EXECUTIVE SUMMARY

VISION


Maintain U.S. world leadership in superior air vehicle systems by aggressively pursuing the design, development, and demonstration of timely, cost-effective air vehicle product and process technologies that will provide safe, affordable, rapid delivery of people, supplies, weapons, and information.

JACG TASKING


The Joint Aeronautical Commanders Group (JACG) is chartered by the Joint Logistics Commanders to serve as the focal point for all joint aviation activity within their commands and associate organizations. Working closely with the DoD Defense Technology Area Planning (DTAP) teams, the JACG links all U.S. Government aviation science and technology (S&T) to system development and support.  The JACG has directed the S&T Process Board to develop an Aviation S&T Roadmap to encompass all aviation S&T activity within the JACG membership structure. 

SCOPE


In response to JACG direction, the JACG S&T Process Board has compiled a two-volume military and civilian Aviation S&T Roadmap. This roadmap encompasses aviation basic research, applied research, and advanced technology development conducted in the United States by the Department of Defense, National Aeronautics and Space Administration, and Department of Transportation.  It addresses fixed and rotary wing vehicles, including  unmanned air vehicles along with the full integration of associated contributing technologies. These associated technologies are delineated in the Defense Technology Area Plan, and include:  Aero Propulsion and Power; Chemical and Biological Defense; Command, Control, and Communications; Computing and Software; Conventional Weapons; Directed Energy Weapons; Electronic Warfare; Electronics; Environmental Quality; Human Systems Interface; Manufacturing Science and Technology; Materials, Processes, and Structures; Modeling and Simulation; and Sensors.


It has become evident that during the coming century, it will be necessary for a major portion of the S&T community to begin the important task of developing a fully integrated safe aerospace operating environment and infrastructure. It is also clear that the S&T community, even with its relatively small percentage of the total aerospace budget, is best positioned and has the most flexibility and innovative genius to lay the technology foundation for this task. Clear lines between aircraft and spacecraft will fade as aerospacecraft emerge to fill various assigned roles across the aerospace continuum. Affordability must be addressed from the beginning to shift away from the current paradigm of un-affordability. Developing an aerospace S&T roadmap will become a near-term action item for the S&T Process Board.


Numerous requests have been received from the private sector for access to the S&T Database. This issue is under S&T Process Board review. [Meanwhile, Volume 1 is available on an unlimited distribution basis to industry and academia at the JACG Web site http://jacg.wpafb.af.mil.]


The volumes comprising the JACG Aviation S&T Roadmap are:



Volume I
Aviation Vision



Volume II
Aviation Interactive S&T Database


Volume I describes the JACG tasking to the S&T Process Board and the scope of the Aviation S&T Roadmap. It outlines the top level (DoD & DoT) guidance to S&T planning, and rationale for investment. It provides summaries of each agency’s Vision, Mission Overview, Strategic Goals and Objectives/ Major Thrust Areas, a Technology Insertion Roadmap, Future Needs/Deficiencies and agency Common Themes.  It concludes with a set of cross-agency Common Themes. This volume represents a major update to the original volume published in 1996 and updated in 1997. 


 Volume II is an interactive programmatic and budgetary database and is a comprehensive compendium of federal aviation S&T projects.  It contains necessary information for planning, implementing, tracking, reporting, and assessing S&T efforts.  Consequently, Volume II will be a useful tool for determining those S&T areas where reliance and synergism may be increased and duplication decreased through joint planning and execution of programs. Activity is currently underway, utilizing the capabilities of the Defense Technical Information Center, to incorporate various report generation features for the database, including eventually, formal roadmap generation. Such capability would be responsive to user format requirements.
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RATIONALE FOR AVIATION S&T INVESTMENT


From a military perspective, there are four primary reasons for continuing a strong DoD investment in aviation-related technology: 

1) Aviation technologies have strong US military relevance: Aircraft will continue their vital role in US warfighting capability and DoD spends approximately $100B/year on aircraft related research, development, test and evaluation (RDT&E); system acquisition; and operations and support (O&S). 

2) Our technology goals are aggressive: As an example, current DoD goals include 70% reduction in unit flyaway cost, a 100% increase in engine thrust/ weight ratio, and a 40% reduction in fuel consumption over currently fielded systems.

3) Potential systems payoffs to the warfighter are significant: Weapon system-level benefits from achieving the above goals include an 100+% increase in aircraft range/ payload, a 35% reduction in aircraft ownership cost, increased force mobility, and reduced logistics footprint.

4) There are numerous windows-of-opportunity for technology transition: The technologies currently being pursued have transition potential into a wide variety of legacy, developmental, and new aircraft systems. 


From an economic perspective, the rationale for S&T investment is equally compelling. In 1998, aerospace ranked first (+$41B) in positive trade balance. As was noted in the 1996 version of this Volume, the United States leads the world in manufacturing aircraft and associated systems. 


In spite of the compelling military and economic rationale for S&T investment aside, from 1999 to 2000, while the Federal Science and Technology Budget rose in constant dollars by 2.4% from $48.3 billion in FY 1999 to $49.4 billion in FY 2000, overall DoD aeronautics-related S&T investments (Category 6.1, 6.2 & 6.3) dropped by 20% from $500M/yr to $400M/yr. The current five-year projection shows little change from this reduced level. Several factors have contributed to this reduction including need to supplement Readiness accounts, Information Technology Plus-ups (~$100M in FY 2000) and the need for the Air Force to more adequately fund DoD space-related programs. 


Just as military air vehicles are essential to this country's national security, both military and civil air vehicles remain critical to the economic security of the United States. Beginning with a top-level perspective, total U.S. transportation contributes 11 percent of America's Gross Domestic Product (GDP). That translated in 1995 to $777 billion of a $7.25 trillion GDP.  According to the Aerospace Industries Association Indicator,  http://aia-aerospace.org/ combined military and civilian industry annual aerospace sales in 1999 were approximately $157 billion and, including airlines, this industry provided over 800 thousand high-quality jobs.  Civil plus military exports accounted for over $60 billion in positive trade balance, this country's largest for manufactured products.  The projected demand for global air travel is anticipated to grow at an average rate of five per cent per year into the new century, creating a potential air transport market in excess of $800 billion over the next 20 years.  This potentially lucrative market has attracted very significant competition from around the world.  Significant technological advances in key areas will be needed to allow the U.S. aircraft industry to expand or even maintain its position in this highly competitive world market. In spite of the sound rationale presented for the Federal aviation S&T investment, the budget projection is discouraging and has prompted the following assessment by the NRC.
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NRC ASSESSMENT


In 1999, the National Aeronautics and Space Administration (NASA) commissioned the Aeronautics and Space Engineering Board (ASEB) of the National Research Council (NRC) to conduct a four-month evaluation of the U.S. aeronautics program. The assessment included work supported by government agencies and industry. The intent of the study was to provide a timely review of national support of S&T in traditional aeronautics.  Traditional aeronautics was defined as including both fixed- and rotary-wing aviation but excluding space operations, space launch and reentry, and some of the new air-breathing hybrid technologies proposed for hypersonic entry into space flight. The recently completed strategic assessment of U.S. aeronautics contains a wealth of information of vital interest to JACG planners. [It is available from Aeronautics and Space Engineering Board, HA 292, 2101 Constitution Avenue, N.W., Washington, DC 20418. (202) 334-2855.] Some exerpts from the assessment are quoted in the following paragraphs.


The assessment found symptoms of a serious national problem - that the aeronautics segment of the economy is becoming less competitive. Data presented in the assessment show that the U.S. share of world aerospace markets fell from nearly 70 per cent in the mid-1980s to 55 per cent in 1997. The absolute level of aeronautical sales has also dropped in the United States during the 1990s. Lowering trends in market share and the absolute level of economic activity, if uncorrected, will naturally lead to the demise of aeronautics as a viable enterprise.  Maintaining a competitive industry with a significant market share is clearly important. National security is closely tied to superiority of U.S. aeronautical capabilities. The assessment observed that, although a strong national program of aeronautics S&T may not, by itself, ensure the competitiveness of the U.S. aviation industry, without it, the United States is likely to become less competitive in aeronautics relative to countries with stronger programs. Aviation is an S&T-intensive industry. Maintaining a successful, state-of-the-art aeronautics industry has required that a higher percentage of net sales be invested in S&T than other industries associated with rapid innovation and application of scientific advances. 


Although certain aeronautical advances are immediately useable, more often, aeronautics S&T advances are evolutionary, and a substantial number of years can pass before the aviation systems making use of these advances enter service.  Modern aircraft are complex “systems of systems,” and advances in one discipline, such as aerodynamics, may require an advance in another discipline, such as structures, before they can be applied in a new aircraft design. Years of validation, testing, and certification are, therefore, usually required before a new aeronautics S&T development can be exploited. However, data are presented in the assessment showing that aeronautics R&D funded by U.S. industry dropped by almost 50 percent between 1988 and 1991, followed by reductions in sales and employment. Similar declining S&T funding trends are presented for NASA and DoD. In sharp contrast, government support for aerospace S&T in the European Union has been growing, underpinning Europe’s increasingly successful economic challenge to the U.S. in aeronautics.

Militarily, a dominant aeronautics capability projects a U.S. global presence and influence as no other technology does, or will do, for the foreseeable future.  No other capability allows for the rapid projection of force over long distances or is as flexible in providing combat air support for ground forces.  The United States needs a strong aeronautics capability to meet its international commitments and responsibilities in an uncertain and volatile global political environment.  This future capability rests solidly on today’s aeronautics S&T investment strategy.

With regard to economic factors, a recent market study summarized in the assessment, projects a worldwide civil aircraft market of $810 billion over the period 1999 to 2008.  The study showed that large civil transports account for over one-half of this market.  The remainder is comprised of regional/corporate airplanes, military airplanes, and civil and military rotorcraft.  In addition, $274 billion in gas turbine engine sales are projected over the same period, more than one-half for aviation uses, and the projected market for aircraft retrofitting and modernization is $20 billion.  In total, the world market for aeronautics products is expected to exceed $1 trillion over the next 10 years, and most of it will be captured by companies (and countries) that have made and continue to make sizeable investments in aeronautics S&T.


The market study cited above provides information only on the primary economic benefits from goods and services associated with aeronautics S&T.  Secondary benefits are also accrued.  For example, investments in air traffic control systems worldwide are expected to range from $41 to $58 billion. Also, the technology to develop efficient gas turbine engines has been used to develop gas turbine engines for other uses, such as ship propulsion and emergency electrical generation in critical buildings.  In fact, examples of the general applications of aeronautical technology abound.  These secondary benefits not only add to the gross national product, but they also enhance national security, the economy, and the general quality of life. 


A considerable portion of the U.S. S&T investment must continue to support critical infrastructure. Yet the assessment finds that Government aeronautical test facilities are another area of concern.  The construction, maintenance, upgrading, and use of some of the nation’s specialized aeronautical testing facilities, typified by large-scale wind tunnels, are company or university assets, but most have been built and operated by the government—NASA or the U.S. Air Force, for example. Many such facilities have been or are being closed down. The U.S. government has backed away from proposals to construct major new facilities which were earmarked “to assure the competitiveness of future commercial and military aircraft produced in the United States.” U.S. aircraft companies are increasingly going overseas to perform wind-tunnel testing of new U.S. designs.


Although knowledgeable observers may differ in their assessments of the degree of the severity of the consequences, the assessment points out that continued reductions in funding for aeronautics S&T may have irreversible consequences.  The assessment endorsed the three key goals from the National Science and Technology Council (NSTC) 1995 Goals for a National Partnership in Aeronautics Research and Technology. These may be referenced through the Office of Science and Technology Policy. [Available on-line at www.whitehouse.gov/WH/EOP/OSTP/html/aero/cv-ind.html.] Briefly stated they are: 

· Maintain the superiority of U.S. aircraft and engines.

· Improve the safety, efficiency, and cost effectiveness of the global air transportation system.

· Ensure the long‑term environmental compatibility of the aviation system

The assessment supported NASA’s response to these challenges, in which it defined three pillars, supported by 10 technology enabling goals. The second and third goals of the National Science and Technology Council can be considered as broadening the old “higher, farther, faster” pure performance objectives of the past.  The assessment observed that, in the past, the old National Advisory Council for Aeronautics and the military were once the primary federal organizations involved in aeronautics S&T.  Now the Department of Defense, NASA, the U.S. Department of Transportation (including the US Coast Guard and Federal Aviation Administration), all have significant S&T programs related to aviation.  The focus of each program is determined by each agency’s missions, legislative charter, and annual budget appropriation.  The coordination among these agencies is increasingly important for at least three reasons:

· The result of the overlapping responsibilities arising naturally from greater density of aviation operations and the growing sophistication of flight systems, which are increasingly dependent on electronics, optics, and computers.  

· The burgeoning costs to develop increasingly capable aeronautical systems under the pressure of constrained budgets.

· The widespread acceptance in the military of “dual-use science and technology” (combining civil and military applications) and commercial-off-the-shelf equipment and systems for military applications. As stated by the National Science and Technology Council, “Nationally we have the infrastructure—government, industry and universities—to maintain leadership.  We must now renew our focus on partnership to meet national challenges and accomplish national goals.”


Once the position of the United States in aeronautics is lost, it will be exceedingly difficult to regain because of the difficulty in reassembling the infrastructure, people, and investment capital.


On a final note, the assessment addressed the perception in some quarters that the aeronautics industry, particularly the civil aeronautics industry is mature, characterized by diminishing technological opportunities and low returns on S&T investment. It challenged that perception by projecting that aeronautics S&T has many areas of great opportunity reflecting its S&T-intensive nature and use of inputs from other S&T-intensive industries.  The application of information technology to aircraft controls, guidance and navigation, traffic management, and propulsion is only one example. The use of advanced metallic and composite materials is another.  The industry also faces ample opportunities for far-reaching innovations in production management and methods.  The top tier of firms in aeronautics is complemented by a very large number of smaller supplier firms, many of which are relatively recent entrants to the industry.  In at least some supplier sectors, such as avionics, significant entry by new start-up firms has occurred and is bringing innovative vitality to the industry.


In short, the characterization of aeronautics as a mature industry says little if anything about the level of technological opportunities. The assessment saw little reason to anticipate that these opportunities will diminish in the near future.  Indeed, the continued social demands for quieter, safer, and more environmentally friendly air transportation all require innovative responses.


Organizational reaction to these challenges identified in the assessment and outlined above has been swift and dramatic.  We have gone, for example, from the five major producers of fixed-wing military aircraft that we reported in the 1996 Volume 1 Aviation Vision to three.  Government agencies are downsizing and restructuring.  A large portion of the aeronautics infrastructure base has been shut down.  Aeronautics departments in many universities are dissolving.


Therefore, what is now needed is a national resolve for increased collaboration to meet these challenges and accomplish our national goals.  An integrated national vision and strategy for aeronautics investment must be developed to facilitate increased leveraging of resources to meet common objectives.


To understand how the aviation S&T community can respond to these challenges, it is important to summarize here and reflect on the guidance being provided by each member agency’s top organizational element. The three organizations guiding the great bulk of federal government aviation investments are the DoD, NASA and the DoT (which directs the FAA and also the Coastguard in peacetime).
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TOP LEVEL ORGANIZATIONAL GUIDANCE 

A plan redefining the roles of several U.S. government agencies in the development of aviation goals was released in December 1999 by the White House and the Dept. of Transportation. The document, entitled "National Research and Development Plan for Aviation Safety, Security, Efficiency and Environmental Compatibility," says that while implementation of the goals will continue to rest largely with the FAA and the aviation community, NASA and the Dept. of Defense will "play an essential role." The plan restructures a 1998 agreement between FAA and NASA for closer collaboration with DoD. It contains an explicit mandate to "maintain a close partnership in the pursuit of complementary goals for aviation and future space transportation and to coordinate their planning and tracking of accomplishments toward achievement of those goals." 

The plan also restructures the existing coordinating committee into a new "FAA/NASA Executive Committee" and charters it to oversee the partnership. The Executive Committee, in collaboration with DoD, is beginning a review of goals. It will focus on areas of research for civil aviation related to safety, security, national airspace system efficiency, and the effect of aviation on the environment. 


Top level (DoD and DoT) guidance provides insight as to where aviation (and future aerospace) S&T development must be directed and how it must be shaped to meet the objectives of the JACG member top-level organizations. This guidance may be found at the agency websites. 

The Defense S&T Strategy was originally published in 1996. The 2000 version is fully compatible with the newly released Joint Vision 2020, was released in May of this year. [It may be viewed at  https://ca.dtic.mil/dstp/2000_docs/ststrategy/strategy.htm.]

The Department of Transportation has responsibility for the Federal Aviation Administration and, in peacetime, the Maritime Administration United States Coast Guard. [The DoT 1997-2003 Strategic Plan is provided in detail at http://www.DoT.gov/hot/DoTplan.html.]

The individual agency Chapters that follow will address their responses to this guidance as well as agency-specific guidance. The set of individual agency Chapters, collected in this volume, together with the Volume 2 U.S. Aviation Interactive S&T Database, will provide a roadmap not presented elsewhere, for engineers and managers alike, to guide aeronautics S&T planning into the brand new century. 


It will be seen that a major shift in emphasis will be required in aeronautics S&T to fully respond to an urgent national need to fully integrate much of our air and space commercial and military activity. It will also be recognized that agency responses are aligning in such a way as to provide the opportunity, as never before, to meet that need. 


In developing this Roadmap, extensive use has been made of hyperlinks. Links to key references are provided as well as to several of the roadmaps. Even during the course of preparing this document, significant changes have occurred and by linking to a reference or roadmap, one may be assured of finding the most recent information available.
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DEFICIENCIES AND S&T FUNDING SHORTFALLS


At the April 1999 meeting of the JACG Principals’ Lt. Gen Raggio, the USAF Principal, urged the S&T Process Board to “Identify deficiencies in our current and projected national aviation S&T investment strategy. These deficiencies may be used to mitigate the decreasing investment trend.” Indentification of specific deficiencies is essential to properly capture the specific need for increased aviation S&T investments. The Subsequent Principals’ meetings provided agency responses, captured in the following paragraphs. 

Air Force:

Starting with FY00, the AFRL strategy is to enable the aerospace force of the future.  This strategy will entail increasing the S&T investment in space unique technologies, maintaining the investment in common, or shared, air and space technologies, and protecting the investment in the most critical air unique technologies.  

AFRL budget trend data shows the total S&T budget decreasing from approximately $1340 million in FY96 to approximately $1180 million in FY00 (then year dollars). The slope of the reduction has been fairly constant since the early 1990s, representing a 55% drop over the past decade. In addition, in FY00, the S&T budget is absorbing two former non-S&T space-related programs, Space Based Laser and Discoverer II.  These have a combined budget of $94 million in FY00, effectively further decrementing the budget. 

As a result of its investment strategy, the AFRL investment in aviation-related S&T has decreased from 87% of its total budget in FY99 to 71% in FY00 and to a planned 68% by FY05.  By category, the greatest decrease will be in the enabling technologies, the 6.2 budget category.  

Projected impacts on the investment strategy of the AFRL’s major aviation technology areas are:  

· Air Vehicles: The AFRL strategy will protect investments in Unmanned Combat Air Vehicles, Aging Aircraft, and Composites Affordability for JSF.  It will transfer, privatize, or close a number of research and test facilities, eliminate research in aircraft subsystems and significantly reduce research in aircraft performance technologies, including conventional structures, stability and control, and flying qualities.  

· Human Effectiveness: The strategy will protect investments in distributed mission training and simulation, directed energy bio-effects and protection, deployment and sustainment, and crew systems interface.  It will eliminate or reduce investments in manpower and training research, aircrew physiology research, and oxygen generation research.  

· Materials and Manufacturing: The AFRL strategy will protect investments in the following areas: aging aircraft, low observable materials maintainability, survivability and sensor materials, and affordable materials and processes.  It plans to reduce investments in environmental remediation.

· Propulsion and Power: The strategy will protect AFRL investment in the Integrated High Performance Turbine Engine Technology program (for F-22, JSF, and UCAV applications), high cycle fatigue research, and turbine engine durability research.  It will reduce high-speed air-breathing propulsion research and aerospace fuels and lubricants programs. 

· Sensors: The strategy will protect investments in GPS modernization, threat warning, combat identification, automatic target recognition, and sensor-to-shooter situational awareness.  It plans to delay some research in electro-optics and reduce airborne radar technology development.

Coast Guard:

· Engine high pressure turbine reliability improvement,
Army:

     
The strategy for Army aviation calls for achieving requirements of the Objective Force as identified in the Army Vision.  This strategy requires significant resource commitments that will be addressed annually as part of the cycle of planning, programming, and budgeting.  There currently exist S&T funding shortfalls and a trend of reductions that contribute to potential deficiencies for the Army.  A summary of these deficiencies is provided below.

· Reconnaissance/security represents the single greatest deficiency in Army aviation.  The Army remains completely committed to the RAH–66 Comanche helicopter (currently in Engineering and Manufacturing Development), a variant of which may be considered as the possible long–term solution for the attack helicopter beyond AH–64D Apache Longbow.

· AH–64D Apache Longbow is the logical progression of the world’s finest attack helicopter.  Current actions modernize this aircraft, but do not recapitalize it.  While the remanufacture program helps, it does not solve the problem.  The Army must extend the operational life of the aircraft through a recapitalization program.

· Army aviation digitization programs are generally under–funded and not aligned with the Army’s digitization schedule.  The requirement for seamless sensor–to–shooter connectivity across the vast battlespace and the need to capitalize on the emerging information exchange capability of the tactical internet demand a maneuverable airborne command vehicle and tactical internet compatibility for aviation platforms.

· Utility and MEDEVAC mission area deficiencies also require attention.  The UH–60A to M recapitalization program will address the aging of the UH–60A fleet and provide a more capable aircraft.  Modification of MEDEVAC UH–60A aircraft to the UH–60Q configuration, coupled with aircraft life extension, is the objective solution to address MEDEVAC mission requirements.  Achieving the Objective Force also requires funding commitment for additional UH–60 procurement.

· CH–47D The aging fleet is forcing the Army to address performance, digital compatibility, and rising support costs.  The CH–47F initiative will address these shortcomings in the mid– and far–term periods.  The CH–47F program is designed to accommodate the FTR, modernizing only the number of CH–47Ds required to bridge the gap until FTR projected fielding in the 2020 time frame.

· The Army aviation S&T program should include additional funds for FTR competitive demonstrations to reduce cost and risk for drive train, rotors, and airframe.  The FTR engine (15,000+ horsepower) demonstrator program (single contractor) should be fully funded for transition of technology to the Preliminary Design and Risk Reduction effort.  The Rotorcraft Open Systems Architecture for FTR and the Objective Force should be funded to provide commercially available electronic components and standards to reduce life cycle avionics costs, component weight, and power consumption.

· A Common Engine Program is needed for the AH–64 and UH–60 helicopters systems to meet current range and payload requirements and reduce operating costs based on increasing demands placed on these aircraft during their operational lives.

Navy/USMC

Similar to the other JACG member Services and Agencies, the Navy’s investment in aviation S&T has declined substantially over the last decade.  In terms of constant year dollars (FY98), the decrease has averaged approximately $10 million (4%) per year since FY85, for a total decrease of approximately $120 million (50%).  This substantial decline, combined with the recent major investment shift by both the USAF and NASA from aviation to space S&T efforts, is a cause for grave concern.  Perhaps most importantly, the Navy S&T investment reductions have occurred primarily in air vehicle technologies (e.g., aerodynamics, CFD applications, flight dynamics, structures, aerospace materials), the same areas in which the USAF and NASA have significantly reduced their respective investments.  The following provide a summary for the technology areas in which the Navy has inadequate aviation S&T investment.

· Air Vehicles:  Naval aviation systems have unique requirements.  These are imposed by the harsh maritime environment (corrosive salt spray, anti-icing), by carrier-based flight deck and hangar deck operations (high impact structural loads, high thermal/cyclic loading, bolter/wave-off thrust response, single engine rate of climb, limited maintenance/storage space) and by the harsh electromagnetic environment in the immediate vicinity of the carrier.  Air Vehicles related S&T is required to provide the foundation for designing new, as well as maintaining legacy, aircraft weapon systems which accommodate these requirements.  This foundation includes engineering analysis and predictive capability and technologies for maintenance cost reduction.  The spiraling O&M costs for aging platforms need to be reversed.  High priorities are:  (1) Developing more accurate dynamic interface models and simulation capabilities; (2) Determining and modeling failure mechanisms for dynamically loaded fatigue susceptible components to specify longer service lives and maintenance intervals; (3) Quantifying the structural reliabilities corresponding to various maintenance options; (4) Characterizing the degradation mechanisms of the corrosive environment and develop maintenance technologies to maximize operational utilization and affordability; (5) Developing operationally robust high performance structural materials, and affordable environmentally compliant manufacturing and repair processes; and (6) Developing methodologies and test methods for the acceleration of materials and processes innovation, engineering and insertion.

To shift from our current business practices the Navy needs to invest in (1) altering building block certification methodology to reduce development cost and time; (2) improving analytical capabilities and test methods to introduce radical, cost-saving structural concepts (3D architecture and unitized structure); (3) quantifying the technical and reliability risks inhibiting the use of innovative, lower cost composite materials to replace metals, which are subject to corrosion and fatigue; and (4) accelerating materials synthesis, characterization, process development and engineering transition via advanced combinatorial, computational, empirical and analytical methods.  While the above are pertinent to all air vehicle disciplines, they are particularly important to aero and flight dynamics, flight controls, and structural design for fixed wing and rotary wing air vehicles.

· Propulsion & Power: Due to their operating environment, Navy aviation platforms have unique propulsion requirements.  These include carrier-based operations (high impact structural loads, high thermal/cyclic loading, bolter/wave-off thrust response, single engine rate of climb, limited maintenance/storage space, etc.) and the maritime environment (highly corrosive salt air/spray, high EMI/FOD, anti-icing, etc.).  Navy also has unique engine size/cycle requirements to meet multi-mission and V/STOL needs.  In this context, the Navy has unmet S&T investment needs in Advanced Research funding for electrical power; thermal management; propulsion materials; fuels and lubes; propulsion component technologies (e.g. emissions, noise, durability, prognostics, high-speed) and in Advanced Technology Development funding for drive systems; rotary-wing propulsion; high-speed turbine-based propulsion; and advanced propulsion systems compatible with V/STOL Unmanned Combat Air Vehicles.

· Crew Systems: Advanced Research funding for enhanced resolution and sensor fusion for Helmet Mounted Displays; non-linear materials and optics for eye protection; visualization strategies and data compression techniques for 3D data presentation.

· Avionics & Sensors:  Magnetic Anomaly Detection technology for ASW sensors; Mine countermeasures technology; Automatic target recognition technology; technologies for mitigating the impact of electromagnetic interference

· Ship-Board Systems: Automation of ship-board aviation services (e.g., weapons handling, aircraft launch & recovery).  Next generation helo recovery system for air capable ships.  Operations of  UCAVs onboard ships.  Accurate prediction of airflow vector in vicinity of ship landing pads.

· Air-to-Air Weapons: Smaller, more maneuverable targets in the cruise missile and unmanned air vehicles area join the larger, faster fighters and ballistic missiles to present a much larger spectrum of targets.  Coupled with a neck-down acquisition strategy, improvements in our ordnance lethality are required.  Critical S&T investment areas are as follows:  (1) Missile Kinematics--The operational objectives associated with this technology development area are to support neck-down to a single AAW weapon (AIM-120C-5 size and weight) that exceeds the range and average velocity performance of the AIM-120C-5 while maintaining the inner boundary performance of AIM-9X.  (2) Sensor Performance--In the short-range encounter, the desired capability is 4( steradian multiple target tracking capability, with good terminal accuracy to provide a high Pk  and excellent performance in clutter and against countermeasures.  One response to these challenges to the weapon sensors is a dual-mode seeker suite that combines the many advantages of the Surface Wave Antenna Guidance concept with a terminal IR seeker (which, itself, may be two-color).  These investments need to be coupled with investments in advanced helmet-mounted vision systems.  (3) Ordnance Lethality--High lethality is a function of all the weapon's subsystems working together in an integrated fashion, thus minimizing miss distance to maximize warhead effects.  Investment in these various technologies is critical to providing the advantage to our warfighters.

· Aircraft Survivability Technologies:  With threat integrated air defense systems becoming more capable and more widely fielded, the Navy and the DoD need to invest in technology areas which provide increased survivability, that is, in low observables and in countermeasures.  In the LO, or stealth, technology area, the focus of investment should be in developing low maintenance, easily repairable materials and techniques.  In the countermeasures area, investment should in all aspects, RF, infrared, laser, and optical. 

· Cost of Ownership: Faced with declining resources, aging aircraft inventory and rapidly escalating operating costs, the NAVAIR TEAM has taken a leading role in reducing the cost of doing business for the Navy.  The challenge is to sustain our superior warfighting capabilities, improve Fleet readiness, and ensure that the Navy can maintain our aviation superiority well into the future.  Total Ownership Cost (TOC), as defined for the ASN (RD&A) Strategic Plan, includes all costs associated with the research, development, procurement, operation, logistical support, and disposal of an individual weapon system including the total supporting infrastructure that plans, manages, and executes that weapon system program over its full life.  But both ASN (RD&A)'s TOC directive and the DoD thrust have been based upon the NAVAIR's Affordable Readiness program.  TOC reduction is the overall umbrella and Affordable Readiness is the process for implementation of Life Cycle Support/In-service programs - while the application of Cost As an Independent Variable (CAIV) is the process for managing cost during R&D / pre-production programs
· Training: The development of advanced, state-of-the-art training systems is critical to fleet needs and is a major objective of the Naval Air Systems Command.  The Naval Air Warfare Center Training Systems Division (NAWCTSD, Orlando, FL) is a cornerstone of the National Center of Excellence for Simulation and Training .The Training Systems Division specializes in training systems, human performance measurement, learning and simulation technologies in virtual environments, modeling and simulation, electronic environments as well as dual-use technology development.  As the principal Navy center for Naval training systems, the TSD is a major national asset in that it provides R&D, Acquisition, fully integrated life-cycle support and critical inter-service coordination for training systems in support of other defense agencies and services (Army, Air Force, Coast Guard, etc).

NASA

At the 25-26 Aug 1999 JACG Principals’ Meeting, NASA Headquarters, provided a detailed account of NASA’s aviation investment strategy. Since the mid-1990’s the aeronautics budget has been reduced by about 33%; to its projected level of about $640 million (FY2000 President’s Budget Request).  NASA stated that this level should not be viewed as a floor, but as a new ceiling for aeronautics investment. Two NASA programs were reviewed, the Advanced Subsonic Technology Program and the High Speed Research (HSR) Program, which are being phased out or terminated in NASA’s shift of long term investment to space related technologies.  

As a result of budget cuts and the direction to maintain the in-house work force, NASA is faced with the potential loss of key research facilities; the modernization and rehabilitation of remaining aging facilities will also likely be delayed to the future.  The direction to maintain the in-house work force presents NASA with a difficult situation.  Currently, over 50% of its aeronautics budget is for personnel related expenses; NASA’s aeronautics research with industry has been sharply curtailed.

The budget cuts, coupled with the investment shift to space, have decimated NASA’s investment in vehicle technologies.  With the termination of the HSR program, the vehicle technology budget was cut by 70% from FY99 to FY00 (from approximately $320 million to approximately $90 million).  As an example of the impact, NASA has eliminated investment for research in the following areas:  

· Lightweight composite airframe structures 

· High temperature combustor materials 

· Aerodynamic performance technologies.

On a positive note, NASA anticipates that the administration and the Congress may recognize that the cuts in aeronautics technology have been too deep.  The next fiscal year will see a few new NASA program starts.  The Ultra Efficient Engine Technology (UEET) program will continue research on reducing nitrous oxide in engine exhaust and will sustain in-house core competencies and retain some facilities.  The program, however, does not validate any resulting technologies integrated into a complete system nor does it involve the end user.  The Synthetic Vision Project augments the Aviation Safety Program; it sustains basic flight deck research, accelerates technology validation, and adds research support for certification.  The Revolutionary Concepts (REVCON) Program revitalizes advanced concept studies within the context of NASA goals.  It will serve as a reminder to the public and to Congress that innovations in aeronautics are still necessary and have a high payoff.  This program will identify these innovations early, accelerate the development to a flight article, and conduct flight testing to insert the reality that this activity brings.  
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