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Disclaimer

2025is a study designed to comply with aeditive from the chief of staff of the Air

Force to examine the concepts, capabilities, suhnologies the Unitedt&es will

require to remain the dominant air and spéaree in the future. Presented on 17 June
1996, this report was produced in the Department of Defense school environment of
academic freedom and in the interest of advancing concepts related to national defense.
The views expressed in this report are those of the authors and do exit tfegbfficial

policy or position of the United States Air Force, Department of Defense, or the United
States government.

This report contains fictional represations of future situations/scenarios. Any
similarities to real people or events, other than those specifically cited, are unintentional
and are for purposes of illustration only.

This publication has been reviewed by security and policy reviewoatgs, is
unclassified, and is cleared for public release.
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Executive Summary

Power pragction is critically dependent on niliy forces. The air mobility system
should be capable of supporting nationalechyes from humanitarian, nonhostile
operations through armed conflict. e@Gause of operational constraints that include
evolving threats and reduced extermdfastructure, the airlift system in the ye025
should be independent ofefte-basing structure. International political changes will
likely necessitate the basing of most, if not all, kiffitary forces in the continental
United States (CONUS). However, thislwmot end the requiremerfor a global US
presence. Although the prolidi of directforeign military threats toour interests may
be slight, Air Mobility Command (AMD), the air transptation arm of US Tramrtation
Command, must be prepared to conduct global aiilityobn a daily basis. In addition,
AMC must continue to support humanitarian aréqgekeeping missions in both benign
and hostile environments. These expanding requirements deattantbn. This paper
proposesechnologically feasible concepts t@et the air mality requirements posed by
probable US national obgtives in the yea025 The employment and integration of
technologies that exist today, along with those thitdevelop by the yea025 will
allow the concepts proposed in this paper to meet future needs.

A number of assumptions were made to narrow the focus of this paper. First, the
recommendations herein assume no traditional intratheater airlift iilgpabThis

assumption addresses a worst case scenario and drives our requiremext ofetirery
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from CONUS to the war fighter. A corollary to this assumption is the belief that the
availability of overseas basing will continue to decline, thersessitating longnrefueled
ranges, limited rateriel on gound, and the decreasedlityt of Civil Reserve Air Fleet
(CRAF) assets. Secondly, this paper assumes that any lift ildgpaktraneous to
traditional air-beathing plaiorms is the purview of other Air Forc2025 projects.
Therefore, our primary concern with other lift assets is the intermodality and
interoperability between systems in an overarching logistics framework.
Consideringechnologies that should be available in the &5 several possible
systems are evaluatddr their applicaity and usefulness to the airlift missi. Of
these, a combination of large airships and both powered and unpowered unmanned aerial
vehicle (UAV) delivery platforms appear to provide theagest ulity.* This system,
operating in conjunction with existing airframesgl|l wse a geatly inproved command,
control, communications, computers and ligence ((fl) system to provide clear and
continuous command and control as well asalicommunication with the customer. In-
transit visibility will provide the user/war fighter invaluable insight and enhance his
operational capability. Commuation with the user/war fighteribalso provide for the
delivery of personnel and equipmenteditly where needed within 10 meters of the
target. System costs will adverselyedaff the development of any new system, tloeeg
the Air Force will be required to depend on research, developmenpraahaction in the

civil sector.
Notes

! Throughout this paper the term “unmannedh be used vice “uninhabited.” For
our purposes, vehicles are unmanned.
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Chapter 1

Introduction

No matter howgood the armed forces are, they are of no value if they
cannot be in the right place at the right time and in the right numbers to
get results.

—Adm James R. Hogg, USN
“Reinforcing Crisis Areas”

The single biggest deficiency in the Department of Defense is lift.

—Gen Ronald R. Fogleman, CSAF
Address to Air Forc025Participants

With the successful end of the cold war and the achievements of Operation Desert
Storm, the United States armémces find themselves firmly established as the world’s
preeminent militaryforce. These successes have led to an increased willingness by the
national command authorities (NCA) to deploy forces throughout the world to meet
national objectives. Plausible future scenarios indicate an increase in this tendency for
involvement: A dilemma exists, however, and threatensrtdermine America’snilitary
strength even while the evidence of that strength is undeniable. That dilemma is air
mobility. The arrent air mobity system will not sipport the air logistics requirements

we are likely to face i2025



This paper addresses this dilemma. Through an analysis of thdlitapabquired
by the air mobility customer in the ye2025 the required attributes of the air nilip
system are identified. A system and concept of operations are then proposed that will
best meet customer needs while employing systems arithdlegies currently in
development and those that will be available by the §63& Our thesis is that the air
mobility conceptsproposed in this paper, in conjunction with the employment and
integration of innovativetechnologies and systemsillvallow the United $ates to

adequately meet future national objectives.

Notes

! Lt Col Robert L. Bivins et al., “2025 Alteate Futures,’unpublished white paper,
Air University, n.d. This paper outlines possible future scenarios for the 2025 project.



Chapter 2

Required Capabilities

The United States requires an air iligb capability to deployrobust and flexible
military forces that can accomplish a variety of tasks. These tasks include deterring and
defeating aggressn, providing a credible overseas presence, countering weapons of mass
destruction, contributing togace operations (multilateral and unilateral), amgperting
counterterrorism efforts. This capiip will still be necessary in2025 but the air
mobility system must be carefully developed and nurtured.

In the past, the US military failed to maintain the airlift capability required to meet
identified requirements.Even today, concerns remain as to whether our airlift déipab
can meet the increasing number of requirements.litaky officials admit that even if
they can buy as many C-17s as the Air Force wants, thérgtilvbe a needfor more
airlift as the US withdraws from bases overse€asThe pending retirement of the C-5,
C-141, and much of the C-13@#dts, the aging of remaining air nildy assets, and the
requirement to replace thdoeementioned in what are likely to be austere economic
conditions, are among the challenges facing the airiligobystem. To met these

challenges, an analysis of the customers, their needs, and the attributes required of the air



mobility system oR025is necessary and serves as the foundation upon which any future

airlift system should be built.

Customer

The military airlift systemgpportsattaining national objectives contiously through
all levels of conflict. “The primary respongity [sic] of America’s military is to eter
potential adversaries or fight and win wars decisivdlJé meet these rpensiblities,
the airlift system supports the following: Wdlitary and civilian agencies, allies, friendly
and other foreign governments, multinational organizations, nongovernmental
organizations, private volunteer organizations, and other entities deemed necessary to
support national obgtives. Due to the unique air nilidfp capabilities of the United
States, it is often the only option for meeting these customers’ air mobility‘heeds.

In meeting the needs of the customer, the airlift system nalasess two primary
problems. The first is the horizontal problem eftopg persnnel and raterielfrom their
locations to the theater of operations in a timely fashi The second is the vertical
problem of transferring personnel anateriel between the airlift plesrm and surface
mediums. It will be imperativéor war fighters toaccess an efficient system to have

materiel delivered directly to the battle area in a time-sensitive manner.



horizontal
problem

vertical
problem

Theater/Battlespace

Figure 2-1 Horizontal and Vertical Problem.

The airlift system is composed of internal systems including airlift platforms,
infrastructure, and payload operations control. These systems must merge with both
commercial and military lad, sea, and sge lift systems t@rovide continuous mality
support. In providing this support, airlift operation @mploy a variety of pldorms. To
best serve the airlift customer, it is imperative that these platforms be part of a seamless
mobility system capable of operating throughout the spectrum of conflict.

History has frequently shown the need for deploying forces in a timely fashion over
great distances and inufficient numbers to achieve a credible numerical advantage.

Currently, personnel andateriel are not only deployed to theater staging bases but are



also transshipped to the employment loaati In the past, the US has been able ¢ater
a “safe” theater transshipmentfrastructure. However, it is a slow, labor-intensive
process to move personnel andtarielfrom the stategic to tactical cargo movement
mediums for delivery to final destination. Even today, we canrestrthe battlespace
demands of immediate and direct delivery of personnel and materiel.
By 2025 due to the proliferation of weapons of mass destruction as well as the high
potential for a worldwide revolution imilitary affairs, there will be a drastic increase in
the speed, efficiency, and lethality of baftleConcomitant with these increases is the
need for rapid support to the war fighter. Modern conflict has coatplil thisoroblem
by creating a rear battle area that is much more vulnerable, thereby denying the assurance
of a safe transshipment infrastructure. According to Dr. Eliot A. Cohen, rear area
security may no longer be possible in as few as 20 years due to the “precision revolution,”
the emergence of alternative forms of air power (such as UAVSs, cruise msilg¢sand
the changing nature of platforms resulting from the increased udeatths range, and
information powe|7. These wartime challenges are compounded by the need to respond
to natural and man-made disasters, nation assistance, and additional operations other than
war. Meetingour nation’s complex air mdlby needs in time of bothanflict and peace
requires a flexible and responsive system designed to enhance the abilities of the user.
Recognizing the evolving battlefield requirements and ilbplzonstraints, the US
Army is adapting to improve its caphbties while reducing the imgct of moliity
constraints. “Force XXl will be a more mgce-efficient Army, with capabilities
enhanced through information agehnologies. It W allow us toproject power into any

area of the world more quickly, more effectively, and with greater efficiency as part of a



joint effort.”® However, Army modernization cannot overcome many inevitable
constraints. “The Army of 2010ilvbe based primarily in the continental Unitetht®s.
While we will continue to maintain a minimérward presence in some parts of the
world, we will depend on a combination of airlift and sealift to execute theomMsti
strategy.® If the war fighter is to succeed, the airlift system madstress the customers’
needs and not expect the customers to sacrifice their itdgmdor the sake of

eliminating air mobility constraints.

Required Attributes

The air mobility system 0f2025 will provide three basic functions: personnel
delivery, cargo delivery, and aeromedical evacuation (AE).adapmplish its mission,

the following air mobility system capabilities are proposed.

Table 1

Measures of Capability

Capability Measures
Point of Use Delivery within 10 meters of designated targe
Long Range 12,500 miles unrefueled
Total Resource Visibility | Near-real-time information
Interoperability Standardized containers
Survivability Standoff range of 150 mifes

Threat detection/defeat within 150 miles
Infrastructure Less is better

Notes: a. Based on no in-theater basing and multiple delivery points.
b. 150 miles provides over-the-horizon protection up to 20,000 feet.



Point of Use Delivery and Extraction

“The giant airbases of today will become the bomberetertes of a future war-®
Although the world envisioned in 1958 by General P. F. Zhigarev has altered
dramatically, the prejcted lack of established basésr transshipment and the
vulnerability of forward bases to diverse #ats vill require the capabilityfor airlift
systems that can provide eat deliveryfrom CONUS to the point of intended use, and
direct extractionfrom those operational sites without the avalilgbof an established
support infrastructure.

“Precision airdrop is a critical Air Force caplap.” **

Personnel and equipment
must be delivered with essentially pinpoatcuracy. Aircraft security can be greatly
enhanced if the airlifter can perform its delivery mission while remaining at “standoff”
range from the hostileattlespace. To best serve the war fighter, delivery accuracy of 10
metersfrom the intended target is required. The delivery system can be either powered
or unpowered, such as a parasail or rigid-winged glider/container (a smart box that
directs itself to a specific destinai). Current systems continue to be highbcicurate,

are susceptible to wind and altitude variances, and require the cargo aircraft to fly
through or above the that airspace, increasing the aircraft’s vulnditglio hostile fire.
Although grossly exaggeted, a Pentagon source highlighted the need for increased
precision by stating that when t8pped from altitudes of 10,000 ft, to stay above anti-
aircraft fire, the parachuted supplies would be lucky to hit Yugosld¥iafh fact,
accuracies achieved during Operation Provide Promise were significattdy than this

estimate and showed jrovement throughout the operation. These improvements

however, were more in line with the 350 yards from target (when dropped from 1,100



feet) required by Air Force radlrop standards’ These standards will not bafficient
for operations ire025

Like delivery, extaction of cargo and persnel could occur in hostile and austere
environments with no runways available. Proposedaetitm systems W allow the
airlift platform to recover personnel andatariel wihout landing. Bcause most
operations dictate retrograde at a lower rate than the actual deployment, not every

mobility platform would be required to accomplish direct extraction.

Long Unrefueled Range

Due to progcted CONUSforce basing in2025 the United States may lack
established airfields in-theatdor transshipment points. To peagt power globally,
strategic lift plaforms will need anunrefueled round-trip range of at least 12,6@&s™*
This will allow deploymenfrom CONUS bases dictly to the theater of operations and
return without refueling. Air refuelingistill be a requirement to increase the flexibility

of the air mobility system and allow changes to occur en route.

Total Resource Visibility

Total resource visibility (TRV) wilprovide visiblity of all resources from acquisition
through employment to all command and control elements. Additionallyl iallew
cognizant authorities to redict in-transit cargo anddops as needsdaate. Alhough
several improvements are underway, current in-transit iifisil{ITV) systems can
identify in-transit payloads only by specific aircraft and mission number, and are limited

in their ability to adapt to rapidly changing situati&lrﬁsDuring Operation Desert Shield,



the time-phased force and deploymeatad(TH-DD) could not identify the imgct of
altering the sequence of deployment on military operations and led to detrimental
decisions without comprehensive anal;}gis.The TPFDD and other Joint Operation
Planning and Execution System databasegaujected to be inerporated into systems
such as the Global Command and Control System (GCCS) wilichesge it with other
databaseb’ Although the GCCS as currently designetll greatly enhance existing

capabilities, it will be insufficient for future TRV needs.

Survivability

Air mobility planners have not adeapely considered the first principle of logistics of
the former Soviet Union, “The organization of the rear musecefihe character of the
war and the nature of the fightin” Along with this concept, current air doctrirtates
that “Logistics capabilities must be designeduo/se and opeate underattack; that is,
they must be designed for combateetiveness, not peacetime efficien&ﬁ’/.”Through
the year 2020, the notional ategic cargo airlift capaltly calculations to spport
national objectives rely exclusively on largegngentional airlift platforms. These
platforms incur substantial constraints resulting from weapon system vulingrab
infrastructure requirements, aterial handling equipment (MHE) needs, and other
limitations. In addion, the pragctions do not acunt for unanticipted plafiorm
attrition, airframe gentrification, or significant forward-basing restrictions.

Increased reliance on the civil reserve air fléERAF) for mollization and
expanded commercial transport support could result in the costs of CRAkzamiob

exceeding those that are acceptable and in preventingrdjection of USmilitary
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power.20 In addition, over-reliance on CRAF could hindereetive reponse bymilitary
forces, resulting in interests vital to the United States beingmnised. Although this
may be a very stressful scenario, it must be considered.

In an effort to address the abdireitations, the airlift system must be ableptoject
forces into the forwardditlespace. “Our vital interests—those interdéstswhich the
United States is iling to fight—are at the edpoint of ‘highways of the seas’ or lines of
strategic pproach that sétchfrom the United &ites to the farthest point on the globe.”
Lacking secure rear areas of opematithe airlift platforms must be survivable under
potentially hostile circumstances.

Depending on the sophistition of the threat, the hostile emonment could extend a
considerable distance from tlaetual battlespaczé. The size and importance of airlift
platforms present a very lucrative target to both ground and emtthr To be effective,
they must be able to detect armlinter these threats either by direct active measures or
by avoidance. Also, support systems and equipment must be able to survive in hostile
environments to include those contaminated by nuclear, biological, and chemical agents.

In order to help counter the abovedats, airlift platorms, diect delivery systems,
and unmanned combat aerial vehicles (UCAV) must incatpotetinologies such as
“low observables,” multispectral sensors, and directed energpome%f’ According to
the Advanced Research Projects Agency (ARPA), advances in coatings, materials, and
design will lead maufacturers away from radical designs like the F-117 and B-2 shapes.
The future will see smaller, more subtle changes and aircraft designers will be able to treat

less different airframes and get equivalent performance (to todaglghsshapes). It will
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be a healthy competition between materials and coatings, at least among US

competitors’

Intermodality

Intermodality is a basic requirement for airlift systems. Cargo must be configured for
direct transfer between air,nd, sea, and sge lift systems and operational use at
delivery destination. 8cause we anticipate the requirement to trarisnilitary cargo
on commercial carriers of all mediums when possible, military payloafigaration must
comply with national and international standards. Through cooperative international
development, these configurations also alloweatisynergisticigpport among operational

allied, coalition, and US forces.

Modularity

The platform payload intemte wil allow selected payloads trovide diverse
mission capabilities to the airlift pfarm. The airlift platform Wl be capable of
passenger, cargo, and aeromedical evacuation configurations. Additional payloads, such
as power generation, information support, or maintenance systémpsmarily enhance
the airlift platform. Other payloads may include special mission configurations, such as
reconnaissance, or dlixry capabilities such asffensive and defensive weapon systems.
Also, many special purpose operations such as psychological operations, aerial spraying,
fire fighting, and developmental test and evaluation can be supported through modular

configuration of airlift platforms. Since the airlift platfornilivibe supporting these types
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of users, it must be equipped with very robust power, oxygen, and cooatioimi

systems in the event of simultaneous taskings.

Interoperability

Interoperaliity is the capacity to seamlessly inaet with all airlift system customers
and operational partners. The US mobility system will afgewith commercial systems
globally and conduct multinational operations. The airlift system compondihtsew
designed to maximize compatibility with airlift system gqmments and payload
configurations of other government and pti organizations. The development of
universal standards and compatible equipment by international transportation
organizations shouldliminate most inteperaliity problems due to equipment and

payload.

Responsiveness

At the outset of war, time is the supreme factor. Do not let us forget that
the aggressor is also concerned with the time factor; he is ready,
otherwise he would not have provoked armed conflict; he inevitably
hopes and plans for a gpk decison, since no one would wish for a long
war if it could be avoided; moreover he wants a decision before his
opponent has had time to turn his capg into the new activities which
war calls for.

— Lord Tedder

Responsiveness alludes to timeliness. It is thétyalbo deliver persnnel and
materiel exactly when and where the user requires therhough speed from point A to
point B is important, it is of little use if arrival time at the battlefield is delayed by

repackaging or transshipment. In light of this, airlift needs a faster shipment “system” as

13



much or more than faster aircraft (Fig. 2-2). Other enhancements such a#itihéoab
change the place of delivery while the mensel or nateriel are erroute will also

improve responsiveness.

4000
3500
3000 4+
2500 4
2000 4+

1500 4 )
Airship

1000 & Oblique WIUAVS
500 L TAV Wing

0 f } }
-500

Sea lift

Tons

C-5

0 2.29 3 4 10

Days

Notes: Responsiveness - time for cargo to move from point of origin to point of use in days.
Except for airships with UAVs, all cargo must be moved from point of origin to airfield
(approximately 24 hours).

C-5s and airships with UAVs deliver to point of use; cargo moved via other systems
must be transshipped in theater (approximately 24 hours).

Times do not include airlift platform preparation times.

In-flight times based on 6,000 miles one way.

Figure 2-2. Responsiveness

Cost

To be effective irR025 the airlift system must meet airlift requiremenisotighout
the airlift operational spectrum. These missions have vastly different operational
requirements such as responsiveness, volume, and defensivéiteegpalksiven a finite
supply of labor, energy, andateriel, the United Statebauld field an airlift system that
considers cost factors in determining the mix of airlift fplahs and support systems.
Also, cost factors should be considered whetednining policy, particularly when vital
interests are not at stake. These costs, while primarily monetary, also involve the

expense of political capital as it relates to the itizaltion of reserve and CRAF assets.
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Therefore, the airlift systemillvbe composed of botkechnologically evolutionary and
revolutionary systems that optimize capability and costs within the constraints of the

timeframe considered.

Other Considerations

Airlift platforms will most likely be required to employ systems that comply with
international environmental restrictions andim@aate existing negative effects.
Propulsion systems should reduce #xceptable limits or eliminate negative
environmental effctsfrom hypersonic systems. The cafigbwill exist to engineer
systems to elimate noise pollutn. These include managing boundaryeet to
eliminate sonidoooms. Mterials tebhnology wil be able toproduce structures composed
of compositions that elimate the requiremeiffior scarce resources. Airlift @t transfer
and short takeoff and landing/vertical takeoff and landing (STOL/VTOL) systems can
eliminate requirementdor extensive concerdated terminal fatties and naterials
handling and storage infrastructure, thus reducing resources demand, urban development
congestion, and air traffic congestion.

The need for airlift support can also be reduced significantly through other efforts.
System designs should incorpte the capaliy to perform multiple functions and use
electronic transfer to allow these systems to repair andtepdhpalities. These options
will eliminate extensive logisticsupport and airlift requirements. In additioactive
search methodsillvidentify alternate ®urces of materiel in the theater of operations,
determine acquisition options, determinggort operations, andirinate many airlift

requirements. At the operations-other-than-war end of the airlift spectrum, air mobility’s
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ability to “show the flag” will continue to demonate government-to-government and
military-to-military relations. These can be much more visible pogulation and usually
much less threatening to a populace than the naval presence of a carrier batffe group.
The required capabilities of the air mobility systen2@25have been identified as
follows: point of use delivery and extramti, long unrefueled range, total resource
visibility, survivahlity, intermodality, nodularity, interoperaility, responsiveness, and
cost. Each serves an integpairpose in a synergistic whole. If the air ntigb tasks
required to meet national objectives 2025 are to be accomplished, each of these

capabilities must be present in the air mobility system.
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Chapter 3

System Description

The following platform options were evalied in light of required capéibes to
determine their place in the Air Miliby system of2025 They include transatmospheric,
hypersonic, and supersonic vehicles, airships, in-groumaiteffings, very large aircraft,
and unpowered and powered delivery systems using both manned and unmanned
technologies. In addition to platform options, additional equipment such as standardized
cargo containers and on-boardateriel handling equipment required to operate these
platforms are described below and teehnologies required are icdted. The required

capabilities identified in Chapter 2 will determine the best mix of options.

Transatmospheric (TAVS) and Hypersonic Vehicles

There have been two noteworthy attempts to develop a transatmospheric vehicle
(TAV) to provide an airlift platform that eets the rapid in-transit ©@snse criteria for
high-priority payloadé. The advantages of TAV systems include decreased vulnerability
due to the lack of en route infrastructure and suppoiities It is intended that the
TAV incorporate the envonmental support systems teeet crew, system, and payload

needs while employed in exoatmospheric operations, including the capafulitieew
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transshipment infrastructure or platform replenishment support. The TAV allows
transport of cargo to any location globally within one hour from departure.

Unforturately, the projected TAV tebnological requirements and operating
parameters make this aircraft infeasitlle mostmilitary payload requirements. Albugh
TAV sorties could reach any location on earth in boar, payload size would bienited
to 10,000-to 30,000-pound capacity. In addition, typical TAV requirements include
conventional runways of at least 11,508eff and extensive specializedipport
infrastructure as well as an extensive turnaround time to prepare the vehicle for another
mission (anticipated to bepproxinately five daysf. TAVs should have the capibty
however, to deliver limited payloads quickly once the vehicle is prepared and the cargo
loaded. While certainly suited for small, notional six-ni@am delivey, this vehicle is

unlikely to be used for movement of moderate to large payloads.

Supersonic Transport

Force progction depends on delivering pensel and/or rateriel where they are
needed in the shortest time possible. The best militaayegies and tactics are of little
value if the right soldiers, weapons, and supplies cannot be in the aglet il the right
time. Consequently, the movement of personnel and equipment at supersonic speeds is
alluring. Two possible options for supersonic airframes are the “standard” Concorde SST
(supersonic transport) design and the unique oblique flying wing design.

While Europe’s Concorde has logged more than 100,000 supersonic flight hours
(more than all the military services combined) in its 20 years of commercial service, its

100-passenger capacity is much too smalhftitary trangort use’ However, in addition
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to the US, both Europe and Japan are spending significant time and money researching
supersonic transport vehicles thall warry up to 300 passengers, a size that could have
military applcations. In additin, market research for supersonic travel has shown that if
the price of a ticket could be brought to within 10-to 20 percent of current subsonic fares,
there would be a substantial market. “Studies show a potential high speed aircraft market
of 315,000 passengers per day by the year 2000, and 600,000 per day by 2020. To meet
this demand, 500-1,000 high speed civil transports would be ne&dEuis current civil
attention is advantageous since the cost of research and develtpmaarmraft design is
prohibitive for the Air Force. At an “estmted cost of$15-20 lilion to bring a new
supersonic transport to market,” it is imperative that the Air Force depend on the civil
sector for overall desigh.

Unforturately, even civil sector attention is no guarantee. Large leapshinalegy
are required to build an environmentally safe supersonic airlifter at a price the struggling
airlines could afford. Although some scientists are confident that environmental barriers
can be overcome and noise reduction ideas for takeoff and landingonk, there is
much work to do in the development of advancedemals. “Needed are ceramic matrix
composites that can withstand the prolonged high temperatures in the new engine
combustors, and lightweight, durable composites and super alloys for the airframe and
engine components to hold down the airframe’s weight and fuel consumbtieweh the
application ofmilitary sensortechnology replacing windows with computer displays to
reduce weight is still in its infancy. hdugh new designsilvhave longer ranges than the
Concorde, they ditcome far iort of the desired 12,001ile unrefueled range. “Current

SST designs have a range of 5,500-6,000 nautiges and requireé,000 neter (13,000
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feet) Iongrunways.’7 This obviously @ces a restrictiompon how far it could go and
where a military SST would be able to opex. The needbr a truly long-unrefueled-
range aircraft is unlikely to be met by a supersonic transport by th@@2ar

Oblique wings may provide more efficient supersonic flight. lifeary studies
indicate in direct comparison with the Boeirdj7, that the oblique wing may be 16-30%
cheaper to fIy.8 Like the “standard” Concorde design, for an oblique wing to be
practical there must be a need torgaa large number of passengers. “A passenger or
cargo carrying wing would have to be aboue@&tfthick to allow people to std, and this
in turn dctates a 5@oot chord and 500 foot wing span. Such an aircraft would be able to
carry more than 500 passengegrs]”he vehicle would fly about a 60-degree angle at top
speed of between Mach 1.6 and 2.0 buate to &#out 30 degrees for takeoff and
landing. While the oblique wing concept is slightly slower than other designs, its
advantage is that it is very efficient. “Initial wind tunnel testscaté that the oblique
wing would have a very good lift to drag ratio (as high as 30:1), and subsequently low

thrust requirements even for takeoff aacceleratn.”®

The low power requirement
advantage is obvious when considering the continually stiffening noise restrictions
surrounding US airports.

There are two impediments to the development and use of an oblique wing design.
First, though feasible, thiechnology to produce and fly such a design may not develop
because of a lack of interest at thelliea level. Even liough a flying scale model has

been developed, research shows little interest in pursuing further development has been

demonstrated by civil aviation mafacturers! Unless the public sector decides such a
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unique design is safe and passenger friendly, there is little hope such ailtrb@& w
developed regardless of its advantages.

Secondly, significant support problems hinder the development. Not the least of
these is the extensive and costly renovation of existing infrastructacetoonmodate an
aircraft nearly twice as large as any currently in existence. Individually, these
impediments might be overcome. Together, they represent a commitmenbwtess
inconceivable, given the pegted availaitity of future funding. For these reasons, we

believe the costs outweigh the benefits of such vehicles.

Airships

Since the Hindenburgatastophe in 1937, airship development has taken a backseat
to aircraft development. Because of thispportunities exist for tremendous
advancements in design and capability with the egftin of tebnologies that are
common in the aircraft industry. The apgliion ofprobable2025technologies to airship
design could yield tremendous increases in overall d#gab with substantially
decreased delivery times at a fraction of current per-mile costs for air cargo movement.

Current airship development efforts have conedatt on the application of
materials teknologies to the airship structure. These efforts include the introduction of
composite framing and high strength-to-weight fabrics. Additionally, developments in
engine technology have increased speed and contitllaivhile decreasing the
manpower-intensive nature of previous airship operations. These developments have
reinvigoratednquiry into the future role of airships. They have not, however, expanded

the capabilities of the airship beyond those achieved before World War 1.
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Air mobility requirements irr025 will demand a substantial increaem existing
airship capabilities. These includes@0-ton useful lift capality, maximum airspeed of
250 knots, maximum range at maximum gross weight of 12,608s, and a
defensive/stealth capiity. Alt hough substantially slower, the airlift capacity of this
notional airship would be nearly six times that of our largest airlift platform, the £-5B.
Even with the difference in delivery time (approaimly a 2-6-1 advantage over the
C-5) the airship would #ithave three times the efttive allity of the C-5B (Fig. 2-2).
Cost of airship production is also low since cost per unit produced could be aishxim
one-third that of the C-58. In addition, with the integration of UAVs and airships, the
capability exists to deliver parsnel and equipment éictly to the usefpoint of use
delivery), thereby, leminating transshipment time and reducingfrastructure
requirements and costs.

Technologies that W have a
great impact on the developmel
of Airship 2025 include: future

composite materials, advance

computer modeling capabilitie:
Source: William J. White,Airships for the FuturéNew York:
from which structural analysis anterling Publishing Co., 1978): 127.

Figure 3-1. Large Cargo Airship
inexpensive test “flights” can be
condwted, and nanotechnology innovations thdt decrease the weight and size of
onboard systems. Additional developmentsteakh/low observables tenologies will

make what is already a low-signature target (due to its composite structure) more

survivable. The development of stand-off delivery vehicles (UA\ii80 increase the
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airship’s survivaliity by allowing the airship to loiter well outside thattlespace threat
area while the UAVs provide point of use delivery to forward deployed units.

The possible commercial applications of airships are nomse Commercial air
carriers are currently pursuing larger-capacity aircraft to increase the efficiency of air
transport. The substantially cheaper per-unit cost of airships, combined with their
superior capacity, hold gregromise for long-range passenger and package delivery.
Additionally, civilian adoption of airship operationgslar to thoseproposed in this paper
could usher in a new era of innovation in the commercial air freight industry where direct

delivery of goods is the baseline product.

In-Ground Effect Wings

Wing-in-ground eféct vehiclegor wingships) are another type of platform design
that could provide the size, weight, and volume of lift required0R5 Wingships are
hybrid a/air vehicles capable of very heavy lift over extremely long ranges. They do so
by taking advantage of the groundesff phenomena tprovide a significant increase in
lift capability over what onventional aircraft are currently capable ecBuse of these
phenomena, it is technologically feasible to build vehicles that are at least three times
larger and 10 times heavier than the largest airplane currentlybiieveloped initially
by the Russians in the 1960s, the first wingship (named the “Caspian Sea Monster”) was
capable of lifting 540 tons and cruised at 3diles perhour.16 This vehicle took off and
landed on the sea and held a steady altitude of 10 emteathe sudce. Current
wingships have the capability of flying between 20 ande3 #ove the sudce of the

sea and can cruise at 400 knots. Higher altitudes are possible atessary to transit
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small land masses or avoid shipping or other obstacles, but these altitudes cause a
significant decrease in fuel efficiency. Because of their shallow draft, these vehicles are
able to load and unload in shallow and/or undeveloped ports where deep-draft vessels are
unable to go.

Developments in lightweight structures and materials have madehitdlegically
feasible to construct a wingship capable of lifting 5,000 tons, although the engines
required to power it are still a long waff. The Advanced Research Racis Agency
(ARPA) of the Department of Defense (DORtently analyzed a wingship that was able
to transport 1,500 tons over an unrefueled range of 10,000 nautiealat a cruising
speed of 400 knots. Even with this kind of lift and the potential ability &ttain
altitudes of almost 10,00@&ét, the most significant challenge is designing engines that
can produce the enormous power to break free of @étervand maintain the required
power levels for an extended period of time at low altitudes where temperatures are
relatively higher than those experienced by conventional aircraft. @bknological
problems include stally problems as well as the difficulty of flying over turbulent
seas® These problems could potentially be solved by using enhanced computer
processing to assist in wingship control.

In addition to these technologica

drawbacks, the wingship cannot provig
the direct delivery and extraction require

in 2025 since they are confined te

printed from Popular Mechanics, (May 1995).
opyright The Hearst Corporation. All Rights
Reserved.

interdiction in narrow passageways such as _. i .
Figure 3-2. Conceptual Wingship

waterways only and are susceptible
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the Suez and Panama Canals. They also require an infrastructure outside of the
continental United States, evdmtigh that infrastructure does not have to be extensive

or large. While the wingship could conceivably deploy and recover UAVs, the UAVs
would all have to be powered, driving up the cost of the air mobility system. atétym

the wingship is unable to provide a seamless point of use deliveryiltgpabthe war

fighter without another form of transpation (rail, truck, etc.) to get the cargo and
equipment to the battlefield. Because of this, we believe it is nobé gatform for the

air mobility system 02025

Very Large Aircraft s

Commercial aircraft manufacturers, in concert with o '

- = I T R e
R Y o AN
governmental agencies, are currently showing a grﬁm \x%

deal of interest in the development of very Iarge ted from Pobular Mechan
eprintea from Popular iviechanics,

March 1995). Copyright The Hearst

aircraft (VLA). Shelby J. Morris, head of orporation. Al Rights Reserved

NASA/Langley engineering rgup brainstorming the Figure 3-3. Very Large
Aircraft

concept, states that “largeness is a virtue up to a point,
but we’re not sure of how large is large enough and how large is too Jrf?trg'léltfése
developments are reliant on the extensive existing infrastructure of the Uited &nd
other developed First World countries and are pertinent to operations in these areas.

Current VLA concepts include expanded conventional transports, blended wing
bodies, and a variety of other designs. These concepts propose maximum payloads

ranging from 300,000 to 1,000,000 pounds with wingspans as large ased3b Buch

designs are problematic, as their sheer size vastly increases the infrastructure required to
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support them. Possible solutions to this problem include thation of landing piers
along lakeshore¥. Cost and environmental problems asatexl with this idea greatly
undermine its feasilily and serve to highlight similaproblems assoated with the
renovation of existing structures.

These infrastructure problems are even more daunting when one considers the lack
of infrastructure available tilitary forces deployed abroad. Future VLAs are likely to
face the samproblem inherent with our current very large aircraft, the venerable C-5B.
This problem is the requirement for an extensive supporting infrastructure unavailable in
a high-threat, forward deployed military operation.

The VLA exhibits a high profile during operations. Even if the adversary lacks
sufficient capaliities to directly contest air superiority with the United States, the VLA’s
conventional operating procedures induce reliance on a fixed infrastructure. This
infrastructure represents an extremely vulnerable center of gravity, as it candtedarg
by a variety of standoff air-to-sate and wface-to-sirface wepon systems to ensure
airbase denidf In addition, man-portable antiair weapon systems enhance thalicapab
to infiltrate and target US theater insertion cdgb The VLA's most significant
advantage is its increased lift capability. However, the operationalnfirgdtiucture
requirements to service this increased capacity present two key vulnerabilities: the need
to fly into the battlespace thus presenting ahhiglue target and the need to
offload/transship its cargo at a suitable iedter airfield, itself a center of gravity in the
highly lethal and fluid environment @025

In the final analysis, the main problem with VLAs is that they remain an evolutionary

change in airlift capability and have failed to adatgly evolve to meet mission
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requirements to survive and support operational needs ireat tanvionment. In other
words, VLAs are doing the same old thing, the same old way, with new/larger equipment.
The VLA has utility in sipporting nonthgat operations such as humanitarian assistance,
but it is a system that complements airlift operations, without providing ébeseary

capabilities to support potentially hostile operation2085

Delivery Vehicles

Since the air mobility system of the future may not have operationgilyostable
access to airfields (large or small) or transshipmefitastructure outside of the
continental United States due to political, eonmimental, theat, and/or nfrastructure
considerations, there must be a method to deliver personnel and equipmetht fiom
the large airlifter to the precise location requested by thefiglsting commander. The
current airdrop capdllty of the US Air Force raises some trickyoblems, most notably
hitting small targets from high altitudes (above 10,086t) the requirement for large
drop zones, and theeoessity of having personnel on the ground to moniteataer
conditions during theactual drop. As mentioned previously, during thecent
humanitarian airdrop into Bosnia, there was significant concern over ilitg &bfind
and hit small, obscure drop zones while at night and/or in peathe’> The war
fighters of the future will need togte equipment and permel within 10 reters of the
intended target during alleather onditions and in any type of terrain as well as during
potentially hostile situations. This precision capability will be required notcaning the
initial insertion of forces but also during the following resupply and sustainment efforts.

Several unpowered vehicles currently in development show promise in this respect.
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Unpowered Delivery Systems

One of the most promising unpowered delivery vehicles is an autonomous system
that can deliver heavy payloads to within about 86t fof the intended target. This
system, called the Guided Parafoil Aerial Delivery System (GPADS), uses a parafoil that
is 49 feet long, 8 feet deep, spal®0 feet, and weigh4,600 pounds. The guidance
package utilizes a global positioning system (GRSgiver, compass, pressure altimeter,
air speed indicator, and a computer to sense andatarr real timefor changes in wind
speed and direction and compensates movement of the payload and canopy.
Designed to guide a total load of 42,000 pounds from an altitude of 2%£60@rdd 12
miles awayfrom a target, an airborne division would require a mix of 450 heavyweight
and medium-weight parafoils in addition to 450 parafoils that could deliver 1,200 pound
loads®* Even if the war fighter a2025requires less overall weight to deploy, parafoils of
the future would need to carry significantly heavier loads and be capable of delivering
them from farther away.

Another system that is complementary to the GPADS is being developed by NASA
as a method for returning cargo and crews froatspn an awnomous mode. Termed
the Spacewedge, it allows cargo to be depldy@d an aircraft up to 2tniles awayfrom
the intended landing zone and potentially brought within #@® of the target. To fly at
about 20miles perhour with a sink ate of 10 feet per send, this system uses a
parachute and a guidance package composed of a GPS receiver and antenna, an uplink
receiver, an altimeter, and elemic compass as well as a 80196-based flight control

computer. It is not as accurate as the GPADS. The objective girtigigam is to be able
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to deliver a full-scale space vehicle to a soft landing at a sink rateoaot 2.5 éet per
second”

A parafoil system that combined the best characteristics of these two systems would
provide precise delivery of personnel and equipment to the war fighter. Tine tab
drop heavyweight loads would allow the war fighter to insert most, if not all, of his heavy
equipment within 10 meters of the intended target. Thiktyalwould allow the
advantage of surprise and also would be very difficult to
defend against since the choice of landing site increases
significantly. The ability tadrop the load from approxamtely
150 miles away also enhanceggrise (not to mention aircraft
survivabhlity) by not announcing the loation of thedrop zone.
In addition, several loads could be dropped simultaneously in
opposite diections, allowing the greatest aumt of coverage if

. . . . Source: Robert W. Rodier,
required by the situation. Finally, personnel could be dropped, Mgsteerr P|an° }E;

Airdrop Future Systems
in containers, reducing the parachute training required Natick TR-91/037L (Natick,
Mass,: US Army Research,
D%velopment & Engineering

individuals and allowing more concentration of troops NC8nter. June 1991): 35,

particular area. If the psychological aspects of lack of contgglyre 3-4. Parafoil
_ _ _ Delivery System
warrant adjustments, a man-in-the-loop option for control of
the container can be developed for dealing with emergency contingencies.
A disadvantage of this parafoil delivery system is that it relies on a GPS link that
could be either disrupted by the enemy or used by the enemy to locate the delivery

system and either shoot it down or otherwise compromisatthek. Use of an internal

guidance package (such as a micro-internal navigation system device) that did not need
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external links to determine its location would take care of ghablem. The package
would still need to eceive data laout wind diection and speed but as long as it did not
send out signals it could retain its stealthy characteristics. Another disadvantage of a
parafoil system (or any unpowered system) is that the large parafoils and containers could
potentially become excess material on the battlefield. While soldiers traditionally use
most available materials in combat, any excess material could be difficult to dispose of,
becoming an environmental issue once the war or conflict was tedin In a
special-operations-type scenario, this debris coulccatdithe presence afobps that

were attempting to operate in a covert mode. Advances in materiat®legy might be

able to produce aterials that rapidly degrade or oedigure for alternative uses. Finally,

the main disadvantage to an unpowered parafoil system is that while it can deliver cargo
and personnel vergaccuratelyfrom high altitudes and significant distances, it cannot
extract the roops once the mission is corfd (or during a fighting withdrawal). Also,
these systems are vulnerable to severe local weathaditions that may degrade

performance significantly.

Powered Delivery Systems

Powered unmanned aerial vehicles show enormous potential éot delivery and
extraction of cargo and persnel to and from the customers’ desirecbkibn. The use of
UAVs in this role would minimize the risk to humans by removing the p@mgilot from
the battlefield and would also menize the payload of the UAV by not having to lift
additional crew members. UAVs showed recent success in Operation Desert Storm and

are currently being used in the operations in Bosnia, although in exclusively
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reconnaissance-type missions. Currently these aircraft are small and are able to carry
only small sensor/communications payloads. Futuréniaogical advances (such as
more powerful propulsion units, more versatile airframe designs, lightweight but strong
materials, etc.) may allow the development of a UAV thdlt be able to lift and
maneuver a standard cargo container carrying personnel and/or equipment. To
accomplish these tasks, a UAV must have the dltgator full or near full autonomous

flight to make round trips from the airlifter to an unimprovedakion and back while
surviving in a potentially hostile environment.

The requirement to deliver cargo and personnel wherever the user needs it demands
that a UAV be capable of taking off and landing vertically or at the very least in a very
short distance, allowing the coatiant commander maximum fleHity in placing roops
and equipment. Four powered vehicle designs could potenilatlyis requirement: a
helicopter-type vehicle, an x-wing design, a “jump jet,” and an ornithographic vehicle. A
helicopter-type vehicle already exists that is capable of fully autonomous vertical takeoff
and landing and can land on slopes of up to 15 degrees, with indications that landings on
greater slopes are possiﬁ‘i’e.AIso, in the latel980s, a Canadian firm built a remotely
piloted helicopter capable of horizontal speeds up ton#®s perhour, altitudes up to
10,000 &et, anchovering maneuverE. The vertical takeoff and landing cajiiap of
these types of vehicles reduces the space redoiredrgo unloading (and loading during
extraction operations) and allows landing at yrioved sites, which gives much more
flexibility to the war fighter in placingrbops and equipment. eBause of this almost

unlimited capability to @ce toops where and when required, the US cataim or
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achieve the advantage of surprise, at least until the UAVs are deployed from the mother
ship and potentially until they are making their final approach at the landing site.

Among the drawbacks to the use of helicopters are that they generally require more
power than equivalent fixed wing aircraft and are adversely affected by high altitudes and
hot temperatures. Significant advances in propulsion design and fuels would be required
to solve or at least minimize thisoblem. Helicopter UAVs are also more complex but
the use of adaptive neural networks could eventually be used to control these types of
vehicles?®  Also, although helicopter UAVs currently havienited maneuverability,
genetic algorithm could be useful in increasing their maneuverabiliygh for eféctive
use in an airlift role in a hostile environment.

The final disadvantage of unmanned helicopter vehicles in the airlift role is that their
in-flight performance is significantly less than conventional fixed-wing aircraft. A
solution to this is the development of an x-wing or “stopped-rotor” type of aircraft. This
design combines the vertical takeoff and landing att@ristics of a helicopter-type
vehicle with the forward speed of a conventional fixed-wing aircraft. A rotor would be
used to enable vertical takeoffs and landings and then would be stopped in flight to serve
as wings for forward flight at speeds in the high subsonic région.

As mentioned, x-wings retain the vertical takeand landing chacteristics that are
necessary for maximum flexity in the direct delivery and extraction of cargo and
personnel to and from theattlefield. The capalily to transition toforward flight would
allow greaterforward speed, potentially into the high-subsonic range, which would
enhance the survivdiby of the aircraft in a hostile enanment since it is harder to hit a

fast moving targe?‘.) Also, this capability to transition tfmrward flight would increase
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the vehicle’s range and would enable the mother ship to remain farther from the
battlefield wihout delaying the time required to deploy a unit to the field. Like the
helicopter UAV, the x-wing design would incorpoe fully aubnomous flight control and
navigation using an internal miniature inertial navigation device preprogrammed by the
airlifter flight crew, and would be capable of landing and taking off from an unimproved
site. Among the disadvantages of x-wing UAVs are the difficulties in overcoming the
transition from rotors to fixed wings and the development of an appteppowerplant

that could provide power to the rotor as well as supply thrust for fixed-winged flight.
While these challenges were being addressed as early astdli®80s,technological
advances in propulsion, as well as in circulation control for the critical transition phase
between rotor-powered flight and fixed-wing flight, should enable the use of an x-wing
unmanned vehicle by the ye2025%

A similar and perhaps morgromising
aircraft is another vertical takeoff and Iandir-l(\--. ~
vehicle capable of forward flight, the so-calle
“lump jet” or hoverjet being developed by th
National Aerospace lmoratory (NAL) in

Tokyo. The design of this transport helps ensi

stability in the low, forward-speed range an@&eprinted from Popular Mechanics, (June
1993). Copyright The Hearst Corporation.
e@l Rights Reserved.

Figure 3-5. NAL Jump Jet

during vertical flight and is powered by thr
aft-mounted turbine engines that power a
unique system of lift fans and cruise fans. During forward flight, the air trapped from the

compressors would be routed to two cruise fans. For vertical flight, this same high-
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pressure bleed air would be routed to six rotors, made of single pieoen chber
composites, encased in the wings and shielded by louvers on both the upper and lower
sides. The transition from vertical to horizontal flightaiscomplished by gradually
redirecting the air from the rotors to the cruise féns.

Although this particular vehicle is designed to transport more than 100 passengers at
0.8 Mach with a range of 1,60G1iles, the basi¢echnology could be converted into an
unmanned aircraft that could be launched and recovered from a much larger mother ship
as discussed in the preceding paragraphs. One of the biggest design chiamlfeNgés
has been the development of a powerful and reliable lift fan. In addition to advances in
power plant design, the success of aircraft of this type also depends on advances in
composite materials and mafacturing processes. Even more than the previously
mentioned UAV designs, this hoverjet would require significant progress in adaptive
neural networks and genetic algorithms to achieve autonomous control of the vehicle.
Finally, since cargo containers would be carried inside the aircraft instead of being slung
beneath it like the helicopter and x-wing UAVS, this type aircraft would require some type
of material handling equipment to off-load or on-load equipment.

The “jump jet” design, howeveqgffers some advantages that the helicopter and x-
wing UAVs do not. Like them, this aircraft takes advantage of both vertical and
horizontal flight. Its size and design woulddtéractive to the commercial market where
it could be used in the short-range passenger market as well as short-haul cargo routes.
Major disadvantages, in addition to the requirement for on-board cargo handling
equipment, are the increased infrared signatures resulting from theelaighrid pressure

generatedfrom the engine compressors and tletfthat this type of design would
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probably be much more expensive than the previous two, resulting in fewer overall
numbers and a greater reluctance to send it into a hostile fire zone.

A potentially less expensive airlift UAV would be an ornithographic vehicle—an
engine-powered aircraft that flies by flapping its wings. The world’s firstessful
engine-driven ornithopter flew in September 1991 for a grand total of two minutes and 46
second$® While this vehicle was not large (only four kilograms and a threeem
wingspan), it did achieve flight and demoaséd this métod of propulsion does work.

The creators of this modern-day Icarus believed they could build an ornithopter that
could carry a single person by 1986. with advances in propulsion systems and
lightweight but strong rtterials, a UAV could be designed that would be no more than a
frame with a power plant and wings with a generic attachifoerg cargo container. The
powered wings would allow for a controlled glide to the unimproved landing zone,
adjusting for winds and avoidingtected threats. The wings would also enable a “soft”
landing in a small area by rotating into the wind jusi\ee the ground in the same manner

as birds alighting on a nest or a tree limb. A design of this type would provide an
additional measure of stealth since the use of flapping wings would be significantly
quieter than a rot-equipped vehicle. Also, if the wingaterials were inexpensive
enough and the power plant and control package were small, the UAV could be virtually
disposable on the battlefieldContainers would also have to be disposable or useable by
the war fighter.) Additionaltechnologies such as very short-term (within days),
biodegradable materials would enhance the disglitgadnd help prevent discovery of

personnel operating in a covert mode. This cédipabvould be geatly beneficial to
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special operations personnel or any other unit operating in a covert mode in hostile
territory and not wanting their operations revealed by the presence of a delivery vehicle.

An obvious disadvantage of an ornithopter UAV would be theilityato lift large,
heavy containers without revolutionary breakthroughs in propulsiaterrals, and
aeronautical design. Without the catigbof lifting large, heavy containers, another
vehicle would be necessary to provide theectirextraction of cargo and pemsel.

These powered vehicles, however, would be more expensive to develop and operate than
ornithopters. Since retrograde often occurs at a much loater than deployment,
ornithopters (or other unpowered vehicles) and powered lifting vehicles could be used in
conjunction (at a ratio of 3 unpowered UAVs per powered UAV) for less cost. Another
disadvantage is that this type of flapping wing design would be relatively slow moving,
exposing the vehicle to enemy fire longer and allowing for an easier targeting solution for
the enemy. This disadvantage however, could be overcome by employing other stealth
technologies in the design (i.e., stealthy materials, a cloaking mechanism, etc.).

A more feasible delivery vehicle would be based on the “Angel's Wings” concept
developed for the Army by Dr. Lowell Wood. The original concept would be
implemented as a helicopter-type personal lift device individuals would be able to strap
on. With auto-folding and unfolding compositetating wings, a GP8pdated
microprocessor, and a 50-horsepower internal combustion engine, this device would be
able to deliver the twenty-first century warrior to thetlefield in anunpowered mode,
using flywheel energy to provide last-minute braking. Liftoff would be provided either
from the energy stored in the flywheel (modern flywheels have the iigpéi store

enough energy to lift their own mass up to 10,000 leimrs) orfrom the 15,000
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revolutions per minute engine. Although designed for only one person, increasing the
swept-circle diameter of the rotating wings as well as increasing the ehgisé would
provide capability to lift much heavier payloats.

Delivery vehicles of this type are relatively simple, allow rapid retrograde, and
provide significant moibty across the terrairfor ground forces. With the engine
shrouded and using died fan-cooling design, the vehicle and payload would have
minimal signatures across the spectrum. Disadvantages include the size of the rotating
wings to lift heavy payloads and the resulting increase in platform signatures. It is
doubtful the useful payloads could be increased to provide enough liftiltgpaibhout
having to use a significant number of vehicles or increase the platform signatures beyond
acceptable levels. If used as an individual lift device, the soldier would need some sort of
protectionfrom the elements particularly if deployed from a mother stoptied100-to
200 milesfrom the lattlefield. Finally, the speed of these vehicles would be relatively
slow, which would increase their exposure to hostile fire. The concept in its current form
is available using commercial off-the-shelf components tantinologies. However, to
decrease weight and reduce detection signatures while increasing range and lift capacity,
advances in structural composites, engine design (to include minimizing noise output), as
well as in microminiaturization of communications, sensors, and navigation packages are
required.

Other potential delivery vehicles are ballistic and cruise missiles. Ballistic missiles
have the capability tgrovide the most rapid in-transit delivery vehicle for small,
high-priority payloads, can be configured to ensure payload suiiitivaind extreme

accuracy, and are technologically feasible. However, there are many negagivts asp
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consider. First, the delivery system resembles the delivery characteristicspoinged

mass destruction. Sincellstic missile designers are developing capabilities to alter in-
transit flight profiles to counter antiltiatic missile systems, any fligiprofile that vaguely
threatens potential enemies copldvoke a preemptive strike against what is in reality a
cargo transfer. Not only could this system destabilize a developing crisis, it would also
result in the loss of a high-priority payload that was important enough to get to the user
extremely quickly. Also, ballistic missiles have higtofiles that could leninate the
element of surprise for most payloads. In addition, the cost of expendable launch
vehicles is extremely high and few payloads, except for highly critical ones, would
warrant such costs. The system would also require the retention of a complete weapon
system support infrastructure to support a small quantity of payloads. Furthermore, the
infrastructure for bifistic missile launch does not coincide with the logisticpsort
infrastructure, requiring payloads to be delivered to remote laundhigagc incurring
additional time for transit from point of origin to point of embarkation.

Cruise missiles can transfer 500 pound payloads over &9 while maintaining a
low-observable profile, autonomous control, and precise point of delivery. With
development of containers for supporting diverse cargoes, cruise missiles can be
developed to rapidly deliver payloads to users without reliance on infrastructure between
points of origin and delivery. Evolutionary changes such as improvements in composites
to strengthen airframes while reducing weight, increasing engine efficiencies and output,
and using low observables technology to decrease plibpab detecton, can improve
range, payload, and mission effectiveness. With development of thelibapalecover

cruise missiles used for cargo delivery in a mission-capable condition and to ensure

39



proper en route identdfation, cruise missiles can provide ebt delivery and extraction
support for cargoes eeting weight and volume constraints. This cdipalis significant

in high threat envonments and operations in nichesdlters such asugport of forces
ashore by naval units in littoral areas. Operating as an autonomous UAV, the cruise
missile provides a lower cost, less vulnerable platform than most airlift vehicles. The
main problems with cruise missiles are significant volume and weight constraints,
differentiation between strike and airlift cruise missile operations by friendly, neutral, and
hostile forces, and constraints on making changes to cargo while en route. Due to its
capabilities, the cruise missjEovides a possible component of the overall airlift system,
but its limitations constrain its useable missmofiles and the amount of cargo that could

be delivered.

Additional Equipment

Equipment that is not platform specific but which is required for thalibyofystem
of 2025includes cargo containers and onboamteriel-handling equipment. Additional
equipment/subsystems such as robust coneations, targeting computing, stealth/low
observables, and so forth, are not airlift specific and should be the same systems that are

used on other aerospace platforms.

Cargo Containers

Containers will be standardized between US military and commercial aircraft and will
also comply with international standards to improve comitititvith potential allies and

coalition partners. Modular units, such as those used for medical evacuation units, will
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use these standard-size cargo containers without iwetifin in size and/or dimensions to
enable transport via the mostexffive means, regardless of whether it is by aircraft, ship,
railroad car, or truck. Use of these standardized containers, miniaturization of many
components and weapons, and the possible transition froecpleg to directed energy
weapons Wil result in less weight and volume to be tpaoded to the theater and will
eliminate most, if not all, of the current air cargo categories such as oversize and outsize.
In addition to ease of handling during transshipment, standardized containers will
provide praectionduring dimatic extremes, allow information about the internal contents
to be transmitted to the user, alldar quick download at destination (in minutes), all
while not generating disposal problems in eithereagetime or wartime emenment>®
If made of strong lightweight aterials that are fire retardant, vemmnesistant, and
waterproof, the containersilikbe able toprovide the prtection required witout adding
significant weight to the payload carried by the delivery vehicles and the mother ship.
The containers must also allow extremely rapid unloading (within a minute or less) if
delivery into a hostile zone is required. Finally, the containers must be built to allow the
attachment of delivery vehicles (either powereduopowered) to form an integral unit

and eliminate the problems of slung loads.

Onboard Materiel-Handling Equipment

The cargo bay of the “mother ship” must have some robotics-basmerieh
handling equipment capable of shifting the cargo containers and other equipment while in
flight to ensure the center of gravity is maintained within flight limits, as well as

optimizing persnnel and equipment for rapid offload at the destination. This robotic
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system will be controlled by the flight crewrbugh the onboard computer systems and
will act semi-audnomously. Payload configuration system#i analyze payload and
mission profiles to configure the payload to maixe volume and mass, minimize airlift

system operational requirements, and facilitate cargo upload and download needs.

Recommendations

The Scientific Advisory Board has recommended five primary areas for airlift system
improvement: moiity i nformation dominance, global range transports, precision guided
airdrop, diected energy defensive systems, and virtual reatitigary appli:ationsf>7
However, as discussed earlier, additional considerations are necessary and include the
need for diect delivery and extraction and the iliop to operte in hostile,

infrastructure-deficient environments.
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Table 2

Summary of System Options

Point of
Use Direct Required Required

Delivery Extract Range Speed | Infrastructure Tech Capacity
TAVs Low? Low” Global Very High | Very High Very High| Low
Supersonic Moderate
Transport Low® Low? Moderate | Very High | Very High High to High
Airship High High Very High | Low Low Low High
Wing-in-
Ground Very Low’ | Very Low® | High Moderate| Moderate Very high | Very high
Effect
Very Large
Aircraft Moderate Moderate Global Moderate High High Very High
Parafoils High None Low Low None Low Moderate
Helicopters | High High Moderate | Moderate| None Low Moderat
X-wing High High Moderate | Moderate| None High Moderate
Jump Jet High High Moderate | Moderate| None High Moderate
Ornithopter | High High Low Low None Very High| Low
Ballistic
Missiles High Noné High High Moderaté Low Very Low
Cruise
Missiles High Noné€ High High Lowf Low Very Low
Angels Moderaté Moderate
Wings High Low Low None Low to Low

Notes: a. Deployment/recovery of containers from/to extremely high speed aircraft is improbable.
b. Only if point of use is port or beachhead.
¢. Would require launch structure in field and additional recovery apparatus on mother ship.
d. Powered altitude capability unknown.

Each of the systems describdabae were evahtedfor their aliity to provide the

capabilities required i2025that were discussed earlier in this paper. Since one of the

major assumptions of this paper is that the air mobility system will not hesess to

airfields outside of the CONUS, the system chosen must have an extremely long range

and be capable of direct delivery and ext@tti The system must also be survivable in a

hostile environment and be responsive to the customer’s needsting @ll the user’s

personnel and equipment to the requirazaton in time to accomplish the war fighter's
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mission. REecause some of the alternate futures postulate significant to dawdget
restrictions, the platform must not be cost prohibitive. Other diasbrequired in2025
such as Total Resource Visibility, intermodalitypdlarity, and interoperdity, are not
platform dependent but must be included irat@ver plaiorm is seécted. A review of
the evaluated systems and their contributions to the aillitpaystem 0f2025is shown
in table 2.

When the described systems are compared against the capabilities required by the air
mobility system oR025 airships, used in conjunction with unpowered and powered UAV
delivery platforms (primarily vertical takeoff and landing or VTOL vehicles), are the best
matchedor the air mobity system 0f2025 Although the airship is not as fast as modern
jet aircraft, its high-cargo capacity (both in weight and volume) allows the delivery of
more materiel to the battlefield@ner than a much larger and more expensest if jet
aircraft, ultimately spporting the war fighter sooner than today’s air iitglbsystem.
Additionally, the standoff capdity of the airship/UAV systenprovides much grater
survivallity than existing angroposed systems. Aeftt of C-17s wil still be in the Air
Force inventory and Wbe able toprovide the same precision delivery caifigbfor
small, light forces using the described delivery systems. If transshipment bases are
available in or near the theater of operations, @h&7 can also be used to support
intratheater lift. Direct extraction capktly will be provided by the combination of the
VTOL UAV and the airship. Chapter 4 describes how these futuristic air mobility systems

will operate.
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Chapter 4

Concept Of Operations

No matter how futuristic omnhovative weapon systems may be, thdi/he of little
or no use if they adhere to yesterday’s operational concepts. The following concept of
operations using the systems mix recommended in Chapter 3 represents what we believe
to be a revolution in systems use and operations that xpbreentially increase the
efficiency of the war fighters iB025

The basic mission, goals, and etfjves of air moibity will likely remain as they are
today. The airlift operational tasks of cargo airlift, passenger airlift, aeromedical
evacuation, and special operations airlif wontinue. The coreupport processes of
information resources management‘,‘l Gystems, information warfare, ititgence,
logistics, training, security, operations support, medical, cargo and passenger handling,
and base operating supportilvee crucial’ However, new technical and operational
parameters W change thedok of airlift platforms. Air cargo i2025will no longer be
categorized as bulk, oversize, outsizdling stock, and special, as standardized cargo
containers are integrated into the airlift system.

The future air mobility system will utilize both commercial and militaryoueses to

execute the missions @b25 Future worldwide commercial infrastructure may be able
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to handle a large portion of the routine airlift requirements hilibe unable tgprovide
military unique requirements. The military airlift system will be able to overlay on the
commercial system to provide dat delivery and extractidnom unimproved and remote
areas, the capability to o@de in hostile envonments, and the extreme range required to
operate eound the world solely from basesé&ied in the continental United States. This
overlay will be seamless, using standardized cargo containers as well as a ¢oot&leres
visibility (TRV) system tgprovide interoperality between commercial and military airlift
platforms. As previously described, the air itigbsystem will include both th&-17

and long-range airships as strategic lift folahs, and both unpowered UAVs (primarily
parafoils attached to cargo containers) and small powered UAVs as delivery vehicles.
The civil reserve air flee(CRAF) will still be used in2025 to complement organic
passenger and cargo capabilities.

The described TRV system, part of the DOD-wide logistic systalmidentify and
track cargo and personnel from origin to final destination and return. This system will
have the capability to notify simultaneously the tpamgation system and thegported
unit. The required transportation asseilt e automatically genated by the same
system once timing and flow decisions have beescthd by the NCA. The large airlifter
will deploy with aufficient parafoil delivery systems and powered UAVsitgomplish the
assigned mission. Since any type of retrogradie ogcur at a slower ate than
deployment, there wilhormally be one powered UAV for every four parafoil delivery
systems. (If the capdiby exists to maufacture biodegradable materials, the vast

majority of the parafoils will be&inpowered with just enough powered UAVs to support
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aeromedical evacuation and retrograde operations to include nceteomievacuation

operations.)

In CONUS

When a unit has been notified of an impending deployment, it will load cargo and/or
personnel into standard cargo containers. These containers, in addition to those few self-
powered vehicles that can not be loaded into containers, will be moved via land to the
nearest airfield (most likely a commercial airport) and loaded ordtegic lift platorms.

For those forces with less than 48 hours from departure to required delivery time, C-17s
will be the platorm of choice. Airships W be used to dectly deliver the remaining
required equipment and personnel and the majority of self-powered equipment. Since the
cargo containers are wheeled they will require minimal handling. Equipment no more
sophistcated than that wrently used (trucks, C-17 MHE) il handle remaining
requirements. Self-powered equipment that is not loaded in a cargo contdiihavev
standard attachment points to enable easy loading and securing of cargo in the cargo bay
of the airship.

If deployment time constraints require, the airship also will be able to embark a unit
and its equipment directliyom the unit's point of origin. The mother ship with UAVs
(both parafoils and powered UAVs) would be flown from its home base to the pickup
location where the powered UAVs would pick up the cargo containers. Once within
range of the user’s locat, the powered UAVs would be deployed from the airship and
flown to the pickup loation where the containefsr self-powered equipment)ilivbe

attached to the powered UAVs by the users. Once the container or piece of equipment is
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attached, it vll fly back to the mother shifor recovery. The cargoillvbe detached by

the aircrew and the UAV will regat theprocess for as many trips as required. If space
exists on the mother ship, other units will be loaded either sequentially or simultaneously.
Robotic naterial-handling equipment in the cargo bay of the mother siipavable to

move containers around as required to ensure the proper center of gravity is maintained

and to facilitate quick offload at the various drop zones.

En Route

Throughout the en route phase of operations, usérsaintain commurgation with
their command and control components. Toilifate communicatin, the user’s
command modulesiiivbe linked to the mother ship’s power and commsations systems
using standard connections. If a change to the final destingiayload configuration, or
force package is required, the datlh lbe passed to both the crew of the mother ship and
the users on board by the apprapgicommand and control fitees. Theseupdates will
be entered into the system and will eetl the changes in near real time. Usellsb&
able to interconnect with the aircraft cargo computerspatidesired offload sequencing
of their cargo containers and the target locations. Tiliemable the cargo baybotics,
as directed by the flight crew, to move containers and/or other equipment within the
cargo bay to optimizeffload sequencing while maintaining the required center of gravity.
These robotics iV also mary up the appropate UAVs (either the parafoil assemblies or
powered UAVS) to the cargo containers for offload.

Due to extended en route times, aircrew management and composition will be

significantly different from those that are currentlagticed. Increases in crew size (i.e.,
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using two or more crews in sequence) and use of performance-enhancing substances are
possible solutions. Personneillvalso be required to assist thiebotics and provide
necessary maintenance. Crew work/rest cyci¢sequire sleep facilities on board the

aircraft for the entire crew.

In-Theater

Once in the theater of operations, two options elistdelivering personnel and
equipment. If intratheater bases are available (as well as in-theatgmottatis), the
airship or other aircraft (e.g., C-17, CRAF vehicle.) can land and offload. If the
intratheater bases are not available or the cargo must be delivered quickly to the
battlefield, the pemnel and equipment can be delivereeclily to the desired location
using the guided parafoil delivery systems. Immediatefiprbeto their release, the
airlifter cargo crew will ensure the guidance packagegpergrammed with the desired
drop zone loations,known winds, and tleat areas to be avoided, and other data
necessary to ensure they arrive at the target location.

The parafoils (and other powered UAVs) will be released/deployed once the airlifter
is within range of the drop zone. Once released, the UAWgywde themselves to
within 10 meters of the target. The containers, which have edmgured by the users
to enable expeditious unpacking at the drop zorileb® unloaded by the users. If the
parafoils or cargo containers were not biodegradable or for other reasons required return
to the airlifter, the powered UAVs will be used. Oncereute to the airship, the UAVs
will request andeceive aurst transmission from the airlifter giving it return instructions

and locations. The powered UAV would fly back to the airship and directly into the cargo
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area. Due to the high-operational risk, particularly when recovering personnel, the
process will inorporate some degree of human intervention either via remote control of
the UAV by an aircrew member or through positive control of the UAV/robotic recovery
system. Once aboard, the contents of the containkisewunloaded by the cargo bay
crew who, with the help of the robotic systenil] mecycle systems as requiréar future

use. The airship would either remain in place to continue delivery and reception
operations or proceed to the nexbp zone as required. Since the C-1If ve able to
deliver a significantly smaller amount of cargo, il wsually service a single ¢ation and

then either return to CONUS or recover at an intratheater base if available.

Special operations requires airlift support for insertion ancaetitm of operational
forces and equipment. The airlift system components are capable of supporting special
operations requirements. However, the VTOL airlift vehicle must incatpafficient
low-observable profiles to bothctive and passive detection to lower tirebalility of
detection and interception to levelsffxient to allow mission e#ctiveness. The
standard VTOL airlift vehicle will inorporate lowobservablestechnology within
resource constraints. In addition to these technologies, the special operations VTOL
airlifter will incorporate active and passivafensive and defensive systems to support
mission needs. It is important to note that these systems will not require development of a
unique airframe or substantial infrastructure to support special operations needs.

Once all personnel and equipment have been delivered, the airbmgmain in an
orbit area to recover casualties and/or remove the inserted forces. If the duration of the
operation were to exceed ABurs, the airship would begin the return trip to CONUS only

after being replaced by another airship with aeromedical evacuation capability.
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Aeromedical Evacuation

Medical evacuation in the ye2025will use the same airship platm that is used
for transporting cargo and personnel. Before departure from its CONUS base, one or
more portable, modular medical unitdlivbe loaded into the airlifter's cargo ape.

These units will contain medicalgplies and life support equipment as needed to care for
expected casualtiekor the duration of the flight to and from homeéat®n. The
approprate types and number of medical technicians deemed necedsagcampany

the medical units and remain with the airlifter. These medics will be in addition to any
field medics that may be deploying with the ground units. In addition, a small number of
cargo containers will be des@ged solelyfor the evacuation of ditlefield casualties.
These vehicles will be equipped with eithercngmous life-support systems much like
the neonatal units in use today lfaligh significantly larger) or W provide ®ating for

one or more medical technicians to care for the evaduees.

Launch and recovery of these medical units would be in the same manner as
delivering or extracting cargo and pemsel, and would provide relatively quick
transportation of casualtiesom the Iattlefield to a place where long-term care is
available. No special medical equipment other than the autonomous life-support systems
and medical supplies would be required for these units since transport time should be
relatively brief. Most care could take place on board the mother ship (in dtielan
units) with the medical technicians using communications links with CONUS to consult
approprate experts. On netn to home base, patients would be offloaded either by
stretcher or within the odular units themselves. While this concept of operations

increases the turn time at homeat®n and decreases the@mt of cargo and personnel
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deployed to and from thealttlefield, it deletes the requiremeior an additional airlifter

and uses all of the same components of the cargo and personnel delivery system. It also
removes casualties from thathefield as son as they can begded into the dedicated
medical UAVs and airlifted directly to theadular medical units on board the airlifter,

reducing complications and resulting in decreased morbidity and mortality rates.

Survivability

Because commercial airlift operations do notonporate the offensive and
defensive systems necessary to survive in a higratlanwionment, airlift operations will
require military aircraft towgport requirements in hostile areas. &oted threats include
ground, sea, and air launched missiles as well as eagatk aircraft. To@unter these,
military airlift plattorms should be configured with dtcted energy wegens coupled to
multi-spectral sensor packages enhanced with state of the art computationditycapab
With the proliferation of threat thdoology, these platforms could provide an offensive
capability to employ wegaon systems for operations ranging from rear area sustainment in
a low-threat envonment to operational power pection in high-threat ensonments.
Possible offensive captibes include stadoff aerial bombardment and the employment
of combat UAVs in support of ground operations.

Many missions, such as diplomatic and humanitarian assistance, may require airlift
platform configurations lackingactive offensive and defensive weapon systems.
Therefore, the airlift platform must be configurable to support these missions as well.
Modular weapon system packagel provide this system flexility and will enable the

employment of the airlift platform throughout the spectrum of conflict.
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Presence

Military airlift platforms directly support power projection and presence.
When this nation responds, migip forces are no longer merely support
forces. We use these aircraft to pajinfluence. When those aircraft are
sitting on a ramp in some far away country with that American flag on the

tail they are not representing the United States of America, they are the
United States of Americh.

When the government wishes to de-emphasize involvement, commercial carriers are
acceptable unless payloguohibits their use. @&causeofficial United Sates aircraft
reflect national coomitment and power, military airlift pledrms provide political
dividends that can exceed the benefits of cost savings achiexaagh commercial
carriers. The media does not turn out to highlight commercial cargo but evemilitamy
transport can gain globalttention wherproperly managed. “Media coverage of any
future wars will by ecessity weigh heavily in determining the level of national resolve,
the degree of commitment, and the complexion of thporese. . . . As the old adage

goes, ‘pictures don't lie,” and quite literally they speak louder than wérds.”

Special Handling Requirements

The military airlift network also transports payloads requiring special security and/or
special-handling requirements. These payloads include: high-profile dignitaries, weapons
of mass destruction, research, developmental test and evaluaienietn hazedous
materiel, equipment upporting compartmentalized operations, and international
assistance programs. These operations suppontiliteay, other governmental agencies,

and foreign governments. Additionally, oversized payloads, security, hazardtargam
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environmental control cargo requirements, and special-handling needs may also arise.
Although many of theseactivities may be upported by commercial carriers if proper
measures are implemented, the potential loss of control, conflicts of interest, security
aspects, and political effects will make retention of military airlift support preferable.

The melding of airships and UAVs with the concept of operations recommended
above vill enhance the entire sptrum of air mobility operations. Most rortantly, the
revolutionary point of use delivery and extraction calies will enable the war fighter
to aggressively and decisively prosecute the field aifldea Additionally, this concept
shows potential for use by the commercetter to enhance the cost effectiveness of

cargo movement.

Notes

L Air Mobility Command 1996 Air Moblity Master Plan Scott AFB, Ill.: Air
Mobility Command, 1995, 1-11 to 1-22.

> Maj Barbara Jefts, USAF, NC, interviewed by author, Maxwell AFB, Ala., 2
February 1996.

* Widnall and FoglemanAir Force Executive Gdiance Decemberl995 Update
Washington D.C.: Department of the Air Force, 1995, 12.

* Marc D. Felman, “The Military/Media Clash and the New Principle of War: Media
Spin,” Maxwell AFB, Ala.: Air University Press, June 1993: 24-25.
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Chapter 5

Conclusion

The realization of an air mobility system as extensive as that recommended in this
paper demands the development and integration of a wide range of technologies (table 3).
With the exception of low visibility enhancement andedied energy, each of thbave
technologies is currently being developed and wédid in the commercial sector.
Because of this, and given the continued paucity of defense research and development
funding, we believe it is ecessary that any new air mobility system evdhaen the
application of cilian technologies to the problem of airlift. Conversely, any system
conceived and implemented by the military would ideally have some commercial
applicability. If the military could demonste the telenological feasitity of a concept
and the civilian sctor could demonstrate the fedgjppof commercial apptations of that
technology, bothextors would benefit from the operation of common systems and any
complementary infrastructure. This close cooperation would also enhance dity mob
operations by providing sufficient resources to the commercial market for inclusion in a

future version of the CRAF.
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Table 3

Required Technologies

System

Technology

Advantage

Airframe

*Lightweight Materials

Lighter Weight, Higher Useal
Lift
Stronger Structures

hle

*Composites

Lighter Weight, Higher Useal
Lift
Stronger Structures

e

Nanotechnology

Self Repair
Expanded Environments
Operating Parameters
Light Weight/Small Components

A

Boundary Layer Control

Higher Speed
Greater Fuel Efficiency

Articulating Design

Allows Use In High Wind Gustg

Power Plants

*Ceramics/Metallurgy

Allow Higher Temperatures
Lighter Weights
Greater Thrust

At

*Advanced Fuels

Greater Efficiency

Aircraft Control

*Computer Processing

Maintenance Of Weight
Balance During On- and Off-log
Operations
Wind Gust Control

And
d

*Enhanced Semi Autonomous
Control
Nanotechnology Self Repair
*Microinertial Navigation| Reduction Of Weight And Space
Systems

Lift Gas Processing

Pressure Stabilization Throug
Flight Regime

nout

Materiel Handling Robotics Reduced Crew Workload
Equipment

Composites/Metallurgy Lighter, Stronger Structures
Survivability *Multispectral Sensors early identification of threats

(w/enhanced
processing)

compute

2r*All Weather Operations

Directed Energy (w/enhance
computer processing)

r(Defense Against Threats

Total Resource Visibility

Computer Processing

Allow Near Real Time Upc
To Command And Contrd
Elements

lates
[

Communications Across Know
Electromagnetic Spectrum

nCommunications Security
Simultaneous Access
Multiple Users

F

ol

Note: * - applicable to UAVs
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The physical asgrts of the air mdlity system recommended in this paper are
evolutionary. It proposes systems that, with a modicurtedfinological development,
could be in service b2025 The concept of operations proposed for the airilityob
system 0f2025is, however, revolutionary. It represents the appibn of tebinology to
the capabilities we believe will be required teenhthe logistics needs otir military at
that time. These capabilities include pessiveness, point-of-use delivery, direct
extraction from point of use, interoperdiby, intermodality, sirvivahlity, and long
unrefueled range. While some of thesetivities are possible today, they are not
performed at the level and with the consistency that must eX282ia

For the concepts proposed in this paper to become a reality, two events must occur.
First, the ever widening gap between airlift requirements and airlift capability must be
acknowledged. Advanced war-fighting systems are of litiliéyuf the warrior is unable
to sustain, or even join, the fight. Second, emphasis musabedobn those systems that
best solve the problems future conflicts present. Adherence to th&aatapf archaic
systems and ideas to the problems of the future (as the French did before World War 11)
only serve to delay the inevitable: the caigshic failure of a system in thede of
requirements it was never capable of addressing.

The systems presented in this paper address our future dityroancerns. It is our
hope that what we proposellvgtimulate a debate thatiliMead to the development of

innovative solutions to the air mobility problems before us.
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