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

DATE

February 2000

BUDGET ACTIVITY PE NUMBER AND TITLE
2 - Applied Research 0602601A Combat Vehicle and Automotive
Technology
COST (InTh d FY1999 FY 2000 FY 2001 FY 2002 FY 2003 FY2004 FY2005 Cost to Total Cost
(In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete

Total Program Element (PE) Cost 38139 54776 63589 64724 47677 53068 56933| Continuing| Continuing
DCO5 Armor Exploratory Development 6375 8399 13456 13417 14103 15304 15891 Continuing| Continuing
DC84 AC84 854 0 0 978 976 1948 2916| Continuing| Continuing
AH58 Joint Robotic Development Program on Ground Vehicle 2890 0 0 0 0 0 0 0 2890

Survivability
AH77 Advanced Automotive Technology 17830 29782 16596 16497 16610 17280 17269 Continuing| Continuing
AH82 Non-Ozone Depleting Substance Technology 1304 0 0 0 0 0 0 0 1304
AH91 Tank and Automotive Technology 8886 16595 12865 14268 15988 18536 20857| Continuing| Continuing
AHH7 Future Combat Systems (FCS) 0 0 7752 19564 0 0 0 27500 27316
AT21 21st Century Truck (T21) 0 0 12920 0 0 0 0 0 12920

A. Mission Description and Budget Item Justification: The Army’snew vision calls for a more strategically responsive force that dominates across the full spectrum of
operations. To achieve this new vision, the Army must transform itself to a force that is more strategically deployable and agile, with a smaller logistical footprint, where
light forces become more lethal, survivable and tactically mobile. The work performed provides technologies that are needed to achievethisvision.  The Army’stop
priority Science and Technology program, Future Combat Systems (FCS), is identified within this PE under a new project AHH7. This project contains funds to support
concept exploration and trade studies leading to demonstrations of FCS. Activities within this program element are focused primarily on FCS; but spin-off opportunities
for upgrades will be identified. Other major projects within this PE include: AH91, which provides critical enabling technologies that support FCS and other thrusts
aimed at solving warfighter needs; DCO05, which addresses armor technology; and AH77, which funds the National Automotive Center (NAC). The NAC leverages
commercial industry’s large investment in automotive technology research and development, and pursues shared technol ogy programs that focus benefiting military ground
vehicles. This PE supports efforts to identify and evaluate non-ozone depl eting, fire suppressant alternatives to Halon 1301 for combat vehicles. This PE is managed by
the Tank-Automotive Research, Devel opment and Engineering Center (TARDEC), Warren, MI. It adheresto Tri-Service Reliance Agreements on advanced materials;
fuels and lubricants; and ground vehicles; with oversight and coordination provided by the Joint Directors of Laboratories. Thereis no duplication of effort within the
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Army, or DoD. The project is coordinated with the Marine C':orps office through the Naval Surface Warfare Center; and with other ground vehicle developers within the
Departments of Energy, Commerce and Transportation and the Defense Advanced Research Projects Agency (DARPA).

B. Program Change Summary FY 1999 FY 2000 FY 2001
Previous President’ s Budget (EY 2000 PB) 39208 39749 41625
Appropriated Value 39562 55249

Adjustments to Appropriated Value

a. Congressional General Reductions -354

b. SBIR/STTR -694

€. Omnibus or Other Above Threshold Reductions -156 -159

d. Beow Threshold Reprogramming -219

e. Restissions -314

Adjustments to Budget Y ears Since FY 2000 PB +18899
New Army Vision/Transformation Adjustment TBD +3065
Current Budget Submit (FY 2001 PB) 38139 54776 63589

Change Summary Explanation: Funding - FY 2001 — Increase reflects restructure of funding for FCS (+7800), increase for 21% Century Truck (+12920) and other minor
adjustments (this includes six minor programstotaling +1244). Funding — FY01: Project CO5 was adjusted to reflect the new Army Vision/Transformation.
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COST (InTh d FY1999 FY 2000 FY 2001 FY 2002 FY 2003 FY2004 FY2005 Cost to Total Cost
(In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
DCO5 Armor Exploratory Development 6375 8399 13456 13417 14103 15304 15891 Continuing| Continuing

Mission Description and Justification: This project lays the technical foundation to solve critical armor deficiencies to transform the Army into a more deployable and
survivable force. Emphasisis placed on armor technologies for FCS, but also their applicability to legacy systems. In addition this project researches and matures |ow-
burden solutions to the protection of tactical vehiclesin war and operations-other-than-war, focusing on applique armor for small arms and land mine protection.
International cooperative research in mine blast characterization and vehicle responseis also conducted within this project. Work performed under this project follows
recommendations from a 1999 Army Science Board Summer Study on “Full Spectrum Protection for 2025-era Ground Vehicles.” Armor technologies will be researched
to complement innovative, non-armor survivability techniques, such aslaser protection described in project AH91 within this PE. Technology will focus on the weight,
space, performance, and cost ranges appropriate to U.S. ground combat systems, and protection of combat and tactical vehicles against such threats as Kinetic Energy (KE)
projectiles, explosively formed penetrators, chemical energy warheads, and blast and fragments from land mines. This project draws upon products from Army Research
Laboratory programs, e.g., PE 0602618A (Ballistic Technology project AH80) and PE 0602105 (Materials project AH84), aswell as innovative armors from industry.
Starting in FY 01, funding in the project has been augmented to research significantly lighter armor solutions that eventually can transition to FCSin. In addition to armor
concept research, this project includes supporting work in armor materials, bringing together the collective expertise of the Department of Defense, the Department of
Energy, and industrial and academic sources. Supporting work also includes researching and maturing of armor performance models to assess armor configurations
against different threats, with sufficiently high fidelity to make their implementation in vehicles feasible and affordable. Major contractorsinclude: SAIC, Albuquerque,
NM; Southwest Research Ingtitute, San Antonio, TX; University of Hawaii, Honolulu, HA; Jet Propulsion Lab, Pasadena, CA.

FY 1999 Accomplishments:

. 1468 - Investigated smart armor package defeating KE threats with 35% weight savings, providing the technological basisfor protection of lighter
vehicles against medium caliber automatic cannon-fired penetrators.

- Created an armor virtual prototyping system which will use modeling and simulation to shorten the design cycle and reduce the devel opment cost
of future vehicles and armor upgrades to existing vehicles.

- Validated methods for ceramic armor design using analytical models to extend the capabilities of the virtual prototyping system.

- Completed research showing 25% reduction in typical test cost for armor design through use of the virtual prototyping system.

. 1307

. 1050 - Completed assessment of dectrodynamic armor defeat mechanisms which offers significant operational benefits for combat vehicles.
. 950 - Investigated combined armor/signature control configurations.
. 1600 - Completed fabrication of base structure of troop protection prototype demonstrator, providing enhanced small arms and mine protection to troops

under movement in otherwise non-protected tactical vehicles.
- Completed and tested survivability appliqués for tactical vehicles.

Tota 6375
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FY 2000 Planned Program:

Tota

1360

1458
1165

971

1458

1435
361

191
8399

- Investigate armors for medium caliber KE threats that are 50% more space efficient than the 1996 state of the art, making possible more compact
and deployable combat vehicles.

- Research and define lightweight armor systems against a spectrum of threats faced by vehiclesin the 18-40 ton weight range.

- Characterize the debris produced by KE and Chemical Energy (CE) threats which have been disrupted by prototype Active Protection Systems
(APS), to provide the foundation for the lightweight armors that will complement APS to protect combat vehicles.

- Define, through simulation and component test, the structural and material requirements for integrated multifunctional armor/structure systems
that will dramatically reduce the weight of combat systems, making them strategically deployable.

- Integrate armor configurations from 0602618A/AH80 and material and structure technology from 0602105A/AH84 into multiple armor/structure
systems for demonstration in FY 2001.

- Complete fabrication of troop protection prototype demonstrator.

- In partnership with United Kingdom (UK), develop a set of design tools to investigate unique electro-dynamic defeat, of anti-armor threats
technology constructs, for combat vehicle upgrades and concepts.

- Small Business Innovative Research/Small Business Technology Transfer Programs.

FY 2001 Planned Program:

Project DC05

3027

2490

2192

2399

1593

697

- Part of these funds will be used in support of the New Army Vision/Transformation. Prove the feasibility of armor systems with 30% greater
weight efficiency than the 1996 state of the art against horizontal KE and CE threats, and the capability to back up an APS; these armor systems
will provide vehiclesin the 18-40 ton range with the survivahility required by the future battlefield.

- Part of these funds will be used in support of the New Army Vision/Transformation. Investigate and test top attack armor systems to complement
future APS with 30% greater weight efficiency than the 1996 state of the art.

- Complete investigation of a series of integrated multifunctional armor/structure systems against the heavy machine gun threat that will offer 25%
improved weight efficiency over the Composite Armored Vehicle (CAV), at a projected production cost lessthat 1.5 times that of the CAV,
providing improved survivability at an affordable cost.

- Investigate armor/structure systems with 30% improved efficiency against medium caliber KE and CE threats for validation in FY 02.

- Funds will be used in support of the New Army Vision/Transformation. Integrate existing physics- and engineering-based models and design tools
to provide industry the capahility to design and validate FCS armors without extensive and costly testing.

- Funds will be used in support of the New Army Vision/Transformation. Support and provide U.S. national leadership to an international
cooperative research program for mine blast characterization under the Technical Cooperation Program (TCP).
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. 697 - Fundswill be used in support of the New Army Vison/Transformation. Conduct safety and user assessments of the protected troop transport
module

FY 2001 Planned Program: (continued)
. 361 - In partnership with UK, develop a set of design tools to investigate unique electro dynamic defeat of anti-armor threats technology constructs for

combat vehicle upgrades and concepts.
Total 13456
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COST (InTh d FY1999 FY 2000 FY 2001 FY 2002 FY 2003 FY2004 FY2005 Cost to Total Cost
(In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
AH58 Joint Robotic Development Program on Ground Vehicle 2890 0 0 0 0 0 0 0 2890
Survivability

Mission Description and Justification: Thisone year Congressionally directed project researches and matures components for robotic and semi-robotic military vehicles,
which were not specific to any single system. This project integrated vehicle survivability, mohility, intra-vehicular digital e ectronics, and other diverse vehicle

technol ogies developed by the Army, other DoD laboratories and industry. It focused on two critical areas of deficient performance in robotic and semi-robotic vehicles:
mohility and navigation. High priority components were (1) "smart" running gear (e.g., integral in-hub dectric drive, tireinflation control, active shock absorption, etc.,
and sensors for motor torque, whed velocity, etc.), and (2) semi-autonomous navigation (e.g., machine perception hardware and software for terrain characterization,
obstacl e detection and crossing or avoidance, path selection, and remote operator interface). Using robotics rather than a manned crew in a vehicle greatly removes the
need for armor and reduces vehicle size to present a smaller target. Robotics has payoffs for manned systems as well crew workload. Work on this project was consistent
with the Joint Service Unmanned Ground Vehicle Master Plan. The project also developed a Systems Integration Laboratory (SIL) to assess the compatibility of

roboti c/semi-autonomous vehicle locomotion and navigation sub-systems, to assess net vehicle performance, to design interfaces, and to optimize/harmonize the
performance and characteristics of the subsystems. FY 98 Intelligent Mobility Robotics contracts were awarded to Utah State University, Logan, UT; General Dynamics
Land Systems, Muskegon, MI; Turing Associates, Ann Arbor, MI; and Tennessee State University, Nashville, TN. This project was completed in FY 99.

FY 1999 Accomplishments:

. 2592 - Completed upgrade to contractor’s 100l b. robotic vehicle to include z-axis omni-directional steering capahility for complete 6-degree of freedom
electric whed control.
- Completed improvement of contractor’s existing 1000 Ib. robotic vehicle intelligent path planning and control algorithms conditions.

- Completed research showing the scalahility of both (100 Ib. and 1000 Ib.) weight class unmanned ground vehicles (UGV's) to man-portabl e robot
applications and follow-on programs.

- Completed construction of the robotic vehicle SIL for technology test and evaluation.

. 298 - Participated in Simulation Based Acquisition demonstration for the Total Life Cycle (SIM-TLC).
Total 2890

FY 2000 Planned Program: Project not funded in FY 2000.

FY 2001 Planned Program: Project not funded in FY 2001.
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COST (InTh d FY1999 FY 2000 FY 2001 FY 2002 FY 2003 FY2004 FY2005 Cost to Total Cost
(In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
AH77 Advanced Automotive Technology 17830 29782 16596 16497 16610 17280 17269 Continuing| Continuing

Mission Description and Justification: This project funds the NAC, which leverages commercial industry's large investment in automotive technology research and
development and initiates shared technology programs that focus on benefiting military ground vehicle systems. The NAC, located at the Tank-Automotive and
Armaments Command (TACOM), is part of the TARDEC. The NAC serves as the catalyst linking industry, academia and government agencies for the development and
exchange of automotive technologies. The NAC executes collaborative research and development (R&D) contracts, cooperative agreements, and other initiatives to
leverage commercial industry's investment in well-defined, high return-on-investment areas tied to key Army science and technol ogy objectives for advanced land combat.
The NAC focuses collaborative R&D contracts on key military automotive technology thrust areas to include: fud efficiency, vehicle modernization, crew safety,
maintenance, and logistics improvement and manufacturing innovation with the goal of (a) improving the performance and endurance of ground vehicle fleets, and (b)
reducing ground vehicle design, manufacturing, production, and operating and support costs. Two-way industry/government technology transfer is pursued under
Cooperative Research and Development Agreements (CRADAS). The NAC also leverages the Army’s Dual-Use Science and Technology (DUS&T) resources. Industry
joint investment under the NAC DUS& T programs exceeds $65M. The activities of the NAC are supported by other government agencies via a linkage created under
Memoranda of Agreement, and oversight is provided by a Senior Advisory Board, which includes representation from appropriate program executive offices and program
managers, the User, the Army staff, the U.S. Marine Corps and OSD. These linkages permit the NAC to consolidate the collective expertise of federal government
departments such as Energy, Transportation and Commerce and other DoD agencies. The NAC performs basic research in PE 0601104A, project BH73 (NAC). Major
contractors include: ARCCA, Inc.; Penns Park PA; FOCUS: Hope, Detroit, MI; University of Texas, Austin, TX; Environmental Institute of Michigan, Ann Arbor, Ml;
Oshkaosh Truck Corporation, Oshkosh, WI; Lockheed Martin Inc., Lexington, MA; Rocky Research Inc., Boulder City, NV; USCAR-PNVG/Ford, Dearborn, MI;
Cummins Engine Company, Columbus, IN; ICRC Energy Inc., Oakton, VA; Radian, Inc., Alexandria, VA; Baum, Romstedt Technology Research Corp. (BRTRC Inc.),
Fairfax, VA; TASC. Inc, Reading, MA; Southwest Research Ingtitute, San Antonio, TX; Electronic Data Systems, Troy, MI; University of Wisconsin, Madison, WI;
University of lowa, lowa City, IA; Evans and Southerland Inc., Salt Lake City, UT; AB Technologies, Alexandria, VA; Lockheed Martin Control Systems, Johnson City,
N.Y; Ford Motor Company, Dearborn, MI; Continental Teves, Inc., Auburn Hills, MI; Sunline Services Group, Thousand Palms, CA; Ultramer Inc., Massillon, OH;
Mobile Medical International, St. Johnsburg, VT; Oakland University, Rochester, M1, General Dynamics Land Systems (GDLS), Muskegon, M

FY 1999 Accomplishments:
. 13788 - Under the Army' s DUS& T, researched and investigated series and parallel hybrid eectric drive, engine injection system and supercharger design
improvements, improved engine configurations, and advanced lightweight materials; new simulation tools in a distributed interactive environment
for real world simulation of ground vehicle operation and analysis of man-machine interface.

. 3622 - Integrated key commercial automotive technologies (engine, brakes, air-conditioning, diagnostics, crash protection) into light and heavy wheedled
demonstrators and engine, air-conditioning, diagnostics technologies into tracked vehicle demonstrator.
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FY 1999 Accomplishments: (continued)
- Integrated commercial computer aided components within the Automotive-based Product Devel opment software Framework (APDF).
- Continued to build, test and validate redesigned 6.2 L engine, implemented changes based on testing results, and integrated redesigned engine into
the High Mobility Multi-Purpose Wheeled Vehicle (HMMWYV).
- Completed investigation of critical diesel fuel reforming technology for use with fuel cell power systems on a Class 8 commercial truck
chassis equipped with a hybrid electric drive system.
. 420 - Participated in Simulation Through the Life Cycle (SIM-TLC).
Total 17830

FY 2000 Planned Program:

. 12191 - Research and investigate, under the Army’s DUS& T, technol ogies to improve fuel efficiency through engine research, hybrid -electric Family of
Medium Tactical Vehicles (FMTV), Class 8 parallel hybrid eectric line haul truck, manufacturing innovation through man-in-the-loop ssimulation
and collaborative design, development of the virtual distributed collaborative environment and creating a vehicle and heavy vehicle equipment
virtual proving ground, and enhancing soldier safety through the devel opment of the personal visualization environment.

- Perform HMMWYV vehicle endurance tests with reconfigured 6.2L engine, perform producibility study, conduct operational & savings (O&S) cost
assessment and analysis.

. 3852 - Integrate key commercial automotive technologies (engine, brakes, air conditioning, diagnostics, crash protection) into the light and heavy
wheedled demonstrators and engine, air conditioning, diagnostics technologies into the tracked vehicle demonstrator.
. 9640 - Thiscongressionally directed program will research the diesel fuel reformer for aline-haul truck, integrate the reformer with a fud cell engine on

the current test truck, and conduct extended laboratory, track and on-road tests.

- Integrate and test optimized controls and subsystems with the diesal-fueled reformer and fuel cell power system.

- Build two additional fuel cell powered trucks for in-service evaluations, onein military environment, and one in a commercial environment
. 3369 - Thisoneyear congressionally directed “smart truck” program will perform market analysis of emerging vehicle e ectronic technologies for

applicahility to military wheeled vehicles.

- Complete investigation of integration plan for hardware, software, informational, and human interfaces for the selected technologies.

- Complete definition of initial and final designs for the e ectronic architecture and vehicle integration.

- Complete acquisition and integration of hardware and software.

- Compl ete performance of engineering level tests and evaluations.

- Complete validation of vehiclesto User representatives and make recommendations based on findings.

. 730 - Small Business Innovative Research/Small Business Technology Transfer Programs.

Total 29782
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FY 2001 Planned Program:
. 12612 - Investigate and test automotive technologies under the DUS& T in the areas of fuel efficiency, vehicle modernization, manufacturing, automotive
| ogi stics and maintenance improvement.
. 3984 - Integrate key commercial automotive technologies (engine, brakes, air conditioning, diagnostics, crash protection) into the light and heavy wheeled
demonstrators and engine, air conditioning, diagnostics technologies into the tracked vehicle demonstrator.
Total 16596
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COST (InTh d FY1999 FY 2000 FY 2001 FY 2002 FY 2003 FY2004 FY2005 Cost to Total Cost
(In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
AH82 Non-Ozone Depleting Substance Technology 1304 0 0 0 0 0 0 0 1304

Mission Description and Justification: The objective of this project was to identify and eval uate non-ozone depleting fire suppression substances for application to
ground combat vehicles. Due to the ozone depleting potential of Halon 1301, the Clean Air Act of 1990 and DoD Directive 6050.9 require that alternate extinguishing
agents be identified to maintain crew and vehicle survivability and supportability. Environmentally and toxicologically acceptable replacements for Halon 1301 were
demonstrated in engine and crew compartment fire suppression systems. Testing was performed to meet Tier 1-3 Army Surgeon General and Environmental Protection
Agency requirements. Investments have been successful in selecting two agents for ground vehicle engine compartments, and retrofits are underway. Two crew
compartment agents and ddlivery systems have also been demonstrated. This project was completed in FY 99 and recommendations will be made in 1QFY 00 to affected
vehicle program managers for follow-on system integration. At the end of FY 99, the Army invested over $18 million in this area and succeeded in identifying acceptable
fire suppressant agents for combat vehicle engine and crew compartments. This project complemented the DoD Next Generation Fire Suppression Technology Program to
identify materials more suitable than currently available alternatives for mission-critical military applications. System devel opment contractors included Santa Barbara
Dual Spectrum, Goleta, CA; Primex Aerospace, Redmond, WA; Pacific Scientific, Duarte, CA; and Walter Kidde Aerospace, Wilson, NC. Alternative agents were
purchased from DuPont Inc., Deepwater, NJ; Great Lakes Chemical, Lafayette, IN; and 3M, St. Paul, MN.

FY 1999 Accomplishments:

. 900 - Completed performance testing of 6 selected alternative fire extinguishing systems.

. 110 - Completed long-term toxicology studies initiated in previous year.

. 130 - Completed system design guidelines to integrate selected agent and delivery system into affected vehicles.
. 164 - Completed breakdown product studies of 8 alternative agents.

Total 1304

FY 2000 Planned Program: Project not funded in FY 2000.

FY 2001 Planned Program: Project not funded in FY 2001.
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COST (InTh d FY1999 FY 2000 FY 2001 FY 2002 FY 2003 FY2004 FY2005 Cost to Total Cost
(In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
AH91 Tank and Automotive Technology 8886 16595 12865 14268 15988 18536 20857| Continuing| Continuing

Mission Description and Justification: Thisproject provides innovative vehicle concepts and enabling technologies for FCS. This project also researches and matures
potential product improvements to fielded equipment and develop advanced systems that will enable the Army to meet its new vision. Program activities, such as
conceptual designs, virtual prototyping, performance analyses and battlefield wargaming of ground vehicle systems, identify promising emerging technol ogies meeting
approved and emerging U.S. Army Training and Doctrine Command (TRADOC) requirements. They also quantify benefits, burdens and trade-offs related to ground
vehicle applications. The project includes ten areas: (1) vehicle concepts; (2) mohility; (3) integrated survivahility; (4) vehicle dectronics (VETRONICS) and intra-vehicle
digitization; (5) advanced vehicle structures; (6) simulation/analysis; (7) military fuels and lubricants; (8) water purification technology; and (9) vehicle related
countermine technology and (10) gap/obstacle crossing technology. Technologies are being pursued to address advanced mobility, survivahility, advanced structures, and
lethality requirements of lighter, digitized, more deployable vehicles, and less Petroleum, Oil and Lubricants (POL) logistic trail. Activities are closely coordinated
through TRADOCs Mounted and Dismounted Battlespace Battle Labs; Program Executive Office for Ground Combat and Support Systems; Army Research Laboratory
(ARL), and the Defense Advanced Projects Research Agency (DARPA), Tri-Service. Tank and automotive virtual prototyping provides seamless sharing of
databases/engineering models, allowing more rapid and efficient integration, assessment and transfer of DoD and commercial vehicle technologies. Vehicle eectronics
will be based on adapting commercial e ectronic standards and architectures for combat vehicle battlefield unique requirements. The survivability technologies, which
include non-armor approaches such as signature reduction, countermeasures, active protection, and damage reduction, complement, but do not duplicate, work performed
under the armor exploratory development project (DCO5) in this PE. Other government agenciesinclude: Defense Advanced Research Projects Agency, Arlington, VA;
Red River Army Depot, Texarkana, TX. Major contractorsinclude: Cadillac Gage Textron, New Orleans LA; Soucy International, Drummondville, Quebec; Pentastar,
Huntsville, AL; Michigan Technological University, Houghton, MI; United Defense Limited Partnership, San Jose, CA; University of Texas, Arlington, TX; Oakland
University, Rochester Hills, MI; Gonzales Engineering, Troy, MI; Boeing Corporation, St. Louis, MO; University of Dayton Research Center, Dayton, OH; Monterey
Technologies Inc., Monterey, CA; DCS Corp, Alexandria, VA.; Texas Instruments, Dallas, TX; Southwest Research Ingtitute, San Antonio, TX; Separation SystemsInc.,
San Diego, CA, Scientific Systems, Boston, MA; University of California, Berkley, CA; General Dynamics Land Systems Division, Sterling Heights, M1, Chang Ind., Salt
Lake City, Utah.

FY 1999 Accomplishments:
. 5384 - Researched eectric actuator for active suspension units; eval uated semi-active suspension potential via simulation for improved ride and platform
stability with roll control in 25 ton combat vehicle class; supported future fuel efficient platforms through the development of more durable nitrile
rubber track pads and light weight rubber band track.
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- Conducted high temperature lubricant evaluations on a multi-cylinder engine; prepared for high temperature, high nicke aloy head material and
coated piston tests on high temperature capable single cylinder engine; and leveraging with international cooperative research and devel opment
funds, conducted high power density test on a technology screening engine (Army part of US-Japan cooperative research agreement) all designed to
accomplish low heat rejection, high fuel economy engines for future fuel efficient army platforms.

FY 1999 Accomplishments: (continued)
- Completed evaluation of fuels, lubricants, and additives for improvement in fuel economy, vehicle signature and component life requirements.
Participated with DOE on fuel impacts on advanced engine system emissions. Evaluated use of biodegradable grease and hydraulic fluids, and
evaluated environmentally acceptable solvent to supplement products under current Army purchase description.

. 3302 - Proved thefeasihility of retrofittable wide-angle optical viewing system design which can incorporate laser-limiting materials. New contract
released for fabrication of advanced vision device for unity vision.
- Developed family of new, hybrid structures concepts and candidate integrated signature-ballistic armor system for light and medium weight future
vehicle systems with detectability reductions; established baseline vehicle concepts, defense zones, and design criteria for each zone.
- Determined constraints, performance requirements, and analyzed unique active protection hemispherical and kinetic energy countermeasures for
universal threat application.
- BEvaluated concept alternatives for voice recognition, 3D audio, and indirect vision driving; selected approach, and conducted detailed designs for
future integration into mobile reduced crew testbed.

. 200 - Conducted technology assessmentsin support of the Army Science Board. Conducted Army laboratory capability assessments, drafted contract
solicitation and sponsored industry day in support of the joint DARPA/Army FCS program.

Total 8886

FY 2000 Planned Program:

. 3938 - Research innovative vehicle concepts, engineering analysis, operational effectiveness evaluations and a virtual environment in support of the
development of alightweight, strategically deployable, agile, survivable and tactically mobile force for the Army. Directly supports the devel opment
of requirements and technology for the joint Army/DARPA FCS program.

-Investigate advanced concepts from technol ogy spin-offs from FSCS and FCS demonstrating the performance and cost implications of potential
maodifications to the Abrams Tank, Bradley Fighting Vehicle M113 family of vehicles, Crusader and Medium Brigade Vehicles.

- BEvaluate commercial and military technologies and systems to determine capabilities and deficiencies. Determine capability requirements for
military tactical vehiclesto support the future combat force. Provide technologists vehicle level and system guidance. Research and investigate
concept level virtual prototypes of future heavy tactical vehicle configurations that will improve maobility, transportability, supportability, and
survivability.

- Complete investigation of immersive visualization environments by networking with the user to show the technology application for concept trade-
off analysis. Determine the best use for the technology developed in the vehicle system devel opment process.
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. 5036 - Conduct field testing of the Electromechanical Suspension System (EMS) installed 1n the HMMWYV to eval Uale active suspension under strentious

cross country conditions including steering and braking at high speeds; usethe field test data to fully tune vehicle handling algorithm for safe cross
country operations.

FY 2000 Planned Program: (continued)
- Investigate, test and characterize advance materialsincluding ceramics.  Continue high temperature combustion, low heat rejection and advanced
friction , wear and lubricant technol ogy devel opment. Design and fabricate advanced componentry for demonstrator engine. Compl ete engine build.
(Cooperative Research Program with Japan).
- Investigate differential torque steer and traction control for wheeled vehicle active suspension.
- Identify and down select fuel energy enhancement material; screen and test fuel additives. Select products to conduct multi-cylinder engine
dynamometer endurance testing on candidate energy enhancement materials, conduct engine emissions testing on candidate energy enhancement
materials, conduct engine-fuel-lubricant compatibility evaluations with candidate energy enhancement materials.
- Establish critical field-level POL testing criteriafor Army vehicles. Investigate potential of available and emerging technologies for POL and
equipment condition monitoring and anticipatory service/maintenance.
- Conduct basdline data gathering on composite bridging components through instrumented vehicle crossings on prototype composite bridging
structures.
- Perform analysis of marking technologies and requirements to identify criteria that will support near and far term vehicle systems. Evaluate
concept alternatives for active marking technol ogies and define architecture for integration into maobile test bed.

. 4922 - Fabricate and evaluate optical hardware for retrofittable wide-angle optical viewing system which can incorporate laser-limiting materials.
- Analyze/optimize concept alternatives for ballistic and structural 1o0ads and project weight savings for each and complete the demonstration and
optimization of an integrated signature-ballistic side armor system and transition hardware designs into future vehicle programs; define alternative
structural design concepts for each zone; conduct preliminary design analysis; define alternative armor attachments and integrate candidate zone
design concepts into alternative “hybrid” vehicle designs.
- Complete validation of integrated signature materials/ballistic side armors and transition designs/test results to Future Scout and Cavalry System
(FSCYS) and other vehicle programs.
- Conduct active protection countermeasure and sensor field evaluations based on FY 99 analysis, with specific emphasis on Kinetic Energy rod
defeat.
- Evaluate concept alternatives for semi-autonomous driving using robotics technology, select approach, and define architecture for integration into
mobile reduced crew testbed.
- Define concept for providing software security services into embedded software operating environment.

. 2587 - Thiscongressionally directed plus-up will research and define FCS battle scenarios, model blue and red forces for CASTFORUM, JANUS, and
VIC simulations.
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- BEvaluate preliminary concept designs for FCS
- Identify areas of necessary additional technical investment for risk reduction and application to FCS and subsystems. Establish programsto
address the deficiencies.
- Perform detailed technology assessments and subsystem integration studies for the FCS alternatives such as Assault, Fire Support, and robotics.
. 112 - Small Business Innovative Research/Small Business Technology Transfer Programs.
Total 16595

FY 2001 Planned Program:

. 4662 - Perform effectiveness, performance, cost and tradeoff analysis on innovative vehicle concepts devel oped in support of a strategically deployable,
agile, survivable and tactically mobile force for the Army. Directly supports the devel opment of requirements and technology for FCS.
- Complete investigation of advanced vehicle concepts validating the performance and cost implications of robotic vehicles in multipleroles, as well
as potential modifications to the Abrams Tank and Bradley Family of Vehicles and Medium Brigade Vehicles.
- Supports the Army’ s vision of a medium brigade by developing concept level virtual prototypes of future medium tactical vehicle configurations.
Conduct trade-off studies and supporting performance and supportability analysis of heavy tactical vehicle concepts.
- Complete research showing the utility of the collaboration tools using a series of experiments and pilot projects to verify the approach by applying
the technology to actual vehicle system issues. Demonstrate the integration of stakeholder feedback to enhance the use of immersive visualization
technology during the trade-off analysis process to reduce the risk in the vehicle devel opment process. Continue to refine the application of
technol ogy to the vehicle system devel opment process.

. 4500 - Complete eectromechanical active suspension algorithm refinement on the HMMWYV research test vehicle and investigate el ectromechanical
active suspension application for hyper-mobility in combat vehicles with a focus on the Future Scout chassis.
- Continue devel opmental testing of the demonstrator engine. Continue high temperature performance and durability development. Optimize
engine for high power density, low heat rejection and fuel economy (Cooperative Research Program with Japan).
- Reduce the logigtic tail of the force by continuing engine-fuel-lubricant compatibility eval uations with candidate energy enhancement materials,
enhance lubricants products to operate successfully with energy enhancement material, initiate field testing of energy enhanced materials; expand
dynamometer tests to address other engine types; investigate onboard vehicle coal escer/filter to work with +100 additive complete particle size
investigation;
- Investigate and test an oil condition monitor and/or POL quality sensor suite for possiblein-line/onboard applications. Validate interfacing
software. Conduct bench-level testing of breadboard prototypes and controlled field experimentation.
- Conduct materials comparison studies of composites vs. metallics and their applicability towards military bridging technologies and begin Virtual
Prototyping simulations and studies of new and unique bridge launching techniques which are applicable to FCS.
- Investigate, test and characterize obstacle-marking systems based on FY 2000 analysis. Perform detailed assessments in vehicle interoperability,
system deployability and cost to prepare for FY 2002 test bed demonstration.
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. 1881

- Integrate and evaluate NRDEC laser protection materials into retrofittable wide-angle optical viewing system incorporating laser-limiting
materials.

- Analyze structural implications of active protection systems, including effects of the impact of residual penetrators and measures for the protection
of crew and sensitive components from shock damage.

- BEvaluate/validate performance level s via component structural and ballistic tests; perform preliminary structural and weight analysis of candidate
“hybrid” vehicle designs; develop preliminary structural and ballistic performance with small element tests.

- Conduct simulations to determine viable system concept designs and compl ete active protection component countermeasure and sensor field
evaluations.

FY 2001 Planned Program: (continued)

. 1822

Tota 12865

Project AHI91

- Identify detection and hit avoidance technol ogies compatible to each other and suitable for integration on a ground combat vehicle.

- Assess armor/structure concepts devel oped under project DCO5 for future growth potential and flexibility to deal with an adaptive threat; design
development program to be continued in future years for growth armors for FCS.

- Design and test Commander's Graphical User Interface (GUI) for semi-autonomous driving for future integration into mobile reduced crew testbed.
- Transfer water purification technology from DARPA to the Army; conduct devel opmental testing of prototype mesoscopic scale individual water
purification technologies.

- Prototype and integrate software security services into embedded software operating environment.
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COST (InTh d FY1999 FY 2000 FY 2001 FY 2002 FY 2003 FY2004 FY2005 Cost to Total Cost
(In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
AHH7 Future Combat Systems (FCS) 0 0 7752 19564 0 0 0 27500 27316

Mission Description and Justification: FCS, the Army’stop priority Science & Technology program, is the focus of this project. The FCSwill transform the Army to a more strategically
deployable, agile and survivable force. The success of FCSis critical to the transformation of the Army to meet its new vision. Concept exploration and trade studies leading to FCS
demonstrations will be performed in this project. This project provides the enabling mechanism for the Army, working with DARPA and industry partners, to research and provide
alternative, innovative conceptual designs, virtual prototypes, modeling, simulation, wargaming, performance analysis and eval uation of emerging technol ogies when packaged in a ground
combat system in response to the draft Mission Need Statement (MNS). The intent of that MNS is to devel op a force structure around a system of systems capable of addressing a spectrum
of threats from non-lethal to full combat, while sustaining itself for an extended period. Industry partners will deliver virtual designs during phase | of the contract that will be eval uated for
battlefield utility, supportability, deployability and life cycle costs. A thorough evaluation of the benefits and burdens of competing emerging technol ogies by functional operational
capability areawill be completed. This project will provide an extensive evaluation of competing lethality technologies, including el ectromagnetic guns, missiles, electro-thermal cannon,
directed energy weapons and hybrid combinations of these technologies. Advanced target acquisition and engagement sensors, and digitized electronic suites also will be researched.
Emerging survivability technol ogies including active protection and signature management, advanced armors and lightweight structures will also be evaluated. Hypermobility technologies
including , electric drive, high-density low burden diesel, turbine and advanced fuel cell enginesand alternative prime power sources will be investigated. Advanced active, and semi-
active suspension technologies will be researched. Command, Control and situational awareness alternative vehicle el ectronic architectures will be considered and investigated. These
include voice and non-voice digital communications suites, anti-fratracide devices, embedded navigation, prognostics, diagnostics, sensors, embedded learning and crew aids. At the
vehicle level, competing designs will be evaluated for their ability to perform combat missions across the full spectrum of operations. These include strategic transportability, peacekeeping
operations, urban warfare, countermobility, amphibious operations, offensive and defensive tactical operations. Innovative solutions may include manned and unmanned special mission
modules and multiple component designs. Additionally, the project is supported and sponsored by Headquarters, Training and Doctrine Command, and by its various Battle Labs. In FY 03,
this program transitions to PE 0603005A, project D440.

FY 1999 Accomplishments: Project not funded in FY 1999.
FY 2000 Planned Program: Project not funded in FY 2000.
FY 2001 Planned Program:

. 2981 - Research and defineinitial force concepts as a result of tradeoff assessment process.

. 2783 - Investigate and test innovative system concepts that reflect the force concept in a system of systems structure.

. 1988 - Perform effectiveness, performance and cost analysis on system concepts to quantify the force and system performance and payoffs.

Total 7752
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COST (InTh d FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 Cost to Total Cost
(In Thousands) Actual Estimate Estimate Estimate Estimate Estimate Estimate Complete
AT21 21st Century Truck (T21) 0 0 12920 0 0 0 0 0 12920

Mission Description and Justification: This one year congressionally directed program funds research into the "21% Century Truck.” Itsgoal isto significantly increase
fuel efficiency; improve power generation performance; decrease emissions; reduce total life cycle costs; and provide for safer 21st Century trucks for the military and the
nation. The NAC isthelead for thisinitiative. The 21% Century Initiative will research alternate fuels, advanced propulsion, advanced materials, reduced parasitic | osses,
vehicleintelligence and safety. The NAC will establish joint technology devel opment projectsin its five principal focus areas using its cost-shared partnerships with
industry, other government agencies and academia.

FY 1999 Accomplishments: Project not funded in FY 1999.
FY 2000 Planned Program: Project not funded in FY 2000.

FY 2001 Planned Program:

. 8000 - Completeresearch and investigation of high power density engines, lightweight engine/components, high temperature engine materials, engine
coatings, coolants and cooling systems computer controlled energy management systems, electric traction motors, eectric generators, high power
motor controllers, integrated gate bipolar transistors, and advanced energy storage systems.

. 1800 - Completeinvestigation and test intelligence technol ogies that involve both information and control technology to improve fuel efficiency, driving
efficiency, safety and quality of driving trucks.

. 1820 - Completeinvestigation and testing of alternative fuels to meet military requirements for fuels with high stored energy density, reduced emissions
and that will facilitate the use of Solid Oxide Fuel Cell propulsion systems.

. 800 - Complete improvement and increase the application of current and new commercial materials technologies that result in increase payload,
corrosion resistance, vehicle life cycle, durability and mohility.

. 500 - Complete research showing improvementsin fuel cell technologiesto include alternativesto diesel reformers and improvementsin propulsion
density, weight and cube of present generation fuel cells.

Total 12920
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