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ABSTRACT

IS A TURRETLESS TANK A VIABLE OPTION FOR THE UNITED STATES
ARMY: An examination of the factors that have influenced
Army tank design and use of those factors to determine if a
turretless design is a viable option for future Army tanks
by Major Gary L. Moore, USA, 177 pages.

$e L

i
- This study is an examination of four areas, historical U.sS.

tank development, U.S. national military strategy, Army
doctrine, and technical design considerations, that have had
an impact on the design of U.S. Army tanks. The aim of this
study is to identify the influences each of the aforemen-
tioned categories have had on the design of U.S. Army tanks,
the implications these offer for the design of future tanks
and from these ascertain the viability of a turretless tank
as a developmental option for the U.S. Army. The impacts of
U.S. tank design were gleaned from historical writings on
the development of U.S. tanks, a large body of literature on
tank technical design considerations, official U.S. govern-
ment statements of the national military strategy and Army
doctrinal warfighting manuals. Analysis by the author of
the above impacts were considered in the context of the
current national and international situations.

This study concludes that a turretless tank is a viable

option for the Army to pursue. A turretless tank provides
significant potential benefit in the reduction of tank cost

and weight. Additionally, reduced size leads to improved
survivability. The Army's challenge is to continue to

defend global U.S. interests in an era of reduced military
spending. Development and fielding of a turretless tank is

one of the ways the Army can meet this challenge. [],:\) e
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CHAPTER 1

DEFINING THE PROBLEM

INTRODUCTION

The purpose of this study is twofold. The first is
to research the major factors that inf uence United States
Army tank design and development. The aim is to identify
implications for future tank development. The second is to
analyze these implications to determine the viability of a
turretless tank design as a fielding option for the Army.

Four factors have, and will, play a role in determin-
ing the design of U.S. Army tanks. Historical consider-
ations, including past efforts of the Army's tank design and
development program, is the first factor examined. Iden-
tification of historical trends in the Army's tank program
will assist future tank program personnel to avoid past
errors. A second factor is the U.S. national military
strategy. This strategy identifies the requirements for the
Army and hence its materiel needs. The third area of inves-
tigation is the Army's warfighting doctrine, AirlLand Battle.
AirLand Battle (ALB) is the Army's method for carrying out
its missions in the national strategy. This doctrine is the
basis for materiel design and acquisition in the Army and

sets the requirements for what a future tank must do on the




battlefield. The fourth factor is the technical design
factors considered in tank design. These technical factors
proscribe the limits, or bounds, into which a design will
fall. The implications, or design requirements, identified
in the review of these four areas are essential in analyzing
the suitability of a turretless tank design for the Army.

Turrets first appeared on French tanks in World War I
and have dominated design since. A turret serves two prima-
ry functions. First, it gives the gun the ability to move,
or be directed toward targets, without requiring the move-
ment of the entire vehicle. Secondly, the armored turret
provides protection for the gun, and the crew that services
it, from the effects of enemy fires. Turrets provide such
additional benefits as: protected stowage for ammunition and
increased height which increases crew observation of the
battlefield.

There are also disadvantages inherent in the use of a
turret on a tank. The additional height of the turret above
the hull, while providing greater observation, also increas-
es the vehicle's visual signature making it more difficult
to hide. Up to 30% of a tank's weight is in its turret.

The effect on total vehicle weight of armoring the turret is
significant.

Weight is the most crucial factor in a tank's design.

Weight determines the vehicle's tactical and operational

mobility, its ability to move about the battlefield. Stra-




tegically a tank's deployability relies on the capabilities
of air and sealift assets. As tank weight increases, the
1lift assets available to move it to potential combat zones
around the world decrease.

A turretless tank may offer solutions to the disad-
vantages of turreted designs. A turretless tank's primary
characteristic is the location of the crew in the hull of
the vehicle. There is a reduced or no armored compartment
above the hull. The tank's primary weapon, the cannon, is
mounted externally or in hull. The Swedish S Tank is an
example of in hull design. Such a design has the disadvan-
tage of a lack of independent gun movement. The whole
vehicle has to be turned or elevated to point the gun at its
target.

In one turretless design option, an unarmored or
lightly armored articulated gun is externally mounted above
the hull. Unlike a turreted design though, there are no
crewmembers located above the hull with the gun. Without a
need to protect the crew outside of the already heavily
armored hull, the volume, size and weight of the externally
gunned vehicle is significantly reduced. Advantages are
therefore gained in vehicle weight and signature. Such an
arrangement, however, relies on advanced technological
components. An autoloader and optronics that allow the

crew-in-hull to see the battlefield are examples.




A turretless tank is a radical departure from tradi-
tional turreted designs and requires the incorporation of
emerging technologies. Turreted tanks are approaching the
limits of historical design criteria. Continuing in this
traditional turreted design vein will impose restrictions on
the strategic, operatinnal and tactical capabilities of
future tanks. It is therefore imperative that senior Army
leaders objectively consider U.S. tank requirements. Consid-
eration of the impacts of these requirements on design is
paramount when determining the direction of the U.S. tank

program for the future.
BACKGROUND

In World War II, the tank emerged as a significant
force on the modern battlefield. Since then, the tank has
become the centerpiece of land forces. Generalleutnant Dr
F.M. Von Senger und Etterlin, one of the architects of Ger-
many's World War II panzer armies, remarked in 1978 that
"The...tank remains the decisive weapon system of modern
armies at tactical and operational levels."' The accep-
tance of this view is evident in the compecsition of the
Soviet, U.S. and many other armies around the world.

Tanks have been key to Army forces since World War
II. This emphasis on armor has been a result of the preva-

lent threats to U.S. national security. 1In World War II the

'Richard Simpkin, Tank Warfare (1979): 11
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armored formations of Nazi Germany were the primary threat.
Since the late 1940s, the massed tank and armored units of
the Soviet Union in Central Europe have been the U.S.'s most
dangerous threat.

U.S. national strategy since World War II has focused
on the Soviet threat. This focus has resulted in an evolv-
ing military strategy that now espouses the tenets of for-
ward defense, coalition warfare and flexible response. The
US Army's current warfighting doctrine, AirLand Battle, is
derived from, and supports the national military strategy.

AirLand Battle (ALB) doctrine is a result of the re-
quirement to defeat the massed armored echelons of the
Soviet Army. ALB not only applies to heavy forces fighting
in Europe, but also guides Army operations in mid and low
intensity conflicts worldwide. As the foundation for mater-
iel acquisition, ALB has guided the Army through the unprec-
edented peacetime modernization of the 1980's.

ALB doctrine is evolving with current efforts to
define the Army's warfighting concepts for the 1990's and
beyond. The AirLand Battle~Future Nonlinear (ALB-FN) concept
seeks to define how the Army will fight with a force struc-
ture that has been changed by current political and budget-
ary considerations. Critical to the ability of ALB-FN tech-
niques to ensure victory on a future battlefield are the

tactical and operational capabilities offered by the tank.




Facing the Army in the 1990's is a decade of enormous
change. 0ld enemies (i.e., the Soviet Union) are becoming,
in fact or perceived, less threatening and U.S. interests
are increasingly global. This increased span of interest
offers the potential for combat in many areas of the world.
Considering that more than a dozen developing countries each
have more than 1,000 main battle tanks, the Army's require-
ments for tanks will not diminish.?

Correspondingly, changes in the focus of national
military strategy will require a review of the Army's mis-
sions. Changes resulting from such a review will impact
it's doctrine, training, organization and materiel require-
ments. Budget limits imposed by the Department of Defense,
the President and Congress will constrain the ability to
satisfy these requirements.

Budget limitations on defense spending will become
increasingly more constraining. The search for ways to
reduce the US national debt by the legislative and executive
branches will lead to defense cuts. Reductions in the
deficit, hence budget reductions, will be expected by an
American public that foresees the realization of a "peace
dividend." The perceived reduction in the external threat
to U.S. national security is the source of such a dividend.

This perception is not unexpected with the outbreak of

2carl E. Vuono, General, US Army, "The United States Army

Is a Strategic Force," Armed Forces Journal International
(February 1989): 61




freedom and democracy in Eastern Europe and unrest in the
Soviet Union. 1In fact, the proposed 1991-95 Department of
Defense budget, originally considered worst case is now
viewed as optimistic. The proposed budget calls for an
annual two percent decrease in each of those years, for a
total 160 billion dollar budget reduction.? It is, there-
fore, incumbent on the Army to realize significant return on
its investment of limited dollars in developing the Army of
the future.

Budget reductions will impact the Army in both
materiel and force structure. Besides the obvious need to
minimize materiel procurement costs, Operations and Sustain-
ment (0&S) costs also must be reduced. O & S costs, the
cost to operate materiel, includes petroleum, oil, lubri-
cants (POL), repair parts and manpower costs. These costs
must be minimized both for peace and wartime operations.
This reduction in O & S can be achieved through application
of technologically advanced systems and components that ease
manpower requirements and lower operating costs.

Force structure, the number of personnel spaces
supported by the budget, will also be affected. 1In a five
year, 160 billion dollar budget reduction, DOD would need to

cut approximately 290,000 service personnel from the

3nWhite House to seek cuts of 2% a year for defense," The

Kansas City Times (January 6, 1990): A, 3a-c
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rolls.* If spread equitably, the Army would experience
manpower reductions approximating 100,000 personnel. It is
conceiveable that an Army of 500,000 soldiers may be in the
future.

A solution to these problems may be the turretless
tank. A turretless tank, a break from traditional turreted
designs, could reduce both O & S and manpower impacts in
several ways. First, the incorporation of advanced tech-
nological systems and components could significantly reduce
life cycle costs versus the costs of traditional designs.
These advancements in technology would provide the addition-
al benefit of reducing the requirement for the number of
tank crewmembers, from the current four, to three or less.
Such a reduction would accrue a significant manpower savings
across the force. With the elimination of the fourth crew-
man and turret, a reduction in size and weight would be
possible. Size and weight are key considerations in deploy-
ability requirements.

Strategically, materiel must be rapidly deployable
and employable in any theater required. The plains of
Central Europe, the deserts of South West Asia and the
jungles of Latin America are potential theaters of combat
for the Army. The December 1989 U.S. invasion of Panama is
evidence that U.S. armed forces will be deployed on short

notice to protect U.S. interests. As the soldiers and equip-

‘kansas city star, (January 6, 1990): A, 3a-c.
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ment of the 824 Airborne Division and 7th Infantry Division
(Light) are rapidly deployable, so must be, to some extent,
the heavier materiel of war such as tanks. At weights
approaching seventy tons, the M1l is not rapidly deployable.
This heavy materiel, and the units that employ it, provide
the staying power necessary for sustained combat against
more substantial forces that are like equipped.

The Army is indeed faced with a decade of challenge.
How to pest meet the requirements of national strategy in an
era of éhange when reduced military spending will bé the
norm is the Army's challenge. A turretless design for the

next generation of Army tanks would appear to be a way to

meet the challenge.
ASSUMPTIONS

By the year 2000, armor technology will not have
advanced to a degree that offers a weight saving capability
and still meets U.S. tank requirements within traditional
turreted designs.

There will be a requirement for a follow-on to the
M1A2. Armaments development is most often evolutionary. as
technology matures and threats change, the M1A2 will become
obsolete, unable to perform the missions for which it was
designed. As this occurs, the requirement for a more ad-

vanced tank design will result in a new MBT for the Army.




Threat technology will continue to demonstrate im-
proved survivability over the next 10-15 years. Consequent-
ly, improved tank cannon lethality will be required. Le-
thality enhancement may result in larger, heavier cannons,
adding even more weight to the vehicle.

U.S. defense budgets will continue to decline. This
decline will be forced by an urgent need to reduce the U.S.
budget deficit and the public perception that the threat to
U.S. national security is diminishing.

U.S. national military strategy will change in the
period from now to the year 2000. This change in strategy
will be motivated by the popular view that the threat has
abated. It will probably be reflected by reductions in the
number of forward deployed U.S. ground forces. Reducing
forward deployed forces additionally offers a chance to
recoup some of the expensive costs of such stationing.

Army doctrine will not change significantly in the
period from now to the year 2000. Changes will be evolu-
tionary adjustments to current doctrine.

The available pool of service age manpower will
decline. The societal trend to smaller, later families and
the demographics of the post baby boom generation will de

crease the numbers of teenage males available for service.
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DEFINITIONS

Viability: Having a reasonable chance for accep-
tance by the Army for development. It is based on the
Army's requirements, the associated cost considerations
(research and development, initial purchase and operations
and sustainment costs (life cycle costs)), the projected
rate of associated technological development and political
considerations.

Requirements: The operational characteristics
defined as necessary for a main battle tank to meet Army
missions as stated in a Required Operational Capability
(ROC) .

Doctrine: As stated in Field Manual 100-5, Opera-
tions, doctrine is defined as: "how Army forces plan and
conduct campaigns, major operations, battles, and engage-
ments in conjunction with other services and allied forces.
It is the authoritative foundation for subordinate doctrine,
force design, materiel acquisition...presents a stable body
of operational and tactical principles rooted in actual
military experience...." Training and Doctrine Command
(TRADOC) Pamphlet 34-1, "Doctrinal Terms" defines doctrine
as: "Fundamental principles by which military forces or
elements thereof guide their actions in support of national
objectives. It is authoritative but requires judgment in

application."
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US national military strategy. The National Command
Authority's (NCA) guidelines for employing the military
element of national power in support of achieving national

interests and objectives.
LIMITATIONS

Classification. This thesis will be written at the
unclassified level to encourage widest possible dissemina-
tion. Research has been conducted in open sources. Classi-
fication also restricts the research of some technological
advances which are beyond the clearance levels held by the

author.

DELIMITATIONS

Historical review and analysis will only consider
U.S. tank design from 1919 to the present M1A2. After the
end of World War I the United States retreated behind the
barriers of its oceanic fortress. Isolated from interna-
tional tank development, independent U.S. thought and design
influence was applied toward tanks. Even though several
other countries developed advanced tank designs, their
impact was not examined except where it may have had a
direct influence on U.S. tank design or doctrine.

National military strategy review is limited to
official statements by the NCA of US national security

strategy. As can be imagined, almost everyone has an opin-
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ion on what should be the security strategy of the US. Any
attempt to consider the opinions or official positions of
non NCA agencies would lead to a multitude of varying scen-
arios with a resultant divergence of implications for tank
design.

Doctrinal review will consider the Army's current
doctrine, Airland Battle, as stated in FM 100-5, Operations,
dated May 1986. Evolving concepts such as AirLand Battle-
Future (ALB-F) Nonlinear will not be examined due to their

draft and often changing status.

SIGNIFICANCE OF THE STUDY

The author hopes that the results of this study will
weigh~in to the debate on development of future tank de-
signs. It is also desired that this will contribute to the
body of knowledge that senior decisionmakers, both in and
out of the Army, will consult when making future tank pro-
gram decisions.

This thesis links historical tank development trends
to the strategic and doctrinal requirements imposed on Army
materiel design efforts. These implications are further
examined within the context of technical design criteria and
used to determine the usefulness and acceptability of a
turretless design.

Any major materiel acquisition program merits careful

consideration before embarking on a development effort.
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This concern is magnified with anticipation of a radical
change from the norm. The intent of this paper is to ensure
consideration of historical, strategic and doctrinal impli-
cations in the evaluation of an alternative design that may

offer significant capability enhancement.
METHRODOLOGY

The research methodologies used in this thesis are a

descriptive archival and a quantitative analytic method.
The descriptive archival method is pertinent to the identi-
fication of tank design considerations in the four areas of
investigation; historical, technical design, national strat-
egy and Army doctrine.

Historical research is primarily of secondary sources
that cover the period under investigation. These sources
Sffer the advantage of having done analysis of the events
and provide insights, lessons learned or implications for
future tank design.

Research of the technical design area is predominate-
ly from primary sources. A significant body of literature
exists on tank design by some of the worlds foremost experts
in this arena. Technical design is particularly dynamic
with a current vigorous debate in professional publications

over tank design of the future.
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Inveétigation of the national military strategy and
Army doctrine is limited to the primary official publica-
tions of the U.S. government and the Army.

Considerations for tank design are gathered from the
review of each of the above areas. These considerations are
used as criteria to comparatively evaluate two design alter-
natives, one a turreted tank, the other a turretless design.
The comparative evaluation is conducted by applying the
design considerations and alternative designs to a simple
decision matrix. The author's subjective evaluation and
scoring of the design alternatives capability in each of the
design considerations yields a total score for each option.
This score is then used to compare the alternatives. To
facilitate the identification of design considerations and

analysis this thesis is structured as follows:
CHAPTER 1 - DEFINING THE PROBLEM

This chapter introduces the subject within the frame-
work of the research questions, provides a background that
focuses the need for the thesis and provides boundaries for
the study by enumerating assumptions, definitions, and
limitations. The chapter concludes with an explanation of
the study's significance and the research methodology that

is used.
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CHAPTER 2 - SURVEY OF LITERATURE

This chapter provides the reader a brief review of
the key sources of information used in the research. The
chapter is subdivided into four parts, historical, technical
design, strategy and doctrine. Each part addresses the

literature pertinent to that area.
CHAPTER 3 - HISTORY OF AMERICAN TANK DESIGN

Chapter 3 reviews the history of the U.S. tank pro-
gram, how we got to where we are today. The three subdivi-
sions of the chapter parallel the identifiable periods in
American tank development, the Inter-War Period, Post World
War II, and the era of the New Tank. Implications and
lessons learned from development and combat experience are

summarized.

CHAPTER 4 - STRATEGIC AND DOCTRINAL CONSIDERATIONS

Chapter 4 reviews current U.S. national military
strateqgy, and the Army's AirLand Battle doctrine. Strategy
and doctrine determine the requirements for Army moderniza-
tion in the domains of training, leader development, organi-
zations and equipments. It is necessary to understand the
demands made by national strategy and Army doctrine to
evaluate a turretless tank design. Included at the begin-
ning of this chapter is a brief synopsis of the Army's
materiel acquisition system.
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CHAPTER 5 - TECHNICAL DESIGN CONSIDERATIONS

Chapter 5 examines the primary characteristics of a
tank and the technical design factors contained in each.
Survivability, mobility and lethality have been the key
components to tank design since the introduction of the tank
in World War I. Knowledge of the design considerations
comprising these three characteristics will aid in the
evaluation of the turretless tank conducted in Chapter 7.
Chapter 5 concludes with a review of the cost considerations
of personnel and money in the context of current defense
budget reductions. Personnel and monetary limitations im-
posed by the Congress set the bounds within which future

design must fall.

CHAPTER 6 -~ ALTERNATIVE TANK DESIGNS

In this chapter the base case tank for the compara-
tive analysis is described. Then, using the data gathered
in previous chapters, the author constructs twc hypothetical
designs for comparison. The first is a turretless tank.

The second design is a conventional turreted design. These
designs, base, turreted and turretless, are used as the

basis for comparison in the analysis conducted in Chapter 7.

CHAPTER 7 - ANALYSIS AND DISCUSSION

In this chapter the analysis is conducted. The
author's subjective evaluation of the capabilities of the
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