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and we aim for publication projects which combine these
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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.

4



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