SY3dVd H3ATd LHORMIHL

Unmanned
Intratheater Airlift

Kevin |. McGowan
Major, USAF

Air Command and Staft College
Wright Fl}-'cr Paper No. 45




Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 3. DATES COVERED
DEC 2010 2. REPORT TYPE 00-00-2010 to 00-00-2010
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Unmanned Intratheater Airlift £b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Air University,Air Command and Staff College,Maxwell AFB,AL,36112 | REPORTNUMBER

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONY M(S)

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

The movement of suppliesand personnel within the Operation Iraqi Freedom and Operation Enduring
Freedom areas of operation iscurrently extremely costly, hazardous and inefficient. Frequent attacks
against insecure lines of communication and difficult terrain have led to a constantly increasing tactical
airlift requirement. Asof September 2009 75 percent of all troop locationsin Afghanistan and Iraq
required resupply by ground convoy, airdrop, or verticaltakeoff- and-landing air craft. Unfortunately, the
Department of Defense (DOD) currently lacks the capability to fulfill all tactical airlift requests. This paper
investigatesthe DOD?s tactical logistical challenges and each service?s tactical lift requirements, especially
with respect to the movement of suppliesfrom forward supply hubsto forward forces. To addressthese
challenges and requirements, the author suggests the use of remotely piloted aircraft (RPA) as a potential
solution. Focusing on existing and quickly emer ging technologies as well asthe joint operating
requirements, the author proposes RPA performance and design characteristics along with a concept of
employment that increases tactical lift capabilities and meetsall current service requirements.

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17.LIMITATION OF | 18.NUMBER | 19a. NAME OF
ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE Same as 154
unclassified unclassified unclassified Report (SAR)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



Air University
Lt Gen Allen G. Peck, Commander

Air Command and Staff College
Brig Gen Anthony J. Rock, Commandant
Col Robert J. Smith, PhD, Dean
Lt Col Kyle D. Gresham, PhD, Director of Research
Col Brett E. Morris, PhD
and Maj John L. Mansuy, Series Editors
Budd A. Jones Jr., Essay Advisor

Air University Press
Gen John A. Shaud, USAF, Retired, PhD
Director, Air Force Research Institute

Dr. Richard Bailey, Project Editor
Sandi Davis, Copy Editor
Ann Bailey, Prepress Production
Daniel Armstrong, Cover Design

Please send inquiries or comments to
Editor
The Wright Flyer Papers
Air Command and Staff College (ACSC/DEI)
225 Chennault Circle, Bldg. 1402
Maxwell AFB AL 36112-6426
Tel: (334) 953-6810
Fax: (334) 953-2269
E-mail: ACSC@maxwell.af.mil



AIR UNIVERSITY
AIR COMMAND AND STAFF COLLEGE

Unmanned
Intratheater Airlift

Kevin J. McGowan
Major, USAF

Air Command and Staff College
Wright Flyer Paper No. 45

Air University Press
Air Force Research Institute
Maxwell Air Force Base, Alabama

December 2010



This Wright Flyer Paper and others in the series are
available electronically at the Air University Research
Information Management System website at http://
research.maxwell.af.mil and the AU Press website at
http://aupress.au.af.mil.

Disclaimer

Opinions, conclusions, and recommendations expressed or implied within are
solely those of the author and do not necessarily represent the views of Air Univer-
sity, the United States Air Force, the Department of Defense, or any other US
government agency. Cleared for public release: distribution unlimited.

ii




Chapter

Contents

DISCLAIMER . ...................
FOREWORD .....................
ABSTRACT ........ ... ... . ...,
ACKNOWLEDGMENTS .............
EXECUTIVE SUMMARY ............

INTRODUCTION ..................
Notes .. ... .o i it

OPERATIONAL REQUIREMENTS. .. ...
Notes . ....... .. . . ... . ..

TECHNOLOGY REVIEW/PROOF

OF CONCEPT .. ... .. .
Notes . ....... .. . ... ..

PROPOSED SOLUTION ............
Notes . ....... .. . . ..

SYNOPSIS OF CONCEPT OF

EMPLOYMENT. ..................
Notes .. ...... .. ...

CONCLUSION . .......... ... ...,

Contract Lift Configurations ........

John Warner National Defense

Authorization Act for Fiscal Year 2007 . .
Service RPA Requirements .........
Concept of Employment ...........
DEFINITIONS ...................
ABBREVIATIONS ................
BIBLIOGRAPHY..................

iii

Page

ii

vii

12

15
26

27
41

45
51

53

59
61

65






Foreword

It is with great pride that Air Command and Staff College
presents another in a series of award-winning student re-
search projects from our academic programs that reach
nearly 11,000 students each year. As our series title indi-
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looking thinking that inspired the earliest aviation pioneers,
and we aim for publication projects which combine these
characteristics with the sort of clear presentation that per-
mits even the most technical topics to be readily under-
stood. We sincerely hope what follows will stimulate think-
ing, invite debate, and further encourage today’s air war
fighters in their continuing search for new and better ways
to perform their missions—now and in the future.
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Abstract

The movement of supplies and personnel within the Op-
eration Iraqi Freedom and Operation Enduring Freedom
areas of operation is currently extremely costly, hazardous,
and inefficient. Frequent attacks against insecure lines of
communication and difficult terrain have led to a constantly
increasing tactical airlift requirement. As of September 2009,
75 percent of all troop locations in Afghanistan and Iraq
required resupply by ground convoy, airdrop, or vertical-
takeoff-and-landing aircraft. Unfortunately, the Department
of Defense (DOD) currently lacks the capability to fulfill all
tactical airlift requests.

This paper investigates the DOD’s tactical logistical chal-
lenges and each service’s tactical lift requirements, espe-
cially with respect to the movement of supplies from for-
ward supply hubs to forward forces. To address these
challenges and requirements, the author suggests the use
of remotely piloted aircraft (RPA) as a potential solution.
Focusing on existing and quickly emerging technologies as
well as the joint operating requirements, the author pro-
poses RPA performance and design characteristics along
with a concept of employment that increases tactical lift
capabilities and meets all current service requirements.
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Executive Summary

Recent military engagements have seen a radical shift in
adversary tactics. In addition to confronting traditional
conventional forces, the US military now faces an increas-
ing use of irregular warfare tactics to offset the US techno-
logical and operational advantages. Long, slow, and pre-
dictable supply convoys along overstretched lines of
communication also tend to place US supplies and troops
at significant risk. This is further complicated by a general
lack of logistical infrastructure and increasing require-
ments for US forces to assume positions in isolated and
rugged locations.

The low likelihood of these trends changing in future en-
gagements places the DOD in a difficult position. How do you
increase cargo movement to isolated forward operating bases
(FOB) in relatively inaccessible locations while maintaining
secure lines of communication? Operational and budgetary
limitations coupled with tooth-to-tail ratio, shrinking force
sizes, increasing logistical requirements, and deployment
footprint concerns require immediate solutions, even if
finding them means searching outside the box. This chal-
lenge dictates a movement away from traditional resupply
means and an accompanying paradigm and doctrinal shift.

Advancements in technology, increased needs, and shrink-
ing budgets present the DOD with both challenges and op-
portunities. Augmenting the current tactical airlift system
with a modular autonomous and/or semiautonomous un-
manned tactical airlift aircraft offers a flexible, responsive,
and inexpensive solution that will increase airlift capacity,
minimize carbon footprint, reduce risk to ground and airlift
crews, and reduce wear and tear on manned assets.

The Problem

The DOD’s use of the spoke and hub distribution method
has proven itself as an efficient and effective means of sup-
ply distribution. However, while the strategic lift portion of
the factory-to-foxhole chain is well established and rela-
tively efficient for routine shipments, the “last tactical mile”
segment is less than ideal. Depending upon a combination
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of fixed-wing, rotor wing, ground transport, host nation,
and contract services, the last tactical mile segment of the
cargo movement process is inefficient, typically service ori-
ented, and in some cases extremely dangerous. In addition
to an assortment of other factors, delivery delays resulting
from the current tactical lift system can have a significant
operational impact upon fielded forces from both a safety
and a combat effectiveness perspective.!

In Operations Enduring Freedom (OEF) and Iraqi Freedom
(OIF), insurgent and enemy force tactics and limited infra-
structures have made the transport of supplies via ground
both deadly and slow. These challenges have led to an in-
creased reliance upon a combination of airdrop and airland
flights to move supplies and personnel from major hubs
directly to their points of need. Aircraft availability, weather,
and terrain, however, have caused delayed movement and a
requirement to move supplies by alternate means.

In Afghanistan the general lack of passable roads to re-
mote villages, FOBs, and deployed troops makes airlift the
only viable option to resupply many locations. In fact, while
FOBs have taken advantage of the limited number of run-
ways, only about 24 percent of FOBs can be serviced by
C-130 or larger aircraft.? This lack of essential airland
infrastructure has made vertical takeoff and landing (VTOL)
airlift, ground convoy, and airdrop essential pieces of the
logistics system in both theaters.?

To address these needs and limitations, the Army and
Marines rely heavily upon formations of rotor-wing and tilt-
rotor airlift assets to transport much-needed supplies and
personnel.* As most resupply is routine and predictable,
regularly scheduled supply routes can be and typically are
established. Unfortunately, although these routes tend to
be effective, they are inefficient and tend to draw limited
airlift assets away from their primary missions. Addition-
ally, they waste fuel and time while exposing the flight crew
and passengers to unnecessary risks. Furthermore, the in-
creased utilization rates and harsh environments have also
led to increased maintenance requirements and premature
aging of the airlift fleet.5

Augmenting the military lift assets is an assortment of
private and commercial fixed- and rotor-wing contract car-
riers. While the total quantity of cargo and passengers moved
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by these carriers pales in comparison to those lifted by mili-
tary assets, these carriers provide an essential service. With
significant passenger loads and cargo loads ranging from a
few hundred pounds (lb.) to over 35,000 Ilb., these routine
flights free up critical airlift assets for other missions and
reduce military aircraft utilization.® Unfortunately, how-
ever, the nature of this service imposes restrictions on the
types and quantities of cargo private and commercial carri-
ers can lift, particularly with regard to destinations and
sensitive cargo, passengers, and missions.” It can also limit
mission responsiveness and flexibility.

Augmenting the airland capabilities is the steadily in-
creasing airdrop utilization, capability, and capacity. While
this trend will probably continue, thus far conventional air-
drop has been unable to keep fielded forces adequately
supplied in rugged terrain. Even the joint precision airdrop
system and low-cost, low-altitude airdrop systems that are
capable of hitting a target area of 50 meters are unable to
reliably supply troops in urban environments or rough ter-
rain (such as on a ridgeline or mountainside). Additionally,
a forward location’s request for supplies takes an average of
approximately 72 hours to be answered if the requested
supplies are already in theater and several more days if
they must be lifted in.®

Resupply flights, especially in combat situations, also ex-
pose crews and aircraft to a wide assortment of safety haz-
ards. For example, between 11 September 2001 and 14 De-
cember 2009, spatial disorientation and brownout and
whiteout conditions directly contributed to 10 US Air Force
and 55 US Army rotor-wing mishaps in the Iraq and Af-
ghanistan areas of responsibility (AOR) alone. The US Navy
experienced an additional five Class A mishaps in the
CH-46, HH-60, and UH-1 aircraft between 11 September
2001 and 18 August 2008. Together these mishaps resulted
in 49 US Army and 15 Navy/Marine Corps fatalities.® Such
human factors as “get-home-itis,” “mission-itis,” fatigue,
overconfidence, and standards deviations can also signifi-
cantly increase the chances of a mishap. Crew duty-day
limitations coupled with crew rest location limitations and
mission expectations may also place additional pressure,
stress, and ultimately risk upon a crew.
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Despite the current airlift limitations and costs, the ex-
tensive OEF and OIF air bridges have saved countless lives
and supplies. The increased utilization of fixed-wing and
VTOL assets to support cargo movement needs have
“decreas[ed] the need for hazardous ground convoys . . . and
saved lives.”!® The increased airlift has also increased the
responsiveness and speed of time-sensitive (T'S)/mission-
critical (MC) supply delivery. Despite these accomplish-
ments, approximately 80 percent of supplies are still trans-
ported by ground convoy.!!

While ground convoys can carry significantly more cargo
than tactical airlift assets, their slow speeds result in con-
voy personnel being exposed to threats for extended periods
along predictable routes. In high-threat environments, ex-
tended threat exposure times have direct safety implica-
tions upon the personnel involved in the convoys (typically
from two to three personnel per vehicle). In fact, from 19
March 2003 to 30 September 2007, improvised explosive
devices (IED) killed 1,503 US service members in Iraq alone.
Car bombs killed an additional 133. While not all of these
fatalities occurred during resupply ground convoys, the fa-
talities do illustrate the significance of the problem. In fact,
car bombs and IEDs were the leading causes of death in
Iraq (43 percent) followed by hostile fire (31 percent) during
this period.!? Likewise, in Afghanistan from 2003 through
2009, IEDs accounted for approximately 49 percent of all
US fatalities due to hostile action (35 percent of all US fa-
talities during this period).!3

Requirements

While an official DOD tactical airlift capability gap and
requirements list has not been published at the time of this
report, each service has taken steps towards quantifying its
respective needs for an unmanned or remotely piloted tac-
tical airlift platform (hereafter referred to as MQ-A). While
the identified requirements vary, the four focuses common
among the services include (1) increase responsiveness
through on-demand airlift for small loads (fewer than 3,000
Ib.); (2) remove, or at least reduce, the number of supply
trucks on the road; (3) mitigate the impact of shortages in
tactical airlift aircraft and aircrew (without significantly in-
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creasing carbon footprint); and (4) increase airlift capacity,
accuracy, and responsiveness of delivery (without signifi-
cantly increasing manpower). In all cases, the MQ-A is in-
tended to augment existing manned tactical lift assets,
thereby enhancing current lift capabilities, improving
safety, and enabling manned assets to focus on other mis-
sions such as passenger or large cargo movement.

Considering the joint operating environment, any future
tactical lift platform must meet the requirements for each
service it is intended to support. After combining each ser-
vice’s unmanned tactical lift requirements, as established
to date, a list of joint unmanned intratheater airlift platform
capabilities can be developed. Generally, the MQ-A must
have an open architecture and be multimission capable, all
weather, and net-centric. It must also be capable of carry-
ing standard loads and potentially have an optionally
manned capability. Underlying all these attributes is a need
to be responsive, flexible, safe, survivable, inexpensive, and
reliable.

As for specific capabilities, the MQ-A must be multirole
capable, preferably utilizing mission modules, while re-
maining rugged and reliable with low maintenance require-
ments. Considering the hostile environments it will be re-
quired to operate in, it should be affordable and, given the
right conditions, attritable. It must be able to operate under
enemy fire; in a chemical, biological, radiological, nuclear,
and high-yield explosive or other high-risk environments;
and in all weather conditions (to include restricted visibility).
It should also be able to avoid most ground threats by cruis-
ing at altitudes outside their effective ranges and must be
able to defeat most ground threats when operating within
their threat envelopes.

The MQ@-A should be able to travel at least 500 nautical
miles at speeds greater than 250 knots while carrying a
payload of up to 3,000 Ib.! It must be capable of autono-
mous and semiautonomous operations to include autonomous
VTOL in all weather conditions and threat environments. In
addition, it should have an internal and/or external load-
carrying capability with no external loading equipment re-
quired. Considering the current operating environments, it
should be small enough to operate in such confined spaces
as an urban environment (preferably with a smaller foot-
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print than current manned VTOL assets), a small clearing,
a mountainside, or a ridgeline at elevations up to 12,000
feet. It must also be easily deployed on board existing stra-
tegic lift assets with minimal disassembly.

Existing Technologies

While these requirements may appear excessive and be-
yond current capabilities, the technology already exists to
make the MQ-A a reality. However, some roadblocks do
exist. For example, most of the technologies are proprie-
tary, and some are still in development. Based upon the
aforementioned requirements, the primary technical con-
cerns involve (1) multifunctionality (i.e., cargo, armed/un-
armed intelligence, surveillance, reconnaissance [ISR], etc.),
(2) propulsion, (3) fielded-force landing-zone modification,
(4) autonomous VTOL, (5) threat avoidance, (6) collision
avoidance, (7) autonomous or semiautonomous route cre-
ation and modification, (8) automating manned aircraft,
and (9) safety, although the latter is more a factor of de-
sign than technology.

Notes

(All notes appear here in shortened form. For full details, see the appropri-
ate entry in the bibliography.)

1. Delays can result from such problems as environmental, mechanical,
and personnel limitations and enemy action. For example, cargo and/or
personnel may remain at a distribution point while they await transportation.
Other delays may result from maintenance, crew availability (e.g., qualifi-
cations, crew rest, etc.), the lift asset making additional stops en route to
the cargo’s final destination, or even enemy action at the point of depar-
ture, en route, or at the final destination. Weather considerations, espe-
cially when considering helicopter operations, can also lead to delayed or
even missed deliveries due to weather avoidance considerations (primarily
from obscured visibility conditions).

2. As of 12 December 2009, Afghanistan had 16 paved and 35 unpaved
runways (less than one-half the number of runways in Iraq). See Central
Intelligence Agency, “Afghanistan,” World Factbook; and Anderson, OEF,
COPs, and Bases.xlsx. Since 11 September 2001, the average AMC load is
approximately 7,500 lb. of cargo and over 10 passengers per flight. See
Lichte, Air Mobility Master Plan: 2010, 2.

3. VTOL airlift refers to all fixed-wing, rotor-wing, tilt-rotor, and any
other platforms capable of conducting a VTOL.
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4. Current doctrine calls for rotary-wing assets to fly always in forma-
tions of two or more aircraft regardless of the load being transported. This
includes flights to move a small number of passengers with small cargo
items even if one or more of the aircraft will be empty. While this practice
enhances force protection, it is expensive, inefficient, and increases main-
tenance requirements.

5. Manske, Unmanned Airlift, 8; and Vice Chief of Staff Army/Vice
Chief of Staff Air Force, Concept of Employment, 7.

6. In Afghanistan from January 2009 to June 2009, civilian fixed-wing
carriers flew 4,700 sorties (4,686 of which were short takeoff and landing
[STOL] flights) as compared to just over 1,600 US military fixed-wing
flights (i.e., C-5, C-17, and C-130) with average cargo loads of 1,166 Ib.
and 14,812 Ib., respectively. During this period, civilian rotor-wing air-
craft flew 581 missions, with each mission having as many as 27 legs.
These VTOL missions transported an average of 3,357 1b. of cargo and 40
passengers per mission. The STOL aircraft averaged six passengers per
flight. All together, the civilian STOL and VTOL aircraft transported 51,750
passengers and 7,014,845 1b. of cargo during this period alone. Not in-
cluding airdrop, special operations forces and Marine Corps missions,
military fixed-wing aircraft transported over 24 million Ib. of cargo. An ad-
ditional 6,540,936 Ib. of cargo were moved by theater express within Af-
ghanistan from January to May 2009 with an average monthly load of
1,308,187 1b. Unfortunately, as there is currently no central tracking sys-
tem for cargo moved by rotor-wing aircraft in the tactical environment, the
load data for military rotor-wing and tilt-rotor aircraft was unavailable.
Per Anderson, YD-03 (assistant director, Analyses, Assessments, and Les-
sons Learned, AMC/A9), interview by the author, 19 January 2010. For
load data, see US Transportation Command military and contract civilian
carrier flying-hour and monthly activity spreadsheets (January 2009-
June 2009) for flights within Afghanistan. Since 11 September 2001, the
average AMC load is approximately 7,500 Ib. of cargo and over 10 passen-
gers per flight. See Lichte, Air Mobility Master Plan: 2010, 2.

7. Based upon US Transportation Command Flying Hour and Monthly
Activity Log spreadsheets and an interview provided by Anderson.

8. Ibid.

9. See Air Force Safety Automated System (AFSAS); Navy Safety Cen-
ter, Class A Mishap Data for the Period of 1998-2008; and Army Combat
Readiness/Safety Center, Class A, B, and C Mishap Data. Thirty-six of the
55 Army mishaps (resulting in 47 fatalities) involved cargo- and troop-
carrying aircraft. The remaining mishaps involved OH-58s and AH-64s.

10. Lichte, “Commander’s Intent,” 2.

11. Hilliard, US Transportation Command/J3, e-mail to the author, 16
February 2010. Actual quantities of supplies and personnel transported
via rotor wing and ground transportation were unavailable due to limita-
tions in the current logistical tracking systems. While US Transportation
Command and Air Mobility Command track cargo airlifted via the Air
Force lift assets (to include airdrop), once the cargo is offloaded and trans-
ferred to the Army and Marine Corps at a forward supply location (e.g.,
Kandahar, Bagram, Baghdad, etc.), the cargo is considered “delivered to
destination.” The “last tactical mile” movement of the supplies by rotor
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wing and ground transportation from this supply depot to other FOBs is
tracked and kept by the individual units performing the supply movement
(e.g., each combat air brigade maintains its own records). The lack of a
central unifying database has made it virtually impossible to obtain reli-
able theaterwide intratheater cargo movement data. Without this data, an
accurate comparison between quantities moved by airdrop, rotor wing, tilt
rotor, and ground transport could not be made.

12. O’Hanlon and Campbell, Iraq Index, 18.

13. iCasualties.org, “Operation Enduring Freedom.”

14. Per US Transportation Command Flying Hour and Monthly Activity
Log spreadsheets; and Anderson, interview. In Afghanistan from January
to June 2009, civilian VTOL aircraft transported an average of 3,357 1b. of
cargo per mission. Military VTOL cargo lift statistics were unavailable.
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Chapter 1

Introduction

In view of the information GAO [General Account-
ing Office] developed and DOD’s position, the Con-
gress should scrutinize proposed manned aircraft
developments to assure that the DOD gives ade-
quate consideration to the use of the remotely pi-
loted vehicle technology for some missions. While
DOD is making some use of the technology, there
is a need to assure that its use is maximized where
suited to save lives and money.

—General Accounting Office, 1981
(now General Accountability Office)

Remotely piloted aircraft (RPA) have been a reality of the
modern battlefield since 1916 when Archibald Montgomery
Low’s team invented the Aerial Target (AT) for the Royal Fly-
ing Corps.! The AT later evolved into the first remotely pi-
loted aircraft (the Ruston Proctor AT in 1917) to be used as a
guided bomb. Low’s Royal Flying Corps Experimental Works
developed the first guided rockets later that same year.?
Drawing on research and early RPAs flown during World War
I and the interwar years, World War II saw both the Allies and
Axis countries converting explosive-laden manned aircraft
into RPAs (e.g., PB4Y-1, BQ-7) to be flown into enemy targets
as guided cruise missiles or bombs.? In the 1970s the Air
Force’s BGM-34F fighter RPA and the highly maneuverable
aircraft technology projects demonstrated how RPAs could
outperform manned fighter aircraft.*

The current use of such RPAs as the Predator, Reaper,
Warrior, and Global Hawk for armed and unarmed intelli-
gence, surveillance, and reconnaissance (ISR) missions only
scratches the surface with respect to medium and large
remotely piloted platforms. While the use of persistent
armed and unarmed ISR platforms in military operations
has proven invaluable and ultimately essential to success
on the battlefield, advancements in technology, increased
needs, and shrinking budgets present the Department of
Defense (DOD) with both challenges and opportunities. Op-
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erational and budgetary limitations coupled with tooth-to-
tail ratio, shrinking force size, increasing logistical require-
ments, and deployment footprint concerns dictate that we
find solutions rapidly. We simply need to look at problems
through a wider lens, consider all the tools available, and
develop a solution, even if it means a significant paradigm
or doctrinal shift. One area that deserves extra attention is
the current and emerging capability gap with respect to tac-
tical airlift and the role RPAs can play in addressing these
limitations. An RPA designed to fulfill the joint tactical air-
lift requirements can offer an inexpensive, safe, flexible,
and responsive option that can increase tactical airlift ca-
pabilities and save lives, even in conditions considered too
hazardous for manned aircraft.

The Current Logistical System

Under the current US Transportation Command system,
cargo is moved from factory to foxhole via a spoke-and-hub
system (similar to that used by commercial carriers). While
the ideal system to the customer would be a movement of
the personnel and equipment directly from the factory or
home base to their final destination, this is far from effi-
cient and certainly not realistic. Instead, strategic lift assets
(i.e., ships and aircraft) move the cargo and passengers
from their points of origin to the theater of operations
through a series of major hubs. Once in theater, the per-
sonnel and equipment are typically moved to a distribution
hub via a tactical lift asset where they await transport to
their final destination via either a direct route (fig. 1) or a
ring route/distribution circuit (fig. 2).

While the strategic lift portion of the factory-to-customer
chain is well established and relatively efficient for routine
shipments, the last tactical mile segment is less than ideal.
The process of moving cargo, especially mission-critical
(MC) and time-sensitive (T'S) shipments, into places where a
channel has not been established is considerably more
complicated and time intensive.® Depending upon a combi-
nation of fixed-wing (e.g., C-17, C-130, etc.), rotor-wing (e.g.,
CH-53, UH/HH-60, CH-47, V-22, etc.), ground-transport
(e.g., trucks, rail), host-nation, and contract transport us-
ing an assortment of fixed wing, rotor wing, and ground lift,
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Distribution Hub

[ ] Resupply Points

Figure 1. Factory to distribution hub with spoke distribution. (Created
by the author.)

) Distribution Hub b

@®  Resupply Points

Figure 2. Factory to distribution hub with ring route/distribution circuit.
(Created by the author.)

the last tactical mile segment of the cargo movement pro-
cess is inefficient, typically service oriented, and in some
cases extremely dangerous.

Delays

Since World War II airlift has become an ever-increasing
necessity to fielded forces for not only resupply but also
transport to and from the fight. To be effective, fielded forces
require sufficient supplies where and when required. Again,
the answer has pointed to airlift. Improved responsiveness
from the US logistical system has ultimately resulted in
greater expectations for immediate results. Unfortunately,
these expectations for short request to delivery times can
have significant results when not met. Logistical limita-
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tions, however, can and often do result in significant ex-
pected and unexpected delays for the personnel and equip-
ment being transported.

These delays, which will ultimately affect the effective-
ness of the fielded forces, can emanate from an assortment
of reasons. For example, cargo and/or personnel may re-
main at a distribution point while they await transporta-
tion. Other delays may result from maintenance, crew
availability (e.g., qualifications, crew rest), the lift asset
making additional stops en route to the cargo’s final desti-
nation, or even enemy action at the point of departure, en
route, or at the final destination. Weather considerations,
especially for helicopter operations, can also lead to delayed
or even missed deliveries due to weather-avoidance consid-
erations (primarily from obscured visibility conditions).

Two other significant causes of delay are terrain and air-
craft availability. For example, in 2008 Marine Corps Com-
bat Logistics Battalion 3 (CLB-3) was charged with moving
supplies to forward locations 60-90 kilometers (km) away
(straight-line distance) over unprepared and unsecured
routes in Afghanistan. A 60-km (37.3 miles) route could
take anywhere from 16 to 54 hours depending upon the
extent of enemy action and mechanical problems. Accord-
ing to the unit’'s commanding officer (CO), the average 60-km
patrol took approximately 20 hours to complete.® This
equates to a straight-line speed of approximately 1.87 miles
per hour. Despite an interest to move as much cargo via
airlift as possible, the unit’s access to only four CH-53s sig-
nificantly hampered this goal.” In fact, due to airlift limita-
tions the CLB-3 was able to airlift only 650,000 lb. (ap-
proximately 5.5 percent of the supplies) using CH-53s. The
remaining 11.2 million 1b. of supplies were transported via
ground convoy.® Even along routes with established roads,
force-protection considerations typically result in low-
movement rates, particularly in areas at high risk of an
improvised explosive device (IED) or enemy force contact.

Regardless of the reason for the delayed delivery, the bot-
tom line is the same: the passengers and equipment are
delayed arriving at their final destination. These delays can
have a direct impact upon the safety and effectiveness of
fielded forces and convoy personnel.
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Airlift

The movement of supplies and personnel in the last tac-
tical mile from supply hub to point of need presents a series
of significant challenges to the war fighter ranging from se-
curity of the logistical lines of communication to simple en-
vironmental concerns. In Operations Enduring Freedom
(OEF) and Iraqi Freedom (OIF), insurgent and enemy force
tactics coupled with limited infrastructures have made the
transport of supplies via ground both deadly and slow.
These challenges have led to an increased reliance upon a
combination of airdrop and airland flights using fixed- and
rotor-wing assets to move supplies and personnel from
major hubs directly to their points of need when required
using the most expeditious and advantageous means avail-
able. Weather and terrain, however, have resulted in delayed
movement or a requirement to move the supplies by alter-
nate means.

In Afghanistan the general lack of passable roads to re-
mote villages, forward operating bases (FOB), and deployed
troops makes airlift the only viable option for resupply for
many locations. In fact, while FOBs have taken advantage
of the limited number of runways, only about 24 percent of
FOBs can be serviced by C-130 or larger aircraft.® This lack
of essential airland infrastructure has made vertical takeoff
and landing (VTOL) airlift, ground convoy, and airdrop es-
sential pieces of the logistics system in Afghanistan.®

To address these needs and limitations, the Army and
Marines rely heavily upon formations of rotor-wing and tilt-
rotor airlift assets (primarily by flights of CH-47s, UH/HH-
60s, CH-53s, and V-22s) to transport much-needed supplies
and personnel.!! As most resupply is routine and predict-
able (with locations changing as forces move within the
area of operations [AO]), regularly scheduled supply routes
can be and typically are established. For example, to ser-
vice established operating locations, the Army flies helicop-
ters on regularly scheduled ring routes to multiple locations
regardless of the amount or nature of the cargo being moved
(fig. 2). This system, like a city bus route, allows cargo or
personnel to get on the aircraft at any point along the cir-
cuit for transportation to another location along the route.
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A significant problem with this system is that aircraft
may fly with underutilized cargo space and/or passenger
seats to locations that don’t have inbound or outbound
cargo or passengers. This process wastes fuel and time
while exposing the flight crew and passengers to unneces-
sary risks. Cargo and/or passengers may also have to tran-
sit multiple locations before they arrive at their intended
destination, resulting in unnecessary delays. While this
system is far from efficient, it is predictable, convenient,
and easy to schedule.

Fulfilling the short-notice, small load, and passenger lift
requirements is a combination of standby rotor-wing assets
and an assortment of private and commercial fixed and
rotor-wing carrier contracts (appendix 1 has additional
contract asset information). While the total amounts moved
by these carriers pale in comparison to those lifted by mili-
tary assets, these companies have provided a significant
number of VIOL and short takeoff and landing (STOL)
flights with loads ranging from a few hundred pounds to
over 35,000 lb. In Afghanistan alone from January to June
2009, civilian rotor-wing aircraft averaged 3,357 Ib. of cargo
and 40 passengers per mission, and civilian fixed-wing air-
craft averaged 1,166 lb. and six passengers per flight. These
routine flights free up critical airlift assets for other mis-
sions and reduce aircraft utilization.!> While providing a
crucial lift capability, the nature of this service imposes re-
strictions on the types and quantities of cargo that can be
lifted by these assets, particularly about destinations and
sensitive cargo, passengers, and missions.!®

Augmenting the airland capabilities is a steadily increas-
ing airdrop capability, capacity, and utilization, a trend
that will probably continue in current and future conflicts.
However, with limited access to large, secure drop zones,
conventional airdrop has proven insufficient to keep fielded
forces in rugged terrain supplied. To address this challenge,
the Army has turned to the $100 low-cost, low-altitude
(LCLA) airdrop system. Capable of landing within 50 meters
of the intended target, this system helps to ensure the
needed supplies (typically dropped in 250-560 1b. bundles)
remain within the immediate area of the troops. Another
advantage of this system is that it does not require drop-
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zone (DZ) surveys before delivery, thereby enhancing deliv-
ery responsiveness. !4

LCLA is a critical mode of distribution to platoon and platoon-sized
locations. The accuracy of the LCLA method of airdrop prevents
units from having to go outside of the wire to receive supplies be-
cause bundles of CL I, III, and V can be dropped inside of a very
small window. This is critical because many of these locations do
not have enough Soldiers on hand to provide force protection and
secure a DZ and recover airdrop bundles simultaneously. In addi-
tion, the LCLA platform can be used to resupply Soldiers on patrols
or in Ops [Operations]. The materials used to build the bundles are
expendable, allowing patrols to receive the supplies and leave be-
hind the packing material with no retrograde requirements.!s

A significant drawback of the LCLA system, however, is
the delivery method. System limitations require the drop to
be made in good weather from a low altitude during day-
light.'¢ This requirement makes the delivery aircraft a vul-
nerable target and highlights the position of friendly forces.
In situations where an LCLA airdrop isn’t feasible, the re-
quired supplies can be dropped from an altitude of over
25,000 feet using the joint precision airdrop system (JPADS)
and the improved container delivery system with the same
level of accuracy.!” These systems have not only increased
aircrew safety but they have also allowed for standoff air-
drop at night, which can help mask the location of friendly
forces on the ground.

The combination of additional need and greater accuracy
has led to an exponential increase in aerially delivered sup-
plies.!® Two serious drawbacks of JPADS, however, are that it
is far more expensive than the LCLA, and it requires some
equipment to be extracted following delivery (effectively in-
creasing combat load and/or helicopter support require-
ments). Unfortunately, however, for locations such as along
ridgelines and where troops are engaged in proximity to the
enemy, 50-meter accuracy is still insufficient. In these cases,
supplies that miss the small target area may ultimately be lost
or even recovered by enemy forces. Yet the supplies must still
be delivered by ground transport or VIOL assets. Another
noteworthy drawback of the airdrop option is that it takes an
average of 72 hours for a forward location’s request for sup-
plies to be answered if the requested supplies are already in
theater and several more days if the supplies need to be lifted
in.'® While this may be acceptable for such routine supplies as
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food and water, which can be routinely scheduled and stock-
piled, this turnaround time is too long for troops engaged with
the enemy. The TS mission needs have led to a high reliance
upon the limited rotor-wing TS/MC lift assets. The limited
available airlift capacity has also left ground convoys as the
primary means of cargo movement.

Regardless of the benefits, the heavy reliance upon and
utilization of VTOL assets has not come without a cost.
Harsh environments and constant use have strained and
prematurely aged the limited fixed- and rotor-wing assets
that the United States has become dependent upon.?° For
example, the CH-47 is currently performing the majority of
the Army’s MC/TS and personnel movement in the OEF/
OIF theaters because it is the best Army-owned asset avail-
able. Unfortunately, however, this added mission role has
negatively impacted the CH-47 fleet’s ability to perform its
primary mission functions in support of the ground combat
units. More to the point, by diverting these crucial assets
from the ground combat units, the fielded forces are granted
reduced access to a highly flexible and capable transporta-
tion asset. The persistent use of formations and the ex-
tended operational requirements (including flight frequency
and ranges)—coupled with harsh desert environments—
have also “generated a significant increase in the mainte-
nance require[ments] for these aircraft.”?!

Despite the current airlift limitations and costs, the ex-
tensive OEF and OIF air bridges have saved countless lives
and supplies. Air Mobility Command’s (AMC) addition of
the C-17 to the overtasked C-130 tactical intratheater airlift
fleet, coupled with the Army’s and Marine Corps’s shift in
the utilization of VTOL assets to support more cargo move-
ment needs, has significantly increased airdrop and airland
service, “decreas[ed] the need for hazardous ground con-
voys . . . and saved lives.”? The increased airlift has also
increased the responsiveness and speed of TS/MC supply
delivery. Despite these accomplishments, approximately 80
percent of supplies are still transported by ground convoy.23

Safety

All resupply flights, especially in combat situations, can
and often do expose crews and aircraft to a wide assortment
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of safety hazards, long duty days, enemy fire (in combat
zones), and environmental hazards (e.g., brownout, white-
out, icing, rain, and instrument meteorological conditions).
For example, between 11 September 2001 and 14 Decem-
ber 2009, spatial disorientation, brownout, and whiteout
conditions directly contributed to 10 Air Force and 55 Army
rotor-wing mishaps in the Iraq and Afghanistan area of re-
sponsibility (AOR). Between 11 September 2001 and 18 Au-
gust 2008, the Navy experienced five Class A mishaps in
the CH-46, HH-60, and UH-1 aircraft. Together these mis-
haps resulted in zero Air Force, 49 Army, and 15 Navy/
Marine Corps fatalities.?* Such human factors as “get-home-
itis,” “mission-itis,” fatigue, overconfidence, and deviations
from standards can also significantly increase the chances
of a crew being involved in a mishap. Crew duty-day limita-
tions coupled with crew rest-location limitations and mis-
sion expectations may place additional pressure, stress,
and ultimately risk upon a crew.

While the danger to flight crews is notable, the current
danger to ground personnel is far more significant. While
ground convoys can carry significantly more cargo than
tactical airlift assets, the slow speeds of ground convoys
result in the convoy personnel being exposed to threats for
extended periods. In high-threat environments, extended
threat exposure times have direct safety implications upon
the personnel involved in the convoys (typically from two
to three personnel per vehicle). In fact, from 19 March 2003
to 30 September 2007, 1,503 US service members died
from IEDs in Iraq alone. An additional 133 died of car
bombings. While not all of these fatalities occurred during
resupply ground convoys, they do illustrate the signifi-
cance of the problem. In fact, car bombs and IEDs were
the leading causes of death in Iraq (43 percent), followed
by hostile fire (31 percent).2’ Likewise, in Afghanistan,
from 2003 through 8 December 2009, 309 US fatalities
occurred due to IEDs. This equates to 47.8 percent of all
US fatalities due to hostile action in Afghanistan during
this period (35.4 percent of all US fatalities during this
period).?® Since 2001 these constant threats have also re-
sulted in the loss of critical supplies and vehicles while
simultaneously having a direct impact upon public per-
ception (both US and foreign) and costs.
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Overview

As several other studies have already been conducted on
the feasibility of unmanned strategic airlift, this study as-
sesses the use of RPA for the last tactical mile or unmanned
intratheater airlift. More specifically, this study addresses
these questions: (1) What operational requirements exist
that would justify the employment of an RPA platform in
the tactical environment? (2) Will current and forecast RPA
technologies fulfill these requirements? and (3) How might
these assets be employed??’

The next chapters build upon the background informa-
tion presented in chapter 1. Chapter 2 discusses the opera-
tional requirements of fielded forces, and chapter 3 investi-
gates existing and future RPA technologies that may be
used to fulfill the identified requirements. Chapter 4 offers
suggestions for a tactical airlift RPA (hereafter referred to as
MQ-A), with chapter 5 offering a concept of employment for
that platform.

Assumptions

Recognizing that a move to a remotely piloted intra-
theater airlifter may be a significant paradigm shift, this
study assumes that the MQ-A will be used for transport-
ing supplies and equipment until the safety of an RPA is
demonstrated and people are willing to be transported by
an aircraft without a pilot on board. Furthermore, the
author assumes that RPAs will augment existing lift ca-
pabilities either through semiautonomous or autono-
mous operations.

Additionally, while the Air Force gained the responsibility
of providing the Army’s strategic and tactical airlift accord-
ing to the Key West Agreement of 1948, this study does not
presume which service(s) will operate the MQ-A once it is
acquired.?® In the past, strategic lift was provided by US
Transportation Command and is thus inherently joint in
nature. The strategic lift segment, however, simply moves
the personnel and equipment from the point of origin to a
supply hub within the AOR. Once there, each service has
typically been left to arrange its own lift (either internally or
with a sister service) to the forces in the field. This practice
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has led to a close logistical relationship between the Army
and the Air Force, but it has also resulted in the acquisition
of service-specific lift assets.

While this has traditionally offered each service the flexi-
bility to employ its resources when and how desired (to in-
clude single-service operations when so tasked) to control
its own supply chain, this method can lead to unnecessary
redundancy and/or inefficiencies in a joint environment.
Acquiring a common, multirole platform, however, would
improve the acquisition of aircraft components and mod-
ules, servicing, and maintenance, and general familiariza-
tion and use in a joint environment. With this being said,
the study makes no assumptions regarding who will or
should operate the MQ-A, suggesting only that its acquisi-
tion and employment be focused on the joint requirements.
Ultimately, the joint commands and the services will need
to decide whether US Transportation Command, US Joint
Forces Command, a single service, or a combination of ser-
vices will be responsible for the last tactical mile of the
factory-to-foxhole logistics chain.

Summary

In both Afghanistan and Iraq, US forces proliferate over
large geographic areas. While not significant in itself, that
only a small fraction of these locations are collocated with
an airfield and a majority of them are connected by inse-
cure lines of communication mean the task of resupply is
both arduous and hazardous. Ground convoys, the primary
source of resupply to forward locations, are significantly
impacted by existing road systems and frequent attacks,
factors that have driven a demand for more airlift.

The current tactical airlift system, although effective,
lacks sufficient numbers and the responsiveness and flexi-
bility required by the fielded forces. The fixed-wing airlift
system is dependent upon limited runway availability and
the accuracy of imprecise airdrop systems servicing chal-
lenging troop positions. Meanwhile, range, environmental
considerations, speed, and payload limitations significantly
affect the limited number of lift helicopters. Enemy activity/
threats, weather, crew availability, and aircraft availability
further affect all airlift assets. Making matters worse, an
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insufficient number of tactical lift assets is available to ful-
fill the lift needs.?®

While the current logistical system has served the United
States well, current and emerging threats and resource
availability have made the continuation of existing prac-
tices extremely costly. What is needed is a system that is
more responsive and capable of meeting the war fighter’s
needs with minimal risk to aircrew and expensive aircraft.
The answer to this dilemma will most likely require a logis-
tical paradigm shift.
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Chapter 2

Operational Requirements

[The] DOD appears to have addressed its strategic
airlift gap, but there is a potential future tactical

airlift gap.

—US Government Accountability Office 10-67
“Defense Acquisitions”
November 2009

Time sensitive/mission critical mission require-
ments create demand for delivery of equipment,
supplies, and personnel that are generally non-
routine in nature and must be delivered to the point
of need/point of effect in an accelerated time.
These demands require the lift capacity to be su-
premely responsive to the supported commander’s
immediate operational or tactical priorities. TS/MC
demands cannot routinely be accommodated via
the planned resupply and movement processes
where efficiency is the primary consideration.

—Department of Defense (DOD)
Quadrennial Roles and
Missions Review Report
January 2009

By request of the DOD, the Government Accountability
Office (GAO) conducted a study to “(1) identify the status of
the DOD’s modernization and acquisition efforts and (2) de-
termine how well the DOD is addressing any capability
gaps and redundancies.” While conducting the study, the
GAO determined that the DOD had addressed identified
strategic airlift gaps but had failed to adequately address a
potential tactical airlift gap. The report, released 12 Novem-
ber 2009, states that although the DOD currently fulfills the
medium tactical-airlift requirements with the C-17 and the
C-130, considering access limitations, this is an insufficient
long-term solution.? The current plan is to replace the C-17
with the C-27J in this role, but the C-27J is not expected to
be operational for at least another 15 years. Furthermore,
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questions remain regarding whether the C-27J will fulfill
the DOD’s medium-lift needs, especially with a reduction
in aircraft from 78 to 38 and its inability to perform VTOL.?
Unfortunately, these options fail to address the fact that
approximately only 19 percent of supplied locations in
Iraq and Afghanistan are accessible by fixed-wing aircraft
(except by airdrop) and even fewer by C-130 or larger air-
craft.* Granted this statistic is only for current operations
in Iraq and Afghanistan, but planning for tomorrow’s fight
cannot ignore the fact that the United States has a long
history of having troops operating in relatively inaccessible
locations with poor logistical infrastructures (e.g., Korea,
Vietnam, Africa, Afghanistan, Pacific Islands, and South
and Central America).

Furthermore, while the study addresses the movement
of such large equipment as the Stryker and future medium-
weight armored vehicles in theater, it does not address the
need nor the methods used to supply troops who are geo-
graphically separated from runways. Additionally, it does
not address the significant number of resupply flights to
forward operating locations carrying relatively light loads
(less than 3,000 1b.). This predictable and routine require-
ment is currently being fulfilled by ground vehicles and a
limited number of VTOL aircraft, assets that could be used
for larger loads, troop transport, and more complicated
missions.

In addition, considering the relative successes terrorists
and insurgents have had with IEDs in Iraq and Afghanistan
regarding attrition of forces and influencing public opinion,
it is reasonable to expect that these tactics will continue in
future conflicts. It is also reasonable to expect a persistent
requirement to secure our lines of communication and to
reduce the risk to US and allied service members via tacti-
cal airlift of personnel and equipment. Unfortunately, cur-
rent supply movement requirements exceed airlift capabili-
ties as evidenced by the United States’ near-maximum use
of available airlift assets and its continued dependence
upon ground and contract transport for a majority of its
supply needs. These requirements for increased tactical
airlift will require a shift in current tactical airlift doctrine
and inventory.
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The Search for an RPA Solution

In May 2005 the Senate Armed Services Committee Re-
port 109-69, National Defense Authorization Act for Fiscal
Year 2006, stated that “the committee notes that dedicated
unmanned aerial vehicles for movement of equipment and
supplies could support Army expeditionary forces while re-
ducing logistics, procurement, and operational costs.” It
went on to direct the secretary of the Army to investigate
and report findings regarding requirements, technical fea-
sibility, and the cost of integrating remotely piloted aircraft
systems for resupply into the future force unmanned avia-
tion concepts of aerial vehicles.®

In October 2007 the John Warner National Defense Au-
thorization Act for Fiscal Year 2007 highlighted the con-
gressional preference for unmanned systems on the battle-
field. It also required certification that an unmanned
system is incapable of meeting the needs of the Depart-
ment of Defense for acquisition of a manned system to
proceed. The secretary of defense was also required to
identify “missions and mission requirements, including
mission requirements for the military departments and
joint mission requirements, for which unmanned systems
may replace manned systems” and to identify “a strategy
and schedules for the replacement of manned systems
with unmanned systems in the performance of the [identi-
fied] missions” (appendix 2, section 941, addresses the
DOD policy on unmanned systems).”

In January 2008 Army Combined Arms Support Com-
mand (CASCOM) received a tasking from the Army Training
and Doctrine Command to support the Army’s obligation to
respond to the 2005 congressional tasking (109-69). Less
than two months later, CASCOM produced a short paper,
Logistics Re-supply Role of Unmanned Aircraft Systems
(UAS) Concept of Employment/ DOTMLPF Analysis, describ-
ing logistics roles for UASs. This document also included an
initial concept of employment and a doctrine, organization,
training, materiel, leader development and education, per-
sonnel, and facilities (DOTMLPF) analysis. The paper estab-
lished a foundation for a more extensive analysis of logis-
tics missions for UASs and their integration into the Army’s
future modular force. In August 2008 CASCOM obtained
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funding from the Department of the Army (DA) G-4 to sup-
port the Army Regulation 5-5 study focusing on a UAS re-
supply role. At the same time, DA G-4 also funded a con-
current RAND study that concentrated on other logistics
applications for UASs.8

The Marine Corps followed suit shortly thereafter fol-
lowed by the Air Force. The 18 May 2009 United States Air
Force Unmanned Aircraft Systems Flight Plan 2009-2047,
signed by the secretary of the Air Force, Michael B. Donley,
and the Air Force chief of staff, Gen Norton A. Schwartz,
proposes UASs as a means to “increase the percentage of
assets available for operations due to the distributive na-
ture.” In addition to highlighting several desired attributes,
it forecasts the acquisition of an MQ-L, a large RPA capable
of “ISR, EW communications gateway and air mobility op-
erations” by 2020.° Subsequent discussions, however, sug-
gest that an actual employment date (for at least a tactical
lift UAS) would occur far sooner. Then, on 25 September
2009 AMC/A7 and A8 released a request for information
(RFI) for unmanned cargo aircraft to build a forum for dis-
cussion on the subject and as a means to assess current
and emerging technologies. The ensuing unmanned intra-
theater airlift conference not only reviewed existing tech-
nologies and concepts but also helped to set the ground-
work for establishing potential joint requirements.!©

The Requirements

It is worth noting that to date, no formal list of tactical
airlift capability gaps, or “needs,” has been officially re-
leased by the Air Force or the Army. The Marine Corps has,
however, released the Universal Needs Statement (UNS) for
the Cargo Unmanned Aircraft System (Cargo UAS), dated 27
August 2008. Considering this document and the argu-
ments made through various mediums, including the AMC
Unmanned Intra-Theater Airlift Conference (17-18 Novem-
ber 2009), the author proposes the following “needs” for
consideration:

1. Increase responsiveness through on-demand airlift
for small loads (less than 3,000 Ib.)!!
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2. Remove, or at least reduce, the number of supply
trucks on the road

3. Mitigate the impact of tactical airlift aircraft and air-
crew shortages (without significantly increasing
carbon footprint)

4. Increase airlift capacity, accuracy, and responsive-
ness of delivery (without significantly increasing
manpower)!?

The bottom line is that the fielded force needs more, or at
least an improved, tactical airlift. With the exception of pre-
dictable resupply needs (e.g., food, water, and toiletries),
many MC and TS needs arise that require timely fulfillment.
Unfortunately, regularly scheduled resupply routes may
prove too inflexible, and airdrop frequently takes too long
from request for delivery. Regarding airdrop, several loca-
tions (e.g., ridgelines, mountainsides, along bodies of water,
populated areas, and inside a besieged compound), includ-
ing forces engaged in close contact with the enemy, cause
airdrop to be too imprecise and too dangerous. In these
cases, accuracy of a few meters on a pallet containing es-
sential supplies could mean the difference between success
or failure or survival. What is needed is an accurate, flexible,
and timely delivery system.

While the logistical system currently in use by the DOD
is robust and capable for a Cold War conflict, it presently
struggles to meet the demands of irregular warfare as being
prosecuted today, especially for the last tactical mile. Not
surprisingly, the locations and types of operations con-
ducted by each service have led to a diverse set of tactical
airlift requirements. In fact, each service has established its
own set of requirements (appendix 3) for an MQ-A tailored
for their specific needs.

Considering the DOD’s ever-increasing joint focus and
its limited budget, it is highly likely and arguably preferable
that a single multifunctional platform be acquired that ful-
fills all the needs of each service. With this in mind, table 1
summarizes the most stringent service requirements that
must be achieved if all identified service needs are to be
met. This is not to say that these are the only requirements
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Table 1. Joint RPA Requirements

Joint Requirement

Transport & Can fit inside 20 feet TEU ISO Containers and a C-17

Storage with minimal disassembly

Ship Operations Amphibious with small footprint

Assembly & Quick assembly

Operation

Radius @ 1600-lb. | 500 nautical miles (nm) with 0.5 hours on station with

payload cargo and a 2-hour intelligence, surveillance, and
reconnaissance (ISR) loiter time

Cargo Carriage Internal and external carrying capability with no external
loading equipment required

Speed > 250 knots

Payload Up to 3,000 pounds

Operations Autonomous, semiautonomous, land via soldier signal,

beacon or at preset LZ, reusable, autonomous collision
avoidance, contingency management

VTOL Landing Small, small for ships, urban ops, roads, FARPS &
footprint FOBs, unprepared surfaces

VTOL Ops Altitudes | 12K Density (750 pounds, 75 nm radius RFP)

En-route Ops Cruise at altitudes outside range of most ground threats

Altitudes (antiaircraft artillery [AAA], surface-to-air missile, small
arms), able to avoid highly congested altitudes

Protection Small arms, large-caliber AAA, CBRN

Operation & Rugged, reliable & low-maintenance hours/flight hour,

Maintenance “Flying Truck”

Mission Multirole capable based upon attached module (airlift,
ISR, electronic warfare [EW], close air support [CAS])

Price Affordable, attrition acceptable (Air Mobility Command
suggested $10M)

Source: The individual service requirements can be found in appendix 3, Service RPA
Requirements.

but rather that they are tactical airlift RPA requirements
previously identified by each service.

Future tactical airlift assets must consider potential
needs and requirements, not simply the needs of a single
service. This requires designing a platform to address the
limitations outlined in chapter 1, the needs outlined in
chapter 2, and the service-specific requirements summa-
rized in table 1. Airlift assets must also consider the re-
quirements outlined in the United States Air Force Un-
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manned Aircraft Systems Flight Plan 2009-2047. Most
notably, future RPAs must be “multi-mission, all weather,
net-centric, modular, [with] open architecture,” capable of
carrying standard loads, and potentially having an option-
ally manned capability.’® Underlying all these attributes is
a need to be responsive, flexible, safe, survivable, inexpen-
sive, and reliable.

One of the advantages and shortcomings of manned air-
craft is their ability to be responsive to rapidly changing
requirements. Pilots are able to process a changing envi-
ronment, assess changing requirements, determine the
best course of action, and execute the adjusted plan. An-
other important aspect of responsiveness is the ability to
have assets available to execute a mission when and where
required. Unfortunately, however, environmental and enemy
hazards coupled with crew rest requirements can result in
manned aircraft not being available when required.

To ensure mission success, an MQ-A should be able to
enhance the capabilities available through manned platforms.
For example, a fleet of autonomous or semiautonomous
RPAs would not be restricted by the aforementioned air-
crew limitations or a chemical, biological, radiological, nu-
clear, and high-yield explosives (CBRNE) environment, thus
making on-demand resupply a reality in diverse conditions.
Having a semiautonomous RPA would also allow the air-
craft to be retasked en route if required through the ground
control station (GCS) or fielded forces via a portable uplink
device (such as a personal digital assistant [PDA]). This
MQ@Q-A may be used to change a landing zone, put the air-
craft in a holding pattern pending more favorable landing
conditions, change missions (dependent upon on board
modules), change routes, avoid obstacles/hazards, avoid
ground threats, or return to base if the mission needs to be
aborted. Given adequate sensors, an RPA can even achieve
a sufficient amount of situational awareness to be fully au-
tonomous in a rapidly changing environment, thereby fur-
ther enhancing platform responsiveness and survivability
while reducing manning requirements. A long-endurance
time would further improve the aircraft’s operational flexi-
bility, a key factor in future operations.

Mission flexibility is largely a product of having a modular-
based design. Modularity, the ability of a system’s compo-
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nents to be separated and recombined, allows a system to
change missions based upon a selected payload. For ex-
ample, attaching cargo pods to a given platform allows the
RPA to be used for cargo transport while attaching ISR sen-
sors, and weapons would allow the aircraft to be used in an
armed reconnaissance role. Replacing the weapons with ex-
tra fuel tanks extends the persistence of the ISR platform
over the selected target area. The potential also exists (given
a large enough platform) to include or attach a cockpit and
passenger module, thereby allowing the aircraft to trans-
port passengers and operate in the existing international
civil aviation organization (ICAO) national airspace systems
(NAS) (including the United States). Effectively, aircraft ca-
pabilities and payloads can be tailored and scaled to meet
specific mission requirements. However, to maximize the
potential effects of a modular design, the system must also
have an open architecture, thereby allowing components to
be purchased from multiple suppliers/designers without
proprietary concerns or expenses.

Critical to its ability to be customizable and flexible to
mission needs is the aircraft’s operations envelope. The
most essential capability, considering the environments in
which it will be operating and the limited accessibility of
fielded forces, is VTOL. Another essential capability is an
ability to operate at high speeds (resulting in shorter transit
times and greater responsiveness), long ranges, and high
altitudes (for threat avoidance, a more efficient transit, and
mountain operations). To better meet Army and Marine
Corps requirements, the aircraft should have the capability
to carry a slung (oversized) load and must be able to load
and unload its payload without the aid of external equip-
ment. It must also be operable by both trained aircrew and
the fielded forces that will be loading and/or unloading the
airlifted cargo. Most importantly, it must be able to take off
and land autonomously.

Another key aspect of any platform, manned or un-
manned, is that it must be safe to operate. Regarding an
RPA, the ground personnel who will launch, service, and
recover the aircraft is of greater concern than is the flight
crew. The aircraft’'s downwash must be conducted at ve-
locities and temperatures suitable for humans to work in as
must the engine noise levels. The aircraft must be able to
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land at a designated location reliably with little risk to
ground forces operating in the immediate vicinity.'* Land-
ing successfully will require it to have redundant systems,
which will enable the aircraft to function and complete its
mission in a hostile environment where satellite communi-
cation with the GCS is unavailable (lost link) and small
arms fire may be encountered. This landing procedure
must include the capability to operate in adverse weather
conditions (to include brownout and whiteout conditions)
and in conditions where visual, vestibular, or somatosensory
hazards have traditionally resulted in large numbers of
manned mishaps. It must also include all necessary sen-
sors and autonomous maneuver capabilities to sense and
avoid both airborne and ground hazards (including but not
limited to aircraft, power lines, trees, buildings, and poten-
tially even hostile fire). In other words, it must be survivable
and reliable in all environments.

Regardless of an aircraft’s capabilities, the less time an
aircraft spends on the line, the less effective the system is.
As such, an MQ-A must have a high reliability and utiliza-
tion rate regardless of the operating environment. The
avoidance of technologies or components that traditionally
have high maintenance rates will help to increase reliability
rates. Utilizing simple and proven systems and technolo-
gies will also help to reduce maintenance requirements and
costs while increasing reliability and utilization rates. To
ensure mission flexibility and responsiveness, the MQ-A
must have a higher reliability rate than manned aircraft.

Despite how autonomous, survivable, and reliable the
system may be, some aircraft ultimately will be lost. In ef-
fect, that is one of the advantages of utilizing an RPA in-
stead of a manned aircraft: the ability to fly a mission in
conditions that are considered unsuitable or too hazardous
for manned aircraft to operate in hostile CBRNE, adverse
weather, or outside a crew-rest window. As such, the cost of
an MQ-A must be low enough that the fear of its loss is not
sufficient to preclude using it in hostile (or even friendly)
environments. In addition to the RPA itself being inexpen-
sive, the entire system (including the GCS, support equip-
ment, maintenance, and daily operating expenses) must
also be low enough so as not to make the acquisition of the
system cost prohibitive.
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While inexpensive is a relative term requiring further
quantification by the DOD, AMC has proposed $10 million
as a starting figure for the platform. This figure does not
include specialized mission modules. To help keep the cost
down and maintain a high reliability rate, an MQ-A must
have a simple construction and a design that is both in-
expensive to maintain and easy to repair. Reducing the sys-
tem complexity, minimizing the number of moving parts,
and using off-the-shelf or easily and inexpensively fabri-
cated components are additional considerations.

To help keep replacement costs down and availability
rates high, the RPA must be recoverable and reusable. Re-
quiring supplied troops to carry the delivery vehicle with
them degrades the performance of the fielded force. Like-
wise, requiring another manned flight to rendezvous with
the fielded forces to extract the vehicle degrades overall
mission effectiveness as it diverts that resource from an-
other mission-essential task and slows down the operations
tempo of the fielded forces. As neither option is acceptable,
the RPA must be able to return to its main base of opera-
tions autonomously or semiautonomously with a short
turnaround time.

Summary

The environment MAF forces will operate in and
the threats they will face are rapidly changing. The
expeditionary nature of our primary customers,
the U.S. Army and Marine forces, and their in-
creased numbers stress the importance of MAF
_forces in meeting our national strategy. We find the
majority of today’s air operations in theater are
MAF missions and we can anticipate the high op-
erations tempo for MAF forces will continue for the
near term.

—Gen Arthur J. Lichte
Air Mobility Master Plan: 2010

A key to success is having the right personnel and mate-
riel at the right place at the right time. This requires an ef-
ficient use of mobility assets. Assets that are under- or inap-
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propriately utilized (i.e., carrying low-priority cargo rather
than high-priority cargo or carrying cargo that is more ap-
propriately transported through other means) can ultimately
result in forces that are less effective or even ineffective.
Regardless of the method used to transport personnel
and supplies to the customer, the supplies must arrive on time,
where needed, and in sufficient quantity to meet the needs
of the customer. Unfortunately, the current tactical lift seg-
ment of the distribution chain is insufficient to support the
current demand. Resource availability /limitations and troop
accessibility form a magnitude of problems for the delivery
of required supplies and personnel. The call for increased
airlift to improve timeliness of cargo delivery and to reduce
the threat to ground personnel has also increased demands
and risks upon aircrew. With that being said, aircrew and
aircraft limitations coupled with a desire to expose fewer
ground and flight personnel to risks make the addition of
more manned aircraft to the theater an unviable option.
Budget constraints leading to fewer large, expensive air-
craft being purchased and sustained will require a more
efficient use of available resources in an environment re-
quiring greater airlift. This will require a modification of
how current assets are utilized and/or the acquisition of
additional airlift assets. The only way to increase airlift ca-
pacity (with existing assets) without significantly increasing
our carbon footprint in the AOR is to reallocate asset usage.
For example, increasing the number of fixed-wing airdrops,
increasing general airlift ops tempos, and maximizing the
use of available cargo capacity will all contribute to greater
airlift capacity and efficiency. However, this will increase
demands upon aircrew and aircraft resulting in increased
risk to personnel and expedited aging of utilized airlift as-
sets. It may also have a negative impact upon the move-
ment of small packages and passengers within the theater.
With this in mind and considering the aforementioned
restraints and requirements, the study argues that the best
option would be to augment the existing lift capabilities
with an inexpensive, autonomous/semiautonomous remotely
piloted tactical VTOL airlift platform capable of meeting the
current and forecast lift needs of the DOD. This option
would provide enhanced, responsive, flexible, safe, surviv-
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able, and inexpensive airlift without significantly increasing
manpower requirements.
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Chapter 3

Technology Review/Proof of Concept

Unmanned aircraft systems (UAS) and the effects
they provide have emerged as one of the most “in de-
mand” capabilities the USAF provides the Joint Force.
The attributes of persistence, endurance, efficiency,
and connectivity are proven force multipliers across
the spectrum of global Joint military operations.

—Michael B. Donley
Secretary of the Air Force

There is no longer any question of the technical vi-
ability and operational utility of UAVs. . . . The
Task Force feels it is time for the DOD and the Ser-
vices to move forward and make UAVs and UCAVs
[unmanned combat air vehicles] an integral part
of the force structure.

—Maj Gen Kenneth Israel
USAF, Retired
Cochair, Defense Science
Board Task Force on UAVs
and UCAVs

Modern ISR platforms (including but not limited to the
US Air Force’s Predator, Reaper, Global Hawk, and Sentinel
aircraft) have repeatedly demonstrated the utility, reliability,
and survivability of remotely piloted platforms in both hos-
tile and nonhostile environments. Recent use of armed
Predators and Reapers has further demonstrated the ad-
vantages of having persistent, remotely piloted armed ISR
platforms in combat and has effectively secured a place for
RPAs in the modern and future battlefields.

System Requirements

To realize a maximum benefit from a remotely piloted
cargo platform, the MQ-A must be able to perform most, if
not all, functions autonomously while maintaining the ca-
pability to retask or operate the vehicle remotely to effect
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mission changes when and where required. The aircraft
must be able to be loaded and unloaded safely by ground
personnel in all types of environments with minimal train-
ing. It must be capable of performing autonomous VTOL to
and from forward flight with the ability for fielded forces to
adjust the landing zone based upon the changing environ-
ment. While traveling en route between the supply location
and the fielded forces, it must be able to navigate accu-
rately to its destination, at the same time avoiding known
ground threats (including obstacles and enemy troop for-
mations) and airborne threats (including other aircraft)
while carrying a cargo load and traveling at speeds far in
excess of ground movement. It must also be able to quickly
change roles based upon preloaded modules (e.g., cargo,
ISR package, weapons, fuel tanks, and manned cockpit),
and it must be able to accomplish this feat safely with little
to no threat to ground personnel.

As basic RPA functionality (to include autonomous, semi-
autonomous, and remotely piloted operations) has already
been demonstrated through an assortment of existing
fielded systems, this study does not address the feasibility
of these features. What remains, however, is whether the
technology exists to make the leap from current ISR plat-
forms to fully autonomous or semiautonomous remotely
piloted airlift platforms a reality in the near future and if
not, to determine what is required.

Based upon the aforementioned requirements, the primary
technologies of concern involve (1) multifunctionality (e.g.,
armed/unarmed ISR, and cargo), (2) propulsion, (3) fielded
force landing-zone (LZ) modification, (4) autonomous VTOL,
(5) threat avoidance, (6) collision avoidance, (7) autonomous
or semiautonomous route creation and modification, (8) auto-
mating manned aircraft, and (9) safety, although the latter
is more of a factor of design than technology.

Multifunctional/Modular

The functionality of any system is based upon the sys-
tem’s design and components. Just as current manned sys-
tems can be used for multiple roles (e.g., the B-52 is being
used as an ISR and weapons delivery platform, C-130 for
cargo/troop transport and ordnance delivery, particularly
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the massive ordnance air blast [MOAB]), so can an RPA
have multiple roles. The key is that the design of the system
must include the ability to perform multiple roles. Take, for
example, the MQ-1B, which fired its first Hellfire missile on
21 February 2001. The Hellfire was originally designed as
an ISR platform, and the addition of hard points and fire
capabilities converted its platform from a nonlethal ob-
server to a potential tank killer. This mission role change,
however, does not prevent the system from being used in an
ISR role. In this case the aircraft can be launched with a
full load of fuel, or it can trade a few hours of flight time for
a few Hellfire missiles.!

In a similar fashion, a basic RPA can be constructed to
meet the specified joint performance requirements, and
later its mission can be dictated by the modules that are
attached to it before departure. For example, cargo can be
transported on one mission in an external cargo module,
and then the cargo module can be exchanged with an ISR
module for the next mission. The ISR module can also be
augmented with additional fuel or ordnance. Another module
option might include a communications package that would
allow the platform to serve as a communications relay sta-
tion. Given a sufficiently large RPA frame, a manned cock-
pit module can be added to allow it to fly freely in the NAS,
carry passengers, or perform complicated missions. The
key, of course, is a modularly designed platform.

Propulsion

To be effective in all required operating environments, the
MQ@Q-A must be equipped with a propulsion system that is
not only VTOL-capable but also able to operate at high alti-
tudes (above most ground threats and in mountainous ter-
rain) and speeds (> 250 knots). The four primary technologies
that currently provide VTOL capability include (1) airships,
(2) rotor wing, (3) tilt-rotor, and (4) ducted fan.? This paper
does not discuss airships, since they currently are unable
to attain the required forward velocities (and arguably the
required maneuverability and lift).

Currently, most airlift-to-fixed-wing-inaccessible loca-
tions are serviced by rotor-wing aircraft. With respect to
rotor-wing unmanned platforms, the MQ-18 (utilizing a
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four-rotor-blade design) can fly for more than 18 hours un-
refueled, hover at 20,000 feet, and carry up to 2,500 Ib.3 As
this technology is proven (in both manned and unmanned
platforms) and widely known, it does not warrant further
discussion here with respect to proof of concept in this
study. However, this technology does have limitations.
Foremost is forward velocity. Aerodynamic limitations re-
strict rotor-wing aircraft to a forward velocity of approxi-
mately 250 knots.* This rotor-wing speed limitation, how-
ever, can be overcome with special high-speed blades or a
stowed rotor design.

Stowed rotor aircraft use a rotor wing to function as a
helicopter during takeoff and landing phases of flight and
another propulsion system for forward flight (either jet or
propeller). Upon reaching a safe altitude after takeoff, a
stowed rotor aircraft transitions to its cruise propulsion
system and “stows” the rotor blades for the en route seg-
ment of flight. Upon reaching its approach or descent point,
the aircraft slows, deploys its rotor, transitions to the rotor
wing for primary flight, and performs a vertical landing.
Slowed rotor technologies provide a slight variation of this
simply by disengaging the rotors from the transmission af-
ter transitioning to the forward propulsion system. This
method allows the rotors to auto rotate and still provide
some rotational lift to supplement the wings, but they no
longer are the primary means of propulsion. The rotors are
reengaged for landing when the aircraft slows to a safe op-
erating range. In September 1998 Carter Aviation Technologies
completed its first successful flight of a five-seat slowed-rotor
compound aircraft and demonstrated several advantages
over conventional helicopters.® The CarterCopter Technology
Demonstrator has since achieved speeds in excess of 150
knots with future models expected to reach speeds up to
435 knots.®

Such tilt-rotor aircraft as Bell Boeing’s V-22 use two or
more rotor-wing systems to take off vertically in the same
manner as a helicopter but then rotate to a forward-flight
configuration to effectively convert the aircraft from a heli-
copter into a traditional propeller aircraft. The rotors then
rotate back to a vertical configuration for landing. The V-22
is able to lift up to 20,000 1b. of cargo internally or 15,000
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Ib. in a slung-load configuration and can fly at altitudes up
to 25,000 feet (aircraft is unpressurized).”

Ducted- or lift-fan technologies, although less commonly
known, have been in existence for almost as long as tilt-
rotor aircraft. Ducted-fan aircraft use a standard forward-
thrust turbojet or turbofan engine that provides forward
thrust while in forward flight. However, when performing
hover or VTOL, engine bleed or exhaust air (e.g., Northrop
Grumman’s XV-5A), or an auxiliary drive shaft (e.g., Lock-
heed Martin F-35) is used to power multiple internal ducted
fans or blowers that produce vertical thrust. Another option is
to simply redirect the thrust produced by the primary engine
through internal ducting to outflow valves (e.g., Boeing/
BAE AV-8B Harrier II). While in forward flight, the fans and
valves are covered or put into an aerodynamic configura-
tion, and the main engine provides forward thrust at speeds
and altitudes equivalent to other jet aircraft.

In these aircraft, engine thrust dictates the amount of
vertical lift and directional outflow valves, puffers, or lou-
vers used to affect pitch, roll, and yaw. Ryan’s XV-5A (flown
during the 1960s), for example, used lift fans powered by
engine bleed air to provide vertical lift in the same manner
as a standard helicopter without any exposed blades. While
stability problems plagued early ducted-fan aircraft, cur-
rent technologies make this propulsion system stable and
less complex than standard rotor-wing and tilt-rotor pro-
pulsion systems.

While all four propulsion systems are proven technolo-
gies and are able to provide VTOL capability, the aircraft
requirements outlined in chapter 2 tend to favor some tech-
nologies over others. For example, stowed rotor aside, the
standard rotor-wing and tilt-rotor aircraft tend to be limited
in forward speed and altitude. They also have large ground
footprints (due to blade length), which in turn limit poten-
tial landing zon