Current Budget Submit/FY 1999 PB 13,673 14,057 15,052 Cont

(U) Change Summary Explanation:
Funding: Changes to this project since the previous President’s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0603112F, Advanced Materials for Weapons Systems.

- (V) PE 0603211F, Aerospace Structures.

- (V) PE 0603211F, Aerospace Systems.

- (V) Office of Science and Technology Committee Materials Working Group on Non-Destructive Materials.

- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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PE NUMBER: 0602201F
PE TITLE: Aerospace Flight Dynamics
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit)

UNCLASSIFIED

DATE

February 1998

BUDGET ACTIVITY PE NUMBER AND TITLE
2 - Applied Research 0602201F Aerospace Flight Dynamics
COST (§ In Thousands) FX 1997 FY'1998 FY'1999 FY '2000 FY '2001 FY '2002 FY '2003 Cost to Total Cost
ctual Estimate Estimate Estimate Estimate Estimate Estimate Complete

Total Program Element (PE) Cost 62,507 57,446 64,932 63,212 63,305 63,780 67,491 Continuing| Continuing
2401 Structures 15,228 15,642 17,644 18,028 18,438 18,308 18,848 Continuing| Continuing
2402 Vehicle Equipment 11,177 9,932 11,836 7,762 7,362 7,404 7,835| Continuing| Continuing
2403 Flight Controls and Pilot-Vehicle Interface 19,260 16,291 17,733 18,721 19,190 19,870 20,689 Continuing| Continuing
2404 Aeromechanics and Integration 14,977 15,115 16,347 16,749 16,759 17,233 17,688 Continuing| Continuing
4397 Air Base Technology 1,865 466 1,372 1,952 1,556 965 2,431| Continuing| Continuing

Quantity of RDT&E Articles 0 0 0 0 0 0 0 0 0

(U) A. Mission Description and Budget Item Justification: This Applied Research program determines the technical feasibility of air vehicle technologiesin

aeromechanics, structures, flight control, vehicle-pilot integration, vehicle subsystems, and air base operability to reduce life cycle costs and improve the performance of

existing and future air vehicles, and the maintenance and survivability of air bases. The payoffs from these technology programsinclude: increased survivability,

affordability, reliability, maintainability, and supportability for air vehicles and subsystems; improved air base operability; and safe air vehicle all-weather operations.
Note: In FYs 1999 and out, additional emphasis has been placed on aerospace flight dynamics technologies that can be applied to prolonging the life of our aging aircraft

fleet.
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit)

DATE

February 1998

BUDGET ACTIVITY
2 - Applied Research

PE NUMBER AND TITLE
0602201F Aerospace Flight Dynamics

(U) B. Program Change Summary ($ in Thousands):

FY 1997

(U) Previous President’s Budget (FY 1998 PB) 62,934
(U) Appropriated Value 65,080
(U) Adjustmentsto Appropriated Value

a. Congressional/General Reductions -1,379

b. SBIR -661

¢. Omnibus/Other Above Threshold Reprogrammings

d. Below Threshold Reprogrammings -450

e. Rescissions -83
(U) Adjustmentsto Budget Year Since FY 1998 PB
(U) Current Budget Submit/FY 1999 PB 62,507

(U) Change Summary Explanation:

Totd

FY 1998 FY 1999 Cost

60,509 65,039 Cont
60,509
-2,461
-602

-107
57,446 64,932 Cont

Funding: Changes to this PE since the previous President’ s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary: Not Applicable.

(V)
D. Schedule Profile: Not Applicable.

Page 2 of 23 Pages

Exhibit R-2 (PE 0602201F)

62

UNCLASSIFIED




UNCLASSIFIED

oy - DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602201F Aerospace Flight Dynamics 2401
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
2401 Structures 15,228 15,642 17,644 18,028 18,438 18,308 18,848| Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: This project develops advanced aircraft structures; investigates new structural concepts and design

techniques which exploit new materials and fabrication processes to strengthen and extend the life of air vehicle structures while reducing weight and cost; and develops
"smart" structures that will have embedded sensors to report stress, fatigue, and/or battle damage, leading to improved maintainability.

(U) EY 1997 ($in Thousands):

- (U) $523

- (U) $2,228

- (U) $11,131

Project 2401

Design, develop, and test advanced structures/concepts which incorporate distributed vibration suppression technologies for life extension

and exploit wing warping, camber shaping, and adaptive structures technologies that enhance air vehicle performance.

- (U) Conducted testing of embedded, distributed vibration suppression techniques for aircraft structures to enhance vehicle
performance.

- (U) Conducted testing of “smart stiffness’ wing warping concepts to reduce aircraft weight, drag, and radar signature, and to alleviate
fighter aircraft vertical tail buffet and fatigue damage.

- (U) Developed scaling laws and procedures that incorporate “ smart™ structures techniques into full-scale aircraft structures which
could lead to eliminating the need for discrete control surfaces.

Develop advanced structural concepts and design methods that will enhance affordability and survivability of upgraded, derivative, and

future aircraft.

- (U) Designed, fabricated, and assessed advanced composite structures technol ogies which demonstrate the potential for 30%
manufacturing and 20% support cost savings while providing improved battle damage tolerance over existing structures.

- (U) Developed initial analytical aeroelastic techniques and methods to provide design guidance for structural flutter clearance for new
weapons/store configurations on existing aircraft in lieu of expensive flight testing.

Extend usable structural lives of aging aircraft through proven techniques that account for life, risk, repairs, and dynamic loads.

- (U) Developed corrosion analysis metrics to assess corrosion fatigue effects on inspection and maintenance intervals.

- (U) Developed crack growth analysis and preliminary probabilistic risk assessment techniques which incorporate widespread fatigue
damage effects to better predict structural component service life.

- (U) Developed techniques to analyze bonded-composite repairs of metallic structures which eliminate the need for riveted/bolted metal
repair patches.

- (U) Designed and developed weapon bay acoustic suppression techniques to increase the performance of current and future air
vehicles.
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BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602201F Aerospace Flight Dynamics 2401
- (V) $1,346 Improved durability for existing stealth vehicles structures operating in extreme environments such as temperature, noise, and vibration

caused by engine exhaust.
- (U) Developed concepts for low-observable ceramic composite exhaust structures of stealth vehicles that significantly increase life and
decrease costs.
- (U) Developed passive structural temperature control concepts to reduce infrared signature of current fleet.
- (U) $15,228 Tota

(U) EY 1998 ($ in Thousands):
- (V) $609 Design, develop, and test advanced structures/concepts that incorporate distributed vibration suppression technologies for life extension and
exploit wing warping, camber shaping, and adaptive structures technol ogies that enhance air vehicle performance.

- (U) Bvauate promising active distributed vibration suppression techniques using embedded actuator design concepts for aircraft
structural applications.

- (U) Conduct wind tunnel and ground assessment tests of wing warping, camber shaping, and “smart stiffness’ structural concepts to
reduce aircraft weight, drag, and radar signature, and to alleviate fighter aircraft vertical tail buffet and fatigue damage.

- (U) Bvauate scaling laws and procedures needed to incorporate “smart” structures techniques into full-scale aircraft structures and,
thus, eliminate the need for discrete control surfaces.

- (V) $2,109 Develop advanced structural concepts and design methods that will enhance affordability and survivability of upgraded, derivative, and
future aircraft.

- (U) Design, fabricate, and assess advanced composite structures technol ogies which demonstrate the potential for 30% manufacturing
and 20% support cost savings while providing improved battle damage tolerance over existing structures. Complete evaluation and
assessment of cost benefits from applying full-scale, primary, composite sandwich structure fabrication methods to air vehicles.

- (U) Exercise anaytical techniques needed to provide design guidance for future use of active aeroelastic wings.

- (U) Demongtrate integration of advanced methods in aerodynamics, controls, signatures, testing, manufacturing, etc. with structural
design methods to facilitate more efficient development of aircraft systems.
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- (U) $11,440

- (U) $1,484

- (V) $15,642

Project 2401

Extend usable structural lives and/or reduce costs of aging aircraft through proven techniques that account for life, risk, repairs, and

dynamic loads.

- (U) Develop life prediction analysis techniques to assess corrosion fatigue effects on inspection and maintenance intervals.

- (U) Develop mature probahilistic risk assessment techniques which incorporate widespread fatigue damage effects to better predict
structural component service life.

- (U) Further develop techniques to analyze bonded-composite repairs of metallic structures and to optimize repair design.

- (V) Bvaluate and assess weapon bay acoustic suppression techniques to increase the weapons delivery envelope of current and future
air vehicles.

Improve durability for existing and future stealth vehicles structures operating in extreme environments such as temperature, noise, and

vibration caused by engine exhaust.

- (U) Bvauate floating deck concepts for low-observable ceramic composite exhaust structures of stealth vehicles that significantly
increase life and decrease costs.

- (U) Complete assessment of passive high performance ceramic matrix composite technology/concepts for exhaust washed structures.

- (U) Develop active structural temperature control concepts to reduce infrared signature of current fleet.

Tota
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(U) EY 1999 ($in Thousands):

- (U) $800

- (V) $3,407

- (U) $12,087

- (U) $1,350

Project 2401

Design, develop, and test advanced structures/concepts that incorporate distributed vibration suppression technologies for life extension and
exploit wing warping, camber shaping, and adaptive structures technol ogies that enhance air vehicle performance.

(U) Complete the evaluation and assessment of active distributed vibration suppression techniques using embedded actuator design
concepts. Develop scaling laws and procedures needed to transition this technology to full-scale aircraft structures.

(U) Continue evaluation and assessment of wing twisting and control surface warping structural concepts to reduce aircraft weight and
drag and to increase maneuverability and survivability. Assess application of these design concepts and design procedures to inhabited
and uninhabited combat air vehicles.

(U) Develop advanced structural design concepts based on the established scaling laws, procedures, and concept testing that
incorporate “smart” structures and materials into full-scale, multidisciplinary aircraft structures.

Develop advanced structural concepts and multidisciplinary design optimization methods that will enhance affordability and survivability of
upgraded, derivative, and future aircraft.

(U) Correlate analytical methods with ground test data to provide guidance for future use of active aeroelastic wings.

(U) Design, fabricate, and assess advanced composite structures technol ogies which demonstrate the potential for 30% manufacturing
and 20% support cost savings while providing improved battle damage tolerance over existing structures. Complete evaluation and
assessment of cost benefits of incorporating a survivable, decoupled fuel cell design into air vehicle structures.

(U) Complete demonstration of integration of advanced methods in aerodynamics, controls, signatures, testing, manufacturing, etc.
with structural design methods to facilitate more efficient development of aircraft systems.

Extend usable structural lives and/or reduce costs of aging aircraft through proven techniques that account for life, risk, repairs, and
dynamic loads.

(V) Vaidate analysis methodol ogy and metrics to assess corrosion fatigue effects on inspection and maintenance intervals and restoral
strength.

(V) Evaluate probabilistic techniques to assess risk of failure of structural component subject to widespread fatigue damage.

(V) Validate repair design tool for bonded-composite repairs of metallic structures, eliminating riveted/bolted metal repair patches.
(U) Demonstrate weapon bay preliminary active, acoustic suppression techniques to increase the performance envelope of current and
future air vehicles and develop sonic fatigue damage and suppression techniques.

Improve durability for existing and future aircraft structures by developing concepts that incorporate advanced materials as well as passive
and active cooling to withstand the extreme environments of high temperatures, vibrations, and acoustic noise.

(V) Design structurally integrated thermal energy management system and ceramic matrix composite components compatible with low-
observable vehicles that significantly increase life and decrease costs.
(U) Develop durable thermal protection systems using advanced materials to reduce operations and support costs.
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~ (U) $17,644  Totd

67




UNCLASSIFIED

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602201F Aerospace Flight Dynamics 2401
(U) B. Program Change Summary ($ in Thousands):
Tota

FY 1997 FY 1998 FY 1999 Cost
(U) Previous President’s Budget (FY 1998 PB) 15,698 16,604 17,999 Cont
(U) Current Budget Submit/FY 1999 PB 15,228 15,642 17,644 Cont

(U) Change Summary Explanation:

Funding: Changes to this project since the previous President’s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0602102F, Materials.

- (V) PE 0602269F, Hypersonic Technology Development.

- (V) PE 0603211F, Aerospace Structures.

- (V) PE 0603112F, Advanced Materials for Weapon Systems.

- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602201F Aerospace Flight Dynamics 2402
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
2402 Vehicle Equipment 11,177 9,932 11,836 7,762 7,362 7,404 7,835| Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: This project develops technologies to reduce subsystem and component life cycle costs, improve

vehicle/crew member survival in operational environments, and improve subsystem performance for current and future flight vehicles.

(U) EY 1997 ($in Thousands):

- (V) $3,099 Design, develop, and assess component damage repair technologies that increase air vehicle survivability.
- (U) Developed preliminary experimental techniques and analytical tools which define effects of various ballistic threats against a
variety of structural components.
- (V) $2,881 Design, develop, and assess subsystem technologies to enhance air vehicle protection and survivability.
- (U) Developed an abrasion-resistant coating for next generation injection molded transparencies to fabricate single-piece canopies for
increased affordability and afactor of five reduction in life cycle costs.
- (U) Developed the capahility to conduct transparency tests that determine degradation of performance and supportability.
- (U) Developed approaches that aleviate transparency electrostatic discharge and reduce component degradation and life cycle costs.
- (V) $2,640 Design, develop, and assess technologies for aircraft internal thermal energy management systems.
- (U) Completed initial concept demonstrator for integrated subsystems design methodologies.
- (U) Fabricated and tested thermal system composite material components to achieve 50% reduction in weight and size.
- (U) Designed and tested enhanced heat exchanger model to improve aircraft temperature control system performance.
- (V) $2,557 Design, develop, and assess advanced landing gear concepts for improving performance and supportability of air vehicle subsystems.
- (U) Designed, developed, and assessed scientific methods for predicting and measuring landing gear stability.
- (U) Developed lightweight landing gear technology to gain overall aircraft performance and efficiency.
- (V) $11177 Tota
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(U) EY 1998 ($ in Thousands):

- (V) $3,560 Design, develop, and assess component combat damage repair technologies, fire suppression techniques, hydrodynamic ram tolerance
techniques, and critical component armoring techniques that increase air vehicle survivability.
- (U) Develop mature experimental techniques and analytical tools to define and reduce effects of various missile and ballistic threats on
critical structural components, vehicle fuel/fluid systems and internal munitions.
- (U) Develop preliminary analytical modelsto predict air vehicle vulnerability and evaluate alternative techniques for vulnerability
reduction.
- (V) Establish the methodol ogy for lightweight armoring of critical components.
- (V) Define and evaluate models and criteria for sizing and selecting fire suppression techniques to use in engine nacelles, dry bays,
cargo bays, and internal munitions bays.
- (V) $2,938 Design, develop, and assess subsystem technologies to enhance air vehicle protection and survivability.
- (U) Establish the capahility to conduct dust erosion tests for predicting transparency coating performance/durability degradation at
speeds up to Mach 1.5.
- (U) Demonstrate the methodology to verify the compliance of transparency designs with the electrostatic discharge damage protection
criteria.
- (V) $3,434 Design, develop, and assess technologies for aircraft internal energy management systems.
- (U) Define technologies and approaches which allow an assessment of aircraft subsystem energy interactions.
- (U) Develop adetailed roadmap of modeling, methodologies, and technologies required for development of a capability for system-
based design trade offs of air vehicle components, subsystems, and stores.
- (U) Fabricate afull-scale advanced composite material heat exchanger; demonstrate 50% reduction in weight and size.
- (U) $9,932 Tota
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(U) EY 1999 ($in Thousands):

- (U) $3,300

- (U) $4,862

- (U) $3,674

- (U) $11,836

Project 2402

Design, develop, and assess component combat damage repair technologies, fire suppression techniques, hydrodynamic ram tolerance

techniques, and critical component armoring techniques that increase air vehicle survivability.

- (U) Complete development of experimental techniques and analytical tools to define and reduce efforts of various missile and ballistic
threats on critical structural components, vehicle fuel/fluid systems and internal munitions.

- (U) Develop mature analytical models to predict air vehicle vulnerability and to evaluate alternative techniques for vulnerability
reduction.

- (V) Establishthe criteriafor evaluating alternative techniques for armoring of critical components.

- (U) Vvalidate criteriaand models for requiring, sizing, and selecting fire suppression techniques to use in engine nacelles, dry bays,
cargo bays, and internal munitions bays.

Develop and assess process for affordable structural life.

(U) Conduct element and development testing for corrosion fatiguers predictive models, assess their utility in predicting structural

integrity, life cycle and required intervals of inspection for corrossion affected components in existing aircraft structures.

- (U) Develop composite repair process for damaged and cracked components in existing aircraft structures.

- (U) Develop predictive model and repair techniques for widespread fatigue damage in existing aircraft structures.

- (V) Develop noise suppression techniques to reduce structural damage in weapons bays of existing aircraft.

- (V) Identify and develop new analysis methods and design criteria for advanced composite structures.

Design, develop and assess technologies for aircraft internal energy management systems.

- (V) Develop breadboard for system-based design trade off of air vehicle components and subsystems.

- (V) Vadlidate high efficiency aircraft thermal energy management system components

- (V) Evaluate and assess advanced heat transfer techniques based on electrohydrodynamic principles.

- (V) Bvaluateinjected aircraft transparencies in laboratory environments.

Tota
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(U) B. Program Change Summary ($ in Thousands):

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 11,192 10,421 10,880 Cont
(U) Current Budget Submit/FY 1999 PB 11,177 9,932 11,836 Cont

(U) Change Summary Explanation:

Funding: Changesto this project since the previous President’ s Budget are due to increased emphasis on flight vehicle equipment efforts within the Science

and Technology (S& T) Program.
Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0603106F, Logistics System Technology.

- (V) PE 0603205F, Flight Vehicle Technology.

- (V) PE 0603245F, Flight Vehicle Technology Integration.

- (V) PE 0604212F, Aircraft Equipment Development.

- (U) PE 0604609F, Reliability and Maintainability Technology Insertion Program.

- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.

Exhibit R-2 (PE 0602201F)
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oy - DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602201F Aerospace Flight Dynamics 2403
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
2403 Flight Controls and Pilot-Vehicle Interface 19,260 16,291 17,733 18,721 19,190 19,870 20,689 Continuing| Continuing

(U) A. Mission Description

and Budget Item Justification: This project develops technology to enable the pilot to obtain maximum performance from the aircraft

under all conditions, provide the pilot with the display of information from on-board subsystems and off-board intelligence sources for increased situational awareness
leading to enhanced mission performance and flight safety, provide robust capability to control aircraft after damage and failures, and network synthetic environments for

evaluation
of advanced concepts.

(U) EY 1997 ($in Thousands):

- (U) $5,886

(U) $5,110

- (V) $4,727

(V) $3,537

(U) $19,260

Project 2403

Develop and demonstrate advanced flight control techniques to provide air combat advantage by increasing performance and survivability

while decreasing cost and supportability requirements.

- (U) Continued developing advanced control concepts such as advanced actuators and wing flexing.

- (U) Developed central control system to support groups of manned and unmanned aircraft to increase mission effectiveness and attack
options.

Develop new flight control design methods and criteriathat provide air combat advantage by increasing performance and survivability

while decreasing cost.

- (U) Sdected and evaluated reconfigurable flight control techniques which allow battle damaged, reduced signature aircraft to fly safely.

- (U) Developed criteria and designed standards for flight control systems that prevent pilot-induced control problems and improve
handling qualities.

Develop enhanced vehicle-pilot integration technologies to improve overall weapon systems performance and exploit real-time on-board/off-

board data.

- (U) Developed vehicle-pilot integration capabilities allowing two-person, mobility and special operations cockpits to access threat
intelligence information in-flight.

- (U) Developed vehicle-pilot integration technologies for single-seat fighter-bombers operating in high threat environments.

Develop capahilities to evaluate ways to increase performance and survivability while decreasing cost and supportability requirements.

- (U) Developed techniques incorporating long distance networking to support modeling of close-in and high angle-of-attack air combat.

Tota

Page 12 of 23 Pages Exhibit R-2 (PE 0602201F)

73
UNCLASSIFIED



UNCLASSIFIED

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602201F Aerospace Flight Dynamics 2403

(U) EY 1998 ($ in Thousands):

- (U) $4,918

(U) $4,236

(U) $2,099

(U) $3,261

(V) $1,777

(U) $16,291

Project 2403

Develop and demonstrate advanced flight control techniques to provide air combat advantage by increasing performance and survivability

while decreasing cost and supportability requirements.

- (U) Continue developing advanced control concepts and advanced actuation development enabling reduced structural weight and cost
while increasing survivability and decreasing logistical support.

- (U) Develop control strategies that enable interactive and cooperative flights of manned and unmanned aircraft to increase mission
effectiveness, attack options, and all weather point-of-use delivery.

- (V) Develop risk reduction strategies and global operational analyses for advanced optical air data sensor devel opment.

- (U) Develop open control system infrastructure that enables commercial processors and data bussesin flight critical applications.

Develop new flight control design methods and criteria that provide air combat advantage by increasing performance and survivability

while decreasing cost.

- (U) Continueto develop design criteria and standards for flight control systems that prevent pilot induced control problems.

- (V) Start effort to update handling qualities handbook for use by the acquisition community.

- (U) Continue development of reconfigurable flight control techniques that allow battle damaged, reduced signature aircraft to fly
safely.

- (U) Sdect and assess new methods that will improve prediction of non-linear aerodynamic modeling for use in design simulations.

- (U) Develop contral technologies for global range transport aircraft.

Develop enhanced vehicle-pilot integration technologies to improve overall weapon systems performance and exploit real-time on-board/off-

board data.

- (U) Develop display format requirements for integrating in-flight mission planning and automated low-level flight.

- (U) Review operator mission requirements; assess availability/applicability of human-machine interface technologies.

- (V) Initiate development of vehicle-pilot/operator integration techniques as they relate to uninhabited combat vehicles.

Develop control integration technologies and simulations for uninhabited combat air vehicles.

- (U) Incorporate multi-element combat environment and scenarios for an uninhabited combat air vehicle air-to-ground baseline.

Develop capahilities to evaluate ways to increase performance and survivability while decreasing cost and supportability requirements.

- (U) Support the development of high angle-of-attack air combat and weapon targeting technology assessment tools.

Tota
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(U) EY 1999 ($in Thousands):
- (V) $5,142 Develop and demonstrate advanced flight control techniques to provide air combat advantage by increasing performance and survivability
while decreasing cost and supportability requirements.
- (U) Complete simulations and continue firmware development of advanced control concepts enabling reduced structural weight and
cost.
- (U) Complete demonstration of alow-cost alternative to conventional actuators and continue advanced actuation development to
increase survivahility while decreasing logistical support train.
- (U) Continue developing control strategies that enable interactive and cooperative flights of manned and unmanned aircraft to increase
mission effectiveness, attack options and all weather point-of-use delivery.
- (U) Complete risk reduction assessment and global operational analyses for advanced optical air data sensor devel opment.
- (U) Complete evaluation of open control system infrastructure incorporating commercial processors and data bussesin flight critical
applications.
- (V) $4,677 Develop new flight control design methods and criteria that provide air combat advantage by increasing performance and survivability
while decreasing cost.
- (V) vadidate reconfigurable flight control techniques which allow battle damaged, reduced signature aircraft to fly safely.
- (U) Bvauate on-board techniques to detect and alleviate pilot-induced control problems.
- (U) Vvalidate design standards for flight control systems that prevent pilot-induced control problems.
- (U) Bvauate methods for improving modeling of non-linear aerodynamics for use in design simulations.
- (U) Bvauate control technologies for global range transport aircraft.
- (V) $2,339 Develop enhanced vehicle-pilot integration technologies to improve overall weapon system performance and exploit real-time on-board/off-
board data.
- (U) Continue development and evaluate vehicle-pilot integration technologies for in-flight mission planning and automated low-level
flight.
- (U) Develop advanced pilot decision aids to improve tactical landing approaches and air-to-air situational awareness.
- (U) Continue review of operator mission requirements; evaluate availability/applicability of human-machine interface technologies.
- (U) Develop pilot-operator integration technologies for mission re-planning task consent, and system status information.
- (V) $3,598 Develop capabilities to evaluate ways to increase performance and survivability while decreasing cost and supportability requirements.
- (U) Perform comparison tests of combat aiding technologies through international network air combat simulation.
- (U) Develop evauation techniques for the assessment of mission effectiveness for uninhabited combat air vehicles.
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- (V) $1,977 Develop control integration technologies and simulations for uninhabited combat aerial vehicles.
- (U) Continue expansion of uninhabited combat air vehicle air-to-ground simulation and establishment of a baseline.
- (U) Initiate integration of advancesin command generation, control architecture, and flight management technologies into a flight
control system for uninhabited combat air vehicles.
- (V) $17,733 Tota

Project 2403 Page 15 of 23 Pages Exhibit R-2 (PE 0602201F)

76
UNCLASSIFIED



UNCLASSIFIED

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602201F Aerospace Flight Dynamics 2403
(U) B. Program Change Summary ($ in Thousands):
Total

FY 1997 FY 1998 FY 1999 Cost
(U) Previous President’s Budget (FY 1998 PB) 19,179 17,059 17,990 Cont
(U) Current Budget Submit/FY 1999 PB 19,260 16,291 17,733 Cont

(U) Change Summary Explanation:

Funding: Changes to this project since the previous President’s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0602202F, Human Systems Technology.

- (U) PE 0602204F, Aerospace Avionics.

- (V) PE 0603205F, Flight Vehicle Technology.

- (V) PE 0603245F, Flight Vehicle Technology Integration.

- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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oy - DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602201F Aerospace Flight Dynamics 2404
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
2404 Aeromechanics and Integration 14,977 15,115 16,347 16,749 16,759 17,233 17,688 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: This project develops aerodynamic design integration technologies for current and future flight vehicles,
focusing on speed regimes ranging from low to high Mach. These technol ogies have potential to reduce costs, improve range to yield enhanced global force projection,
improve maneuverability, and reduce observability. This project integrates technologies into air vehicle concepts and devel ops design assessment and analysis toals.

(U) EY 1997 ($in Thousands):
- (V) $8,863

fuel fraction, enhanced maneuverability and control, and reduced signature.

- (U) Completed advanced, low-cost, compact engine inlet designs to increase mission range of combat aircraft.
- (U) Completed advanced concept development for fluid, low-cost, reduced signature, thrust-vectoring nozzles.
- (U) Completed study of high-lift aerodynamic concepts to reduce landing take-off distances for affordable, survivable transport aircraft.
- (U) Completed development of low-drag/low-observable aerodynamic weapons carriage concepts to increase weapons payload and air

vehicle range and survivability.

Develop and demonstrate affordabl e technol ogies to increase aerodynamic performance and survivability through reduced drag, improved

- (U) Developed concepts and design criteria for advanced, affordable, intermediate-range, manned and unmanned aircraft to provide

fast reaction strike capability.

- (U) Developed high-payoff aerodynamic concepts that significantly extend combat aircraft mission range.
- (U) Investigated variable geometry, continuous moldline, external fuel tank concepts to extend fighter mission range.
- (V) Investigated active flow control concepts for low-observable fighter take-off/landing and maneuver performance enhancement.

- (U) Investigated methods for reducing aeroacoustic damage in aircraft twin nozzle installations to increase nozzle service life.
Develop and demonstrate numerical technologies to derive advanced aircraft designs while increasing performance and reducing signature.

- (U) $2,946

- (U) Completed aerodynamic design optimization code for analysis of aircraft performance and survivability.
- (U) Initiated development of mathematical models and preliminary assessment and evaluation of aerodynamic and structural

interactions in aging aircraft and advanced flight vehicles.

- (V) Initiated numerically-based analysis capability to support weapons certification, crew escape, and safe paratrooper operation.
- (V) Initiated development and assessment of rapid, accurate methods to predict aerodynamic performance and to eval uate advanced,

affordable air vehicle designs.
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- (V) $3,168 Developed integrated concepts, design, and analysis tools for fixed wing air vehicles.
- (U) Developed architecture for integrating air vehicle design methods for Air Force, Navy, NASA, and industry.
- (U) Developed designs for selected baseline aircraft concepts and identified relevant technologies.

- (V) $14,977 Tota

(U) EY 1998 ($ in Thousands):
- (V) $8,990 Develop and demonstrate affordable technol ogies to increase aerodynamic performance and survivability through reducing drag, improving
fuel fraction, enhancing maneuverability and control, and reducing signature.
- (U) Investigate concepts for aero-structurally integrated compact inlet designs to decrease aircraft weight, cost, and radar detection.
- (U) Investigate rapid, low-cost aerodynamic assessment methods to reduce risk of weapon/aircraft integration, carriage, and separation.
- (U) Develop aerodynamic configurations that significantly extend the range of unmanned combat aerial vehicles.
- (U) Complete development of high-payoff aerodynamic concepts that significantly extend combat aircraft mission range.
- (U) Investigate innovative vehicle/weapons aerodynamics that use emerging technologies to increase payload, survivability, and range.
- (U) Develop variable geometry, continuous moldline, external fuel tank concepts to extend fighter mission range.
- (U) Develop active flow control concepts for low-observable fighter take-off/landing and maneuver performance enhancement
- (U) Investigate advanced active flow control devices for nozzle area control, mixing, and thrust vectoring for lightweight affordable
flight vehicles.
- (U) Assess aerodynamic and aerothermodynamic characteristics of high-speed air vehicle concepts.
- (V) $3,083 Develop and demonstrate numerical technologies to derive advanced aircraft designs while increasing performance and reducing signature.
- (V) Initiate development of aerodynamic design optimization code for application to tailless aircraft geometry to maximize
performance for multiple flight conditions, such as short field take-off and low-drag cruise.
- (U) Extend development of mathematical models of aerodynamic and structural interactions in aging aircraft and advanced flight
vehicles.
- (U) Extend development of numerically-based analysis capability to support weapons certification, crew escape, and safe paratrooper
deployment with emphasis on cavity flows.
- (U) Extend development and demonstration of rapid, accurate methods to predict and eval uate aerodynamic performance of advanced,
affordable air vehicle designs and accelerate devel opment of time-dependent analysis.
- (V) $3,038 Develop integrated concepts, design, and analysis tools for fixed wing air vehicles.
- (U) Demonstrate modular architecture for integrating air vehicle design and analysis methods for Air Force, Navy, and NASA.
- (U) Complete development of “families’ of baseline aircraft designs; identify common characteristics needed to facilitate trade studies.
- (U) Develop and demonstrate cost estimating tool to determine return on investment for broad range of technologies.
- (U) $15115 Tota

Project 2404 Page 18 of 23 Pages Exhibit R-2 (PE 0602201F)

79
UNCLASSIFIED



UNCLASSIFIED

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602201F Aerospace Flight Dynamics 2404

(U) EY 1999 ($in Thousands):

- (U) $9,838

- (U) $3,332

- (U) $3,506

- (V) $16,347

Project 2404

Develop and demonstrate aff ordable technologies to increase aerodynamic performance and survivability through reducing drag, improving

fuel fraction, enhancing maneuverability and control, and reducing signature.

(U) Develop aero-structurally integrated compact inlet designs to decrease aircraft weight, cost, and radar detection.

(U) Investigate critical aeromechanical components for survivable, multi-purpose transport aircraft configurations.

(U) Develop rapid, low-cost aerodynamic assessment methods to reduce risk of weapon/aircraft integration, carriage, and separation.
(U) Complete development of aerodynamic configurations that significantly extend the range of unmanned combat aerial vehicles.
(U) Develop innovative vehicle/weapons aerodynamic concepts that use emerging technologies to increase payload, survivability, and
range.

(U) Develop variable geometry, continuous moldline, external fuel tank concepts to extend fighter mission range.

(U) Develop active flow control concept development for low-observable fighter take-off/landing and enhanced maneuvering.

(U) Develop advanced active-flow control devices for lightweight and affordable nozzle area control, mixing, and thrust vectoring in
air vehicles.

(U) Investigate aerodynamic characteristics of a global range strike/reconnaissance air vehicle concept.

Develop and demonstrate numerical technologies to derive advanced aircraft designs while increasing performance and reducing signature.

(U) Extend development of aerodynamic design optimization code for application to entire aircraft geometry to maximize performance
for multiple flight conditions, such as short field take-off and low-drag cruise.

(U) Complete mathematical model development of aerodynamic and structural interactions in aging aircraft and advanced air vehicles.
(U) Complete development of numerically-based analysis capability to support weapons certification, crew escape, and safe paratrooper
deployment and assessment of acoustic effects.

(U) Complete development and assessment of rapid and accurate methods to predict aerodynamic performance and to evaluate
advanced affordable air vehicle designs, including multidisciplinary analyses.

(U) Develop numerically-based method to analyze the performance of aircraft with active flight control surfaces.

Develop integrated concepts, design, and analysis tools for fixed wing air vehicles.

(U) Complete development efforts and transition the integrated air vehicle design and analysis tool kit for Air Force, Navy, NASA, and
industry air vehicle concepts to the user.

(U) Update designs for “families’ of baseline aircraft concepts and identify relevant evolutionary technologies needed.

(U) Complete verification and validation of physics and technology based cost estimating tool to determine return on investment for
broad range of aerodynamic technologies.

Totd
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(U) Change Summary Explanation:

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0603205F, Flight Vehicle Technology.

- (V) PE 0603260F, Hypersonic Technology Development.

- (V) PE 0603245F, Flight Vehicle Technology Integration.

- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.

Project 2404 Page 20 of 23 Pages

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602201F Aerospace Flight Dynamics 2404
(U) B. Program Change Summary ($ in Thousands):
Tota

FY 1997 FY 1998 FY 1999 Cost
(U) Previous President’s Budget (FY 1998 PB) 14,997 15,925 16,676 Cont
(U) Current Budget Submit/FY 1999 PB 14,977 15,115 16,347 Cont

Funding: Changes to this project since the previous President’s Budget are due to higher priorities within the Science and Technology (S& T) Program.
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oy - DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602201F Aerospace Flight Dynamics 4397
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
4397 Air Base Technology 1,865 466 1,372 1,952 1,556 965 2,431| Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: This project develops technologies for fixed and bare base operations, including airfield pavements, energy
systems, automation, air base survivahility, air base recovery, protective systems, fire protection, and crash rescue.

(U) EY 1997 ($in Thousands):
- (U) $906 Develop design criteria, methodol ogy, and advanced technology concepts for improved bare base and fixed site applications (e.g., power and
environmental utilities, survivable air base structures, and durable or repairable airfield surfaces).
- (U) Developed applications using lightweight, composite, deployable structures to reduce airlift and manpower requirements.
- (U) Developed advanced real-time pavement quality control and quality assurance tools.

- (V) $150 Develop concepts for advanced ground power generators such as high-efficiency solar cells, solid oxide, and commercially-available
conversions for reduced size, weight, and cost and increased transportability.
- (U) $809 Develop aircraft and air base fire fighting technologies (e.g., clean, environmentally safe fire fighting agents, vehicles, equipment,

personnel protective clothing, fire risk assessment techniques, and fire fighter training subsystems).
- (U) Completed study of the impact of JP-8 fuel on aircraft hangar fire protection requirements.
- (U) $1,865 Tota

(U) EY 1998 ($ in Thousands):

- (U) $500 Develop aircraft and air base fire fighting technologies (e.g., clean, environmentally safe fire fighting agents, vehicles, equipment,
personnel protective clothing, fire risk assessment techniques, and fire fighter training systems.)
- (V) Develop advanced agents for three-dimensional fire fighting.
- (U) Complete development of concepts for advanced aircraft hanger fire protection, transition to Advanced Technology Devel opment.
- (U) Complete development of electromagnetic pulse fire suppression

- (U) $0 Develop technologies (i.e., utilities and shelters) that improve air mobility systems performance and reduce airlift requirements in support of
Air Expeditionary Force (AEF) operations.
- (U) Complete conceptual design for alogistics fuel for usein fuel cells.
- (V) Develop air transportable shelters that are lightweight and can be assembled quickly for AEF applications

- (U) $466 Tota
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(U) EY 1999 ($in Thousands):

Project 4397

(U) $692

(U) $682

(U) $1,372

Develop aircraft and air base fire fighting technologies (e.g., clean environmentally safe fire fighting agents, vehicles, equipment, personnel
protective clothing, fire risk assessment technologies, and fire fighting training systems).
- (U) Continue development of advanced agent for three-dimensional fire fighting.

- (U) Develop new technologies to improve fire fighting rescue capability (Infrared imaging, data acquisition, and personnel accountability
system).

- (U) Develop all-weather, unimproved terrain, and autonomous fire fighting capability.

Develop technologies (i.e., utilities and shelters) that improve air mobility systems performance and reduce airlift requirements in support of
Air Expeditionary Force (AEF) operations.

- (U) Continue development of air transportable shelters.
- (U) Develop adeployable waste management system in support of AEF operations.

- (U) Develop new rapidly installed lightweight matting from composite materials to replace the existing AM-2 matting.
Tota

Page 22 of 23 Pages Exhibit R-2 (PE 0602201F)

83
UNCLASSIFIED



UNCLASSIFIED

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602201F Aerospace Flight Dynamics 4397
(U) B. Program Change Summary ($ in Thousands):
Total

FY 1997 FY 1998 FY 1999 Cost
(U) Previous President’s Budget (FY 1998 PB) 1,868 500 1,494 Cont
(U) Current Budget Submit/FY 1999 PB 1,865 466 1,372 Cont

(U) Change Summary Explanation:

Funding: Changes to this project since the previous President’ s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0603205F, Flight Vehicle Technology.

- (V) PE 0603231F, Crew Systems and Personnel Protection Technology.

- (V) PE0603307F, Air Base Operability Advanced Devel opment.

- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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PE NUMBER: 0602202F

PE TITLE: Armstrong Lab Exploratory Development

UNCLASSIFIED

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit)

DATE

February 1998

BUDGET ACTIVITY
2 - Applied Research

PE NUMBER AND TITLE
0602202F Armstrong Lab Exploratory
Development

COST (§ In Thousands) FX 1997 FY'1998 FY'1999 FY '2000 FY '2001 FY '2002 FY '2003 Cost to Total Cost
ctual Estimate Estimate Estimate Estimate Estimate Estimate Complete
Total Program Element (PE) Cost 86,404 72,118 60,805 55,802 57,661 54,197 53,419| Continuing| Continuing
1123 Manpower, Personnel, and Training 20,139 18,846 14,534 12,275 13,660 12,392 12,754 Continuing| Continuing
1710 Logistics Technology 5,875 5,060 3,365 3,057 3,194 3,236 3,360 Continuing| Continuing
1900 Environmental Quality Technology 9,651 4,248 3,807 3,045 1,097 1,756 0 0| Continuing
7184 Crew Technology 30,337 25,435 26,395 27,625 28,029 25,837 27,104 Continuing| Continuing
7755 Aircrew Physiology Technology 6,481 4,496 0 0 0 0 0 0| Continuing
7757 Toxicology/Radiation/Noise Hazards 13,921 14,033 12,704 9,800 11,681 10,976 10,201 Continuing| Continuing
Quantity of RDT&E Articles 0 0 0 0 0 0 0 0 0

(U) A. Mission Description and Budget Item Justification: This Applied Research program establishes technology feasibility and devel ops the technology base for Air
Force human interface needs required for weapon systems, operational readiness, and environmental quality. The program addresses crew systems; manpower, personnel,
training, and logistics; aerospace physiology investigation; occupational and environmental safety; and environmental compliance and site remediation. Crew systems
technologies increase the performance of humans in weapon systems operation by improving aircrew life support systems, man-machine integration (to include aircraft
information display systems), and protection from biodynamic forces (g ection/escape). Manpower, personnel, training, and logistics technol ogies focus on reducing
manpower required to operate and support weapon systems by: providing more effective methods to classify, train, and retain warfighters and their support force; modeling
human cognitive functioning on complex tasks to enhance operational performance; increasing weapon systems supportability; and improving wartime logistics planning.
Occupational and environmental health and safety technologies support deployment, operation, and maintenance of Air Force weapon systems by developing: occupational
and operational exposure safety guidelines for militarily relevant electromagnetic radiations and toxicants; detection, control, reduction, and disposal of pollutants from
Air Force operations; and cleaning up contaminated Air Force sites. Payoff from these technology development efforts is to improve combat effectiveness by expanding all
parameters defining operational performance limits. Note: Congressiona add of $2 million in FY 1997 for Helmet-Mounted Display technologies (Project 7184) explains
part of the decrease from FY 1997 to FY 1998. The remaining decreasein FY 1999 is due to elimination of Aircrew Physiology Technology (Project 7755).
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE
2 - Applied Research 0602202F Armstrong Lab Exploratory

Development

(U) B. Program Change Summary ($ in Thousands):

Tota
FY 1997 FY 1998 FY 1999 Cost
(U) Previous President’s Budget (FY 1998 PB) 86,382 76,102 77,002 Cont
(U) Appropriated Value 89,103 76,102
(U) Adjustmentsto Appropriated Value
a. Congressional/General Reduction -1,891 -2,641
b. SBIR -719 -1,343
¢. Omnibus/Other Above Threshold Reprogrammings
d. Below Threshold Reprogrammings 4
e. Rescissions -93
(U) Adjustmentsto Budget Year Since FY 1998 PB -16,197
(U) Current Budget Submit/FY 1999 PB 86,404 72,118 60,805 Cont

(U) Change Summary Explanation:

Funding: Changes to this PE since the previous President’ s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary: Not Applicable.

(U) D. Schedule Profile: Not Applicable.
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oy - DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998

BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT

2 - Applied Research 0602202F Armstrong Lab Exploratory 1123

Development
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
1123 Manpower, Personnel, and Training 20,139 18,846 14,534 12,275 13,660 12,392 12,754 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: Thisproject develops and evaluates new methods and technologies in support of Air Force training and
education requirements in a variety of specific areas, including: aircrew training; technical training; medical reserve training; logistics training; training in support of
complex decision making; space training; information warfare training; and warfare readiness training. It investigates the spectrum of new and advanced training and
education technologies for optimal ways to determine needs and deficiencies, design and implement training, and to evaluate training effectiveness. It develops and
evaluates specific training systems, desktop tutors, courseware development tools and technol ogies, assessment methodologies, and simulation-based systems to determine
how to achieve maximum learning effectiveness for specific needs at minimum cost. This project will contribute to a more highly trained and flexible cadre of personnel
and reduce the cost of maintaining crew, aircraft, and support personnel readiness. This Applied Research program devel ops technol ogies to increase operational readiness
by providing more effective methods and approaches to classify, assign, train, assess, and retain personnel. This program focuses on reducing the manpower required to
operate and support weapon systems and on improving the effectiveness of the operators, maintainers, and other support personnel for those systems.

(U) EY 1997 ($in Thousands):

- (U) $3547 Developed intelligent/adaptive training and instructional design technologies.
- (U) Field demonstrated the effectiveness of instructional strategies for automated, intelligent instruction in operational tasks and
settings.
- (U) Demonstrated effectiveness of automatically generated instructional questions and courseware for Air Force Reserve training.
- (U) Completed evaluation of atool for providing intelligent performance support to novice instructional designers.
- (U) Continued to develop and evaluate interactive, multimedia distance learning technologies.
- (U) Completed development of adaptive tutor for Undergraduate Navigator Training.
- (U) Continued large-scale evaluation of commercially licensed intelligent tutoring systems for fundamental math, English, and science
literacy skills.
- (U) Completed development and evaluation of desktop training technology for logistics command and control.
- (U) Developed training specifications for crypto linguists.
- (U) Produced training recommendations for weather forecasting.
- (U$ 755 Developed adaptive training assessment technol ogies.
- (U) Developed and validated criteria to assess the effectiveness and efficiency of intelligent training technologies in operational
settings.
- (U) Conducted preliminary validation of an integrated education and training assessment framework.
Project 1123 Page 3 of 26 Pages Exhibit R-2 (PE 0602202F)
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602202F Armstrong Lab Exploratory 1123

Development

(U) $8,949

(U) $1,566

(U) $2,175

(U) $3,147

Project 1123

(U) Transitioned automated tool for determining Air Force tra ning requirements.
(U) Developed individual and team measures of training effectiveness, retention, and decay.
(U) Developed specifications for SynTeam synthetic task environment.

Developed concepts, trainers/simulators, and associated technologies to improve Air Force aircrew training.

(U) Developed advanced visualization tools for classroom instruction of basic fighter maneuvers.
(U) Developed metrics of team-oriented situational awareness.

(U) Developed joint-Service team training guidelines for Special Operations Forces aircrew.

(U) Evaluated virtual debrief system for basic fighter maneuver training.

(U) Assessed training value of variable time simulator training on acquisition of combat tasks.
(U) Developed training techniques for Blue Flag Battlestaff exercises.

Developed guidelines for fidelity specifications for visual technologies used to improve aircrew training simulators.

(U) Determined training value of eye-position monitoring as visual feedback tool for combat mission training.
(U) Determined effect of field of view of helmet-mounted displays on eye-head movements during a search task.
(U) Developed model of color perception for mesopic (night time) luminance displays.

Developed and transitioned technologies to select and classify Air Force personnel and structure DoD jobs to maximize performance and
mission accomplishment.

(U) Determined the relationship of individual aptitude and experience to training time and equipment repair time.
(U) Developed personnel decision support system - Personnel Management Information and Support System (PERMISS) module for
Permanent Change of Station (PCS) entitlements.

Developed technologies to improve assessment of abilities of Air Force personnel.

(U) Developed adaptive and generative tests of abilities to improve precision while decreasing test administration time.
(U) Continued development of data base of specific mental capabilities required for complex, high-technology jobs.
(U) Continued to develop techniques to conduct on-the-job performance assessment.

(U) Completed techniques to measure personality and motivation.

(U) Continued to collect test data to evaluate minority group performance on aircrew selection tests.

(U) Validated crew resource management skillstest for selection of C-130 pilots.

(U) Identified ability demands of Joint Primary Aircraft Trainer (JPAT) and Specialized Undergraduate Pilot Training (SUPT).
(U) Developed test battery for Uninhabited Combat Air Vehicle controller selection.

(U) Developed screening systems for selecting weapons directors, navigators, and air traffic controllers.

(U) Developed Uninhabited Air Vehicle (UAV) operator screening assessment tool.

(U) Developed risk-taking assessment device.
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602202F Armstrong Lab Exploratory 1123

Development

(U) EY 1998 ($ in Thousands):

- (U)$2,791

(U)$ 630

(U) $9,840

U)$1,711 (V)

Continue development of intelligent/adaptive training and instructional design technologies.

- (U) Continue demonstration of the effectiveness of instructional strategies for automated, intelligent instruction in operational Air
Force tasks and settings.

- (U) Continueto develop and evaluate interactive, multimedia distance learning technologies.

Continue devel opment of assessment and eval uation technologies for adaptive training.

- (U) Demonstrate preliminary individual and team retention training and transfer methods.

- (U) Develop method for linking individual and team training performance effectiveness to readiness and warfighting capability.

- (U) Develop methods for identifying contingency and sustainment training requirements.

- (U) Demonstrate automated field performance assessment methods in operational contexts.

- (U) Develop adaptive information technologies to support contingency operations.

- (U) Develop methods for assessing and integrating tactical information for decision making in high information threat environments.

- (U) Develop and test intelligent search engine technologies for information gathering.

Continue development of concepts, trainers/simulators, and associated technol ogies to improve Air Force aircrew training.

- (U) Conduct simulation-based mission preparation and rehearsal effectiveness assessments.

- (U) Determine effects of display disparities on perception of slant and motion.

- (U) Develop surface threat visualization trainer.

- (U) Demonstrate electronic classroom technology for Specialized Undergraduate Pilot Training (SUPT).

- (U) Develop guidelines for information management in a fighter squadron environment.

- (U) Useeyetracking technology to assess the impact of alternative training strategies on visual workload for combat mission training.

Continue development of technologies to improve assessment of abilities of Air Force personnel.

- (V) Continue development of database of specific mental abilities required for complex, high technology jobs (Advanced Personnel Test
validation).

- (U) Continue development of adaptive and generative tests of abilities to improve precision while decreasing test administration time.

- (U) Develop and evaluate alternative concepts for measuring ability to perform complex jobs (e.g., Uninhabited Air Vehicle ground
controllers under realistic stresses.)

- (U)$2522 Continue to develop and transition technologies to select and classify Air Force personnel and structure DoD jobs to maximize performance
and mission accomplishment.
- (U) Determine entry and career progression job classification standards based on a life cycle approach to job eligibility.
- (U) Complete cost/benefit analysis of selected recruiting strategies to meet future demographic trends.
- (U) Field test an automated technology to collect individual and organizational productivity data.
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602202F Armstrong Lab Exploratory 1123

Development

- (U)$1,352

- (U) $18,846

- (U) Ddliver crew resource management test to Air National Guard and United States Air Force Reserve.
Develop knowledge representation technologies for human performance enhancement.

- (U) Develop generalizeable knowledge representation scheme and student modeling module.

- (U) Begin development of knowledge-based intelligent computer adaptive instruction authoring system.
Tota

(U) EY 1999 ($in Thousands):

- (U)$3,100 Develop innovative concepts and methods to improve Air Force aircrew training.
- (U) Develop guidelines for Special Operations Forces simulation-based mission preparation and rehearsal strategies.
- (U) Develop techniques for improved battlestaff training.
- (U) Develop instructional scenarios and syllabi for use in multi-participant distributed mission training applications.
- (U)$3,300 Develop model for the squadron of the future technology, Squadron X XI.
- (U) Definethe requirements for users at all levels of sgquadron scheduling (e.g., mission, maintenance, weather, planning).
- (U) Define the information management architecture for Squadron XXI.
- (U) Bvauate advance tools for information management in the squadron environment.
- (U)$6,534 Determine visual perceptua regquirements for out the window simulator displays.
- (U) Determine performance impacts of size constancy difference produced by simulator displays projected at the actual distances versus
at optical infinity.
- (U) Assessvisual display alternatives for multi-place cockpit simulators.
- (U)$1,600 Develop knowledge representation technologies for human performance enhancement.
- (V) Initiate development of knowledge-based technologies for curriculum planning and media selection.
- (U) Continue development of knowledge-based intelligent computer adaptive instruction authoring system.
- (V) $14,534 Tota
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602202F Armstrong Lab Exploratory 1123

Development

(U) B. Program Change Summary ($ in Thousands):

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 20,211 19,822 20,422 Cont
(U) Current Budget Submit/FY 1999 PB 20,139 18,846 14,534 Cont

(U) Change Summary Explanation:

Funding: Changes to this project since the previous President’s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.

Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE0602233N, Mission Support Technology: Personnel, Training, and Simulation Technology Area.

- (V) PE0602716A, Human Factors Engineering Technology Development.

- (V) PE0602727A, Non-System Training Devices Technology.

- (U) PE0602785A, Manpower, Personnel, and Training Technology.

- (V) PE 0603106F, Logistics Systems Technology.

- (V) PE0603227F, Personnel, Training, and Simulation Technology.

- (V) PE0604227F, Flight Simulator Development.

- (V) PE 0604243F, Manpower, Personnel, and Training Devel opment.

- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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oy - DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602202F Armstrong Lab Exploratory 1710
Development
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete

1710 Logistics Technology 5,875 5,060 3,365 3,057 3,194 3,236 3,360 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: This project devel ops technologies to: improve logistics support for both combat and peacetime operations,
enhance logistics planning and assessment models for realistic wartime and contingency operations; improve logistics support requirements trade off and design methods
to reduce manpower and equipment needed to support logistics operations in dispersed locations; and develop software tools for use in designing improved reliability,
maintainability, supportability, and man-machine interfaces to reduce life cycle costs and increase system affordability of aging aircraft and new weapon systems.

(U) EY 1997 ($in Thousands):

- (U) $1,410 Continued development of technology for improved contingency logistics planning, deployment, support equipment functional upgrades.
- (U) Developed computer-based design tools to minimize weapon systems deployment footprint and increase supportability.

- (V) $1,058 Evaluated alternatives for visual display and assessment of complex logistics control and planning data.
- (U) Completed preliminary software tools to support wing-level contingency logistics planning, replanning, and support.

- (V) $3,407 Researched and identified user-driven reliability, maintainability, and functional requirements to improve the deployability and operational
capability of aircraft ground support equipment.

- (U) $5,875 Tota

(U) EY 1998 ($ in Thousands):

- (V) $1,620 Develop and compare technologies to support more flexible and less costly deployment and maintenance of airlift and combat aircraft.

- (U) Researchtext and graphic displays, synthesis, and presentation methods to improve human comprehension of complex resource
allocation tasks, enhancing wing readiness, distributed logistics mission training, logistics planning, deployment, and combat
capability.

- (U$ 505 Continue development of portable "wearable” |ogistics visualization devices and logistics information integration, command and control
systems.

- (U) Develop advanced visualization, option generation, and logistics command and control tools for deployment planning and
execution

- (V) $2,935 Develop software tools and architectures that add high levels of intelligence to logistics information system interfaces and databases, for
more effective use in rapid-response contingency and deployed operations.
- (V) $5,060 Tota
Project 1710 Page 8 of 26 Pages Exhibit R-2 (PE 0602202F)
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602202F Armstrong Lab Exploratory 1710

Development

(U) EY 1999 ($in Thousands):
- (U) $2,421 Continue development of technologies to reduce the cost and improve the performance of aircraft maintenance and increase
flexibility/reduce costs of sustainment, deployment, and operations.
(U) Develop and evaluate technologies for use in logistics command and control environments of the future.
- (U)$ 472 Evaluate and compare presentation technologies for improving supportability assessment and logistics command and control.

(U) Conduct initial in-house demonstrations and preliminary user assessments of correlated cueing techniques for assessing logistics
deployment readiness.

- (U)$ 472 Define and evaluate advanced knowledge representation schemes and computational linguistics methods to automatically extract
maintenance manual information directly from for weapon systems design data.
- (V) $3,365 Tota
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602202F Armstrong Lab Exploratory 1710
Development

(U) B. Program Change Summary ($ in Thousands):

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 5,882 5,308 5,539 Cont
(U) Current Budget Submit/FY 1999 PB 5,875 5,060 3,365 Cont

(U) Change Summary Explanation:

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE0602233N, Mission Support Technology: Personnel, Training, and Simulation Technology Area.
- (V) PE0602716A, Human Factors Engineering Technology Development.

- (V) PE 0603106F, Logistics Systems Technology.

(U) D. Schedule Profile: Not Applicable.

Project 1710 Page 10 of 26 Pages

- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

Funding: Changes to this project since the previous President’ s Budget are due to higher priorities within the Science and Technology (S& T) Program.
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_ DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602202F Armstrong Lab Exploratory 1900
Development
COST ($In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete

1900 Environmental Quality Technology 9,651 4,248 3,807 3,045 1,097 1,756 0| Continuing

(U) A. Mission Description and Budget Item Justification: This project develops technologies to characterize the chemistry of Air Force-generated pollutants and toxic
materials, assesses their interaction with the environment, and devel ops reduction/destruction and control techniques. Efforts are conducted to reduce the cost and increase
the effectiveness of technologies that protect the environment. New Air Force fuels and chemicals are analyzed to identify and prevent possible environmental problems.
Materials are investigated and new processes explored to assess and reduce environmental risks. Novel monitoring and modeling technologies are also explored.

(U) EY 1997 ($in Thousands):

- (V) $2,642 Developed technologies and design criteria for improved monitoring, characterization, and assessment of risks to the environment posed by

Air Force activities.

- (U) Characterized the fate and transport characteristics of Dense Nonagueous Phase Liquids (DNAPLS) in soils and groundwater using
physica model studiesto validate and develop models to determine the best effects of physical, chemical, and biological processes to
degrade contaminants.

- (V) Identified and resolved environmental and operational safety issuesfor Large-Scale Chemical Laser (LSCL) systems.

- (U) Determined the atmospheric chemistry of candidate and new Air Force fuels and chemicals; developed a database of the rates of
photochemical and dark reactions of Air Force organic solvent vapors, new fire extinguishants, and new fuels in the presence of specific
air pollutants.

Developed technol ogies to reduce wastes and contamination of the environment caused by Air Force materials and operations.

- (V) Investigated, selected, and tested several novel technologies to remove emulsified oil and suspended particul ates from oil-water
separator effluents and agueous cleaning/degreasing tanks.

- (U) Developed affordable technologies to control air polluting emissions from Air Force industrial processes to comply with Clean Air
Act Amendments; developed pulsed corona reactor technology for jet engine test cells.

Devel oped technol ogies to destroy wastes and contamination of the environment caused by Air Force materials and operations.

- (U) Developed innovative technologies to treat/recycle metal/halogen contaminated sludge and other hazardous wastes from Air Force
industrial operations to reduce disposal/recycle costs and comply with regulatory standards.

- (U) Developed chemical reactors to convert liquid wastes and energetic materials to non-hazardous products and to treat other complex
chemical waste effluents.

Tota

- (U) $4,009

- (U) $3,000

- (U) $9,651

Exhibit R-2 (PE 0602202F)
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602202F Armstrong Lab Exploratory 1900

(U) EY 1998 ($ in Thousands):

Project 1900

- (U)$ 885

- (U) $1,814

- (U) $1,549

Air Force activities.

Develop technologies and design criteria for improved monitoring, characterization, and assessment of risks to the environment posed by

- (U) Continue to determine the atmospheric chemistry of candidate and new Air Force fuels and chemicals; develop a database of the
rates of photochemical and dark reactions of Air Force solvent vapors, new fire extinguishants, and new fuelsin the presence of specific

air pollutants.

- (U) Continue to identify and resolve the environmental and operational safety issues for Large-Scale Chemical Laser (LSCL) systems.
- (U) Complete natural attenuation study to prove that natural biodegradation of hydrocarbon contaminants is an acceptable method of

treatment.

- (U) Develop space launch risk assessment model to assess the fate and transport of toxic emissions in catastrophic aborts.

Develop technol ogies to reduce wastes and contamination of the environment by Air Force materials and operations.

- (U) Develop affordable technology to control air polluting emissions from Air Force industrial processes to comply with Clean Air Act

Amendments.

Develop technol ogies to destroy wastes and contamination of the environment by Air Force materials and operations.

- (U) Develop chemical reactors to convert liquid wastes and energetic materials to non-hazardous products and to treat other complex

chemical wastes.

- (U) $4,248 Total
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2 - Applied Research 0602202F Armstrong Lab Exploratory 1900

Development

(U) EY 1999 ($ in Thousands):

- (U) $1,428

- (U)$ 500

- (U) $1,879

- (V) $3,807

Project 1900

Develop technologies and design criteria for improved monitoring, characterization, and assessment of risks to the environment posed by

Air Force activities.

- (U) Continue to determine the atmospheric chemistry of candidate and new Air Force fuels and chemicals; develop an experimental
database for gas-phase reactions of new Air Force industrial solvents, fire extinguishing agents, and halons in the presence of targeted
air pollutants.

Develop technol ogies to reduce wastes and contamination of the environment by Air Force materials and operations.

- (U) Develop affordable technology for control of air polluting emissions from Air Force industrial processes to comply with Clean Air
Act Amendments.

Develop technol ogies to destroy wastes and contamination of the environment by Air Force materials and operations.

- (U) Develop chemical reactors to convert liquid wastes and energetic materials to non-hazardous products and to treat other complex
chemical wastes.

- (U) Develop and identify novel strategies for biosynthesis and biodegradation of DoD materials and chemicals.

Tota
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602202F Armstrong Lab Exploratory 1900

Development

(U) B. Program Change Summary ($ in Thousands):

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 9,661 4,534 5,827 Cont
(U) Current Budget Submit/FY 1999 PB 9,651 4,248 3,807 0

(U) Change Summary Explanation:
Funding: Changes to this project since the previous President’s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0601102F, Defense Research Sciences.

- (V) PE 0602102F, Materials.

- (V) PE 0602203F, Aerospace Propulsion.

- (V) PE 0603211F, Aerospace Structures.

- (V) PE 0603723F, Environmental Engineering Technology.

- (V) PE0603716D, Strategic Environmental Research and Development Program.

- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602202F Armstrong Lab Exploratory 7184
Development
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete

7184 Crew Technology 30,337 25,435 26,395 27,625 28,029 25,837 27,104 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: This project develops the technology required to improve human performance, protection, and survivability

in operational environments. Thisis accomplished by defining the physical parameters, capabilities, and limits of systems operators; determining human responses to
operational stresses such as noise, impact, vibration, hostile fire, sustained acceleration, spatial disorientation, altitude, workload, and sustained operations; and optimizing
the human-machine interface. The project produces human factors design criteria, guidelines, and automated design tools for the development of effective technologies for
information display, team communications, crew scheduling and fatigue management, control interfaces, emergency escape, crash protection, acceleration protection, and

aircrew life support.

(U) EY 1997 ($in Thousands):

- (U) Developed an analytical description of crew performance in Theater Missile Defense attack operations simulation.
- (U) Integrated memory probes, attention allocation, and other mental components for inclusion into an overall situation awareness

- (U) Completed software to collect and reduce data for whole body, three-dimensional anthropometric scanning system.

Developed system design technologies for greater integration of human performance data and improved collaborative system interfaces.

Developed visua displays and symbology technology for improved human-machine interfaces and demonstrated virtual cockpit technology.

- (U) Prototyped ruggedized miniature-image display electronics and helmet-vehicle interface (HV1) analyzer for flight demonstration.

(V) Evauated accommodation criteria for through-the-canopy impact and extremity clearance for aircraft training systems.

Exhibit R-2 (PE 0602202F)

- (U) $2,002 Developed unobtrusive, reliable predictors of human systems effectiveness.
conceptual model.
- (U)$5545
- (U) Demonstrated analytical methodology for cognitive engineering in support of information dominance.
- (U)$ 7,857
- (V) Bvaluated wide field-of-view, gection-safe night vision goggle technology.
- (U) Demonstrated integrated virtual cockpit technology for improved air-to-air engagement performance.
- (U) Developed binocular helmet-mounted sight/display (HMS/D) specifications and test standards.
- (U) $4,349 Developed injury criteria and technology for improved aircrew and support personnel protection equipment.
- (U) Developed combined crew member/ejection seat model.
- (U) Compared multimediawork technologies for use by engineers to evaluate concepts for aircrew protection.
- (U) Developed neck injury probahility assessment methodology using experimental and operational data.
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2 - Applied Research 0602202F Armstrong Lab Exploratory 7184
Development

(U) $2,900 Devel oped technologies to measure and predict the effects of human auditory responses and to provide criteriafor volce communication for
selected Air Force weapon systems and base operations.
- (U) Developed, demonstrated, and transitioned audio performance measurement technologies for assessment of individual auditory
localization ability in operational situations.
- (U) Developed advanced models, criteria, and technologies for improving human audio communication for Air Force weapon systems
and for degrading communications capabilities of opposing forces.
(U) $ 3,056 Developed technologies for evaluating and improving personal protection and effectiveness of aircrew and support personnel operating in
hazardous environments.
- (U) Developed and evaluated technologies to protect aircrew and enhance performance in the high-G environment.
- (U) Defined risk and demonstrated countermeasures to high altitude physiology risk in reconnai ssance operations.
(U) $4,628 Developed technologies for sustained aircrew operations and integration of life support technologies into aircraft to improve aircrew safety
and performance.
- (U) Demonstrated fitness-for-duty performance metrics and team decision making strategies for enhanced performance in long-
duration missions.
- (V) Initiated research on ceramic oxygen generation technology for aircraft and field hospital applications.
- (U) Developed and transitioned advanced spatial disorientation technologies and countermeasures for aircrew.
(U) $30,337 Tota

(U) EY 1998 ($ in Thousands):
- (U)s$1,787 Continue to devel op unobtrusive, reliable predictors of human systems effectiveness.
- (U) Develop acomputer-based model of workload and situation awareness for crew performance in Theater Missile Defense attack
operations mission.
- (U) Develop an overall situation awareness model by including integration of memory probes, attention allocation, and other mental
components.
- (V) Integrate psychophysical and performance metrics into an on-line workload classifier.
- (U)$4,654 Continue to develop system design technologies for improved integration of human performance data and collaborative system interfaces.
- (U) Complete first whole-body, three-dimensional anthropometric survey.
- (U) Complete prototype of expert computer-aided design (CAD) program incorporating crew station design guidelines.
- (U) Demonstrate DoD-common surveillance automatic target recognizer workstation integration.
- (U)$6,531 Continue to develop visual displays and symbology technology for improved human-machine interfaces and demonstrate sensor-augmented
cockpit technology for spaceplane or synthetic vision applications.
- (V) Develop baseline performance need for next generation sighting system.
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Development

- (U) Develop flat cathode ray tube and hybrid optics for advanced hel met-mounted sight/display.
- (U) Develop visual requirements for on-board sensor processing.

- (U) Demonstrate multi-sensory, virtual air-to-air and air-to-ground cockpit design principles.

- (V) Develop gection-safe, panoramic night vision goggle with integrated display.

- (U) Develop standardized test methods for night vision devices and transparencies.

- (U) $3,205 Continue to develop injury criteria and technology for improved aircrew and support personnel protection equipment.
- (U) Formulate modeling technology to assess combined coupling aerodynamic and inertial forces on the head and neck during high-
speed escape.
- (V) Vvalidate performance of integrated gjection seat and human dynamics models.
- (U) Develop hardware and software specifications for a suite of ssmulation tools for human modeling in dynamic environments.
- (U) Complete Head-Spine Model (Personal Computer Version).
- (U)$2,900 Continue to develop improved aural technologies for enhanced human-system interface, develop technologies to measure and predict the
effects of human auditory responses, and provide voice communication criteria for selected Air Force weapon systems and base operations.
- (U) Develop, demonstrate, and integrate three-dimensional audio technology applications for air- and ground-based command, control,
and communications.
- (U) Continue integration of auditory and visual display technologies and symbologies for air-to-air, air-to-ground, and ground
applications.
- (U) Develop and demonstrate auditory localization screening test methodology and hardware for improved personnel
performance/safety.
- (U) Continue development of advanced models, criteria, and technologies for improving human audio communication for Air Force
weapon systems and for degrading communications capabilities of opposing forces.
- (U) Develop smaller and more economical advanced spatial audio system technologies.
- (U)$2,232 Continue to develop technologies for evaluating and improving aircrew protection and effectiveness in operational environments.
- (U) Determine the effect of multi-axis accelerations on aircrew piloting performance.
- (V) Develop physical conditioning dietary regimens to enhance G-tolerance and reduce fatigue for aircrews.
- (U) Continue development of life support and high atitude protection technologies.
- (U)$4,126 Continue to develop technologies for sustained aircrew operations and integration of life support technologiesinto aircraft to improve
aircrew safety and performance.
- (U) Develop and demonstrate fatigue models and incorporate into campaign-level models for aircrew sustained operations.
- (U) Develop in-flight spatia disorientation (SD) training technologies for non-mishap SD information and mishap consultation data.
- (U) Continue research on ceramic oxygen generation technology for aircraft and field hospital applications.
- (U) Determine psychophysiological constraints of helmet-mounted display/symbology.
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- (U) $25,435

Total
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2 - Applied Research

Development

(U) EY 1999 ($in Thousands):

- (U) $2,160

- (U)$5,973

- (U) $8,037

- (U) $3,889

- (U) $3,801

Project 7184

Continue to develop unobtrusive, reliable predictors of human system effectiveness.

- (U) Apply computer model of workload and situation awareness to design evaluation of controls and displays for Theater Missile
Defense attack operations mission.

- (U) Complete development of a single crewman situation awareness model.

- (U) Refine and evaluate on-line workload classifier for inclusion in areal-time operator workload evaluator.

Continue to develop system design technologies for greater integration of human performance data and improved collaborative systems

interfaces.

- (V) Develop afully integrated, on-line data system to serve as an international resource for human anthropometric data and
applications software.

- (V) Develop acomputer-aided design (CAD) tool that accurately represents the human body as a software template in the interactive
CAD environment.

- (U) Demonstrate models and metrics for distributive situational awareness and adaptive decision-making.

- (U) Demonstrate human-aiding network software to streamline the sharing, synchronization, and analysis of operational mission data
among intelligence analyst and command centers.

Continue to develop visual displays and symbology technology for improved human-machine interfaces and demonstrate adaptive interface

technology.

- (V) Develop integrated display and information processing standards for targeting helmet-mounted sight/display.

- (V) Develop design alternatives for lightweight integrated helmet-mounted display and sighting system using eye line-of-sight.

- (U) Develop giection-safe, panoramic night vision goggle with integrated external sensor input for night operations.

- (V) Demonstrate a pilot-vehicle interface whose functionality changes with pilot physiologic and behavioral states driven by the
combat situation.

Continue to develop injury criteria and technology for improved aircrew and support personnel protective equipment.

- (V) Validate airbag/occupant model versus impact test data for potential application to air vehicles.

- (V) Develop, as part of the Biodynamic Work Environment, a common Biodynamic Data Bank Format and User Interface for DoD, the
National Highway Transportation Safety Administration, and the Federal Aviation Administration.

- (U) Develop stability criteriafor helmet-mounted displays in a vibration or multiple impact environment.

Continue expansion of advanced aural technologies for enhanced human systems interfaces; establish new principles and methodol ogies of

information management for exploitation of information warfare applications.

- (U) Bvauate and apply three-dimensional audio technologies for operator intensive applications in special uninhabited air vehicle and
command, control, and communications functions using smaller, cost-effective auditory/visual displays and customized symbology.
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Development

- (U) Advance methodologies and technologies for quantifying individual auditory localization ability of operational personnel in combat
and occupational positions.
- (U) Develop and demonstrate novel voice modification and intelligent jammer technologies for enhanced information warfare
operations.
- (U)$2435 Continue to develop distributed mission training technologies that enhance aerial combat performance during sustained operations.
- (V) Improve integrated mission rehearsal training technologies for aircrew and battle staff in simulated and field sustained operations.
- (UW$ 100 Support the joint Air Force/Defense Advanced Research Projects Agency Unmanned Combat Air Vehicle (UCAV) program.
- (V) $26,395 Tota
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7184

(U) B. Program Change Summary ($ in Thousands):

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 30,204 26,970 26,181 Cont
(U) Current Budget Submit/FY 1999 PB 30,337 25,435 26,395 Cont

(U) Change Summary Explanation:

Funding: Changesto this project since the previous President’ s Budget are due to priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0602201F, Aerospace Flight Dynamics.

- (U) PE 0602204F, Aerospace Avionics.

- (V) PE0602702F, Command, Control, and Communications.

- (V) PE 0603205F, Aerospace Vehicle Technology.

- (V) PE0603227F, Advanced Simulator Technology.

- (V) PE 0603231F, Crew Systems and Personnel Protection Technology.
- (V) PE 0603245F, Flight Vehicle Technology Integration.

- (V) PE 0604703F, Aeromedical/Casualty Care Systems Devel opment.

- (U) PE 0604706F, Life Support Systems.

- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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COST ($In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
7755 Aircrew Physiology Technology 6,481 4,496 0 0 0 0 0 0| Continuing

(U) A. Mission Description and Budget Item Justification: The human operator is the enabling factor in aerospace systems. The goal of this project is to optimize
aircrew effectiveness by developing an understanding of: (1) conditions affecting aircrew selection and retention; (2) methods of early disease detection; (3) impact of
asymptomatic disease on aircrew performance; (4) therapeutic drug effects on flight safety; and (5) physiological factors affecting operational readiness and effectiveness.

(U) EY 1997 ($in Thousands):
- (V) $3,702 Developed technologies for improving aircrew standards.
- (U) Continued to refine standards (i.e., cardiovascular, vision/optical devices, neuropsychiatric, and hearing/vestibular standards) to
improve aircrew selection, retention, and performance.
- (U) Developed medical informational technology to assess impact of asymptomatic disease on aircrew operational performance.
- (U) Developed and validated operational cockpit glare testing technology.
- (U) Assessed physiological factors affecting female aircrew (i.e., ob-gyn, orthopedic, G-tolerance) performance.
- (U) Developed template for therapeutic modalities to reduce number of grounded aviators and to enhance performance in the aviation
environment.
- (V) $1,379 Developed operational performance enhancement technologies.
- (U) Compared advanced operational vision performance technologies (e.g., refractive surgery for aircrew use).
- (U) Developed methods to identify and remediate physiological impairments arising from flying high performance aircraft.
- (V) $1,400 Developed technologies to improve quality and efficiency of aircrew operational evaluations.
- (U) $6,481 Tota

(U) EY 1998 ($ in Thousands):
- (U) $4,116 Develop operational performance enhancement technol ogies.
- (U) Develop and evaluate aircrew vision enhancement technologies for both day and night air combat.
- (U) Develop methods to identify and remediate physiological impairments arising from flying high performance aircraft.

- (U)$ 265 Conduct and complete expanded physical fitness test battery.
- (U)$ 115 Conduct and complete fire fighter physical fitness program.
- (V) $4,496 Total
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Development

(U) EY 1999: Not Applicable.

(U) B. Program Change Summary ($ in Thousands):

FY 1997
(U) Previous President’s Budget (FY 1998 PB) 6,488
(U) Current Budget Submit/FY 1999 PB 6,481

(U) Change Summary Explanation:

FY 1998 FY 1999
4,717 4,590
4,496 0

Total
Cost
Cont

0

Funding: Changes to this project since the previous President’s Budget are due to higher priorities within the Science and Technology (S& T) Program. In FY

1999, this project has been eliminated.
Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0603231F, Crew Systems and Personnel Protection Technology.
- (V) PE 0604703F, Aeromedical/Casualty Care Systems Devel opment.

- (V) PE 0604706F, Life Support Systems.

- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete

7757 Toxicology/Radiation/Noise Hazards 13,921 14,033 12,704 9,800 11,681 10,976 10,201 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: This project enables the safe operational use of Air Force weapon systems through technology development

related to the effects and applications of hazardous materials, noise, and electromagnetic and space radiation used in, or resulting from, Air Force operations. The
radiation portion of the project addresses areas such as: safety; risk assessment; mission planning and countermeasures in combat; less than lethal applications for special
operations and law enforcement; and biologic effects of exposure to radiofrequency/microwave radiation, lasers, broad-band munitions, and ionizing radiation.
Toxicological technology is developed to assess human tolerance levels for chemicals, fuels, and materials to establish exposure criteria and perform trade off analyses
between weapon system performance and occupational health and environmental support specifications. Technology to assess and reduce the environmental impact of
noise generated by Air Force operations is also developed. This project provides consultative support to other DoD programs by using unique Air Force resources to extend
capabilities for development and evaluation of technology to assess and counter toxicological, radiation, and noise hazards.

(U) EY 1997 ($in Thousands):

- (V) $8,310 Developed technology to exploit the effects and applications of directed energy in Air Force operations.
- (U) Produced interim ultra-short pulse laser safety standard and continued devel oping technology to assess occupational safety and
operational threats from lasers.
- (U) Continued developing el ectromagnetic radiation bioeffects measurement and analysis methods for use in setting risk-based health
and safety standards for personnel exposure.
- (U) Continued developing technologies for assessing bioeffects of less-than-lethal directed energy emissions.
(U) Developed analytical algorithms for calculating and predicting direct and inverse scattering of laser and radiofrequency radiation.
- (V) $4,925 Developed and assessed toxicological technology related to Air Force materials and processes.
- (U) Continued toxicological assessment of next generation replacements for Halons and ozone depleting solvents to protect Air Force
personnel and provide systems managers with risk versus benefit decision tools.
- (U) Continued to develop and improve methods and models to assess chemical mixture toxicity in humans, relate human health effects
to cleanup standards, and explore indicators of exposure.
- (U) Continued development of metabolic techniques for cell culture exposure, species extrapolation for enzymes diversity, and suitable
alternatives to animal use for transition to operational toxicology applications.
- (U) Provided systems managers with critical information for risk versus benefits decision for toxicity of turbine engine exhaust and JP-
8 jet fuel.
Project 7757 Page 23 of 26 Pages Exhibit R-2 (PE 0602202F)
109

UNCLASSIFIED



UNCLASSIFIED

DATE

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998

BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602202F Armstrong Lab Exploratory 7757
Development

- (U)$ 686 Devel oped technology to assess and reduce adverse impacts of arcraft noise and sonic booms produced by Air Force operations.
- (U) Conducted noise measurements on the F-22 aircraft.
- (U) Developed model to predict damage from sonic booms on historic structures.
- (U) Developed technology to assess human annoyance response to sonic booms and low level aircraft overflights.

- (V) $13,921 Total

(U) EY 1998 ($ in Thousands):

- (U)$8,258 Develop technology to exploit the effects and applications of directed energy in Air Force operations.
- (V) Initiate probabilistic risk approach to safety for High-Energy Laser Systems.
- (U) Develop eectromagnetic radiation bioeffects assessment tools for use in setting scientifically-based health and safety standards for

personnel exposure; complete long-term study on ultrawideband exposure and millimeter wave health and safety.

- (U) Develop technologies for assessing health and safety risks of less-than-lethal directed energy emissions.
- (U) Develop agorithms for assessing bioeffects of exposure to electromagnetic radiation.

- (U) $5,025 Develop and assess toxicological technology related to Air Force materials and processes.
- (U) Continueto develop toxicological assessments for the ultimate Halon replacements and non-ozone depleting alternative solvents.
- (U) Assessthe potential hazards and occupational safety of fuels such as JP-8 and JP-8 + 100.
- (U) Develop methodology for extrapolation of chronic exposure data to Short-Term Exposure Limits (STELS).
- (U) Provide program managers with human health-based data to conduct chemical specific risk assessments.

- (UW$ 750 Develop technology to assess and reduce adverse impacts of aircraft noise and sonic booms produced by Air Force operations.
- (U) Demonstrate miniaturized boom monitor that will cut monitoring costs by 80 percent.
- (U) Conduct joint study with Navy to model noise propagation over water.
- (U) Demonstrate radar tracking storage technology for noise analysis.

- (V) $14,033 Tota
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Development

(U) EY 1999 ($in Thousands):

- (U) $4,433

(U) $5,871

(U)$ 200

(U) $2,200

(U) $12,704

Project 7757

Develop technology to counter laser threats to combat forces and exploit optical systemsin Air Force operations.

(U) Develop risk-based laser safety policy required to support operations.

(U) Assesdevelopmental reflective aircrew laser eye protection for safe-to-fly and cockpit compatibility requirements.

(U) Refinejoint-Service personnel effects models to assess combatant vulnerability to emerging optical threats.

(U) Develop guidelines required to deploy non-lethal optical technologies.

(U) Evaluate Photorefractive Keratectomy (PRK) as surgical method used on aircrew to reduce need for glasses or contact lenses.

Evaluate and exploit the bioeffects of radio frequency radiation (RFR) for military applications.

(U) Assesthe validity of effects and health issues of RFR non-lethal weapons to assure their operational utility, technical feasibility,
and policy approval.

(U) Issuerevised safety guidelines for RFR to support fielding of high-power microwave (HPM) and ultrawideband (UWB) weapons.
(U) Transition advanced dosimetry tools to support all military RFR applications (e.g., radar, communications, directed energy
weapons), including revolutionary RFR personnel dosimeter for both safety and threat assessments.

(U) Apply core competenciesin biological mechanistic analysis and electromagnetic bioeffects modeling to discover, develop, and
transition new military uses of electromagnetic energy.

Continue development of technology to assess and reduce adverse impacts of aircraft noise and sonic booms produced by Air Force
operations.

(U) Conduct sensor integration and field testing for remote area monitoring (RAM) system.

Develop and assess deployment toxicology technologies to support Air Force materials and processes.

Tot

(U) Analyzerelevant and valid biological markers that indicate possible hazardous chemical exposure to military personnel in a
deployment location.

(U) Develop mathematical predictive tools that accurately describe the human body burden and health implications resulting from
operationally relevant single and multiple chemical exposures.

(U) Develop and validate chemical exposure effects that degrade a military members's ability to perform the mission.

(U) Assess simulation model for determining operational impact of environmental chemical exposures on fixed base operations.

al
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(U) B. Program Change Summary ($ in Thousands):

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 13,936 14,751 14,443 Cont
(U) Current Budget Submit/FY 1999 PB 13,921 14,033 12,704 Cont

(U) Change Summary Explanation:

Schedule: Not Applicable.

Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

(U) PE 0602720A, Environmental Quality Technology.

(U) PE 0602777A, Systems Health Hazard Prevention Technology.

(U) PE 0603231F, Crew Systems and Personnel Protection Technology.

(U) PE 0604706F, Life Support Systems.

(U) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.

Funding: Changes to this project since the previous President’s Budget are due to higher priorities within the Science and Technology (S& T) Program.
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advanced cycle engines will be continued in FY 1999 and out.

111
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Exhibit R-2 (PE 0602203F)

COST (§ In Thousands) FX 1997 FY'1998 FY'1999 FY '2000 FY '2001 FY '2002 FY '2003 Cost to Total Cost
ctual Estimate Estimate Estimate Estimate Estimate Estimate Complete

Total Program Element (PE) Cost 68,860 57,261 69,061 70,539 73,303 74,520 77,897 Continuing| Continuing
3012 Advanced Propulsion Technology 6,869 0 1,961 1,952 1,945 1,936 1,927| Continuing| Continuing
3048 Fuels and Lubrication 11,785 10,923 11,790 11,799 12,702 14,100 14,372 Continuing| Continuing
3066 Turbine Engine Technology 36,391 31,998 40,745 42,194 42,870 43,241 45,441| Continuing| Continuing
3145 Aerospace Power Technology 13,815 14,340 14,565 14,594 15,786 15,243 16,157 Continuing| Continuing

Quantity of RDT&E Articles 0 0 0 0 0 0 0 0 0
Note: Asof FY 1998, all ramjet high-speed propulsion efforts under Project 3012, Advanced Propulsion Technology, were terminated, but studies in combined and

(U) A. Mission Description and Budget Item Justification: This Applied Research program develops airbreathing propulsion and aerospace power technologies. The
prime areas of focus are turbine engines, dual-mode ramjets, combined cycle engines, fuels, lubricants, and aerospace power technologies. Technology advancesin turbine
engine propulsion and lubrication systems are part of the Integrated High Performance Turbine Engine Technology (IHPTET) program and will increase engine
performance, increase reliability, reduce specific fuel consumption, and lower cost of ownership. Dual-mode ramjet and combined cycle engines will increase weapon
lethality and effectiveness against time-critical targets via high-speed propulsion systems. Fuels efforts will reduce system cost, maintenance, and the usage of hazardous
cleaning materials while increasing aircraft performance and life through development of thermally stable and high heat sink fuels. High heat sink fuels from coal-derived
resources will be investigated. Power system technologies are focused to eliminate troublesome, centralized hydraulic systems by replacement with highly reliable electric
systems. Power conditioning, thermal management, and battery improvements will significantly enhance reliability, reduce weight, and lower life cycle costs
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(U) B. Program Change Summary ($ in Thousands):

FY 1997
(U) Previous President’s Budget (FY 1998 PB) 72,221
(U) Appropriated Value 74,906
(U) Adjustmentsto Appropriated Value
a. Congressional/General Reductions -1,576
b. SBIR -975
c. Other Adjustments -3,412
d. Below Threshold Reprogrammings -5
e. Rescissions -78
(U) Adjustmentsto Budget Year Since FY 1998 PB
(U) Current Budget Submit/FY 1999 PB 68,860

(U) Change Summary Explanation:

Totd

FY 1998 FY 1999 Cost

69,303 68,416 Cont
60,577
-2,389
-927

645
57,261 69,061 Cont

Funding: Changes to this PE since the previous President’ s Budget are due to changing priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary: Not Applicable.

(U) D. Schedule Profile: Not Applicable.
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COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
3012 Advanced Propulsion Technology 6,869 0 1,961 1,952 1,945 1,936 1,927| Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: Establishes the technology base for advanced propulsion concepts including integral rocket ramjets for
missile propulsion providing increased average velocity and lethality along with combined/advanced-cycle engines and hydrocarbon fueled dual-mode combustion ramjets
for high-speed vehicles to support future missions such as rapid strike against time-critical targets. Note: This project was reduced to zero in FY 1998; however, the Air
Force reinstated funding in FY 1999 and out and plans to reprogram funds into the project in FY 1998.

(U) EY 1997 ($in Thousands):

- (V) $1,817 Developed propulsion system components (inlets, ramburners, nozzles, inlet/port covers, boost motors, etc.) for high-speed airbreathing
propulsion applications. This effort facilitates technology transition to current and future air vehicles with greater range, increased velocity,
and increased maneuverability which enhance weapon effectiveness.

- (U) Completed testing of full-scale flightweight consumable structures for eliminating debris during rocket/ramjet transition.

- (U) Determined applicability and quantified benefits of advanced ramjet propulsion technologies (insensitive munitions, low-
observables, self throttling, high energy fuels, structures, etc.) for ramjet operation from launch condition through Mach 6 operation.

- (U) Tested a boilerplate pulse detonation engine operating at realistic frequencies, thrust levels, and for sufficient time to demonstrate
cycle performance.

Investigated advanced concepts and develop engine components (dual-mode combustors, fuel injectors, flameholding systems, etc.) for

supersonic combustion ramjet (scramjet) applications. This effort supports technology transition for next generation hypersonic missiles

and air vehicles to provide greater range and increased vel ocity which enhance weapon effectiveness.

- (U) Determined propulsion performance of dual-mode ramjet components utilizing advanced test technologies, instrumentation, and
diagnostics.

- (V) Investigated, further developed, and exploited Russian hypersonic technology.

- (V) $2.211
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DATE

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602203F Aerospace Propulsion 3012

- (V) $2,841

- (U) $6,869

Investigated unigque concepts for combining advanced propulsion cycles which provide the capability for takeoff, acceleration, cruise, and

target loiter for high-speed aerospace vehicles. This effort supports technology transition for next generation reconnai ssance/strike vehicles

(manned and unmanned) and airbreathing boosters.

- (U) Completed fabrication and initiated testing of annular sector test rig to demonstrate performance of critical combustor components
for application to Mach 0-6 turboramjet engines.

- (U) Completed conceptua design of combined cycle engine demonstrator.

- (U) Tested a boilerplate pulse detonation engine operating at realistic frequencies, thrust levels, and for sufficient time to demonstrate
cycle performance.

Tota

(U) EY 1998: Not Applicable.

(U) EY 1999 ($in Thousands):

-(U) $729

- (U) $39%

- (U) $836

- (U) $1,91

Project 3012

Investigate unique concepts for combining advanced propulsion cycles which provide the capability for takeoff, acceleration, cruise, and

target loiter for high-speed aerospace vehicles. This effort supports technology transition for next generation reconnai ssance/strike vehicles

(manned and unmanned) and airbreathing boosters.

- (U) Conduct airbreathing propulsion support study for advanced dual-range missile to potentially increase range.

- (U) Conduct combined cycle engine trade studies for aircraft, missile, and spacelift applications to determine potential areas for future
investment.

Investigate, further develop, and exploit Russian hypersonic technology. This effort supports technology transition for next generation

hypersonic missiles and air vehiclesto provide greater range and increased velocity which enhance weapon effectiveness.

- Exploit plasma effects to reduce engine drag and enhance combustion initiation.

- Conduct investigation of magnetohydrodynamic flow accel eration to enhance scramjet thrust generation.

- Exploit Russian advances in endothermic fuels to provide high Mach operation using conventional jet fuel.

Investigate unigue pulse detonation engine concepts to provide the capability for takeoff, acceleration, cruise, and target loiter for high-

speed aerospace vehicles. This effort supports technology transition for next generation reconnaissance/strike vehicles (manned and

unmanned) and airbreathing boosters.

- (U) Conduct Pulse Detonation Engine (PDE) experiments and trade studies to optimize PDE performance to provide lower cost ,
higher performance alternative to turbine engines for expendable weapon applications.

- (V) Investigate potential for combining airbreathing and rocket pulse detonation engines to provide lower cost access to space.

Tota
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602203F Aerospace Propulsion 3012
(U) B. Program Change Summary ($ in Thousands):
Total

FY 1997 FY 1998 FY 1999 Cost
(U) Previous President’ s Budget (FY 1998 PB) 7,179 0 0 Cont
(U) Current Budget Submit/FY 1999 PB 6,869 0 1,961 Cont

(U) Change Summary Explanation:
Funding: Changesto this project since the previous President’ s Budget are due to emphasis on Advanced Propulsion technol ogies within the Science and
Technology (S& T) Program. Note: This project was reduced to zero in FY 1998; however, the Air Force reinstated funding in FY 1999 and out and plans to
reprogram funds into the project in FY 1998.
Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0603216F, Aerospace Propulsion and Power Technology.

- (V) Program is reported to/coordinated by the Joint Army/Navy/NASA/Air Force (JANNAF) executive committee.
- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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DATE

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602203F Aerospace Propulsion 3048
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
3048 Fuels and Lubrication 11,785 10,923 11,790 11,799 12,702 14,100 14,372 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: Develops advanced fuels, lubricants, and component technologies for use in aircraft and missile engines.
Conventional petroleum and alternate fuels are devel oped and evaluated for Air Force applications. Fuels and lubricants must be thermally stable, cost-effective, and
operate at higher temperatures.

(U) EY 1997 ($in Thousands):

- (V) $4,482 Developed high thermal stability hydrocarbon fuels to provide higher heat capacity and operating temperatures for aircraft and missile
systems. Thistechnology is for current and future aircraft to reduce fuel systems fouling/coking, and provide cooling for increased avionics
loads, higher engine temperatures, and reduced fuel consumption.

- (V) Vvalidated performance and cost benefits of JP-8+100 fuel to increase sortie generation.
- (U) Vvalidated advanced fuel system components that alow the utilization of the heat sink of JP-8+100 fuel.
- (U) Continued effort in coal-derived fuel Research and Devel opment.

- (V) $2,668 Developed high performance, low emissions, robust combustor concepts for advanced turbine engines.  Thiswill reduce the risk and cost
associated with developing high performance, low maintenance engines that operate efficiently within air pollution guidelines and have
high thrust-to-weight ratio and low specific fuel consumption.

- (U) Established combustor design rules through characterization of a high performance, low emissions six-inch sector of atrapped
vortex combustor (TVC) at atmospheric pressure and utilized these rules to design a high pressure full-scale TV C sector.

- (U) Constructed a high temperature, high pressure combustion facility to test full-scale combustor sectors for advanced turbine engines.

- (V) Bvauated fuel injector conceptsin alow pressure combustion rig to fully characterize combustion performance and emissions
levels.

- (V) $4,635 Developed lubricant technology to permit efficient high-speed rotation of turbine engine components. This technology includes
conventional and advanced lubricants, and mechanical systems extended to their highest temperature limitations and approaches, such as
magnetic levitation and solid and vapor lubrication for advanced engines with operating conditions that exceed the capahilities of
conventional approaches.

- (V) Verified vapor phase lubrication as primary system in expendable and limited life gas turbine engines.
- (U) Verified magnetic levitation and control as full replacement for conventional lubricants and bearings in an advanced gas generator.

- (V) $11,785 Tota
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602203F Aerospace Propulsion 3048

(U) EY 1998 ($ in Thousands):

- (V) $6,297

- (U) $1,846

- (U) $2,780

- (U) $10,923

Project 3048

Develop high thermal stability hydrocarbon fuels to provide higher heat capacity and operating temperatures for aircraft and missile

systems. Thistechnology is for current and future aircraft to reduce fuel systems fouling/coking, and provide cooling for increased avionics

loads, higher engine temperatures, and reduced fuel consumption.

- (U) Bvauate fuel additives to increase the high temperature stability of fuels above 425°F.

- (U) Vvalidate advanced fuel system components that allow the utilization of the heat sink of JP-8+100 and other high heat sink fuels.

- (U) Continue effort in coal-derived fuel Research and Devel opment.

Develop high performance, low emissions, robust combustor concepts for advanced turbine engines.  Thiswill reduce the risk and cost

associated with developing high performance, low maintenance engines that operate efficiently within air pollution guidelines and have

high thrust-to-weight ratio and low specific fuel consumption.

- (U) Bvauate high performance, low emissions, full-scale sector of atrapped vortex combustor for transition to advanced turbine
engines.

- (U) Bvauate effectiveness of a high temperature fuel/air heat exchanger for cooling turbine vanes at the exit of atrapped vortex
combustor.

- (U) Establish combustor design rules through characterization of a high performance, low emissions six-inch sector of an integrated
lightweight combustor (ILC) at atmospheric pressure and utilize these rules to design a high pressure full-scale ILC sector.

Develop lubricant technology to permit efficient high-speed rotation of turbine engine components. This technology includes conventional

and advanced lubricants, and mechanical systems extended to their highest temperature limitations and approaches, such as magnetic

levitation and solid and vapor lubrication for advanced engines with operating conditions that exceed the capabilities of conventional

approaches.

- (U) Demonstrate advanced liquid lubricant, fully functional from -40°F to +600°F, in test engine.

- (U) Integrate vapor phase lubricant system into expendable-class engine demonstrator for full operational evaluation.

- (U) Develop afully integrated rotor support and control system based on a high temperature, hybrid (magnetic/mechanical) bearing
Set.

Tota
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602203F Aerospace Propulsion 3048

(U) EY 1999 ($in Thousands):

- (V) $4,407

- (U) $2,573

- (U) $4,810

- (U) $11,790

Project 3048

Develop high thermal stability hydrocarbon fuels to provide higher heat capacity and operating temperatures for aircraft and missile

systems. Thistechnology is for current and future aircraft to reduce fuel systems fouling/coking, and provide cooling for increased avionics

loads, higher engine temperatures, and reduced fuel consumption.

- (U) Bvauate advanced fuel additivesto increase fuel thermal stability to 900 °F.

- (U) Bvauate fuel system components that utilize the heat sink of supercritical fuels.

Develop high performance, low emissions, robust combustor concepts for advanced turbine engines.  This will reduce the risk and cost

associated with developing high performance, low maintenance engines that operate efficiently within air pollution guidelines and have

high thrust-to-weight ratio and low specific fuel consumption.

- (V) Bvauate high performance, low emissions, full-scale sector of atrapped vortex combustor using a microwave ignition system.

- (U) Bvauate effectiveness of an endothermic fuel/air heat exchanger for cooling turbine vanes at the exit of an integrated lightweight
combustor (ILC).

- (U) Bvauate high performance, low emissions, full-scale sector of an ILC for transition to advanced turbine engines.

Develop lubricant technology to permit efficient high-speed rotation of turbine engine components. This technology includes conventional

and advanced lubricants, and mechanical systems extended to their highest temperature limitations and approaches, such as magnetic

levitation and solid and vapor |ubrication for advanced engines with operating conditions that exceed the capabilities of conventional

approaches.

- (U) Complete transition of advanced, broad temperature range, liquid lubricant to a fully qualified, field-ready material.

- (U) Bvauate vapor phase lubricants for piloted, unlimited life applications.

- (U) Integrate hybrid magnetic bearing into a core (high pressure), single spool demonstrator engine.

- (U) Develop hybrid magnetic bearing for full control of alow pressure rotor in preparation for fully integrated, hybrid magnetic
bearing supported, dual-spool engine demonstrator.

Tota
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602203F Aerospace Propulsion 3048

(U) B. Program Change Summary ($ in Thousands):

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 12,511 13,577 12,161 Cont
(U) Current Budget Submit/FY 1999 PB 11,785 10,923 11,790 Cont

(U) Change Summary Explanation:

Funding: Changes to this project since the previous President’ s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:
- (V) PE 0603216F, Aerospace Propulsion and Power Technology.
- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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oy - DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602203F Aerospace Propulsion 3066
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
3066 Turbine Engine Technology 36,391 31,998 40,745 42,194 42,870 43,241 45,441| Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: Develops technology to increase propulsion system operational reliability, mission flexibility, and
performance while reducing weight, fuel consumption, and cost of ownership. Analytical and experimental efforts are conducted in fans/compressors, high
temperature combustors, turbines, internal flow systems, controls, exhaust systems, and structural design. This project supports the Integrated High Performance
Turbine Engine Technology (IHPTET) program.

(U) EY 1997 ($in Thousands):

- (V) $24,783 Developed core engine components for turbofan/turbojet engines for fighters, attack aircraft, bombers, and transports. These components
will provide aircraft engines with higher performance, increased durability, reduced fuel consumption, and lower life cycle cost.

- (U) Demonstrated advanced compressors with higher aerodynamic efficiencies, lower manufacturing costs, increased robustness,
higher compressor exit temperature capability, lower weight, and improved seals.

- (U) Demonstrated advanced combustors with higher combustion efficiencies, lower manufacturing costs, increased robustness, higher
combustion temperature, lower weight, and improved temperature patterns.

- (U) Demonstrated advanced turbines with higher aerothermodynamic efficiencies, lower manufacturing costs, increased robustness,
higher turbine inlet temperature, lower weight, and improved cooling effectiveness.

- (V) $6,494 Developed turbine engine components (fans, low pressure turbines, engine controls, exhaust nozzles, and integration technology) for
turbofan/turbojet engines for fighters, attack aircraft, bombers, and transports. These components will provide aircraft engines with higher
performance, increased durability, reduced fuel consumption, and lower life cycle cost.

- (U) Demonstrated advanced fan with higher aerodynamic efficiencies, lower manufacturing costs, increased robustness, and lower
weight.

- (V) $2,632 Developed components for expendable engines for missile and unmanned air vehicle applications. These components will provide
expendable engines with reduced cost, reduced fuel consumption, and increased specific thrust, greatly expanding the operating envel opes
of cruise missiles.

- (U) Demonstrated advanced combustor with higher aerothermodynamic efficiencies, lower manufacturing costs, increased robustness,
and lower weight.
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602203F Aerospace Propulsion 3066

- (V) $2,482

- (U) $36,391

Developed components for turboshaft/turboprop and small turbofan engines for trainers, rotorcraft, special operations aircraft, and theater

transports.

- (U) Demonstrated advanced turbine with higher aerodynamic efficiencies, lower manufacturing costs, increased robustness, higher
turbine inlet temperature, lower weight, and improved cooling effectiveness.

Tota

(U) EY 1998 ($ in Thousands):

- (U) $28,948

- (U) $3,050

- (U) $31,998

Project 3066

Develop core engine components for turbofan/turbojet engines for fighters, attack aircraft, bombers, and transports. These components will

provide aircraft engines with higher performance, increased durability, reduced fuel consumption, and lower life cycle cost.

- (U) Design and fabricate Integrated High Performance Turbine Engine Technology (IHPTET) Phase 111 advanced compressors with
higher aerodynamic efficiencies, lower manufacturing costs, increased robustness, higher compressor exit temperature capability, lower
weight, and improved seals.

- (U) Design and fabricate IHPTET Phase |11 advanced combustors with higher combustion efficiencies, lower manufacturing costs,
increased robustness, higher combustion temperature, lower weight, and improved temperature patterns.

- (U) Design and fabricate IHPTET Phase 111 advanced turbines with higher aerothermodynamic efficiencies, lower manufacturing costs,
increased robustness, higher turbine inlet temperature, lower weight, and improved cooling effectiveness.

Develop turbine engine components (fans, low pressure turbines, engine controls, exhaust nozzles, and integration technology) for

turbofan/turbojet engines for fighters, attack aircraft, bombers, and transports. These components will provide aircraft engines with higher

performance, increased durability, reduced fuel consumption, and lower life cycle cost.

- (U) Design and fabricate IHPTET Phase 111 advanced fan with higher aerodynamic efficiencies, lower manufacturing costs, increased
robustness, and lower weight.

Tota
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602203F Aerospace Propulsion 3066

(U) EY 1999 ($in Thousands):

- (U) $28,575

- (V) $6,765

- (V) $2,782

- (U) $2,623

- (U) $40,745

Project 3066

Develop core engine components for turbofan/turbojet engines for fighters, attack aircraft, bombers, and transports. These components will

provide aircraft engines with higher performance, increased durability, reduced fuel consumption, and lower life cycle cost.

- (U) Demonstrate Integrated High Performance Turbine Engine Technology (IHPTET) Phase |11 advanced compressors with higher
aerodynamic efficiencies, lower manufacturing costs, increased robustness, higher compressor exit temperature capability, lower
weight, and improved seals.

- (V) Demonstrate IHPTET Phase |11 advanced combustors with higher combustion efficiencies, lower manufacturing costs, increased
robustness, higher combustion temperature, lower weight, and improved temperature patterns.

- (U) Demonstrate IHPTET Phase 111 advanced turbines with higher aerothermodynamic efficiencies, lower manufacturing costs,
increased robustness, higher turbine inlet temperature, lower weight, and improved cooling effectiveness.

Develop turbine engine components (fans, low pressure turbines, engine controls, exhaust nozzles, and integration technology) for

turbofan/turbojet engines for fighters, attack aircraft, bombers, and transports. These components will provide aircraft engines with higher

performance, increased durability, reduced fuel consumption, and lower life cycle cost.

- (U) Conduct advanced fan component development with higher aerodynamic efficiencies, lower manufacturing costs, increased
robustness, and lower weight.

- (U) Conduct advanced low spool turbine component development with higher aerodynamic efficiencies, lower manufacturing costs,
increased robustness, and lower weight.

- (U) Design and fabricate IHPTET Phase 111 advanced controls and exhaust nozzles with higher aerodynamic efficiencies, lower
manufacturing costs, increased robustness, lower weight, and improved cooling effectiveness.

Develop components for expendable engines for missile and unmanned air vehicle applications. These components will provide expendable

engines with reduced cost, reduced fuel consumption, and increased specific thrust, greatly expanding the operating envelopes of cruise

missiles.

- (U) Design and fabricate IHPTET Phase 111 advanced combustor with higher aerothermodynamic efficiencies, lower manufacturing
costs, increased robustness, and lower weight.

Develop components for turboshaft/turboprop and small turbofan engines for trainers, rotorcraft, special operations aircraft, and theater

transports.

- (U) Design and fabricate IHPTET Phase 111 advanced turbine with higher aerodynamic efficiencies, lower manufacturing costs,
increased robustness, higher turbine inlet temperature, lower weight, and improved cooling effectiveness.

Tota
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit)

DATE
February 1998

PROJECT

3066

BUDGET ACTIVITY PE NUMBER AND TITLE
2 - Applied Research 0602203F Aerospace Propulsion
(U) B. Program Change Summary ($ in Thousands):
Total
FY 1997 FY 1998 FY 1999 Cost
(U) Previous President’s Budget (FY 1998 PB) 37,980 40,613 41,357 Cont
(U) Current Budget Submit/FY 1999 PB 36,391 31,998 40,745 Cont

(U) Change Summary Explanation:

Funding: Changes to this project since the previous President’ s Budget are due to higher priorities within the Science and Technology (S& T) Program

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary ($ in Thousands):

(U) Related Activities:

- (V) PE 0602102F, Materials.

- (V) PE 0603202F, Aircraft Propulsion Subsystem | ntegration.

- (V) PE 0603216F, Aerospace Propulsion and Power Technology.

- (V) PE0602122N, Aircraft Technology.

- (U) PE 0603210N, Aircraft Propulsion.

- (U) PE0603003A, Aviation Advanced Technology.

- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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oy - DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602203F Aerospace Propulsion 3145
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
3145 Aerospace Power Technology 13,815 14,340 14,565 14,594 15,786 15,243 16,157 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: Develops technologies for aerospace power generation, conversion, and transmission systems including
advanced electrical power component and subsystem technologies. Power components are developed for aircraft and flight line equipment to increase reliability,
maintainability, commonality, and supportability. This project supports an initiative which uses electrical power to replace hydraulic and pneumatic power and their costly
logistics support. These electrical power technologies are necessary to meet the 10-20 year long-term storage requirements of Air Force uninhabited combat aerial vehicles
(UCAVSs). Electrical power generation technologies developed are enabling technologies all future military directed energy (DE) weapon systems. Essentially, all power
electronics (conversion) technology being developed here has dual-use opportunities. Spin-off application areas include all military system conversion development from
conventional to electrically-based on-board subsystems.

(U) EY 1997 ($in Thousands):

- (V) $12,033 Developed aerospace batteries and power generation, conversion, and transmission components for aircraft systems. These components
provide aircraft with a high degree of self-sufficiency, improved reliability, maintainability, and supportability, al yielding a quicker aircraft
turn-around time. In addition, ground support equipment requirements will be dramatically reduced.

- (U) Demonstrated electrical components essential for afault tolerant electrical power system.

- (U) Completed test and demonstration of high temperature semiconductor switches to demonstrate increased operating temperature
and improved reliability.

- (U) Completed fabrication of internal engine starter/generator which leads to elimination of engine gear box.

Developed battery systems for guidance, navigation, control functions for missile systems, and for use in navigational aids, radios, and

sensors for special operations forces. Batteries with higher power density, longer life, increased reliability, and rechargability will provide

missiles systems and special operations forces with greater reliability and reduced maintenance costs.

- (U) Demonstrated lithium cells for use in rechargeabl e batteries--allows three-fold reduction in mass and volume over existing
batteries.

Developed specia purpose power components for advanced surveillance and communications systems, as well as ground power

applications.

- (U) Developed next generation electrical conductors with 50% increase in current density and higher operating temperature for
advanced lightweight electrical generators.

Tota

- (V) $1,247

- (U) $535

- (U) $13,815
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602203F Aerospace Propulsion 3145

(U) EY 1998 ($ in Thousands):

- (U) $12,327

- (U) $1,505

- (U) $508

- (U) $14,340

Develop aerospace batteries and power generation, conversion, and transmission components for aircraft systems. These components
provide aircraft with a high degree of self-sufficiency, improved reliability, maintainability, and supportability, all yielding a quicker aircraft
turn-around time. In addition, ground support equipment requirements will be dramatically reduced.

- (U) Develop advanced power generation, conversion, and distribution components for a fault tolerant electrical power system.

- (U) Begin testing internal engine starter/generator which leads to elimination of engine gear box.

Develop battery systems for guidance, navigation, control functions for missile systems, and for use in navigational aids, radios, and sensors
for special operations forces. Batteries with higher power density, longer life, increased reliability, and rechargability will provide missiles
systems and special operations forces with greater reliability and reduced maintenance costs.

- (U) Develop new cathode materials for lithium batteries to enhance cycle life.

Develop specia purpose power components for advanced surveillance and communications systems, as well as ground power applications.

- (U) Develop improved ceramic processing of coated conductors to optimize crystallization of conductors.

Tota

(U) EY 1999 ($ in Thousands):

- (U) $12,350 Develop power generation components for aircraft systems. These components improve aircraft self-sufficiency, reliability, maintainability,
and supportability.

- (U) Completeinitial testing of the internal engine starter/generator rig demonstration which leads to elimination of engine gear box.

- (V) $1,730 Develop battery components for use in navigational aids, radios, and sensors for special operations forces. Batteries with higher power
density, longer life, increased reliability, and rechargability will provide specia operations forces with greater reliability and reduced
maintenance costs.

- (V) Bvauate performance for lithium cells and down-select based on performance of cathode material.

- (V) $485 Develop special purpose power components for advanced directed energy weapon systems, as well as ground power applications.

- (U) Bvauate conductors produced under new process which will provide 25% improved current density and 15% increase in operating
temperature capability.

- (U) $14,565 Tota
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(U) Change Summary Explanation:

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:
- (V) PE 0603216F, Aerospace Propulsion and Power Technology.
- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.

Project 3145 Page 16 of 16 Pages

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602203F Aerospace Propulsion 3145
(U) B. Program Change Summary ($ in Thousands):
Total

FY 1997 FY 1998 FY 1999 Cost
(U) Previous President’s Budget (FY 1998 PB) 14,551 15,113 14,898 Cont
(U) Current Budget Submit/FY 1999 PB 13,815 14,340 14,565 Cont

Funding: Changes to this project since the previous President’s Budget are due to higher priorities within the Science and Technology (S& T) Program.
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PE NUMBER: 0602204F
PE TITLE: Aerospace Avionics

UNCLASSIFIED

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE
2 - Applied Research 0602204F Aerospace Avionics
COST (§ In Thousands) FZ 1997 FY'1998 FY'1999 FY '2000 FY '2001 FY '2002 FY '2003 Cost to Total Cost
ctual Estimate Estimate Estimate Estimate Estimate Estimate Complete

Total Program Element (PE) Cost 63,953 61,025 65,549 67,461 72,064 73,182 75,279 Continuing| Continuing
2000 Electronic Countermeasures Technology 13,141 14,570 15,917 16,882 17,405 17,944 18,319 Continuing| Continuing
2001 Electro-Optical Technology 8,780 6,134 490 0 0 0 0| Continuing| Continuing
2002 Microwave Technology 8,489 9,613 9,341 9,092 10,561 10,011 10,212 Continuing| Continuing
2003 Avionics System Design Technology 8,233 6,317 9,498 10,070 10,459 10,751 11,029 Continuing| Continuing
6095 Information Fusion Technology 9,771 7,486 11,606 12,729 13,604 14,368 15,120 Continuing| Continuing
6096 Microelectronics Technology 7,586 9,273 9,475 8,906 9,874 9,679 9,898| Continuing| Continuing
7622 Radio Frequency Sensor Technology 7,953 7,632 9,222 9,782 10,161 10,429 10,701 Continuing| Continuing

Quantity of RDT&E Articles 0 0 0 0 0 0 0 0 0

Note: For FY 1998 and beyond, several projectsin this PE have been combined. For clarity, the FY 1997 portions of this exhibit have used the new project structure. Project 2000, Active Electronic Countermeasures, and Project 7633, Passive Electronic
Countermeasures, have been combined within Project 2000, Electronic Countermeasures Technology. Project 2001, Electro-Optical Technology, and Project 2004, Reconnai ssance/Strike Electro-Optical Sensors, have been combined within Project 2001,
Electro-Optical Technology. (After FY 1999, Project 2001 will terminate due to budget constraints and priorities within the Science and Technology Program.) Project 6095, Inertial Reference and Guidance Technology, and Project 7629, Fire Control
Avionics, have been combined within Project 6095, Information Fusion Technology. Project 7622, Reconnaissance Strike Radio Frequency Sensors, and Project 7662, Avionics Data Transmission and Reception, have been combined within Project 7622,
Radio Frequency Sensor Technology.

(U) A. Mission Description and Budget Item Justification: This Applied Research program develops the technology base for Air Force aerospace avionics. Advances
in aerospace avionics are required to increase combat effectiveness, reduce life cycle costs, facilitate modernization of aging and future aerospace platforms, and provide
protection against emerging hostile threat systems. Meeting these needs necessitates simultaneous advances in multiple, interrelated disciplinesincluding: airborne
sensors (e.g., infrared, radar, etc.); multi-function high-power electronic devices; target detection, classification, and recognition; fire control; communication and
navigation subsystems; and electronic warfare technologies. To permit new capabilities to transition smoothly to warfighters, this program also develops avionics
architectures, data processing technologies, and sensor integration techniques. This investment strategy will permit the Air Force to move away from costly independent
“black box” avionics to open system avionics that combine common modules, shared components, and commercial devices into integrated, easily-upgradable systems.
Advanced, integrated avionics technologies will give warfighters the combat edge they need at an affordable price. Note: In FY 1998, Congress added $2.0 M for
Environmental Laser Mapping.
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DATE

February 1998

BUDGET ACTIVITY PE NUMBER AND TITLE

2 - Applied Research

0602204F Aerospace Avionics

(U) B. Program Change Summary ($ in Thousands):

FY 1997 FY 1998

(U) Previous President’s Budget (FY 1998 PB) 65,360 69,401
(U) Appropriated Value 68,061 64,144
(U) Adjustmentsto Appropriated Value

a. Congressional/General Reductions -1,444 -2,464

b. SBIR -1,134 -655

¢. Omnibus/Other Above Threshold Reprogrammings -1,460

d. Below Threshold Reprogrammings

e. Rescissions -70
(U) Adjustmentsto Budget Year Since FY 1998 PB
(U) Current Budget Submit/FY 1999 PB 63,953 61,025

(U) Change Summary Explanation:

FY 1999
70,469

-4,920
65,549

Totd
Cost
Cont

Cont

Cont

Funding: Changes to this PE since the previous President’ s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary: Not Applicable.

(U) D. Schedule Profile: Not Applicable.
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oy - DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602204F Aerospace Avionics 2000
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
2000 Electronic Countermeasures Technology 13,141 14,570 15,917 16,882 17,405 17,944 18,319 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: This program determines the feasibility of active and passive electronic countermeasure technologies and
explores, devel ops, expands, and refines the most promising and cost-effective technologies. The technologies pursued support passive sensing of the entire
electromagnetic spectrum in order to provide signal collection, detection, recognition, analysis, identification, location, and countering of enemy electronic emissions
whether intentional or unintentional. This project includes development of countermeasure concepts against radar, infrared (IR), and electro-optical threat weapon systems
aswell as against communication command and control networks. Various links and sensors of threat air defense systems are analyzed and a database of countermeasure
techniques and technologies is generated from which specific self-protection or support countermeasures equipment can be developed. Specifically, the program exploits
emerging technologies to provide increased capability for: 1) radar warning, radio frequency (RF) electronic warfare, and electronic intelligence applications; 2) IR
detection for passive missile warning, IR signature exploitation, and IR countermeasures; 3) laser detection for threat warning and countermeasures; 4) passive and
combined passive/active off-board expendables (chaff, decoys, etc.); and 5) hardware and software for associated processing and technology integration needs. These
countermeasure capabilities are vital for survival of operational aerospace platforms facing advanced threats in future hostile environments.

(U) EY 1997 ($in Thousands):
- (V) $1,888 Develop technologies for on-board and off-board (active IR decoys) countermeasures to counter IR-guided missiles.
- (U) Continued development and in-house evaluation of on-board IR countermeasures against imaging missile seekers.
- (U) Continued development of IR flare technology using advanced materials.
- (U) Continued to develop concepts for countermeasures against laser beamrider missiles.
- (U) Continued to develop concepts for countermeasures against night vision devices which are used to augment IR missile launchers.
Develop off-board RF countermeasures concepts (active decoys) for affordable survivability against radar threats.
- (U) Tested active decoys using advanced jamming modulations tailored to counter coherent radar threats.
- (U) Identified countermeasures techniques and technology for decoys operating in the high-millimeter band frequency range.
Develop affordable, on-board RF technology and concepts to achieve solutions to countermeasures requirements related to radar-controlled
lethal threat systems.
- (U) Investigated integrated angle, doppler, and range deception techniques to effectively jam coherent monopul se threat tracking
radars.
- (U) Fabricated and tested narrow-band, digital RF memory architecture.
- (U) Tested and evaluated a unique modulation component for digital jamming.

- (U) $1,439

- (U) $1,916
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BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602204F Aerospace Avionics 2000

(U) $1,709

(U) $1,855

(U) $1,471

(U) $1,559

(U) $1,304

(U) $13,141

Develop on-board radio frequency (RF) countermeasures against voice and data communications elements of enemy air defense systems.

- (U) Fabricated and tested breadboard hardware to jam the special data signals used for command and control of lethal threat systems.
- (U) Developed techniques to jam communications systems which use featureless waveforms.

Develop technology for generic hardware and software modules to enable low-cost block upgrades to electronic warfare (EW) receivers.

- (U) Ground-tested combined de-interleaving, correlation, and threat identification software modules.

- (U) Raninitial concept tests for threat parameter normalization software.

Develop all-digital EW receiver and associated antenna for improved reliability and flexibility in response to ever changing EW threats.

- (U) Bvauated fundamental angle and RF hardware correlator for improved performance and reliability.

- (U) Continued to develop angle/frequency discrimination concepts to respond to new threat signals.

Develop an enhanced warning capability with advanced detector and processing technology and integrated missile warning, laser warning,
and targeting sensors for an improved pilot protection capability.

- (U) Developed low-cost multicolor infrared (IR) filtering technique for IR focal plane array system.

Continue development of models for off-board, expendable electronic countermeasures for use in chaff and decoy dispensing programs.

- (U) Hight-tested “environmental chaff” for usein combat training exercises.

- (U) Developed breadboard for advanced, passive, expendable, off-board countermeasures.

Tota

(U) EY 1998 ($ in Thousands):

- (U) $3,363

- (U) $4,126

Project 2000

Develop technologies for on-board and off-board (active IR decoys) countermeasures to counter |R-guided missiles and electro-optical
directed threat systems.

- (U) Continue development and in-house evaluation of on-board IR countermeasure against imaging missile seekers.

(U) Initiate development of a shielded narrowband IR source for advanced IR decoys to minimize out-of-band detection.

(U) Complete analysis of laser beamrider missile countermeasure concepts and downselect for laboratory and field testing.

(U) Conduct laboratory tests demonstrating effects of countermeasure concepts against enemy night vision devices.

- (U) Continue to develop cooperative on-board and off-board IR countermeasure concepts for synergistic effects.

Develop affordable radio frequency (RF) jamming technology and concepts which degrade enemy radar, missiles, and command and control
systems. Thiswill enhance aircraft survivability.

- (U) Test countermeasures to effectively and affordably degrade monopulse threat tracking radars to assure survivability of our aircraft.
- (U) Continue evaluation of digital RF memory architecture to provide the capability to defeat coherent doppler fire control radars.

- (U) Develop digital jamming pulse quality metrics to enhance evaluation of countermeasure technique effectiveness.

- (U) Investigate concepts for countermeasures against covert threat communication links that use featurel ess waveforms.

- (U) Conduct in-house evaluation of RF countermeasure techniques to defeat advanced radar, missile, and communication threats.
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- U) $771 Develop off-board (expendable) RF countermeasure concepts for affordable survivability against radar threats.

- (U) Design active decoys to counter surface and airborne threats using microwave and millimeter wave radars.
- (U) Continue development of design tools and analytic methods to predict the effectiveness of advanced chaff payloads, dispensing
methods, and tactics.
- (U) Develop and test environmentally degradable and electromagnetically tailorable chaff designs to allow for the resumption of chaff
usage during combat training exercises and to provide advanced countermeasure techniques.
(U) $1,542 Develop technology for generic software modules to enable low-cost block upgrades to electronic warfare receivers.
- (U) Continue ground-testing combined de-interleaving, correlation, and threat identification software modules to detect new threat
systems without expensive hardware upgrades.
- (U) Complete preliminary design of advanced threat parameter normalization software to allow aircraft to share situational awareness
data.
(U) $3,854 Develop affordable RF receiver and antenna technology for use in operational and future aircraft. Thistechnology is needed to detect,
characterize, and identify threats in increasingly complex environments while maintaining own aircraft covertness and emission control.
(U) Complete testing of wideband digital receiver brassboard to affordably increase threat coverage.
- (U) Continue development of wideband receiver specialized software for threat characterization, identification, and location.
(U) Develop narrowband digital receiver technology to provide alimited capability to inexpensively update operational systems.
(U) Complete design of asix to eight gigahertz, low-profile (less than one inch) conformal antenna array and investigate its
electromagnetic characterization.
- (U) Transition software for design and evaluation of flush-mounted conformal arrays.
- (U) 9914 Develop missile and laser warning technology to accurately cue countermeasures, improving survivability.
- (U) Continue development of laser warning discrimination techniques for countermeasure cueing.
- (U) Continue evaluation of infrared (IR) clutter rejection techniques for two times improvement in IR missile warning range.
- (U) Continue development and evaluation of multi-frequency, non-mechanical filters for fifty percent reduction in false alarm rates.
- (U) Complete development of laser warning breadboard.
(U) $14,570 Tota

(U) EY 1999 ($in Thousands):
- (V) $4,846 Develop technologies for on-board and off-board (active IR decoys) countermeasures to counter | R-guided missiles and electro-optical
directed threat systems.
- (U) Continue development and in-house evaluation of on-board IR countermeasure against imaging missile seekers.
- (U) Conduct laboratory tests of laser beamrider missile countermeasure concepts.
- (U) Continue to develop cooperative on-board and off-board IR countermeasure concepts.
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- (V) $2,677 Develop affordable radio frequncy (RF) jamming technology and concepts which degrade enemy radar, missiles, and command and control

systems. Thiswill enhance aircraft survivability.

- (U) Develop new, multifunction RF waveforms for flexible countermeasures against unexpected/unknown threats systems.

- (U) Continue developing advanced deception countermeasures techniques to assure capability to degrade new/upgraded threat radars.

- (U) Develop techniques to degrade modern communications networks used for enemy command and control.

- (U) Conduct in-house laboratory evaluation of RF countermeasure techniques to defeat advanced radar, missile, and communication
threats.

- (U) $305 Develop off-board (expendable) RF and combined | R/RF countermeasure concepts for affordable survivability against radar threats.

- (U) Continue design of active decoys to counter surface and airborne threats using microwave and millimeter wave radars.
- (U) Demonstrate advanced active or passive expendable techniques that decoy tracking radars away from our aircraft.
- (U) $2,095 Develop technology for generic software modules to enable low-cost block upgrades to electronic warfare receivers.
- (U) Demonstrate combined de-interleaving, correlation, and threat identification software modules.
- (U) Develop next-generation receiver algorithmsto leverage flexible, digital receiver architectures.

- (U) $4,689 Develop affordable radio frequency (RF) receiver and antenna technology for use in operational and future aircraft. Thistechnology is
needed to detect, characterize, and identify threats in increasingly complex environments while maintaining own aircraft covertness and
emission control.
- (U) Develop new techniques for wideband to narrowband receiver cueing.
- (U) Demonstrate first wideband all-digital receiver.
- (U) Demonstrate dual-use conformal array technology and continue electromagnetic characterization.

- (U) $1,305 Develop missile and laser warning technology to accurately cue countermeasures, improving survivability.
- (U) Develop laser warning discrimination techniques for cueing countermeasures.
- (U) Continue evaluation of infrared (IR) clutter rejection techniques for improved IR missile warning.
- (U) Continue development of multi-color, non-mechanical filters for IR missile warning.

- (V) $15,917 Tota
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(U) B. Program Change Summary ($ in Thousands):

Totd

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 13,235 15,562 16,250 Cont
(U) Current Budget Submit/FY 1999 PB 13,141 14,570 15,917 Cont

(U) Change Summary Explanation:
Funding: Changes to this project since the previous President’s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:
- (V) PE 0603270F, Electronic Combat Technology.
(U) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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oy - DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602204F Aerospace Avionics 2001
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
2001 Electro-Optical Technology 8,780 6,134 490 0 0| Continuing| Continuing

(U) A. Mission Description

and Budget Item Justification: This project focuses on the development of military unique and essential devices and components for

airborne optical sensing, optical processing, and integration of electro-optical technology into avionics sensor systems. Electro-optical technologies provide faster, more
accurate detection and targeting capability combined with the benefits of low weight and low-power requirements. The results of this technology provide the warfighter
with increased situational awareness, enhanced defense suppression, and improved precision weapon delivery. Note: In FY 1998, Congress added $2.0 M for
Environmental Laser Mapping.

(U) EY 1997 ($in Thousands):

- (U) $1,863 Develop short pulse infrared and ultraviolet source technologies for target recognition and designation.

- (U) Continued development and evaluation of solid state and semiconductor technologies for target recognition and designation.

- (U) $1,490 Develop high-throughput, real-time optical processing technology to improve precision in imaging and target recognition.

- (U) Developed and evaluated sources and components for greater speed and testability of optical subsystems.

- (U) $1,603 Develop ultraviolet technology for imaging, tracking, and jet engine analysis.

- (U) Continued development and evaluation of semiconductor technology to improve the performance and reliability of detector arrays.

- (U) $931 Develop advanced electro-optical sensor technology for combined navigation and air-to-ground targeting in a multi-function sensor. This
thrust is aimed at alleviating the weight, drag, maintenance, and cost problems of a dual sensor approach.

- (U) Completed development of algorithms that can perform targeting on multiple scenes at the same time.
- (U) Completed development of electronic stabilization algorithms allowing for range enhancement of electro-optical sensor technology
for combined navigation and air-to-ground targeting.

- (U) $585 Develop and demonstrate a low-cost, maintainable, high performance, non-mechanical method of directing the passive sensor field of view.
Mechanical methods of scanning the target scene are inherently bulky, expensive, and unreliable. A non-mechanical approach will also
permit the use of low-cost staring focal plane arrays which will enhance overall performance.

- (U) Completed the design, fabrication, and absolute pointing accuracy verification of a phased array beam steering component.

- (U) $2,308 Develop and demonstrate frequency agile electro-optical technologies to enhance air-to-ground and air-to-air sensor performance, target
detection ranges, and identification.

- (U) Completed application and requirements analysis of electro-optical technologies for precision targeting of ground-based and
airborne threats.

- (U) $8,780 Tota
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(U) EY 1998 ($ in Thousands):

- (V) $1,284 Develop ultraviolet technology for applications such as missile threat warning, communications, and jet engine analysis.
- (U) Continueto develop solid state laser technology for a safer, high-power, more reliable, ultraviolet source in one-fifth the size.
- (U) Develop solar-blind, ultraviolet detector technology for smaller, higher performance missile warning receivers with significantly
reduced false alarm rates.

- (U) $311 Develop high-speed opto-electronics technology for faster interfaces between electronic components. Applications include high-speed data
processing, analog to digital converters, digital radar, and real-time image and target recognition. These development efforts are jointly
planned with the Defense Advanced Research Projects Agency.

- (U) Develop optical interconnect technology for high-speed electronic and opto-electronic multichip modules that will provide four
times data rate increase with greater antennato processor distances for digital radar applications.

- (U) Develop optical lithography technology for the fabrication of high-speed, integrated electronics and opto-electronic multichip
modules with increased resolution and five times faster throughput at one-tenth the cost.

- (V) $747 Develop affordable, supportable, manufacturable high definition/resolution displays with the following performance characteristics: all
digital interface; sunlight readability; and high reliability.

- (U) Demonstrate technology to increase the optical efficiency of active matrix liquid crystal displays by at least a factor of two.

- (U) Continue adapting low-cost, commercial-based, digital display interface to drive high definition military displays.

- (U) Continue development of large area, high resolution, sunlight readable cockpit field emission display.

- (U) Begin development of flat panel head-up display (HUD) to improve reliability over existing cathode ray tube HUDs and explore
replacement of classical optics with lighter, more compact diffractive projection optics.

- (U) $1,369 Develop advanced electro-optical sensor technologies, including non-mechanical beam steering techniques, for a single compact, affordable
navigation and targeting sensor.

- (U) Complete design and begin fabrication of a multi-function sensor, incorporating multiple apertures, with a three times
improvement in target detection range and four times improvement in identification range.

- (V) $2,433 Develop and demonstrate frequency agile electro-optical technologies to enhance air-to-ground and to air-to-air sensor performance,
increase target detection and identification ranges, and defeat heat-seeking missiles.

- (U) Demongtrate, through ground and airborne experiments, the value of modular wind profiling to cargo and bomb drop applications.

- (U) Develop narrow bandwidth, tunable infrared (IR) source technology for multispectral sensing.

- (U) Develop first-generation coatings to enhance the reliability of mid-IR optics.

- (U) Complete preliminary design of a compact, medium-range, airborne laser radar to detect small concentrations of pollutants and
chemical agents.

- (U) $6,134 Tota
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(U) EY 1999 ($in Thousands):
- (V) $490 Develop advanced electro-optical sensor technologies, including non-mechanical beam steering techniques, for a single compact, affordable

navigation and targeting sensor.
- (U) Complete fabrication and begin laboratory testing multi-function sensor.

- (U) $490 Total

(U) B. Program Change Summary ($ in Thousands):
Tota
FY 1997 FY 1998 FY 1999 Cost
(U) Previous President’s Budget (FY 1998 PB) 8,860 5,749 4,394 Cont
(U) Current Budget Submit/FY 1999 PB 8,780 6,134 490 Cont

(U) Change Summary Explanation:

Funding: After FY 1999, this Project will terminate due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0603203F, Advanced Avionics for Aerospace Vehicles.

- (V) PE 0602702F, Command, Control, and Communications.

- (V) PE 0603270F, Electronic Combat Technology.

- (V) PE0602712E, Materials and Electronics Technology.

- (V) PE 0603739E, Advanced Electronics Technology.

- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602204F Aerospace Avionics 2002
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
2002 Microwave Technology 8,489 9,613 9,341 9,092 10,561 10,011 10,212 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: This project focuses on the generation, control, reception, and processing of microwave and millimeter
wave power. Develops technologies such as solid state and vacuum electronic power devices and amplifiers, low noise and signal control components, high-temperature
electronics, multi-function monolithic integrated circuits, and high density packaging and interconnects. Develops techniques for integrating various combinations of these
technologies to demonstrate significantly improved performance with smaller size, lower weight, lower cost, and higher reliability in military-specific applications. The
requirements for device and component technology devel opments are based on Air Force and other DoD weapon systems needs in the areas of radar, communications,
electronic warfare (EW), navigation, and smart weapons applications.

(U) EY 1997 ($in Thousands):
- (V) $1,623 Develop mixed-mode, microwave/digital multi-function integrated circuits components for radar and EW receivers and for digital phased

array radars.

- (U) Continued to develop advanced analytical methods for evaluating mixed-mode integrated components.

- (U) Designed and developed mixed-mode signal control component for reduced weight and volume of airborne receiver systems.

Develop high-power, solid state amplifiers for radar and communications applications.

- (U) Designed and developed high-power, high-efficiency amplifiers for phased array radars which increase the performance and
efficiency in the 1-20 gigahertz frequency band.

- (U) Developed high-power transmit amplifiers for precision guided weapons.

- (U) Developed advanced transistors and fabrication techniques for microwave power amplifiers that produce higher power (via
improved heat dissipation) for compact, reliable, and affordable radio frequency sensors.

Develop reliable, high-operating-temperature electronics for microwave transmitters used in airborne applications.

- (U) Continued development of candidate materials that will improve the reliability of microwave transistors.

- (U) Developed integrated circuits for reliable, high-power operation of advanced EW and radar applications.

Develop high-power vacuum electronics devices and components for EW, radar, and communications applications.

- (V) Fabricated components for advanced microwave tubes to improve reliability of radio frequency subsystems.

- (U) Continued fabrication and testing of millimeter wave power modules to increase range capability of communications and electronic
combat transmitters over the 20 to 40 gigahertz frequency range.

- (U) $2,013

- (U) $1,708

- (U) $1,49
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- (V) $1,649 Develop millimeter wave integrated circuits for terminal guidance and communications systems.
- (U) Continued development and initiated test of integrated circuit signal control components to improve the performance and
reliability of millimeter wave terminal guidance radars.
- (U) $8,489 Tota

(U) EY 1998 ($ in Thousands):

- (V) $1,550 Develop military essential mixed-mode (e.g., high-power/low-noise, microwave/digital, electronic/electro-optical, etc.) multi-function
components for radar and electronic warfare (EW) receivers and for digital phased array radars. Application of this compact and more
flexible sensor technology will improve warfighter situational awareness, enhance defense suppression, and improve precision weapon
delivery.

- (V) Evauate and validate advanced analytical methods for designing integrated analog/digital components to reduce non-recurring
engineering costs for systems such as high performance radar and EW receivers.

- (V) Fabricate miniature digital receivers which will reduce the weight and volume of airborne receiver systems and enhance situational
awareness by increasing target detection/tracking sensitivity.

- (V) $3,220 Develop high-power (1 to 100 watts), military unique, solid state transmitters for radar and communications applications. This technology
will enable the warfighter to detect and track low radar cross-section targets at greater ranges, improve situational awareness, and enable
development of compact affordable transmitters for smaller platforms such as advanced unmanned air vehicles.

- (V) Demonstrate 10-watt, 7-12 gigahertz amplifiers for multifunction phased array radars having 25% range improvement without
increasing aircraft power regquirements.

- (V) Demonstrate and transition the first low-cost, 35 gigahertz high-power transmit amplifiers to enable all-weather, precision guided
weapons which will improve the range and probability of kill of advanced smart missiles.

- (V) Fabricate and test advanced transistors for microwave amplifiers that produce higher power (viaimproved heat dissipation) for
compact, reliable, and affordable radio frequency sensors.

- (V) $1,780 Develop high-operating-temperature, military-essential, solid state microwave transmitters used in ground-based and airborne radar
applications. Thistechnology allows compact transmitters to be located in remote areas of the platform for increased sensor coverage.

- (U) Develop high yield process technol ogies to enable high-operating-temperature microwave transistors that will improve the
reliability and lower the life cycle costs of air defense radars.

- (V) Fabricate and evaluate high-operating-temperature integrated circuits to demonstrate potential for application to advanced EW and
radar applications with reduced cooling regquirements.
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- (V) $1,417

- (U) $1,646

- (U) $9,613

Develop military unique, very high-power (100 to 1,000 watts) vacuum electronics devices and components for electronic warfare (EW),

radar, and communications applications which will result in modular, very compact and affordable microwave and millimeter wave

transmitters.

- (V) Fabricate and test components for advanced microwave tubes for very high-power and wide-bandwidth radar and EW transmitters
at one-fifth the size.

Develop military unique millimeter wave integrated circuits for terminal guidance and communications systems with reduced size and

weight, thereby, enabling the inclusion of these sensors on very small platforms.

- (V) Fabricate and evaluate millimeter wave integrated circuit signal control components to improve the performance and reliability of
terminal guidance radars with enhanced target tracking and detection capahilities.

Tota

(U) EY 1999 ($in Thousands):

- (V) $2,746

- (U) $2,506

Project 2002

Develop military essential mixed-mode (e.g., high-power/low-noise, microwave/digital, electronic/electro-optical, etc.) multi-function

components for radar and EW receivers and for digital phased array radars. Application of this compact and more flexible sensor

technology will improve warfighter situational awareness, enhance defense suppression, and improve precision weapon delivery.

- (V) Demonstrate and refine advanced analytical methods for eval uating mixed-mode integrated components to reduce non-recurring
engineering costs for systems such as high performance radar and EW receivers.

- (U) Demonstrate miniature digital receivers and direct digital waveform transmitters which will reduce the weight and volume of
airborne receiver systems and enhance situational awareness by increasing target detection/tracking sensitivity.

Develop high-power (1 to 100 watts), military unique, solid state transmitters for radar and communications applications. This technology

will enable the warfighter to detect and track low radar cross-section targets at greater ranges, improve situational awareness, and enable

development of compact affordable transmitters for smaller platforms such as advanced unmanned air vehicles.

- (V) Demonstrate 5-watt output power, 35 gigahertz high-power transmit amplifiers for precision-guided weapons which will improve
the range and probability of kill of advanced smart missiles.

- (U) Demonstrate advanced transistors and fabrication techniques for microwave amplifiers that have improved power dissipation and
enhanced reliability for use in compact and affordable radio frequency sensors.
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- (V) $2,833 Develop high yield process technol ogies to enable high-operating-temperature, military-essential, solid state microwave transmitters used in

ground-based and airborne radar applications. This technology allows compact transmitters to be located in remote areas of the platform for

increased sensor coverage.

- (V) Demonstrate candidate materials that will improve the reliability of microwave transistors used in ground and air defense radars
which have increased reliability and lower life cycle costs.

- (V) Demonstrate integrated circuits for reliable, high-power operation of advanced electronic warfare and radar applications which will
increase the range for detecting targets and jamming threats.

- (U) Demonstrate high-power internally matched transistors that will alow replacement of vacuum tube transmitters in high-power
radar, improving mobility and lowering support costs.

- (V) $1,256 Develop military unique, very high-power (100 to 1,000 watts) vacuum electronics devices and components for electronic warfare, radar,

and communications applications which will result in modular, very compact and affordable microwave and millimeter wave transmitters.

- (V) Demonstrate components for advanced microwave tubes resulting in increased power and efficiency and reduced size and cost for
compact radar and electronic warfare transmitters.

- (U) $9,341 Total
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(U) B. Program Change Summary ($ in Thousands):
Total

FY 1997 FY 1998 FY 1999 Cost
(U) Previous President’s Budget (FY 1998 PB) 8,784 10,046 9,529 Cont
(U) Current Budget Submit/FY 1999 PB 8,489 9,613 9,341 Cont

(U) Change Summary Explanation:
Funding: Changes to this project since the previous President’ s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0603203F, Advanced Avionics for Aerospace Vehicles.

- (V) PE 0603270F, Electronic Combat Technology.

- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
2003 Avionics System Design Technology 8,233 6,317 9,498 10,070 10,459 10,751 11,029 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: Develops advanced avionics technology for digital processing, software tools and techniques, and systems
architectures. Develops new concepts, demonstrates feasibility, and advances technology for avionics system needs. Advances technology for avionics displays, digital
processing hardware, sensor integration, and real-time distributed software to improve weapon system performance and avionics availability. Advancesin these avionics
technologies will multiply weapon systems effectiveness, enhance reliability, and reduce life cycle costs.

(U) EY 1997 ($in Thousands):
- (V) $1,303 Develop advanced technologies to increase functionality and flexibility of embedded, real-time airborne data processing.

- (U) Developed techniques and tools necessary for tranglating old computer code from existing avionics processors into advanced
commercial-based avionics processors.

- (U) Developed technology for quantifying trade offs between performance and costs for distributed, multi-processor avionics software.

- (U) Developed and define a maturation strategy for incorporating Ada 9X features in a distributed, multi-processor avionics
application.

Develop advanced integration, fusion, and data management technol ogies that enable increased exploitation of avionics assets to provide for

more cost-effective system solutions.

- (U) Developed and tested an avionics brassboard of a scaleable, coherent, interface network that will increase avionics reliability and
improve real-time performance.

- (U) Developed distributed, fault-tolerant extensions to basic object-oriented data base management system.

- (U) Analyzed performance and environmental requirements of targeted aging platforms; selected commercial-off-the-shelf candidate
for demonstration of cost-effective upgrade capability.

Develop advanced machine intelligence technol ogies to provide a capability for improved communications, recognition, understanding of

sensor data, and pilot aids.

- (U) Develop insertion concepts for development of avionics breadboards which are compatible with commercial personal computer
memory card standards.

- (U) Design dynamic, real-time scheduling algorithms to improve the correlation of sensors.

- (U) Continue evaluation of associative control process technology for application to avionics.

- (V) $2,491

- (U) $2.433
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- (U) $2,006

- (U) $8,233

Develop affordable, supportable, producible high definition/resolution displays with all-digital interfaces, that are readable in sunlight, and

that are highly reliable (>10,000 hours mean time between failure).

- (U) Continued investigation of technology to increase the optical efficiency of active matrix liquid crystal displaysto facilitate
dissemination of situational data to the pilot.

- (U) Developed field-emissive display for high-brightness, sunlight-readable cockpit flight instruments.

Tota

(U) EY 1998 ($ in Thousands):

- (U) $1,962

- (V) $1,732

- (U) $2,623

- (V) $6,317

Project 2003

Develop avionics software engineering technologies to improve reliability, quality, and supportability of both existing and next-generation

weapon systems software. Successful re-engineering of existing software will dramatically improve the cost of modernizing aging avionics.

- (U) Develop an automated method for translating embedded computer software from obsol ete avionics processors to advanced
commercial-based processors with no loss of performance or capability.

- (U) Demonstrate advanced techniques for debugging Air Force application specific avionics software.

- (U) Demonstrate automated software testing capability for verifying accuracy of text and dynamic symbology in smart avionics
displays.

- (U) Developinitial capability for in-flight self-testing and self-correcting mission-critical avionics software.

Develop advanced machine intelligence technol ogies to provide a capability for enhanced management of critical on-board sensors and

detection/recognition of targets.

- (U) Demonstrate ability to update inertial navigation system using old Global Positioning System (GPS) data to project position when
current GPS data is not available.

- (U) Demonstrate real-time, object-oriented database management system for increased situational awareness.

- (U) Continue development and application of the associative control process (reinforcement learning) technology for combat
information fusion.

Develop advanced integration technology and evaluate the feasibility of integrating commercial-off-the-shelf components for affordable

avionics modernization.

- (U) Develop methods for packaging commercial -off-the-shelf products into reliable, maintainable avionics hardware modul es.

- (U) Demonstrate utility of personnal computer processor/memory card technology for upgrading existing fighter aircraft processors.

Tota
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(U) EY 1999 ($ in Thousands):

- (V) $3,504

- (U) $3,429

- (U) $2,565

- (U) $9,498

Project 2003

Devel op software engineering technologies to promote assured performance of complex existing and next-generation air and space platform

software. These technologies are critical to ensuring the affordability of future weapon systems.

- (U) Demonstrate automated means to ensure correctness of mission-critical software that drives complex graphical displays (e.g.
cockpit displays, command center consoles, etc.).

- (U) Develop capahility to perform in-flight self-correcting and self-adapting functions for mission-critical weapon and information
systems.

- (V) Develop new techniques for scaleable software architectures to rapidly and cost-effectively incorporate new functions.

Develop advanced machine intelligence technol ogies to provide a capability for enhanced management of critical on-board sensors and

detection/recognition of targets.

- (U) Demonstrate an enhanced, distributed, real-time embedded avionics object-oriented database management system conforming to
multi-level security standards.

- (U) Demonstrate advanced, multiple target identification capability based on integration of information from disparate sources.

- (U) Demonstrate advanced sensor manager for tactical air-to-air and air-to-ground surveillance.

- (U) Develop efficient target recognition techniques based on machine intelligence research.

- (U) Continue development and application of associative control process (reinforcement learning) technology for combat information
fusion.

Develop and demonstrate avionics integration technologies that allows rapid re-allocation of avionics hardware to meet changing

operational requirements. These technologies dramatically reduce warfighter timelines for interoperability and adaptability in changing

threat environments.

- (U) Deveop technology that merges high-level design information and hardware algorithms to result in reconfigurable, integrated
avionics modules that provide weapon and information systems with unprecedented mission adaptability.

Tota
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(U) B. Program Change Summary ($ in Thousands):

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 8,242 9,301 9,689 Cont
(U) Current Budget Submit/FY 1999 PB 8,233 6,317 9,498 Cont

(U) Change Summary Explanation:
Funding: Changes to this project since the previous President’s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0603253F, Advanced Avionics Integration.

- (V) PE 0602301E, Intelligence System Program.

- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
6095 Information Fusion Technology 9,771 7,486 11,606 12,729 13,604 14,368 15,120 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: Develops the baseline technologies required to perform management and fusion of on-board sensor
information for timely, comprehensive situation awareness, automatic target recognition, integrated fire control, and bomb damage assessment. This project determines
the feasibility of technologies and concepts for fire control that aid in precisely locating, identifying, and targeting airborne and surface targets (with emphasis on reduced
signature targets and targets of opportunity) to enable new covert tactics for successful accomplishments of air-to-air and air-to-surface strike scenarios

(U) EY 1997 ($in Thousands):
- (V) $979 Develop reference sensors, system integration, and estimation technology to generate a common precision reference to enable high-payoff
multiple platform operations through sharing of sensor data.
- (U) Developed advanced reference and navigation algorithms to enable multiple platforms to share information in a battle area.
Develop advanced solid state miniature inertial sensor technology to increase the reliability of inertial sensors required for aircraft and to
reduce overall avionics size, weight, power, and cost.
- (U) Fabricated and tested second iteration of a packaged, navigation-grade, micro-machined silicon accelerometer for highly reliable,
all-solid state inertial guidance and navigation systems.
Develop technology for reduced jamming vulnerability and increased precision targeting and strike accuracy of Global Positioning System
(GPS) data and to exploit the benefits of GPS data to improve offensive and defensive combat capabilities at reduced cost.
- (U) Tested signal acquisition techniques to improve the jam resistance of GPS data for aircraft navigation and reference systems.
Develop technology for low-observable, wideband, multi-function antennas for communications, navigation, and identification functions to
reduce the number of antennas required and to increase weapon systems survivability.
- (U) Completed fabrication and laboratory evaluation of a breadboard wideband digital antenna electronics unit providing small, low-
cost, low-loss, beam forming/null-steering communication, navigation, and identification antennas.
Develop advanced aircraft air engagement technologies for detection and tracking of conventional and low cross section threats to increase
weapon system lethality and survivability.
- (U) Bvauated operational payoff of innovative tracking schemes by using real flight datain ground tests of algorithms.

(U) $399

- (U) $848

- (U) $895

(U) $379
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- (U) $982 -Develop sensor management technologies and innovative deployment tactics to increase air combat situational awareness, increase range,

and improve high-confidence target identification.
- (U) Ground-tested and evaluated algorithms which fuse all available radar data for a more comprehensive target picture.
- (U) Bvauated sensor management technologies capable of integrating ownship sensor data and off-board data to improve situational
awareness.
- (U) Bvauated candidate technologies that allow aircraft in the same flight to share information to promote commonality of fire
control functions across various platforms.
(U) $220 Develop innovative surface strike targeting techniques using all available (on-board and off-board) threat targeting information.

- (U) Designed targeting scheme that uses off-board information to aid in development of the fire control solution passed to the weapon.

(U) $1,520 Develop advanced automatic target recognition a gorithm techniques.
- (U) Integrated advanced feature extraction techniques to evaluate performance improvement in automatic target recognition.
- (U) Bvauated performance of automatic target recognition using advanced thermal invariance algorithms.
- (U) Demonstrated feasibility of multispectral infrared (IR) fusion of thermal, spatial, and motion features of threat aircraft.
(U) $1,061 Develop advanced synthetic signature and scene generation capability to train automatic target recognition algorithms.
- (U) Integrated advanced IR target generation with scene generation capability.
- (U) Demonstrated high-fidelity, high-speed synthetic aperture radar signature and scene prediction.
(U) 9$919 Develop analytical and empirical automatic target recognition modeling techniques to determine performance boundaries of automatic
target recognition.
- (U) Used real and synthetic data to evaluate performance of automatic target recognition algorithm against multiple target types.

- (U) $1,569 Develop robust, ultra-high-range radar algorithms for both air-to-air and air-to-ground applications.
- (U) Demonstrated advanced, robust, ultra high-range radar algorithms in a laboratory environment.
- (U)$9,771 Total

(U) EY 1998 ($ in Thousands):
- (V) $2,218 Develop and evaluate multisensor management technologies to optimize search techniques, increase air combat situational awareness,
increase detection ranges, allow high-confidence target identification, and enhance surface strike applications.
- (U) Complete evaluation of sensor management technologies capable of integrating ownship sensor data (offensive and defensive
sensors) and off-board data to increase air combat situational awareness and provide all aspect fire control capability.
- (U) Refinetargeting scheme for utilizing off-board information for final weapon solution.
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(U) $2,496

- (U) $554

(U) $1,220

(U) $998

- (U) $7,486

Demonstrate rapid evaluation of multi-sensor system concepts to support all-aspect fire control, target tracking, and situation awareness.

- (U) Complete medium fidelity sensor models and preliminary performance measurement capabilities for multi-sensor testbed.
Archive limited sets of actual sensor data for fusion concept evaluation.

Apply emerging open software architecture standards and practices to the development and evaluation of real-time, on-board, adaptive

information fusion systems for reduced targeting errors and enhanced situation awareness.

- (U) Design an architectural framework describing the functions, interfaces, and measures of performance for advanced information
fusion systems.

- (V) Initiate development of avionics fusion architecture components in conjunction with fusion researchers from the Department of
Defense, industry, and academia.

- (U) Establish baseline performance characteristics for avionics fusion applications and quantify the effects of reference system-related
errors on fusion algorithms.

Develop low-cost techniques using on-board sensors for cooperative air-to-ground identification of friendly forces to reduce fratricide and

increase mission effectiveness.

- (U) Develop techniques and radar and infrared technologies necessary for existing aircraft to identify friendly ground forces.

Develop advanced automatic target recognition (ATR) techniques.

- (V) Verify feasibility of integrating advanced synthetic aperture radar and passive radio frequency target generation capability.

- (U) Extract exploitable ‘signature fingerprints from high-range resolution and synthetic aperture radar data for use in target
identification/synthetic model development.

- (U) Continue integration of advanced radar feature extraction techniques to evaluate performance improvement in radar ATR versus
current approaches.

- (U) Bvauate performance enhancement of infrared (IR) ATRs using advanced thermal invariance algorithms.

- (U) Begin development of ATR algorithms which employ computational learning and invariant IR and radio frequency features to
enhance the performance of radar, IR, and multispectral ATR systems.

Tota

(U) EY 1999 ($in Thousands):

- (V) $1,756 Develop, evaluate, and demonstrate air-to-air single and multisensor tracking, sensor management, fire control, situation awareness, and
identification algorithms to dramatically improve air combat capability.
- (U) Develop advanced sensor fusion technologies for fighter aircraft to enable detection, tracking, and engagement of low-observable
aircraft.
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- (U) $5,062

(V) $2,772

(U) $1,216

(U)  $800

(U) $11,606

Project 6095

Develop, evaluate, and demonstrate air-to-ground single and multisensor tracking, sensor management, fire control, situation awareness,

and identification algorithms to dramatically improve reconnaissance, surveillance, and strike operations.

- (U) Expand the multi-sensor fusion testbed capability by adding additional truth targets, additional sensor models, limited man-in-
the-loop capahility, and enhanced measures of performance.

- (U) Update and refine open system avionics architecture for real-time, embedded, adaptive information fusion systems.

- (U) Provide detailed design of an architectural framework describing the functions, interfaces, and measures of performance for
advanced information fusion systems.

- (U) Continueto evaluate avionics information fusion architecture concepts in conjunction with fusion researchers from the
Department of Defense, industry, and academia.

- (U) Continue development of techniques and supporting radar and infrared technologies necessary for existing aircraft to identify
friendly ground forces.

Develop, evaluate, and demonstrate feasibility of single and multisensor automatic target recognition (ATR) algorithms to dramatically

improve capability to recognize hostile ground forces.

- (U) Demonstrate integration of advanced synthetic aperture radar and passive radio frequency (RF) target generation capability.

- (U) Demonstrate extraction of exploitable ‘signature fingerprints' from high range resolution and synthetic aperture radar data for use
in target identification.

- (U) Continue development of ATR algorithms which employ computational learning and invariant infrared and RF features to
enhance the performance of radar, infrared, and multispectral ATR systems.

Develop and demonstrate enabling technologies for long-range, high-altitude air and space vehicles.

- (U) Identify high-risk, high impact technologies needed to provide extremely high-altitude, long-range targeting and attack
capabilities for space planes.

Develop precision time, position, and velocity sensors for generating a common precision reference and to enable multiple platforms to

share sensor data.

- (U) Develop and evaluate techniques for optimizing inertial sensors for integration with Global Positioning System (GPS) and inertial
systems.

- (U) Design avionics fusion algorithms to quantify and improve the effects of reference-system-related errors.

Tota
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(U) B. Program Change Summary ($ in Thousands):
Tota

FY 1997 FY 1998 FY 1999 Cost
(U) Previous President’s Budget (FY 1998 PB) 10,354 11,038 11,534 Cont
(U) Current Budget Submit/FY 1999 PB 9,771 7,486 11,606 Cont

(U) Change Summary Explanation:

Funding: Changesto this project since the previous President’ s Budget are due to increased emphasis on Information Fusion technol ogies within the Science and

Technology (S&T) Program.
Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0603203F, Advanced Avionics Integration.

- (V) PE 0602602F, Conventional Munitions.

- (V) PE 0603270F, Electronic Warfare Technology.

- (V) PE 0603226E, Experimental Evaluation of Major Innovative Technologies

- (V) PE 0603762E, Sensor and Guidance Technology

- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
6096 Microelectronics Technology 7,586 9,273 9,475 8,906 9,874 9,679 9,898| Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: This project focuses on military unique, avionics aspects of microelectronics such as high-speed devices and
circuits; packaging and power distribution; design tools; and hardware design languages. The warfighter requirements for technology developments are based on Air Force
and other DoD weapon systems needs in the areas of radar, communications, electronic warfare, navigation, and smart weapons applications. Paramount to successisthe
development of high-speed anal og-to-digital converter circuits, design, packaging, and power management support technologies that provide for the utilization of
commercial-off-the-shelf products and military essential avionics devices and circuits. Computer-aided engineering technology is key to addressing the low-cost, very high
performance, low power, tough environmental, multi-organization development, and high complexity challenges of our warfighting electronics. The developed technology
is unavailable through commercial sources.

(U) EY 1997 ($in Thousands):
- (V) $2,892 Develop advanced integrated circuits, including analog to digital converter circuits, for military radio frequency (RF) and digital support
electronics.
- (U) Optimized devices and fabrication processes for atransceiver chip set to improve performance and reliability of digital support
electronics.
- (U) Fabricated and tested devices and integrated circuits for direct X-band anal og-to-digital conversion to improve reliability and
performance of radar support electronics.
- (U) Designed and developed high-speed circuits to augment the capability of commercia circuits for processing complex RF signals.
- (V) $1,528 Develop surface protective coatings, distributed power management, microsensors, and digital engine control technology to improve the
reliability of electronic subsystems.
- (U) Bvauated advanced packaging techniques for the direct X-band anal og-to-digital conversion to improve reliability and
performance of radar support electronics.
- (U) Designed and developed direct mount electronic engine control circuits that can withstand very high temperatures.
- (U) Completed evaluation of an advanced surface-protective coating process for integrated circuits.
- (V) $1,574 Develop and integrate advanced design tools into a commercial software environment for affordable model year upgrades.
- (U) Demonstrated arapid design approach to interface avionics sensors with the processor.
- (U) Developed areuse library for aircraft electronics integrated circuit designs.
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- (V) $1,592 Devel op hardware design language technology for more effective control of obsolete parts and logistics costs for existing weapon systems.

- (U) Completed the digital hardware design language validation suite.

- (U) Developed methods for mixing analog and digital models in the same validation suite.

- (U) Continued development of reengineering support tools and electronics libraries for aging aircraft electronics suites.
- (V) $7,586 Tota

(U) EY 1998 ($ in Thousands):

- (V) $2,616 Develop advanced high-speed devices and fabrication processes for digital integrated circuits to alow high-speed military sensors to
interface with slower commercial processing components, thereby, eliminating bulky, costly, and temperature-sensitive down-conversion
electronics. These technologies include very high-speed analog-to-digital converter circuits, digital radio frequency memory chips, etc.

- (U) Demonstrate high-speed devices and fabrication processes for a transceiver chip set to improve performance and reliability of high
dynamic range, high sensitivity receivers while achieving a factor of fifty reduction in size.

- (U) Fabricate and test devices and integrated circuits for greater than ten gigahertz analog-to-digital conversion for radar and
electronic warfare sensors with high sensitivity receivers.

- (V) $2,616 Develop surface protective coatings, distributed power management, and packaging technologies for high performance digital integrated
circuits to improve reliability and lower the cost of components that are required to operate in harsh military environments.

- (V) Develop high frequency, 100 megahertz power switching devices for modular avionics sensors to provide more efficient power
conversion technology for advanced sensors such as phased array antennas and electronic warfare transmitters and receivers.

- (V) $1,744 Develop and integrate advanced design toolsinto a commercial software environment for affordable model year upgrades.

- (U) Develop and demonstrate a second, more capable version of the software tools for on-the-fly reconfigurable computing for flexible
mission profiles.
- (U) Demonstrate utility of software tools for re-engineering/replacing el ectronic components that are obsolete or no longer

manufactured.
- (U) Complete development of extensive, portable library of reusable military integrated circuit designs to speed insertion of advanced
technology.
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- (V) $2,297 Develop next-generation hardware design languages (HDLs) to enable more effective interchange of replacement part design information,

better control of obsolete parts, and reduced logistics support costs.
- (U) Complete support documentation to promote digital and analog HDL s as industry standards.
- (U) Complete development of digital HDL training material and validation suite; transition to users (e.g., air logistics centers and
system program offices).
- (U) Develop animproved version of the software tools for using both analog and digital HDL s for circuits with analog and digital
components.
- (V) $9,273 Tota

(U) EY 1999 ($ in Thousands):

- (V) $2,733 Develop advanced high-speed devices and fabrication processes for digital integrated circuits to alow high-speed military sensors to
interface with slower commercial processing components, thereby, eliminating bulky, costly, and temperature-sensitive down-conversion
electronics. These technologies include very high-speed analog-to-digital converter circuits, digital radio frequency memory chips, etc.

- (U) Continue to demonstrate high-speed devices and fabrication processes for a transceiver chip set to improve performance and
reliability of high dynamic range, high sensitivity receivers while achieving a factor of fifty reduction in size.
- (U) Augment analog-to-digital conversion circuits to enable more extensive use of commercial-off-the-shelf components in radar,
electronic warfare, and communi cations/navigation/identification sensors, thereby, reducing cost, weight, and volume.
(U) $1,809 Develop surface protective coatings and packaging technologies for high performance, mixed analog/digital microwave circuits to improve
reliability and lower the cost of components that must operate in harsh military environments.
- (U) Develop advanced packaging and interconnect processes applicable to advanced sensors such as phased array antennas and
electronic warfare transmitters and receivers.
(V) $2,212 Develop advanced design tools to reduce the cost and time required to create complex Air Force electronic systems.
- (V) Assess and refine tools for automating the design of next-generation electronic “systems-on-a-chip”.
- (U) Integrate algorithms with reconfigurable computing and high-level design automation tools for faster handling of battlefield
information.
(V) $2,721 Develop next-generation design languages to support the complexity in implementing the Air Force's " system of systems’ vision.
- (U) Develop extensions to the industry standard hardware description language to support modeling of complex information networks.
- (U) Develop design language tools for capturing complex military information system needs and constraints.
(U) $9,475 Tota
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit)

DATE
February 1998

BUDGET ACTIVITY PE NUMBER AND TITLE
2 - Applied Research 0602204F Aerospace Avionics

PROJECT

6096

(U) B. Program Change Summary ($ in Thousands):

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 7,909 9,689 9,666 Cont
(U) Current Budget Submit/FY 1999 PB 7,586 9,273 9,475 Cont

(U) Change Summary Explanation:

Funding: Changes to this project since the previous President’ s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0603203F, Advanced Avionics for Aerospace Vehicles.

- (V) PE0602702F, Command, Control and Communications.

- (V) PE0602705A, Electronics and Electronic Devices.

- (U) PE0602234N, Materials, Electronics and Computers.

- (V) PE0602712E, Materials and Electronics.

- (V) PE 0603739E, Manufacturing Technology.

- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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oy - DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602204F Aerospace Avionics 7622
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
7622 Radio Frequency Sensor Technology 7,953 7,632 9,222 9,782 10,161 10,429 10,701 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: Determines feasibility of technology for reliable, all-weather, reconnaissance and precision strike radio
frequency sensors and information transfer systems. Emphasisis on: acquisition of surface and airborne targets with difficult to detect signatures due to reduced radar
cross sections, concealment and camouflage measures, severe clutter, and/or heavy jamming; and satisfying the growing need to transmit data between aircraft with high
integrity, low probability of detection, and high jam resistance. Assured low probability of detection communications are required to reduce aircraft physical and
electromagnetic vulnerability and provide major improvements in strike effectiveness by eliminating the requirement for “no communications’ operations.

(U) EY 1997 ($in Thousands):
- (V) $1,130 Develop advanced microwave sensor technology for air-to-air radar and target detection, including electronic protection, multi-dimensional

image processing, and adaptive algorithms, that also explore reducing life cycle cost.

- (U) Developed concept for an integrated analog/digital radio frequency system to reduce receiver hardware specifications and field
maintenance.

Develop tools and techniques that significantly reduce the cost and time to develop complex, synthetic, airborne radar environments.

- (U) Developed user-friendly, automated, object-oriented programming system to allow ground controllers to maneuver synthetic
aperture radar to penetrate foliage and mitigate hostile el ectromagnetic environments.

Develop integrated radar/targeting engineering analysis tools to evaluate sensor targeting errors for front-line fighter aircraft.

- (U) Established baseline radar analysis library with emphasis on user-friendly, automated, object-oriented and reusable software.

Develop two-dimensional radar imaging technology for enhanced all aspect air-to-air target identification capability.

- (U) Developed two-dimensional imaging technology to enhance front-line fighter first-look, first-kill capability.

Develop technology to improve communication system electromagnetic interference rejection which in turn will provide the pilot more

reliable communications in the combat environment.

- (U) Completed development and evaluation of low-cost techniques to reduce radiated co-site interference for assured communications.

Develop technology for short-range, low probability of detection, jam-resistant capabilities for voice communication and low-data-rate

information exchange to eliminate the need for "comm out” operations and to increase survivability.

- (U) Completedinitial breadboard and laboratory tested joint Army/Air Force ultraviolet, non-line-of-site communications concept
which will enable effective communications during nap-of-the-earth flight operations.

- (U) Developed preliminary design and assessed radiated co-site interference for use of non-traditional communications capability.

(U) $2,229

(U) $2,267

(U) $253

- (U) %648

(U) $747
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DATE

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602204F Aerospace Avionics 7622
- (U) $679 -Develop technology for automation of cockpit communications to reduce pilot workload and increase the availability of communications
during combat operations.
- (U) Completed design and began fabrication of a brassboard to demonstrate a voice-actuated expert system that will control cockpit
communications.
- (V) $7,953 Total

(U) EY 1998 ($ in Thousands):

- (U) $3,025

- (U) $2,802

- (U) $1,805

- (U) $7,632

Project 7622

Develop advanced microwave sensor technology for air-to-air radar and target detection, including electronic protection, multi-dimensional

image processing, and adaptive algorithms, to improve performance and also reduce life cycle cost.

- (V) Refineintegrated radio frequency (RF) techniques to improve weapon systems performance, reduce RF system operating costs, and
increase situational awareness in some operating environments.

- (U) Develop limited processing improvements of adaptive algorithms for terrain scattered interference cancellation, radome reflection
lobe cancellation, and side/main |obe cancellation in advanced fighter aircraft radars.

- (U) Develop limited set of radar engineering analysis tools to evaluate sources of sensor targeting errorsin front-line fighter aircraft.

Develop advanced airborne sensors for air-to-ground targeting and attack with robust performance in adverse weather, severe jamming,

natural clutter, or concealment by foliage or camouflage.

- (U) Develop targeting scenes, using improved analytical clutter generation, for limited evaluation of advanced synthetic aperture radar
(SAR) sensors.

- (U) Develop limited capability to analyze advanced SAR sensors and predict their performance characteristics given particular system
parameters, processing, target aspects, motion compensation systems, and targeting scenarios.

Develop technology for information transmission between airborne vehicles and cooperating assets with high fidelity, low probability of

detection, and high jam resistance to improve strike effectiveness.

- (U) Complete laboratory test of joint Army/Air Force ultraviolet, non-line-of-sight, communications concept which will enable
effective communications during nap of the earth flight operations.

- (U) Design ahybrid radio frequency/electro-optical interference rejection filter to provide a three orders of magnitude increasein
rejection of interfering signals while reducing size, weight, power, and cost of airborne communication receivers.

- (U) Continue fabrication and begin integration of an expert system brassboard that manages communication systems for assured
communications.

Tota
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602204F Aerospace Avionics 7622

(U) EY 1999 ($in Thousands):

- (U) $3,621

(U) $3,186

- (U) $2,415

(U) $9,222

Project 7622

Develop advanced microwave sensor technology for air-to-air radar and target detection, including electronic protection, multi-dimensional

image processing, and adaptive algorithms, to improve performance and also reduce life cycle cost.

- (U) Perform laboratory testing of integrated radio frequency (RF) techniques to improve weapon systems performance, reduce RF
system operating costs, and increase situational awarenessin all operating environments.

- (U) Continueto develop limited processing improvements of adaptive algorithm for terrain scattered interference cancellation, radome
reflection lobe cancellation, and side/main lobe cancellation in advanced fighter aircraft.

- (U) Continueto develop limited set of radar engineering analysis tools to evaluate sources of sensor targeting errorsin front-line
fighter aircraft.

Develop advanced airborne sensors for air-to-ground targeting and attack with robust performance in adverse weather, severe jamming,

natural clutter, or concealment by foliage or camouflage.

- (U) Continueto develop targeting scenes, using improved analytical clutter generation, for use in evaluation of advanced synthetic
aperture radar (SAR) sensors.

- (U) Continue development of limited analytical tools to predict the performance characteristics of advanced SAR sensors given
particular system parameters, target aspects, motion compensation systems, and targeting scenarios.

Develop technology for information transmission between airborne vehicles and cooperating assets with high fidelity, low probability of

detection, and high jam resistance to improve strike effectiveness.

- (U) Complete preliminary design of a hybrid radio frequency/electro-optical interference rejection filter to provide a three orders of
magnitude increase in rejection of interfering signals while reducing size, weight, power, and cost of airborne communication receivers.

- (U) Complete integration of an expert system brassboard that manages communication systems for assured communications.

Tota

Page 31 of 32 Pages Exhibit R-2 (PE 0602204F)

157
UNCLASSIFIED




UNCLASSIFIED

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602204F Aerospace Avionics 7622
(U) B. Program Change Summary ($ in Thousands):
Tota

FY 1997 FY 1998 FY 1999 Cost
(U) Previous President’s Budget (FY 1998 PB) 7,976 8,016 9,407 Cont
(U) Current Budget Submit/FY 1999 PB 7,953 7,632 9,222 Cont

(U) Change Summary Explanation:

Funding: Changes to this project since the previous President’ s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0603203F, Advanced Avionics for Aerospace Vehicles.

- (V) PE 0603253F, Advanced Avionics Integration.

- (V) PE0602782A, Command, Control and Communications (C3) Technology.

- (V) PE 0602232N, Navy C3 Technology.

- (V) PE 060379N, Advanced Technology Demonstration Program.

- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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_PE TITLE: Hypersonic Technology Program

UNCLASSIFIED

oy - DATE
RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602269F Hypersonic Technology Program 1025
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
1025 Hypersonic Technology 9,986 9,305 16,649 16,577 16,396 16,287 16,352 Continuing| Continuing
Quantity of RDT&E Articles 0 0 0 0 0 0 0 0 0

(U) A. Mission Description and Budget Item Justification: This Applied Research program devel ops advanced hypersonic technologies and will provide revolutionary
technology options to satisfy future Air Force needs such as future hypersonic weapons and space launch concepts. This effort captures applicable hypersonic technologies
from the National Aero-Space Plane (NASP) program. This program will focus on hydrocarbon fueled hypersonic vehicle technol ogies and demonstrate their feasibility.
Technol ogies developed under this program will be dual-use and applicable to both DoD and NASA requirements. Planned efforts include analyses, hypersonic

material §/structures, airbreathing propulsion, hydrocarbon fuels, and integrated technology test demonstrations. Development of hypersonic technologies was previously
conducted under the National Aero-Space Plane (NASP) program and the Hypersonic Systems Technology Program (HySTP). In FY 1995, the Air Force canceled HySTP
and refocused efforts into a hypersonic technology initiative. This required a major restructure of the program requiring Congressional approval. Note: The FY 1999 and
out increase reflects additional emphasis on development of the hypersonic propulsion system.

(U) EY 1997 ($in Thousands):
- (V) 8,863 Designed, developed, and tested propul sion components, structures, and integrated propulsion designs for advanced hypersonic propulsion

concepts.

- (U) Completed investigation of advanced injection/flameholding technologies to optimize scramjet performance.

- (U) Continued detailed design and fabrication of components for a scramjet engine (e.g., inlet, combustor, and nozzle) capable of
demonstrating positive thrust at Mach 4-8 while withstanding the severe internal conditions.

- (U) Determined foreign scramjet hardware performance potential through detailed analysis and test, and evaluated potential suitability
to U.S. scramjets.
(U) Demonstrated endothermic fuel concepts to extend hydrocarbon-fueled scramjet capability from Mach 4-8 to Mach 10.

Designed, devel oped, and tested advanced high-temperature, high-strength materials and structures for hypersonic applications.

- (U) Performed detailed characterization and testing of selected high-temperature, lightweight materials for the internal sections of
hypersonic propulsion engines.

Developed technologies for instrumentation and test in realistic hypersonic conditions.

- (U) Fabricated and experimentally verified hypersonic test instrumentation that can withstand and accurately sense internal flow
conditions (e.g., temperature, pressure, heat flux, etc.) without disturbing airflow or engine operating conditions.

Developed and extended computational technologies from low-speed and supersonic flight to the hypersonic environment.

- (U) Developed initial concepts to extend interdisciplinary computational fluid dynamics and vehicle thermal management modeling for
an integrated design methodology to create an affordable hypersonic design.

- (U) $239

- (U) $263

- (U)$473
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2 - Applied Research 0602269F Hypersonic Technology Program 1025

- (U) $148

- (U) $9,986

Conducted feasibility studies, design trades, and simulations to integrate hypersonic technologies into advanced vehicle designs for
hypersonic applications which will improve warfighting capability and satisfy the requirements of Global Reach/Global Power.

- (U) Conducted mission analyses to characterize user requirements and technology maturity.

- (U) Conducted detailed missile designs to guide technology requirements definition and devel opment.

Tota

(U) EY 1998 ($ in Thousands):

- (U) $8,098

(U) $471

(U) $284

(U) $310

(U) $142

(U) $9,305

Project 1025

Design, develop, and test propulsion components, structures, and integrated propulsion designs for advanced hypersonic propulsion

concepts.

- (U) Continue detailed design and initiate fabrication of test components for a scramjet engine (e.g., inlet, combustor, and nozzle)
capable of demonstrating positive thrust at Mach 4-8 while withstanding the severe internal conditions.

- (U) Complete reverse engineering and component/subscale testing of foreign scramjet hardware to determine foreign design
methodology. Determine need for further testing at larger scale.

- (U) Complete demonstration of endothermic fuel concepts to increase performance and alleviate flowpath temperatures in Mach 4-8
engine.

Design, develop, and test advanced high-temperature, high-strength materials and structures for hypersonic applications.

- (U) Complete detailed characterization and testing of first set of down-selected high-temperature, lightweight materials for the internal
sections of hypersonic propulsion engines.

Develop technologies for instrumentation and test in realistic hypersonic conditions.

- (U) Continue fabrication and testing of hypersonic test instrumentation that can withstand and accurately sense internal flow
conditions (e.g., temperature, pressure, heat flux, etc.) without disturbing airflow or engine operating conditions.

Develop and extend computational technologies from low-speed and supersonic flight to the hypersonic environment.

- (U) Complete refinement of concepts to extend interdisciplinary computational fluid dynamics and vehicle thermal management
modeling for an integrated design methodology to create an affordable hypersonic design. Initiate validation of computational methods
in instrumented engine flowpath test rigs.

Conduct feasibility studies, design trades, and simulations to integrate hypersonic technologies into advanced vehicle designs for hypersonic

applications that will improve warfighting capability and satisfy the requirements of Global Reach/Global Power.

- (U) Continue mission analyses to characterize user requirements and technology maturity.

- (U) Refine detailed missile designs to guide inter-disciplinary technology requirements definition and development for integrated
hypersonic vehicles.

Tota
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2 - Applied Research 0602269F Hypersonic Technology Program 1025

(U) EY 1999 ($in Thousands):

- (U) $14,655

(U) $1,063

(U) $392

(U) $392

(V) $147

(U) $16,649

Project 1025

Design, develop, and test propulsion components, structures, and integrated propulsion designs for advanced hypersonic propulsion

concepts.

- (U) Continuetesting of scramjet engine components (e.g., inlet, combustor, and nozzle) capable of demonstrating positive thrust at
Mach 4-8 while withstanding the severe internal conditions.

- (V) Initiate detailed design of fregjet test engine and initiate fabrication of components.

- (U) Apply endothermic fuel concepts to specific designs of Mach 4-8 engines.

Design, develop, and test advanced high-temperature, high-strength materials and structures for hypersonic applications.

- (U) Initiate detailed characterization and testing of high-temperature, lightweight materials selected for the internal sections of specific
engine configurations.

Develop technologies for instrumentation and test in realistic hypersonic conditions.

- (U) Apply hypersonic test instrumentation to specific fregjet engine configurations and initiate establishment of test instrumentation
protocol for fregjet testing.

Develop and extend computational technologies from low-speed and supersonic flight to the hypersonic environment.

- (U) Continue validation of computational methods in instrumented engine flowpath test rigs.

Conduct feasibility studies, design trades, and simulations to integrate hypersonic technologies into advanced vehicle designs for hypersonic

applications that will improve warfighting capability and satisfy the requirements of Global Reach/Global Power.

- (U) Continue mission analyses to characterize user requirements and technology maturity.

- (U) Update detailed missile design to guide inter-disciplinary technology requirements definition and development for integrated
hypersonic vehicles.

Tota
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(U) Change Summary Explanation:

Technical: Not Applicable.
(U) C. Other Program Funding Summary:

(U) Related Activities:

- (V) PE 0602102F, Materials.

- (U) PE 0602201F, Flight Dynamics.

- (V) PE 0602203F, Aerospace Propulsion

- (V) PE 0603112F, Advanced Materials for Weapon Systems.

(U) D. Schedule Profile: Not Applicable.

Project 1025

Page 4 of 4 Pages

Schedule: FY 1999 and out increase will return the program to the original demonstration time frame in FY 2003.

- (V) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) " February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602269F Hypersonic Technology Program 1025
(U) B. Program Change Summary ($ in Thousands):
Tota
FY 1997 FY 1998 FY 1999 Cost
(U) Previous President’s Budget (FY 1998 PB) 7,153 9,840 12,984 Cont
(U) Appropriated Value 7,471 9,840
(U) Adjustmentsto Appropriated Value
a. Congressional/General Reductions -156 -326
b. SBIR -162 -209
¢. Omnibus/Other Above Threshold Reprogrammings -157
d. Below Threshold Reprogrammings 3,000
e. Rescissions -10
(U) Adjustmentsto Budget Y ears Since FY 1998 PB 3,665
(U) Current Budget Submit/FY 1999 PB 9,986 9,305 16,649 Cont

Funding: Changes to this PE since the previous President’ s Budget are due to increased support of the program schedule.
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PE TITLE: Phillips L aboratory Exploratory Development

UNCLASSIFIED

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit)

DATE

February 1998

BUDGET ACTIVITY
2 - Applied Research

PE NUMBER AND TITLE
0602601F Phillips Laboratory Exploratory
Development

COST (§ In Thousands) FX 1997 FY'1998 FY'1999 FY '2000 FY '2001 FY '2002 FY '2003 Cost to Total Cost
ctual Estimate Estimate Estimate Estimate Estimate Estimate Complete
Total Program Element (PE) Cost 138,483 118,266 116,139 131,078 138,457 141,412 143,492| Continuing{ Continuing
1010 Geophysics and Weather Technology 25,322 20,321 15,457 16,349 16,736 16,134 16,609 Continuing| Continuing
1011 Rocket Propulsion Technology 32,651 29,407 35,542 37,121 38,456 37,733 37,575| Continuing| Continuing
3326 Lasers and Imaging Technology 16,771 18,485 19,376 20,096 19,924 20,525 20,815 Continuing| Continuing
5797 Advanced Weapons and Survivability Technology 14,072 14,468 14,645 15,834 16,159 16,779 17,188 Continuing| Continuing
8809 Space and Missile Technology 49,667 35,585 31,119 41,678 47,182 50,241 51,305| Continuing| Continuing
Quantity of RDT&E Articles 0 0 0 0 0 0 0 0 0

(U) A. Mission Description and Budget Item Justification: Thisisthe Applied Research program for space technology, rocket propulsion, and directed energy for the
Air Force Research Laboratory. In geophysics, this PE develops technologies to understand, mitigate, and exploit effects of weather and geophysics environments on the
design and operation of Air Force systems. Thisincludes defining, modeling, and devel oping techniques to predict the phenomena of solar and space environments. In
rocket propulsion, this PE develops technologies for boost and orbit transfer, satellite maneuvering, and tactical/ballistic missile rocket propulsion. In lasers, this PE
examines the technical feasibility of moderate to high power lasers, associated optical components, and long-range optical imaging concepts required for Air Force
missions. Technologies researched include high power laser devices, mid-infrared semiconductor laser devices, semiconductor diode laser arrays, optical components,
advanced beam control and atmospheric compensation technol ogies, techniques for laser target vulnerability assessments, and nonlinear optics processes and techniques.
Advanced weapons examines high power microwave and other unconventional weapon concepts using innovative technol ogies such as compact toroids. Thisaso
provides for vulnerability assessments of representative U.S. strategic and tactical systems to directed energy weapons, directed energy weapon technology assessment for
specific Air Force missions, and directed energy weapon lethality assessments against foreign targets. In space and missiles, this PE develops the following technologies:
spacecraft platform (e.g., structures, controls, power, and thermal management); space-based payload (e.g., sensors, satellite communications, and survivable el ectronics);
satellite control (e.g., spacecraft software); ballistic missile/launch vehicle-specific (e.g., astrodynamics and guidance, navigation, and control avionics); and integrated
experiments of advanced technologies for transition to planned systems (e.g., payload/platform/launch vehicle merging). Note: Congress added $20.75 millionin FY
1997 (Project 1010, $5.0 million for High Frequency Active Auroral Research Program (HAARP); Project 1011, $4.75 million for Integrated High Payoff Rocket
Propulsion Technology (IHPRPT); and Project 8809, $6.0 million for Phase |11 terabit fiber optic technology and $5.0 million for MightySat) which explains the
perceived decrease in FY's 1998 and 1999. Also, the emphasis on Geophysics and Wesather Technology has been decreased, while additional emphasis has been placed on
space and associated technologies.
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit)

DATE

February 1998

BUDGET ACTIVITY
2 - Applied Research

PE NUMBER AND TITLE

0602601F Phillips Laboratory Exploratory

Development

(U) B. Program Change Summary ($ in Thousands):

FY 1997
(U) Previous President’s Budget (FY 1998 PB) 147,712
(U) Appropriated Value 153,507
(U) Adjustmentsto Appropriated Value
a. Congressional/General Reductions -3,417
b. SBIR -1,916
¢. Omnibus/Other Above Threshold Reprogrammings -8,228
d. Below Threshold Reprogrammings -1,179
e. Rescissions -284
(U) Adjustmentsto Budget Year Since FY 1998 PB
(U) Current Budget Submit/FY 1999 PB 138,483

(U) Change Summary Explanation:

FY 1998 FY 1999
111,136 123,514
127,259

-7,390
-1,603
-7,375
118,266 116,139

Totd
Cost
Cont

Cont

Funding: Changes to this PE since the previous President’ s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary: Not Applicable.

(U) D. Schedule Profile: Not Applicable.
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) February 1998

BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT

2 - Applied Research 0602601F Phillips Laboratory Exploratory 1010

Development
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
1010 Geophysics and Weather Technology 25,322 20,321 15,457 16,349 16,736 16,134 16,609 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: This project develops the technologies to understand, mitigate, and exploit the effects of the weather and
geophysics environments on the design and operation of Air Force systems. This includes defining, modeling, and developing techniques to predict the phenomena of
solar and space environments. Models are developed to specify and predict optical and infrared backgrounds and signatures of spacecraft and missiles, as well as
techniques to predict when and where ionospheric disturbances will occur. New techniques for measuring, modeling, simulating, and predicting those environmental
effects that impact the Air Force mission are investigated.

(U) EY 1997 ($in Thousands):
- (U) $4,290 Developed techniques to specify and predict the space environment for space system design and operations.
- (U) Designed sensors for detecting/characterizing space particle populations that degrade and destroy satellite electronic
components/subsystems, thereby, reducing mission lifetimes and raising system costs.
- (V) Designed optical tracking experiment for solar coronal gections to provide first-warning of space disturbances that cause
spacetrack errors and false launch indicatorsin infrared (IR) and radar warning sensors.
- (V) Developed/validated a solar flare forecast theory to improve warning notices to spacecraft operators.
- (U) Developed/transitioned solar shock-front transit model to 55" Space Weather Squadron (SWS), improving warning capability to
one hour.
- (U) $3,151 Developed atmospheric optical background clutter prediction techniques to support Space Based Infrared System/Defense Surveillance
Program (SBIRS/DSP).
- (U) Completed code for use in SBIRS systems engineering phase that specifies the high-altitude atmospheric background clutter
environment encountered during endo-atmospheric target intercepts.
- (V) $2,013 Developed active/passive remote sensing techniques for identifying aircraft and missile target signatures and specifying atmospheric wind
profiles needed to improve ordnance delivery.
- (U) Expanded/validated spectral in-band radiance images of aircraft/missile targets and scenes using Flying Infrared Signatures
Technology Aircraft (FISTA) aircraft data.
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Development

- (U) $4,152

- (U) $7,500

- (U) $4,216

- (U) $25,322

Developed ionospheric specification and forecast techniques for communications, surveillance, navigation, and space system applications.

- (U) Incorporated awideband scintillation statistical model into Scintillation Network Decision Aid (SCINDA) to improve the
reliability of satellite communication and warnings of Global Positioning System (GPS) disruptions.

- (U) Delivered coupled ionospheric/thermosphere specification model to Air Weather Service to support the 55" Space Weather
Squadron (SWS).

- (U) Added plasmaspheric populations of hydrogen and helium ions to the Paramaterized Real-Time lonospheric Specification Model
(PRISM) needed to expand its operational utility to higher altitude orbital planes (from 6000 km to geosynchronous earth orbit).

- (U) Demonstrated Scintillation Network Decision Aid (SCINDA) technique that exploits real-time ionospheric scintillation data to
specify ionospheric disturbances that disrupt Ultra High Frequency (UHF) satellite communication and GPS.

Evaluated the interaction between high power, high-frequency, ground transmitted radio waves and the ionosphere.

- (U) Augmented, from 360 kilowatt (kW) towards 960 kW, the power of the High Frequency Active Auroral Research Program’s
(HAARP) transmitter in Alaska, enabling an expanded class of experiments for demonstrating advanced DoD system concepts.

- (U) Conducted initial research on generating in the ionosphere Extremely Low Frequency/Very Low Frequency (EHF/VLF) radio
waves for potential communications and underground structure/bunker imaging applications.

Developed global and theater weather analysis, simulation, and prediction techniques for combat weather system applications.

- (V) Delivered theater-scale analysis procedures for combat weather displays and theater weather forecast model initialization to Air
Weather Service.

Tota

(U) EY 1998 ($ in Thousands):

- (U) $4,016

Project 1010

Develop space radiation specification and solar hazard prediction techniques for space system design and operations.

- (V) Transition increased accuracy radiation belt modelsto U.S. Air Force system program offices and industry for more survivable
satellite designs, orbit selection, trade offs, and reduced outage operations.

- (U) Complete initial assessment on the threat of using space particles for both defensive and offensive counterspace activities.

- (U) Fabricate space experiment to optically track coronal mass g ections from the sun to near earth space where they can trigger
geomagnetic disturbances that cause false launch indicators, satellite tracking errors, and communications disruptions.

- (V) Develop magnetic diffusion model for the evolution of active regions on the solar surface, required to forecast the occurrence of
solar flares that can disrupt space systems and operations.

- (U) Transition data driven solar wind model to 55" Space Weather Squadron for operational use in providing one hour warnings of
interplanetary shocks that can trigger geomagnetic disturbances, disrupting space systems and operations.
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RDT&E PROGRAM ELEMENT/PROJECT COST BREAKDOWN (R-3) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602601F Phillips Laboratory Exploratory 1010

Development

(U) $2,943

(U) $1,385

(U) $3458

(U) $5,000

Project 1010

Develop background clutter mitigation techniques for space system design and operations.

- (U) Incorporate Mid-course Space Experiment (MSX) and Miniature Sensor Technology Integration (MSTI-3) satellite data into
atmospheric background clutter codes MSX space system clutter processing.

- (U) Develop hyperspectral background clutter suppression and target identification methods for space surveillance with tactical
applications.

Develop active and passive remote sensing techniques for atmospheric parameter measurements.

- (U) Use advanced modeling and simulation technologies to provide real-time target and background scene generation capability for
training and hardware-in-the-loop simulations

- (U) Terminate development of compact solid state wind sensing lidar for ballistic wind applications (e.g., cargo drops and B-52 bomb
drops).

- (U) Terminate evolution of lidar designs for remote sensing of atmospheric optical and wind turbulence for aircraft safety and
surveillance systems.

Develop global ionospheric models for applications to communications and navigation systems.

- (U) Transition Global onospheric Forecast models to 55 Space Weather Squadron for operational support to Command, Control,
Communications, and Intelligence (C3l) systems, the SPACETRA CK-space/object tracking system, and ground-based surveillance
radars.

- (U) Demonstrate a ground-based scintillation network decision aid (SCINDA) to provide theater specifications of ionospheric
disturbances that cause ultra-high frequency (UHF) satellite communication outages, Global Positioning System (GPS) navigation
degradations.

- (V) Explore and demonstrate space-based techniques to provide a global forecast of ionospheric disturbances that cause milsatcom
outages and GPS degradation.

Characterize the ionospheric Extremely Low Frequency/Very Low Frequency (ELF/VLF) signal generation process.

- (V) Expand the scope of research by fielding an array of ELF/VLF receivers and adding off-site diagnostics to determine source
properties, and provide real-time communication, processing, display and Internet distribution of data.

- (U) Improve the research infrastructure by completing the operations center in the power plant building, for centralized transmitter
control and diagnostic instrument data display.
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Development
- (U) $3,519 Devel op global and theater weather analysis, ssimulation, and prediction techniques for combat weather system applications including

Airborne Laser (ABL).

- (U) Complete validation of satellite data, unified retrieval method to support theater weather forecast models.

- (V) Incorporate satellite-based cloud module into simulation procedures for system design and testing.

- (U) Terminate development of a method to incorporate satellite weather data into combat weather support forecast modules.
- (V) $20,321 Tota

(U) EY 1999 ($in Thousands):
- (U) $3,944 Develop techniques to specify and predict the space environment for space system design and operations.

- (U) Develop model to forecast coronal mass g ections (CME) and fabricate space experiment to optically track CMEs from sun to earth
providing three-to-seven day warning of geomagnetic disturbances.

- (U) Add alert capability to three-dimensional space environment models used to warn operators, launch crews and users of space
systems of conditions detrimental to their mission performance.

- (V) vadidate space storm model for predicting spacecraft charging that creates satellite outages and system failures.

- (V) Develop physics-based solar wind model to provide a one to three day warning of interplanetary shocks that trigger geomagnetic
disturbances causing false missile launch indicators, satellite tracking errors, and communication disruptions.

- (U) Complete magnetic diffusion model of the evolution of active regions on the solar surface, required to predict the occurrence of
solar flares that disrupt space systems and operations with emphasis on preparing for Solar Max (periods of maximum relative solar
activity).

- (U) $3,369 Develop background clutter mitigation techniques for adaptive hyperspectral space system design.

- (U) Develop optical background clutter models for detecting and tracking dim targets, including missiles.

- (U) Develop real-time background clutter codes for target tracking satellite operations.

- (U) $1,599 Develop active and passive remote sensing techniques for atmospheric parameter measurements and simulation of battlefield environments.

- (U) Demonstrate and validate design concepts for real-time target and background scene generation capability.

- (V) Test and evauate solid-state wind sensing lidars for B-52 applications.

- (U) Develop compact, solid-state ultraviolet differential absorption lidar for trace gas and chemical detection for use on aircraft.
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Development

- (U) $5,545 Develop ionospheric specification and forecast techniques for communications, surveillance, navigation, and space system applications.
- (U) Develop coupled lonosphere-Thermosphere-Electrodynamic forecast model (CITEFM) for transition to 55th Space Weather
Squadron for operational support of communications, surveillance, navigation, and space-object tracking users.
- (V) Déliver validated real-time, data driven, Scintillation Network Decision Aid (SCINDA) techniques to 55" Space Weather Squadron
to provide specification and advance warning of ionospheric disturbed conditions (scintillation) that cause Ultra-High Frequency
(UHF)/L-Band satellite communication outages and Global Positioning System (GPS) navigation disruption.
- (V) Explore and demonstrate space-based techniques to provide global forecasts of ionospheric disturbances that cause UHF satellite
communication outages and GPS navigation degradations.
- (U) $1,000 Develop global and theater weather analysis, simulation and prediction techniques for combat weather systems applications.
- (V) Tailor numerical weather prediction models to forecast contrails for stealth aircraft operations.
- (V) Develop radiative cloud module for weather scene simulation techniques for training and wargaming applications.
- (V) $15457 Tota
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Development

(U) B. Program Change Summary ($ in Thousands):

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 25,744 16,507 19,076 Cont
(U) Current Budget Submit/FY 1999 PB 25,322 20,321 15,457 Cont

(U) Change Summary Explanation:

Funding: Changes to this project since the previous President’s Budget are due to higher priorities within the Science and Technology (S& T) Program.

Schedule: Not Applicable.

Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (U) PE0305160F, Defense Meteorological Satellite Program.

- (U) PE0601102F, Defense Research Sciences.

- (U) PE0602204F, Aerospace Avionics.

- (U) PE0603410F, Space Systems Environmental Interactions Technology.

- (U) PE0603707F, Wesather Systems Advanced Development.

- (U) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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Development
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
1011 Rocket Propulsion Technology 32,651 29,407 35,542 37,121 38,456 37,733 37,575| Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: The technologies developed in this project are boost and orbit transfer, satellite maneuvering, and tactical
and ballistic missile rocket propulsion. This project develops technologies and provides technology options for rocket propulsion advanced demonstrations, components, or
subsystems. Technologies of interest are those which will improve reliability, operability, survivability, affordability, environmental compatibility, and performance of
future space and missile launch sub-systems while reducing material, manufacturing, and support costs. Technology will be developed to reduce the weight and cost of
components using new materials, improved designs, and improved manufacturing techniques. All effortsin this project are part of the Integrated High Payoff Rocket
Propulsion Technology (IHPRPT) initiative; ajoint Department of Defense, NASA, and industry effort to focus rocket propulsion technology on national needs.

(U) EY 1997 ($in Thousands):
- (V) $2,253 Developed high-energy-density materials.

- (U) Completed analysis of solid hydrogen and metallic clusters, metal atom doped cryogenic solids, and solids with impurities.
Transitioned the best high-energy-density materials into the cryogenic solid properties and combustion programs. Began testing and
evaluation of downselected propellants to transition into future high-performance boost and orbit transfer propulsion systems.

- (U) Finished exploring cryogenic solid, high-pressure solid, and extended solid properties. Determined candidates for cryogenic solid
combustion programs that will show revolutionary performance increases by replacing current liquid or solid propulsion systems with
cryogenic solid or hybrid-fuel rockets in future space launch missions.

- (U) Developed techniques to accurately measure high-energy-density additive concentrations in cryogenic solids to maximize future
propulsion system performance.

- (U) Tested fire cryogenic hybrid-fuel rocket using oxygen and a cryogenic hydrocarbon to demonstrate performance increases over
current liquid propulsion systems.

- (U) Performed large-scale engine tests/demonstrations with new additives (quadricyclane). Prepared for launch-size demonstrations
and began transitioning additives into system-ready applications.

- (U) Completed strained-ring hydrocarbon high-energy compound development. Identified the best candidates for a scale-up program
to replace current liquid fuels.

- (U) Sdected solid, non-ozone depleting oxidizers and other synthesized, new, high-energy-density materials for development. Began
small-scale demonstrations of environmentally-safe solid rocket motor fuel processing using these new ingredients.
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- (U) $3134

- (U) $14,390

Developed propulsion technologies for tactical missile system applications.

(U) Tested fabrication techniques to manufacture lightweight solid rocket engine liners.

(U) Completed testing and demonstration of environmentally safe, minimum-smoke propellants to eliminate vulnerability caused by
exhaust plume signature tracking.

(U) Developed the fabrication processes for novel nozzle concepts (supersonic splitline flexseal nozzle) that reduce missile weight
while increasing missile agility.

(U) Evaluated commercial technologies and practices for their possible incorporation into low-cost, high-performance,
environmentally-safe tactical missiles.

(U) Analyzed new propellants and components to develop a lightweight, highly-maneuverable propulsion system that will assure high
kill ratios against the next generation of highly maneuverable aircraft.

(U) Continued development of hybrid propulsion systems for potential use as atactical missile.

Developed propulsion technology to meet the needs of reliable, safe, and low-cost boost and orbit transfers.

(U) Demonstrated low-cost, high temperature, non-erosive, lightweight coated carbon-carbon ceramic and hybrid polymer components
for usein solid rocket space launch and missile motors.

(U) Demonstrated the fluid film bearing designs and verified their performance and integrity when used in liquid turbopumps on future
boost and orbit transfer systems.

(U) Designed and tested injectors that enable reduced cost, increased reliability, and increased engine performance in liquid boost and
orbit transfer engines.

(U) Fabricated and tested a high-performance, low-cost cryogenic upper stage combustion chamber for an expander cycle application.
(V) Fabricated and tested an advanced preburner engine component that uses using liquid cryogenic propellants that meets the high
throttling requirements and does not vaporize propellants.

(U) Continued to characterize new materials and developed processes required to apply the materials to liquid-propellant rocket
production with dramatic weight reductions.

(U) Developed design and processing techniques for high-strength, low-weight engine and motor components (metals and non-metals).
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Development

- (U) $6,499

- (U) $2,525

- (U) $3,850

- (U) $32,651

Project 1011

Developed advanced boost and orbit transfer propellants which are environmentally safe during manufacture, storage, and use.

- (U) Bvauated ignition characteristics, determine combustion efficiencies, and report the results of the synthesized non-toxic, non-
cryogenic, high-performance, storable liquid fuels and oxidizers to begin developing a high-performance, environmentally safe, liquid
replacement for current space launch systems.

- (U) Fabricated and tested non-toxic, non-cryogenic, high-performance, storable liquid additives for use with these new propellants
(capable of withstanding the firing conditions created by the new propellants).

- (U) Determined alternative disposal procedures/technologies to thermolyze or breakdown propellant, explosive, and pyrotechnic wastes
into their non-hazardous constituent parts.

- (V) Integrated all of the current solid propellant work being done under the high-energy-density materials program and incorporated
the most promising chemicals into state-of-the-art propellants (liquid, solid, and hybrid).

- (U) Bvauated and analyzed radically new methods of solid rocket motor and propellant manufacturing to develop low-cost,
environmentally friendly solid rocket motors that exceed the performance of current liquid propellant rockets.

- (U) Scaled-up and demonstrated the most innovative high-energy chemicals that are currently being synthesized within government
and contractor laboratories. The most promising chemicals (solid or liquid) will be fed into an innovative propellants project to be used
in next generation propellants for space launch systems.

Developed techniques for use in sustainment of strategic systems while at the same time being potentially advantageous to the devel opment

of the next generation booster.

- (U) Continued the development of service life assessment techniques of current solid rocket propellant missile systems.

Developed satellite propulsion technology for control and on-orbit transfer.

- (U) Developed and evaluated improved designs to fabricate a pulsed plasma thruster with increased power efficiency.

- (U) Designed solar thrusters and concentrators for satellite propulsion systems with longer life.

- (V) Developed and improved technologies for implementation of the high power Hall thruster.

Tota
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Development

(U) EY 1998 ($ in Thousands):

- (U) $3,442

Project 1011

Develop propellants with a high-energy density.

(U) Continue testing and evaluation of downselected propellants to transition into future high-performance boost and orbit transfer
propulsion systems. These potential propellants were selected from the previously conducted analysis of solid hydrogen and other
cryogenic solids, doped with high energy impurities such as atoms and dimers of lightweight elements and metals.

(U) Begin sub-scale testing of potential candidates for cryogenic solid combustion programs that will show revolutionary performance
increases by replacing current liquid or solid propulsion systems with cryogenic solid or hybrid-fuel rockets in future space launch
missions.

(U) Build low temperature hazards testing apparatus with capability to test energetic cryosolids as well as propellants at cold
temperatures they might experience in field applications.

(U) Continue testing and comparison of techniques to accurately measure high energy-density additive concentrations in cryogenic
solids to maximize future propulsion system performance.

(U) Incollaboration with NASA, scale up selected energetic hydrocarbons for further testing in larger quantities.

(U) Begin new energetic hybrid rocket fuels development

(U) Continue selection of solid, non-ozone depleting oxidizers and other synthesized, new, high energy-density materials for
development. Continue small-scale demonstrations of environmentally-safe solid rocket motor fuel processing using these new
ingredients.
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Development

- (U) $14,998

- (U) $3,601

- (U) $6,000

Project 1011

Develop propulsion technology for reliable, safe, and low-cost boost and orbit transfers.

- (U) Continue to demonstrate low-cost, high temperature, non-erosive, lightweight coated carbon-carbon ceramic and hybrid polymer
components for use in solid rocket space launch and missile motors.

- (U) Complete fabrication and testing of an advanced preburner engine component that uses using liquid cryogenic propellants that
meets the high throttling requirements and does not vaporize propel lants.

- (U) Complete demonstration of the fluid film bearing designs and verify their performance and integrity when used in liquid
turbopumps on future boost and orbit transfer systems.

- (U) Complete fabrication and test of a high-performance, low-cost cryogenic upper stage combustion chamber for an expander cycle
application.

- (U) Continueto characterize new materials and develop processes required to apply the materials to liquid-propellant rocket production
with dramatic weight reductions.

- (U) Continue to develop design and processing techniques for high-strength, low-weight engine and motor components (metals and
non-metals).

- (U) Continue development of altitude compensating thrust chamber assembly technology improvements which will provide significant
gainsin performance for reusable launch vehicles.

Develop advanced boost and orbit transfer propellants which are environmentally safe during manufacture, storage, use, and disposal.

- (U) Complete fabrication of spacecraft thruster and begin using it for evaluation of high energy monopropellant candidates.

- (U) Continue the fabrication and testing of non-toxic, non-cryogenic, high-performance, storable liquid additives for use with the
above new propellants (capable of withstanding the firing conditions created by the new propellants).

- (U) Begin research and development of pulsed detonation rocket engine.

Develop technologies for use in long-term sustainment of strategic systems while at the same time being potentially advantageous to the

development of the next generation booster.

- (U) Begin development of compatible case/liner and insulator system for higher combustion temperature propellants to be used in
strategic systems.

- (U) Begin development of tools to increase the look-ahead capability in determining the age life of strategic and other solid rocket
motors.

- (U) Begin development of improved and replacement propellants and materials for both solid and liquid postboost control systems for
application to strategic missiles with the purpose of developing technologies that are more readily available over the life of strategic
systems (i.e., 20+ years).
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Development

- (U) $1,366 Develop propulsion technology for satellite control and on-orbit transfer.
- (U) Continue the Hall thruster development for possible inclusion into the next generation satellites.
- (U) Continueswork in the development and evaluation of improved designs to fabricate pulsed plasma thrusters with increased power
efficiency, the next level of improvements.
- (U) Continue the design and test of solar thrusters and concentrators for satellite propulsion systems with longer life.
- (V) $29,407 Tota

(U) EY 1999 ($in Thousands):
- (U) $3,762 Develop propellants with a high-energy density.

- (U) Continue testing and evaluation of downselected propellants to transition into future high-performance boost and orbit transfer
propulsion systems. These potential propellants were selected from the previously conducted analysis of solid hydrogen and other
cryogenic solids, doped with high energy impurities such as atoms and dimers of lightweight elements and metals.

- (U) Begin sub-scale testing of potential candidates for cryogenic solid combustion programs that will show revolutionary performance
increases by replacing current liquid or solid propulsion systems with cryogenic solid or hybrid-fuel rockets in future space launch
missions.

- (U) Continue testing and comparison of techniques to accurately measure high energy-density additive concentrations in cryogenic
solids to maximize future propulsion system performance.

- (U) Complete performance of large-scale engine tests/demonstrations with new additives (quadricyclane). Continue preparation for
launch-size demonstrations and transitioning additives into system-ready applications.

- (U) Begin evaluation of next generation of hydrocarbon fuel additives to improve the performance of current and future space launch
systems.

- (U) Continue selection of solid, non-ozone depleting oxidizers and other synthesized, new, high energy-density materials for
development. Continue small-scale demonstrations of environmentally-safe solid rocket motor fuel processing using these new
ingredients.
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Development

- (U) $2,985 Develop propulsion technologies for tactical missiles.

- Continue scale-up of minimum smoke propellant formulations which reduce system vulnerability due to exhaust plume signature.
Continued exploration of nozzle and insulation materials that are compatible with the above propellants. Coordination with Navy and
Army tactical missile programsis extensive.

- Continue development of hybrid propulsion as part of an international cooperative project to develop this propulsion technology for
application to tactical missiles. Thisistechnology can provide very significant increases in range and average velocity and is
coordinated extensively with Navy and Army programs.

- (V) $7,616 Develop propulsion technology for reliable, safe, and low-cost boost and orbit transfers.

- (U) Continue to demonstrate low-cost, high temperature, non-erosive, lightweight coated carbon-carbon ceramic and hybrid polymer
components for use in solid rocket space launch and missile motors.

- (U) Complete demonstration of the fluid film bearing designs and verify their performance and integrity when used in liquid
turbopumps on future boost and orbit transfer systems.

- (U) Complete fabrication and test of a high-performance, low-cost cryogenic upper stage combustion chamber for an expander cycle
application.

- (U) Continueto characterize new materials and develop processes required to apply the materials to liquid-propellant rocket production
with dramatic weight reductions.

- (U) Continue to develop design and processing techniques for high-strength, low-weight engine and motor components (metals and
non-metals).

- (U) Continue development of altitude compensating thrust chamber assembly technology improvements which will provide significant
gainsin performance for reusable launch vehicles.

- (U) Verify performance and weight improvements of rapid densification nozzle technology using improved strategic propellants for
future ballistic missiles.

- (U) $10,093 Develop advanced boost and orbit transfer propellants which are environmentally safe during manufacture, storage, use, and disposal.

Project 1011

- (U) Continue the evaluation of ignition characteristics, determine combustion efficiencies, and report the results of the synthesized
non-toxic, non-cryogenic, high-performance, storable liquid fuels and oxidizers to begin developing a high-performance,
environmentally safe, liquid replacement for current space launch systems.

- (U) Continue the fabrication and testing of non-toxic, non-cryogenic, high-performance, storable liquid additives for use with the
above new propellants (capable of withstanding the firing conditions created by the new propellants).

- (U) Continue research and development of pulsed detonation rocket engine.
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- (U) $8,000 Develop technologies for use in long-term sustainment of strategic systems while at the same time being potentially advantageous to the
development of the next generation booster.

- (U) Continue development of compatible case/liner and insulator system for higher combustion temperature propellants to be used in
strategic systems.

- (U) Continue development of tools to increase the look-ahead capability in determining the age life of strategic and other solid rocket
motors.

- (U) Continue development of improved and replacement propellants and materials for both solid and liquid postboost control systems
for application to strategic missiles with the purpose of developing technologies that are more readily available over the life of strategic
systems (i.e., 20+ years).

- (V) $3,086 Develop propulsion technology for satellite control and on-orbit transfer.

Project 1011

- (U) Continue work in the development and evaluation of improved designs to fabricate pulsed plasma thrusters with increased power

efficiency.

- (U) Continue the design and test of solar thrusters and concentrators for satellite propulsion systems with longer life.
- (U) $35,542 Tota
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RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) PATE
BUDGET ACTIVITY PE NUMBER AND TITLE
2 - Applied Research 0602601F Phillips Laboratory Exploratory

PROJECT
1011

(U) B. Program Change Summary ($ in Thousands):

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 33,863 29,505 36,509 Cont
(U) Current Budget Submit/FY 1999 PB 32,651 29,407 35,542 Cont

(U) Change Summary Explanation:

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:
(U) Related Activities:
- (U) PEO0602111N, Anti-Air/Anti-Surface Warfare Technology.
- (U) PE0602303A, Missile Technology.
- (U) PE0603302F, Space and Missile Launch Technology.
- (U) PE0603311F, Ballistic Missile Technology.
- (U) PE0603401F, Advanced Spacecraft Technology.
- (U) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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Development
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
3326 Lasers and Imaging Technology 16,771 18,485 19,376 20,096 19,924 20,525 20,815 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: This project examines the technical feasibility of moderate to high power lasers, associated optical
components, and long-range optical imaging concepts required for Air Force missions. Technologies researched include advanced, short-wavelength laser devices for
application as illuminators and imaging sources as well as advanced optical imagers for target identification and assessment. Laser technologies will be studied for their
utility in aimpoint selection, target maintenance, and damage assessment. Additionally, high power laser devices, mid-infrared semiconductor laser devices,
semiconductor diode laser arrays, optical components, advanced beam control and atmospheric compensation technologies, techniques for laser target vulnerability
assessments, and nonlinear optics processes and techniques are devel oped.

(U) EY 1997 ($in Thousands):
- (V) $2,625 Developed generic, high energy laser technologies for applications such as illuminators for use in wavelength-specific military missions.
- (U) Demonstrated lasing at 5.1 microns for a semiconductor laser.
- (U) Demonstrated athree-pass stable resonator concept and produced a single mode, five kilowatt continuous wave beam.
- (U) Demonstrated production of nitrogen chloride and scaling potential of atomic-iodine laser.
- (U) Developed the magnetic gain switch hardware necessary to demonstrate a ten kilohertz repetitively pulsed chemical oxygen-iodine
laser.
- (U) Demonstrated a continuous-wave, single-frequency portable laser.
- (U) Completed alaser illuminator study to meet future Air Force requirements.
- (U) $1,013 Developed basic laser source and targeted coupling technology for use in high-payoff applications such as infrared countermeasures and
creating laser-induced microwave effects.
- (U) Completed field test series which demonstrated capabilities of concept over extended ranges.
- (U) Developed two mid-infrared lasers operating at three and four microns for infrared countermeasures use.
- (U) Completed experiment and analysis to assess the effectiveness of laser-induced microwave emissions in military applications;
results provided a database on a novel effect used for upsetting electronic systems.
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Development

-~ (U) $2.320

- (U) $1,935

- (U) $1,980

Project 3326

Deve oped long-range optical imaging technologies for increased resolution and data fusion to support missions such as space object

identification and ground target identification from space.

(U) Conducted initial development of experiments on active and passive spectral technologies which increase performance and reduced
cost of space-based optical sensors used for ground target identification.

(U) Developed advanced concepts for smart integrated sensor-processors to reduce data bandwidth requirements on space-based
SeNnsors.

(U) Developed advanced concepts for lightweight deployable large optics to permit long dwell optical surveillance from higher orbits.
(U) Developed the Atlas laser which produces the highest average power brightness ever reported at the 1.06 micron and 532
nanometer wavelengths. This diode-pumped, solid-state laser, with excellent beam quality, was installed at Kirtland’ s Starfire Optical
Range for active tracking experiments and for use as a Raleigh Beacon.

Investigated and devel oped nonlinear optics (NLO) technologies to support imaging and other applications.

(U) Continued to characterize automatic, all-optical techniques for producing pristine images from large, lightweight mirrors.

(V) Initiated an effort to produce a very efficient, mid-infrared source that uses a standard, near-infrared solid state laser and multiple
nonlinear optical processes.

(U) Began studying NLO techniques for high bandwidth laser communications, automatic aimpoint maintenance, and lightweight
optics for space applications. These techniques have the potential to increase communication data rates, reduce system size, weight and
complexity, and improve system efficiency.

(U) Demonstrated an all-optical technique for correcting gross surface deformation errors in inflatable mirrors.

(U) Extended the operational modulation bandwidth of commercial diode laser by afactor of twenty. Performed alaboratory
demonstration of an NLO technique for automatically acquiring and establishing an optical communication crosslink. These
techniques have the potential to increase optical communication data rates, reduce system size, weight and complexity, and improve
system efficiency.

(U) Demonstrated two sources of frequency-tunable, mid-infrared radiation based on NLO crystals pumped by standard, fixed-
frequency, near-infrared, solid state lasers. Sources represented the most powerful, tunable sources in this spectral regime. The sources
were transitioned to field tests.

Investigated and developed advanced, high energy laser optical components.
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- (U) $3,552

- (U) $3,346

- (U) $16,771

- (U) Completed development of techniques to evaluate optical components installed in operational high energy laser systems for
transition to advanced technology devel opment.

- Completed testing and accepted delivery of cooled, transmissive optical e ement which is environmentally safe, and relieves thermal
overload in optical systems.

- (U) Completed development of very low absorption, low-scatter optical, thin-film coatings. Transitioned technology to industry for
scaling. Thiswork will result in reduced cooling requirements, less optical distortion, decreased size and weight, and increased
efficiency of optical systems used in airborne and space platforms.

- (U) Designed and deposited optical coatings on three large optics (one 22-inch and two 36-inch) for use at the Starfire Optical Range.

- (U) Identified a non-toxic, low-absorption coolant for use in a cooled transmissive optics operating at 1.315 microns. Also developed
an optical contacting process for assembly of this type of optic. Active cooling of transmissive elements, such as beamsplitters, will
reduce optical distortion due to laser heating.

- (U) Designed, fabricated, and delivered a set of coating samples for incorporation into the Optical Properties Monitor (OPM)
Experiment to determine the effect of the space environment on optical properties of coatings and materials. OPM is currently on
Russia s Mir space station.

Developed laser radar for space surveillance and remote sensing applications.

- (V) Demonstrated capabilities to collect range, range rate, and doppler images against unaugmented low-earth orbit satellite. The
technology provides improved range resolution and system operation without illumination from the sun.

Developed high power semiconductor lasers/arrays at alternate wavelengths for applications and uses such as forward looking infrared

(FLIR) systems and infrared (IR) missile warning sensor jamming, chemical agent detection, illuminators, efficient semiconductor laser

array pumping modules and infrared countermeasures (IRCM).

- (U) Demonstrated ten watts peak output power at two microns continuous wave operation from a semiconductor diode laser array
module at room temperature. This demonstration provides a baseline for high efficiency pump laser arrays used as subcomponent in
Band 4 optically-pumped semiconductor lasers, as well as arobust source for Band 1 IRCM.

- (U) Demonstrated 100 milliwatts continuous laser output power at four microns from a single semiconductor diode. The data collected
will be used to scale output power to levels required for next generation, high efficiency, compact Band 4 IRCM sources for small
tactical aircraft self-protection -- a requirement which cannot be met by bulkier optically-pumped semiconductor |asers.

Tota

(U) EY 1998 ($ in Thousands):

- (U) $872 Develop generic, high energy laser technologies for applications such as illuminators and use in wavelength-specific military missions.
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Development

- (U) $2,678

- (U) $1,460

- (U) $4,659

- (U) $1,652

Project 3326

- (U) Apply FY 1997 experimental results to technology demonstration of a high energy, chemical nitrogen chloride iodine transfer
laser. This laser has the potential to be significantly lighter weight than a comparable chemical oxygen-iodine laser.

Develop long-range optical imaging technologies for increased resolution and data fusion to support missions such as space object

identification.

- (V) Developinitial experiments on active and passive spectral technologies which increase performance and reduce cost of space-
based optical sensors used for ground target identification.

- (V) Evauate on-board image processing concepts to decrease communication bandwidth requirements.

- (U) Establish lab test facility for large deployable optics technology and smart sensors.

Investigate and develop advanced laser radar for space surveillance and remote sensing using transceiver systems, and advanced data

collection and processing algorithms for laser radar (LADAR) remote sensing of atmospheric properties, chemical agents, and target

effluents, and intelligence preparation of the battlefield.

- (V) Develop wavelength tunable laser heterodyne receiver technologies for advanced detection use.

- (U) Develop models of advanced detection method performance based on heterodyne technol ogies.

- (U) Investigate data analysis tools for real-time chemometric identification capability.

Develop laser source and target coupling technology for next-generation high-payoff applications such as damage/destroy countermeasures

against infrared imaging seekers.

- (V) Begininvestigating effects of laser illumination on materials relevant to degrade and damage infrared countermeasures (IRCM)
applications.

Investigate and develop nonlinear optics (NLO) technologies to support imaging and other applications.
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Development

- (U) $4,076

- (U) $3,088

- (U) $18,485

(U) Transition technology for automatic, all-optical compensation techniques for large lightweight mirrors with poor optical quality to
imaging satellite systems development projects. Nonlinear optics are an improvement over currently used technologies by providing a
more compact, lighter weight, faster, and less complex system for correcting figure errors.

(U) Demonstrate a tunable mid-infrared laser converter with better than 50% conversion efficiency from the near-infrared. This
converter could potentially improve infrared countermeasures (IRCM) and sensing system efficiencies by afactor of two.

(U) Begininvestigating NLO techniques to decrease system complexity and increase speed of aimpoint imaging and tracking for
countermeasure applications.

(U) Continue to investigate NL O techniques to increase current laser communication bandwidths with automatic crosslink acquisition
and tracking and lightweight optics. The use of NLO will provide a more lightweight, efficient communications system capable of
handling more information.

Develop high power semiconductor lasers/arrays at alternate wavel engths for applications and uses such as forward looking infrared (FLIR)
systems and infrared (IR) missile warning sensor jamming, chemical agent detection, illuminators, efficient semiconductor laser array
pumping modules, and disrupt/jam countermeasures against near-term threats.

(U) Demonstrate an incoherent 20 watt peak output power, continuous wave operation, two micron semiconductor diode laser array
module at room temperature. This device will provide a compact, high power, efficient pump laser array used as a subcomponent in
Band 4 optically-pumped semiconductor lasers to increase their performance.

(U) Demonstrate 750 milliwatts continuous laser output power at four microns wavelength from a single semiconductor diode. This
demonstration will establish the feasibility of direct electrical-to-optical generation of mid-infrared wavelengths, enabling improved
packing efficiency and reliability by afactor of two for small tactical aircraft self-protection.

(U) Demonstrate two watts coherent peak output power at quasi-continuous wave operation from a single, Band 1 semiconductor diode
at room temperature. The collected data will demonstrate the necessary powers needed to jam Band 1 infrared surface-to-air missiles.

Develop coherent laser diode arrays for improved performance/higher power in applications requiring high power levels.

(U) Demonstrate 100 watts continuous wave power from an array of phased diode lasers to establish the baseline technology for
advanced laser defenses such as large aircraft self-protection.

(U) Demonstrate and evaluate a 200 watt high power system with a one cubic foot laser head. This one cubic foot design will provide
the basis for high performance aircraft and space asset self-protection system designs.

Totd

(U) EY 1999 ($in Thousands):

- (U) $1,002 Develop generic, high energy laser technologies for applications such as illuminators and use in wavelength-specific military missions.
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- (U) $3,837

- (U) $1,502

- (U) $2,977

- (U) $704

- (U) Demonstrate a repetitively-pulsed, high average power, frequency-shifted chemical oxygen-iodine laser for use as a target
illuminator.

- (U) Develop scaling methodology for an all-electric, radio frequency-excited wave guide laser for aircraft application.

Develop long-range optical imaging technologies for increased resolution and data fusion to support missions such as space object

identification and ground target identification from space.

- (U) Conduct initial experiments on 75 cm inflatable telescope mirror. This technology offers a dramatic reduction in weight for
space-based optics.

- (U) Conduct initial field experiments to evaluate the utility of space-based hyperspectral sensors for improved support for military
operations.

- (U) Evaluate on-board processing concepts to decrease satellite to earth communications requirements. This technology will deliver
information much more quickly to the warfighter.

- Develop remote optical sensing capabilities that demonstrate capabilities to identify and quantify battlefield gases in the atmosphere
for both airborne and space applications.

Investigate and develop advanced laser transceiver systems, and advanced data collection and processing algorithms for light detection and

ranging (LIDAR) remote sensing of atmospheric properties, chemical agents, and target effluents, and intelligence preparation of the

battlefield.

- (U) Develop and characterize wavelength tunable hertodyne receiver. Integrate into breadboard LIDAR system.

- (U) Perform laboratory demonstration of heterodyne LIDAR (short-range field tests).

- (U) Develop advanced detection analysis techniques using heterodyne methodology data.

Develop laser source and target coupling technology for next-generation high-payoff applications such as damage/destroy countermeasures

against infrared imaging seekers.

- (U) Begin development of improved surrogate threats for laboratory investigations.

- (U) Begin development of advanced lasers and high accuracy pointer/tracker for potential use in infrared countermeasures (IRCM).

- (U) Identify the laser characteristics required for an optimum damage and destroy device.

Investigate and develop nonlinear optics (NLO) technologies to support imaging and other applications.
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Development

- (U) $4,849

- (U) $4,415

- (U) $19,376

Project 3326

- (U) Continue improving performance of NLO devices to new regimes of operations: higher output powers; longer wavelengths; higher
efficiencies. NLO techniques represent a powerful paradigm for leveraging off of technology investments in fixed-frequency laser
sources for usein frequency conversion applications providing reduction in size, weight, power, and complexity while improving
performance and efficiency.

Develop high power semiconductor lasers/arrays at alternate wavel engths for applications and uses such as forward looking infrared (FLIR)

systems and infrared (IR) missile warning sensor jamming, chemical agent detection, illuminators, efficient semiconductor laser array

pumping modules, and disrupt/jam countermeasures against near-term threats.

- (U) Demonstrate 100 watts incoherent peak output power at quasi-continuous wave operation from a two micron semiconductor diode
laser array module at room temperature. This demonstration will provide a baseline for high efficiency pump sources used as a
subcomponent in portable, high brightness Band 4 optically-pumped semiconductor lasers for FY 2000 field experiments.

- Demonstrate 0.5 watts average output power at greater than four microns from a semiconductor laser to establish the baseline for al
laser-based small tactical aircraft self-protection capabilities.

Develop monolithic, coherent lasers for tactical/unmanned air vehicle and space applications such as designation/illumination and remote

sensing which require higher power sources.

- (U) Demongtrate fast electronic beam steering in a greater than100 watt output power continuous wave array of phased diode lasers at
980 nanometers.

- (U) Demonstrate a greater than 100 watt dual core fiber laser/array building blocks for use in multi-kilowatt laser systems.

Tota
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(U) B. Program Change Summary ($ in Thousands):

FY 1997 FY 1998 FY 1999 Total

Cost
(U) Previous President’s Budget (FY 1998 PB) 18,553 21,252 20,716 Cont
(U) Current Budget Submit/FY 1999 PB 16,771 18,485 19,376 Cont

(U) Change Summary Explanation:

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (U) PE0602101N, Directed Energy Weapons.

- (U) PE0602307A, Laser Weapon Technology.

- (U) PE0603314A, High Energy Laser and Directed Energy Components.

- (U) PE0603319F, Airborne Laser Demonstrator.

- (U) PE0603605F, Advanced Weapons Technology.

- (U) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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Development
COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete

5797 Advanced Weapons and Survivability Technology 14,072 14,468 14,645 15,834 16,159 16,779 17,188 Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: High power microwave (HPM) and other unconventional weapon concepts using innovative technologies
are explored in this project. Technologies that support a wide range of Air Force missions such as suppression of enemy air defenses, command and control warfare, and
vehicle self-protection are developed. This project provides for vulnerability assessments of representative U.S. strategic and tactical systemsto directed energy weapons,
directed energy weapon technology assessment for specific Air Force missions, and directed energy weapon lethality assessments against foreign targets. In addition to
directed energy weapon threats, this project conducts assessments of specific space environmental (natural and man-made) effects on space systems and devel ops
hardening technol ogies and methodol ogies.

(U) EY 1997 ($in Thousands):
- (U) $4,536 Developed generic advanced weapon technol ogies that support many Air Force applications.

- (U) Continued to develop advanced pulse-power, microwave, and radio-frequency technologies for offensive and defensive weapon
systems.

- (U) Improved high-performance computer codes to support narrowband HPM source and pulsed power research.

- (U) Began development of first-generation, compact, high-voltage pulsed electrical power generator for microwave and radio frequency
sources.

- (U) Began assessment of the ability of pulsed power and HPM technology to neutralize biological weapons.

- (U) Continued to develop narrowband and wideband sources and antennas.
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Development

- (V) $2,414 Assessed effects/lethality of directed energy weapon technol ogies against representative air and ground military systems.

- (U) Progress made in developing computer modeling codes that model high power microwave (HPM) coupling into cockpit areas of
advanced technology aircraft. Small-aircraft simulator was used to make wide variety of direct-injection HPM experiments which
yielded data on HPM effects on subsystems.

- (U) Proposed protection technology presented to F-16 system program office (SPO) for their consideration; assessment of aircraft
susceptibilities to wide-band HPM continued.

- (U) Numerical analyses and associated experimental measurements were made on a large group of command and control warfare
hardware assets.

- (U) Large group of space-related electronics and command and control warfare electronics were investigated for type and threshold of
effects caused by different HPM threats.

- (U) Extensive HPM coupling measurements were performed on C-130 aircraft. Criteriafor protection for mission-essential electronics
were developed.

- (U) $3,265 Developed HPM technologies that will support applications such as suppression of enemy air defenses, command and control warfare, and
aircraft self-protection.

- (U) Extensive experimental measurements conducted on key elements of a command and control installation.

- (V) Solid state source technology was selected for aircraft self protection application. Two large experimental efforts provided valuable
information on source waveform requirements.

- (V) Refined computer models of weapon effectiveness for all weapon applications.

- (U) The down-selected narrow-band source for suppression of enemy air defenses demonstrated capability to defeat older (harder)
technology mobile command and control center.

- (U) $2,182 Developed HPM technologies, including susceptibility and effects experiments and modeling and data base development, to support space
control applications.

- (V) Executed susceptibility experiments and analysis of effects on two subsystems and two devices.

- (V) Selected and evaluated technologies that lead to selection of best concepts for basing of HPM technology.

- (U) Developed requirements for source technology development in support of threat demonstration.

- (U) Beganto develop experimental methodol ogies to measure effects of HPM on satellite systems.
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- (V) $1,675 Assessed the vulnerability of various space assets to threats such as solar radiation and directed energy weapons.

- (U) Improved directed energy weapon lethality and assessment models for five satellites.

- (U) Continued satellite survivability/vulnerability/lethality assessments for ground-based laser technology.

- (U) Transitioned advanced data fusion techniques to the multi-spectral, multi-sensor data analysis workstation.
- (V) $14,072 Tota

(U) EY 1998 ($ in Thousands):
- (U) $5,688 Develop generic advanced weapon technologies that support many Air Force applications.
- (U) Apply high performance, parallel, plasma physics computer codes to narrowband source and compact pulsed power design.
- (U) Peform integrated experiments to assess coupling compact, high voltage electrical generators; gigawatt narrowband devices; and
efficient antennas.
- (U) Complete development of high power, first generation wideband source, including antenna.
- (U) Complete the assessment of the ability of pulsed power and high power microwave (HPM) technology to neutralize biological
wespons.
- (U) $1,864 Assess effects/lethality of directed energy weapon technologies against representative air and ground military systems.
- (U) Continueto identify HPM protection requirements for large aircraft (cargo-transport and bombers) carrying future HPM devices.
- (U) Continueto develop practical methods to protect existing and advanced technology aircraft from proposed/identified external HPM
threats.
- (U) Continue to develop techniques and technology to evaluate HPM coupling and effects into hardened, command-post like structures
with modern electronics.
- (U) Continue to develop and validate techniques to evaluate HPM effects on families of el ectronics components found in difficult-to-
obtain weapons/threats.
- (U) Continue to develop and validate advanced computer models which provide predictions for HPM coupling and effects into a wide
variety of structures (command posts) and weapons systems of moderate complexity.

Project 5797 Page 28 of 38 Pages Exhibit R-2 (PE 0602601F)

190
UNCLASSIFIED



UNCLASSIFIED

RDT&E BUDGET ITEM JUSTIFICATION SHEET (R-2 Exhibit) "™ February 1998
BUDGET ACTIVITY PE NUMBER AND TITLE PROJECT
2 - Applied Research 0602601F Phillips Laboratory Exploratory 5797

Development

- (U) $3,154

- (U) $1,890

- (U) $1,872

- (U) $14,468

Develop high power microwave (HPM) technologies that will support applications such as suppression of enemy air defenses, command and

control warfare, and aircraft self-protection.

- (U) Use new technology ultra-wideband (UWB) sources to perform effects experiments on structures with command and control
electronics systems.

- (U) Prepare and implement diagnostic procedures and instrumentation for a critical experiment to demonstrate UWB capability to
defeat infrared seekers.

- (V) Improvetransition of computer modeling code and experimental data into operational (flyout) modeling codes to model HPM
effects on postulated missile threats.

- (V) Integrate previously down-selected narrow-band source with newly developed pul sed-power generator for suppression of enemy air
defenses.

Develop high power microwave (HPM) technologies, including susceptibility and effects experiments and modeling and data base

development, to support space control applications.

- (V) Trangtion effects analysis and experimentation from subsystem to systems, begin to demonstrate and quantify effects on systems.

- (U) Thoroughly evaluate best basing mode for HPM technology demonstration.

- (U) Begin source development to support threat demonstration.

Assess the vulnerahility of various space assets to threats such as solar radiation and directed energy weapons.

- (U) Continue to develop directed energy weapon lethality and assessment models for five satellites.

- (U) Continue satellite survivability/vulnerability/lethality assessments for ground-based laser technology.

- (U) Continue to transition advanced data fusion techniques to the multi-spectral, multi-sensor data analysis workstation.

Tota

(U) EY 1999 ($ in Thousands):

- (U) $6,074

Project 5797

Develop generic advanced weapon technologies that support many Air Force applications.

- (U) Develop and test components for next-generation, compact, high voltage, high impedance, pulsed electrical power sources for
microwave and radio frequency sources.

- (U) Complete the transition of high performance plasma physics computer simulation codes to designers of microwave and pul sed
power devices.

- (U) Develop technology to increase the energy efficiency of multiwatt narrowband sources.

- (U) Develop technologies for next-generation wideband sources and antennas.
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- (V) $2,046 Assess effects/lethality of directed energy weapon technologies against representative air and ground military systems.
- (V) Finalize development of computer modeling codes that predict high power microwave (HPM) coupling into advanced technol ogy
aircraft.
- (U) Begin transitioning specifications and standards and HPM hardness technologies to fighter aircraft.
- (U) Continue directed energy weapon lethality/survivability enhancements and characterization of equipment upset of various foreign
and U.S. systems for advanced tactical applications.
- (U) Transfer HPM protection technology for large aircraft, such as cargo-transport, air-refueling, and bomber aircraft.
- (U) Continue effects experiments on networks typical of command and control facilities.
- (V) $3,425 Develop HPM technologies that will support applications such as suppression of enemy air defenses, command and control warfare, and
aircraft self-protection.
- (U) Finalizein situ experimentation with installed systems for command and control warfare using HPM.
- (U) Continuein situ demonstrations of selected HPM sources that could be used for aircraft self-protection and other advanced tactical
applications.
- (U) Continueto improve and validate computer models of weapon effectiveness for all weapon applications.
- (U) Demonstrate technology applicahility for advanced tactical applications with an experiment using a downsel ected source.
- (U) $1,286 Develop HPM technologies, including susceptibility and effects experiments and modeling and data base development, to support space
control applications.
- (U) Continue source technology development to support threat demonstration.
- (U) Continue susceptibility experiments on subsystems to support threat demonstration.
- (U) $1,814 Assess the vulnerability of various space assets to threats such as solar radiation, space debris, and directed energy weapons.
- (U) Select directed energy weapon lethality and assessment models for five satellites.
- (U) Continue survivability/vulnerability/lethality assessments for ground-based laser technology.
- (U) Continue to transition advanced data fusion techniques to the multi-spectral, multi-sensor data analysis workstation.
- (V) $14,645 Tota
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(U) B. Program Change Summary ($ in Thousands):

Total

FY 1997 FY 1998 FY 1999 Cost

(U) Previous President’s Budget (FY 1998 PB) 16,039 15,403 15,950 Cont
(U) Current Budget Submit/FY 1999 PB 14,072 14,468 14,645 Cont

(U) Change Summary Explanation:

Schedule: Not Applicable.
Technical: Not Applicable.

(U) C. Other Program Funding Summary:

(U) Related Activities:

- (U) PE0602120A, Electronic Survivability and Fuzing Technology.
- (U) PEO0602111N, Anti-Air/Anti-Surface Warfare Technology.

- (V) PE0602202F, Human Systems Technology.

- (U) PE0603605F, Advanced Weapons Technology.

- (U) This project has been coordinated through the Reliance process to harmonize efforts and eliminate duplication.

(U) D. Schedule Profile: Not Applicable.
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COST (% In Th d FY 1997 FY 1998 FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 Cost to Total Cost
($ In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
8809 Space and Missile Technology 49,667 35,585 31,119 41,678 47,182 50,241 51,305| Continuing| Continuing

(U) A. Mission Description and Budget Item Justification: This project focuses on five major space and missile technology areas. spacecraft platform technologies
(e.g., structures, controls, power, and therma management); space-based payload technologies (e.g., sensors, satellite communications, and survivable electronics);
satellite control technologies (e.g., spacecraft software); ballistic missile/launch vehicle specific technologies (e.g., astrodynamics and guidance, navigation, and control
avionics); and integrated experiments of advanced technologies for transition to planned systems (e.g., payload/platform/launch vehicle merging).

(U) EY 1997 ($in Thousands):
- (U) $5,206 Developed technologies for space platform subsystems such as cryocoolers, space vehicle thermal management, compact solar power cells,

lightweight batteries, and innovative power generation concepts.

- (U) Completed solar cell flexible array technology trade studies.

- (V) Initiated development program for ultra-high efficiency four-junction photovoltaic and thermal electric cells.

- (U) Continued development of solid state primary battery for space and missile launch vehicle applications.

- (U) Began development of lightweight flywheel integrated power and attitude control systems (IPACS); goal is seven-fold decreasein
subsystem weight.

- (V) Initiated cryocooler component reliability characterization study.

- (U) Designed, fabricated, and flight-qualified capillary pumped loop/looped heat pipe thermal management systems for distributed and
load sharing applications.

- (V) $4,916 Developed technologies for space platform structures such as spacecraft structural controls for vibration suppression and lightweight

composite satellite and launch vehicle structures.

- (U) Continued research efforts in adaptive structures technology emphasizing Adaptive Neural Control (ANC).

- (V) Fabricated, tested, and integrated an advanced isolation system into the Space Test Research Vehicle 2 (STRV2) spacecraft to
stabilize an electro-optic camera.

- (U) Continued joint program to develop advanced mechanisms which will improve the design of solar array subsystems.

- (U) Fabricated, tested, and flight demonstrated advanced lightweight launch vehicle structures.

- (U) Continued the development of multifunctional spacecraft structures.

- (V) Initiated space-based radar structures program.
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Development

(U) $4,556

(U) $3411

(U) $3,263

(U) $16,904

Project 8809

Developed technologies for space-based payload subsystems such as hardened sensors and satellite communications.

- (U) Continued improvement of long-wavelength mercury cadmium telluride detectors and optimized design for large focal plane

arrays.

(U) Continued development of larger format, quantum well, infrared photodetector focal plane arrays.

(V) Evauated and characterized radio frequency communications modem, modem controllers and network components.

(U) Integrated space-based surveillance antenna component technologies to support system level design concepts.

Developed technol ogies for space-based payload components such as hardened el ectronics and memories.

- (V) Bvauated and fabricated advanced packaging technology whose goal is aten times size/volume/weight reduction.

- (V) Initiated evaluation of a standard space-based surveillance signal processing module.

Developed technologies for satellite control, astrodynamics, modeling and simulation, and autonomous operations.

- (V) Developed satellite control software for applications such as multi-mission advanced ground intelligent control.

- (U) Developed next generation astrodynamics models for orbit determination and collision risk assessment.

- (U) Developed simulation architecture for space-based surveillance models.

- (V) Bvauated software for autonomous space technology product development.

Developed ground and small satellite integration technologies for space and near-space experiments.

- (U) Completed MightySat | spacecraft and experiments assembly. Integrated experiments with spacecraft. Technologies to be
evaluated include: increased power solar cells; lightweight composite structures; shape memory release device; microparticle impact
detector; and electronics miniaturization techniques. Performed environmental test and checkout. Integrated MightySat | on Shuttle
Hitchhiker Ejection System for launch on shuttle flight Shuttle Transportation System 88 (STS-88).

- (U) Assembled and integrated exploratory, hardware-in-the-loop satellite technologies to validate overall sparse optical array concept
through the UltraL I TE ground demonstration, alarge high precision space mirror.

- (U) Designed the baseline MightySat Phase |1 vehicle. Tailored vehicle basic design to meet requirements of first flight which will
demonstrate nine distinct experiments. These include a Fourier transform hyperspectral imager, pulsed plasma thrusters, multi-
functional structures, miniaturized electronics, and a solar array concentrator.

- (U) Developed near-space capabilities for experiments requiring high altitudes and guided recovery systems.
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Development

- (U) $1,908

- (U) $9,503

- (U) $49,667

Developed technol ogies such as guidance, navigation, and control avionics to support launch vehicles and ballistic missile flights.

- (U) Began fabrication of solid state micro-mechanical guidance instruments for future ballistic missile environments.

- (U) Bvauated a next generation thrust axis accelerometer.

- (U) Continued development of improved techniques to determine accurate gravity field values--major source 