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ABSTRACT

THE SOLDIER’S LOAD AND THE MULTIFUNCTIONAL UTILITY/LOGISTICS
AND EQUIPMENT-TRANSPORT, by MAJ John A. McLaughlin, 99 pages.

The weight of the loads carried by today’s dismounted infantrymen has degraded their
ability to operate in restricted terrain. This degradation in capability has had a drastic
impact on the effectiveness of the Infantry Brigade Combat Teams which were designed
to operate in restrictive and severely restrictive terrain. Originally developed as a part of
the Future Combat Systems program, the Multifunctional Utility/Logistics and
Equipment—Transport is an unmanned ground vehicle designed to carry some of the
excess weight of the rifle squad. This research project sought to determine whether or not
the Multifunctional Utility/Logistics and Equipment—Transport is a viable mitigation
strategy for the Soldier load problem in the Infantry Brigade Combat Team. The study
defined the severity of the Soldier load problem as well as the capabilities and limitations
of the Multifunctional Utility/Logistics and Equipment—Transport. Given a notional
mission in dessert, urban, and mountainous terrain, the Multifunctional Utility/Logistics
and Equipment—Transport was assessed against a set of evaluation criteria which
included mobility, versatility, and protection. That assessment led to the conclusion that
the MULE-T, as it is currently designed, is not a viable mitigation strategy for the
Soldier’s load problem in the Infantry Brigade Combat Team.
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CHAPTER 1

INTRODUCTION

The machine has made warfare more ponderous but has also given it greater
velocity. In the other direction there has been no change at all. For it is
conspicuous that what the machine has failed to do right up to the present moment
is decrease by a single pound the weight the individual has to carry in war. He is
still as heavily burdened as the soldier of 1000 years B.C.

—NMarshall, Soldier Load and the Mobility of the Nation

Background
More than half a century after S.L.A. Marshall published the above quote in The

Soldier’s Load and the Mobility of a Nation, the U.S. Army initiated an acquisition
program to develop a machine to decrease the individual load of the Soldier. The
Multifunctional Utility/Logistics and Equipment—Transport (MULE-T) is an unmanned
ground vehicle (UGV) designed to offload some of that burdensome weight of the
modern Soldier’s load. Originally established as a component of the Future Combat
Systems (FCS) program, the MULE-T was developed by Lockheed Martin as a
subcontractor to the FCS Lead Systems Integrators, Boeing and Science Applications
International Corporation. The MULE-T was one of three MULE variants which were
supposed to be designed around a common chassis called the Common Mobility Platform
(see figure 1). The two other variants are a countermine variant called the Multifunctional
Utility/Logistics Equipment-Countermine and an armed reconnaissance variant called the
Armed Robotic Vehicle-Assault (Light). All three Lockheed Martin variants are designed
to incorporate a mission specific package onto the common mobility platform. In contrast

to the other two variants, the MULE-T possesses very limited mission specific



equipment. It is basically the common mobility platform with a cargo deck and tie down

fixtures attached to the top as well as a battery charger to support the rifle squad.

Figure 1. MULE Family of Vehicles
Source: U.S. Army, “Multifunctional Utility/Logistics & Equipment (MULE),”
http://www.bctmod.army.mil/downloads/pdf/MULE_09-9077.pdf (accessed 27 April
2010).

To add to the magnitude of the problem discussed in The Soldier’s Load and the
Mobility of a Nation, the Soldier’s load weight has nearly tripled in weight since the time
when the book was published. Technological innovations have exponentially increased
the lethality, protection, and survivability of the U.S. Army infantryman; however, they
have also degraded the Soldier’s mobility on the battlefield. In the recent conflicts in Iraq
and Afghanistan, many leaders worry that the delicate balance between lethality,
protection, and mobility is sliding away from mobility at the expense of mission
accomplishment. The approach march load of a World War Il Soldier was approximately

40 pounds (Marshall 1950, 72).


http://www.bctmod.army.mil/downloads/pdf/MULE_09-9077.pdf�

The approach march load of today’s Soldier can exceed 171 pounds (U.S. House
of Representatives 2009, 3). On 11 March 2009, General Peter Chiarelli, Army Vice
Chief of Staff, in his testimony to the House Appropriations Committee’s Subcommittee
on Defense stated the fighting load weight as 63 pounds. He continued that the average
Soldier load, consisting of the rucksack, weapon, ammunition, helmet, and other gear
ranged from 63 to 130 pounds. The Individual Body Armor ranges from 26 to 41 pounds.
The Vice Chief of Staff of the Army went on to reference a study which showed “that
infantry Soldiers carrying a load of 101 pounds for 12.5 miles had a decrease of 26
percent in marksmanship (number of targets hit), a 33 percent increase in distance from
the target center, and an increase in back pain compared to pre-load and march scores”
(U.S. House of Representatives 2009, 3). General Chiarelli noted that the Army is
seeking advanced technology solutions, such as unmanned platforms, as a course of
action to mitigate the problem and restore Soldier mobility.

In a letter to S.L.A. Marshall, GEN J.F.C. Fuller wrote:

The Soldier cannot be a fighter and a pack animal at one and the same time, any

more than a field piece can be a gun and a supply vehicle combined. The idea is

wrong at the start. Yet it is always being repeated. Fundamentally only two great
novelties have come out of recent warfare. They are: (1) mechanical vehicles,

which relieve the Soldier of equipment hitherto carried by him; (2) air supply,
which relieves the vehicle of the road. (Marshall 1950, 20)

This study does not aim to prove that the MULE-T is a great innovation of war; rather it
simply intended to determine if the MULE-T is a “modern cure for a problem as ancient
as the history of war” (Marshal 1950, 23).

This study examined whether or not the MULE-T should be included in any of the
increments of capability packages which will be fielded to the IBCTs. The system will

clearly carry weight and therefore can reduce the Soldier’s load. However, the capability
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to carry weight is not the only factor in deciding whether or not to field the MULE-T.
The system must be able to be integrated into the formation without creating more
problems than it solves. Simply put, no system is perfect, so it will be a question of
managing risk. Do the rewards outweigh the risks? Any system added to the IBCT must
be able to function in the operational environment in which the formation can expect to
be deployed without significantly degrading its effectiveness in areas such as mobility,
surprise, and survivability.

While all parties involved in the acquisition of Soldier equipment struggle to
reverse the upward trend of the Soldier’s load weight, technological and financial
limitations will only warrant limited near term progress. As a midterm mitigating
solution, the Army is exploring the use of unmanned systems to offload some of that
weight. Although the MULE-T survived a Secretary of Defense decision to terminate the
FCS program in 2009, the Army later terminated the system in January 2010 (Tiron
2010). The Army’s decision to terminate the MULE-T currently leaves it with no

programs of record to mitigate the weight of the Soldier’s load.

Primary Research Question

Is the MULE-T a viable mitigation strategy for the Soldier load problem in the

Infantry Brigade Combat Team (IBCT)?

Secondary Research Questions

The following secondary research questions will support the primary question.
The first question sought to determine if the current approach march load weight carried

by the average infantryman in an IBCT degrade combat effectiveness. The next question



examined what were the capabilities needed for a UGV to be a viable material solution to
the Soldier load challenge given the operating environment in which the IBCT typically
fights. The third secondary research question asked if the capabilities and specifications
of the MULE-T met the needs of the IBCT. If not, what changes should be made to its

requirements to optimize the system for the IBCT?

Definition of Key Terms

Approach March Load. An approach march load is the load that the Soldier

carries in addition to his fighting load. These items are dropped in an assault position,
ORP [Objective Rally Point], or other rally point before or upon contact with the enemy.
On long dynamic operations, Soldiers must carry enough equipment and munitions to
fight and exist until a planned resupply can take place. These loads vary and may exceed
the goal of 72 pounds (Headquarters, Department of the Army 2006b, 11-7).

Combat Load. A combat load consists of the minimum mission-essential
equipment, as determined by the mission commander. This includes only what is needed
to fight and survive immediate combat operations. The two levels of combat load are
(1). fighting loads, which are carried on dynamic operations where contact with the
enemy is expected, and (2). approach march loads, which are carried when transportation
cannot be provided for equipment over and above fighting loads (Headquarters,
Department of the Army 2006b, 11-6).

Fighting Load. A fighting load is what the Soldier carries once contact has been
made with the enemy. It consists only of essential items the Soldier needs to accomplish
his task during the engagement. For close combat and operations requiring stealth, any

load at all is a disadvantage. Cross loading of machine-gun ammunition, mortar rounds,
5



antitank weapons, and radio equipment causes most combat loads to exceed 48 pounds.
This is where risk analysis is critical. Excessive combat loads of assaulting troops must
be configured so that the excess can be redistributed or shed (leaving only the fighting
load) before or upon contact with the enemy (Headquarters, Department of the Army
2006b, 11-7).

Leader Follower. The capability of an unmanned ground vehicle (UGV) to

traverse a safe and tactically relevant route previously traversed. The follower vehicle
traverses the route automatically (i.e., under computer control using onboard sensors)
potentially with significant physical or temporal separation from the leader. This
capability takes advantage of human sensing and reasoning in the lead vehicle to reduce
the perception and intelligence requirements for the follower vehicle. The follower
vehicle may incorporate some limited perceptual capabilities to detect and avoid new
obstacles that appear after the lead vehicle has passed (National Institute of Standards and
Technology 2004, 17).

Overwatch. The tactical role of an element positioned to support the movement of
another element with immediate fire (Headquarters, Department of the Army 2004, 1-
142).

Semi-Autonomous. A mode of operation of a UMS wherein the human operator

and/or the UMS plan(s) and conduct(s) a mission and requires various levels of human-
robot interaction (National Institute of Standards and Technology 2004, 14).
Teleoperation. A mode of operation of a UMS wherein the human operator, using
video feedback and/or other sensory feedback, either directly controls the actuators or
assigns incremental goals, waypoints in mobility situations, on a continuous basis, from

6



off the vehicle and via a tethered or radio linked control device. In this mode, the UMS
may take limited initiative in reaching the assigned incremental goals (National Institute
of Standards and Technology 2004, 14).

Unmanned Systems (UMS). An electro-mechanical system, with no human

operator aboard, that is able to exert its power to perform designed missions. May be
mobile or stationary. Includes categories of unmanned ground vehicles (UGV),
unmanned aerial vehicles, unmanned underwater vehicles, unmanned surface vehicles,
unattended munitions, and unattended ground sensors. Missiles, rockets, and their
submunitions, and artillery are not considered unmanned systems (National Institute of

Standards and Technology 2004, 20).

Limitations

The study relied on information that was available through unclassified sources.
This study looked at the loads carried by infantrymen in the IBCTs. As the
aforementioned definitions of the various loads suggests, the mission commander’s
discretion plays a significant role in which items comprise each load. In order to provide
a fixed figure, this study utilized the weight estimates provided by the Maneuver Center
of Excellence and General Chiarelli during his 2009 testimony before Congress on
Soldier equipment ergonomics. Based on those figures and the operational environment
in which the IBCT is expected to fight, the study examined whether or not fielding the

MULE-T is a viable mitigation strategy to lighten the Soldier’s load in the IBCT.



Delimitations

This study did not examine the Soldier load problem as it exists in other brigade
combat teams (BCTs). Several solutions exist and are being pursued across the
doctrine/policy, organization, training, materiel, leadership, personnel, and facilities
(DOTMLPF) domains; however, this study only focused on the ability of the MULE-T to
mitigate the capability gap. It did not look at any other DOTMLPF solutions; nor did it
evaluate the viability of other materiel solutions besides the MULE-T. Although this
study did research the capabilities and limitations of other unmanned solutions, it was not
done in an evaluation mode. Rather research on other unmanned solutions was used to
help determine the evaluation criteria to allow for a more informed assessment of the
MULE-T.

This study did not examine the use of pack animals to mitigate the Soldier load
problem. Although this technique has been used with varying degrees of effectiveness in
Irag and Afghanistan, it requires excessive internally provided manpower, is not easily
deployed with a BCT, and is dependent upon each operating environment. For example,
in some environments a camel may be ideal whereas a donkey may be ideal in others.
This disparity causes an excessive training and readiness burden on IBCTs.

This study did not examine the use of human powered carts since the number of
Soldiers required to pull the carts would need to be internally provided and would greatly
reduce the number of available infantrymen serving as trigger pullers. For many of the
same reasons listed above, this study did not examine manned materiel solutions. Manned

vehicles would require a higher number of Soldiers to operate the vehicles than a UGV



and also expose the operators to higher risks from improvised explosive devices and
direct fire contact.

Due to financial and security implications, this document did not provide any
detailed information which might violate the proprietary rights of the associated
manufacturers or jeopardize the sensitivity of pertinent government documents and
specifications. Much of the detailed data that is needed to support a decision to field the
MULE-T, or any defense program, is deemed proprietary in order to protect the
intellectual property and effort of the manufacturers. As previously stated, this thesis is
focused on the requirements and conceptual employment of the MULE-T. The lack of
specific performance and design data associated with the MULE-T would need to be

assessed by a larger and more qualified study.

Assumptions

The U.S. Army will not motorize the infantry rifle companies of the IBCT with
wheeled vehicles such as Mine Resistant Ambush Protected Vehicles, High Mobility
Multipurpose Wheeled Vehicles, or Joint Lightweight Tactical Vehicles. Further, the
Army will not support adding more personnel to the IBCT formation to serve a drivers or
gunners for additional vehicles, whether issued as a modified table of equipment item or

theater provided equipment.

Significance

In June of 2009, the Department of Defense cancelled the FCS program. In the
aftermath of this cancellation, the Army is in the process of redefining its modernization

strategy. While some of the unmanned systems being developed under the FCS program



have survived and are scheduled to be fielded to IBCTs beginning in 2011, the fate of the
MULE-T was not decided until January 2010. At that point, the Army made the decision
to cancel the system; however, the Soldier’s load capability gap still exists. This study,
sought to use the recent cancellation of the MULE-T as an opportunity to tactically
analyze the MULE-T as both a system and a concept and, if necessary, recommend
changes before the Army’s Training and Doctrine Command (TRADOC) releases its next
round of requirements documents. The release of those documents is expected to begin
this year when the Army’s Capabilities Integration Center takes the Initial Capabilities
Document for Unmanned Systems to the Joint Requirements Oversight Council for
approval (Censer 2010). This study examined if the MULE-T, a system designed for this
exact problem but for a different BCT, should be fielded to the IBCTs. If not, then the
issue becomes what requirements should be adjusted to tailor the system, or future

systems, for the IBCT.
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CHAPTER 2

REVIEW OF LITERATURE

The purpose of this research project was to determine if the MULE-T is a viable
mitigation strategy for the Soldier load problem in the IBCT. The purpose of this chapter
IS to review the literature pertinent to the Soldier’s load, UGVs, and the tactical mobility
of light infantry forces. There are four major sections within this chapter. The first
section, background, sources discuss the basis for the Soldier’s load issue. The second
section, doctrine, discusses current U.S. Army doctrinal references pertaining to Soldier’s
load. The third section, studies, reviews the various studies which have been conducted in
this field to date. The final section, special considerations, incorporates recent lessons

learned on small unit operations in Irag and Afghanistan.

Background
The Soldier’s Load and the Mobility of a Nation is considered to be the key study

of Soldier load and its impact on unit effectiveness. Although the study is based on World
War Il data, the analysis is still relevant today and is the foundation of both Marine and
Army doctrine on the topic and is quoted in almost any work on the topic. The three main
topics from Marshall’s work were used to guide this research project. The first topic is
the load carrying limits of the Soldier. The second is the spiraling impacts of fatigue on
fear. The third is the relationship between the Soldier’s load and combat effectiveness.
Marshall attempts to show that “there can be true economy of men’s powers in
war only when command reckons with man as he is and not as it would like him to be”

(Marshall 1950, 22). In this work S.L.A. Marshall provides a mathematical framework

11



for determining the proper load for each Soldier to carry. Marshall suggests that 33
percent of a Soldier’s body weight is the optimal load size (Marshall 1950, 70). This
suggested load ceiling aims to prevent harm to the mental powers as well as bone and
muscle and is still widely accepted. For example, TRADOC Pamphlet 525-66, Force
Operating Capabilities, provides conceptual statements which describe what the senior
leadership of TRADOC believes are essential warfighting capabilities for the future
force. This document harkens back to Marshall and states that in order to “achieve
revolutionary effectiveness across the full spectrum of conflict” the Army must “reduce
Soldier dismounted movement approach load to no more than 40 pounds” and “reduce
dismounted Soldier’s fighting load to 15 pounds” (TRADOC 2008, 158).

Marshall also notes that tired Soldiers are more susceptible to fear. He points out
that “whatever wears out the muscles reacts on the mind and whatever impairs the mind
drains the physical strength” (Marshall 1950, 46). Once fear sets in, their physical
strength drains more rapidly, creating an exponential degradation in the Soldier’s
effectiveness (Marshall 1950, 46-47). Thus overburdening Soldiers initiates a cycle of
fear and fatigue which diminishes the Soldier’s physical capacity to fight.

When Soldier mobility is degraded due to excessive loads, it is not solely his
offensive ability which is diminished. The biology behind the physical exhaustion not
only drains the bodily fluids, but it also attacks the nervous system. The mental and moral
exhaustion which accompanies the physical exhaustion degrades the Soldier’s ability to
defend himself rendering him combat ineffective (Marshal 1950, 48-50). The weight on

the Soldier’s back degrades his security as well as his mobility.

12



The three key points discussed helped develop the foundation for this study. It
highlighted the potential for the MULE-T to do more than just improve individual
mobility. According to Marshall, if the MULE-T is able to reduce the Soldier’s load it
can improve his overall combat effectiveness thereby increasing the proficiency of the
platoon as a collective warfighting instrument. The next section will discuss the current

Army doctrinal references pertinent to this research project.

Doctrine

To understand the issues of the Soldier’s load and the tactical mobility of light
infantry, it is important to understand the doctrinal framework of the two subjects. The
four most pertinent Army doctrinal references are Field Manual (FM) 3-21.8, The
Infantry Rifle Platoon and Squad; Field Manual (FM) 3-21.10, The Infantry Rifle
Company; FM 3-90.6, The Brigade Combat Team (2006a); and FM 21-18, Foot
Marches.

Field Manual (FM) 3-21.10, The Infantry Rifle Company, and FM 21-18, Foot
Marches, are the principal doctrinal references in the Soldier load field. Based on
Marshall’s research, FM 3-21.10, The Infantry Rifle Company, frames the optimal
fighting load of the Soldier as 30 percent of body weight and that the approach march
load should not exceed 45 percent of his body weight. FM 3-21.10, The Infantry Rifle
Company, goes on to say that once a Soldier carries more than 45 percent of body weight,
functional ability drops rapidly, and chances of becoming a casualty increase. FM 21-18,
Foot Marches, adds that “the time a Soldier needs to complete an obstacle course is
increased from 10 to 15 percent, depending on the configuration of the load, for every 10

pounds of equipment carried” (Headquarters Department of the Army 1990, 5-4). When
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FM 21-18, Foot Marches, was published in 1990, the authors came to the realization that
Soldier load can only be reduced by sending Soldiers into combat inadequately equipped
or by providing a capability to help them carry the required equipment. Twenty years
later, we have still neither heeded the authors’ conclusions, nor have we completed
research that disputes their recommendations.

Beyond providing doctrinal references for the Soldier’s load, these field manuals
also provide the framework for how light infantry units operate. This framework was
important in order to ensure that the integration of a MULE-T did not diminish the
strengths and capabilities which these formations rely upon. FM 3-90.6, The Brigade
Combat Team, highlights that in the current operational environment, enemy forces rely
on restrictive and severely restrictive terrain, such as urban areas, to neutralize the
firepower advantages of the U.S. military. Therefore, maneuver forces must be optimized
for operations in mixed terrains (2006a, xviii). The field manual goes on to highlight that
the versatility of the IBCT is what separates it from the other BCTs (Headquarters
Department of the Army 2006a, A-6). It must be equally adept across the range of
operations, in all types of terrains, a