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OFFICE OF THE SECRETARY OF DEFENSE
WASHINGTON, D.C. 20301-3140

DEFENSE SCIENCE
BOARD

Novenber 30, 1993

MEMORANDUM FOR THE UNDER SECRETARY OF DEFENSE (ACQU SITION)

SUBJECT: Report of the Defense Science Board Task Force on
Tactical Ar Warfare

| am pleased to forward the report of the Defense Science

Board Task Force on Tactical Air Warfare which was co-chaired by
Dr. Alexander H Flax and Dr. John S. Foster, Jr.

A smaller contingent of this Task Force was convened
originally to respond to the National Defense Authorization Act
for Fiscal Year 1993 which directed that a technical assessnent
of particular issues related to the Department of Defense
Tactical A rcraft Mdernization Program be acconplished. A
report of that Task Force's findings was forwarded to you | ast
February.

Subsequently, an expanded Task Force addressed broader
issues related to Tactical Air Warfare as one of the Defense
Science Board's summer studies last August. Key findings are
summari zed in the menorandum from the co-chairmen which forwards
the Task Force's report.

Oéocﬁ.- /I /é;wzw = '
Paul G. Kaminski
Chairman '



OFFICE OF THE SECRETARY OF DEFENSE
WASHINGTON, D.C. 20301-3 140

30 NOV 1993

DEFENSE SCIENCE
BOARD

MEMORANDUM FOR THE CHAIRMAN, DEFENSE SCIENCE BOARD
SUBJECT:  Report of the Defense Science Board Task Force on Tacticad Air Warfare
We are pleased to forward the report of the DSB Task Force on Tacticd Air Warfare,

In addressing the findings of this report, we need first to highlight one point. It has to do
with lessons from military conflicts in our country’s history, especidly lessons not learned. In
every war, both sdes are exposed to very codtly lessons from mistakes and missed opportunities.
History reveds that, unfortunately, many of the lessons are notlearned and the same mistakes
and missed opportunities are repeated in the next conflict. There are many reasons why this
occurs but it doesn’t have to continue now. To learn the lessons, actions must be taken to
remove limitations and gain advantages over previous ways of conducting operations and
acquiring  new  capabilities.

At the concluson of the 1991 Gulf War, the DOD delivered to the Congress the report
“Conduct of the Persan Gulf War,” April 1992. It is noteworthy that, with respect to Tacticd
Air Warfare, that report cdls for many of the actions this task force recommends. The lessons
will not be learned until such actions are taken.

In this study the Task Force has emphasized the need to redress in the near term - over
the next five to ten years - the most serious deficiencies in the systems and forces comprising our
tacticd ar warfae capabiliies. The grestest current imbaances in capability are in inadequate
numbers of precison-guided wegpons and associated target engagement systems, both on-board
tactical aircraft and off-board sensors and associated data links. Among precision-guided
weapons and platform delivery capabilities, the most important current shortfalls are in dl-
weather and standoff weapons, and we have strongly recommended that development and
procurement of weagpons in the latter categories be accelerated. There is substantia payoff for
PGMs in that they require fewer sorties to achieve target destruction. Thus cost savings result
not only from less munitions tonnage that needs to be delivered to the target, but dso less fue
burned for the platforms required to go on the misson, and for the supporting arcraft that are
dso required. This payoff will have sgnificant impact on the logisics system needed to supply
particular  scenarios.

However, the area in which we found the greatest opportunities for high-leverage
improvements in tactical warfare effectiveness was in the integration of targeting and combat
information systems linking JSTARS and other off-board sources of target information into a
network capable of providing data directly to the weapon delivery platforms. The development
of an effective end-to-end, wide-area survelllance and targeting system for both ar-to-ar and
ar-to-surface targets is essentid. These systems should focus around AWACS and JSTARS



respectively and provide for ragpid dissemination of multi-source survelllance and targeting data
to dl dements of the force dructure. This ultimate capability will require improvements and
integration of our current surveillance and targeting systems and the development of a tactica
warfare sysems information architecture for effective and timely distribution of the required
data. We dso believe that UAV systems should be explored more aggressively now in both
devdlopment and joint operationd exercises. These systems offer the potentid for operations
over hogtile territory with reduced vulnerability and risk.

The Task Force emphasized that the need to maintain the balance among weapons,
platform delivery capabilities, and target engagement and information systems will be more
importment in the future than it is currently, and strongly urged that this perspective guide the
overd| tacticd ar wafare R&D programs of the Defense Department. Our overdl Tacticd Air
Warfare capability depends on effective utilization of aircraft, weapons, off-board sensors,
information distribution, and logigtics sysems. We need to edtablish the capability to evauate
trade-offs between different combinations of these systems. It should be noted that substantia
and important near-term gains in our tactica ar warfare capabilities do not require new arcraft
programs to be achieved. Such gains can be achieved by equipping our current force with
precison wegpons and associated deivery systems and improving the survelllance and targeting,
information distribution, and logistics support systems, making those forces much more
effective. We must adso exercise the resulting operationd systems in redigic environments and
demongrate that we have learned the lessons of recent conflicts.

We would be happy to discuss the report with you at your convenience.

Alexander H. Fax nS. Foster, Jr.

Co-Chairman Co-Chairman
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ATR
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C3lI
CAS
CEM
CEP
CXCS
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CINCCENTCOM

CLO
CMT
COEA
DSB
ECCM

GLOSSARY

anti-aircraft ~ artillery

ar-to-ground  munition

anti-jam

ar-launched cruise missile

Advanced Medium-Range  Air-to-Air  Missle
Advanced Research Projects Agency
Airborne Synthetic Aperture Radar System

Assistant Secretary of Defense (Command, Control,

Communications and  Intelligence)
advanced short take-off verticd landing
advanced technology demondration
automated test  equipment

automatic  target  recognition

Airborne Warning and Control  System
battle damage assessment

command, control and communications

command, control, communications and intelligence

close ar support

combined effects munition

circular error  probability

Chairman, Joint Chiefs of Staff
Commander-in-Chief

Commander-in-Chief, Centrd  Command
counter low observable

criticd mobile targets

Cog and Operationd Effectiveness Andyss
Defense Science Board

electronic  counter  countermeasures



ECM glectronic  countermeasures

EMD Engineering and Manufacturing  Development
EMI electro-magnetic interference

EO electro-optica

ERP effective radiated power

FOPEN foliage  penetration

G&A generd and adminidrative

GLONASS Russan Sadlite Navigation System
GOCO government-owned/contractor-operated
GPS Globad Pogtioning System

HARM High Speed Anti-Radition Missle
IMU inertid  measurement  unit

INS inertid  navigation system

[@] inventory  objective

IR infra-red

IRCM infracred  countermeasures

JCS Joint Chiefs of Staff

JDAM Joint Direct Attack Munition

JFACC Joint Forces Air Component Commander
JOPES Joint Operations Planing and Execution System
JSOW Joint  Stand-Off Wegpon

JSTARS Joint Survelllance Target Attack Radar System
JTF joint task force

LO low observable

LPI low probability of intercept

MRC mgor regiond  contingency

NIE Nationd Intelligence Estimate

NTM Nationd Technicd Means

OSD Office of the Secretary of Defense

P3lI pre-planned  product  improvement
PGM precison-guided  munition

POM Progran  Objective  Memorandum
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SAM

SAR

Sw
TRANSCOM
UAV

Research & Development

Rapid Deployment Joint Task Force
Radio Freguency

surface-to-air missle

synthetic aperture radar

Sensor Fused Wegpon
Trangportation  Command
unmanned aerid vehicle
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TERMS OFREFERENCE

¢ Concepts for improved effectiveness

* Integration of tactica air assets

 Key leveraging technologies

*  Exploit technologies to reduce costs

e Priorities for R&D

« Proper baance (Paforms, sensors, weapons, €tc.).
* Key technology trades

* commonality

*  "Readiness’

Joint Advanced Strike Technology Program

The terms of reference for the Tacticd Air Warfare Task Force tasked the Defense Science Board (DSB)

to review a fascinating set of the country’s acquisition options for tactical ar warfare over the next 10 to
20 years. (See Appendix A for Terms of Reference) As the force structure is resized and restructured to

meet the challenges of a disorderly new world order there will be opportunities for important new

approaches and perspectives. More specifically, we were charged with exploring promising concepts and
technologies that might provide high leverage in cost and effectiveness against foreseeable threats.

Our task force was organized to review as much of the spectrum of tacticd ar warfare as time would
permit. Appendix B lists the members and panels. We began by analyzing historic trends in tactical air
warfare. In those efforts we focused on the concepts of operations that were in practice, sought to discern
how the then-current technol ogies drove us to employ those concepts, and sought to derive where the
trends in operationa concepts coupled with technology advancements might lead us.

We were asked to address the commondity issue. Since we addressed that subject in some detal in the
earlier DSB report on Tacticdl Air Assessment (see Appendix C), we have nothing to add.

We were aso asked to comment on the new initiatives specificaly applicable to the Joint Advanced Strike
Technology Program. The letter responding to the request for comments on this program is in
Appendix D.



OVERVIEW

History
Perspective
- What will stay the same?
- What should change?

- Serious deficiencies
Highest leveraged items
Recommended actions

We began our andysis by reviewing the history of the kinds of capabilities we asked of tactica arpower
in the past. In that effort we sought to understand how the capabilities supported those times nationd
objectives and how they were underwritten by what the current technology could provide then. We used
the understanding gained by that review aong with our vison of the direction of future technologies to
suggest what types of programs might be especidly vauable in the uncertain world of the future.

Much of our investigation and deliberation merely confirmed that the aggregate result of past decisions
has produced a very effective force and most of the programs now in place will, in our opinion, do much
to maintain military capabilities to meet challenges to U.S. national interests. These in-place programs

support a number of tactical air warfare capabilities for which the need will stay the same in the
foreseeable future.

However, there are areas that we believe require increased attention. These are the “What should
change’ items discussed in this report. We have identified deficiencies, some of which we know how
to fix and others that will require additional research and development. From our analysis, we have
developed a set of recommendations, based on technical/military objectives, that we feel address
important areas where a change in approach or greatly increased emphasis is needed.



THE LEGACY SHAPING AIRPOWER - POST-WORLD WAR I

- Nationa defense guidance - no more protracted land war involvement outside NATO -
nuclear deterrence - more bang for the buck
Tacticd ar focused on the nuclear misson
Designed for long-range, low-dtitude, interna weapons - F-105, F-111, A-5
Continuing  doctrine-capabilities gap for conventiond (non-nuclear) conflict
Little attention to conventional support of the land battle
NATO orientation - drove USAF and Army thinking about conventional arpower — concepts
toward:
Air superiority over friendly territory
Interdiction of armored forces
Emphasis on choke points
Little real change identified from Korean War operations
Change initiated in late '50s and accelerated with the Kennedy administration - entered
Vietnam in ealy dage of change

For severd years following World War |l, the guidance for national defense planning was to concentrate
on protecting our vital national interests in Western Europe and to rely heavily on the nuclear deterrent to
protect interests around the world.

In response to that guidance, the Tacticd Air Forces, Air Force and Navy focused on the nuclear mission
to the virtual exclusion of developing the conventional capabilities needed to underwrite air power
doctrine. And to the extent that there was attention on conventional capabilities, it was increasingly
concentrated on the NATO-Warsaw Pact confrontation. Given the formidable multi-layered ground-based
defenses of the Warsaw Pact, U.S. air superiority aspirations were limited to NATO arspace with some
hope for temporary superiority at times and places of our choosing in Warsaw Pact airspace. Ground
atack capabilities had heavy emphasis on helping the ground forces ded with the expected massive attack
by amored forces.

Even though the Korean War was a graphic demonstration of the limitations of the “more bang for the
buck” nuclear deterrent umbrella, and it did lead to more emphasis on lower-yielded tactical nuclear
weapons, that conflict was regarded as an aberration that did not warrant a significant contribution to
improving conventional capabilities to ded with regiond contingencies.

By the late 1950s, a number of influential military and civilian thinkers were providing persuasive
arguments in favor of robust conventiona capabilities. The Kennedy administration accelerated this trend
but the forces available for the Vietnam conflict were in only the earliest stages of evolving to robust
conventional capabilities.



TEE LEGACY SHAPING AIR POWER - POST-VIETNAM

Focus on Pogt-Vietnam capabilities to underwrite air doctrine
Common Army-Air Force air-land battle doctrine
Redligtic training - Top Gun, Red Flag, National Training Center, Composite Training
Exercises
High-intensity, nearly simultaneous strategic attack - no recovery time - freedom of
friendly air operations
- Concentration of effective fnepower vice just concentrating airplanes - precision
strike/high lethality per sortie
Rotary-wing firepower integrated with fixed-wing for both the close baitle and support of
deeper  operations
Transforming night from an enemy sanctuary to great advantage for U.S. forces
Introduction of the first families of relatively low cost "smart weapons’
Commitment to optimized systems for ar superiority - essentid for theater-wide freedom
of operation for friendly forces

The lessons of Vietnam drove fundamental changes in focus. Senior ar and ground commanders saw the
need for a common air-land battle doctrine and began the long, painful process of working it out well
before the end of the Vietnam conflict.

So-cdled combat ready forces required extensive additional individud and unit training and experience in
the combat theater to become effective. The goa became to be effective on the firs mission of the first
day in future conflicts, and high priority programs were initiated to underwrite this godl.

The low lethdity of individual attacks produced the need for large force packages to concentrate firepower
and to provide defense suppresson and protection against enemy fighter aircraft. The resulting pace of
operations left the adversary with too much recovery capability between attacks. As a result, the strategic
campaign did not achieve its objective. After Vietnam, the goal became the acquisition of capabilities

enabling intense, fast-paced trategic campaigns.

While rotary-wing firepower in the actual conflict was rudimentary and of limited effectiveness, its
potentidd was demonstrated and air-land battle doctrine and training began to focus on leveraging rotary-
wing combat power with better integration of fixed-wing support

Night was a time of virtual sanctuary from other than B-52 carpet bombing. By the end of the conflict, it
was evident that developing technology could begin to meet the need for around-the-clock, high-intensity
operations.

While intensified ar comba training improved the performance of U.S. ar superiority forces, it became
panfully evident that U.S. fighter designs had been so extensively compromised for multiple missions that
they could not provide the margin of superiority needed to win and maintain superiority over enemy
territory. Poor air-to-ar missile performance compounded the deficiency. All this led the Air Force and
Navy to make aircraft optimized for ar superiority and fleet air defense and lethad ar-to-air missiles their
top Tactical Air priorities. While optimized for the air-to-air role, these aircraft also had significant
potentiad for drike and attack missions as needed. At the same time, the era of Vietnam and thereafter
saw the introduction of new smat wegpons such as laser-guided bombs.



THE LEGACY SHAPING AIR POWER - PRE-DESERT STORM

Specid  focus on Southwest Asia, 1980 to present
Need for information superiority - survellance, processing, communications
Sngle CINC-centered  ar campaign
Intense, continuous interdiction to isolate the battlefield
More effective support of the close battle - focused CAS forces - attention to specid demands
for communications, survivability, and accurate weapon delivery
Bomber, fighter, and rotary-wing aircraft evolved to capabilities cutting across strategic and
tactical mission lines - moved towards seamless air power employment in Desert Storm -
demonstrated  as:
- Air Force Special Ops and Army helicopters led the defense suppression effort the first
night of Desert Storm
- “Strategic” bombers provided battlefield ar interdiction throughout the ar campaign
- “Tactica” fighters executed the strategic air campaign

The lessons of Vietnam and the demands of central Europe had much to do with the nature of the forces
available for Desert Shidd/Deset Storm. However, following the collapse of the Shah's government in
[ran in 1979, there was dso an intense focus on the specid demands of Southwest Asia

The senior leaders in the Rapid Deployment Joint Task Force (RDJTF) and its service components were
veterans of the fragmented air effort in Vietham with not one but six or seven air campaigns under the
loosely coordinated direction of multiple senior commanders. It was clear that kind of fragmentation
would spell dissster in Southwest Asa and, from the ealiest exercises, the RDJTF commanders (Marine
and Army) and subsequently CINCCENTCOM  insisted on planning for a single CINC-centered air
campaign.

The RDJTF's most demanding task was to deploy quickly and hold against a Soviet invasion of Iran.
Given the vastness of the territory and the mission, it was clear that more knowledge of enemy activities
would be an absolute prerequiste for success.

The same was true of the need to get the maximum leverage from rapidly deploying air power to sow the
Soviet advance and add to the combat power of engaged ground forces.

The digtances involved and the formidable task of stopping an invading force on the ground led to specid
emphasis on integrated planning of the use of al avalable ar power, drategic bombers with gravity and
dand-off wegpons, Air Force, Navy, and Marine tactica fighters and Air Force, Navy, Marine, and Army
rotary wing aircraft. From Korea to Desert Storm we saw the result of a long evolution towards the
seamless integration of al ar power that can add to the theater commander's combat power.



WHAT WILL STAY THE SAME?

The need to:
- Know the enemy (intelligence,  surveillance, reconnaissance)

Emphasize compatible joint doctrines, C3, and joint exercises

Focus on readiness to deploy rapidly and sustain contingency forces

Maintain decisive technical superiority in the face of proliferation

Capitdize on the vaue of stedth

Make incremental improvements in airframes, engines, avionics, etc., that provide leverage

As suggested earlier, here are a few important items from a far longer list where the current technical
emphasis is on target and should be continued.

In the past we had a principal target for our intelligence, surveillance, and reconnaissance efforts. We
cannot identify tomorrow’s adversaries today, but our inability to do so does not diminish the “war”
requirement to know the enemy. History has repeatedly provided evidence of how critica that knowledge
is. We must have the resources that can be focused to acquire the information we need in a timely manner.

Also high on our list of areas for increased emphasis and smarter ways to leverage technologies is
developing, proving, propagating, and practicing effective joint doctrine, command and control, and
traning. We have seen good progress on more effective joint doctrines, some progress in C3l, and far
better understanding of the importance of Joint Task Force (JTF) level joint training and exercises. We
will say more later about the promise of advanced distributed smulation in these aress.

The end objective of the C3 system is to provide the timely information needed for intelligent decisions at
al levels, and to provide a rapid, effective target location and attack cycle. Technologies are available.
Persistent focus and direction is needed. We aso need some sgnificantly different approaches to deciding
priorities.

The current Defense leadership is focused on the essentid elements that produce force readiness today,
and modernization for force readiness tomorrow. We need to stay with that balanced approach.

Today, advanced technologies are available to any country with sufficient resources to pay the tab -
witness the facilities and equipment that have been discovered in Irag. In addition, the American public
has been conditioned in two ways by the Desert Storm experience. First their expectations in the future
will demand quick, decisive victories, and second, they believe (quite correctly) that the technological
superiority brought to bear in that conflict was a prime contributor to the decisve win. Thus, we have
proliferation of advanced technology weapons and a demand for technological solutions to cope with
them. This confluence of factors requires us to maintain an edge over the capabilities residing in a diverse
set of potential enemies.

Operational stealth successes in the Gulf War validated the initial judgments of those who supported
development of this technology and its associated tactical warfare employment doctrine. Continued
pursuit of this characteristic isimportant for vehicles that are to be operated in the face of enemy air
defenses.

Incremental improvements in existing systems can make significant contributions to tactical ar warfare
capabilities. However, with current and projected fiscal congtraints, new avionics, engines, weapons, €c.,
will be constrained to those that exploit new sets of technology in ways that make an essentid difference
in force capability.



SELECTED “WHAT SHOULD CHANGE” ITEMS

The need to:
Know the capahbilities of many potentia enemies
Emphasize capability to find and destroy ground targets
Overcome indtitutional resistance to necessary tradeoffs
Improved vs. new systems
Multi-misson vs. singlemisson platforms
Weapons and sensors vs. platforms
Logistics vs. wegpon performance
Emphasize a responsive integrated information architecture

And change, because we have some key deficiencies

In the past, we had a well-defined threat on which we could focus our intelligence and surveillance
resources. Today, although no enemy is as formidable as the former Soviet Union, they are more
numerous and we cannot focus on any single one.  We saw in Desert Storm the value of having
information superiority over our adversary. We will need those same advantages in any future conflict and
must now acquire the capabilities to achieve the requisite knowledge about a variety of potentid enemies.

The capability to fmd ground targets under a range of environmentad and tactical circumstances has not

kept pace with the remarkable advances made in aircraft platform and precision guided weapon
performance. In addition, current guided weapons do not provide ah-weather capability. Destroying
ground targets surely and efficiently, even under adverse weather conditions, offers great leverage in

affecting the outcome of the military and political situation. We believe priority should go to the target
location end of the tactical ar warfare system. Further, current plans for investment in precision guided

weapons are not commensurate with their high payoff. This justifies some shift in TacAir programs
investment away from the more traditional focus on the aircraft platform and its performance.

The DOD “inditutiond bias’ heavily favors new systems with more emphasis on platform programs than
on architectures for information flow, sensor improvements and weapons programs. Also, logistics does
not claim the attention of the operationad decison makers that dominate the requirements process. Still,
there are any number of reasons for shifting attention from new systems to improved systems and
logistics. In most areas, there is significant growth potentia left in the latest existing systems, especidly
when viewed from an end-to-end system perspective. We can aford only a few new systems and the time
required to field new systems also argues for atention to improvements.

The payoff from precision guided weapons needs no further proof athough continued emphasis on
acquisition programs is necessary. That payoff shifts the dominant challenge from lethality against
targets, which now is technologicaly well in hand for most targets, to target location/identification and
batle damage assessment (BDA). Hence the need for focus on sensors and C3 systems. The keystone for
success across the board, from acquisition decison to combat  effectiveness, lies in a fully responsive,
integrated Tacticd Warfare Systems Information  Architecture.

We dso have additiond deficiencies that we have grouped into two types. serious ones that have known
technicd solutions and serious ones requiring research and development priority.



SERIOUS CURRENT DEFICIENCIES THAT HAVE KNOWN TECHNICAL
SOLUTIONS

Lack of integrated battlefield  surveillance/reconnaissance
Off-board sensors and data links to improve targeting
Vulnerabilities of criticdl sources of information (GPS, JSTARS, AWACS, E-2C, efic)
Inadequate quantities of PGMs and their delivery systems
Inadequate quantities of standoff weapons
Lack of a joint exercise environment that integrates simulators, wargames, and distributed
live forces
Lack of superior air-to-ar missle

It is clear that there is no technical barrier that prevents us from fielding a battlefield surveillance/
reconnai ssance/targeting system that collects the data acquired by different platforms and different
sensors, integrates it, fuses it, and passes it via links to shooters. Though there is no technical barrier, our
fighting forces do not yet have this needed capability.

As the large information and C3 platforms become more important to the effectiveness of our forces,
countering them will become more important to adversaries. Given the proliferation of Russian long
range air-to-ar and surface-to-ar-missles (SAMs) as well as eectronic wafare sysems, we need intense
focus on making our sysems more survivable and resistant to eectronic countermeasures.

In the future, with digital communications, packaging, and information systems making it possible to
have robust, cooperative systems that are more robust because of their using both on- and off-board
dements and UAVS, these large platforms can become less vulnerable and less lucrative targets for our
enemies.

The principd issue with precision-guided munitions (PGMs) and cruise missiles is the need to accelerate
procurement rates and make the delivery systems, fighters, and bombers compatible with the weapons and
cgpable of adequate target acquisition and MIL-STD-1760 wideband bus weapon deivery. Incrementa

improvements in planning responsiveness and delivery capabilities can make a very significant difference.
A second PGM issue is the urgent need for an adverse-weather capability against fixed, mobile, and
moving targets, laser-guided wegpons can have disabling problems in al but quite clear conditions.

Challenges to national interests inevitably will demand high-risk missons while, a the same time, there
will be low tolerance for high losses. At least in the early phase of atacks, stand-off weapons are likely to
become the weapon of choice more often than in the past. There is a need to increase precision, lower
collateral  damage, and shorten mission preparation time.

Of great importance is accelerating the introduction of advanced distributed simulation technology to

leverage joint force training and exercises. Those technologies will provide significant enhancement to
live force training in the field of a size that is affordable and appropriate to the training areas. The
technology also will allow individuds at distributed locations (such as National Guard Armories or in

regional virtua simulation training facilities) to participate through connected virtud simulations. It will

dlow the use of virtud simulations and computer-driven forces and wargames to expand the challenge to

the brigade, divison, or JTF.

The final bullet of the chart concerns the fact that our currently-operational  air-to-air missiles do not have
performance characteristics that make them clearly dominant over foreign counterparts. Technology is
available that could be fielded in the near-term to rectify this stuation and should be incorporated as part
of the AIM-9X program and AIM-120 product improvement.



SERIOUS CURRENT DEFICIENCIES REQUIRING RESEARCH AND
DEVELOPMENT PRIORITY

- Inability to:
Locate/destroy  criticdl  mobile targets
Locate/destroy  Tactical  Ballisic  Missiles
Destroy hardened, buried, and tunneled facilities
Theater and ship ar defense against low-observable cruise missles
Vulnerabilities of a commercialy-based information digtribution  system

In Desert Storm, the unreliable and inaccurate Iragi tactical ballistic and cruise missiles achieved more
psychological and propaganda value than military impact. But, the proliferation of far more effective
classes of these systems is inevitable. It is a difficult problem. But, there are a number of potential
technological solutions or contributors to the solution that ought to be receiving high priority.

We see militarily significant facilities in countries around the world being hardened, buried, or sited in
tunnels and caves. In particular, vital command and control capabilities are likely to be deeply buried,
denying our forces the abiity to srike very-high-payoff targets. There are deep penetration concepts that
ought to be pressed harder to mitigate this deficiency.

Over time, some significant capability to exploit low-observable (LO) technology inevitably will
proliferate. As evidenced by the Stark incident, the French EXOCET, possessed by and available to many
Third World countries, presents significant challenges to our target acquisition and engagement systems.
Cruise missiles are particularly well suited to LO treatments and are likely to lead the way in reduced
observability and be an increasing threat to our forces.

And finally, as DOD increasingly migrates the information distribution workload to a commercial base,
concerns about vulnerabilities of commercial systems must be addressed. Commercial satellite
communications vendors are not building anti-jam or data integrity features into their systems.
Commercidlydeveloped computers, networks, and software are vulnerable to viruses and other forms of
information tampering and intrusion, especially when used in the geographically distributed
configurations that the tactical ar community will require. Ensuring flexible access to needed data in the
right place, at the right time, and at an appropriate security level will require access controls and
information protection not offered routinely by today’s commercial vendors. The government and
commercid sectors are currently conducting limited research into promising security concepts. This R&D
effort should be expanded sgnificantly to reduce the wvulnerability associated with a commercially-based
information distribution system, both to prevent denia of service as well as to prevent information
leakage.



HIGHEST LEVERAGE ITEMS



HIGHEST LEVERAGE ITEMS FOR IMPROVED TACAIR WARFARE
CAPABILITIES

Equip the force

Improve logistics effectiveness and  efficiency

Exercise our operationa capability

Define and implement a tacticd warfare systems information architecture
Perform  capability trade-offs

We now address the highest leverage items shown above First, under eguipping the force, we examine
problems and potential solutions concerned with the lack of an end-to-end, wide-area surveillance, not
enough aircraft equipped to use advanced PGMs, acquisition of PGMs and the vulnerability of Global
Pogtioning System (GPS) recevers to jamming.  In the logistics and industrial capability section, we
address problems and potentia  solutions related to deficiencies in wartime capabilities, excess industrid
capacity, unnecessary specidization of aircraft field maintenance systems, and the inadequate exercising
of our logistics capability. We then address the need to exercise our operationa capability and follow that
with the necessity to define and implement a tacticd warfare systems information architecture suited to
the new defense environment. Finally, we address the need to define and perform trade-offs among
different categories of weagpons, systems, and platforms.
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EQUIP THE FORCE

Problems:
- Lack of an effective end-to-end (detection-to-destruction), wide-area surveillance and
targeting  system
Too few combat/strike aircraft have capability to use advanced PGMs
Planned PGM acquisition rates and total buys are inadequate
GPS receivers are vulnerable to jamming

There are a number of deficiencies and problems associated with the current Tactica Air Warfare force
gtructure.

The high leverage offered by employment of precision-guided weapons is restricted by the C3I infrastructure

for acquiring targets on the battlefield, identifying them, locating them in GPS coordinates with accuracy
suitable for wegpon launch, and disseminating targeting data to the shooters in a timely manner. Military
forces currently lack an effective end-to-end, wide-area surveillance and detection-to-destruction  targeting
system, and current plans will not provide this capability.

Insufficient numbers of existing combat/strike aircraft are equipped with the capability to deliver PGMs.
The projected acquisition rate and total buys for targeting pods are inadequate to redress this deficiency.
For example, less than haf the F-16 force will be equipped by 2000, none of the AV-8B fleet has PGM
targeting pods, and the planned acquisition rate of targeting pods for the F/A-18 is too low.

Both the projected acquisition rates and total buys for future precison-guided weapons are inadequate. The
Joint Direct Attack Munition (JDAM) and Joint Stand-Off Weapons (JSOW) acquisition programs are on
such a dow pace that militarily significant quantities will not be avalable until well after fiscal year 2000.
The impact of these deficiencies, if a magor contingency occurs, is that both greater numbers of sorties will

he required per target killed and there will likely be higher aircraft and arcrew attrition.

Most tactical arcraft and weagpons will employ some form of GPS navigaion GPS has the potential to
provide a substantial advance in accurate, all-weather delivery capability. However, GPS receivers are
uniquely vulnerable to jamming since the saelite transmitter is three orders of magnitude further away than

likely jammers. Modest (few waett) GPS jammers can deny acquistion a very long ranges (hundreds of
kilometers).
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EQUI P THE FORCE- SURVEI LLANCE AND TARGETI NG

Recommend:
Develop an endto-end, wide-area survelllance and targeting acquisition System

Develop JSTARS as control center for targeting

Improve JSTARS SAR resolution by a least 3 to 1

Develop SAR/GPS relative targeting concept

Transition some Warbreaker technologies for CMT targeting

Continue work on reduction of NTM data timelines to shooters (Talon Sword/Talon
Zebra)

Improve sensor systems for theater surveillance in denied/defended areas (e.g., UAV
SAR systems)

As noted on the previous page, our present theater C3| is inadequate to meet the timeliness challenges
presented by today’s battlefield, let alone tomorrow’s. Part of this infrastructure resides in theater
aurveillance assets such and Rivet Joint, Joint Surveillance Target Attack Radar System (JSTARS), and
the TR1, but these systems need integration into an overall theater targeting system, to make their

timeliness operationally suitable. Additionally, we need the communications infrastructure for data and
imagery transmission to shooter platforms.

We recommend making JSTARS a control center to integrate sdlected data from off-board sources [eg.,
Nationa Technicd Means (NTM), Rivet Joint, Airborne Synthetic Aperture Radar System (ASARS)] and
ground target attack. We need to establish a data link from JSTARS to drike aircraft to pass target data
and even high-resolution  images.

Current JISTARS resolution is inadequate for target identification in the synthetic aperture radar (SAR)
mode. We need to improve it at least 3 to 1 to enhance capability for identifying time-critical targets
(roughly $I00M R&D plus $100-150M  procurement).

Many of our high-quality attack aircraft have SAR capability that can be modiied to permit JDAM-like

weapons to be used against mobile but non-moving targets, by using SAR-derived target location data to
define a locd GPS coordinate system for both the arcraft and weapon, which eliminates the normal GPS
target location error. If the attack can be prosecuted during the time interva when the same set of GPS
satellites are in view, the weapon accuracy can be as little as five meters. More important, this can
provide the ability for mobile target kill prior to the time terminal sensors might be available for the
weapons  themsalves. (This capability could be achieved a roughly $25M R&D per aircraft type)

These surveillance assets have limited capability to provide target data in denied or defended areas. At
present, we must rely upon NTM to provide coverage, which though useful, is not the continuous coverage
necessary for may types of targets (eg., SCUD launchers). A penefrating, air-breathing sensor platform
could provide the coverage, eg., unmanned aerid vehicles (UAVS) with low probability of intercept (LPI)
SAR, or a hi-gaic SAR sysem. Although it might be post-2000 before we get such a capability, it is
important to get it started now.

The ARPA Warbreaker program is a key source of concepts and sensor systems to prosecute attacks on
critical mobile targets (CMT). Probably the most critical technical issue is to develop automatic target
recognition (ATR) techniques with performance adequate to maintain acceptable false-darm rates, when
surveying large land areas. Warbreaker’s objectives include finding targets that are concealed and\or
camouflaged, and in foliage. However, there are many targets that are much easier to find (e.g., SAM
gtes), paticularly when cueing information is avalable. We recommend the transtion of certain selected
Warbreaker Technologies now - e.g., ATR algorithms for targets in clear areas, specialized ATR for
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strictly limited sets of very important mobile targets (this would require approximately $25M in R&D
cost)

Demonstration programs (e.g., Talon Sword, Talon Zebra) have shown that the C3 infrastructure can
enable timely utilization of national assets. These efforts should be accelerated with emphasis on
useability of national sensors for mobile targeting.
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EQUIP THE FORCE - UAVs

Recommend:
" Develop and assess UAV-based surveillance and targeting systems, and deployment concepts
utilizing existing vehicles
Use computer emulation and CINC participation to evolve sensor payload characteristics
Pursue three classes:
A high-dtitude, long-endurance platform for long-range surveillance and target ID, as
an adjunct to JSTARS
A low-altitude platform with EO/IR, laser designator, and with FOPEN SAR sensor
system option
A short-range, small-payload UAV (aready in low-rate production)
Develop and have users evauate brassboard prototype sensor systems
Procure limited number of UAV systems for operationa tactical user performance evaluation
(joint  exercises)
ARPA should explore the possihilities of UAVs in air-to-air combat through simulations and
modeling to discover promising concepts

We believe UAV systems may not be sufficiently exploited by the Services in spite of the current joint
UAV programs. With the sensor and laser technology available today, existing UAV systems could
leverage contingency force operations with reduced vulnerability and risk. Several classes should be
explored  aggressively.

One class is a long-endurance UAV that normally operates a medium dltitude, to see beyond
JSTARS coverage, with a duration of 12+ hours. It will need radar to see through the clouds
and another payload for foliage penetration (FOPEN). The sensor package should be based
on currently available technology; a demonstration air vehicle can be one that is aready
developed.

The second class is a UAV that operates below clouds to supplement penetrating tactical
reconnaissance. It has electro-optical/ii-red (EO/IIR) sensors and lasers to designate
targets for attack with laser-guided wegpons, and could have FOPEN SAR if necessary. It
should be derived from available technology. Again, existing platforms should be able to
accommodate the needed payload.

The third class of UAV dready exists. These are short-range UAVS under the cognizance of
Army/Marine commanders.  We need open-minded tests and evaluation by users to
determine their utility and approaches to exploit their current capabilities.

DOD should initiate programs to develop and field improved sensor packages to meet these needs, as soon
as the concepts are validated. Early user involvement is essentia, including simulation and joint
exercises, to refine and evolve the design and operational employment doctrine and tactics.

ARPA should explore the possibiliies of UAVs in air-to-ar combat through simulation and modeling to
discover promising concepts for prototyping and demonstrations.
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EQU P THE FORCE- UPGRADE EXI STI NG Al RCRAFT

Problem:

- In Desart Storm PGMs were 12-20 times more effective than dumb bombs, but based on
POM 94, <45%of TacAir will have adequate PGM capability

Recommend:
Accelerate buys of targeting pods and other essentia arcraft modifications so more F-16Cs,
FIA-18Cs, and AV-8Bs can employ current and developing PGMs  effectively
Provide F-14D, F15C, and F-22 interceptor and air superiority arcraft with effective air-to-
surface  PGM  capability

In a “zero-sum” budget environment, DOD should emphasize leveraging upgrades to existing arcraft over
new aircraft development. For example, less than 45% of DOD's air-to-surface aircraft have adequate
PGM delivery capability from medium altitudes and, with current wegpon acquisition and aircraft
modification/acquisition plans (POM 94), this will not change until well after FY 2000 (when
JDAM/JSOW should begin to become available in quantity).

Widely proliferated man portable SAMs and AAA drive most ar srikes to medium dltitudes
In Desart Storm, PGMs  were 12-20 times more effective than dumb bombs

At least five additiond wings of F-16s need PGM pods and PGM delivery capability, which includes the
wideband 1760 bus (about $2 to $3 hillion, FY 1995-02).

Pod procurement rates should be accelerated for the F/A-18C/D  (from the planned low rate of 20 to 40
pods per year to about 80 per year, adding 160 pods for about $350M, FY 1995-99).

Given the proliferated MANPADS  threat, the AV-8B will need a capability for accurate weapon delivery
from beyond 15,000 ft slant ranges. At present, no pods are planned for the AV-8B fleet, inhibiting its
aility for target acquistion and PGM ddivery (eg, LGB, JDAM, JSOW). We recommend adding about
100 pods and related aircraft modifications for effective PGM delivery capability (about $400M, FY 1995
00).

We support plans to modify F-14D, F-15C, and F-22 arcraft (currently focused on air-to-ar capabilities)
to enhance their air-to-surface PGM capability, thereby enabling these assets to be more vauable once ar
superiority is established. The F-22 should incorporate ar-to-surface capability from the start and F-14D
and F-15C modifications should be accelerated (about $100-150M R&D per aircraft, plus modest
recurring  cost).
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EQUIP TEE FORCE - PRECISION-GUIDED MUNITIONS

Problem:
PGM acquisition plans for fighters and bombers are inadequate in the near term (prior to
FY 2000
OnIy)SO% of PGM air-to-surface weapon inventory objective will be met by FY 1999
Only about 5% of PGM inventory will be dl-weather capable (excluding HARMSs
Recommend:
Increase buy of PGMs in near-term weapon acquisition plans
- Accelerate PGM procurement rate to buy inventory objective by FY 2000 and increase
acquisition rate of al-weather PGMs
Higher priority for longer range, stand-off, al-weather PGMs
OSD and Services review the PGM inventory objective
Fidd contingency quantities of JDAM earlier than planned for initid user evauation
Develop and buy guided dispenser for accurate medium-dtitude cluster munitions
delivery
Increase emphasis on the development of improved stand-off, al-weather precision attack
capabilities, including integration of target acquisition, target engagement and weapons for
fixed ~ mobile, and moving targets.

We compared planned Air Force and Navy/USMC weapon inventories in FY 2000 with weapon inventory
objectives (I0s) based on new Post-Cold War requirements and found PGM acquisition plans for fighters
and bombers are inadequate in the near term (i.e., prior to FY 2000). Desert Storm has had a minimal

effect on Service plans to increase PGM inventory levels. Even the Service's modest objectives are not

being bought. For example, only haf of the PGM air-to-surface 10 (POM 94) will be met by FY 1999 and

only 5% of the PGM inventory will be capable of effective dl-weather target kill We believe that Service
10s for PGM quantities are too low, but we did not examine Service wegpon inventory methodologies in
deail.

PGMs could reduce wartime logistics requirements.  In some contingencies, wide use of PGMs could
result in fewer sorties and/or shorter conflicts, thus reducing logistics needs. For example, Gulf War

experience showed that for many types of targets, a ton of PGMs typicaly replaces 12-20 tons of unguided

munitions on a tonnage per target kill basis. Correspondingly, taking into account the totality of air

operations, as much as 35-40 tons of fuel per ton of PGMs delivered may be saved.

DOD should accelerate acquiring a weapons inventory much more focused on PGMs

Given the scarcity of stealth aircraft for the foreseeable future, leverage the 2,000-3,000
arcraft in the force by placing a higher priority on longer range, precise standoff weapons
and targeting capabilities, including operating effectively in al-weather.

Accelerate fielding of contingency quantities (1,000-2,000) of JDAM by usng a fast-track
acquisition approach, including early user testing and employment prior to formal
Operationa Test and Evaluation.

Increase procurement rates of existing PGMs, especially PAVEWAY 3, AGM-130, and

SLAM in FY 199599,

PAVEWAY 3 guidance is needed for all 1-2000 bombs in order to control impact angle and avoid their
breakup on impact. PAVEWAY 3's smal circular error probability (CEP), 10 ft., makes it vauable for a
wide range of tactical targets as well as those strategic targets that require small CEPs. A modest  buy
would include 20,000 PAVEWAY 3 kits at about $IB, 300-500 additional SLAM s at about $250-400
million, and 300-500 additiond AGM-130 at $150-250 million, FY 1995-00.
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. Using a fast-track approach, develop and procure contingency quantities of a guided
dispenser for medium-altitude accurate delivery of sensor fused weapons (SFWs) and
combined effects munitions (CEMs) from al air-to-surface platforms, and place them in the
hands of operators for experimentation and possible contingency use (e.g., about $100
million for R&D and 1,000 wegpons).

DOD should accelerate the development of a standoff, al-weather, precision air-to-surface weapon.



EQUIP THE FORCE - VULNERABILITY TO GPS JAMMING

Problem:
Current GPS receivers are vulnerable to jamming in acquisition mode at very long range
from low power jammers and will lose track a moderate range for reasonable jammer threats
Recommend:
- Provide at least haf the strike aircraft plaforms with improved GPS ECCM capability
(selective receivers, GPSINS  coupling, adaptive antennas)
OSD should perform a critical review of the impact of GPS ECM vulnerability on JSOW and
other weapon mission effectiveness
Creste an independent GPS vulnerability assessment group led by OSD
Aggressively pursue countermessures to  adversaries use of GPS

Most tactical aircraft and weapons will employ some form of GPS navigation. GPS has the potential to
provide a substantial advance in accurate al-weather-delivery capability. However, GPS feceivers are
uniquely vulnerable to jamming since the satellite is three orders of magnitude further away than the
jammer. A small, few-watt jammer can be cheap and easily deployable, while a few hundred-watt ERP
janmer can be relocatable. Jammers in the few-kilowait-ERP range start to become high-value targets.

Modest (few watt) GPS jammers can deny GPS acquisition a very long ranges (hundreds of kilometers).
GPS recelvers should not atempt acquisition under conditions where jamming is likely.

Tactical aircraft delivering GPS-aided weapons require significant levels of electronic counter
countermeasures  (ECCM) improvement if they are to avoid GPS track loss and properly initialize their
weapons. Tighter coupling of GPSlinetid  navigation system (INS), improved selectivity receivers, and
adaptive antennas each will provide anti-jan (AJ improvements. If al of these techniques are employed,
strike aircraft can be made invulnerable to dmost dl potentid GPS jammers.

For shorter-range missiles, such as JIDAM and JSOW, a jammer could break GPS track DOD should
caefully review the JSOW ECCM issue to determine whether the proper balance has been struck among
ECCM vsinertial measurement unit (IMU) quality vs. standoff range in an electronic countermeasures

(ECM)  environment.

Modem weapon systems will be dependent on the GPS system. The vulnerability of any system to denid
of GPS must be conddered a first-order issue in decisons associated with the design, procurement, test,
evaluation, and deployment of the system. A high-level DOD group should be established to assess the
vulnerability of future systems to the denial of GPS. Also, because there will be extensive world-wide
proliferation/use of GPS for navigation, DOD should pursue development of contermeasures to potential
alversaries use of GPSGLONASS
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EQUIP THE FORCE - PGM IMPLEMENTATION

The combination of an integrated end-to-end surveillance and targeting system and the expanded
use of PGMs will improve Tacticd Air Warfare effectiveness more quickly than any other set of
measures.

- Implementation cost is approximately $IB/year for 5 years
For a mgor conflict, this investment could pay for itself through reduced sorties per target
killed, shortened combat time, reduced aircraft and aircrew attrition, and lower wartime
logistic  costs
Upgrading existing combat arcraft with PGM capability makes it much more probable that
the planned reduced tacticd ar force structure could conduct two MRCs smultaneoudy
Near-term sources of funds are attainable by modest rescheduling of tactical air related
programs

Desert Storm showed the great potentid of wide-area survellance and targeting, as well as the wesknesses
in our current capabilities. Desert Storm aso showed that a small fraction of our assets (mostly F-117s F
111s and A-10s) accounted for a majority of the strategic and tactical battlefield targets that were
destroyed. Most other aircraft, dropping unguided ordnance from medium altitudes (to avoid the low
altitude threats), were largely ineffectual.

The highest payoff near-term action DOD can take to increase the au-to-ground effectiveness of our
tactical air forces isto: 1) define, field, and evolve an effective end-to-end target surveillance and
targeting system; 2) expand our PGM delivery vehicle capability; and 3) buy enough PGMs for a
reasonable  campaign.

The cost of these upgrades is about 3B per year for a 5-year period. This amount represents a small
fraction of the life-cycle cost of that force and could yield an effectiveness increase of a factor of ten to

twenty.

For a major conflict, this investment could pay for itself through drastically reduced sorties per kill,
shortened combat time, reduced aircraft and arcrew attrition, and lower wartime logistic costs. Moreover,
this investment makes it much more likely that our reduced tacticd air force structure could effectively
conduct two major regiona contingencies (MRCs)  simultaneoudly.
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EQUIP THE FORCE - AIR-TO-AIR MISSILES

Problem:
Our current capabilities are not superior to our foreign counterparts
Improved versons of both our short-range and medium-range missles will not be avalable
until the late 90's and beyond

Recommend:
Move forward on AIM-9X program to get enhanced range, maneuverability, and ECCM
capability
Increase priority upgrades for AMRAAM to enhance capability to counter combination of
LO and endgame  countermeasures

Gaining and maintaining air superiority - hopefully air supremacy - isthe first priority of our air forces,
achievement of which enables our surface forces to operate without fear of air srikes. If our Offensive
CounterAir and Attack Operations missions do not succeed in “pinning in” enemy comba aircraft, our air
forces will need to conduct air-to-air combat Even with the benefit of our likely superior off-board
warning and control assets (e.g., AWACS, Rivet Joint, etc.), which should enable our air superiority
aircraft to postion themselves favorably, our combat aircraft may be forced into air-to-air combat.

Should that occur, our air forces may be “outgunned” because presently the US. does not enjoy a position
of technical and military superiority over al foreign air-to-air missiles. Thisis particularly true for the
short-range IR guided missiles (AIM-9M), for which the U.S. basically abandoned new missile
development approximately 15 years ago due to international development agreements. Russian and
French missiles substantially outclass the AIM-9 kinematically, operationdly, and in infrared
countermeasures  (IRCM)  resistance. In  the medium-range (AMRAAM) missle arena, advanced versions
of the Russan AA-10 missile have a longer range capability than ours.

Our new short-range missile program (AIM-9X) seems to be moving in the correct direction, but a a pace
that is inconsistent with our perception of the seriousness of the deficiency. We recommend a faster
acquisition program  focused on enhanced range, maneuwverability and ECCM.

To make AIM-9X “better” than the AA-11, MICA and Python might add $200-300M to the $I-1.2B
likely AIM-9X RDT&E cost and probably $75-100K per missile (approximately $250K each instead of
$150K to $175K each). But one cannot look at round cost aone. One must add in the effect of fewer lost
“Blue” aircraft, to offset the extra cost of the round (one F-15 saved - a $50M each - pays for the likely
difference in cost of 500 missiles).

We bdieve the AMRAAM preplanned product improvement (P3l) program, intended to result in
substantially improved kinematics and ECCM, is moving a a too leisurely pace. We recommend a more
aggressve  acquigition  program.

Furthermore, we believe there is a major future issue of how best to ded with a combined thrust of LO and
endgame  countermeasures. When employed with LO vehicles, noise jamming waveforms can deny use of
range and Doppler resolution. Purely seeker-based solutions to this problem are very complex and
expensve, and may not even work, paticularly in obtaining al-weaher, al-aspect capability. We believe
a study of how best to deal with this problem, which strikes a proper balance between faster autopilot
response time, maneuverability, new warhead technology, and seeker complexity, is needed to define the
appropriate long-term P31 solution.
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BEQJ P THE FORCE GOUNTER STEALTH R&D

Praoblem:
- How to avoid technical surprise and maintain contractor competence
Lack of near-term technology transition opportunities discouraging sponsors
Recommend:
Need to maintain vigorous Counter-Low Observable (CLO) hedge program
Need flying testbeds with operationaly oriented demonstration objectives

It is our belief that TACAIR force elements eventualy will have to face up to a reduced observables threat.
The impact of reduced radar cross-section on important weapon systems such as AWACS, F-15,
AMRAAM, etc., can be devastating. In recognition of this possibility, substantial effort and money has
been spent over the past severa years to develop options for dealing with the LO threat. The threat has
not yet manifested itself in a serious way, and might not do so for an indefinite time.

In the current budget environment, it is difficult to predict the circumstances in which we would transition
acquisition programs such as those for air defense components with substantially improved CLO
capability (e.g., a new AWACS) from Milestone | - Concept Development Phase to Milestone Il -
Engineering and Manufacturing Development (EMD) phase. As a consequence, there is little opportunity
for the current CLO technology programs to transition to EMD, and this is discouraging to current
sponsors of those programs in the existing fiscally constrained environment.

We believe it is important to continue the technology development in this area beyond those threats
contemplated in the National Intelligence Estimate (NTE) and without pressures for transition to EMD
that the current climate dictates. In particular, this criticd technology area needs a “hedge” program to
avoid technical surprise (in the programmatic sense). We fear that if current R&D efforts were
discontinued or reduced to component R&D efforts, our ability to respond to the appearance of a
sgnificant LO threat would be lengthened by a least 4 years, because the contractors would have lost
their technical edge. Substantial demonstration activity would have to be repeated.

Because much of the “at” in achieving CLO capability involves system integration issues, we believe that
a continuing technology base and advanced development programs utilizing a series of flying testbeds are
needed to maintain and extend technological competence. Also, a continuing series of demonstration
objectives with strong operationa flavor is required to focus the programs. The ACTD concept recently
epoused by OSD is applicable here.

This is an inexpensive suggestion, though the conversion of the current R&D efforts into a long-term
“hedge’ effort will require serious thought about restructuring them into a fiscaly sustainable program.
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EQUIP THE FORCE - PLATFORM TECHNOLOGIES

Problem:
- Projected DOD budget limitations do not permit acquisition of varied types of new tactica
arcraft at rates sufficient to maintain the planned force structure
Recommend:
- Near-tern, focus on common engines, avionics, wegpons, and support
Longer-term, explore potential advances in system design and manufacturing technology to
achieve a viable common tactica aircraft
Continue ASTOVL technology —demonstration
Develop suitable exit criteria
Develop rationd performance goals

Multi-Service/M ulti-Mission Common Aircraft/Common Components:

There are recurring pressures to procure tactica aircraft that can be effectively employed by all Sevices
A common aircraft is one that, from an acquisition standpoint, has a single design that employs a
common airframe and engine, although some removable modules, such as avionics, may differ.
Conversely, aircraft that have different airframe designs, athough incorporating many identical
components, are not considered common aircraft

There are many reasons why inter-service commonality has not been achieved. Service operational
requirements and design specifications are developed in separate organizations and thereby optimized to
different perceptions of need. Historicaly, Service replacement milestones for aircraft of similar type have
not coincided, and the benefits and penalties of full commonality have not been quantified in a way to
dlow a convincing cost-effectiveness rationale. Indirectly, industrid and technology base considerations
dso mitigate enthusasm for such an arplane.

While a fully common tactical aircraft may be an achievable long-term goal and a concept worthy of

exploration, we believe that the near-term focus should change from a fully common tactical arcraft to a

substantialy common airplane that employs common engines, avionics, and test and support equipment,
but may have some airframe differences to accommodate unique Service needs. The Task Force's
comments on the recently initiated JAST Program, which includes advanced development platform
technologies, are contained in Appendix D.

Advanced Short Take-Off Vertica Landing (ASTOVL):

In project development, ARPA has understandably endeavored to make the ASTOVL demonstration
arcraft as relevant as possble to future Service requirements, leading to its frequent description as “the
prototype for a common Service dirikefighter.” We are concerned that this characterization may prove
miseading, since an advanced technology demonstration (ATD) does not atempt to meet the milestone
requirements of an acquisition program, such as validation of an operationa requirement or “surviving” a
Cost and Operationd Effectiveness Anayss (COEA).

To optimize the ASTOVL ATD, we recommend that the ARPA project gods be clearly stated and include
an explanation of how their attainment will contribute to future Service aircraft program development.
Criteria should be developed for use a milestone reviews to adjus ATD performance objectives (such as
supercruise and LO) or exit the project, Subject to these criteria, we believe this ATD has potentid payoff
and should be continued.
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LOGISTICS AND INDUSTRIAL CAPABILITY - KEY DETERMINANTS OF
READINESS

Problems:
Long-term, persistent, and serious deficiencies in wartime capabilities
Excess private and public sector industrid capacity
- Unnecessary specidization of aircraft field maintenance systems (e.g., automatic test
equipment) and inaccurate troubleshooting
Inadequate exercisng of logistics  capability

Logigtics is a key to readiness. It prepares us for battle, gets us to war, and keeps us operating. In the
Gulf War, our aircraft were well supported and, except for some sand damage to helicopter components,
sustained high operational readiness rates throughout.

Yet, we have some long-term, persistent, and serious deficiencies in our capability that hamper our ability
to plan and support contingency operations. They include inabilities to rapidly plan and execute
deployments of large forces, to track shipments of cargo to the theater of operations, to move materid
from the ports and airfields of top military units, and to effectively manage munitions. These lessons were
learned from the Viemam experience. Twenty years later, till uncorrected, they were lessons to be learned
again in the Gulf War.

We also have an industrial base, in both DOD’s  maintenance depots and in the private sector, that far
exceeds DOD's neds. DOD pays the cost of that excess capacity.

By addressing overspecialization of field maintenance systems and troubleshooting problems, we have
some opportunities to improve the efficiency and effectiveness of aircraft support, making it both more
affordable and better suited to contingency operations.

Findly, we do not exercise our logistics capahilities sufficiently enough during peacetime to understand
their limitations and effects on military operations.
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LOGISTICS AND INDUSTRIAL CAPABILITY - KEY DETERMINANTS OF
READINESS

Recommendations - Wartime L ogisticsCapability
Assure continued attention, funding, and priority to correct deficiencies in:
Planning and executing deployments
- Tracking shipments
Distributing material in the theater of operations
Managing munitions
Use capabilities routindly in peacetime operations or exercises/'smulations

With today’s technology, we should be able to determine our needs and have complete situational
awareness of our material: where it is; where it needs to go; how and when it will get there (jus like
Federal Express). We do not have that capability.

In the Gulf War, the Joint Operations Planning and Execution System (JOPES) failed during the most
critical first three weeks. We could not keep track of shipments. Of 40,000 containers sent to the Gulf,
25,000 had to be opened to identify their contents. Containers were stacked up in theater with no effective
system for digtributing equipment and supplies. We failed a such elementary tasks as having munitions
quantities, production rates, capacities, and lead times a our fingertips.

The greatest leverage in improving support to tactical air units is in correcting these long-standing,
persistent deficiencies.

The Joint Staff and TRANSCOM  have made good starts. But after every war, good starts on fixing these
identical problems have faded. Thus, history tells us not to expect the “norma” management system to
follow through in correcting these wartime problems.

The Deputy Secretary of Defense should assure that the status, progress, and funding of corrective actions

for these chronic deficiencies in wartime logistics capability are reviewed every six months until satisfied
that fixes are in place and either used routingly in peacetime operations or exercised regularly.
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LOGISTICS AND INDUSTRIAL CAPABILITY - KEY DETERMINANTS OF
READINESS

Recommendations - Maintenance Depots:
. Define core requirements
Compete al other current depot workload
Consolidate al remaining organic effort by closing excess capacity
Explore further application of GOCO depots

Congderable savings can be achieved by reducing DOD ‘s organic depot capacity to the minimum “core’

necessary to meet readiness and responsiveness requirements and placing the remainder of the depot
maintenance work in the private sector. This requires, first, defining minimum core requirements
consistently across the military Services and obtaining release from congressiond congraints on placing
the remainder in the private sector. (Defmitions of “core” now vary consderably, but in any case ae

considerably less than the 60 percent of depot maintenance that must be performed organically by
Congressional mandate.)

Second, work not specificaly part of the core should be competed among quaified private sector firms. In
doing so, DOD should be aware that the motivation for such action is to reduce costs to DOD, not to sustain
the industrial base; it is unlikely that the prime contractors whose design, system integration, and
manufacturing skills are critical to long-term technical superiority would win competitive maintenance
contracts due to their higher indirect costs. If they did, they would be unlikely to perform them with the
same management, work force, or facilities used for new arcraft design and manufacture.

Third, the core workload should be alocated (perhaps by competition among government depots) to the
minimum number of facilities. The others should be closed.  “Indirect’” and “G&A” costs of existing

organic depots are high (about 40 percent) and insensitive to decreasing workload. They can be best
reduced by base consolidation.

Note that we have not endorsed competition between Government and industry as the means for alocating
work between them. Rules of competition can never create atruly “level playing field.” For example,

they cannot take into account the fact that when contractor performed work is complete, labor costs to the

Government cease. This is not true in the case of organic depots, where the people performing a specific

maintenance effort continue on the payroll, even though the facility may be operating considerably below
capacity. Cost overruns aso manifext themselves much differently.

Findly, DOD should examine the feasibility of converting one or more of the government aviation-related
depots to a government-owned/contractor-operated (GOCO) facility. This could provide the control and
responsiveness essentia for the core work plus the long-term flexibility in adjusting work force that is so
difficult to obtain in a government organization.
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LOGISTICS AND INDUSTRIAL CAPABILITY - KEY DETERMINANTS OF
READINESS

Recommendations - Industrial Base:
Lay out the characteristics of DoD’ s future air forces and consequent industrial support
requirements
Continue communications with industry CEOs on DOD’'s outlook for necessary downsizing
of the industrid base

DOD faces the difficult problem of needing to downsize its industrid base and a the same time maintain
critical capabilities to meet future nationa security needs. Clearly, DOD's future aircraft procurement is
insufficient  to maintain the more than a dozen plants now capable of fabricating military aircraft. The
costs of excess capacity are enormous, even with today’s workload. Overhead costs total more than 50
percent of current military aircraft sales. Thus, the number of plants in operation - as distinct from the
number of firms - needs to be reduced. (For example, Lockheed's purchase of Genera Dynamics, Fort
Worth, eliminated one competitor, but has not yet reduced excess capacity).

At the same time, low observable material design and manufacturing, as well as the use of composite
materials for greater high stress structural application, must continue to be developed and improved. The
subsystem vendor base also must be examined carefully to ensure that critical capabilities are retained,
such as RF and IR sensors, navigation and guidance equipment, and munitions and their sensors.

The Air Force and Navy have benefited from decades of fighter engine competitions between Pratt &
Whitney and General Electric. If technical demonstrations are to be the hallmark of a continuing DOD
advancement in high technology, these critical design teams will have to be paired with sufficient
manufacturing skills to produce prototype or preproduction — aircraft to verify the achievement of
producibility and cost gods, not just performance. Clearly, an examination should be made to provide
minimum and maximum capabilities a dl industrid tiers down through the lowest vendors and suppliers.

Thus, DOD should lay out for industry leaders the details of DoD's aeronautical programs/force plans (and
related weapons and C3l) for the next ten years so industry will have the full, factual picture of the
magnitude and nature of the decline in defense development and procurement plans.  Concurrently, it
should determine the characteristics of the air forcesthat the nation will need ten to twenty years from
now and decide the magnitude of the technology and acquisition programs required to maintain the

desired capabilities. Finally, it should conduct periodic roundtable discussions with industry CEOs to
assess the status and impediments to industry’s efforts to reduce capacity.
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LOGISTICS AND INDUSTRIAL CAPABILITY - KEY DETERMINANTS OF
READINESS

R fati Aircraft Field Mai
common  support
Egtablish policy to use common families of automated test equipment
Commit R&D resources to continued modernization of common families of test
equipment
Include common test modules and testing technology in the Joint Advanced Strike
Technology ~ Program
Integrated Weapon System  Diagnostics/Prognostics
- Establish technology development program to focus powers of telecommunications,
expert systems, and automation on aircraft troubleshooting
Explore technologies for predicting imminent component failures

It is increasingly clear that specialization of test equipment, test manuals, training, etc., is no longer
necessary nor affordable. Opportunity exists to create support systems that serve a variety of aircraft, thus
reducing acquisition and support costs, enabling simplification and consolidation of support
organizations, and facilitating cross-Service support when necessary.

The most immediate payoff appears to be in the automated test equipment (ATE) used for testing avionics.
In the last decade, DOD has invested over $35B in such equipment. Developing a standard family of ATE
costs about the same as developing peculiar ATE but would then permit large buys of the common
equipment. Procurement of standard ATE could save DOD hillions of dollars.

DOD should establish as policy the use of common families of ATE, commit sufficient R&D resources to
improve rdiability and deployability and meet new technology needs, and include ATE in the Joint
Advanced Strike Technology Program

AIthough avionics re||ab|I|ty is |mprovmg, troubleshootmg remains difficult. For example, 20-30 percent
error rates in identifying faulty components are common. Falsealarm rates of built-intest equipment on
aircraft run 2540 percent. These troubleshooting problems ripple through the entire logistics system,
creating maintenance workloads a bases and depots and increasing Spares requirements.

New technologies offer promise for improving troubleshooting. They include, for example, digital
maintenance aids (substitutes for today's technical manuals) that interface with the aircraft's on-board
system and lead the technician through the most efficient troubleshooting path and telecommunications
systems that can link the flight line technician to base or depot databases or experts.

DOD should establish a technology development program to bring the full powers of telecommunications,
expert systems, and automation to aircraft troubleshooting. It aso should explore, through R&D and
demonstrations, the feasibility and vaue of predicting imminent failures (sometimes termed
“prognostics’).
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EXERCISE OUR OPERATIONAL CAPABILITY

Problem:
. During peacetime, we do not redistically exercise important elements of the joint force

capab|l|ty due to codt, preparation time, and required facilities
Operational  exercises incorporating live forces, simulators, and computer wargames  can
help integrate and evaluate:
-- Traning
Doctrine and tactics
-- Force configuration
-- Logistics
Recommend:
. Increase involvement of senior warfighters in guiding the development of an exercise
environment
. Conduct comprehensive exercises, including simulations, of joint forces air/land/sea
operations, including force deployments

In Desert Storm we deployed individua combat units in a high state of readiness, but it took months to
bring the joint operationa force to an acceptable state of readiness. It is unlikely that we will again enjoy
the twin advantages of a massive joint exercise area for the deployed forces and ample time to correct the
deficiencies. Unfortunately, many of the joint arrangements developed in Desert Shield/Desert Storm
were ad hoc and short lived after the conflict.

If, as is likely, future contingencies allow us less time and space to prepare the joint force, redistic
exercises during peacetime are the means to assure that the total Tecticd Air Warfare System is ready and
capable.

We have discussed the potentid of advanced distributed simulation to leverage field training and exercise
opportunities, to practice logistics support that cannot be adequately tested in the field, short of actual
deployment, on a scale that cannot be accommodated on live training ranges.

We have and must exploit the technology to build an exercise environment that will enable us to
redigtically practice war and that will serve all the purposes shown here. One of last summer's DSB
dudies focused on that requirement and provided some very specific recommendations. Many are now
being implemented, but fruition will require persistent attention.

It is particularly important that the prospective users of this enviromnent - the operationa commanders -
be heavily involved in guiding its development so that it will support ther war readiness needs.
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TACTICAL WARFARE SYSTEMS INFORMATION ARCHITECTURE

Problem:
DOD lacks a comprehensive Tacticad Warfare Systems Information Architecture

DOD lacks a comprehensive Tactical Warfare Systems Information Architecture, thereby limiting our
Tacticdl Air Warfare effectiveness. This architecture should be embedded in an overal DOD Information
Architecture.

In addition to improving our current ways of conducting air warfare - which are based on information
superiority - a comprehensive Tacticad Warfare Systems Information Architecture would provide better
and more flexible ways of distributing information, and would permit trading off the assignment of
functions. For example, if precise targeting information were to be transmitted to a weapons-carrying
platform, that platform would not need expensive sensors to rederive that information.

The principal impediments to enjoying these benefits are not technological, but derive from the lack of an
overall game plan. Because there has been no effective development and management of a Tactica
Warfare Systems Information Architecture, today’s systems are largely independently procured. No
provision was made, for example, to connect JSTARS data in near rea time to Navy or Air Force or Army
platforms and weapon systems. Similarly, the three Services, despairing of the likelihood of the
intelligence  dissemination system  sufficiently respecting tactical timelines, developed their own systems.

The result is that each community gathers information redundantly. When inter-connections are needed,

they are made in an ad hoc manner, often at the last minute. Opportunities for balanced investment and
tradeoffs among warfighting  components are thereby lost.
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TACTICAL, WARFARE SYSTEMS INFORMATION ARCHITECTURE

Inf ion distributi i be i ilver bullet:
¢ Bendfits:

Improves targeting
Improves  survivability  (Stuational  awareness)
Improves command and control reconfigurability ~ for differing conflicts
Addresses  combat  identificetion
- Permits tradeoffs
*  Consequences of no overdl game plan ae
Unnecessary costs and limited performance gains
e Each community gathers information redundantly
e Ad hoc connections between stovepipes
o Opportunities lost for balanced investment in weapons, avionics, and sensor systems

We believe that our next silver bullet can be improved information distribution to shooters. Relatively
smal investments in information distribution appear to have grester leverage than Similar investments in
platforms, weapons, or on-board sensors.

The chart shows the five expected benefits. In addition to improving our current ways of conducting air
warfare - which are based on information superiority - better and more flexible ways of distributing
information enable trading off the assignment of functions to platfforms. For example, if precise targeting
information can be transmitted to a weapons-carrying platform, that platform will not need expensive
sensors to rederive that information.

The principa impediments to enjoying these benefits are not technological, but derive from the lack of an
overal game plan. Each community despairs of recelving timely information from another community,

and develops its own stovepipe systems. The necessary interconnections are made a the last minute, and
the opportunities for system trades are lost.
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TACTICAL WARFARE SYSTEMS INFORMATION ARCHITECTURE

What is an Architecture?

An information architecture
Includes data formats, protocols, message standards, interfaces, etc.
Enables open systems - permits individualy developed subsystems to interoperate
Spans a desgnated user/server  community
Provides flexibility in who gets what, when, where, and why

A communications architecture is not an information architecture

An information architecture is designed to support the war-fighters information needs

An information architecture is a coherent structure of data formats, protocols, interfaces, and other
standards that guides the design and implementation of information subsystems and applications.
Adherence to this architecture alows these subsystems and applications to be conceived and developed
independently but function as parts of an integrated, open system that serves a wide variety of user needs.

Tacticd Air Warfare comprises many communities and is dependent on information architectures of these
and external communities. Examples are: Services, Intelligence, Weapons, and Command and Control
(eg, Misson Planning, Tacticd Data Links). A TACAIR Warfare Information Architecture will include
a Communications  Architecture.
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DOD TACTICAL INFORMATION ARCHITECTURE COMPONENTS OF AN
INFORMATION

DISTRIBUTION SYSTEM

Components of an Information Distribution ~ System

' - AWACS - TAC Recce - JISTARS
| -NTM - E2C - AEGIS - Patriot

Information Generation

Information B IC? i
Processing & - - TiOVigence
Transformation - Execution Control
- Mission Planning
Storage/Management
of Distributed > - DBMS Systems
Information

- MilStar - DSCS - UHF Satcom

Longhaul  Transmission .
- Commercial

Shorthaul  Distribution ~ =Jj - JTIDS - Link 11/4A - SCDL - CHBDL

Information - Voice - HUD - Terminal - Workstation
Presentation & Format '> - Laptops

Security H» - Multi-level Security Network & Data

An information digtribution system consists of numerous functiona elements with corresponding system
components for carrying out the functions. Today’s military information distribution system has been
gradually built over many years, with a high sunk cost. To convert this system to one that has the ability
to handle more data and confidently distribute data while assuring quality and timeliness will require an
evolutionary process, conducted within a standard architectura  framework. This framework must be
designed to alow the military to take advantage of the commercial subsystem advances in each of the
functional areas shown on this chart, while carefully managing the costs of transitioning old systems to
the new architecture, and interfacing old and new systems so that they interoperate.
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TACTICAL WARFARE SYSTEMS INFORMATION ARCHITECTURE

What'SNew?:
. Commercial Telecommunications
High bandwidth
Globa cdlular
- Private networks
Commercid Data Management Systems for managing data sharing with data concurrency
Didtributed ~ electronic ~ financial  transactions
Truck/rail ~ shipment tracking
Widely used commercid software standards
Locd area networking
Display generation
File transfer
- Query languages
- Network protocol
Processes for evolving commercid  standards
IEEE, ANS|, 10, O
Low cost, integrated commercid products and systems
Display technology (flat panels, HDTV)
Automotive “avionics’ (engine control, navigation)

DOD should use commercid technology and products when implementing a Tacticd Warfare Systems
Information  Architecture.

Commercia industry has moved rapidly within the last 5-10 years to introduce a broad aray of computer
hardware, high-bandwidth communications products and protocols, distributed database structures,
standard user interfaces, application development tools, and object-oriented software tools. A state-of-the-
at Tacticd Air Warfare Systems Information Architecture would incorporate many of these features.

The key advantages offered by commerciad products lie in the areas of cogt, availability, and technology
insertion. DOD could avoid nonrecurring costs in development and upgrade, as well as recurring costs in
maintenance and testing since commercid interests would dready incur these as pat of a market-driven
investment. Other advantages in acquisition cost accrue through the existence of a large user base.
Findly, the commercid market, reacting to competitive pressures, will introduce advanced technology
expeditioudly.
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TACTICAL WARFARE SYSTEMS INFORMATION ARCHITECTURE

¢ Understand present and likely future commerciad capabilities and maich to evolving needs
* Give priority to the special set of information technologies stressed by military applications
Data and transmission availability, integrity, and security
Application-specific ~ data  compression
Searches  through massve ungructured data
EM1 suppresson related to commercid and military systems
Data links to mobile platforms
. Part|0|pate with the commercia sector in mutualy required information technologies
System  management tools for:
large heterogeneous  distributed  commercid  systems
distributed  mixed  military/commercid  systems
Network vulnerabilities
Specid  human-machine interfaces and data visudization
Object-oriented ~ software  technologies

Although the use of commercia technology and products by DOD in implementing a Tacticd Air Warfare
Information Architecture offers strong and distinct advantages over a purely Department devel opment
approach, it must be recognized that there may be a downside to the extensve use of commercia products
in military systems. Consequently, a DOD Information Technology R&D Straiegy is necessary.

DOD’s R&D strategy in this area should be to use its limited resources to address the customization of
commercia products to its needs.

R&D in support of DOD information technology must give priority to the specia set of information
technologies that are stressed by military applications. Generdly, it can be expected that a lower level of
data and network security and survivability will be achievable with commercial technology. Identical
commercia equipment will likely be as available to potential adversaries as to U.S. forces, alowing
knowledge of sdected applications approaches as a minimum. Specid efforts would be required to protect
and vdidate software from viruses and “Trojan Horses.”

DOD does not drive the commercia market. Therefore, to assure that its needs will be met, DOD must
participate with the commercial sector in the development of mutualy required technologies and
standards. For example, the DOD strategy should encourage industry to recognize that with modest
changes, the development of system management tools for large heterogeneous distributed commercia
systems will aso support distributed mixed military/commercid  systems. For those situations where the
products on the civilian market do not recognize network vulnerability, DOD should use its R&D
resources to address the problem. Findly, DOD must use its R&D resources to address its specid human-
machine interface and data visudization requirements that are not otherwise addressed by the commercid
sector.
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TACTICAL WARFARE SYSTEMS INFORMATION ARCHITECTURE
Recommendations:
. Exploit the commerciadl market to control costs and to stay modern
Participate in, and influence when possible, evolution of commercid standards
Edablish an early standard architecture now to get things moving - it will change no matter
how long we take
Trangition old systems on an as-appropriate basis, can be very expensive
Build custom trandators as gap fillers when necessary
Build new systems in conformance with tbe god architecture
Involve end users in a substantid manner so information architecture can follow evolving
warfare sysdem architecture

We believe that the DOD must exploit the commercia market to control costs and to stay modern.

The end users must play a significant role in the processes of establishing the architecture to assure
necessary support of military operations.

Most urgently, a standard architecture, consistent with an overdl DOD Information Architecture, is
needed to get things moving. Things will change no matter bow long DOD takes to do tbe job. The
longer it takes tbe more things will change.

A magjor problem will be the transition of existing or legacy systems. This must be done carefully. |If
improper decisons are made, the trandition process can become very expensive.

It may be necessary to build cusom trandators as gapillers. New systems will, of course, be built in
conformance with the goa architecture.

To do this DOD must, among otber things, participate in the process that results in the setting of

commercia standards and requirements so that, to tbe extent possible, the needs of DOD can be
accommodated.
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DOD TACTICAL INFORMATION ARCHITECTURE

RecommendedKey Rolesin I mplementation:
. CICS sts expectationgestablishes requirements for key components of the Tacticad Warfare
Infoxmation  Architecture
Establishes a warfighter-focused organization with technical  support
Reengineers  Military Operations to take advantage of information
Harmonizes doctrine and tactics with existing and emerging Systems
Vdidates through smulations and exercises
Experiments with commercid  components
ASD(C3I), with Service participation, initiates and oversees design and plan of the end-to-
end network for dissemination of Tacticd Warfare Systems Information Architecture
- Enforces architectura compliance and commercid utilization
Provides tools for implementation, test, and System management
Uses acquistion reform  techniques
Andyzes cods to transition existing systems
Funds exising sysem modifications as required

Siver Bullet?It'supto us!

We recommend the senior leadership of the warfighter and acquisition communities start work
immediately on a Tactical Warfare Systems Information Architecture consistent with an overall DOD
Information  Architecture.

The JCS should establish a warfighter-based organization, with appropriate technical support, to defme
the architecture in accordance with emerging operational concepts. A major part of this organization’s
role isto re-engineer military processes to take advantage of information and to validate these changes
through simulations and exercises. This effort should afford appropriate consideration of old DOD
information systems and aso the integration of commercid technology and products.

ASD(C3l) should assure that Service developments of both new systems and transition of old systems are
performed in accordance with this architecture.

ASD(C3l) should design and plan the end-to-end network for distributing Tactical Air Warfare
information. The ASD(C3l) must aso oversee the data processing activities associated with the Tactica
Warfare Systems Information Architecture. This should not be done as a “grand design” type of effort,
but should be managed through the use of standards, and by evolutionary acquisition.

ASD(C3l) should provide implementation tools, define test and system management criteria, and provide
appropriate funds to achieve necessary modifications to existing systems. The Services should be
responsible for implementing the architecture under ASD(C3I) oversight.

Architectures themselves do not necessarily lead to systems that meet performance objectives. Such
systems are only built with strong and constant involvement, at every level, by the Operationa
community. The JCS and CINCs should validate the architecture through simulations, experiments, and
operationa exercises. This type of development has been demonstrated recently in the combined Air Force
and Navy work on the JFACC in the exercises Tandem Thrust 93 and Ocean Venture 93.
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CAPABILITY TRADE-OFFS

Praoblem:
Tradeoffs are rarely conducted between different categories of weapons, systems, and

platforms
- No prevailing practice exists in DOD to strike an appropriate balance among different
ways to perform same function, eg.
Stand-off weapons and/or penetrating  platforms
Missles andlor arcraft
Tankers and/or fighter fuel capacity
- Narow look a systems leads to sub-optimization
Modelling and smulation technology available
Recommend:
Establish cross-category trade study process to achieve greatest Air Warfare effectiveness
Conduct under OSD auspices with Warfighter participation

Our Tactical Air Warfare assets generdly permit us to do the same job in many different ways.

Examples are. Standoff weapons and/or deep stealth platforms; platform range-payload
and/or tanker use to enhance range, air interdiction and/or surface-to-surface missiles, etc.
Although we atempt to optimize each of our individua system designs, we do a poor job of
tradeoff studies among different categories of weapon systems and platfforms to do the same
job
The technology for making credible trades is available

We strongly recommend that DOD mandate a cross-category trade study process, not only for systems in

acquisition, but also for modernization and resetting of force levels for systems in the inventory. This
should be an OSD function with Warfighter participation.
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RECOMMENDATIONS



TACTICAL AIR WARFARE SUMMER STUDY RECOMMENDATIONS

EQUIP THE FORCE:
Develop wide-area surveillance and targeting system that integrates and fuses mullti-
source data
Exploit UAV systems potentia now
Equip more arcraft for targeting and delivery of PGMs
Accelerate  PGM  development and  procurements
Ensure that GPS has adequate protection againgt jamming
Increase priority of improving air-to-air missiles
Maintain vigorous CLO hedge program
Continue ASTOVL technology effort
Focus aircraft commonality on common engines, avionics, weapons, and support

- LOGIST ICS:

Fix deficiencies in wartime logistics capabilities for planning deployments, tracking
shipments, distributing materid, managing munitions, and exercise the system
Eliminate excess industrid capacity

- Develop common aircraft support systems and improve automated diagnostic/
prognostics

EXERCISE OUR OPERATIONAL CAPABILITY:
Involve operationa commanders in development of new exercise environment that uses
distributed, connected live forces and Smulation to practice war

TACTICAL WARFARE SYSTEMS INFORMATION ARCHITECTURE:
Establish  standards for information architecture now
Develop end-to-end plan to implement architecture
Exploit commercial standards, products, and practices

- CAPABILITY TRADEOFFS:

Require cross-category  tradeoff  evauations

This chart reiterates our recommendations in summary form. Note that substantial and impartant near-
term gains in our tactjcal air warfare capabiliities do not require new aircraft_programszto be achieved .
Such gains can be achieved by equipping _our current force and improving the surveillance and targeting,
information  distribution, and logistics support systems, making those forces much more effective. We
must also exercise the resulting operationd systems in a redistic environment

The development of an effective end-to-end, wide-area surveillance and targeting system for both air-to
air and air-to-surface targets is essential. These systems should focus around AWACS and JSTARS,
respectively, and include rapid dissemination of multi-source surveillance and targeting data to al
elements of the force structure. This ultimate capability will require improvements and integration of our
current  surveillance and targeting systems and the development of a tacticd warfare systems information
architecture for effective and timely didtribution of the required data We aso believe that UAV systems
should be explored more aggressively. These systems offer the potential for operations over hostile
territory  with reduced vulnerability and risk.

It is criticd to our war-fighting capabilities to equip the eements of our tacticd ar force structure with
PGMs and the necessary targeting and delivery systems. To accomplish this, we must increase the
acquisition rate and total buys for PGMs and their targeting pods. More aircraft must be equipped with
the capability to effectively deliver PGMs under al operational conditions, particularly when confronted
with jamming of GPS. We must strive to achieve a stand-off all-weather PGM capability on a large
percentage of our tactical aircraft. Most importantly, moving and mobile targets must be addressed in the
detection-to-destruction target engagement cycle through a combination of off-board and on-board sensors
and secker capabilities in aea surveillance systems, delivery platforms, and wegpons.
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It is important to note that there is substantial payoff for PGMs in that they require fewer sorties to
achieve target destruction. In addition to aircrew lives and aircraft saved, cost savings result not only
from less munitions tonnage that needs to be delivered to the target, but also less fuel bumed for the
platforms required to go on the mission, aud for the supporting arcraft that are also required. This payoff
will have dgnificant impact on the logistics system needed to supply particular scenarios.

It is criticadl to fix deficiencies iu our wartime logistics capability. Logistics is a key to readiness and we
must reduce excess industrial capacity and exercise our logistics capabilities under realistic conditions
during  peacetime.

Our overdl Tacticd Air Warfare capability depends on effective utilization of aircraft, weapons, off-board
sensors, information digtribution, and logistics systems. We must have the capability to evaluate tradeoffs
between different combinations of these systems. The capability for effective cross-category trade studies
should be established.
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THE UNDER SECRETARY oF DEFENSE
WASHINGTON, DC 20301

ACQUISITION APR 22 1993

MEMORANDUM FOR CHAI RVAN, DEFENSE SCIENCE BOARD

SUBJECT:  Terms of Reference -- Defense Science Board Summer Study
Task Force on Tactical Air Warfare

You are requested to forma Defense Science Board Summer
Study (DSB) Task Force to review the nation's acquisition options
for tactical air warfare over the next 10 to 20 years as force
structure is drawn down. The DSB should then recommend pronising
concepts and technologies to pursue that may have high | everage
cost and effectiveness against forseeable threats. The scope of
your effort should include all warfare elenents to include new or
substantially upgraded combat and direct conmbat support aircraft
for tactical forces, avionics, weapons and system integration
requi rements, operational concepts and plans; target and
information requirenments; conmunications; command and control
interfaces; and air support requirements to include |ogistics,

and support (tankers).  An interim briefing report is requested
by 20 August with a final report to be subnmtted in the
Novenber/ Decenmber '93 tinefrane.

The DSB recomendations should address the follow ng
questions

Wiat concepts should be pursued to increase the
ef fectiveness of the resources dedicated to air warfare.

Are currently planned efforts to operationally integrate
tactical warfare assets adequate? |f not, what shoul d
receive increased enphasis?

- What are the key | everagi ng technol ogi es today that bear
on the effectiveness of tactical air mssions?

Are these technologies being adequately exploited to
reduce the cost of aircraft, or at least to mtigate cost
growth, as well as to enhance performnce?

- Wiat technology areas need increased R& attention?

Wiat is the proper balance anong weapons, sensors, and
aircraft perfornmance?



Is a Coomon Tactical Aircraft (CTA) feasible from both
the operational and econonical standpoint? Do current

factors (eg, force downsizing and reduced procurenents)

make use of common and nulti-mssion aircraft a preferred
approach?

Wiat is the nost cost-effective approach to tactical
support mssions such as reconnai ssance, electronic
count er neasures and early warni ng?

Are the requisite analytic tools and processes and
simulation facilities available to the government to get
answers to the foregoing questions and how can they best
be enployed to make objective trade-off decisions?

- What are the inplications of the recomrendations with
respect to industrial base and world conpetitiveness?

The » Tt
Director, Tactical Systems will sponsor and fund this study. Dr.

John S. Foster and Dr. Al exander Flax will serve as Co-Chairnen,
The office of the Director, Tactical Systems will provide the
necessary fundi ng and support contractor arrangenents. The
Executive Secretary will be M. Theresa Atkins and Commander John
Dever will Dbe the Defense Science Board Secretariat
representative. It is not anticipated that this task force WII
need to go into any "particular matter" wthin the meaning of
Section 208 of Title 18, U S. Code, nor will it cause any nenber
to be placed in the position of acting as a procurenent official.

n M Deutch
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INTRODUCTION

Purpose

The Defense Science Board Task Force on Aircraft Assessment! was convened to respond
to direction received from Congress in the Nationd Defense Authorization Act for Fiscd Year
1993, (Public Law 102-484). The Authorization Act requested that the Defense Science Board
address two issues that are related to the DOD Tacticd Aviation Modernization Program. The two
issues pertain to (1) potentidl common aircraft/avionics for use by the Navy and Air Force for
pardle missons, and (2) technica risk assessments for the F-22, F/A-18E/F, and A/F-X aircraft.
The terms of reference (TOR) for the Task Force from USD(A)/DDR&E  expanded the issues to
include consideration of the desirability of prototyping the F/A-18E/F and A/F-X aircraft2 The
four issues the Task Force addressed are:

Issue 1:  Assess the technical risks associated with the F-22, F/A-18E/F, and A/F-X.
Issue 22 Assess the advantages and disadvantages of prototyping the F/A-18E/F.
Issue 3:  Assess the advantages and disadvantages of competitively prototyping the A/F-X.

Issue 4: Assess the ways that current aircraft, upgrades to current arcraft, and new design
arcraft can be modified or otherwise adapted so that a single arcraft type can be
used by both the Air Force and the Navy in pardld missions.

Task Force Approach

The Task Force first met on January 21; OSD requested the report be provided on February
25. During this time the Task Force met seven times. Briefings and information were received
from the military services and OSD, and visits made to Lockheed Aircraft and McDonndl Aircraft
to receive further briefmgs and information on the F-22 and F/A-18E/F programs.3 The members
dso made use of other available reports4

Issues 1.2, and 3 are of more immediate concern. They are relevant to three specific
programs, the F-22, F/A-18E/F, and A/F-X. Issue 4 is more genera and was addr in the
context of longer-term trends in tactical aviation missions and force structure.

Condderable uncertainties exist in future arcraft acquistion planning. Radicd changes in
the internationdl scene, and resulting resppraisals of drategy, mission, and force levels are under
way. Because sudies being conducted on roles and missons and on the affordability of combat
arcraft forces had not been completed a the time of these assessments, the probable types and
numbers of combat aircraft to be acquired over the next two decades could not adequately be
factored into the Task Force's work

Program Descriptions

F-22 Program

~ The mission of the F-22 aircraft is theater air superiority. It is an essentidly new aircraft
that incorporates multiple advanced features, including low-observeble characteristics in a highly
maneuverable supersonic aircraft, supersonic cruise capability, two-dimensiona vectoring  engine

1 The Task Force members are listed in Appendix A

2 The congressional language isin Appendix B and the terms of reference are in Appendix C.
3 The Task Force scheduleis presented in Appendix D.

4 Those reports are listed in Appendix E.



nodes, software-intensive integrated avionics, and an extensive use of composite and |ow-

observable materids. The F-22 has been in Enginesring and Manufacturing Development (E&MD

snce August 1991. The advanced nature of the F-22 should be put into the context of the ri

reduction achieved prior to E&MD dat An extensve Demondraion and Vdidation (Dem/Vd)

g%gram was performed with competitive flying prototypes of the arframe/engine  configuretions
avionics flying testbeds including brass board components.

F/A-I8 Program

The F/A-18E/F is a multi-role fighter/attack arcraft for the Navy. It has been in E&MD
snce May 1992. In contrast to the F-22, the F/A-18E/F is an evolutionary development based on
the F/A-18C/D. The FA-18E/F arframe is a scaled-up verson of the F/A-18UD with a new
engine derived from the A-12 program and other recent engines. The avionics are planned to be
admost a direct cary-over from the FA-18C/D. Important performance gods are increases of 30
percent misson radius and 60 percent bring-back weight, and enhanced survivebility including
reduced signatures, relative to the F/A-18C/D.

A/F-X Program

~ The A/F-X is being designed as a multi-role atteck/fighter arcraft for the Na\g and a deep
interdiction aircraft for the Air Force in response to a joint operationa requirements document The
A/F-X is expected to have a new arframe configuration that incorporates advanced |low-observable
and aswociated materias technologies. The engine will be from a new generetion of engines
exemplified by dgnificant improvements in thrust-to-weight ratio and operation a hlﬁh leves of
turbine inlet temperature. The arcraft's avionics suite is expected to draw heavily on the integrated
avionics from the F-22 program. The A/F-X is being prepared to enter Dem/Val

SUMMARY

Issue 1 Findings: Technical Risk Assessments

The Task Force reviewed the technica risks associated with the three tactical arcraft
;?grams Because technical risk cannot be entirely separated from schedule and cost risks, the
Force aso examined those aspects of the programs. Sources of cost risk that al programs are
currently exposed to are the growth in overhead costs as a consequence of decreases in the
business bases of the prime contractors and suppliers, reductions in planned production rates, and
diguption of planned funding profiles for programs

_ Both the F-22 and F/A-18E/F programs could become budget-driven rether than event-
driven and may therefore encounter further difficulties. Funding of risk reduction efforts in E&MD
must be maintaned for the F22 and F/A-18E/F arcraft programs if program milestones and
technical risk reductions are to be achieved without undue increases in overdl program risk A
more detaled discusson of specific risk aress is included in the Discussion section,

F-22 Program

_ The Task Force views the area of highest technica risk in the F-22 program as the
integrated avionics and its associated integration software. Other risk areas include low-observable
materidls and dructures, engine durability, and weight and drag management, The Task Force
believes that the critical risk areas have clearly identified, are being addressed to the extent
commensurate with their importance and are being_adequately managed. Particular note is taken of
the extensve avionics f!ymfg testbed program. The compounding of the technical chalenges,
potential adverse economic factors, and cost uncertainties, as described in the first paragraph of
these findings, could pose serious risk to the program. The F-22 program was recently

rescheduled for funding and other reasons. The firg flight date was delayed 11 months. Further



sthedule delays at this time due to reduced E&MD funding are unlikely to reduce risks and will
increase Costs.

F/A-18E/F Program

Risks are seen as relatively low in the F/A-18E/F program due to the evolutionary
development nature of the arcraft. Risk areas include weight management, arframe materids, and
the new larger engine that is an outgrowth of the A-12 engine. The F414 firg-engine-to-test will be
in May 1993. Again, the Task Force believes tha the criticd risk areas have been clearly identified,
ae being addressed to the extent commensurate with their important, and ae being adequatgl(}/
managed. As is the case with the F-22, the FA-18E/F first flight has recently been rescheduled,
being extended by two months due to lower than planned appropriations. The previous discussion
of schedule and cost risk implications of program delays due to funding reductions is equally
rlevant to the F/A-18E/F program.

A/F-X Program

Because the A/F-X aJ()rogram is dill undergoing a design competition before Dem/Vd, it is
smply too ealy for the Tak Force to make a technical risk assessment of the A/F-X aircraf The
A/F-X mission requirements for both the Navy and Air Force appear to be achievable, and the
Navy is managing the program at this time to ensure adequate performance margins, including
carier uitability. Tradeoffs of codt, performance, and other requirements have been important
elements of the current phase of the program. Once prototype designs are submitted, a meaningful
asessment of the A/F-X arcraft's technica risk can be made. The planned Dem/Vd program
appears to be dructured to accommodate a substantia risk reduction effort

Issue 2 Findings: Prototyping the F/A-18E/F

The Task Force could not find any basis for prototyping the F/A-18E/F aircraft.. The
FA-I8E/F is not a high-risk program in terms of concept, design, performance or operationa
suitability. In many ways the H/A-18C/D can be considered a prototype of the F/A-I1 8E/F. The
aerodynamic and structura concepts for the F/A-18E/F ae essentidly the same as those of the
F/A-18C/D. Aerodynamic and other design models and tools used in the F/A-18E/F program have
been calibrated and validated using data from earlier F/A-18 flight testing. This has provided
information of the kind that would be avalable from a flying prototype. Technica risks remaning
in the program (eg., weight) can only be confronted in the E&MD program with E&MD-designed
hardware including flight-test aticles. E&MD flight testing using the first two flight-test articles
can provide sufficient information to assess important performance parameters prior to large
production funding commitments. The additiona costs (in time and money) of disrupting the

E&MD program and building additiona flying prototypes far outweigh the value of any potentiad
risk reductions.

Issue 3 Findings: Prototyping the A/F-X

Current A/F-X requirements call for alevel of design innovation that justifies aflying
prototype before the start of E&MD. The A/F-X program is planned to follow an acquisition
drategy for competitive prototyping of the arcraft during Dem/VdA. If the design competition
leading to Dem\vd provides a clear winner, then a single design could be prototyped. Because the
AIF-X islikely to employ avionics concepts and common equipment from the F-22 program,
avionics prototype testing in aflying teshed may be required only for selected components,
systems integration and software.



Issue 4 Findings: Common Aircraft/Avionics Programs

Aircraft used by more than one sarvice can result in lower development, production and
support costs. Multi-role aircraft within a savice achieve the same ends. The components of an
arcraft sysem (airframe, enl_%lne, and avionics) may aso be modfied to adept to a new misson or
to modemize the system. For example, avionics, which in recent years have on average been
modernized within a 10- to 15year cycle, may account for up to onethird of a fighter/attack
arcraft's system acquisition coss. The measures of merit to use in deciding whether to design a
new aircraft (or modl(l}/ an exiding arcraft) for multi-role or multi-service applications should be
mission effectiveness and life-cycle cost of the force.

Fectors that &fect these decisons include (1) misson assgnments of force dements within
the operational force dructure, (2) sze and compostion of forces required to meet nationd
drategies and objectives in the face of anticipated thrests, (3) timing and phasing of arcréft
programs, and (4) the current trend toward longer operationd life of arareft, induding upgrades.

In spite of the potential advantages of common aircraft, each service has had compelling
reasons to acquire some arcraft with characteristics primarily designed for its most demanding
missons, with minimum compromise  for multi-role or multi-service use. Navy arcraft must be
carier-suitable and the requiste gsructural and aerodynamic features must be part of the design
from the_ntglnnlng. Although these features impose weight, performance, and cost pendties over a
dmila a desgned for land operation only, higoricdly, vaiations in ship- and land-based
vergons have led to workable solutions for near-common missons.

~ The economic dimenson to acquistion decisons is enIarPed upon in the subsequent
discussons. In the future, the greater economic condrants and lower rates and quantities of
combat arcraft to be acquired will tend to make the use of common arcraft and/or component
subsystems more attractive than it has been in the past, athough this may require some

compromise in misson capahilities.

Although the A/F-X is 4ill in an early stage of development, the Navy and Air Force are
succeeding in arriving a a high degree of compatibility in the arcraft characteristics to meet their
respective misson requirements It I1s dso planned that this arcraft will incorporaie  avionics having
a subgantid degree of commondity with the F-22.

‘The multi-role F/A-18E/F is planned for accwisition b%// the Navy only. Although
geometricaly sSmilar in configuraion to the F/A-18C/D, the F/A-18E/F has a larger arframe and
engine and is linked to the F/A-18C/D mainly b{v} common avionics. The F/A-18E/F could be
employed by the Air Force for operation from |and However, it is subdtantialy heavier and
more codtly than the airceft the Air Force envisions as a replacement for its multi-role fighter/attack
arcraft (currently the F-16). A new multi-role fighter/attack aircraft is not expected to be required
to become operationa for perhaps 20 years. The Air Force, however, has proposed that the Navy
join it in examining the posshility of ‘a joint program to acquire such an arcraft, the Multi-Role
Fighter (MRF) in this longer time frame.



DISCUSSION

Technical Risk Assessments

_ The Task Force was asked to assess the technical risks of the F-22, F/A-18E/F, and A/F-X
arcraft programs. Technical risk is a subjective assessment regarding the likelihood or probability
of not achieving a specific objective by the time edablished and with the resources provided or
requested. It is dso usudly a reldive assessment in that one program can be viewed as lower or
higher risk than another. Since it is difficult to completely separate technical risk from schedule and
cost risks, the Task Force also consdered those aspects of the programs to the extent that they
might have significant impact on technical risks. For instance, sources of cost risk that all
programs are currently exPosed to are the growth in overhead costs as a consequence of decreases
In the business bases of the prime contractors and suppliers, reductions in planned production
rates, and disruption of planned funding profiles for programs.

The F-22 incorporates revolutionary advances in arframe, low-observable technology,
maneuverability, engines, materias, and integrated avionics systems. The F/A-18E/F, on the other
hand, is an evolutionary development of a scaded-up F/A-18C/D multi-role fighter/attack arcraft.
While the overdl arfrane dructure is amost completely new, the aerodynamic performance is
relatively well-understood because of extrapolation from the performance of the F/A-18C/D
design. Also, avionics is the same as on the F/A-18C/D, and the F414 engine, although a new
design, is derived from earlier engines, primarily the F412 designed for the A-12.

A great deal of risk reduction had alread?; taken place in both the F/A-18E/F and F-22
programs before ther respective E&MD darts. The F-22 E&MD was preceded by an extensive
Dem/Va program specifically designed to prototype the highest risk technical areas with
competitive ground and flying prototypes of the arframes, engines, and avionics (including flying
test beds). The F/A-18E/F bendfits from the application of F/A-18C/D experience, wind-tunnel
testing, and engine component testing. The following subsections contain comments on each
program concerning challenges that have been reveded during E&MD. Also noted ae the schedule
and cogt risk impacts of program changes which have affected both developments.

The Task Force believes it is too ealy to make a technica risk assessment of the A/F-X
arcraft because the design concept is not firm. However, it is not too early to comment on the
reldive technicd ambition of the A/F-X program implied by its misson requirements.

F-22 Program

The F-22 E&MD program has experienced difficulties typical of aircraft programs in
E&MD. Airfrance design refinements have had negative impacts on weight and drag. In particular,
“bumps’ resulting from the repackaging of interna systems have caused increased drag. However,
there is ill margin in currently estimated levels of weight and drag to meet the System Operationd
Requirement Document (SORD) and Approved Program Baseline (APB) performance goals.
Lockheed Aircraft has identified areas for additional fuel tankage as a hedge against possible
increases in weight., drag and specific fuel consumption (SFC) at misson design points.

The F119 engine began ground testing in December 1992. Difficulties reveded in ground
testing included performance shortfdls in the fan and turbine and high stresses in the second fan
blade and low-pressure turbine blade. L ower-than-expected fan efficiency presents arisk in
meeting subsonic SFC specifications. However, with identified planned improvements for several
components, SFC is predicted to surpass specifications. Overall engine weight is below
Specitication, but the nozzle is above its dlocation; because of the nozzle's aft locaion, this may
have implications for the arcraft's center of gravity (CG). The new materids technology associated
with the nozzle may present durability problems.



- The hi%h&q technica rik in the F-22 program stems from a new concept in arcraft
avionics - a highly integrated avionics funcionality expected to reduce pilot workload substantially
and provide the pilot with unprecedented situation awareness. During the Dem/Va phase of this
pro%raﬂ, dgorithms for data fuson and software development” were examined, and a flying
testbed was used to reduce the risk for some elements of the avionics. During E&MD @ new
computer processor is being designed, consderable software will be written and ground tested,
and avionics sysem and software integretion will be accomplished on the flying testbed before
integration into the F-22 aircraft. The newness of the concept (compared to the avionics
architecture of what is flying now) and the extensveness of the integration represent a technica
rsk that warrants continuing aggressve management atention.

~ Low-observable and other new composte materials present another area of risk, as is the
cae in most advanced low observable aircraft. The radar radome, which is pat of the arcraft's
integrated forebody, requires reatively risky materidsmanufacturing concepts that ded with the

offsetting requirements of radar detection range, aerodynamic performance, and redar cross
section.

The F-22 program wes recently rescheduled due to funding shorteges. The rescheduling
resulted in an 1l-month delay in the first flight dete (to 59 months from E&MD dtart, twice as long
as average recent experience) and an 18-month delay in the planned Milestone IIl daie. These
delays should not be miscongtrued as further reducing risks since resource shortages are not
dlowing known technical risks to be attacked as soon and as aggressvely as they could be. An
important exception is in the area of software and processing, where the contractor has maintained
the origind schedule and daffing plans.

Because certain fixed costs are associated with deveIoBment programs over their duration,
the schedule expanson will probably result in increased E&MD program costs. As in other current
programs, additional decreases in the business base of F-22 contrectors due to the cancellation or
‘extendon of other programs would result in additional cost risk, such a decreasecould adversdly
impact overhead burdens on the F-22 program.

F/A-18E/F Program

The F/A-18E/F has experienced typica development difficulties. The most serious technical
problem encountered is a shortfal in predicted maneuver performance at high angles of atack This
shortfal was discovered in wind-tunnd testing in June 1992. The problem has been addressed
thrgg?h redesgned fusdage Ieadirr]}g edge extensons (LEX) and atendant modification to other
affected parts of the aircraft. Unfortunately, a weight pendty of about 250 pounds is associated
with the new desgn; this represents a consderable portion of the 450-pound E&MD (pre-firg
flight) margin for empty weight. Although avionics software is a low-rik area for the HA-18E/F
program ?because most of it is carried over from the F/A-18C/D), software growth of

proximately 15 percent has dready been experienced in the combii F/A-18C/D and HA-18E/F
fort. Low-observable and other somewhat new compodite materias present another area of risk.

Component testing is well underway in the engine program for the F/A-18E/F. The firg

F414 engine to ted is scheduled for May 1993. Tedting to date indicates that thrust and SFC

ormance should be met. One problem that emerged during testing was a shortfal in predicted

frecture mechanics life of the stage-one disk This problen can be addressed through shortened
ingpection intervals (1,000 flight-hours versus the specification of 2,000 flight-hours) or through

desgn changes with smdl weight pendties.
~ The previous discusson of schedule and cogt risk implications of program changes for the
F-22 is equdly relevant to the F/A-18E/F program. The F/A-18E/F's fird flight dete has only been

dretched-out two months so far during E&MD from 42 months to 44 months. Additiond program
changes due to insufficient funding could increase program risks,



A/F-X Program

Because the A/F-X program is ill undergoing a design competition before Dem/Va, it is
simply too early for the Task Force to make a technical risk assessment of the A/F-X aircraft. The
A/F-X mission requirements for both the Air Force and Navy appear to be reasonable and
achievable, and the Navy is managing the program a this time to ensure adequate performance
margins, including carier suitability. Tradeoffs of cost, performance, and other requirements have
been important elements of the current phase of the program. Once prototype designs become firm,
a meaningful assessment of the A/F-X arcraft's technica risk can be made. However, the planned
Dem/Vd program including prototype flight tests appears to be structured to accommodate a
substantial risk reduction effort.

Summary

The Task Force congders the F-22 to have higher technica risk than the FA-18EF. It is
the judgment of the Task Force that the F-22's and F-18E/F's criticd risk areas have been clearly
identified, are being addressed to the extent commensurate with thelr importance and are beiig
adequately manﬁed. There is a danger that both the F-22 and F/A-18E/F Programs may become
budget-driven rather than event-driven and may thereby encounter further difficulties Full funding
of E&MD for the F-22 and F/A-18E/F arcraft programs is required if program milestones and
technical risk reductions are to be achieved.

Common Aircraft/Avionics

Multiple applications of aircraft/avionics  and other maor components are fundamentaly
related to cost-savings or affordability issues but the effect of such a drategy on the effectiveness
of the force dructure relative to other options must be carefully weighed. Key factors affecting
cost-effective choices of aircraft systems include:

misson assgnments of force eements within the operational force structure,

Sze and compostion of forces required to meet nationa Srategies and objectives in the
face of anticipated threats,

timing and phasing of arcraft programs, and
the current trend toward longer operationa lives of a&raft, including upgrades.

With the radicd changes taking place in the intenigtiond community, and the regpprasas
of force levels and co?os’tions in light of these changes, the studies of roles and missions and of
affordability of aircraft force structures under way will have a major effect on the types and
numbers of arcraft to be acquired over the next severd decades.

Common Aircraft and Parallel Missions

The use of common aircraft has two dimensonsthe use of common arcraft for parald
missons across militay services and the use of common arcraft within a sarvice for multiple
missons. Both uses can reduce overal development, production, and support costs. Aircraft may
be adapted or desgned in severd versons from the outset to perform multiple missons within a
sarvice or pardld missons across services. The measures of merit to use in deciding whether to
desgn a new arcraft (or modify an exiding aircraft) for multi-role or multi-service applicaions
should be mission effectiveness and life-cycle cost of the force

Criticd misson requirements and design condderetions can dictate whether a particular
arcraft has the potentid for other missons within a service or sSimilar missons across Services.
The sarvices experience has been that some, but not al missons demand arcraft whose design is
sIrongI?/ focused on a single mission with minimum multi-role  compromise. The two most notable
exanples ae theater-level ar superiority (dominating arspace over hodile territory and over



friendly territory) and deep drike. In both cases, life-cycle cost must consider outside support
required to peform the misson effectivey-air refueling, defense suppression, escort, airborne
surveillance support, and overhead support- Since both missions must be performed deep in
hostile territory, outside support can be difficult and costly to achieve and may result in high
dtrition in supporting  forces.

The specialized aircraft that fulfill the most demanding missions (e.g., theater air-
Superiority and autonomous deep dtrike) make up the high end of the force mix. Multi-role and
multi-service  arcraft have been successfully employed in the less-demanding aspects of both air-
to-ar and ar-to-ground missons, these arcraft conditute the low-end of the force mix. Within
their own domains (i.e, ar-to-ar or ar-to-ground), the high-end arcraft could fulfill most of the
less-demanding missions. However, because low-end multi-role aircraft have historicaly cost half
as much as high-end aircraft (e.g., F-16 vis-a-vis F-15). they have provided a much more
afordable means of providing an adequate force structure.

‘ Modern aircraft designed for the air superiorit,{ role have been successfully adapted to the
ar-to-ground mission to include pat of the deep-strike misson. The high thrug-to-weight ratio
and low to moderate wing-loading characteristics of an ar superiority design provide the ability to
cary dgnificant ordnance loads while preserving the maneuvering performance needed to enhance
survivability. The avionics suite needed for a modem ar superiority arcraft provides flexibility to
adapt to air--ground demands. Both the Navy and the Air Force adapted the F-4, originaly
designed as the Navy's primary ar wafare aircraft to an ar-to-ground role. However, the reverse
is not true deep drike or attack optimized arcraft cannot be modified to an ar superiority/ar
warfare role

Similarly, naval aircraft must be designed first and foremost to be suitable for aircraft
carier operdtions. The requiste sructurd and aerodynamic features must be part of the design
from the beginning. These festures impose weight, performance and cost penalties over similar
arcraft desgned for land operations only. Carier-suitable Navy arcraft have been successfully
used by the Air Force in the middle range of mission demands (the F-4 and A-7 are notable
examples), but there are no examples of Air Force arcraft being modified to Navy carier-suitable
missions.

The most unsuccessful common use attempt was the effort to field a truly common, multi-
role, multi-service aircraft, the F-111 program, which attempted to span too large a range of
disparate missions. In the end, the aircraft was considered unsuitable for both Navy carrier
operations and Air Force multi-role operations. After extensive and costly modification, the arcraft
became the most capable degp-drike arcraft. In the end, the common, multi-role design became the
Air Force's most specidized, single sarvice, singlerole arcraft fulfilling what was the origind Air
Force mission requirement for the F-111A (athough it was later modified again to the EF-111).

Another trend of importance has been a ggnificantly extended useful operationd life for
fighter aircraft. Up to the 1970s. fighter arcraft tended to become obsolete in therr primary design
mission in five to ten years. In contragt, the F-15 and F-14 have served as the Air Force and Navy
primary ar superiority/ar warfare arcraft for amost twenty years and must continue to serve thet
rolefor at least another ten years. The F-22 will then assume that role for the Air Force. The
previous plan was for a nava variant, the NATF, designed for carrier operations, with common
engines, avionics, and low-observable and arframe technology, to serve the Navy's future high
end air superiority needs. The A(F-X iscurrently planned to complement the F/A-18E/F in the
Navy's ar warfare missions.

Table 1 presents past, present and future Navy/Marine Corps and Air Force tacticd arodft
and possble future options of upgrades and new designs as they relate to missons. In the 1970s
there were gpproximately two dozen arcraft types in this matrix; now there are about one dozen
As the table indicates, possble future options might result in further reductions in type, dthough
such reductions should not be judged on the bass of commondity aone. Compromises ae made
in misson effectiveness to achieve arcraft/avionics commondlity.



Table 1. Aircraft-Mission Match

2020s
Mission 1970s 1990s Modern Aging
T A Superion
Air Force F-15, F-102, F-15A/C F-22 F-15C ?
F-104, F-106,
F-101B
Navy/ Marine F-14, F-4, F-8 F-14A/D F/IA-18E/F, AIF-X F-14?
Strike/Attack
Air Force F-111, F-100, F-I5E, F-117, A/F-X F-15E, F-117
F-105, A-7, A-10| F-111, A-10
Navy/Marine A-6, A4, A-7, A-6, AV-8B A/F-X
AV-8A
Multi-Role
Air Force F-4 F-16A/C MRF F-16C ?
Navy /Marine F-4 F/A-l1 8A/C F/A-18E FA/-18C ?

Equally important with the application of common aircrath the application of common
arcraft components provides opportunities for life-cycle cost savings. Maor components (engines,
arframes, avionics, and wegpons) may be integrated in differing overal sysem configurations.
For tactical fighter/attack aircraft, engine Research, Development, Tes and Evduaion (RDT&E)
and unit flyaway costs may account for 1520 percent of total vehicle system codt, with avionics
typicdly  accounting for 25-35 percent. Thus, it is possible that up to 50 percent of vehicle system
RDT&E and flyaway costs may be based on common component development and production
even with differing airframe configurations. There are many examples of successful common
component gpplications, particulaly a long history of multiple engine Saetozs)lications going back to
the firs generation of J33 and J35 turbojets; The TF-30 engine was used in the F| 11, A-7 and
F-14A. More recently, the F100 engine was used on models of the F-15 and F-16 arcraft, and the
F110 engine, on models of the F-16 and F-14 aircraft Numerous similar examples exist for
electronics/avionics  equipment.

Possible Common Aircraft/Avionics Options

The cost-effectiveness of using common arcraft/avionics for a specific gpplication will

depend upon the degree to which costs savings and other commondity advantages are offset by the
disadvantages inherent in - commondlity.

Program managers, if given the choice between off-the-shelf or new common aircraft
equipment will usualy make a decison from a program perspective and not the full life-cycle view
of the system user or the overdl DOD budget impact. It is essentid that the technical “price” of
using common items be carefully evaluated in relation to the full life-cycle cost savings
implications. The ability of common items to ease system integration, reuse software, avoid
development duplication, lower production cost, and reduce support cost must be fully weighed
againg the inefficiencies (lower performance, higher weight, etc.) that may be introduced by using
common items. Table 2 lists some advantages and disadvantages of aircraft/avionics commondlity.



Table 2, Advantages and Disadvantages of Aircraft/Avionics Commonality

Advnntuges Disadvanusg

» Decreased development cost and technical risk * Aircraft/avionics mission performance, weight,
through reduction in systems, subsystems or and volume will be less than optimum for a
components that must be developed given application

 Decreased production costs through economies * Military application of technology may not
of scale advance as rapidly

 Decreased operating and support costs by * Administrative burden to achicve an effective
reduced spares costs and test equipment needs common equipment program acTosS weapon

« Reduced avionics software and integration costs platforms and across services may be significant
and technical risks through use of standard  Some loss of industrial infrastructure may occur
interfaces and protocols provided by common with fewer suppliers
modules and by increased software reuse « Specific problems in design, manufacture, and

* R&D technology base funds can be beuer operation can affect more programs
focused on critical technology issues by the * Cross-service logistic infrastructure requirement
reduction of duplication of systems/subsystems may increase costs

| acToss. services.

_ The area of avionics needs careful examination with regard to upgrades of existing systems
in the future. Electronics technologies can provide a common integrated architecture and alow
commondity a the module level while sill achieving technology advances in selected modules
through pre-planned  product improvements. Such a standard architecture has been defined by the
Joint  Integraied  Avionics  Wor |23 Group (JAWG). W|th|n-j>latform avionics commondity is
more reedilé achieved, as exemplified by the wide application of JAWG common modules within
the F-22, e it is generdly consstent with the contractor and government program managers
objectives. Across-program commonality (such as applying F-22 avionics modules to the A/F-X)
is more difficult because it requires coordination across program offices and makes the following
program dependent on subsystems and technology thet may be viewed as obsolescent and less
subject to control by the program manager.

The potentid for the cogt-effective gpplication of amogt identicl arcraft and components
for a variety of missons and in varying environments depends in huge measure on how dissmilar
the missons the arcreft is intended to perform are. Also important is the degree of overlgp or
complementarity of other arcraft types included in the overdl force dructure in which the specific
arcraft is to be included. Mgor tactors influencing costs are the numbers to be produced for each
misson category or service environment and the timing and phesng of programs. If smdl
numbers of arcreft are to be produced for each misson or sarvice, then the relative advantage from
RDT&E cods in common will offsst to a condderable extent the potentially higher unit costs
(“technica pricg” and non-optimized unit cost) of a single arcraft system or component to perform
wdl in multiple missons and multiple environments. Another important factor is the phasng of
force modernization across the services and misson areas. Although a new arcraft design may
have the potential for application across missons or services, there may be no near-term need for a
new aircraftin more than one gpplication

~ The Task Force hes identified severa possble future options for common arcreft in both
the high and low ends of the arcraft performance spectrum, for subsystem upgrades to current
arcraft, and for new design aircraft, although most of the options do not reflect current
requirements or planned acquistions of this sarvice.

For Upgrades to Current Aircraft:

- Navy F/A-I8E/F upgraded with modemized avionics for future Air Force multi-role
fighter (ar superiority and ground atack) for the low end of the force mix
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- Air Force growth F-16 upgraded with modernized avionics for Air Force multi-role
fighter for the low end of the force mix.

For New Aircraft:

- A/F-X for the Navy and Air Force high end of the force mix to serve as the future
ground atack and interdiction arcraft In its multi-role Navy verson it would aso
sarve as the Navy's future air warfare aircraft. The Navy and Air Force are working
jointly on this Navy-led program. The A/F-X avionics can be derived from F-22
JAWG-type avionics.

- Multi-Role Fighter (MRF) is being considered for the low end of the Air Force
tacticad ar force mix for both ar superiority and ground attack The MRF program
is intended to dtart toward the end of this decade or beginning of the next decade. It
could aso serve the Navy as a replacement for the F/A-18 if designed from the
outset for carrier suitability. (Airframes might differ to a considerable degree but
this is not a given, however. Both services could use the same engine and
avionics).

- F-22 upgrade to perform the Air Force high end of the tactical aviation ground
atack role (smilar to F-15E upgrade from F-15C) and/or F-22 avionics upgrade to
perform an electronic combat role.

The current common-use aircraft program, the A/F-X seems reasonably well on track.
Although both services seem committed to a common-use design, it is far too early in the program
to make jud?ments about the outcome. Both services will clearly need a follow-on deep drike
arcraft to replace the aging A-6 and F-I 11 and eventudly the F-I17 and F-15E.

That leaves the posshility of a multi-role common-use design as a follow-on to the F-16
and F/A-18. Again, it is far too early to make jutcijgments about the prospects but past experience
gives some indicators of the prerequisites for, and likelihood of success. If, as is likely and
prudent, the requirement includes advanced low-observable characteristics, the follow-on would
need to be a very sgnificant departure from ether arcraft. At the same time, the follow-on needs to
be sgnificantly lower in cost (nominaly hdf2 than the F-22 or the A/F-X to provide an affordable
force. Given that aggregate force misson effectiveness and life-cycle cost are the relevant measures
of merit, the development cost savings from common aircraft use may not be sufficient when
measured againgt totd force life-cycle cost and misson effectiveness consderations. It is too early
to make decisons about commondity and effectiveness tradeoffs, prior to a design competition of
competing  concepts.

Prototyping

A common definition of a prototype as a representative working model used (1) to reduce
technical risks in a new system or subsystem, (2) to answer design questions to some degree, and
(3) to provide necessary confidence before moving to the next phase of a system acquistion with
better technica, schedule, and cost information and estimates for the system.

Both ground and flight prototype testing in the Dem/Vd Phase reduce the technicd risk of a
program, thereby reducing the schedule and cost risks in proceeding to E&MD (and production).
Prototyping does not eiminate technical, schedule, and cost risk-that is why there is an E&MD.
Prototypes cost money and take time-sometimes they argustified and sometimes not, dependin
on the degree of technicd advance sought in a system or subsystem, the nature of the techni

risks and the codts of risk reduction at various stages of an E&MD program.

Flying prototypes may fulfill a number of requirements in a development program and
provide data in a variety of ways to reduce technical risks, as listed in Table 3.
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Table 3. Flying Prototypes Provide Data to Reduce Technical Risk
Flying Avionics .
Characteristic Aircraft Engines Testbed
Acrodynamic Performance Substantial Substantial N/A
Weight Data Limited Limited Limited
Flight Control Functions Substantial (FBW)* Substantial (FADEC)® N/A
Avionics Functions Limited Limited Substantial
| Engine Performance Substantial Substantial N/A
Signature Possible/Substantial Possible/Substantial® Possible
Airframe Integration
Structure Some€ Some® N/A
System Some Some N/A
Durability Limited Limited Limited
Producibility Some Some Some
Some Some Some

a FBW gandsfor fly-by-wire.
b FADEC standsfor full authority digital engine contral.
¢ Limited in recent prototypes.

d Boilerplate structure often used.

In some cases, prototypes may demonstrate and validate certain system performance and

mission capabilities or indicate their deficiencies early enough to permit design revisons before
large expenditures are committed to E&MD. However, the more complete and representative of the
find production ?/stem the prototypes are to be, the more of the totd detailed design and preflight
development and integration effort (including extensve ground testing of components) must be
completed before prototype construction and the greater the cost incurred. Caried to the limits of
completeness and verigmilitude, a prototype can be essentidly equivdent to the flight test arcraft
inthe E&MD program.

PreE&MD  prototypes in the recent past (the YF16, YF-17, and YF-22) have not been
complete system prototypes but rather have been bare air vehicles. They have served to verify
aerodynamic  and flight control characteristics, and arframe-engine interactions affecting flight
vehicle peformance and operation. They did not demondrate or vaidate misson avionics and
weapons-delivery capabilities, nor, for the most pat, did they vaidate the dructurd integrity or
weight of the final production arcraft since ther structures were not completely representative nor
was there sufficient intensity and repetition of loading of the airframe to establish long-term
durability and fdi%ue life of the arcreft. Ground tests typicaly carried out as pat of an E&MD
program provide the only development tools available for establishing long-term structurd  integrity
of the arfrane and durability of the engine before accumulating thousands of hours on operationd
arcraft. Pre-E&MD prototype vehicles whose aerodynamic configuration and flight control
characterigtics are very smilar to the fina arcraft can vadidate, and may in some cases modify and
improve the accuracy of magnitude and distribution of flight loading (Steady, vibratory, acoudtic,
and transient) to which the structure must be designed. Also, aerodynamic interactions of the
airframe and engines can be assessed with greater accuracy than provided by wind-tunnel and
ground engine test cells. The likelihood that these characteristics will be sgnificantly different in
prototype flight test from those derived from engineering andyses, wind-tunnel, and ground test
depends on the degree to which arframe and engine depart from prior recent design configuration
and operating regime experience.

Prototypigg of various systems and subsystems may be considered for reasons other than
technical risk reduction. These include permitting preliminary testing or demonstration of
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operationd utilization and in some cases obtaning technica information needed in development
(eg., quaification testing) ealier and a lower cod than by dternaive means. There ae dso
reasons why pre-E&MD flight prototyping may not be desirable, particularly when technica risk is
redaively smdl and time and money Is better used in the E&MD program addressing the overdl
development process. Table 4 summarizes advantages and disadvantages of flight test prototyping.

Table 4. Advantages and Disadvantages of Flight Test Prototyping

Advantages Disadvantages
- Reduces technical risk in testbed features - Up-front investment can be substantial
- Provides better technical, schedule, and cost | - Scheduleto Initial Operationa Capability (10C)
information and estimates of testbed features can be longer

- Allowsjoint ventures and design and - Slows momentum of program
management teamsto work together early inthe | - Fight datamay not significantly alter wind-

é)rogram_ _ tunnel and engine ground test characteristics for
- Can provide data on flight envel ope not conventional designs
available from wind-tunnel tests (aerodynamic| - Final E&MD design may differ substantially
and engine performance, flight controls, - Critical structural and other life-cycle
airframe/engine interface) characteristics of aircraft andengine not

validated by prototype flight tests

Whether  competitive Iprototyp&s (which, unless substantial contractor financial  participation
is forthcoming, are more costly) should be used may be more an issue of acquistion drategy in a
particular program than a question of technical risk reduction. On the other hand, it may be both
necessary and desirable to pursue evaluation of competitive prototypes as an important element of
an acquisition J)rogram, particularly if they embody significant departures from recent design
experience and also differ substantially from one another. Table 5 summarizes advantages and
disadvantages of competitive prototyping of flight vehicles.

Table 5. Advantages and Disadvantages of Competitive Flight Prototyping

Advantages Disadvantages

- Expands the choices for the government; could| - Increases developnt cost
result in better product. (best of two versusbest | - Increases length of schedule

of one) - Government/contractor interaction lesss focused

- Product could be |ess expensive » Requirements  growth harder to control

- Contributes to industrial base maintenance g -

- May detract from more critical risk reduction
- Encourages "best efforts'@by contractor teams e ;
- Increases chances of solving key problems. gfggrgsrm gtrilgr?g Subsystems in ground tests

a F-22 was result of extraordinary effort by Lockheed late in tbc program. Without YF-23 competitive pressure,
YF-22 prototype program would likely have accomplished considerably less. However, this competition was
conducted under fixed price contracts and involved considerable contractor funding of the effort.

Lessons From Recent Prototyping Experience

When dggnificantly new versons of arfrane and flight control system configurations are to
be developed, preE&MD  prototypes serve as a powerful tool for risk reduction. However, for
arcraft systems dmilar to aready flown and operationd arframe and control configuraions and
subsystem characteristics using existing engines or derivatives or modest incrementa modifications
of such engines, the benefits of preE&MD prototypes may not aways jugtify the price in cost and
schedule delay (which can aso trandate into cost). Thus, for example, there was no preE&MD
prototype for the F-15 and little indication that such a prototype would have served a useful
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purpose. Mogt of the development and operationa problems encountered with the F-15 would not
have been revealed during test of apreE&MD prototype. (The F100 engine for the F-15 was a
dgnificant step in engine technology and had a competitive ground test prototype program before
full-scde  development).

On the other hand, the F-16 embodied radicaly new aircraft stability interactions with
dectronic  flight control (fly-by-wire) in combination with novel aerodynamic configuration
features. Clearly the F-16 could be sad to require a prototype test Similarly, the F-22 represented
a pioneering efort to integrate low-observable characteristics into a supersonic and highly
maneuverable airframe configuration, and incorporated a number of aerodynamic and engine
integration festures outsde the redm of previous arcraft design experience. Again, prototype flight
testing was a prudent step in the development. The point isthat air vehicle prototypes are not
uniformly cost-effective as risk reduction tools in a development program. Their relative vaue
depends on the degree to which the arframe configuration and engine indtallation features depart
from the domain of recent experience.

Within the context of this knowledge, the Task Force examined possible prototyping
strategies for the F/A-18E/F and the A/F-X.

Prototyping the F/A-18E/F

The Task Force could not fmd any basis for introducing flight vehicle prototype into the
F/A-18E/F arcraft at the present stage of its E&MD program. The F/A-18E/F is not a high-risk
program in terms of concept. design, performance or operationa suitability. In many ways the
FA-18CD can be considered a prototype of the F/A-18E/F. The aerodynamic and structural
concepts for the F/A-18E/F ae essntidly the same as those of the F/A-18C/D. Aerodynamic and
other design models and tools used in the F/A-18E/F progran have been cdibrated and validated
usng data from earlier F/A-18 flight testing. This has provided information of the kind that would
he avalable from a flying prototype. Technical risks remaning in the program (e.g., weight) can
only be confronted in the E&MD program with E&MD flight-test articles. The additional cogts (in
time and money) of disrupting the E&MD program and building early flying prototypes far
outweigh the value of any potentid risk reductions.

Milestones and exit criteria within the F/A-18E/F's E&MD phase can serve as necessary

control points for committing large amounts of funding to production and Sgnificant production
uantities. The N Progran Review-l (NPR-1) is the first program milestone associated with
the commitment of long-lead production funding. TheNavy plansto have completed an early
operational assessment of the arcraft design based in pat on flight performance of the first two

E&MD arcraft prior to NPR-1. While some schedule adjustments may be needed to NPR-1 to

accomplish this, the program phasing should continue to alow for sufficient evauation of flight
test and other data to provide sufficient confidence in the arcraft desgn and mission performance
prior to commitment to production funding.

Prototyping the A/F-X

Current A/F-X requirements call for alevel of design innovation that justifies aflying
prototype before the start of E&MD. The A/F-X programis Planned to follow an acquisition
strategy that could accommodate competitive prototyping or the airframe and engine during
Dem/VaL If the design competition leading to Dem/Val provides a clear winner, then only a sngle
desgn might be prototyped. Because the A/F-X is likdy to employ avionics concepts and common
equipment from the F-22 program, avionics prototype testing in a flying testbed may be required
only for selected components, systems integration and software.
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CONGRESSIONAL LANGUAGE
Defense Authorization Act for Fiscal Year 1993
(PL 102-484)

Section 902 Tactical Aircraft Modernization Programs.

(a) Funding Limitation Pending Certain Actions-

(3) The Secretary of Defense has submiitted to the congressond defense
committees the technical assessments of the Defense Science Board that are specified in
subsection (d).

(b)  Applicability-Subsection (a) gpplies to the following tecticd aradt programs.
(1) The F-22 Advanced Tacticd Fighter (ATF) program of the Air Force
() The HA-18E/F fighter program of the Navy
(3 The A-X medium attack arcraft program of the Navy.

(d) DSB Technical Assessment - The technical assessments to be undertaken by the
Defense Science Board for purposes of subsection (a)(3) ae the following:

(1) An assessment of the ways that current aircraft, upgrades to current aircraft, and
new design aircraft can be modified or otherwise adapted so that a single aircraft type can
be used by both the Air Force and the Navy in pardld missons.

(2) An assessment of the technical risks associated with the three tactical aircraft
specified in subsection (b).
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DI RECTOR OF DEFENSE RESEARCH AND ENGA NEER NG

WASHINGTON, DC 20301-3010

5 JAN 1993

MEMORANDUM FOR CHAI RVAN, DEFENSE SCI ENCE BOARD

SUBJECT: Terns of Reference -- Defense Science Board Task Force
on Aircraft Assessment

Section 902(d) of the National Defense Authorization Act for
Fi scal Year 1993, Public Law Nunber 102-484, provi des as foll ows:

' (d DSB  Technical Assessnent.- The technical assessnents
to Dbe wundertaken by the Defense Science Board for the
purposes of subsection (a)(3) are the followng:

(1) An assessnent of the ways that current aircraft,
upgrades to current aircraft, and new design aircraft can be
nodified or otherwise adapted so that a single aircraft t?/pe
can be used by both the Ar Force and the Navy in paralle
m ssi ons.

(2) An assessnent of the technical risks associated wth
the three tactical aircraft in subsection (b)."

Additionally, page 210 of the Senate report on the
Departrment of Defense Appropriation Bill, 1993, Report  102-408,
requests that the Departnent  provide:

~ (d) the results of an examnation of the advantages and
di sadvantages, especially in terns of program cost,
schedule, and technical risks, of prototyping the F18EF
and of conpetitive prototyping of AX  this examnation nust
be conducted by an independent organization in no way
connected w th the Navy;"

| request you organi ze a Defense Science Board Task Force to
conduct these technical assessments. Copies of the appropriate
sections of the Public Law and report |anguage are attached.

The scope of the Task Force effort should include the
following considerations:

1. AX, F-22, & FIA-18FE/F: The DSB shal | exam ne the _
prograns, plans, schedules, funding, and the maturity
of "the level of technology associated wth AX F-22,
and F/A18EF prograns and assess their feasibility of
nmeeting their stated technical and programmatic
obj ecti ves. AX and F/A18EF (QOCEA and AX Devel opnent
Q)Jions Sudies wll be briefed by the Ny as part of
the review of the requirenents. Level of " technol ogy



for stealth, avionics & sensors, airframe, and engine
features will be viewed in terns, of meeting schedul es,
costs, and requirenents. Conpetitive protolyping on.

A-X and prototyping of the F/A18E/F wll be assessed
to determne its inpact on risk reduction with regard
to potential cost inplications.

2, Qurent Aircraft: The Navy and Air Force wll brief
the DSB on Pre-Planned Product |nprovement (P3l) and
nmaj or Enclyl neering Change Proposals (ECPs) planned for
current Ttactical " attac /fl%hter aircraft. Included for
current aircraft will be the F-15, F-16, AV-8B, F-14,
F-117, F-111, A-10, A-6, and F/A-18 aircraft. Some
upgrades/ modi fications will jnclude new or inproved
avionics and engines. The DSB wll assess the
technical merits of further nodifying these aircraft to
meet ot her service needs, the attainéd risks, and the
overall feasibility and desirability of such
conmonal i ty. In perforning tasks 1 and 2 above, the
DSB will consider. the current and projected threat; the
current and projected force structure along wth
aircraft and mssions as indicated by the Joint Staff
report, The DSB will report whether the technol o% and
potential threats warrant any reconsideration of the
aircraft mssions inlight of° potential cost savings
and/or enhanced warfighting capability, afforded by new
technol ogy.

In order to neet the requirenents of section 902(d)r t he DSB
should submt its final reﬁor by February 24, 1993. he report
should be so constructed that it can be submtted to congress
W'tfhout t,corrpromsing any proprietary data or conpetition sensitive
| nformati on.

The Director, Tactical Systems wll sponsor this Task Force.
Dr. John S. Foster, Jr. and Dr. Alexander Flax will _serve as Co-
Chai r nen. CAPT  Eric  Vanderpoel, USN will be the Executive
Secretary and CDR Stephen N._Wley, USN wi|l be the DSB ,
Secretariat  representative. The Director, Tactical Systems will
make arrangenents and provide _fﬁlndl n% for a suggort contractor,
should one” be required, and will fuid all necessary travel.

Victor H Rels

Attachments



APPENDIX D
TASK FORCE SCHEDULE



TASK FORCE SCHEDULE

21 January 1993 Institute for Defense Analyses, Alexandria, VA

0830 Kick-off - Dr. Foster
0830-0845 Standards of conduct Brief - Mr. Cd Voss
0845-0915 Executive Sesson - Led by Dr. Foster
0915-0930 Terms of Reference - Mr. Frank Kenddl
0930-0945 Break
0945-1145 Missons and RequirementssUSN& USAF
1145-1245 Lunch
1245-1445 Missons and RequirementssUSN& USAF
1445-1500 Break
1500-1630 F-22 Program-Program Manager
1630-1730 Executive Sesson

22 January 1993 Institute for Defense Analyses, Alexandria, VA

0800-0830 Executive Session

0830-1000 F/A-18 Program - Program Manager
1000-1015 Break

1015-1130 Other Navy Upgrade Programg/Activities
1130-1145 Working Lunch Set Up

1145-1300 Other Alr Force Update Programg/Activities
1300-1430 AX Program

1430-1445 Bresk

1445-1615 AX Program-Program Manager

1615-1700 Executive Sesson

4 February 1993 Lockheed, Atlanta, GA (F-22 Program)
0800-1230 Group Morning Sesson & Working Lunch
1230-1730 Split Technicd Sessions

5 February 1993 McDonnell Douglas, St. Louis, MO (F/A-18E/F Program)

0800-1230 Group Morning Session & Working Lunch
1230-1730 Split Technicd Sessions

11 February 1993 Institute for Defense Analyses, Alexandria, VA
0830-0930 Executive  Sesson
0930-1030 Gen. Lary Wech on padld misson aeas
1030-1100 F-22 Alternative Misson Discussons
1100-1300 JAWG Briefing
1230-1300 Working Lunch
1300-1400 USAF View on Commondty (F-16 to MRF)
1400-1500 Executive Session
1500-1515 Break

1515-1730 Exenutive Session



12 February 1993

0800-0930

09454000
1000-1030
1030-1200
120011230
12304700

18 Februar
0800450

1993

TASK FORCE SCHEDULE (CONT’D)

Institute for Defense Analyses; Alexandria, VA
AJF-X SubGroup | Briefingin IDA SCIF (Foster, Flax, Welch,
Sylveter & Military Advisors

Executive session

Affordability-USAF& USN Cost Data [AP&PI]

DSB Executive Session

WorkingL unch

DSB Executive Session

Institute for Defense Analyses; Alexandria, VA
DSB MembersReview DSB Report and Prepare Briefing
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JOINT ADVANCED STRIKE TECHNOLOGY PROGRAM (JASTP)



OFFI CE OF THE SECRETARY OF DEFENSE
WASHINGTON, D.C. 20301-3140

DEFENSE SCIENCE 2 DCT Bga

BOARD

MEMORANDUM FOR UNDER SECRETARY OF DEFENSE (ACQUISITION)
THRU CHAI RVAN, DEFENSE SCl ENCE BOARD ZP¢/C

SUBJECT: Tactical Warfare Panel Comments on Joint Advanced
Strike Technology Program (JASTP)

This menorandum responds to your request for comments on the
Joint Advanced Strike Technol ogy Program (JASTP). W& welcone
this opportunity, since we share your desire and strongly support
your efforts to establish a structure that will provide needed
focus for technol ogies that could support devel opnent of new
strike systens. agree that JASTP is an appropriate vehicle to
provide that focus. In this memorandum we wll (1) relate to you
our understanding of what JASTP is, (2) describe sone additional
factors you may wish to consider about the program s franmework
and relations to ongoing exploratory and advanced devel opment
activities, and (3) offer sone suggestions with regard to
managenent of the program

Ve understand that JASTP will focus on bringing to fruition
the aircraft oriented technologies that wll support devel opment
of new strike platforn(s) to include denonstrations of critical
conponents and subsystens. Also to be included are air-Ilaunched
weapon and delivery capabilities and surveillance/target

engagenent system interfaces necessary for effective strike
system operations.

Future mlitary situations will be nore varied and |ess
predi ctabl e than those we anticipated in the past in dealing with
a Soviet threat. V¢ bel i eve that substantially different systens
are required to provide a diverse array of options for dealing
with this new defense environment. V& believe too that advanced
t echnol ogi es could at the sane tine provide us with alternatives
that lead to very different technical-mlitary opportunities.

Wth new and different system requirenments and new and different
technol ogies available for incorporation in new systenms, we
bel i eve an exceptional opportunity now exists to explore the

options more fully to seek to develop the nost effective and
af fordabl e sol utions.

W believe that devel opment of the next strike system nust

consider a broad range of concepts for acconplishi ngD strike
warfare mssions. Consideration nust be given to a Dbroad range

of alternatives, for instance, a mx of off-board and on-board



sensors and informati on processing. Further, there should be a
full explorati on and devel opment of strike system technol ogies

focused on designing for produci bi l'i ty/ supportability/
depl oyabi lity.

The JASTP needs explicit attention to the devel opnent of
operational concepts. Devel opment and advancenent of QOperational
concepts should be equal in priority to advancenent of

t echnol ogy. Ve, therefore, recomend that developnent and
denonstration of operational concepts should be a keK obj ecti ve
of the denonstration prototypes. It would also be hel pful to

establish a focal point for operational concepts in each Service.

Sustai nnment of program support and interest requires the
definition of specific goals. These goals should be products
associated with a well-defined schedule. For initiating the
program we woul d suggest the follow ng interactive processes be
carried out to define and plan the program | eading to conponent
and subsystem advanced devel opnents and denonstrations:

Definitions of alternative operational concepts to
achieve needed capabilities,

| dentification of preferred system concepts,

- ldentification of the technologies that support
preferred system concepts.

In particular, in setting up prototype denonstrations,
discipline should be exercised to [imt the scope of any
dermonstration to one or at nost two ngjor innovations.

The Task Force considered the relationship of JASTP to a nunber
of ongoing progranms that are ained at next-generation aircraft
and associated avionics and weapons that would feed into,

conpl ement, or be conplenented by JASTP. For exanple, the
Integrated H gh Performance Turbine Engine Technol ogy (IHPTET)
Program is a conprehensive engine technol ogy program spanning 6.2
and 6.3 activities and intended to provide ngjor inprovenents in
aircraft engine performance by the turn of the century.

Simlarly, the Joint Integrated Avionics Wrking Goup
(JIAWG is intended to establish conpatible architectures and a
common nodul ar approach to aircraft avionics. Al though at
present the long-term success of this approach across the
spectrum of aircraft systens is not apparent (it having been
i mpl emented nmainly in F-22 avionics), the general concept appears
to have nerit and it should continue to be pursued with such
nmodi fications as may be found necessary. JI AWG does not
enconpass nmjor sensors such as radars, and JASTP should assure
adequate coverage of these mmjor subsystenms as well as other
components particularly with respect to their application to |ow
observable platforms. JASTP should, especially initially, extend
and hel p provide focus for such programs as technol ogies advance
toward nmaturation and application. The technology prograns



should provide roadnmaps to JASTP indicating the proper
relationship between their ongoing and planned activities and
JASTP.

Finally, we note that the planned managenent of JASTP is
based on estabalishing a |ead-service for the total program to be

rotated every three years anong the services. Thus far the
nature and scope of this overall nmanagenent function does not
appear to have been defined. It seems to us that there is little

to be gained by integrating detailed program managenent of such
diverse technologies as propulsion and avionics and such diverse
advanced conponents as radars and jet engines in a single office
until such time as the integration into devel opnent of particular
aircraft systems is inmnent. W woul d suggest that the JASTP
overal | managenent serve primarily for resource allocation,
delineation of requirenments and standards, and overall program
planning and coordination and that this joint program managenent
function report directly to the Ofice of the Secretary of

Def ense. This overall joint program managenment should serve as a
focal point for JCS/CINC and service views on operational factors
and requirements.  Specific mgjor technology and conponent
programs should be managed separately b?/ j oi nt offices with |ead
responsibilities and rotation cycles any) assigned to
particular services as appropriate to the nature and schedul es of
appl i cations, relationships to other ongoing technology prograns,

and the availability of the technical and managenent resources
needed in program offices.

We woul d be happy to discuss our thoughts with you at vyour.

conveni ence.
Pﬁﬁw« '7L13'7—£"’ y

John S. Foster, Jr.
Co- Chai r man

s
@w@,‘gfzf
Arexander [ ax

Co- Chai r man



