UNCLASSIFIED

AD NUMBER

AD830268

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors;

Adm ni strative/ Qperational Use; FEB 1965. O her
requests shall be referred to Arny Materi el
Command, Al exandria, VA

AUTHORITY

AMC Itr, 22 Jul 1971

THISPAGE ISUNCLASSIFIED




RMCP-706-355

AMC PAMPHLE? -P 706-355

‘g{)‘iﬁ %‘ N\‘“ Yy t:) \gb\
ENGINEERING DESIGN HANDBOOK

AUTOMOTIVE SERIES

THE AUTOMOTIVE ASSEMBLY

REDSTONE SCIENTIFIC INFORMATION CENTER

ARV

5 0510 00057447 2

FOR REFZRENCE ONLY'
Emer 2l0.)

HEADQUARTERS, U. S. ARMY MATERIEL COMMAND FEBRUARY 1965



HEADQUARTERS
UNITED STATES ARMY MATERIEL COMMAND
WASHINGTON, D. C. 20315

26 February 1965

* AMCP 706-355, The Automotive Assembly, forming part of the
Automotive Series of the Army Materiel Command Engineering Design
Handbook Series, is published for the information and guidance of all
concerned.

(AMCRD)

FOR THE COMMANDER:

SELWYN D. SMITH, JR.
Major General, USA
Chief of Staff

OFFICIAL:

STANLEY J# SAWICKI

Colonel, GS )
Chief, Administrative Office )

a0

DISTRIBUTION: Special

* This pamphlet supersedes AMCP 706-~355, 31 December 1962.




PREFACE

The Engineering Design ITandbook Series of the Army Materiel Command is
a coordinated series of handbooks containing basie information and fundamental
data useful in the design and development of Army materiel and systems. The
handbooks are authoritative reference books of practical information and
quantitative facts helpful in the design and development of Army materiel so
that it will meet the tactical and the technical needs of the Armed Forces.

The Automotive Assembly constitutes the first of a planned Automotive
Series of handbooks concerned with the design of military automotive vehicles.

The design of satisfactory military vehicles, contrary to popular belief,
does not happen as a by-product of normal progress in the civilian automotive
industry. The military requirements must receive special consideration during
design and development. The handbooks of the Automotive Series are a
compilation of principles and data to supplement experience and education
and assist engineers and designers in the development of military automotive
equipment.

This handbook introduces the topies to be covered specifically by the
succeeding handbooks and discusses these topies in their relationship to the
automotive assembly as a whole. The scope of this handbook does not include
design details of system elements, however, a certain amount of information
more appropriate to the other volumes is included in this handbook so as to
place it at the users’ disposal as early as possible.

This work is a compilation of various data and design information gathered
from numerous reports, publications and personal interviews, and its scope
is necessarily limited to condensation and summary. For more complete
information, the reader is referred to the References and the Bibliography
appearing at the end of each chapter.

Titles and identifying numbers of the specifications, regulations and other
official publications are given for the purpose of informing the user of the
existence of these documents, however, he should make certain that he obtains
editions which are current at the time of use.

- This handbook was prepared by the Mechanies Research Division of the
I1lineis Institute of Technology Research Institute for the Engineering Hand-
book Office of Duke University, prime contractor to the U. S. Army Research
Office-Durham. Technical supervision and guidance in this work was supplied
by an ad hoe group with membership from the Major Subcommands of the Army
Materiel Command. Chairman of the group was Daniel F. Smith of the Mobility
Command.

This volume could not have been prepared without the excellent. cooperation
rendered by the Detroit Arsenal of the Mobility Command and the Development
and Proof Services of the Test and Evaluation Command in providing reports,
data and other information beneficial to the preparation of this handbook.

Appreciation is xpressed to the following civilian agencies also for as-
sistance rendered i. this effort: Aircraft Armaments, Ine.; Allis-Chalmers
Corporation; Americ: 1 Ordnance Association; Bowen-McLaughlin-York, Inc.;
Chrysler Defense ¥ rineering; Cleveland Ordnance Plant; Diamond ‘T’
Company ; Food Machinery and Chemical Corp.; Ford Motor Company, Special
Military Vehicles Division; Fruehauf Trailer Company; General Motors Tech-
nical Center; International Harvester, Melrose Park Works; Mack Trucks, Inc.;
Pacific Car and Foundry Company; Reo Division, White Motor Company;
Townsend Engineered Products Company,

Elements of the U. S. Army Materiel Command having need for handbooks
may submit requisitions or official requests directly to Publications and Repro-
duction Agency, Letterkenny Army Depot, Chambersburg, Pennsylvania 17201.
Contractors should submit such requisitions or requests to their contracting
officers.

Comments and suggestions on this handbook are welecome and should be
addressed to Army Research Office-Durham, Box CM, Duke Station, Durham,
North Carolina 27706.
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CHAPTER 1

INTRODUCTION*

SECTION I

The evolution of military vehicles has paral-
leled the evolution of civilian vehicles—starting
with relatively simple designs and developing, as
requirements and problem areas were explored,
into the refined and highly complex machines pres-
ent in the arsenals of today. Even now, this evo-
lution of military vehicles is continuing, in re-
sponse to new contingencies due to increased enemy
capabilities, support requirements of new weapons,
and a multitude of problems unique to the possible
nuclear battlefield of the future.

During the evolution of military vehicles, many
mistakes have been made and many lessons learned.
These provide a valuable background from which
the experienced designers of military vehicles can
develop new concepts leading to vehicles with ever
superior characteristics. As time progresses, how-
ever, these deans of military design retire, resign,
or die; and, with their passing, the wealth of ex-
perience they have amassed is lost. New designers
and engineers, handicapped by lack of this experi-
ence, are then required to carry forward the de-
velopment of military vehicles. Furthermore, the
actual outbreak of major hostilities usually in-
tensifies development activities as the true enemy
capabilities and our own deficiencies become more
definitely known. This brings into the field of mili-
tary design additional numbers of designers and
contractors who have a limited background of ex-
perience in the requirements of military equipment.
These designers and contractors engage in intense
activities to determine the requirements that must
be satisfied, to ascertain the capabilities and limits
of standard equipment, and to become oriented,
in general, in the policies and principles that gov-
ern the design of military equipment.

* Written by Rudolph J. Zastera of the Illinois Insti-
tute of Technology Research Institute, Chieago, Ill.

GENERAL

Unfortunately, the varied information sought
after is not conveniently available. It exists in a
multitude of Government publications, textbooks,
reference manuals, technical reports, scientific docu-
ments, Army Regulations, Government specifica-
tions, miscellaneous Government directives, and in
the minds of men. The complex task of gathering
the needed information is compounded by the at-
mosphere of urgency that prevails during a time
of national emergency and by the fact that the
people who have the greatest need for this in-
formation, the neophyte design engineers, do not
know what information is available nor where it
can be obtained. This results in unavoidable mis-
takes, unnecessary delays, inefficiency, increased
costs, and—worst of all-——military equipment that
falls short of the best that could be had if past and
current records of accomplishment and technology
were readily available and properly integrated.

In an effort to remedy this total situation, the
Army Materiel Command supported a project for
the purpose of developing a Series of Engineering
Design Handbooks to consist of an integrated body
of data covering the principles of materiel design.
One of the major fields covered by this handbook
is the design of military automotive vehicles. This
major field is to be treated in a comprehensive
series of handbooks referred to as the Automotive
Series. The purpose of the Automotive Series is
to guide designers and contractors by supplying
them with a compilation of design principles, data,
and information regarding the military require-
ments that must be satisfied in order for equip-
ment to be suitable for operational use by the Army
field forces and to embody satisfactory produci-
bility and maintainability characteristics. In ad-
dition, this series of handbooks reflects the state of
advancement of scientific and technical knowledge
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in the various fields concerned. Through periodic
revision, the information given in these handbooks
will be supplemented and kept current.

Summarized, the objectives of the Automotive
Series of handbooks are to:

1. Provide a ready reference of design informa-
tion to facilitate the development of new de-
signs,

2. Provide a record of experience to forestall the
duplication of past experiences and effort.

3. Provide a uniform approach to the design of
military automotive vehicles.

4. Orient and guide design personnel and con-
tractors in the principles and requirements re-
lating to the design of military automotive
vehieles.

5. Preserve knowledge now being lost when senior
designers resign, retire, or die.

SECTION II

The term ‘‘automotive assembly’’ applies to a
general category of mechanical land vehicles that
contain a means of propulsion within themselves.
They are usually considered to be either wheeled
or track-laying vehicles or a combination of both;
but, in the broad sense, this general category in-
cludes all types of walking, jumping, and crawling
vehicles, as well as self-propelled sleds and various
ground-effect—or air cushion-supported vehicles.
These vehicles may have the ability to negotiate
deep water barriers by either swimming on the
surface, in which case they are amphibious auto-
motive vehicles ; by swimming submerged, in which
case they are submarine automotive vehicles; or by
propelling themselves along the bottom in the
same manner that they are propelled on normal
terrain, in which case they are described as having
deep-water fording capabilities.

The military automotive assembly is usually
designed to meet some primary function associated
with the econduct of military operations. These are
such functions as:

1. To transport personnel—either in close prox-
imity to the enemy, as do armored, fully-
tracked personnel carriers; in tactical areas
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6. Present a packaged compilation of formulas,
tables, values, and other information useful
in military automotive design and not readily
available in existing literature.

This handbook, entitled The Automotive As-
sembly, the first of the Automotive Series, serves
as an introduction to the series. It contains a dis-
cussion of the various major elements, or systems,
that make up the automotive assembly such as: the
power plant, power train, steering system, suspen-
sion system, ete. The functions and characteristies
of these major elements are described and theéir re-
quirements, as related to the automotive assembly,
are discussed. Design criteria, problem areas, and
miscellaneous requirements that pertain to the de-
sign of the major elements themselves, or to the
specific components that comprise these major ele-
ments, are treated in subsequent handbooks of the
Automotive Series.

DEFINITION

not directly in contact with the enemy, as do
tactical cargo trucks and ambulances; or in
rear areas, communication zones, and in the
zone of the interior, as do administrative ve-
hicles and buses.

2. To transport material—either in close prox-
imity to the enemy or in tactical situations not
directly in contact with the enemy, as do
armored, fully-tracked cargo carriers or the
many, wheeled cargo trucks and truck-and-
trailer combinations in use by the army.

3. To serve as e prime mover—the primary fune-
tion of the various tractors and truck tractors
used to tow artillery and trailers of all kinds.

4. To provide armor protection—the primary
function of the early, World War I, tanks. In
World War I, the successful employment of
the machine gun pinned down the opposing
armies in their labyrinths of trenches and
barbed wire so effectively that the resulting
stalemate resisted even the heaviest artillery
concentrations. The first tanks were designed
to give armored protection to the crew mem-
bers while they endeavored to overcome the
dug-in machine gun and barbed wire.




5. To provide mobility for weapons systems—the
primary function of the self-propelled artillery
or self-propelled antiaircraft type of auto-
motive assembly or the self-propelled missile
launcher of the modern army.

6. To mount special-purpose equipment—as in
special shop trucks, truck-mounted radar units,
mobile electronic warfare equipment, fire-
fighting equipment, and others,

7. Any combination of the foregoing categories.
Most military automotive assemblies have
more than one specific function. This renders
them versatile and achieves the greater econ-
omy of equipment necessary for the successful
conduct of military operations. Thus, a tacti-
cal cargo carrier can easily serve as a person-
nel carrier and can readily provide mobility
to rocket-type or recoilless-type weapons. By
equipping the carrier with an appropriate
pintle, it can serve as a prime mover as well.
A combat tank provides armor protection for
the crew, supplies mobility for elaborate wea-
pons systems, is a tactical personnel carrier
when it carries infantrymen piggy-back style,
and with pintles and tow-bars may funetion
as a prime mover. Further, by applying ad-
ditional apparatus to standard military auto-
motive assemblies, they may be equipped to
perform various specialized, secondary func-

tions. Thus, the addition of a bulldozer blade,
appropriate actuating mechanisms, and con-
trols, enables a standard battle tank to per-
form engineering missions requiring digging,
ground leveling, or earth moving in close
proximity to the enemy. The addition of other
equipments may enable a standard vehicle to
perform such secondary functions as: mine-
field breaching, placement of demolition
charges under battlefield conditions, battlefield
recovery of disabled vehicles, the placing and
erecting of expedient bridges while under
enemy fire, battlefield surveillance under con-
ditions of poor visibility, and others.

In other words, the subject of this handbook
encompasses all types of vehicles that are the re-
sponsibility of the Army Materiel Command with
respect to design, development, manufacture, and
service. This includes everything from motor
seooters and motorcyeles through the most highly
developed combat tanks and ground-effect vehicles
of the future. Trailers, vans, and special-purpose
towed vehicles, although not self-propelled and,
therefore, not automotive assemblies in the strictest
gense of the definition, are also included, since
many of the specifications and requirements cover-
ing the design of automotive vehicles also apply to
these assemblies.

SECTION III PRINCIPAL ELEMENTS

The automotive assembly is considered to be
comprised of a number of principal elements or
systems. Each element, in turn, is comprised of a
number of lesser components, each of which in
itself is a subassembly of individual parts. This

- handbook devotes one chapter to the discussion
'of those requirements that apply to the overall
vehicle assembly, such as physical limits, operation-
al limits, environmental limits; and a separate
chapter to a discussion of the components, char-
acteristics, and design requirements of each of the
principal elements. A list of the principal elements
that comprise the automotive assembly, with a gen-
eral discussion of their functions, follows.

1.1 THE POWER PLANT

The power plant is the integration of subas-
semblies and individual components required to
convert the energy of some fuel source to a form
useful to the vehicle. Thus, it includes not only the
engine, or engines, but also the fuel systems, lubri-
cating systems, cooling systems, exhaust systems,
electrical systems, and all other necessary accessor-
ies. The engine need not be a reciproecating internal
combustion type, although this type has been most
favored for military vehicles. Rotary internal com-
bustion types, external combustion types, steam
types, turbine types, and others have been used and
still are receiving attention. In any case, however,



the function of the power plant is to convert the
energy of the fuel into a form usable by the ve-
hicle for propulsion, for the operation of weapons,
and for the operation of accessories present on the
vehicle. A detailed discussion of the various types
of power plants appears as Chapter 7.

1.2 THE POWER TRAIN

The power train is the system of components
that transmits the useful energy produced by the
power plant from the output shaft of the power
plant to its ultimate point of application, wheels
or tracks for instance. It includes such compo-
nents as: clutehes, transmissions, transfer cases,
drive shafts, differentials, axles, and brakes. A
detailed discussion of the components that make
up the power train appears as Chapter 8.

1.3 THE FRAME

The frame of an automotive assembly is the
structure that supports the various components of
the automotive assembly and maintains their spa-
tial relationship. The frame provides strength and
rigidity to the vehicle and enables it to carry the
load placed upon it and to withstand the severe
shocks, blows, twists, and vibrations to which it is
subjected in operation. A detailed discussion of
frame characteristics and design requirements ap-
pears as Chapter 9.

1-4 THE BODY OR HULL

The body or hull of an automotive assembly
is that principal structure which houses the crew,
passengers, or cargo; it is the major factor in giv-
ing the vehicle its characteristic appearance. The
term ‘‘body’’ is usually applied to wheeled ve-
hicles; ‘“hull,’”’ to amphibious and tracked vehicles,
especially the massively armored combat tank.
‘When the hull of a vehicle is armored to with-
stand ballistic impaet, it simultaneously achieves
great structural rigidity and strength—so much,
in fact, that the addition of a frame, whose purpose
is rigidity and strength, is not necessary. For this
reason, vehicles with hulls usually do not include
a separate frame. The turret and cupola assemblies
of tank-type vehicles are not considered part of the
vehicle body or hull. A detailed discussion of bodies
and hulls appears as Chapter 10,
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1.5 THE SUSPENSION SYSTEM

The system of mechanical components between
the vehicle frame or hull and the ground constitutes
the suspension system. Its purpose is to provide a
sprung or flexible support for the automotive as-
sembly, while its funection is to provide a smoother,
more comfortable, ride, thereby allowing higher
speeds, protecting delicate equipment that may be
on board, and permitting greater stability and con-
trol of the vehicle. The main components of the
suspension system are: the spring systems or tor-
sion bars, shock absorbers, wheels and tires, road
wheels and tracks, track supporting and tensioning
components, load leveling systems, stabilizing
equipment, and suspension lockout systems. A de-
tailed discussion of these appears as Chapter 11.

1.6 THE STEERING SYSTEM

The steering system is that assembly of link-
ages and mechanical components which enables the
vehicle operator to control the direction of the ve-
hicle. For a front wheel-steered vehicle, control is
effected by pivoting the front wheels on their sup-
ports in the direction that the vehicle is to travel;
for a rear wheel-steered vehicle, by directing the
rear wheels in a direction opposite. Steering of
wheeled vehicles may also be accomplished by tilt-
ing the front wheels to obtain ‘‘camber steering.’’
Control of tracked vehicles is effected by varying
of speed of one track as compared with the speed
of the other; tracked vehicles can also be steered
by warping the tracks in the direction of steer.
Articulated vehicles are sometimes steered by me-
chanically causing the leading sections to skew
around at an angle to the original course and caus-
ing the trailing units to follow. A detailed dis-
cussion of various steering systems appears as
Chapter 12,

1-7 THE ELECTRICAL SYSTEM

Electricity plays an important role in the mod-
ern automotive assembly—it powers engine start-
ing and engine ignition and a multitude of ac-
cessory components. The chief users of electricity
are: communications equipment, weapon travers-
ing and elevating mechanisms, interior and exterior
lights, a variety of heaters, and miscellaneous mo-
tors that operate sundry pumps, fans, and blowers.
A detailed discussion of the electrical system ap-
pears as Chapter 13.




1-8 MISCELLANEOUS ELEMENTS

The miscellaneous elements of military auto-
motive assemblies are those regular parts that can-
not be classified under any of the foregoing cate-
gories—such as firefighting systems, intercommuni-

cations systems, heating systems, ventilating-sys-
tems. A detailed discussion of miscellaneous ele-
ments appears as Chapter 14. Special or peculiar
features often incorporated into military vehicles
are also treated in this chapter.
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CHAPTER 2

RESEARCH AND DEVELOPMENT,
TEST AND EVALUATION, AND
TYPE CLASSIFICATION

2-1 GENERAL

Effective design of military automotive materiel,
and of all other military materiel, is dependent on
research and development, test and evaluation, and
other factors such as producibility, reliability and
maintainability., This chapter presents information
concerning research and development, and test and
evaluation. It discusses the relationships among
these functions and the responsibilities, objectives
and requirements for their accomplishment. The
closely related subject of type classification is also
discussed. Particular consideration is given to
those matters which are the concern of the Army
Materiel Command (AMC). Nuclear develop-
ments, subject to special provisions, are not within
the scope of this handbook.

Research and development extends from incep-
tion of ideas through investigation or discovery of
re-research potentials, creation and testing of new
or improved theories, techniques, processes, mate-
rials, or items; and evaluation and final acceptance
or rejection for use by the Army.

2-2 RESEARCH POLICY

The Army’s established policy is to conduct
and support a broad program of basic and applied
research with emphasis on that related to the needs
of the Army. The chiefs of developing agencies
and other appropriate commanders and chiefs are
respousible for determination of applied research
required to support their development programs;
determination of appropriate areas of basic research
and submitting recommendations to the Chief of
Research and Development (CRD). New concepts
and ideas from all individuals, units and agencies
are encouraged.

2-3 MANAGEMENT OF RESEARCH AND DE-
VELOPMENT PROJECTS

Normally, chiefs of developing agencies manage
research and development projects by using estab-
lished organization structures and procedures; how-
ever, either Department of Army (DA) Headquar-
ters or the chiefs of developing agencies may
establish special operating procedures, to include
project managers or materiel coordination groups,
to expedite development of selected projects.

2-4 OBJECTIVES OF RESEARCH AND DE.
VELOPMENT

The ultimate objective of research and develop-
ment is to develop weapons, equipment and tech-
niques which are qualitatively superior to those of
any potential enemy under all conditions of war,

Other objectives include the achievement of
Qualitative Materiel Development Objectives
(QMDO), and the development of materiel which
satisfies Qualitative Materiel Requirements (QMR)
or Small Development Requirements (SDR). Addi-
tional information on Army research and develop-
ment and on organization and functions of DA and
AMC will be found in Refs. 1-3,

2-5 QUALITATIVE MATERIEL DEVELOP-
MENT OBJECTIVES (QMDO)

A QMDO is a DA approved statement of a
military need for development of new materiel, the
feasibility of which cannot be determined suffi-
ciently to permit the establishment of a qualitative
materiel requirement. Broadly stated, it is a goal
toward which research and component develop-
ment efforts will be directed. For procedures
prescribed for the establishment, modification or
deletion of QMDO, see Ref. 4.
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2-6 QUALITATIVE MATERIEL REQUIRE-
MENTS (QMR)

The more significant Army requirements for
new equipment or for major innovations or im-
provements are normally expressed as Qualitative
Materiel Requirements. A QMR is a DA approved
statement of a military need for a new item, system
or assemblage, the development of which is believed
feasible. The QMR is directed toward attainment
of new or substantially improved materiel which
will advance the Army’s ability to accomplish its
mission. It states the Army’s major materiel needs
in terms of military characteristics and priorities
and relates materiel to the operational and organ-
izational context in which it will be used. QMR’s
are stated at the earliest time after the need is
recognized and feasibility of development has been
determined.

Army staff responsibility for review, coordi-
nation, approval and modification of qualitative
materiel requirements is vested in the Chief of
Research and Development (CRD). He presents
the coordinated QMR to the Materiel Requirements
Review Committee for a final review to determine
validity, requirements for a total feasibility study,
intention to initiate a project and priority.

The Commanding General, Combat Develop-
ments Command (CDC) prepares and submits to
DA Headquarters for approval all QMR for materi-
el to be used by units of the Army in the field. Us-
ing agencies prepare and submit to CDC proposed
QMR for materiel to be used by units not of the
Army in the field. The Commanding General, CDC
reviews and comments on such proposed QMR
insuring that they support established objectives
and forwards them to DA Headquarters for approv-
al. (Refs. 1, 5) A format for proposed QMR is
shown in Ref. 1.

QMR’s are published as separate documents.
The summary of Section I of the QMR (Statement
of Requirement) is placed in the Combat Develop-
ment Objectives Guide (CDOG).

2-7 SMALL DEVELOPMENT REQUIREMENTS

(SDR)

The SDR states a DA need for the development
of equipment of proven feasibility which can be
developed in a short time and which, because of low
cost and simplieity of development, does not war-
rant the establishment of a QMR. Small develop-
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ment requirements are approved by DA Head-
quarters and published as Appendix E to CDOG.
Recommendations for the establishment of SDR
contain a brief deseription, purpose and cost of the
development and a short justification of its need.
Commanders of the Army elements of unified and
special commands, Continental Army Command
(CONARC), and other agencies submit recom-
mended SDR to the Commanding General, CDC.
The chief of the developing ageney furnishes, upon
request by CDC, its input to paragraph 3 of the
SDR. Recommended SDR, in the format preseribed
in Ref. 1, are submitted by the Commanding
General, CDC to CRD for approval.

Major Army ecommanders, the chiefs of develop-
ing agencies and commanders of other interested
commands and agencies review their portions of the
SDR lists for validity, project status, priority and
other information and submit recommendations to
the Commanding General, CDC, who reviews and
forwards them to DA Headquarters with comments
or recommendations.

2-8 RESPONSIBILITIES

Research, development and design relating to
automotive vehicles, and to a large majority of
Army items, fall within the general responsibility
of AMC. (Refs. 1, 3) specific responsibilities for
these functions are delegated to appropriate Sub-
commands in accordance with their missions.
Under such delegation the Mobility Command
(MOCOM) (Ref. 6) is responsible for automotive
vehicles except for combat vehicles, responsibility
for which is delegated to the Weapons Command
(WECOM). (Ref. 7)

The Test and Evaluation Command (TECOM),
a major subordinate command of AMC, plans and
conducts engineering and serviee tests of Army
materiel for AMC; provides test and evaluation
services and support to development agencies
and project managers; and participates in the
planning and preparation for troop tests involving
Army materiel. (Ref. 8)

CRD exercises Army staff responsibility for
planning, programming, coordinating and supervis-
ing all Army research, development, test and
evaluation. (Refs. 1, 2)

The Deputy Chief of Staff for Military Opera-
tions (DCSOPS) has Army staff responsibility for
overall staff supervision and coordination of combat
developments and related policy in conjunection




with research and development funetions assigned
to CRD. (Refs. 1, 4)

CDC directs combat development activities and
submits recommendations to DA Headquarters for
establishing materiel development objectives and
for specific materiel requirements based on these
objectives. (Ref. 5) The Air Defense Command
(ADC) is responsible for submitting through CDC
to DA Headquarters requirements for materiel to
be used primarily in air defense of continental U.S.

Research, development, test and evaluation of
assigned materiel are also performed by The Sur-
geon General and the Chief of Engineers (Ref. 1)
and the Chief, Army Sccurity Agency. (Ref. 9)

Responsibilities for reviewing appropriate re-
search and development are assigued to DCSOPS,
the Deputy Chief of Staff for Logisties (DCSLOG),
the Assistant Chief of Staff for Intelligence, the
Commanding General, Army Intelligence Center
and the Chief Signal Officer. The Chief of Trans-
portation is responsible for monitoring the research
and development program for conformity with AR
705-8, i.e., the Department of Defense Engincering
for Transportability Program. (Ref. 10)

The Army Research and Development Review
Board, composed of representatives of Army
General Staff agencies, reviews the research and
development program to insure that it is in support
of DA and DOD plans and guidance, and that it is a
balanced effort.

The Materiel Requirements Review Committee,
an Army staff committee, reviews each QMR before
DA approval is granted, and conducts final review
of total feasibility on selected projects before the
decision to initiate a major end item development
project.

2-9 INITIATION OF DEVELOPMENTS

The development process is initiated with the
approval of a QMR or an SDR in response to a rec-
ognized development objective. The development
process will be considered to have ended when the
item is type classified as an adopted category or
the project is canceled.

2-10 STUDIES AND EVALUATION

In addition to continuous study by all agencies
to take advantage of the state-of-the-art, special
studies may be conducted at any appropriate step
during research and development by CDC, using or

developing agencies, or as directed by DA Head-
quarters.

2-11 FEASIBILITY STUDIES

DCSOPS is responsible for determining total
feasibility for each major research and develop-
ment system. During review of the QMR, the
Materiel Requirements Review Committee selects
those for which a total feasibility study must be
conducted. After selection, DCSOPS prepares the
study. DA Headquarters directs project initiation,
when so reconunended by the Materiel Require-
ments Review Committee, after a review of the
completed feasibility study and after considering
the effects on all other programs and projects in
the Army Long Range Capabilities Plan.

2-12 PRIORITIES

The Chief of Research and Development has
Army staff responsibility for coordinating and
approving priorities for research and development
projects which normally will be the same as the
priorities of the QMDO, QMR or SDR which they
support. For description of priorities and the basis
of assignments, see Ref. 1.

2-13 TEST AND EVALUATION

The process of development requires evaluation
of the product by test to obtain performance data
and to determine whether the product is satis-
factory for its intended use. Army staff respon-
sibility for planning, coordinating and supervising
all materiel testing rests with CRD.

Materiel under development by AMC and its
agencies is subjected to tests and evaluations, as
indicated below, prior to type classification. Fur-
ther information concerning these and other tests
and evaluations will be found in Ref. 11.

Beseareh Test. Test conducted during the
research phase in order to confirm concepts and to
further research projects and tasks. Responsi-
bility rests with the agency assigned the research
project or task.

Feasibility Test. The determination by a pro-
cess of techmical examination and study of the
possibility of attainment of end item materiel
development. Feasibility tests are the responsibility
of the commodity command, project manager or
separate installation or activity reporting directly
to Headquarters, AMC, that is assigned the develop-
ment task or project.



Engineer Design Test. Test conducted by or
under the control of the design agency where the
objective: of the test is to determine inherent
structural, electrical or other physical or chem-
ical properties of construction materials, a compo-
nent, subassembly, or prototype assembly, item or
system, including the effect of environmental stress-
es on these properties. Responsibility for engi-
neer design test is as indieated for feasibility test.
Developing agencies assure participation by
TECOM.

Research and Development Acceptance Test.
A test conducted by the developing agency of an
item or system designed and developed by a con-
tractor, to insure that the specifications of the
development contract have been fulfilled. Accep-
tance of the item or system for engineering testing
is contingent on the research and development
acceptance test. Responsibility for research and
development acceptance tests is as indicated for
feasibility tests.

Engineering Test. A test, using an engineer-
ing approach, conducted by or under the supervi-
sion of a separate test agency, not a part of the
developing installation or activity concerned,
where the objective of the test is to determine. the
technical performance and safety characteristies of
an item or system and its associated tools and test
equipment as described in the QMR, the technieal
characteristics, and as indicated by the particular
design. The test is characterized by controlled
conditions and the elimination of human errors in
judgment, as far as possible, through the utili-
zation of environmental chambers; physical meas-
urement techniques; controlled laboratory, shop,
and field trials; statistical methodology; and the
use of personnel trained in the engineering or
scientific fields. The engineering test provides
data for wuse in further development and for
determination as to the technical and mainte-
nance suitability of the item or system for service
test. TECOM is responsible for coodinating and
establishing the test objectives, preparation and
approval of the plan of test, conduct and report
of the test, and evaluation and distribution as
directed of the report of test.

Service Test. A test conducted under simulated
or actual field conditions where the objective is to
'determine to what degree the item or system and
its associated tools and test equipment perform the
the mission as described in the QMR, and the suit-
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ability of the item or system and its maintenance
package for use by the Army. This test is
characterized by qualitative observations and
judgment of selected military personnel having a
background of field experience with the type of
materiel undergoing test, with instrumentation
limited to those measurements of characteristics of
major operational significance. The test is con-
ducted using soldiers representative of those who
will operate and maintain the equipment in the
field. The service test provides the basis for
recommendations on type classifiecation. Respon-
sibility of TECOM is as indicated above for
engineering tests,

Engineering/Service Test. This designation is
given to engineering and service tests which have
been either ecompletely or partly integrated.

Check Test. A retest performed on a service
test model of selected items to determine whether
major deficiencies found in the service test have
been corrected, these deficiencies being of such
nature that the item was found unsuitable for type
classification.

2-14 “IN-PROCESS”’ REVIEWS (IPR)

An IPR is a review of a materiel development
project conducted at eritical points of the develop-
ment cyecle for the purpose of evaluating the status
of the project, accomplishing effective coordination,
and facilitating proper and timely decisions bearing
on the future course of the project to assure the
materiel’s ultimate aecceptability for use by the
Army. Ultimate acceptability is judged by eval-
uating the status of the project against the charac-
teristics of the QMR and the appendix thereto.
Particular emphasis is on eliminating unwarranted
complexities and characteristics which are marginal
or which make unnecessary provisions for safety,
comfort, and ease of operation. A formal IPR is
conducted by a conference among representatives
of all agencies concerned. An informal IPR is
normally conducted by correspondence, with the
same participants as for a formal IPR. At the
time of approval of a QMR, DA Headquarters
states whether or not formal IPR’s are required.

The IPR’s are normally held at the following
points in the development cycle and for the
purposes indicated:

a. Technical Characteristics Review. Held
upon receipt by the developing agency of the QMR
or SDR and prior to finalizing the technical




characteristics. The primary purpose of the
review is to insure that the developer understands
the requirement and has properly stated it in terms
of technical characteristies.

b. Engineering Concept Review. Held upon
completion of the engineering concept to insure
that the contractor or in-house facility is not com-
mencing a program that is beyond the state-of-the-
art or contains too many high risk areas. It also
assures that all feasible engineering approaches are
being utilized.

¢. Design Characteristics Review. Held upon
completion of determination of the design char-
acteristics and prior to release of the design for
development., Appropriate consideration must be
given to updating the QMR, if necessary, to avoid
developing of hardware that does not fully satisfy
the stated requirements.

d. Prototype Systems Review. Held after
delivery of prototype development hardware.

e. Service Test Review. Held prior to
commencement of the service test or combined
service test/engineering test to insure that all
aspeets of the test program, both completed and to
be conducted, thoroughly measure the ability of the
materiel to meet the QMR.

Further information coneerning IPR’s may be
found in References 1 and 12.

2.15 TYPE CLASSIFICATION (REF. 13)

For the purpose of recording the status of items
of materiel from the standpoint of development and
suitability for serviee use, items are type classified
by appropriate Technical Committee action. (Ref.
14) Type classification and reclassification actions
serve to obtain and record DA decisions on the
current status of materiel relative to the Army
supply system and to facilitate planning for order-
ly and economical phasing of items into, or out of,
the supply system.

Items are authorized status in one of the
following types:

a. Development Category.

(1) Development Type. Materiel being de-
veloped or tested to meet approved qualitative
~ materiel requirements or small development
requirements.

(2) Limited Production Type. An item
under development, commercially available or
available from other Government agencies, for
which an urgent operational requirement exists and
for which no other existing item is adequate; which
appears to fulfill an approved qualitative mate-
riel requirement or other DA approved require-
ments, and to be promising enough operationally
to warrant initiating procurement and/or pro-
duction for troop issue prior to completion of
development and/or test or adoption as a stan-
dard item.

b. Adopted Category.

(1) Stendard Types. The standard types
designate the items that have been adopted as
suitable for Army use (or other agencies when the
Army is the supply agency) ; which are acceptable
as assets to meet operational requirements; are
authorized for inclusion in equipment authoriza-
tion documents; and are deseribed in published
adopted item lists. There may be more than one
standard type or more than one item of any specific
standard type to fulfill the same requirement.
Standard types are subdivided as follows:

(a) Standard A. The most advanced and
satisfactory items currently available to fill oper-
ational requirements.

(b) Standard B. Items which have limited
acceptability to fill operational requirements. These
items are normally used and issued as substitutes
for Standard A items.

(e) Standard C. Items which have only mar-
ginal acceptability for operating requirements, and
are being forced out of the system as stocks of more
acceptable items become adequate to meet require-
ments.

(2) Limited Standard Type. Items which are
not acceptable for Army operational requirements
and are not, therefore, counted as assets against
operational requirements. Items in this category
are limited to those which are useful in training or
those which are being retained at the request of
DCSLOG to meet peculiar requirements other than
training.

(3) Obsolete Category. Items which are no
longer acceptable for Army use.
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CHAPTER 3

GENERAL REQUIREMENTS*

The process of designing any complex mechan-
ism involves the careful planning, selection, de-
velopment, proportioning, and arranging of the
various components that comprise the overall as-
sembly so that all requirements are satisfied. When
this procedure isAapplied in designing military
automotive vehicles, the impossibility of completely
satisfying all requirements becomes quickly appar-
ent. Many requirements are not compatible, for
example: high ground clearance with low vehicle
silhouette ; maximum armor protection with mini-
muin weight ; maximum reliability, ruggedness, and
crew comfort with minimnum size, weight, and cost.
This makes it necessary for the designer to evalu-
ate the relative importance of the requirements

* Written by Rudolph J. Zastera of the Illinois In-
stitutute of Technology Research Imstitute, Chicago, Ill.

SECTION I

Sinee this handbook is intended primarily for
engineers who have a limited knowledge of the
principles of military design, it is paramount that
they understand, and fully appreciate, the rigors
to which military vehicles are exposed and the
gruelling punishment they are expected to survive
with no impairment of their operation. The mili-
tary environment is the most severe possible, from
a vehicle operations viewpoint, with no ecivilian
counterpart approaching it in severity. The most
common error made by inexperienced military de-
signers is their gross underestimation of this en-
vironment, or the assumption that the operating
enviroument of road building or logging machinery

specified and arrange them in a definite order of
emphasis, in accordance with the missions intended
for the vehicle being designed. He then proceeds
to develop a concept of the vehicle, selects the var-
ious components that satisfy his requirements, and
carefully organizes the available space and allow-
able weight for maximum utilization. He strives to
satisfy all requirements, that can be satisfied prac-
tically and economically, and makes studied com-
promises, in areas where requirements are incom-
patible, based upon the order of emphasis he es-
tablished. Since all requirements can seldom be
completely satisfied, he endeavors to satisfy com-
pletely those that rank high in the order of empha-
sis, even, if necessary, at the expense of those less
important. The resulting vehicle is, therefore, the
best combination of interrelated compromises that
were possible at the time.

THE MILITARY ENVIRONMENT

is comparable to the military environment. Noth-
ing could be farther from the truth.

The term ‘‘military environment’’ arouses vi-
sions of the battlefield—of bombardment, frantic
movement, and chaos. A detailed, thoughtful ex-
amination of this scene reveals the impact these
conditions have upon the requirements of the mili-
tary vehicle. Since battles can be expected any-
where on the earth, military vehicles are required
to have the capacity of operating in the frigid
temperatures of the arcti¢ and the intense heat of
desert regions as well as in temperate zones. They
must possess a high degree of off-the-road mobility
in deep powdery arctic snows, in clinging, sucking
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swamp mud, over the drifting sands of desert and
beach dune areas, over hard, rocky terrain, and
also on paved roads. They must be sufficiently
rugged to withstand the vibrations, shocks and vio-
lent twisting experienced during cross country
travel over rough terrain, be capable of operating
for long periods with very little or no maintenance,
and be of minimum weight and size to facilitate
airborne operations. In addition, they must be able
to withstand the punishment attributable to drivers
and crews that have had only limited training and
who may be frequently suffering from extreme
fatigue and fright. Furthermore, the use, or threat-
ened use, of nuclear weapons foreseen in future
warfare, makes it necessary to avoid concentra-
tions of forces and equipment at bridge sites. This
makes deep-water fording, or swimming, capabili-
ties necessary for military vehicles to enable them
to eross water barriers without approaches for
launching or landing.

Both combat and tactical vehicles (see Chap-
ter 4) are exposed to this environment, with the
conditions being only slightly less stringent for the
tactical vehicles. The capability of moving against
the enemy (or of breaking contact during a retro-
grade movement) quickly and via the tactically
most advantageous routes, despitc an unfavorable
terrain, is one of the prime requirements of com-
bat vehicles. Tactical vehicles, too, must possess a
high degree of cross country capability to enable
them to support the operations effectively; but
these vehicles can select, to a degree, routes that
take advantage of more favorable terrain.

Cominerical vehicles are unsatisfactory in ecom-
bat operations as are also most commercial com-
ponents, simply because the military environment
is so much more severe than the conditions for
which the commercial components were designed.
The use of commercial components in tactical ve-
hicles is more feasible, but they must be protected,
in the military environment, by ancillary equip-
ment. Experience has shown, however, that com-
niercial vehicles without appropriate modifications
are unsuitable when placed in tactical roles.

The engines of commercial vehicles in use on
typical civilian hauling missions are readily ex-
pected to have service lives in execess of 100,000
miles. These same engines, when used in a military
environment, fail in 2,000 miles of service. Medi-
um truck engines used in the African campaign
during World War II averaged 13,000 miles be-
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fore they required rebuilding, while in the moun-
tains of Italy engine life averaged only 5,000 miles.
On the Red Ball Express in Europe, about 10,000
miles of service was realized from medium truck
engines (Ref. 2). This disparity between the aver-
age service lives of vehicle engines used in civilian
vs military operations is attributable to the military
environment, a term that includes the effects of
climate, terrain, and operator abuse.

These vehicles of World War II were oper-
ated predominantly on roads—not always first-
class roads, to be sure, but better than the condi-
tions encountered in off-the-road operations. The
concept of future wars, envisioned by military
planners, places maximum emphasis on the rapid
development of troops and equipment. Task forces,
comprised of widely scattered wunits, will be re-
quired to mass rapidly on any given target for a
concerted strike and separate, with equal dispatch,
back to their dispersed positions to minimize the
threat of nuclear attack by the enemy,

Tactics of this kind are not feasible to a road-
bound army because of the magnitude of the en-
gineering effort that would be required to build
and maintain an adequate road net to support such
operations. Instead, vehicles will operate off-the-
road, wherever necessary, to minimize the time re-
quired to make the strike and disperse and to re-
frain from being channelized into zones that are
advantageous to the enemy. This requirement for
off-the-road capability places even more stringent
demands upon future vehicles than were placed
upon their World War II counterparts.

Since the original military vehicles were adap-
tations of the then current commercial vehicles, it
has been a popular belief that the development of
military vehicles will take place as a by-produet
of the progress made in the ecivilian automotive
industry. While it is true that certain components
of civilian vehicles may be used to advantage in
some military vehicles, and certain techniques of
the civilian automotive industry may be applied,
this belief is generally false. The proficiency of
the highway engineer has had a great influence
upon the development of the civilian automotive
vehicle; and, were it not for the development of
safe, smooth roads offering good traction and gen-
tle slopes, civilian vehicles would be quite differ-
ent today from what they are. In fact, it has been
pointed out that, since early man made his first
cart and found it difficult to propel through mud,




soft sand, or rock-strewn terrain, he has been build-
ing roads to make the terrain compatible to his
vehicle (Ref. 3). There is little evidence to indi-
cate that he will not continue to develop the oper-
ational environment of his vehicles into ever
smootlier, faster, and safer roadways. Similarly,
there is little doubt that the future design of eivil-
ian vehicles will econtinue to be influenced by im-
provements made in its operational environment.

The off-the-road requirements of the military
vehicle preclude any efforts to improve the terrain
over which the vehicle must travel. Instead, the
need exists for extensive studies of the off-the-road
enviromment to determine the prineiple governing
the terrain-vehicle relationships. The development
of military vehicles must be based upou these ter-
rain-vehicle relationships and eau conceivably lead
to a morpliology of vehicles radically different
from those found in the civilian environment. [t
is obvious, therefore, that as the development of
civilian vehieles becomes more and more dependent
upon good roads, their suitability for military op-
erations decreases. Thus, the development of ve-
hicles compatible with the military environment
cannot come about as a by-product of civiliau ve-
hicle development.

‘While it is true that certain segments of the
automotive industry have developed off-the-road
type vehicles for use iu road construction, logging,
and the oil fields, there is actually little in the
operational environment of these vehicles that is
common to the military environment. Typical road
building machinery possesses only mediocre eross
country capabilities. Access roads are required to
permit the equipment to negotiate unfavorable ter-
rain. The nature of the road bed being prepared,
and upon which the road building equipment is
operating, is such that it favors vehicle mobility.
In fact, the entire purpose of the roadway in prep-
aration is to improve the trafficability of the exist-
ing terrain to facilitate vehicular movement. The
military velicle, however, is required to traverse
adverse terrain as that terrain actually exists, with-
out the assistance of aecess roads or temporary
delays while awaiting more favorable weather.

Certain logging and oil prospecting vehicles
are designed to have off-the-road capabilities. The
objectives of these vehicles, however, are so differ-
ent as to make them almost totally unrelated to
military vehicles, particularly in the area of size
and weight. Furthermore, these vehicles have more

freedom in the selection of their routes, and they
do not operate in the same climate of urgency ex-
perienced by a combat vehicle.

Another, and perhaps the most important, fac-
tor that contributes to the severity of the military
environment is the equipment operator (Refs. 4,
5, 6). The personnel selection process skims off
the highest caliber men for leaders, combat crews,
radio operator, and other skilled specialties leaving
some of the least ecapable men to drive the vehicles,
particularly the wheeled vehicles. They are gen-
erally young and immature, inexperienced, unre-
liable, irrespounsible, and have a devil-may-care at-
titude toward their vehicles. At best, they have
only a limited comprehension of the effect that
operator negleet in reecognizing and reporting mi-
nor problems has upon vehicle reliability and life,
or the serious consequence of lubrication and cool-
ing system neglect. Furthermore, they don’t care
—especially in units where vehicles are not as-
signed to specific drivers, but are assigned to a
pool aud driven by many drivers. Under these
conditions, it is practically impossible to determine
which driver was responsible for & particular neg-
lect or abuse.

In contrast, the civilian vehicle driver em-
ployed by a large fleet operator is carefully se-
leeted. Ile is usually more mature, more expe-
rienced, and is generally more reliable and respons-
ible than his military counterpart. Driving a ve-
hicle is his meanus of earning a livelihood. He is
fully aware of the importance of adequate main-
tenance, and realizes that deadlined equipment may
mean loss of pay to him, and may even cost his
job. The military operator has no such fears. In
faet, deadlined equipment may even bring free
time to the military driver.

Thus, driver abuse and neglect are major con-
tributing faectors to the severity of the military
environment. A more judicious selection of driver
personnel, along with improved driver training,
would do a great deal to reduce these factors; but
it is doubtful that they can be eliminated. Thus,
they will remain as an additional problem for con-
sideration by the vehiele designer.

With the adveut of chemical, bateriological,
and radiological warfare, the military environment

is becoming exceedingly severe. This type of war-

fare requires additional protection for the person-
nel of combat and tactical vehicles in the form of
sealed and protected personnel compartinents, the
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use of recirculated air, and provisions for the per-
sonal requirements of the crew during extended
periods of time. The sealing of personnel compart-
ments and their insulation against nuclear radia-
tions brings problems of providing effective vision
outside the vehicle and requirements for remotely
controlled weapons.

A new problem, stemming from the sealing and
insulating of crew compartments against nuclear
radiation on certain experimental vehicles. The
insulating techniques employed on these vehicles
scereened out battle sounds. Subsequent evaluation
tests revealed that a consciousness of the sounds
about them are necessary to the efficient perform-
ance of combat crews. As a result, auxiliary equip-
ment was needed to restore souund orientation.

These are certainly factors that are unique to
the military environment. Other factors are: the
need for protection against conventional weapons,
and the requirements resulting fiom the long bat-
tle day specified for military vehicles. As applied
to combat tanks the battle day specified is twenty-
four hours long; while with respect to armored
personnel carriers, the battle day is specified as
three days long. In addition to being able to op-
erate for these periods of tinie without refueling
or maintenance, the vehicle must provide for all
of the crew requirements during this period of
time.

The required degree of protection from con-
ventional weapons is specified in the military char-
acteristics for each type of vehicle; it may be auy-
thing from no protection other than that afforded

by the structural components of the vehicle, to the
maximum practicable for protection against direct
hits by large caliber high explosive and armor-
picreing projectiles. The application of armor to
a vehicle brings additional problems of weight,
size, power requirements, ventilation, and vision,
The length of the battle day imposes problems of
fuel capacity, maintenance requirements, ammuni-
tion storage, and requirements of the crew,

In summary, the following salient features are
enumerated as characteristics of the military en-
vironment :

1. High shock and vibration produced by off-the-
road operations over rough terrain, airdrop
operations, high explosive blast, and ballistic
impact (see par. 3-4).

2. Extreme temperature ranges, extending from

arctic to tropical (see par. 3-2.3).

. Operations under conditions of extreme dust.

He

. Operations in deep mud.

. Operations in snow and on ice.

[P B

. Amphibious operations in both fresh and sea

water.

7. Operations under conditions conducive to cor-
rosion and fungus growth.

8. Mountain operations involving extremely long,
steep grades and side slopes (see par. 3-2.1).

9. Extended operations under conditions of low
speed and high load.

10. Operator abuse in the form of overload, mis-

use, improper maintenance, and neglect.

SECTION II LIMITING DESIGN FACTORS

The design of military vehicles is governed by
various restrictions that limit and eontrol certain
features of the completed vehicle. These limits and
other factors affect dimensional, as well as opera-
tional, aspects of the vehicle and have been stand-
ardized to the point that many are included in
Army Regulations. The need for these restrictions
resulted from such considerations as: the need for
unrestricted transportability of the vehicle by road,
rail, air, and seagoing vessels; from the need for
standardization to simplify supply and maintenance
problems; from the need for tactical mobility un-
der adverse conditions of terrain and climate; and
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from certain theoretical and empirical military
requirements. Detailed, comprehensive limits are
usually specified in the military characteristics
for each developmental vehicle. Some of these
factors that determine the general requirements
for military automotive assemblies are discussed
here to serve as guides in vehicle design.

3-1 PHYSICAL LIMITS
3-1.1 GENERAL

The policy of the Department of Defense with
regard to the transportability of items of materiel
is set forth in AR 705-8, Department of Defense




Engineering for Transportability Program, dated
December 1959. It directs that ‘‘transportability
(see Glossary) will be a major consideration when
formulating the priority of characteristics to be
considered in the design of any new item of ma-
terial and equipment.’”’ Material and equipment
being developed for use by the military depart-
ments must be of such gross weight and outside
dimensions as will permit ready handling and
nmovement by available transportation facilities.
Special or unigue arrangements of schedules, right-
of-ways, clearances, or other operating conditions,
will be undertaken only in exceptional cases and
after first obtaining approval from the appropriate
Transportability Agency.

The following Departmental agencies have
been designated as ‘‘Transportability Agencies’’
to implement the Department of Defense Engineer-
ing for Transportability Program, AR 705-8.

1. Department of the Army: The Chief of Trans-
portation,  Washington, D. C.

2. Department of the Navy: Chief, Bureau of
Supplies and Accounts, Washington, D. C.

3. Department of the Air Force: Headquarters,
Air Research and Development (Command,
Washington, D. C.

4,U. S. Marine Corps: Commandant, Marine
Corps, Washington, D. C.

The dimensions and weight of an item may be
adjusted to suit the eapabilities of specific modes
of transportation when the item will require no
further transportation under peacetime or mobili-
zation conditions. In addition, due consideration
must be given by designers to the following:

1. Many military items may be subjected to
movement by several modes of transportation.
The factors that govern the choice of mode,
or modes, are mainly availability and capabil-
ity of facilities, destination time requirements,
operating conditions, and cost.

2. Combat and rough terrain equipment is sub-
jeet to the normal transportation conditions,
from manufacturer to off-the-road destinations,
as apply to all other equipment.

3. Transportation systems in overseas areas are
generally more restrictive than in the conti-
nental United States.

4. The first step toward rapid mobility of mili-
tary forees is the proper design of equipment

to meet the operational characteristics while
adhering to the fundamentals of transporta-
tion capabilities.

When determining the maximum dimensions
and weight of an automotive assembly, the de-
signer must consider the limitations of the particu-
lar modes of transportation specified, or selected,
for the equipment he is designing. These limita-
tions are specified in the following regulatory docu-
ments:

1. The Highway Weight and Size Limitations,
established by the Federal Aid Highway Act
of 1956, a majority of the state laws of conti-
nental United States, and the physical limita-
tions of highways in foreign countries to ac-
commodate the potential volume and type of
traffic anticipated.

. The Outline Diagram of Approved Limited
Clearances of the Association of American
Railroads referred to in Car Service Rule 14,
Section 2 (e), with weight limitations of in-
dividual carriers, shown in the current issue
of the Railway Line Clearance publication for
individual railroads of the United States, Can-
ada, Mexico, and Cuba.

3. Diagram of the Berne International Rail In-
terchange Agreement with weight limitations
applicable to the railroads of individual ecoun-
tries for all items that may require transpor-
tation by rail in foreign countries.

4. Loading and stowage limitations of ocean ves-
sels, related factors, and Army and Navy pro-
cedures therefor.

5. Regulations of the Department of the Treasury
(U.S. Coast Guard), the U.S. Army Mobility
Command, and the Navy covering water trans-
portation.

6. Regulations and instructions of the Army,
Navy, Air Force, Marine Corps, Federal Avia-
tion Agency, and Civil Aeronautics Board for
loading eargo and combat aircraft.

[}

For convenience to the designer, some of the main
data has been extracted from these documents and
is presented in the following subsections.

3-1.2 HIGHWAY TRANSPORTABILITY
3-1.2.1 Wheeled Vehicles

AR 705-8 prescribes maximum dimensions and
weights for pneumatic-tired, highway- and off-the-
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road-type vehicles for unrestricted highway opera-
tions. These are as follows:

3-1.2.1.1 Width

Maximum overall width of a wheeled vehicle
shall not exceed 96 in. No part of the vehicle, fix-
tures, or equipment that is attached or placed per-
manently upon the vehicle shall protrude beyond
the outer face of the tires by more than 9 in. on
either side of the vehicle.

3-1.2.1.2 Height

The maximum overall height of wheeled ve-
hicles designed for highway operation in the con-
tinental United States shall not exceed 150 in. (12
ft 6 in.). The maximum permissible height for
wheeled vehicles designed for overseas highway op-
erations shall not exceed 132 in. (11 ft O in.).

3-1.2.1.3 Length

The maximum overall length of a wheeled ve-
hicle comprised of a single, nonarticulated unit
shall not exeeed 35 ft. The maximum overall length
of a wheeled vehicle comprised of an articulated
double unit, sueh as a truck tractor coupled to a
semitrailer or a truck tractor coupled to a full
trailer, shall unot exceed 50 ft. These dimensions
exceed the statutory limitations for unrestricted
highway movement in certain states in the conti-
nental United States. In these states, a special per-
mit is required. Table 3-1 shows the size and weight
limitations imposed by the various states on truck
tractor-semitrailer combinations as of August 30,
1959.

3-1.2.1.4 Axle Loading

An axle load is defined as the total load trans-
mitted to the road by all wheels whose centers are
included between two parallel transverse vertical
planes 40 in. apart, extending acrosg the full width
of the vehicle. The maximum axle load (subject
to gross weight limitations) is 16,000 1b for axles
spaced between 314 ft and 714 ft from the nearest
adjacent axle in both the continental United States
and overseas. For axles spaced more than 714 ft
from the nearest adjacent axle, the maximum per-
missible load is 18,000 1b, for vehicles designed for
highway operation in the continental United States,
and 16,000 1b, for vehicles designed for overseas
operations.

3-1.2.1.5 Gross Weight
The maximum permissible gross weight of a
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wheeled vehicle designed for highway operations
(subjeet to axle load limitations) shall not exceed
36,000 1b, for vehicles having a distance of 10 ft or
less between the extreme front and rear axles, and
shall increase by 850 1b for each additional foot of
extreme axle spacing in excess of 10 ft to a maxi-
mum gross weight of 60,000 1b. This maximum
gross weight exceeds the statutory limits of some
states within the continental United States (see
Table 3-1). For operations in these states, a special
permit is required.

3-1.2.2 Tracked Vehicles
3-1,2.2.1 General Limits

AR 705-8 prescribes limiting dimensions for
tracked vehicles in accordance with their gross
weight. These limits are necessary for unrestricted
operations on highways, in both the continental
United States and in overseas areas, and are chiefly
governed by bridge widths. Table 3-2 gives these
limiting dimensions and weights. The values given
for width of ground contact are the total widths of
all ground contacting elements; e.g., for conven-
tional vehicle having two tracks, the width of
ground coutact equals twice the width of one track.

It should be noted that the values given in
Table 3-2 apply to tracked vehicles that are to be
capable of unrestricted movement on highways and
bridges. When vehicles that exceed these specifi-
cations are being designed, they must be approved
by the appropriate departmental Transportability
Agency (see par. 3-1.1).

3-1.2.2.2 Height and Ground Clearance

The maxtmum height of 132 in. given in Table
3-2 is based upon limits encountered in operations
outside the continental United States. Because of
the requirement to minimize the vehicle silhouette
height to reduce vulnerability to enemy action, even
this limit is seldom reached.

The mintmum hetght of a tracked vehicle is
greatly affected by the ground clearance specified
in the military characteristics. A generous ground
clearance reduces the danger of the vehicle bellying
in soft ground, or upon an obstacle, and allows
space for the use of belly escape hatches and pro-
vides clearance for the high flanges on the treads of
military floating bridges. Currently, the minimum
ground clearanece is 17 in. with values up to 20-5/8
in. being attained (see par. 4-2).




TABLE 3-1 SIZE AND WEIGHT RESTRICTIONS BY STATES ON TRUCK TRACTOR-SEMITRAILER COMBINATIONS

. Max. Length of
Max. Height, Max. Length Truck Tractor- Max. Gross
State ft-in. Semitrailer, ft Semitrailer Weight, 1b
Combination, ft
Alabama 12/-6" 35 50 64,650
Alaska 13'-0” 40 60 75,200
Arizona 13'-6" 40 65 68,000
Arkansas 136" 35 50 56,000 P
California 13'-6" 40 60 68,000
Colorado 13'-6” 35 60 67,200
Connecticut 126" 50 50 60,000
Delaware 12/-6” 40 50 60,000
Dist. of Columbia 12/-6” 40 50 63,890
Tlorida 12/-6" 40 50 66,450
Georgia 13'-6" 39.55 50 63,280
Hawaii 13'-0” 40 55 67,200
Idaho 14’-0” 35 60 68,000
Illinois 13’-6" 42 50 72,000
Indiana 13/-6" 36 50 72,000
Iowa 13'-6” 35 50 72,634
Kansas 13/-6" 35 50 63,890
Kentucky 13’-6" 40 50 59,640
Louisiana 12/-6” 35 50 64,000 P
Maine 12’-6” 50 50 60,000
Maryland 12/-6" 55 55 65,000
Massachusetts NR 35 50 60,000
Michigan 13’-6” 40 55 68,000
Minnesota 13/-6" 40 50 72,500
Mississippi 12/-6" 35 50 55,650
Missouri 13'-6" 35 50 63,890
Montana 13’-6" 35 60 68,000
Nebraska 13’-6" 40 60 67,333
Nevada NR NR NR 68,000
New Hampshire 13'-6” 35 50 66,400
New Jersey 13'-6" 35 50 60,000
New Mexico 13'-6" 40 65 75,600
New York 13'-0" 35 50 65,000
North Carolina 12°-6" 35 50 62,000
North Dakota 13'-6" 35 60 62,000
Ohio 13'-6" 40 50 72,000
Oklahoma 13'-6" 35 50 73,280
Oregon 13/-6" 40 60 68,000
Pennsylvania 128" 35 50 60,000
Rhode Island 12/-6" 40 50 60,000
South Carolina 12'-6" 40 50 63,890
South Dakota 130" 35 50 72,110
Tennessee 12°-6" 35 50 61,580
Texas 13’-6" 35 50 72,000
Utah 140" 45 60 76,500
Vermont 127-6" 40 50 60,000
Virginia 12/-6" 35 50 56,800
‘Washington 13'-6" 40 60 68,000
West Virginia 12°-6" 35 50 63,890
Wisconsin 13’-6" 40 50 68,000
Wyoming 13’-6" 40 60 72,110

LEGEND:

P Plus weight on front axle.

NR No restriction.

Reference: Through courtesy of Military Equipment Division Fruehauf Trailer Company.
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TABLE 3-2 LIMITING DIMENSIONS AND WEIGHTS OF TRACKED VEHICLES FOR MOVEMENT ON HIGH-
WAYS AND BRIDGES (Ref. 7)

Width Minimum Ground Contact
Maximum Gross Maximum, Minimum, Maximum Length,* Total Width,

Weight, 1b in. in. Height, in, in. in,
8,000 96 None 132 32 20
16,000 96 78 132 55 24
24,000 96 80 132 73 27
32,000 96 84 132 87 30
40,000 120 96 132 98 33
48,000 120 100 132 107 36
60,000 120 100 132 132 37
80,000 120 112 132 144 45

* The maximum ground contact length for any vehicle is 180 in.

3-1.2.2.3 Gross and Distributed Weights

The maximum permissible gross weight of a
tank is 160,000 1b (80 tons). This limitation is
based upon the capacity of U.S. highway bridges
of the heaviest classification (Ref. 8).

Minimum ground contact dimensions are given
in Table 3-2. These are of importanece as they affect
the distribution of the gross weight. Two consider-
ations affect the distribution of the gross weight of
a tracked vehicle: one, the average ground pres-
sure, determined as the quotient of the gross weight
and the total ground contaet area of the tracks;
the other is the load distributed per linear foot of
the length of ground contaect. Ground pressures
are regulated primarily to control floatation in
cross country operations and to develop traction;
while loading per foot of track length is regulated
to control the effect of the vehicle’s weight upon
roads and bridges.

Ground pressures of heavy tracked vehicles
are limited to 12.5 psi. Although pressures of 6 to
8 psi are considered more desirable, they are diffi-
cult to obtain in the design of larger vehicles. Cer-
tain light, amphibious and speecial-purpose tracked
vehicles that require maximum floatation obtain
ground pressures as low as 3 psi.

The distributed load per linear foot of ground
contact is obtained by dividing the gross vehicle
weight in pounds, GVW, by the length of the
ground contact in feet, L;, as seen in the side ele-
vation. The maximum permissible distributed load
is determined from the following (Ref. 8):
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For values of GVW less than 60,000 1b:
GVW =

<3000 + 0.06 (GVW — 8,000) (3-1)
t
For values of GVW greater than 60,000 1b:
GVW = 20,000 x GVW (3-2)

I, <7160,000 + GVW

3-1.2.2.4 Vehicle Length

The length of the track at the region of ground
contact is governed by the equations of weight dis-
tribution, the ground eontact pressure, and by cer-
tain requirements for efficient steering. Require-
ments imposed by specified angles of approach and
departure have an influence upon overall vehicle
length. Equations 3-1 and 3-2 for maximum per-
missible distributed weight can be solved for L; to
determine the minimum permissible track length
in ground contact. Thus, when GVW is less than
60,000 1b

L (inches) = 12 GVW (3-3)
es -
' >"3000 + 0.06 (GVW — 8000)

when GVW is greater than 60,000 1b

12 VW

L, (inches) > 96 + 20,000

(34)

The steering charaeteristiecs of a tracked ve-
hicle are affected by the ratio of the track length
in contaet with the ground, L, to the tread, L,/T,
where T is the width between the track centers
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comes relatively unstable.

mands.

and 1.69 (Ref. 8).

3-1.2.2.5 Correlation of Physical Limits

‘When dimensional limits are applied simul-
taneously, a relatively narrow field of choice is
available to the desiguer. This is illustrated in Fig.
3-1 which shows the track proportions that may
be used lying in a relatively small zone. In the
figure, the ground contact length of the track, L,
is plotted agaiust the track width, W,, and against
the tread, T. A theoretical maximum overall track
width of 144 in. is used as a limit in order to
establish 7 = 0 on the graph. Hyperbolas repre-
senting constant track areas are plotted on the
graph using the equation 4; = LW, (where A,
is the ground contact area) for selected ground con-
tact areas of 800, 1600, 2400, 4000, and 6400 sq. in.
Based upon a limiting ground pressure of 12.5 psi,

When this ratio ap-
proaches a value of 2, that is, L; approaches a
value of 27, steering imposes excessive power de-
Therefore, for satisfactory steering, the
L,/ T ratio should be between 1.0 and 1.7. In actual
practice, the values usually used are between 1.125

100
Lt — GROUND CONTACT LENGTH OF TRACK IN INCHES

Figure 3-1. Correlation of Physical Limits of a Tracked Vehicle (Ref. 8)

Licle weight.

are determined and drawn.

each hyperbola also represents a definite gross ve-
The highest gross vehicle weight
shown is 80 tons, the maximum permitted by regu-
lations. Points of minimum track, length are cal-
culated, using Eqgs. 3-3 and 3-4, and located on the
hyperbolas. These points are connected to form a
limiting minimum track length curve. Finally,
the limiting steering curves (L; = T and L; = 2T)

The usable track proportions are confined to

the hatched area in the graph bounded by the lim-
iting dimension curves. The chief significance of
the usable proportions thus obtained lies in their
effect on hull width. Decreasing the track width
of a given vehicle gains only a small amount of
space witlin the vehicle; because, the track width
changes relatively little regardless of length, within
the usable range of proportions.

One of the niost eritical dimensions on a com-
bat tauk is the turret ring diameter. This must be
large enough to allow space for such major items
as gun recoil, ammunition handling, personnel, and
fire control equipment, yet its size is restricted by
the overall vehicle width limits, the need for ade-
quate track width, and the need for armor pro-
tection. Here, again, the designer is faced with the
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Figure 3-2. Outline Diagram of Approved Limited Clearances of the Association of American Railroads (Ref. 7)

necessity to compromise, but his freedom to eom-
promise is somewhat limited.

Turret rings currently being used on produe-
tion vehicles are 85 in. inside diameter. Figure
3-1 shows that for a 50-ton vehicle, the designer
can seleet a track width of from 15 to 25 in. For
most efficient steering he would probably restrict
his choice to track width between 22 and 25 in.,
letting considerations of ground contact length de-
termine the final choiee. Assuming that the 22 in.
track width satisfies all requirements, the inside
diameter of the turret ring plus the width of two
tracks accounts for 129 in. of vehicle width. Ad-
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ditional width is needed for armor, track shroud-
ing, width of turret bearing, and clearances, Thus,
requirements to reduce the overall vehicle width
present a serious problem to the designer.

3-1.3 RAIL TRANSPORTA’BILITY

In order to meet the requirements for trans-
portability by railroad, railway lading clearances
must be considered. Railway lading clearances are
determined by bridges, tunnels, platforms, tele-
phone and electric poles, and miscellaneous way-
side structures. Data on all such clearances have
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Figure 3-3. Berne International Clearance Diagram (Ref. 7)

been compiled and are presented in the form of
dimensioned outline diagrams.

Since bridges settle, tunnel walls and roofs are
subject to slippage, telephone and electric poles
can lean, rock cuts are subject to slides, and the
railroad track is subject to variations caused by
springing and floatation actions, a safe distance
factor or clearance is applied to all outlines pub-
lished by the railroads. These clearance dimensions
are not normally published nor are they standard
between the railroad companies, but each railroad
establishes its own safe distances. Railroad equip-
ment and loads on railroad cars whose outlines
exceed the limiting outline published by the rail-
roads must be cleared by the superintendent of
the railway lines prior to their acceptance. Figure
3-2 shows the outline diagram of the approved
limited clearances published by the Association of
American Railroads and supplies to all standard
gauge unrestricted main lines in the continental
United States. Figure 3-3 shows a comparable out-
line diagram that preseribes the minimum rail-

way eclearances required on railroads in overseas
areas. It is the result of an international meeting
held at Berne, Switzerland attended by the major
countries of Kurope. As a result, the diagram 1is
often referred to as the Berne International Tun-
nel Diagram,

These diagrams indicate the maximum allow-
able cross section of a vehicle as loaded upon a
railway car for shipping. For a vehicle of larger
section, the maximum allowable cross seetion is the
size to which the section must be reducible. An im-
portant factor in reducibility is the facility with
which the vehicle can be reassembled in terms of
time, tools, and skills required. It is current prac-
tice to use overhanging tracks on many types of
tracked vehicles. By removing tracks, sprockets and
tool boxes, vehicle widths can be reduced approxi-
mately 20 in., to the width across the outer faces
of the road wheels. Further reducibility requires
the disassembly of suspension elements and is not
considered feasible.
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AFT
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8-o" REAR DOOR

GROUND LEVEL

DIMENSIONS :

MAIN COMPARTMENT .

HEIGHT (MAXIMUM) - 8-0"
HEIGHT (CLEAR UNDER TROLLEY) - 7'-8"
LENGTH (OVER-ALL) ~-36'-11"
WIDTH (MAXIMUM) - 9'-10"
WIDTH (MINIMUM) - 9'-2"

CAPACITY :

MAIN COMPARTMENT (VOLUME) -3,150 CU.FT.
WITHOUT CARGO DOORS -2,850CU.FT.
MAIN COMPARTMENT (AREA) - 353SQ.FT.

REFERENCE;

(1) TECHNICAL ORDER IC-[19B-9
(FORMERLY AN OI-I15CC-9)
NAVAER 0OI-115CC-9

(2) STANDARD AIRCRAFT
CHARACTERISTICS BOOK

TYPICAL LOGISTICAL MISSION ;
1000 NAUTICAL MILES (ONE WAY)
NORMAL WEIGHT 13,630LBS

Figure 3-4. C-119G Cargo Compartment Profile (Ref. 7)

3-14 AIR TRANSPORTABILITY

‘When designing military vehicles for airlift,
consideration must be given to the size, weight, and
location of the vehicle’s center of gravity, the size,
location and configuration of the aireraft loading
apertures, size and configuration of cargo compart-
ments including limiting features that may prevent
the full utilization of available space, the strength
of the aircraft floor and loading ramp, and to the
air transportability requirements specified in MIL-
A-8421A (USAF) entitled, Air Transportability
Requirements, General Specifications for. Each ve-
hicle should be designed to be transportable in a
maximum number of aircraft types to permit maxi-
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mum utilization of available aireraft and to al-
leviate the possible shortage of a particular type.
When designing vehicles for aerial delivery (air-
drop), vertical and horizontal clearances in air-
craft must be considered; and, in addition, the de-
signer must make due allowances and adjustments
for the weight and space taken up by the aerial
delivery equipment.

Figures 3-4 through 3-11 show profile charts
and miscellaneous data pertinent to the loading of
various standard aircraft. This information is
suitable for general guidance in the design of equip-
ment to be loaded into aircraft and is not intended
for operational purposes. Specific loading and per-
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GROUND LEVEL 15°

DIMENSIONS?

AFT
DOOR

GROUND

MAIN COMPARTMENT

HEIGHT (USABLE) - 8-2
LENGTH (OVERALL) —~3¢'-8"
WIDTH (AT WHEEL WELLS) - 9-2

CAPACITY:
MAIN COMPARTMENT (VOLUME) -3,570 CU.FT.
MAIN COMPARTMENT (AREA) -

450 SQ.FT.

REFERENCE:

(1) TECHNICAL ORDER IC-123B-9

(2) STANDARD AIRCRAFT
CHARACTERISTICS BOOK.

TYPICAL LOGISTICAL MISSION:
000 NAUTICAL MILES (ONE WAY)
NORMAL WEIGHT 11,785 LBS.

Figure 3-5. C-123B Cargo Compartment Profile (Ref. 7)

formance problems should be resolved by referring
to the Technical Order applicable to the aireraft in
question (e.g., Ref. 9). Special consideration must
be given to the location, eapacity, and type of tie-
down fittings used, allowances for loading and un-
loading clearances, aisle space, access to loading
controls and auxiliary equipment, and aireraft
loading limitations. These factors limit the size and
weight of the vehicles that can be transported. Ad-
ditional data and guidance can be obtained from
Refs. 10, 11, and 12,

3-2 OPERATIONAL LIMITS

Certain operational limits or levels of per-
formance have been established for military ve-
hicles as necessary to the successful accomplish-
ment of future military missions. They are based
upon experiences with vehicles of the past, in all
parts of the world and under every conceivable en-
vironment, during peacetime field maneuvers as

well as during wartime operations. These levels of
performanece are preseribed in various military di-
rectives and concern such factors as the capability
of military vehicles to negotiate extreme grades and
slopes, water barriers, and extreme climatic en-
vironments. Since these operational limits affect
all military vehicles, they are presented here as
guidance to the designer.

3-2.1 GRADES AND SIDE SLOPE
PERFORMANCE (Ref, 25)

The capability of a vehicle to operate on
grades and side slopes is referred to as the grade-
ability of the vehicle and is expressed as a per-
centage figure that represents the maximum grade
that the vehicle can negotiate satisfactorily (see
par. 5-2.2.5). Gradeability is of particular impor-
tance in military vehicles, since they are required
to operate tactically without the benefit of road-
ways. An evaluation of the gradeability of a ve-

3-13



—
e M ==
: "_'_______"'—T__q':___:‘
17-10"—eps 55-0
11°34" |ELE§’E‘E'E_R e
e —:’

8 " gn | 3“ 0"

{ 1

GROUND LEVEL

'
AUX. FLOOR (COLLAPSIBLE)

DIMENSIONS

MAIN COMPARTMENT ELEVATOR WELL ;

HEIGHT (USABLE) - [I'-7" LENGTH

LENGTH (OVERALL) -77-0" WIDTH

WIDTH (FLOOR LEVEL)-II-4" GROUND TO
FUSELAGE

ELEVATOR CAPACITY :

RAMP.(SPLIT TYPE)

-13'-4" INCLINE -i7°

-7-8" LOAD -10,000 LBS PER SINGLE
WHEEL EITHER RAMP

-i3'-0" —22,000 LBS PER SINGLE

AXLE, BOTH RAMPS.

8,000 LBS PER HOIST (2)
16,000 LBS USING TWO HOISTS

CAPACITY .

MAIN COMPARTMENT (VOLUME) - 10,000 CU.FT.
- 1,652 SQ FT.

MAIN COMPARTMENT (AREA)

REFERENCE :

(1) TECHNICAL ORDER IC-I24A-9
(FORMERLY OI-40NV-9)
IC-124C-9

(2) STANDARD AIRCRAFT
CHARACTERISTICS BOOK.

TYPICAL LOGISTICAL MISSION:
1,000 NAUTICAL MILES (ONE WAY)

NORMAL WEIGHT - C-124A

C-124C

40,500 47,600

Figure 3-6. C-124A or C Cargo Compartment Profile (Ref. 7)

hicle provides a means of determining the adequacy
of the power plant and power train as well as an
assessment of the vehicle’s tractive ability.

Army test specifications require that combat
and tactical vehicles (see Chapter 4, Secs. I and II)
be capable of negotiating a 60-percent grade of
smooth, dry concrete in both forward and reverse
gears, and that they be able to brake adequately
on this same grade. In addition to this maximum
gradeability test, vehicle performance is evaluated
at the 60-percent grade and at lesser, more com-
mon, grades to determine the speeds at which the
vehicle can climb.

All vehicles must meet the gradeability and
side slope requirements when loaded with their
rated or combat loads. Wheeled vehicles with towed
trailers are generally required to operate on maxi-
mum grades of 30 percent.

The artificial slopes used in testing military
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vehicles include 5-, 10-, and 15-percent grades each
with black-top paving, a 20-percent gravel grade,
and 30-, 40-, 50-, and 60-percent concrete grades.
The sustained speed is determined by bringing the
vehicle to a maximum slope speed from a standing
start at the foot of the grade.

The braking system must be capable of stop-
ping and holding the vehicle in both the forward
and reverse directions on the maximum slope the
vehicle was designed to ascend. When a towed load
is preseribed for the vehicle, the brake tests are
performed both with and without the towed load.

Engine performance, fuel consumption, fuel
pressure, lubricating system performance, and cool-
ing system performance are all evaluated during
slope operations.

Requirements for side slope operation of mili-
tary vehicles specify 20- to 40-percent gradients. In
general, tactical vehieles are required to perform
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satisfactorily on side slopes of 20 percent; combat
vehicles, 30 percent; and jeep-type vehicles, 40 per-
cent. In addition to remaining under full eontrol
at the specified angles and at reasonable speeds,
the main and auxiliary engines are operated at
idling speed under all convenient electrical load
for 5 min periods, first with the vehicle headed in
one direction and then in the other. In addition to
evaluating engine, suspension, and steering system
performance under these side slope conditions,
liquid containers are checked for overflow and bear-
ings are checked for adequate lubrieation.

3-2.2 WATER BARRIERS
3-2.2.1 Definitions

AR 705-2300-8 (Ref. 13) prescribes the water
crossing requirements for future combat and tacti-
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cal vehicles. It defines four general methods of
crossing water barriers as follows:

a. Shallow-fording. The ability of a vehicle with
its suspension in contact with the ground to
negotiate a water obstacle of a specified depth
without the use of special waterproofing kits.

b. Deep-fording. The ability of a vehicle with its
suspension in contact with the ground to ne-
gotiate a water obstacle to a specified depth by
the application of a special waterproofing kit.

c. Floating. The ability of a vehicle to negotiate

water obstacles without being in contact with

the bottom. Self-propulsion while in the water
is not implied in this definition.

. Swimming. The ability of a vehicle to ne-

gotiate a water obstacle by propelling itself

across, without being in contact with the bot-
tom.
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REAR DOOR

'ol_o.l_____.

DIMENSIONS :
6'-0" MAIN COMPARTMENT
HEIGHT - 9'-"
SIDE DOOR LENGTH —4'-5"
FORWARD WIDTH -10'-4"
RAMP INCLINE —-13°
73— CAPACITY
MAIN COMPARTMENT (VOLUME)—3708 CU. FT.

~ 420 SQ.FT.

REFERENCE :
(1) TECHNICAL ORDER IC-130A-9
(2) STANDARD AIRCRAFT

CHARACTERISTICS BOOK.
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1000 NAUTICAL MILES (ONE WAY)

NORMAL WEIGHT - 29,500 LBS.

Figure 3-9. C-130A Cargo Compartment Profile {Ref. 7)

3-2.2.2 Capability Requirements

As a minimum requirement, all combat and
tactical vehicles must be built with an inherent
capaeity of shallow-fording in fresh and salt waters
to the maximum depth practicable but not less than
30 iu., including sinkage depth and wave height,
except for the following:

a. Tactical vehicles up to, and including, 1l5-
ton payload capaeity must have capability to
shallow-ford depths of not less than 20 in.

b. Tanks and other armored vehicles must have
capability of shallow-fording depths of not
less than 42 in.

The preferred water-crossing capability for
combat and tactical vehicles is floating or swim-
ming. Deep-fording kits are mandatory equipment
for all combat and tactieal vehicles that do not
have one of these capabilities. These fording kits
must provide the capability of deep-fording for at
least 15 min. in fresh or salt water to ithe follow-
ing depths, including both sinkage depth and wave
height :

a. Fully eneclosed armored vehieles, to the maxi-
mum depth practieable consistent with ade-
quate freeboard. Freeboard is measured from
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Figure 3-10. C-133A Cargo Compartment Profile (Ref. 7)

the top of the commander’s hatch opening or
turret.

b. All other vehicles, including trailers, 5 ft.

3-2.3 CLIMATIC ENVIRONMENT

The climatic environment anticipated for mili-
tary vehicles operating in all parts of the world
is set forth in considerable detail in AR 705-15
(Ref. 14). In general, this regulation divides op-
erating conditions into three categories, namely,

3-18

basie, extreme cold weather, and extreme hot weath-
er. The basic conditions are those which may be
expected to exist at ecertain times and places in the
most densely populated portions of the world and
where major military activities of the past have
taken place. Ezireme cold weather conditions are
those encountered in the regions generally referred
to as Arctic and subarctic; while the exireme hot
weather conditions are those encountered in the
hot, arid desert regions of the world where tem-
peratures are higher than in the basic range and
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Figure 3-11. C-133A Aft Loading Entrance Cargo Size-Limit Chart (Ref. 7)

the region is generally characterized by its extreme-
ly low humidity.

3-2.3.1 Basic Operating Conditions

With the exception of certain sheltered and
limited service items, all military combat and com-
bat support materiel is required to be capable of
satisfactory performance at all times under the
basic operating conditions. These include:

a. Thermal stress imposed by ambient air tem-
peratures ranging from —25°F, without bene-
fit of solar radiation, to 115°F coupled with
the impact of solar radiation at a rate of 360
Btu per sq ft per hr. At the lower end of the
temperature range, due consideration must be
given to the net heat loss due to longwave
radiation because it may chill the equipment
below the ambient air temperature. At the
upper temperature range, maximum tempera-
ture and radiation conditions need to be con-

sidered for only four hours per day. At ele-
vations above 3,000 ft, maximum design tem-
peratures may be lowered to the values given
in Table 3-3.

b. Absolute humidity as low as 0.1 grains per cu

ft (eorresponding to a dew point of —25°F),
and as high as 13 grains per cu ft (correspond-
ing to a dew point of 85°F). These high ab-
solute humiditics are likely only along the im-
mediate coasts of the Red Sea, the Persian
Gulf, and the Indian Ocean. For equipment
that is likely to be used only in other areas, an
absolute humidity of 11 grains per cu ft (cor-
responding to a dew point of 80°F) is appli-
cable.

¢. Relative humidity as low as 5 percent at tem-

peratures of 115°F and as high as 100 per-
cent at all temperatures from --25° to 85°F.

d. Rainfall characterized by two types of rainfall

conditions which represent the extremes that
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TABLE 3-3 MAXIMUM DESIGN TEMPERATURES FOR
USE AT ELEVATIONS ABOVE 3,000 FEET

Maximum Design

Elevation, ft Temperature, °F
3,000 115
3,500 111
4,000 108
4,500 104
5,000 100
5,500 98
6,000 97
6,500 95
7,000 93
7,500 92
8,000 90

may be encountered, namely, continuous, mod-
erately heavy, wind-driven rain; and brief,
torrential downpours. Military equipment
must be capable of satisfactory performance
under each condition. Quantitatively, the first
type of rainfall condition is characterized by
12 in. of rain falling at variable rates over
a 12-hr period accompanied by winds as high
as 40 mph. The second rainfall condition re-
sults when 7 in. of rain falls in one hour with
as much as 2 in. falling in one 5-min period
and a wind velocity of from 0 to 5 mph.

e. Snowloads on semipermanently installed equip-
ment, on which snow can aceumulate and is not
usually removed between snowfalls, is 40 1b
per sq ft. On temporary equipment, which is
moved often and cleared of snow between
storms, the snow load can be 20 1b per sq ft.
On portable equipment, which may be moved
daily, the extreme snow load is 10 1b per sq ft.

f. Winds of hurricane force occur in the moun-
tains and in coastal areas, and military equip-
ment designed for operation in these regions
must be capable of withstanding maximum
winds of 80 mph with gusts up to 120 mph.
Most inland areas, however, do not experience
winds in excess of 65 mph with gusts to 100
mph. The extreme winds associated with tor-
nadoes are not considered in the selection of
wind design eriteria because it is not con-
sidered feasible to design for such extremes.

g. Blowing snow, sand, and dust, with their pene-
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trative and abrasive effects, are capable of
rendering military equipment inoperative.
Quantitative design limits for equipment likely
to be exposed to such blowing particles are
specified in AR 705-15 as follows:

Blowing snow crystals 1 to 3 millimeters in
diameter blowing at wind speeds as high as
40 mph at temperatures below 32°F.

Blowing sand particles of 0.18 to 0.30 milli-
meters in diameter blowing at 40 mph. Verti-
cal distribution of the sand is such that few
grains are more than 5 ft above the ground
and approximately half the grains are less
than 1 in. above the ground.

Blowing dust particles 0.0001 to 0.01 milli-
meters in diameter blowing at 15 mph. Dust
may be distributed to high elevations and re-
main in the atmosphere for long periods of
time.

3-2.3.2 Extreme Cold Weather Conditions

Military equipment destined for operations in
the Arctic or subarctic regions falls into the ex-
treme cold weather category. This equipment may
be specially designed to meet this climatic extreme,
or it can consist of equipment designed for the
basic eonditions and subsequently modified, or aug-
mented with the installation of specially developed
kits, to meet the required conditions.

The principal characteristic of this weather
condition is that the low limit of the thermal stress
is extended from the basic —25° to —65°F without
benefit of solar radiation. The low limit of absolute
humidity is extended to 0.1 grains per cu ft cor-
responding to a dew point of —65°F. Other limits
are essentially the same as given for the basic con-
ditions with the exception of the specifications with
respect to rainfall. These are not applicable in the
extended temperature range of —25° to —65°F.

3-2.3.3 Extreme Hot Weather Conditions

The specifications for this weather extreme are
again essentially the same as the basic conditions
with one major extension to the thermal stress.
Here, the basic ambient air temperature range is
extended from 115° to 125°F with solar radiation
at the rate of 360 Btu per sq ft per hr. For other
minor differences consult AR 705-15.




LUBRICATING OILS, HYDRAULIC FLUIDS, AND GREASES USED IN MILITARY

MILITARY SPECIFICATIONS

TABLE 3.4

AUTOMOTIVE EQUIPMENT
MIL-L-15019B Lubricating Oil, Compounded
MIL-L-2104B Lubricating Oil, Internal Combustion Engine, Heavy Duty
MIL-1.-45199 Lubricating Oil, Internal Combustion Engine, High Qutput Diesel
MIL-L-10324A Lubricating Oil, Gear, Subzero
MIL-0-10295 0il, Engine, Subzero
MIL-0-6083A 0il, Preservative, Hydraulic Equipment
MIL-H-5606A Hydraulic Fluid, Petroleum Base, Aircraft and Ordnance
MIL-H-13919A Hydraulic Fluid, Petroleum Base, Fire Control
MIL-H-13910 Hydraulic Fluid, Nonpetroleum Base, Automotive Brake, Arctic
MIL-G-3278 Grease, Aircraft and Instrument, Sealed Bearings
MIL-G-10924A Grease, Automotive and Artillery
VV-G-632 Grease, Lubricating, Automotive and Industrial

3-2.3.4 Storage and Transit Conditions

All military materiel must be capable of safe
storage and transportation without permanent im-
pairment of its capabilities from the effects of ex-
treme climatic conditions. Only temperature and
humidity extremes are given in AR 705-15 for ma-
teriel in storage. Values for the other factors are
the same as those given for basiec operating condi-
tions.

High temperature storage. The values given as
design criteria for high temperature storage are
air temperatures as high as 155°F for periods up
to 4 hrs daily; no solar radiation; absolute hu-
midity as high as 13 grains per cu ft. The ma-
teriel temperature under these conditions depends
upon the thermal capacity and mass of the stored
items.

Low temperature storage. Design criteria given
for low temperature storage are: air ambient
temperatures as low as —65°F for periods up to
3 days; no solar radiation. The net loss of heat
through longwave radiation must also be con-
sidered.

3-2.4 ELECTRICAL SYSTEM

Specifications for the integral electrical sys-
tems of combat and tactical vehicles are contained
in SR 705-325-1 (Ref.15). This regulation directs
that all electrical systems of standard military ve-
hicles, including electronic equipment intended for
operation in military vehicles, be based upon a
standardized nominal voltage of 24 v. DC. This in-

cludes the electrical systems on all towed loads
such as trailers, gun carriages, and special-purpose
towed equipment. Electronic equipment whose
power requirements are such as to make necessary
the use of auxiliary power plants may be exempt
from this regulation. It is required, however, that
the fuels and lubricants required by the auxiliary
generating equipment be the same kind as is used
by the main power plant and power train of the
vehicle in which it is installed. Additional dis-
cussion of the electrical system is given in Chapter
13.

3-2.5 FUELS AND LUBRICANTS

The types of fuels used by military vehicles
are dictated by the types that are readily available
as well as by the requirements of the engine. In
general, the fuels used are fundamentally the same
as those used by commercial vehicles of comparable
types. Since cruising ranges of vehicles are limited
by the space available for carrying fuel, greater
ranges, or smaller and lighter vehicles, result from
the use of fuels that possess a higher heat content
per gallon. In many operations, however, military
vehicles are limited to the fuels that are readily
available. This limitation is especially acute dur-
ing a full-scale national emergency when both the
armed forces and the civilian economy demand the
same fuels. In order to alleviate this situation, en-
gines are being developed that are less sensitive to
the type of fuel with which they are supplied and
also engines that are capable of utilizing, efficiently,
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several types of fuels. These are the multifuel en-
gines that are gaining in popularity.

Fuels for military vehicles are classified into
two general groups: the gasolines, and the Diesel
fuels. The general category ‘‘gasoline’’ is defined
as the fuel used in spark ignition types of internal
combustion engines. In accordance with this defi-
nition, fuels such as kerosine, benzine, aleohol, pro-
pane, butane, and others qualify under the general
heading of ‘‘gasoline.”” While these fuels may be
delivered directly into the combustion chambers
by injection instead of carburetors, if combustion
is normally initiated by electrical ignition, or some
similar means, the engine is considered a ‘‘gasoline
engine’’ and the fuel a ‘‘gasoline’’ within the
secope of this definition (Ref. 16). Detailed re-
quirements for gasoline for use in military vehicles
are given in Military Specification MIL-G-3056A,
entitled Gasoline, Automotive, Combat.

Similarly, Diesel fuel is the broad category
assigned to fuels used in compression-ignition in-
ternal combustion engines. Detailed specifications
for Diesel fuels for use in military vehicles are
given in Federal Specification VV-F-800, entitled
Fuel, Oil, Diesel.

Lubricants used in military automotive ve-
hicles include the engine oils, gear oils, preservative
oil, hydraulic fluids and greases. These are sup-
plied in various grades and types to cover the
wide range of climatic conditions in which military
equipment is expected to function (see par. 3-2.3).
Detailed requirements for these are given in the
Military Specifications listed in Table 3-4.

3-3 MAINTENANCE DOCTRINE*
3-3.1 GENERAL CONSIDERATIONS

Proper maintenance of mechanical equipment
is required to achieve maximum service life. This
is especially true of military automotive vehicles,
which must be always ready to function under
severe conditions. The more complex a mechanism,
the greater the number of maintenance operations
that are usually required. Modern military auto-
motive equipment, although made initially rugged
and reliable, cannot endure for long without ade-
quate preventative maintenance. The Army Main-
tenance System is the end result of a long chain of
logistic functions, and neglect during design and

* For more complete coverage of maintenance engineer-
ing in military design the reader should econsult Reference
27.
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development may render maintenance extremely
difficult and even impossible.

Military equipment should be so designed as
to be capable of maintenance during severe mili-
tary usage by means of readily available skills,
tools, and supplies. The objective of maintenance
engineering is to reduce the time during which
equipment is denied to the user, and also to reduce
the manpower, tools, equipment, and supplies that
are required to perform competent maintenance.
These objectives can be more readily attained if
sufficient consideration is given during the equip-
ment design phase to some of the following factors:

u. Components shiould be so designed and in-
stalled as to provide adequate working <clear-
ances and visibility for ease of servicing, ad-
justing, removal, and installation.

b. Service points for checking, replenishing, and
draining of fuel, lubricant, hydraulic fluid,
pneumatic pressures (including tires), coolant,
electrolyte, ete., should be readily accessible
and should incorporate features that facilitate
these operations without being vulnerable to
damage or contaminated.

¢. Fuel tanks with capacities in excess of 50 gal
should be capable of accepting fuel at the rate
of 50 gal per min. Tanks having capacities of
less than 50 gal should be capable of being
filled within one min.

d. In general, all parts whose working surfaces
are subject to wear or deterioration should be
provided with appropriate means for lubrica-
tion. Exceptions to this are certain surfaces,
such as tank-drive sprockets, on which lubri-
cants are objectionable. Permanently lubri-
cated assemblies and assemblies that require no
lubrication should be used at all points where
they can meet the rigorous requirements of the
military environment and where their applica-
tion is economically feasible. Porous, lubricant-
impregnated bearings and rubber-bushed jour-
nals are examples of such devices.

e. Materials should be resistant to or protected
against chemical and electrolytic corrosion
brought about by atmospheric conditions and
galvanic action between dissimilar metals in
contact, and against normal wear and abrasion
to the extent that such deterioration will not
reduce the effectiveness of the equipment nor
appreciably increase its maintenance require-




ments. Particular attention should be given
to surfaces subject to wear and abrasion, such
as, running boards, cabs, floor boards, and load
decks, and to small, light parts that are vul-
nerable to corrosion, such as sheet metal items,
secrews, nuts, bolts, springs, retaining chains,
and other thin-gage parts.

f. All electrical, pneumatie, hydraulic, and fuel
systems should be resistant to corrosion and
fungi and be protected against the entry of
foreign matter. When selecting materials for
these systems, careful consideration should be
given to their compatibility with the fluids
they will contain. Copper and high copper
content alloys, for example, should not be used
in contact with modern fuels. Copper has a
catalytic effect on gasoline causing high gum
deposits (Ref. 16).

g- Exposed surfaces should be shaped to avoid
recesses that tend to collect and retain dirt,
water, cleaning fluids, servicing fluids that may
have been spilled or lost during operation,
or foreign matter. Where such recesses can-
not be avoided, suitable deflectors, closures,
and drains should be provided.

h.

&

Equipment should be designed to require a
minimum number of periodic maintenance ad-
justments. Those maintenance adjustments
that cannot be eliminated should be simplified
to permit their accomplishment at the lowest
practicable maintenance level.

i. To expedite the replacement of components,
suitable aligning, piloting, guiding, lifting, and
positioning features should be incorporated
into the design.

J. The least possible number, sizes, and types of
fastening devices should be used to minimize
the number of operations and tools required
for the removal and installation of components.

k. Maintenance operations should be capable of
being performed by personnel wearing arctic
clothing, including heavy gloves, to the maxi-
mum extent practicable.

l. Equipment should be designed to permit main-
tenance operations within a reasonable time
after halting the vehiele, without danger to
the maintenance personnel of being burned.
Components which must be handled under
these eonditions, partieularly heavy items that

require a long time to cool, should be provided
with handles, eyes, or other suitable devices.

m. The design of equipment should, to the maxi-
mum extent possible, permit maintenance ad-
Justments with the standard tools issued with
the vehicle.

n. Emphasis should be placed upon the use of a
minimum number of line items of supply in
maintenance, the use of standardized parts
and hardware that are, in general wused
throughout the military supply system (Ref.
17), and the use of interchangeable parts and
asselnblies, particularly those incorporated into
other equipment supported concurrently by di-
reet support maintenance units.

3-3.2 MAINTENANCE CRITERIA

In January 1959, the Ordnance Corps issued
a directive outlining the improvements expected
in operational life expectancies of military vehicles
during the next 10 years. This directive expresses
the maintenance and design goals for future ve-
hicles and is known as the Maintenance Criteria
(Ref. 2). The ten-year period covered by the di-
rective is divided into two phases and the mainte-
nance criteria are expressed as follows:

a. ““‘During Phase I (1960-1963), ground ve-
hicles should have a 90-percent probability of
completing the following mileages, in a mili-
tary environment:

i. Wheeled, tactical vehicles: 10,000 miles
without field maintenance and 20,000 miles
without depot maintenance.

11. Tracked vehicles: 2,000 miles without field
maintenance and 4,000 miles without depot
maintenance.

b. During Phase IT (1964-1970), ground vehicles
will have a 90-percent probability of accom-
plishing the following, in a military environ-
ment:

1. Wheeled, tactical vehicles: 25,000 miles with-
out field or depot maintenance.

11. Tracked vehicles: 5,000 miles without field
or depot maintenance.”’

It is a recognized faet that the level of effort
requivred to maintain current military vehicles is
excessive. Improvements in future operational, or-
ganizational, and personnel activities will result

3.23



TABLE 3-5 TEST REQUIREMENTS FOR TRACKED VEHICLES (Ref. 18)

COURSE AND MILEAGE
VEHICLE TYPES Cross Country

Paved Gravel Level Hilly Total
Tanks and Self-Propelled Weapons 1000 1000 2000 2000 6000
Armored Infantry Vehicles, Cargo Tractors
(with towed loads), Vehicles with limited
amphibious capabilities 2000 2000 2000 2000 8000
Modified Standard Vehicles incl. Heavy
Recovery Vehicles and Wreckers 1000 1000 2000 2000 6000
Integral Flame Throwers in Tank-Type Vehicles _— 200 500 —_ 700
Armored Engineer Vehicles 250 250 500 1000
Amphibious Vehicles (LVT type) | 1000 1000 1000 2000 5000

in only marginal improvements to the Army Main-
tenance System. Thus, the only prospect for a
revolutionary reduction in the maintenance re-
quirements of ground vehicles lies in design and
development.

In order for a wheeled vehicle to achieve a
90-percent probability of surviving 20,000 miles,
the vehicle will require an average design life of
34,000 miles. In addition, each of the six major
components will need a 98-percent probability of
surviving 20,000 miles.

3-3.3 DURABILITY AND RELIABILITY

These terms, ‘‘durability’”” and ‘‘reliability’’
are familiar to most designers, and yet there exists
a certain amount of confusion with respect to their
distinetion, particularly as used in military de-
sign circles.

Duyrability is the term used to describe the
ability of an object, device, or system of devices
to render satisfactory performances over an ex-
tended period of time of continual operation when
used in the service for which it was intended. It
deals with the operational endurance of the item
and is related to the time period during which
satisfactory performance is obtained.

Reliability is the interaction of the durabili-
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ties of the individual components that constitute a
particular assembly and the probabilities that each
of these components will perform satisfactorily for
the intended period under the operating condi-
tions encountered. For a system comprised of sev-
eral independent components, the overall reliability
is the produet of the individual reliabilities. For
example, an assembly consisting of three compo-
nents having a 90-percent reliability, each, will
have an overall reliability of 72.9 percent. Simi-
larly, 100 components with a 99-percent reliability,
each, will have an overall reliability of only 36.5
percent. This illustrates the diffieulty of obtaining
a high degree of reliability with highly complex
systems.

Reliability also includes the capacity of the
device to perform its mission after sustaining the
destruction or failure of specific components (Ref.
18). This facet of reliability is particularly im-
portant in evaluating combat vehicles. The capabil-
ity to operate without individual components, such
as certain road wheels, power supply, cooling fans,
vision devices, or even one or more engine cylin-
ders, may mean the successful accomplishment of
the mission or the survival of the crew.

In response to the operational criteria speci-
fied in Ref. 2 for military vehicles (also given in




TABLE 3-6 TEST REQUIREMENTS FOR WHEELED TRANSPORT-TYPE VEHICLES (Ref. 21)

TYPE OF COURSE AND MILEAGE
VEHICLE Truck(a)
CLASSIFICATION Cross Country Marsh Miles
Belgian Paved and Water Per | No. of
Gravel | Block | Hilly Level |Roads(b)] Sand | Swamp | Operations | Cycle | Cycles [Total Mileage

Military Trucks (c) 800 150 2000 1800 200 50 — —_ 5000 4 20,000 (c)
Truck Bodies and
Equipment (c) 500 50 250 250 2500 250 — — 3800 3 11,400
Lightweight Low-
Mileage Trucks (c)

Sprung Types 250 50 125 125 1250 125 75 -— 2000 2 4,000

Unsprung Types 550 50 600 600 350 100 250 — 2500 2 5,000
High Floatation
Vehicles 500 250 1250 500 | 1000(e)j 250 250 —_ 4000 1 4,000
Amphibians (c) 950 (f)| 100 (f)| 500 500 1650(e)| 500(g)| — 175 4200 2 8,400
Fire Trucks 500 50 250 250 2500 250 — —_ 3800 1 3,800
Commercial Trucks,
Buses and Passenger
Cars 750 50 _— — 4200 — — -— 5000 7 35,000

LEGEND:

(a) 509 of all cross country mileage is run under muddy conditions.

(b) Includes incidental mileage between test courses and travel to other test locations.

(c) Vehicles that have two rated payloads are tested with payload applicable to course being run for first cycle. Thereafter, highway payloads are used for all courses.
d) After the fourth cycle, additional high-speed paved mileage is accumulated for a total of 22,800 miles,

(e) May be reduced for vehicles considered nonroadable because of width or other factors,

(3] Run paved, gravel, Belgian block alternate laps, with 15 minutes in water after each lap for a total of 125 hours.

@ Preferably ocean beach sand with 50-hours operation in salt water,

par. 3-3.2), a set of test requirements have been
established to evaluate the reliability of military
vehicles. These are shown in Tables 3-5 and 3-6.

3-4 HUMAN FACTORS*

Since the military vehicle is a ecomplex man-
nmachine system, it is not only logical, but impera-
tive, that the vehicle designer give due considera-
tion to the physiological and psychological limita-
tions of the human being. Machines eannot operate
without guidance and control by man. But in order
to exercise efficient control, the operator and crew
must be reasonably conifortable, have adequate
perception of their situation, have sufficient space
in which to perform their functions as crew mem-
bers, and be provided with controls that are easily
accessible, can be operated without strain, and that
do not interfere with other operator functious. A

* Basic human factors, applying to general military
design, are treated in Reference 27.

considerable amount of data is available on the
limitations and capabilities of the human operator,
as well as those conditions that produce optimum
performance. The vehicle designer, however, is
subjected to certain inexorable military require-
ments which often preclude optimum solutions. He
is, thus, foreced to compromise the optimum solu-
tion for a less desirable one, but he must arrange
his design to afford the crew certain minimum
standards of comfort and ease of operation if they
are to maintain satisfactory performances.
Numerous charts and tables exist which give
pertinent body dimensions of human operators in
various postures (Refs. 20, 21, 24, 26). When us-
ing this data, the designer must give due consider-
ation to the clothing the operator will be wearing
and to his equipment, which he may be wearing,
be using, or for which storage space is required.
In addition, a certain amount of ‘“elbow room’’ is
required within which the operator can exercise
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Figure 3-12, Human Reactions to Vertical Vibration (Ref. 23)
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Figure 3-13. Various Comfort Criferia (Ref. 24)

limited movement. If he cannot shift his position
occasionally, he cannot relax; and, under these
cramped conditions, lie will become fatigued more
rapidly.

Operational controls should be arranged in a
manner that will maximize their efficiency of op-
eration. The operating effort required by the con-
trols should fall well within the physical force
limits of the operator. All controls, inecluding
switches, should be capable of being operated both
with and without the use of arctic mittens. In-
struments should be located in an order of im-
portance to the operator and should be so posi-
tioned and illuminated as to produce no ocular
strain on the operator.

Adequate heating and ventilation must be pro-
vided (see Chapter 14). Normally, adequate heat-
ing requires about 180 Btu per hr per cu ft of
crew space. Ventilation requirements of a closed
vehicle are about 55 cfin per man, plus an addi-
tional 165 efm per man during firing of normal
tank armament where the toxic gases from the fir-
ing find their way into the crew compartment (Ref.
20).

The most serious operational factors affecting
the erews of military vehicles are vibrations and

shocks. When operating cross country over rough
terrain, or on irregular road surfaces, the operator
and crew are subjected to severe jostling, vibra-
tions, and impaects. Under these conditions, the op-
erator has difficulty in controlling the vehicle, his
vision is impaired, and he experiences intense phys-
ical discomfort causing him to reduce the speed of
his vehicle to an acceptable level. Even so, operator
control, performance, and comfort are seriously
compromised and hazards still exist.

The most common physiological effect pro-
duced by this environment is kidney irritation.
It is believed that long-term exposure to this en-
vironment produces disabilities such as nephropto-
sis (a downward displacement of the kidneys which
may incapacitate the individual for even light
duties), ocular irritation, gastric upsets, hernia,
and fracture or displacement of the invertebral
disks (Ref. 20).

So serious is this shock and vibration problem,
to both the operational capabilities of the vehicle
as well as to the physical well-being of the crew,
that maximum emphasis should be given during
the vehicle design phase to means of ameliorating
this condition. This can be accomplished by ap-
plying some of the following measures:

1. Improved vehicle suspension systems to mini-
mize shocks and vibrations.

2. Improved seating and back support.

3. Full body restraint devices to prevent or limit
involuntary movements of individual.

4. Restraining or limiting devices to prevent or
restrict involuntary head movements.

5. Elimination or padding of hazardous projec-
tions, corners, and edges from the crew mem-
ber’s normal envelope of motion to reduce the
possibility of injury.

6. Analysis of system during design, develop-

ment, and prior to manufacture by competent

human factors evaluators.

The reaction to vibrations, from a physical
comfort viewpoint, is affected by the combination
of the amplitude and frequency of the vibration.
To maintain comfort when the frequency is in-
creased, the amplitude of the vibration must be de-
creased. This 1s shown graphically in Fig. 3-12
from which comfort criteria can be selected.

Figure 3-13 shows graphically the comfort cri-
teria for various factors to which the human is

3-27



TABLE 3.7 SHOCK AND VIBRATION DATA

VIBRATION
Vertical | Longitudinal | Transverse
Type of Operation { Part of Vehicle Considered Shock
(Accel.in | g's | cps | g's | eps | g's | cps
H
g's)
Hull 4 500 | 3.8 | 500 | 2.3 520
High Speed on Instr. Panel 2.6 | 300 1.8 400 | 2 350
Hard Pavement Eng. Mount. 12.5 | 450 | 15 900 | 14.1 | 650
Generator 10.3 | 650 | 18.7 | 700 | 18 800
Hull 2.3 | 540 2 520 0.6 | 430
Medium Speed Instr. Panel 1.2 120 1.3 120 | 0.9 | 120
Off-the-Road Eng. Mount. 11.4 | 500 | 18.7 | 900 | 11.3 | 850
Generator 8 650 | 10 700 | 25.4 | 900
Hull 8
Instr. Panel
Eng. Mount. 5 500 ] 10.8 | 850 | 13 700
Generator 11 550 | 10 750 | 14 900
Low Speed Axle (Semitrailer) 9.4 300 { 3.6 350
Rough Terrain 5.4 10 | 2.5 400
Fifth Wheel Plate 36.4} 150 | 21.9| 400 | 12.2 | 100
Cargo Bed Above Fifth Wheel 14.5| 100 | 4.8 250 | 2.8 | 30
Cargo Bed Above Axle
(Semitrailer) 3 3 0.8 16
_ 0.4| 9
Side Wall of Van Semitrailer 2.4 20 3.3 | 400
Shipment by Truck | Vehicle Assembly 8 2 300 | 2 300 | 2 300
Shipment by Rail | Vehicle Assembly 20 2 0] 2 70 2 70
Vehicle«Assembly
Fwd. 8 5 300
Side 1.5 5 300
Shipment by Fixed 0.25| 10
Wing Aircraft Vert. (up) 3 5 300
Aft. 1.5 0.5 10
Vehicle Assembly
Fwd. 4
Shipment by Rotary Side 1.5
Wing Aircraft Vert. (up) 2
Aft. 2
Parachute Drop Vehicle Assembly 16
Ballistic Impact Turret 20 (0.75" | 50 1000 140 600
ampl.)
HE Blast Turret and Hull 25 (1.0”
ampl.)

REFERENCE:
Compiled from various sources including: AR 705-35, Criteria for Air-Transportability and Air-Delivery of Material, Feb. 1960;
“Tracked Vehicles Design Practices Guide,” Industrial Engineering Branch, Industrial Div., Ordnance Tank-Automotive Com-

mand, July 1958,
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sensitive such as noise, vibration, deceleration, air
pollution, humidity, and temperature. The chart
is self-explanatory.

A compilation of quantitative data on shocks

SECTION III

Certain design requirements arise from the
ultimate purpose, or use, intended for the vehicle.
The basic uses that pertain to military vehicles are
discussed in this section, and the factors that re-
quire consideration by the designer are pointed out.
Military vehicles are used most commonly for one
or more of the following functions: (a) to carry
personnel, (b) to carry material, (¢) to provide
armor protection, (d) to provide mobility for a
weapons system, (e) to serve as a prime mover,
(£) to serve as a towed vehicle, (g) to mount spe-
cial-purpose equipment, (h) any combination of
the foregoing uses. Typical examples of the major
types of vehicles are given in Chapter 4.

3-5 TO CARRY PERSONNEL

Design requirements for vehicles whose fune-
tion is to carry personnel relate directly to human
factors. Sufficient space must be provided each in-
dividual for a minimum of comfort. When allo-
cating space requirements, due allowances must be
made for the equipment, if any, that will accom-
pany each individual. Combat personnel moving
forward in armored personnel carriers carry full
field equipment, weapons, ammunition, rations, wa-
ter, signal equipment, and medical supplies and
equipment. These items add appreciably to the
volume occupied by each individual and to his
gross weight.

Doors, hatches, and companionways must be
designed sufficiently large to accommodate a large
man (95th percentile) complete with full field
equipment attached to his person. Rifles, sub-
machine guns, small rocket launchers, and similar
individual weapons are usually carried slung across
the soliders’ backs to leave hands free to carry
other equipment or supplies, to take advantage of
hand holds when needed, and to help maintain
balance. These slung weapons protrude consider-
ably beyond the soldier’s silhouette and are im-

and vibrations normally experienced by military
vehicles during various operating conditions is giv-
en in Table 3-7. These data are given here to serve
as guides in the design of military vehicles.

CONSIDERATIONS OF INTENDED USE

portant items to be considered when allocating
space for individuals. Appropriate steps or lad-
ders must be provided to facilitate boarding the
vehicle,

Wounded men may have to be assisted into
and out of vehicles. This presents a design require-
ment of providing amiple space for handling cas-
ualties into and out of vehicles. Casualties may also
occur within the vehicle, making it necessary to
care for them enroute. Provisions must be made
for sufficient space for lying a wounded man down
to ameliorate shock, to ease his suffering, and to
give him medical assistance.

Adequate ventilation is an important consider-
ation in personnel carriers, particularly in fully
enclosed, armored and amphibious vehicles. Heat-
ing, too, is a consideration, especially in arctic re-
gions, while adequate cooling is a problem in the
tropies.

Seating and body restraint devices must be
conusidered to protect the passengers from danger-
ous road shocks and vibrations, particularly in
high-speed, cross country operations.

The passengers of a totally enclosed vehicle,
particularly an amphibious vehicle, show signs of
claustrophobia when deprived of all means of view-
ing their outside surroundings. To minimize anx-
iety and even hysteria, vision devices must be pro-
vided. Similarly, emergency escape hatches have
a marked psychological effect upon the passengers
in addition to their actual function of providing a
means of exit.

Another requirement in the design of person-
nel carriers is that some means of communication
be provided between the driver and passenger com-
partment. This may be through visual contact or
by means of an intercom system. It permits the
vehicle operator to alert the troops to impending
dangers or other important circumstances, and it
provides the passengers with a means of notifying

3-29



the driver of emergencies that may occur in the
passenger compartment.

3-6 TO CARRY MATERIAL

The primary requirements of vehicles desigied
to carry material are that the vehicle be structural-
ly strong and that its design facilitates rapid load-
ing and unloading. The material being loaded is
often dropped, thrown, or dumped into the cargo
compartment, thus, subjecting the cargo body to
impact loads. Cargo bodies should be made of
impact and abrasion resistance materials, and de-
signed to withstand local impacts, such as pro-
duced by angular objects, without damage. Cargo
discharge openings should be sufficiently large to
permit expeditious unloading of eargo, and cargo
compartments should be made easy to clean.

3-7 TO PROVIDE ARMOR PROTECTION

The application of armor to a vehicle increases
its weight appreciably and decreases the available,
useful space. A beneficial effect of arnior on a
vehicle is the additional strength and stiffness that
it imparts to the vehicle if properly applied. As a
result, combat tanks and tracked, amphibious ve-
hicles are able to dispense with the frame that
supports the body of conventional vehicles and
utilize the rigid, armored hull to serve as a com-
bination frame and body.

The undesirable weight factor associated with
the application of armor to a vehicle can be reduced
through its judicious use and through clever ar-
rangement. A vehicle does uot require the same
degree of protection from all directions and, there-
fore, does not require the same thickness of armor
in all areas. By clever use of design, maximum
benefits can be gained by offering oblique planes
to the projeetile. This obliquity increases resist-
ance to penetration in two ways: it presents a
greater thickness of armor to the path of the pro-
jectile, and the oblique plane tends to deflect the
projectile, or at least, to provide sufficient resist-
ance to the missile to decrease its residual velocity
below that required for penetration.

The probability of projectile impacts is an
important factor in determining the required ar-
mor protection. This probability is controlled by
(a) the relative size of the area under considera-
tion with respect to the total projected area in a
plane normal to the expected line of attack, (b)
the location of the area in relation to the probable
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alining point, and (e) the probability of exposure
to enemy fire of the area when allowances are made
for the protection and concealment provided by the
terrain. Studies of these factors over a period of
time have established the axiom that the heaviest
attack will be against the front wall of the vehicle,
and against the sides, top, floor, and rear, in that
order.

3-8 TO PROVIDE MOBILITY FOR A
WEAPONS SYSTEM

‘When the purpose of a vehicle is to provide
mobility for a weapons system, the method of em-
ploying the weapon system must be determined.
If the weapon is to go into action while mounted
upon the vehicle, provisions must be made for ab-
sorbing the weapon recoil forces. If the weapon
is to go into action while mounted on the ground,
suitable means must be provided for mounting and
demounting the weapon rapidly. If the weapon
is to be fired from the vehicle while the vehicle is
in motion, the vehicle suspension system may need
to be designed for maximum stability to the weap-
on for greater accuracy of fire. In this situation,
the suspeusion system will receive the impact of
the weapon recoil. Some vehicle-weapon systems
incorporate a suspension loeckout feature which, in
effect, provides a rigid suspension while firing.

3-9 TO SERVE AS A PRIME MOVER

Prime movers require a short wheelbase to
facilitate maneuvering the towed load, a strong
frame structure to withstand the pull of the towed
load and to resist twisting or racking, and suffi-
cient weight to develop maximum traction. When
feasible, prime movers are equipped with a cargo
body which not only gives them the capability of
hauling cargo, but provides a means of supplying
additional weight to the driving wheels for added
traction. Truck tractor types of prime movers (see
Chapter 4) support part of the weight of the
semitrailer which gives them the axle loading they
need to develop sufficient tractive effort.

Pintles and towing lugs should be located at
least 30 in. above the ground and uot more than
40 in. This is to facilitate maneuvering over rough,
cross country terrain and to maintain the attitude
of trailers nearly horizontal.

The spread between towing lugs should be be-
tween 30 and 60 in. A spread of 50 in. is pre-
ferred. Towing lugs should be located in such a




manner that they will aceept the tow bar without
interference of any kind, and will permit the tow
bar to swing 60° above and below the horizontal.

3-10 TO SERVE AS A TOWED VEHICLE

Towed vehicles have many of the same prob-
lems found in powered vehicles. Considerations of
frame, suspension, steering, and braking are com-
parable. Semitrailers and two-wheeled trailers re-
quire some type of landing gear to support the
front of the trailer when uncoupled from its prime
mover. Of prime importance is the matching of
towed vehicles to the prime mover. The coupling
halves must match and must be of approximately
the same height above the ground. Electrical sys-
tems of the two vehicles must be compatible (same
voltage and type). Compatibility is also necessary
between the two braking systems, for example, a
prime mover equipped with air brakes cannot be
coupled to a towed vehicle provided with vacuum
brakes.

Towed vehicles are often required to have
amphibious capabilities to permit being towed be-
hind amphibious prime movers, even when water
borne. This makes it neecessary to design the body
of the towed vehicle like the hull of a boat—water-
proof; buoyant, even when fully loaded; stable
when afloat, empty as well as when fully loaded;
provided with sufficient freeboard when fully
loaded to avoid swamping in the anticipated seas;
and of minimum practicable hydrodynamic drag.
Consideration must also be given to circumvent any
tendency of the towed vehicle to dive beneath the
surface, when being towed through water, or to
yaw and make steering diffieult. Also, it is ad-
visable to provide suitable means, within the tow-
ing vehicle, of quickly uncoupling the towed ve-
hicle under emergency conditions to safeguard the
towing vehicle from being swamped.

3-11 TO MOUNT SPECIAL-PURPOSE
EQUIPMENT

Automotive vehicles are often designed for the
express purpose of providing mobility for special-
purpose equipment. In these situations, the operat-
g characteristics and requirements of the special-
purpose equipment must be examined to determine
the impact these will have upon the vehicle. For

example, electronic warfare equipment, radar

equipment, and electronic fire direction equipment,
usually requires substantial amounts of electrical
power and often of 400-cycle AC type. This power
requirement is usually beyond the capability of
the vehicle’s electrical system making it necessary
to install auxiliary electrical generating equipment.
This auxiliary equipment may be driven by the
main power plant of the vehicle or by an auxiliary
engine. The relative efficiency and economy of both
methods must be compared when deciding which
course to take.

Some vehicles mounting special-purpose equip-
ment may need to be mobile rclatively few times
during their operational life. For example, cer-
tain semipermanently installed radar detection
equipment may require mobility only when moving
to its operational location. Since it is semiperma-
nently installed, it may seldom, if ever, require the
mobility of the vehicle again. Under these condi-
tions, it would be wasteful to provide a highly de-
veloped vehicle, capable of operating for long pe-
riods under adverse conditions, ouly to have it
stand by in idleness. A vehicle for this type of ap-
plication should be of a minimum design commen-
surate with its operational requirements; and a
maximum number of its components, such as power
plant, electrical system, and even structural compo-
nents, should be given a dual role, i.e., a role as a
vehicle ecomponent and adaptable to a role as a com-
ponent of the special-purpose equipment (radar
detection apparatus, ete.).

Otlier types of special-purpose equipment may
subject the vehicle to extreme loads or overturning
moments requiring reinforcement of highly stressed
members, the installation of anchoring devices, or
suspension lockout provisions. The development
of most special-purpose vehicles usually is done
by some military agency other than the Mobility
Command and is based upon the use of standard
components found on military vehicles and for
which the Mobility Command is responsible.
Usually, Mobility Command designers collaborate
on such developments. Typical examples of such
projects are Air Foree and Navy crash trucks,
ambulances, fire-fighting apparatus and combat
bulldozers, wreckers and tank recovery vehicles,
mechanized flame throwers, and various mobile
launchers and service vehicles for rockets and
guided missiles.
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CHAPTER 4

REPRESENTATIVE TYPES OF
AUTOMOTIVE ASSEMBLIES*

Military vehicles are classified into three broad
categories, namely, combat vehicles, tactical ve-
hicles, and administrative vehicles. The admin-
istrative vehicles are largely standard commercial
vehicles and of relatively minor interest to the
military designer. The combat and tactical ve-
hicles, however, are the total concern of the mili-
tary vehicle designer and are, therefore, of prime
importance to this book. These two general cate-
gories are further subdivided into various types.
The many types that exist, coupled with their simi-
larities in appearance and operating characteristics,
make their identity and purpose confusing to the
noninitiate, and often not too well understood by
those who have associated with military vehicles

* Written by Rudolph J. Zastera of the Illinois Insti-
tute of Technology Research Institute, Chicago, Ill.

SECTION 1

4-1 GENERAL DISCUSSION

A combat vehicle is defined as a land or am-
phibious vehicle, with or without armor or arma-
ment, designed for specific functions in combat or
battle. The installation of armor or armament onto
other than combat vehicles does not alter their
original classification (Ref. 2). Combat vehicles
may be wheeled or track-laying; but, in all cases,
they are designed to provide a high degree of mo-
bility in cross country operations. Classic exam-
ples of combat vehicles are: tanks, self-propelled
artillery, and armored cars. The majority of pres-
ent combat vehicles are track-laying; however, re-
search in the field of land locomotion has shown

for a long time. The purpose of this chapter, there-

fore, is to define the various types of vehicles, dis-

cuss their missions, describe their general char-

acteristies, and present illustrations of representa-

tive types. By no means are all vehicles for which

the Army Materiel Command is responsible in-
cluded in this chapter, neither in the illustrations
nor in the tabular data; nor are the examples cited
necessarily the latest models of their type. Wher-
ever illustrations of current models were readily
available, they were used; but obsolescent models
are included because their purpose is mainly to
illustrate some representative type and not to show
the latest version. A presentation of representa-
tive military vehicles, currently the responsibility
of the Army Materiel Command, can be found in
Ref. 1 cited at the end of this chapter.

COMBAT VEHICLES

that full potential of the wheeled vehicle for cross
country operations has not been exploited (Refs.
3, 4, and 5).

Because of their mission, combat vchicles are
usually furnished with both armor and armament,
although certain antitank vehicles are unarmored
and depend upon their decreased silhouette and
increased mobility for protection. There has been
a continuing demand for inereased firepower while
maintaining or increasing the mobility of the ve-
hicles. Currently, to help fill these demands, the
trend is to decrease the vehicle weight by using
lightweight armor. This reduction in weight also
enables some vehicles, which were formerly too
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TABLE 4-1 CHARACTERISTICS OF LIGHT TANKS (Ref. 6)

Tank, Light Tank, Light Tank, Light Tank, 76mm Gun
Nomenclature M2A4 M3A3 M24 T41E1
Weight, 1b 25,608 30,900 39,500 51,232
Main Armament 37mm Gun 37mm Gun 75mm Gun 76mm Gun
Gun Control Manual Hyd. Trav. Hyd. Trav. Hyd. Trav.
Man. EL Man. EL | Man. EL
Secondary Armament | 3 cal .30 MG 3 cal .30 MG 1 cal .50 MG 2 cal .50 MG
2 cal .30 MG

Engine 7 Cyl. Radial 7 Cyl. Radial Twin Cadillac AOS 895-1
Horsepower 250 250 280 500
Max. Speed, rpm 2,400 2,400 3,400 2,800
Horsepower/Ton 19.5 16.1 14.2 19.6
Transmission Synchromesh Synchromesh Hydr;r;atic O Cross Drive
Final Drive Front Front B VHFro-nt‘-ﬁ Rear
Suspension Volute Volute S TorsiO;_i%—;: o Torsion Bar
Steering Control Diff. Control Diff. B -Fo;;rol Dift. Cross Drive
Track Type Rubber Block Steel] Rubber Block Ste—el Ellbb(&l Bush. Steel] Steel w/Rubber Pad
Track Width, in. 7-5/8 7-5/8 BRT: 21 B
Ground Pressure, psi | 8.7 10.5 _9.4 o 9.35
Dimensions, in. o o a

Length w/o0 Gun 17414 168 198 229

Width 97Y4 9914 112 129

Height 9814 101 87 108-3/8
Turning Radius, ft 47 45 23 a Pivot -
Ground Clearance, in. | 1614 13-7/16 1734 - _1;I/4_ -
Max. Speed, mph 30 31 34 o 6
Cruising Range, mi. 150 180 100 100
Max. Slope, % 45 45 60 60
Max. Tractive Effort, Ib| 13,000 | 14,000 | 24,000 44,000
Crew 3 | 4 | 5 | 4
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heavy, to partake in airborne operations. To a
large extent, the reduced weight of the new combat
vehicles is due to an extensive use of aluminum in
their construction, including aluminum armor,
Combat vehicles must meet the most severe opera-

tional requirements specified for military vehicles.

Current combat vehicles are classified as:
a. Tanks
b. Self-propelled artillery
¢. Combat reconnaissance vehicles
d. Miscellaneous self-propelled weapons

4-2 TANKS

A tank is a self-propelled, heavily armored
vehicle designed for offensive combat in either
atomic or nonatomic warfare. Current tanks are
provided with fully enclosed, heavily armored, re-
volving turrets in which are mounted the primary
weapons. These weapons are large caliber, high
velocity, flat trajectory artillery pieces capable of
defeating enemy tanks, neutralizing enemy bunk-
ers, and providing effective artillery support to the
infantry when needed. They are precision, direct-
fire weapons intended primarily for use against
enemy armor and other hard and medium point
targets. Secondary armament, consisting of ma-
chine guns and light cannons, are mounted coaxial-
ly with the main armament and at advantageous
locations in the hull. These are used against enemy
personnel and other soft targets, and reduce the
tank’s vulnerability to close-in attack. A dual-pur-
pose machine gun is mounted in a cupola atop the
turret to provide the tank with a measure of
antiaircraft protection and a means of firing on
rooftops and into the upper windows of buildings
when engaged in town or city fighting. The entire
system is track mounted and powered by means of
a large capacity, high performance power plant.
This, coupled with a highly developed suspension
system, provides the vehicle with a high degree of
off-the-road mobility in all but the most difficult
terrains. The addition of an effective fire control
system, efficient communications equipment, and
ample storage capacity for fuel and ammunition
make the tank a formidable weapon system possess-
ing great fire power, mobility, and armor protec-
tion for the crew.

In the past, the usual classification of tanks
was light, medium or heavy depending upon the
weight. But tank development has been such that

the ratio of main gun size to weight of the vehicle
has been constantly increasing, consequently, a
classification according to gun size is sometimes
used. Present policy calls for the development of
a main battle tank, an airborne assault weapon,
and a light tank along with the retention of the
present family of light, medium and heavy tanks.
On the basis of gross vehicle weight, tanks are
classified as: (1) light tanks, 25 tons or less; (2)
medium tanks, above 25 tons, up to 55 tons; and
(3) heavy tanks, above 55 tons {Ref. 6).

Tables 4-1, 4-2 and 4-3 show the main char-
acteristics of representative American tanks. Some
of the tanks listed are obsolete but are included for
purposes of comparison. Representative tanks are
shown in Figs. 4-1 through 4-5.

4.3 SELF-PROPELLED ARTILLERY

Self-propelled artillery consists of artillery
weapons permanently installed on vehicles to pro-
vide mobility. These weapons are fired from the
vehicles. The artillery pieces may consist of can-
non or launchers for rockets or guided missiles.
The primary characteristic of artillery is its great
firepower. It is capable of delivering atomic or
nonatomie fires within a large area and on a wide
front without change of position. It is capable of
displacing quickly and delivering accurate fire on
targets encountered under various conditions of
visibility, weather, and terrain.

Self-propelled artillery is designed with an
emphasis on mobility; it is of particular impor-
tance that the vehicle be able to reach an emplace-
ment, fire its weapon and withdraw quickly to es-
cape counterfire. To expedite this process, the ve-
hicles are equipped with guick acting, automatic
eutrenching or emplacement devices. Obviously,
weight ‘seriously affects the mobility of these ve-
hicles. C'urrently developed self-propelled artillery
make liberal use of aluminum, even for armor pro-
tection, permitting the utilization of smaller en-

. gines and power train components.

There are basic differences between tanks and
self-propelled artillery, although both use many
of the same compouents, such as power plants,
power trains, tracks and suspensions. Although
they may both have the same caliber armament,
there are usually fundamental differences between
the weapons. The main differences between tanks
and self-propelled artillery stem from the differ-
ence in the principal missions assigned to each.
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TABLE 4-2 CHARACTERISTICS OF MEDIUM TANKS (Ref. 6)

Tank, Medium | Tank, Medium [ Tank, Medi- | Tank, Medium | Tank, Medi- | Tank, Medi- | Tank, 90mm | Tank, 90mm | Tank, 90mm [Tank, 105mm
Nomenclature M3A5 M4A3 um T23E3 M26 um M45 | um M46A1 | Gun T42 Gun M47 | Gun M48A2| Gun M60
Weight, Ib 62,240 71,145 79,390 92,000 92,500 97,000 73,500 97,200 105,000 102,000
Main Armament 75mm Gun | 76mm Gun 76mm Gun | 90mm Gun 105mm 90mm Gun | 90mm Gun | 90mm Gun | 90mm Gun | 105mm
37mm Gun How. Gun
Gun Control Hyd. Trav. Hyd. Trav. Hyd. Trav. | Hyd. Trav. Hyd. Trav. | Hyd. Trav. | Hyd. Teav. | Hyd. Trav. | Hyd. Trav. | Hyd. Trav.
Maa. ElL Man, EL Man. El, Man. EL Man. El, Man. EL Man. EL Man. EL Man. EL Man, EL
Secondary Armament 3 cal .30 MG | 1cal .50 MG | 1cal .50 MG| 1cal .50 MG | 1cal.50 MG] 1 cal .50 MG| 2cal .50 MG| 2 cal .50 MG| 2 cal .50 MG| 1cal .50 MG
2 cal 30 MG | 2cal .30 MG{ 2 eal .30 MG | 2 cal .30 MG/ 2 cal 30 MG 1cal .30 MG| 1cal.30 MG| 1cal .30 MG
Engine Twin Diesel Ford GAA Ford GAN | Ford GAF Ford GAF | AV 1790-5 | AOS 895-3 | AV 1790-5 | AVI 1790-8 | AVDS-
1790-2
Horsepower 375 500 500 500 500 810 500 810 810 750
Max. Speed, rpm 2,100 2,600 2,600 2,600 2,600 2,800 2,800 2,800 2,800 2,400
Horsepower/Ton 12, 14,1 12.6 10.9 10.8 16.7 13.6 16.7 15.7 14.6
Transmission Synchromesh | Synchromesh | Electric Synchromesh | Torgmatic | Croes Drive | Cross Drive | Cross Drive | Cross Drive | Cross Drive
Fipal Drive Front Front Rear Rear Rear Rear Rear Rear Rear Rear
Buspension Volute Volute Torsion Bar | Torsion Bar | Torsion Bar | Torsion Bar i Torsion Bar | Torsion Bar | Torsion Bar | Torsion Bar
Steering Control Diff. | Control Diff. | Electric Control Diff. | Control Diff.} Cross Drive | Cross Drive | Cross Drive | Cross Drive | Cross Drive
Track Type Rubber Bush. | Bubber Block | Rubber Steel or Rubber Rubber Steel Cen- | Rubber Rubber Rubber
Steel Block Rubber Backed Steel| Backed Steel| ter Drive Backed Steel] Backed Steel| Backed Steel
Track Width, in. 16 16-9/16 19 23 23 23 24 23 24 28
Ground Pressure, psi 18.1 14.6 12.5 12.4 12.6 13.3 12.0 13.7 11.9 —_—
Dimensions, in.
Length w/o Gun 222 247 24414 25114 25114 25014 232 2501% 29434 294
Width 109 105 128 137 138 13814 140 13814 143 146
Height 12214 134-7/8 109 109 109 1 10915 116 121-5/8 12214
Turning Radius, ft 33 31 20 31 31 Pivot Pivot Pivot Pivot Pivot
Ground Clearance, in. 17-1/8 17 17% 17% 17% 18% 14 199 1614 20-5/8
Max. Speed, mph 30 26 35 30 30 31.6 32 37 30 32
Cruising Range, mi. 100 100 100 110 110 80 90 100 160 250
Max. Slope, % 31 60 60 60 60 60 60 60 60 60
Max. Tractive Effort, Ib 27,000 52,000 48,000 58,000 | 57,000 66,800 67,400 | 80,000 84,000 65,000
Crew 7 5 5 5 5 5 s | 5 f s

‘While both possess high mobility and firepower, the
primary mission of the tank is to assault the enemy,
including his tanks, shoot, and be shot at while in
motion (Ref. 9). Tanks must, therefore, be heavily
armored and have a weapons system designed pri-
marily to deliver accurate, direct fire while in mo-
tion.

Self-propelled artillery, on the other hand, is
basically artillery that has been provided with its
own integral motive power which enables it to move
quickly from place to place. The erew normally
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dismounts when the weapon goes into action. Thus,
self-propelled artillery requires only light armor to
protect the crew and weapon from fragments and
nearby bursts. The power plant and driver ean be
located more advantageously, and the lighter ar-
mor results in more space within the vehicle allow-
ing the use of a more efficient weapon and higher
quality fire control equipment. While the gun of
a tank is restricted in operation by the limited tur-
ret size, the artillery gun is not subject to such
restrictions. It can, therefore, be of better design,




TABLE 4-3 CHARACTERISTICS OF HEAYY TANKS (Ref. 6)

Tank, Super Tank, Heavy, | Tank, Heavy, | Tank, Heavy, | Tank, Heavy, | Tank, 120mm
Nomenclature Heavy, T28 T29 T30 T32 T34 Gun, T43
Weight, 1b 190,000 144,000 146,000 120,000 146,200 120,000
Main Armament 105mm Gun 105mm Gun 155mm Gun 90mm Gun 120mm Gun 120mm Gun
Gun Control Manual Hydraulic Hydraulic Hydraulic Hydraulic Hydraulic
Secondary Armament 1e¢al 50 MG | 3cal 50 MG | 2 cal .50 MG 1 cal .50 MG 3 cal 50 MG | 2 cal .50 MG
1lcal 30 MG | 1¢al 30MG | 2¢cal 30 MG | 1cal .30 MG | 1cal .30 MG
Engine Ford GAF Ford GAC Ford GAC Ford GAC AV 1790-3 AV 17905
Horsepower 500 770 770 7’%0 810 810
Max. Speed, rpm 2,600 2,800 2,800 2,800 2,800 2,800
Horsepower/Ton 5.9 10.7 9.9 12.8 11.1 13.5
Transmission Torgmatic Cross Drive Cross Drive Cross Drive Cross Drive Cross Drive
Final Drive Rear Rear Rear Rear Rear Rear
Suspension Hoﬁzontal Torsion Bar ’i‘orsi;m Bar Torsion Bar Torsion Bar Tor;ion Bar
Volute
Steering Control Diff. Cross Drive Cross Drive Cross Dtive Cross Drive Cross Drive
Track Type Rubber Rubber Steel or Rubber Steel or Steel or
Backed Steel Bushed Steel Rubber Bushed 8teel | Rubber Rubber
Track Width, in. 39 28 28 28 23 28
Ground Pressure, psi 11.7 12.4 12-.8 11.4 12.5 12.3
Dimensiops, in.
Length w/o Gun 3024 291 300 278 300 275
Width 179 14934 143 14734 149%4 148
Height 179 126 126 111 126 12334
Turning Radius, ft 35.5 Pivot Pivot Pivot Pivot Pivot
Ground Clearance, in. 19 1834 i8% 1844 1834 16
Max. Speed, mph 8 17 27 18.5 17 21
Cruiging Range, mi. 100 75 100 75 70 100
Max. Slope, % 60 60 60 60 60 60
Man. Tractive Effort, 1b 143,000 -95,000 100,000 93,550 146,200 97,000
Crew 4 B 8 6 5 6 5




Figure 4-1. Light Tank, T92, 76mm Gun—1959 (DA 61359)

larger size, have longer recoil, and be easier to
load. Some of the larger artillery weapons, which
use separate loading ammunition, are hand loaded
and rammed. The smaller weapons, using fixed
ammunition, are loaded with automatic or semi-
automatic devices, A tank turret is required to
have full 360° traversing ecapability, while the
range of vertical travel of the main weapon need
not be very large. On the other hand, the travers-
ing capability of an artillery gun is secondary to
the importance of range or elevation due to the
indirect-fire missions of the artillery weapon.
Self-propelled artillery of conventional design
is comprised of two major types, howitzers and
guns. Basic differences between the types are that
howitzers, in comparison to guns of equal calibers,
have shorter barrels with thinner walls, hence
lighter weight, lower velocity, shorter recoil and
less maximum range. Because of these character-
isties the carriages can be designed to permit great-
er maximum angles of elevation, providing plung-
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ing fire to reach targets behind masks or on re-
verse slopes. Many of the present self-propelled
guns and howitzers resemble tanks in outward ap-
pearance.

Relative newcomers to the artillery family are
the tactical missiles. Self-propelled versions of
these weapons consist of the missile, launcher, and
the erection and control equipment all mounted
upon a suitable automotive transporter. Wheeled,
truck-type transporter-launchers are currently used
for such missile systems as the Honest John, La-
crosse, and Corporal missiles, imparting consider-
able battlefield mobility to these weapons (Ref. 7).

The main characteristics of representative self-
propelled artillery are listed in Table 4-4 and il-
lustrated in Figs. 4-6 through 4-12.

4.4 COMBAT RECONNAISSANCE VEHICLES

A reconnaissance vehicle, in general, is any
vehicle that is assigned a reconnaissance mission.
However, the category of vehicles referred to here

—




Figure 4-3. Medium Tank, M48A2, 90mm Gun—1958 (DA 56348)
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Figure 4-4. Main Battle Tank, M60, 105mm Gun—I1959 (DA 60146)

as ‘‘combat reconnaissance vehicles’’ is comprised
of those vehicles that have been designed specifi-
cally for reconnaissance missions in close proximity
to the enemy and to execute security and counter-
reconnaissance missions against him. They are pro-
vided with sufficient firepower for their defense and
to give them the capability of performing missions
of reconnaissance by fire (Ref. 10). Armor is pro-
vided to protect the crew and vehicle from counter-
fire, but the amount of armor is compromised in
preference to speed and mobility. Thus, speed and
mobility are the prime characteristics of combat
reconnaissance vehicles and are their main defense.

Light tanks, armored ecars, and semitracked
vehicles (half-tracks) are the principal combat re-
connaissance vehicles. Half-tracks were fairly satis-
factory in past operations, but they lacked the
cross country capabilities of fully-tracked vehicles.
They were uncomfortable to ride, difficult to steer,
and lacked maneuverability. The front wheels had
almost no effect upon steering when operating in
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mud or soft sand and transmitted a great deal of
steering shock to the driver when operating over
badly rutted or rough terrain.

Armored cars are wheeled vehicles (4-, 6-, and
8-wheeled) and, therefore, do not suffer from the
steering and maneuverability difficulties experi-
enced by the semitracked vehicles. When operating
in mud, soft sand, and snow, they have been found
inferior to fully-tracked vehicles; and are, there-
fore, limited in their operations to roads and fairly
firm terrain. The current trend in the design of
combat reconnaissance vehicles is toward high-
speed, lightweight, fully-tracked, amphibious, air-
transportable vehicles capable of operating effi-
ciently in mud, soft sand, and snow as well as on
rough terrain. The characteristics of the latest
vehicles of this type are classified and, therefore,
cannot be given in this book. Table 4-5 lists the
characteristics of some typical armored cars and
half-tracked reconnaissance vehicles used in the
past. The characteristics of light tanks are given




Figure 4-5. Heavy Tank, MIO3Al, 120mm Gun—1958 (DA 55852)

in par. 4-3. Figure 4-13 shows the appearance of
a typical reconnaissanee vehicle.

4.5 MISCELLANEOUS SELF-PROPELLED
WEAPONS

A number of self-propelled weapons are of
particular interest either because of the type of
armament they carry, the armament size in eom-
parison with the vehicle weight, or the amount of
armor carried. Some typical vehicles of this cate-
gory are the ‘“‘Ontos,”” the SPAT, and the Vigilante
““B’’, deseribed in the paragraphs following.

4-5.1 106mm SELF-PROPELLED, MULTIPLE
RIFLE, M50 (ONTOS)

This is a relatively lightweight armored, as-
sault vehicle weighing only 8.5 tons that is eur-
rently favored by the Marine Corps. It is a track-
laying vehicle capable of high speeds, excellent
maneuverability, and a high degree of cross coun-
try mobility on adverse terrain. Its armament con-
sists of six 106mm recoilless rifles, mounted on a
simple elevating structure that is common to all

six rifles, four eal. 50 spotting rifles, and one cal.
30 machine gun. The weapons are fired from with-
in the vehicle, thus giving the crew the advantages
offered by the light armor. The vehicle is both air-
transportable by military tactical aireraft and air-
droppable. This vehicle is shown in Fig. 4-14 (Ref.
11).

4-5.2 90mm SELF-PROPELLED GUN,
M56 (SPAT)

This vehicle, known as the SPAT (self-pro-
pelled antitank) or the ‘‘Seorpion,’” is an unar-
mored, track-laying, antitank weapon, weighing 7.5
tons, and designed for air transport and airdrop
(see Fig. 4-7). It is equipped with a 90mm gun and
carries a crew of three. It is highly maneuverable
and has good mobility in off-the-road operations.
A 200-hp air-cooled gasoline engine coupled to a
crossdrive transmission gives the M56 a speed of
28 mph and a cruising range of 140 miles, It
can safely negotiate a trench 48 in. wide, a vertical
obstacle 30 in. high, and can climb a 60% slope
(Refs. 11 and 12).
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TABLE 4-4 CHARACTERISTICS OF SELF-PROPELLED ARTILLERY (Ref. 7)

Nomenclature ﬁ)l:r;l:gl‘;", Gun, 90mm, Gun, 155mm, Gun, 175mm, {Howitzer, 105mm,| Howitzer, 1556mm,| Howitzer, 8" |Howitzer, 240mm,
M42A1 M56 (SPAT)* SP*, M53 SP*, T235 SP*, T9SE1 SP*, T99E1 §P*, T108 Sp*, T92
Main Armament Dual 40mm Gun, |90mm Gun 155mm Gun 175mm Gun 105mm How., 155mm How., %-in How., T89 |240mm How.,
M2A1 T96E1 T97 M1
Ammunitien, Rounds 480 29 20 — 102 30 10 —_—
Gun Control Elec. Hydraulic | Manual Hydraulic Servo | Hydraulic Hydraulic Hydraulic Hydraulic Servo | ———
Frontal Armor 14" at 56° No Armor 3{" at 57° —_— 15 at 55°-81° | 14 at 55°-81° | 34" at 57° 1
Engine 6 Cy!. Air Cooled| 6 Cyl. Air Cooled| 12 Cyl. Air AO! 6283 6 Cyl. Air Cooled| 6 Cyl. Air Cooled| 12 Cyl. Air Ford, GAF-C,
Supercharged Cooled Supercharged Supercharged Cooled V-8

Horsepower /Rpm 500/2800 207/3175 §10/2800 370/ 500/2800 500,/2800 810/2800 500/2600
Horsepower/Ton 20.8 24.3 18.8 12.5 19.2 16.7 16.6 8
Transmission Cross Drive Cross Drive Cross Drive XTG-410 Cross Drive Cross Drive Cross Drive Torqmatic
Suspension Torsion Bar Torsion Bar Torsion Bar Torsion Bar Torsion Bar Torsion Bar Torsion Bar Torsion Bar
Track Width, in. 21 20 (Pneu Tires) | 23 —_— 21 21 23 e
Fuel Capacity, gal 140 33 350 — 176 151.5 350 —
Weight, 1b 48,000 15,400 94,100 59,200 52,500 60,000 97,000 127,500
Ground Pressure, psi 8.99 4.25 11.2 _ 8.45 9.2 10.7 12
Dimensions, in

Length (w/o0 gun) 229 174 325 —_— 215 24014 325 —

Width 129 08 140 —_ 128% 12334 140 —

Height 112% 8614 140 — 118 134 134 —_—
Ground Clearance, in 17Y% 1244 1844 _— 17y 19 . 1844 —_—
Mazx. Vert. Ohstacle, in 28 18 12 —_— 30 35 42 —_—
Max. Trench Cross, in 72 60 95 —_— 72 72 96 —_—
Speed, mph 45 28 " 31 —_— 41 35 30.5 20
Cruising Range, mi 100 1—40v 170 —_— 109 76 170 50
Turning Radius Pivot Pivot Pivot Pivot Pivot Pivot Pivot Pivot
Max. Slope, % 60 60 60 60 60 60 60 - 60
Max. Tractive, Effort, 1b 40,000 14,250 60,000 —_— 53,500 42,050 60,000 105,000
Crew 6 3 [ 5 5 6 8

* 3P denotes self-propelled.

4.5.3 VIGILANTE ‘B”’

The Vigilante ‘“B,”’ shown in Fig. 4-15, is
a track-laying lightweight, lightly armored anti-
aireraft weapon designed specifically for defense
against high-speed, low flying aireraft. It is am-
phibious, air-transportable in tactical aireraft, and
airdroppable using conventional airdrop techniques.
The main armament is a 37Tmm Gatling-type weap-
on, eomprised of six separate barrels, individually
loaded from an automatie, hydraulically operated,
loading mechanism and capable of being fired in
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bursts of from 1 to 48 rounds at very high, anti-
aircraft eyclic rates. A push button selector al-
lows the cyelic rate to be varied from the ‘‘very
high rate,’”’ used for antiaircraft fire, to a ‘‘low
rate’’ suitable for the weapon’s secondary mission
of providing antitank defense and close-in direct
support fire for ground operations. Gun direetion,
when used in its antiaireraft role, is by an inte-
grated pulse-Doppler radar-fire control system,
mounted on the vehicle (Ref. 13).

The vehicle is 200 inches long, 108 inches wide,




Figure 4-6. Twin 40mm Self-Propelled Gun, M42A1—1951 (APG A74324)

and 82 inches high (with weapon and antenna in
stowed position), has a gross weight of approxi-
mately 9.2 tons (airdrop weight of about 8.4 tons),
a ground clearance of 14 in., and a ground pressure
of about 5.3 psi. It is equipped with a flat track,
torsion bar suspension, and a suspension lockout

for greater stability when firing. A controlled
differential provides steering and braking fuuections
during high-speed operations on land, while a pivot
steering system provides steering functions for

water operations and precise maneuvering on land
(Ref. 14).

SECTION IT TACTICAL VEHICLES

4-6 GENERAL DISCUSSION

Tactical vehicles are generally defined as ve-
hicles designed and manufactured specifically to
meet the severe requirements imposed by combat
and tactical operations in the field. Whereas com-

bat vehicles are defined (par. 4-1) as vehicles de-
signed to perform specific functions in combat,
tactical vehicles are designed to support the tacti-
cal play of the operation. Tacties is that branch of
the military art that deals with the arranging,
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Figure 4-7. 90mm Self-Propelled Gun, M56 (SPAT)—I1959 (DA 59401)

positioning, and maneuvering of the forces in con-
tact, or near contact, with the enemy, and the
maneuvering and positioning of material and sup-
plies in support of the forces in contact, so as to
attain an objective in a campaign or battle, to
achieve some immediate advantage, or to ameliorate
a disadvantage (Ref. 2). Since the funetion of
tactical vehieles is to support the combat vehicles,
it is imperative they have sufficient mobility to
keep pace with the combat vehicles. Like combat
vehicles, they are designed to have exaeting mili-
tary characteristics.

To meet the varied demands of the many tae-
tieal situations, different types of tactiecal vehicles
are needed. Some are fully tracked for improved
cross country mobility, while many are wheeled
for greater speed over favorable terrain and for
greater reliability and economy of manufacture.
- Many are designed for airborne operations, while
' amphibious capabilities make them mobile in spite
of water barriers. As designers of military equip-
ment strive for versatile vehicles, current tactical
vehicles are fully tracked, lightly armored, am-
phibious, and lightweight for airborne operations.
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4.7 TRACK-LAYING PERSONNEL AND
CARGO CARRIERS

4-7.1 PERSONNEL CARRIERS

Since tactical operations relate specifically to
the movement of troops and material, it is natural
that taetical vehicles should take the form of per-
sonnel and cargo carriers. Their general character-
istics vary in aceordance with their primary mis-
sion. Vehicles intended primarily to add mobility
to the infantry in the zone of combat are high-
speed, armored, track-laying vehicles designed to
provide protection from small arms fire and over-
head artillery bursts. The interior of the armored
body is usually heated and ventilated so that the
personnel will travel in relative comfort. Large,
quick-opening doors provide for rapid access and
deployment. Light armament is sometimes mounted
on the vehicle to provide air defense and fire-
power to support the deploying infantry. A pintle
or towbar at the rear permits the vehicle to tow a
cargo trailer, artillery weapon, or a disabled ve-
hiclee. 'When not carrying personnel, the vehicle
is well suited for carrying ammunition and other
cargo. Vehicles of this type are known variously




Figure 4-8. 155mm Self-Propelled Gun, M53—1952 (APG A77536)

as armored infantry vehicles, personnel ecarriers,
armored utility vehicles, and tracked personnel
carriers. Typical infantry-tracked ecarriers are
shown in Figs. 4-16 through 4-18 while Fig. 4-39
shows the M113 personnel carrier compared to two
current tractors.

4-7.2 CARGO CARRIERS

Cargo carriers and cargo tractors replace the
old, slow moving, tracked prime movers that were
formerly used to tow heavy artillery and heavy
ammunition trailers. Since much of the artillery
in the modern army is self-propelled, the need for
artillery tractors is rapidly disappearing. The
greatest need, however, exists for a highly mobile
ammunition supply. The eargo tractors are, there-

fore, designed to meet this need. They are avail-
able in several sizes, each capable of carrying a
considerable load of ammunition. Being fully
tracked they have excellent cross eountry mobility.
When operating in favorable terrain, they are
capable of towing a cargo trailer with a capacity
equal to, or in excess of, that possessed by the
cargo carriers,

4-7.3 GENERAL CHARACTERISTICS

The personnel and eargo earriers transport
up to 13 men and are usually armed with a ma-
chine gun. Since there are several sizes of carriers,
their weights and dimensions can vary appreeiably
from vehicle to vehicle. There is also a wide varia-
tion of speeds and eruising ranges. The eruising
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Figure 4-9. 175mm Self-Propelled Gun, T235E1—1960 (DA 64553)




Figure 4-10. 8-Inch Self-Propelled Howitzer, T236—1958 (DA 56293)

ranges are from 115 to 200 miles or more. Some
carriers have an allowable governed speed up to
60 mph.

The design of these vehicles, both personnel
and eargo, is based on the use of the latest con-
cepts and components, where possible, of modern
tank design. The engines, power trains, suspen-
sion systems, and tracks are quite similar to those
of tanks of comparable size. The chassis and bodies
are usually different because of the need for large
uninterrupted interior spaces for personnel or car-
go (Ref. 7).

Table 4-6 shows the characteristies of typical
track-laying personnel and eargo carriers. Typical
vehicles are shown in Figs. 4-16 through 4-19 and
4-24 through 4-26.

4.8 RECOVERY VEHICLES
(FULL-TRACKED)

A full-tracked recovery vehicle is a self-pro-
pelled, armored vehicle, having boom and power
winch equipment designed primarily to recover

disabled tanks and other vehicles in combat areas.
It may also be used for lifting engines, transmis-
sions, ‘and the like, during repair of disabled ve-
hicles.

Recovery vehicles are now designed specifically
for recovery missions whereas previously, they were
merely converted tanks. However, many of their
major componeunts, such as tracks and suspeusion
systems, power plants, and power trains, are stand-
ard tank ecomponents. They are usually equipped
with fixed turrets and defensive armament, only,
and utilize smoke grenades to sereen recovery op-
erations.

Table 4-7 shows some of the characteristics
of a medium and a heavy recoverv vehicle. The
M51 heavy recoveryi vehicle is shown in Fig. 4-20.

4.9 AIRBORNE VEHICLES

The distinetive term airborne is given to a
class of small, light vehicles to indicate their suit-
ability for airborne tactical operations, and in-
cludes vehicles suitable for airdrop operations as

4-15



Figure 4-11, 8-Inch Self-Propelled Howitzer, M55—1959 (DA 59403)

well as those suited only for air landed operations.
The general requirements that must be satisfied
by these vehicles are discussed in Chapter 3.

Early airborne operations used vehicles that
were specially designed, or standard vehicles were
modified, to fulfill some specific tactical purpose.
The major difficulties encountered stemmed from
the size and weight limitations imposed by both
the aireraft and the airdrop equipment and tech-
nology of that day. The weight of early airborne
vehieles was reduced almost to the point of flimsi-
ness, while the size restrictions often made it nec-
essary to partially disassemble the vehicle and even
cut main frame members. This required that sub-
sequent assembly and welding operations be con-
ducted at the landing site, often under very un-
favorable conditions. As military doctrine placed
ever-increasing emphasis upon airborne operations,
aircraft and airdrop equipment and techniques
were developed to accommodate larger and heavier
vehicles.

Paralleling the improvements in airecraft ca-
pacity were improvements in vehicle design. High-
ly efficient vehicles were designed to meet ever-
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decreasing weight and size specifications. The ulti-
mate goal of this evolutionary trend will be reached
when all military vehicles will have airborne ca-
pabilities.

Specifically, then, since airborne vehicles are
basically those that can be satisfactorily aceommo-
dated aboard tactical aircraft, a particular vehicle
that cannot qualify with present day aireraft may
qualify in the future. Thus, airborne vehicles are
rapidly becoming less of a specific type, and the
airborne capability is becoming more of a general
characteristic for the majority of automotive ve-
hicles. The capacities of various aircraft used
in airborne operations are given in Chapter 3.
A partial list of representative vehicles that are

suitable for airborne operations is given in Table
4-8.

4-10 AMPHIBIOUS VEHICLES

4-10.1 GENERAL DISCUSSION

An amphibious vehicle is one that is capable
of operating satisfactorily on either land or water.
It may be either a wheeled or track-laying vehicle,
a walking vehicle, or have any other means, or




TABLE 4-5 CHARACTERISTICS OF REPRESENTATIVE RECONNAISSANCE VEHICLES (Ref. 7)

Car, Armored, Car, Armored, | Car, Half-Traek, | Carrier, Personnel,
Nomenclature Light, M8 Utility, M20 M2A1 Half-Track, M3A1
Type Wheeled, 6 X6 | Wheeled, 6 X6 | Half-Track Half-Track
Loaded Weight, Ib 17,200 15,650 19,600 20,500
Armament 37mm Gun 1 cal .50 MG 1 cal .50 MG 1 cal .50 MG
1 cal .30 MG 1 cal .30 MG 1 cal .30 MG
1 cal .50 MG
Engine Hercules, JXD | Hercules, JXD | White, 160 AX | White, 160 AX
Horsepower/Rpm 86,/2800 86,/2800 127/3000 127/3000
Horsepower/Ton 10 11 12.9 12.4
Transmission Shiding Gear Sliding Gear Constant Mesh | Constant Mesh
Track Ground Pressure, psi _ 11 11.6
Ground Clearanee, in. 1114 1114 11-3/16 11-3/16
Dimensions, in.
Length 197 197 23434 249-5/8
Width 100 100 8714 8714
Height 90 91 100 106
Max. Speed, mph 56 56 45 45
Max. Slope, % 60 60 60 60
Turning Radius, ft 28 28 2914 30
Cruising Range Loaded, mi. 250 250 210 210
Fording Depth, in. 32 | 32 32 32
Crew '| 4 6 10 | 8

combination of means, of propulsion. Since a wide
variety of military vehicles qualify as amphibious
under this definition, they are separated into three
categories, namely: (a) floaters, (b) swimmers, and
(e) true amphibians. First, however, a distinetion
must be made between amphibious vehicles and
nonamphibious vehicles that have deep-water ford-
ing capabilities.

Fording is essentially a water crossing opera-
tion during which propulsion of the vehicle is
achieved through contact with the ground beneath
the body of water in the same manner that pro-
pulsion is achieved by the vehicle on dry land.
‘While this makes it necessary for certain eompo-
nents to be waterproofed, provided with snorkel-

ing devices, and otherwise equipped for submerged
operations, it does not make the vehicle amphib-
ious. The amphibian must be capable of swimming
and maneuvering on the surface of the water and
be otherwise adapted to water operations in ad-
dition to its ability to perform as a land vehicle.
General requirements and design considerations,
including amphibious eapabilities, for military ve-
hicles are discussed in Chapter 3.

4-10.1.1 Floaters

Floaters are conventional land vehicles made
buoyant by the attachment of buoyancy devices.
Early buoyancy devices consisted of collapsible
rubber and fabrie floats. Later ones were steel
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240 M HOSITZER MOTCR CARRIAGE T92

GENERAL

WEIGHT: (combat loaded) 127, 500# CREW: 8 men
WEIGHT: (leee crew, etowage, & fuel) 123,000/
HORSEPOWER TO WEIGHT RATIO: 8 per ton

UNIT GROUND PRESSURE: 12 pel

ARMOR
Hull Above Fender Below Fender
0 ™

SIDES " 1"

VISION & SIGHTING EQUIPMENT
¢ None

TELESCOPE: Panoramic M12 & Elbow M16AEl QUANTITY: 1 ea,

ARMAMENT

PRINAHY: 240 mm Howitzer M1 in Mount T30
Traverse - 12° left and right; Elevation -~ 0°® to 65°;
Looation ~ rear

SECONDARY: oal, .30 carbines

AMMUNITION
rounds cal, ,30

RUNNING G#
t Torslon bar - M268 components

ENGINE

Ford CAF-C, V-8

FUEL: 80 octane gasoline

NET HORSEPOWER: 500 at 2600 rpm
COOLING SYSTEM: liquid

OIL CAPACITY: 32 quarte

POWER TRAIN
s Torque converter
TRANSMISSION: Torgqmatic
NO, OF SPEEDS: I rangee forward, 1 reverse
STEERING MECHANISM: controlled differential
(M26 components)

ELECTRICAL SYSTEM
. 1 9600 watts
AUXILIARY GENERATOR: Homelite, 1500 watts

COMMUNICATION
YO, OF INTERPHONE OUTLETS: 4

PERFORMANCE

. EFFORT: 105,000
MAX, SPEED: 20 mph
CRUISING RANGE: 50 miles
GRADEABILITY: 60%

Figure 4-12. 240mm Self-Propelled Howitzer, T92—1946 (APG A29392)




Figure 4-13. Armored Car, MBEI—I1945 (APG A20761)

compartmented tanks that were attached to the
sides and ends of the vehicle to be floated. Alum-
inum and other lightweight alloys replaced steel
to reduce weight. The tanks were later filled with
lightweight, closed cellular, foam plastic to main-
tain their buoyancy even when punctured by ene-
my fire (Ref. 15).

Even though the methods of attaching these
floats to the vehicle are made as simple as possible,
the entire procedure of making a large vehicle
ready for an amphibious operation is slow and
time-consuming. Immediately upon emerging from
the water, the buoyant tanks are removed which
requires additional time. With the tanks in place,
the vehicles are extremely clumsy, since the tanks
double the length and width of some vehicles and
reduce the angles of approach and departure to
as little as 15°. Floatation devices of this type
weigh about 15% to 20% of the vehicle weight
they are designed to support. Furthermore, float-

ers of the type just described, require some means
of propulsion and steering while in the water. Pro-
pulsion is achieved by attaching auxiliary out-
board motors to the assembly and steering is ac-
complished with rudders that are usually part of
the float equipment.

4-10.1.2 Swimmers (Ref, 15)

Swimmers are a class of land vehicles that
are specifically designed to have amphibious ca-
pabilities. The attachment of buoyancy devices and
marine propulsion equipment to land vehicles, in
order to transform them into floaters, is an am-
phibious expedient of a temporary nature. The
swimmer requires no attachments or modifications
to enable it to operate on the water. The vehicle
body is fabricated as a watertight hull with suf-
ficient buoyaney and stability to make the vehicle
seaworthy on most inland waterways. Propulsion
in the water is by means of the vehicle’s wheels
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or tracks, or by means of a permanently mounted
propeller. Walking vehicle concepts have been
designed that utilize the feet for propulsion in
water as well as on land. Hydrojet units are also
used for water propulsion.

In general, the swimmers are far less clumsy
than the floaters. They can enter the water im-
mediately upon arriving at the water’s edge; they
have large angles of approach and departure, which
reduce the problems of landing and launching;
they are seaworthy ; and their performance as land
vehieles has not been greatly compromised by their
marine requirements.

In their water performance, however, these
swimmers do not rate particularly high when com-
pared with a power boat of comparable capacity
or horsepower. This is largely due to their in-
efficient hull shape, the resistance created by the
protruding wheels or tracks, the water turbulence
created by the projection of various suspension
and power train components into the slip-stream
under certain vehicles of this type, and due to the
inherent inefficiency of wheels and tracks as marine
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Figure 4-14. 106mm Self-Propelled Multiple Rifle, M50 (ONTOS)—1953 (APG A88217)

propelling devices. Water speeds of amphibious
vehicles in this eategory are below 8 mph with the
average being about 3% mph.

The complex problems of landing troops and
equipment on foreign beaches led to the develop-
ment of several different types of amphibians, par-
ticularly in the Pacific where the shoreline often
consisted of sharp eoral reefs, soft sandy beaches,
or oozing mud flats, and the land side was tropical
swamp and jungle. Furthermore, shore-to-shore
operations versus ship-to-shore each contributed
their specific demands. These varied requirements
are filled by various tracked and wheeled amphib-
ians. The tracked vehicles are generally referred
to as LVT’s (Landing Vehicle, Tracked), and nick-
named, Alligator, Water Buffalo, etc. Wheeled
versions are generally called DUKW (pronounced
duck) with the more recently developed being
called Superduck, Drake, and BARC. Figures 4-
16 through 4-18 and 4-24 through 4-28 show some
of these vehicles.

The BARC is an overgrown version of the
DUKW. It is 62 ft long, has four 10-ft diam.
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Figure 4-15. Vigilanie *'B", 37mm Self-Propelled Antivircraft Weapon Mounted on T249 S.P. Gun Chassis—1960
{Sperry Utah V-2830X 9-59)

pneumatie-tired wheels and a bow that opens down-
ward to provide a wide loading ramp. A 200-hp
engine powers each wheel. This vehicle has a
capacity of 100 tons which it can earry over water
at 7 mph.

4-10.1.3 The True Amphibian

The concept of amphibious operations con-
dueted during a nuclear war visualizes supply ves-
sels lying offshore of an invasion beach with a
minimum dispersal of 5 miles between vessels to
minimize losses from enemy action and to prevent
the creation of a profitable target for a nuclear
weapon. With this much dispersion between ves-
sels, and considering the large number of vessels
required for a large scale amphibious operation,
it has been estimated that the entire invasion force

will ocetipy an area approximately the size of the
state of New York, with some vessels as much as
350 miles from shore. Amphibious vehicles will
travel from the shore to receive cargo from these
vessels and transport it to the invasion beach, cross
the beach, and continue on across country, or by
way of road nets, if any are available, to widely
dispersed supply dumps. It has been estimated
that the average one-way trip, from shore to wait-
ing ship, will be approximately 50 miles, or 100
miles for the water leg of the round trip. Because
of these greatly increased water distances that the
future amphibians will be required to travel, it is
imperative that they be capable of high perform-
ance on water as well as on land.

Obviously, the floaters desceribed in paragraph
4-10.1.1 cannot be considered for an operation of
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Figure 4-16, Armored Infantry Vehicle, M59—1952 (APG A81804) (Armament, cal .50 machine gun. Lland speed,
32 mph. Range, 120 miles. Crosses trench 66 in. wide. Climbs obstacle 18 in. high.
Weight, 19 tons. Armored and amphibious.)

this type. Their speed on water is muech too slow,
they lack sufficient water maneuverability, the con-
version from land to water operation is intolerably
time-consuming, and they are not sufficiently sea-
worthy for operating upon the open sea.

The swimmers, deseribed in paragraph 4-10.1.2
are only somewhat better suited for this type of
operation. They do not require the time-consuming
version from land to water operation, and they do
possess a higher degree of maneuverability, on
relatively calm water, than do the floaters. Some
swimmers, like the M113 and the LVTP5 (Figs.
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4-17 and 4-18), are sufficiently seaworthy to op-
erate in plunging surf, but their chief disadvant-
ages are their slow speed and limited range (on
water). Tidal eurrents in offshore areas vary in
different parts of the world and at different times
of the year, but currents of 5 to 13 knots are ecom-
mon; while rip tides, due to conflicting currents
and shoals, are often much stronger and quite
dangerous, particularly to underpowered, sluggish
craft. Some swimmers are only capable of making
3-1% knots, in calm water, and none can do much
more than 7 knots. Couple this speed capability




Figure 4-17. Armored Personnel Carrier, Full-Tracked, MI13—1960 (DA 6482) (Armament, cal .50 machine gun.

Capocify, 12 men plus driver. Weight combat loaded, 11.4 tons. Ground pressure, 7.25 psi. Ground clearance, 16 in.

Crosses french 66 in. wide. Climbs obstacle 24 in. high. Maximum gradeability, 60%. Cruising range on land, 200

miles. Land speed, 40 mph. Water speed, 3.7 mph. Dimensions: Length, 191-v2 in., Width, 105-% in., Height, 86-V in.
Armored and amphibious.)

with an average range of about 50 miles and the
uusuitability of the swimmer for the amphibious
operatious envisaged in the future becomes obvious.

The situation, therefore, requires the services
of a thivd class of amphibious vehicles referved to
here as ‘‘tlie true amphibians.”’ These are veliicles
that have marine capabilities comparable to those
of high-performance water craft while retaining
land eapabilities equal to those of a purely land
vehicle of comparable size. The hull is designed
in striect accordanee with all the principles of
mariue engineering. Wheels or tracks are retracted
into wells in the hull for water operations (see
Figs. 4-29 and 4-30). Designers of true amphib-
lans are striving to achieve a maximum water
speed of 25 to 35 mph. Two amphibians of this
type are currently in the developmental stage,
Each will be equipped with two engines, one a

marine engine and the other a high-performance
automotive engine. The one model will use an en-
gine of 830 Iip to give a water speed between 15
atd 30 wmph, and a 200- to 300-hp engine to meet
the land vequivements. The other model under
development will nse a 1250-hp engine to give the
vehicle everr greater water speed.

Another type of true awmphibian, currently
undergoing development, is the Flying Duck, shown
in Fig. 4-31. This is an experinental version of a
wheeled, amphibions, cargo carvier similar to that
shown in Fig. 4-27 but equipped with hydrofoil
wings beneath the hull. On water, the buoyant
lall floats the cargo carrier, and the Flying Duck
begius operation i wmuch the same manner as a
comventional boat. At approximately 5 mph, how-
ever, the action of the water flowing around the
submerged hydrofoils develops a ‘‘hft,”” much in
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Figure 4-18. Landing Vehicle LYTP5—I1960 (DA 64820) (Armament, machine guns. Speed, 27 mph on land, 7 mph on
water. land range, 180 miles. Crosses trench 102 in. wide. Climbs obstacle 36 in. high. Weight, 35 tons.
Armored and amphibious.)

the same manner as,an airplane wing develops
““lift”’ in a rapidly moving airstream. At 13 mph,
this 1ift is sufficient to raise the entire hull out of
the water. With the hull completely out of the
water, more than 60% of the drag normally as-
sociated with boats is eliminated, thus, permitting
a tremendous inerease in speed.

The experimental Flying Duck, powered by an
860-hp gas turbine engine, attaing a water speed
of 50 mph with a gross load of 26,000 Ib. At this
speed, the hull is about 4 ft above the water while
the hydrofoils travel about 30 in. below the surface.
It can maintain level, high-speed flight in choppy
seas of 4-ft high waves. For land operations, the
hydrofoils are retracted and the vehicle proceeds
on its wheels in the same manner as does a con-
ventional 6 X6 cargo truck (Ref. 16).

4-11 TRANSPORT VEHICLES

A transport vehicle is a wheeled vehicle pri-
marily intended for personnel and eargo carrying
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in tactical situations, but excludes the combat ve-
hicle (Ref. 2). It can also serve as a prime mover
to tow a trailer or other towed equipment. Mili-
tary transport vehicles are closely conneeted with
commercial motor trucks, and are, therefore, one
of the best known of modern machines. They are
tactical vehicles in every sense, and, as such, are
required to operate in forward combat zones, com-
muniecation zones, and in the zone of the interior.
The severe requirements imposed by operations
in the combat zone bring about the greatest
distinctions between the military transport ve-
hicle and its ecommereial, civilian counterpart. As
these requirements were better defined, these dis-
tinctions became greater, until the divergence be-
tween military and commereial transport vehieles
is now an important consideration in the logisties
of military preparedness as regards transport ma-
teriel.

Current trends in transport vehicle design
(Refs. 16, 17, 18) include reduction of weight for




TABLE 4-6 CHARACTERISTICS OF TYPICAL TRACK-LAYING PERSONNEL AND CARGO CARRIERS (Ref. 7)

Vehicle, Infantry, Personnel Carrier, Cargo Tractor,
Nomenclature Armored, T18E1 M113 MSE2
Engine 6 Cyl AOS 895-4 Chrysler, V-8, A710B | 6 Cyl AOS 895-3
Horsepower/Rpm 295/2660 215/4400 363/2800
Horsepower/Ton 15.5 21.5 4.1
Transmission Cross Drive TX-200-2X and Con- | Cross Drive
trolled Differential
Suspension Torsion Bar Torsion Bar Torsion Bar
Track Width, in. 21 15 21
Fuel Capacity, gal. 150 80 225
Weight, lb
Empty 38,100 20,000 51,700
Loaded 42,000 22,800 66,700
Towing Capacity, lb 13,000 —_— 32,000
Dimensions, in.
Length 20414 19114 26514
Width 112 10534 13014
Height 11934 8614 120
Cargo Space, in.
Length 11 passengers 12 passengers 150
Width 100
Ground Pressure, psi 8.3 7.25 9.8
Ground Clearance, in. 17 16 19}4
Max. Vert. Obstacle, in. 18 24 23
Max. Trench Cross, in. 66 66 84
Speed, mph 46 40 40
Cruising Range, mi. 180 200 250
Turning Radius Pivot Pivot Pivot
Max. Slope, % 60 60 60
Max. Tractive Effort, 1b 32,000 _ 40,000
Crew 1 1 2

airborne operation and increased amphibious capa-
bility. In part, the weight reduction is being ac-
complished through the use of aluminum instead
of steel wherever possible. To increase the amphib-
ious capability, many of the new vehicles are de-

signed with sealed, unitized hulls. This enables
vehicles to float in deep water. Propulsion in water
is accomplished by driving the wheels, by auxiliary
outboard motor, by hydrojets, or by propellers
driven by the main power plant.
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Figure 4-19. Cargo Tractor, MBE2, Towing 75mm Gun, T83—I1951 APG A72034)

TABLE 4-7 CHARACTERISTICS OF TYPICAL RECOVERY VEHICLES

Nomenclature Recovery Vehicle, M74 | Recovery Vehicle, M51 | Recovery Vehicle, T88
Armament cal .30 and .50 MG cal .50 MG cal .50 MG
Engine, bhp/rpm 525/2800 980,/2800 980,/2800
Horsepower/Ton 11.2 16.35 17.5
Transmission Cross Drive XT 1400-2A | Synchromesh Gear Cross Drive XT 1410-2
Suspension Volute Spring Bogie Torsion Bar Torsion Bar
Track Width, in. 23 28 28
Weight, 1b 93,750 120,000 112,000
Ground Pressure, psi 13.6 12.2 10.5
Max. Vert. Obstacle, in. 24 31 w/Pintle 42

36 w/o Pintle

Max. Trench Crossing, in. 90 109 .103
Speed, mph 21 30 30
Cruising Range, mi. 100 150 222
Max. Slope, % 60 60 60
Crew 4 4 4
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Figure 4-20. Heavy Recovery Vehicle, M51—1953 (APG A89031)

In addition to the unitized hull, another new
feature recently added to transport vehicles is in-
dependent wheel suspension for all wheels which
reduces structural stresses by compensating for
uneven terrain, improves stability and handling,
mecreases traction on rough terrain, and permits
greater speed.

A standard method of eclassifying military
transport. vehicles (trucks) is by the payload, by
specifying the total number of wheels, and the
number of wheels that are powered. The classifi-
cation payload is the total weight of cargo and
passengers, including crew, which can be safely

imposed on the vehicle under cross country con-
ditions. An on-highway payload is also frequently
given. This is based on the maximum load capacity
of the tires. Concerning the wheel designations,
e.g, 6xX6, 4x4, ete, the first figure indicates total
number of wheels while the second indicates the
total number of wheels that can be powered from
the engine. Dual wheels are considered as one
wheel.

Transport velicles are attached to both service
and combat organizations. The severe environ-
mental and operational requirements of these ve-
hicles dictate certain features. Traction is faeili-
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Figure 4-21. Light Tractor, T37—1943 (APG 94747) (Left Front and Right Rear Views)

tated in several ways, the most important is the
all-wheel drive, giving traction to every wheel.
Each vehicle has a front axle declutching device
which permits the front-axle drive to be disengaged
when operating on dry, hard-surfaced roads where
the extra traction is not necessary. The tires are
nondirectional mud and snow tread tires with a
continuous center strip to provide smooth and long
mileage operation on hard-surfaced roads and lugs
to either side of the strip to grip soft terrain. In
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addition, trucks are provided with chains that can
be attached to each wheel.

Some other features common to military trans-
port vehicles include maximum ground clearance,
minimum turning radius, high speed, and good
braking action. Many have open cabs to permit
antiaireraft defense or rapid egress in case of at-
tack. In addition, the open cab provides improved
ventilation during warm weather and better vision.
Other features of these vehicles are adjustable




Figure 4-22. Utility Truck, V-Ton, 4 X 4, MI51—1954 (APG B56])

windshields, radiators and headlight guards, tow-
ing hooks and pintles, special front and rear bump-
ers, and special spare-tire and fuel-tank mountings.
Complete electrical suppression systems are stand-
ard on all transport vehicles (Ref. 19).

The XM410, shown in Fig. 4-33, is one of a
new intermediate truck family which will also in-
clude four- and six-wheeled vehicles having 1-
and 1l46-ton capacities. It has an aluminum, in-
tegral body-frame hull-type construction that per-

mits the vehicle to float in relatively calm waters
even when fully loaded. Water propulsion is
achieved by rotating the driving wheels, whereby
a speed of about 3 knots can be obtained. For
greater water speeds, an outboard motor is used.
All wheels of this vehicle are independently sus-
pended using torsion bars. All power train com-
ponents, except the drive shafts to the wheels, are
completely enclosed within the unitized hull. A
novel feature of this vehicle is that the engine,
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Figure 4-23. Cargo Truck, %-Ton, 4X 4, M37—1950 (APG A61333)

transmission and transfer case are installed in
reverse order, with the engine mounted behind the
cab to facilitate the installation of future engines,
such as multifuel types and gas turbines. The ve-
hicle was designed expressly for lighter weight,
better air-transportability, greater mobility, and
greater versatility. It weighs approximately 5,000
1b less than the 2V4-ton, 6X6 truck it is destined
to replace, has approximately 30% greater payload-
to-weight ratio, and approximately 50% better fuel
mileage. The empty weight of this vehicle is 8,600
1b (Refs. 16, 17 and 18).
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Military transport vehicles range in size from
1/4- to 10-ton capacity. A number of representa-
tive transport vehicles, along with some of their
characteristies, are listed in Table 4-9. Representa-
tive vehieles are illustrated in Figs. 4-23, 4-32, and
4-33.

4-12 TRUCK TRACTORS, TRACTORS, AND
TRANSPORTERS (Ref. 20)

4-12.1 GENERAL DISCUSSION

The nomenclature given to the vehicles dis-
cussed in this section are often confused and re-




TABLE 4-8 PARTIAL LIST OF REPRESENTATIVE AIR-
BORNE VEHICLES

Nomenclature INustration
Rifie, Multiple, 106mm, Self-

Propelled, M50 (Ontos) Fig. 4-14
Gun, 90mm, Self-Propelled, M56 Fig. 4-7
Armored Personnel Carrier, M113 Fig. 17
Tractor, Light, T37 Fig. 4-21
Tank, Light, T92 Fig. 4-1
14-ton, 4X 4, Utility Truck, M151 Fig. 4-22
34-ton, 4X 4 Cargo Truck, M37 Fig. 4-23

quire some definition. These definitions will be
more easily remembered if the circumstances from
which they arose are understood.

Prior to 1942, the Ordnance Corps was re-
sponsible for certain types of automotive vehicles,
while the Quartermaster Corps was responsible for
others. Most of the Ordnance Corps vehicles were
of the track-laying type, and one particular group
of these had the primary function of hauling
towed-type artillery. This tracked artillery hauler
was called a tractor.

The Quartermaster Corps, on the other hand,
dealt almost exclusively with wheeled vehicles; and
to it, the term ‘‘tractor’’ represented a short wheel-
base truck whose primary function was to haul a
semitrailer. In 1942, the Quartermaster Corps was
relieved of its vehicle responsibilities, and these
were transferred to the Ordnance Corps. To avoid
confusion, the nomenclature of the wheeled semi-
trailer hauler was modified from ‘‘tractor’ to
““truck tractor,”’ and the tracked artillery hauler
retained its name of ‘‘tractor.”’ Certain short-
wheelbased, wheeled vehicles, equipped with the
customary towing pintles, are used to tow both ar-
tillery and trailers. These are referred to as ‘‘prime
movers.”” A few typical prime movers are listed
in Table 4-10.

‘‘Transporters’’ are composite vehicles con-
sisting of one or more powered units connected to
a ‘“carrier’’ unit that is without power. The car-
rier unit is designed to earry some specialized load,
such as a tank, a large gun, or a missile (see par.
4.124).

4-12.2 TRUCK TRACTORS

Truck tractors are a family of self-propelled,
short-wheelbased, wheeled vehicles designed to tow,

and partially support, a semitrailer by means of a
fifth wheel type coupler. They utilize the same
general components as do tactical vehicles of com-
parable size, but the capacities of these compo-
nents (power plant, power train, suspension sys-
tem, frame) are selected sufficiently large to ac-
commodate the loads anticipated from the semi-
trailer. The major loads that act upon truck trac-
tors are transmitted through the fifth wheel. Since
the vehicle is designed to have proper weight dis-
tribution when pulling a loaded semitrailer, it has
improper weight distribution when operating alone.
Under these conditions, the vehicle will lack trac-
tion, because of the reduced weight on the rear
wheels; and the front of the vehicle will be lower
than the rear. This results in bad riding qualities
and d<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>