PREFACE

The principal purpose of this book istoserve as & classroom training
text for NROTC and OCS students, It will alzo be useful to weapon
department officer perszonnel as a reference and as a convenient general
reference in ordnance and gunnery for others.

This text is not intended to supersede or supplant official publications
of the Chief of Naval Operations, the Naval Ordnance Systems Command,
the Nawval Ship Systems Command, or the Bureau of Naval Personnel
with regard to docirine, weapons and ammunition, shipboard organiza-
tion, or shipboard operations. (See the official publications of these
authorities on these matters.)

This iz the first of three wolumes on nawval weapons, This volume
(NavPers 10783) is concerned with all U, 5. Navy weapons with the
exception of pguided missiles (and their control systems) and nuclear
weapons, The second volume (NavPers 10784) is devoted to guided
missiles and nuclear weapons, and the third (NavPers 10785, CON-
FIDENTIAL) is a supplement to volume 2, The titles of the second and
third wvolumes are, respectively, Principles of Guided Missiles and
Nuclear Weapong, and Navy Missile Systemas,

Thig fext iz specifically designed to meet the needs of NROTC and
OCS students, To cover the complex field with which it is concerned,
the fext concentrates on elementary functional operation of complete
aystemsa, rather than on dezcriptive details of a wide variety of in-
dividual instruments, The book is not written for maintenance or repair
personnel, Ordnance Pamphlets and other technical publications issued
by the Naval Ordnance Systems Command and the Nawval Ship Systems
Command are available for all equipments discussed in this book, They
should be congulted for detsiled information,
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i THE UNITED STATES NAVY

GUARDIAN OF OUR COUNTRY

The United States Navy is responsible for maintaining control of the sea
and i1s a ready force on watch at home and overseas, capable of strong
action to preserve the peace or of instant offensive action to win in war.

It is upon the maintenance of this control that our country’'s glorious
| future depends; the United States Navy exists to make it so.

WE SERVE WITH HONOR

Tradition, valor, and victory are the Navy's heritage from the past. To
these may be added dedication, discipline, and vigilance as the watchwords
of the present and the future. |

At home or on distant stations we serve with pride, confident in the respect
of our country, our shipmates, and our families,

Our responsibilities sober us; our adversities strengthen us.

Service to God and Country is our special privilege. We serve with honor.

THE FUTURE OF THE NAVY

H The Navy will always employ new weapons, new techniques, and
greater power to protect and defend the United States on the sea, under
the sea, and in the air.

| Now and in the future, control of the sea gives the United States her
greatest advantage for the maintenance of peace and for victory in war.

Maobility, surprise, dispersal, and offensive power are the keynotes of
the new Mavy. The roots of the MNavy lie in a strong belief in the
future, in continued dedication to our tasks, and in reflection on our
heritage from the past.

Never have our opportunities and our responsibilities been greater.
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CHAPTER 1
INTRODUCTION TO NAVAL WEAPONS

Naval wespons have played and continue to
play an important role in achieving battle vic-
tories, both on land and sea, In addition to their
destructive power against ships and their gunfire
support role, Navy weapons can be used to
destroy enemy strongholds far inland.

NAVAL WEAPONE AND SEAPOWER

What is seapower? It is that portion of a
nation’s overall power which enables that nation
to use the sea in furtherance of its inlerests,
objectives, and policies, This definition implies
two lacets of conirol of the sea—control that
permits the nation to use the sea as a highway
apen to itself and its allies, and control that
permits the nation fo prevent its use by the
enemy,

Seapower depends directly on the armament
of vessels (submersible and surface) and aircraft,
The naval power that can most effectively bring
itz airborne and waterborne wespons to bear in
g given area of the sea or gir, controls that area
in either or both of the senz2es mentioned in the
preceding paragraph. The United States Navy’s
misgion is to do its part in providing for th
security of the United States and to support the
national policy throughout the world. Its primary
way of accomplishing this is to gain and main-
tain conirol of the seas, to use the zeas for the
nation’s purposes and those of its sallies, and,
in time of war, to deny use of the seas fo an
ENeTny.

SOME BASIC TERMS DEFINED

Throughout this text you will encounter many
unfamiliar terms, Most of these are defined in
appendix I, Some of the basic terms are dis-
cussed here, however, to help you better under-
stand the remaining chapters,

ORDNANCE, GUNNERY,
AND) BALLISTICS

This text is concerned with the study of naval
ordnagnce and gunnery, Together, the terms ORD-
NANCE and GUNNERY embrace weapons and
their use.

Ordnance compriges weapons and other physi-
cal equipment pertaining to them. All this is
further classified as explosive cordnance (which
in¢cludes gun ammunpition, missiles, forpedoes,
mines, bombs, and rockels) and inert ordnance,
which in¢cludes projecting devices (such as guns,
lounchers, and release gear), protective armeor,
snd all eguipment needed to operate and control
weapons, Aboard ship it referz to all elements
that come under the general term ''ship’s arma-
ment."!

Traditionally, gunnery is the ari and science
of using guns, Weaponry is concerned with the
practical use of 2]l ordnance,

BALIISTICS iz the science of projectile
motion, (In this book, unless otherwise gusalified,
the term ballistics refers to the molion of pro-
jectiles fired from pguns,) It falls naturally into
two aspects: interior ballistics, which relates
to the motion of the projectile within the bore
of the gun, and exterior ballistice, which con-
siders the action of the projectile in flight.

Each of these fields is the subject of careful
and detailed study by specialists, Their findings
are of enormous importance in gun design and
in the development of fire control instruments.
A general understanding of ballistics 1= essential
to the naval officer afloat, so that hemay achieve
the best results with his ordnance equipment.

NAVAL WEAPONS AND
ASSOCIATED EQUIPMENT

The
include:
GUNS, Essentially a gun is a tube closed at
one end, from which a projectile is ejected at a

weapons to be discussed in this text



PRINCIPLES OF NAVAL ORDNANCE AND GUNNERY

—_

high speed by gases produced by a burning pro=-
pellant, Guns may be used atainst surface, shore,
and air targets.

ROCKETS, The essential component of a
rocket is a propellant-filled tube equipped with
a nozzle at one end. The burning propellant
produces gases which are ejected through the
nozzle; the rocket is driven by the reaction
thrust developed.

GUIDED MISSILES. A guided missile is any
unmanned vehicle moving above the earth’s sur-
face whose path can be changed by a mechanism
within the wvehicle. A ballistic missile is &
guided missile designed to follow for a sub-
stantinl part of its flight a ballistic (free or
unsteered) trajectory,

AHEAD THROWN WEAPONS, These are ex-
plogive antisubmarine weapons fired forward of
the attacking surface vessel. They may be pro=-
pelled by gunlike projectors or by rocket motors.

TORPEDOES, A torpedo is a seli-propelled
underwater explosive missile used against sub-
marine and surface targets.

MINES. A mine is an underwater explosive
weapon which {n performing its function is not
propelled, but is actuated when it is approached
or touched by a target,

DEPTH CHARGES, A depth charge 18 an anti-
submarine weapon dropped or fired from surface
vessels and deosigned to function either at a
preset depth or in proximity to & submarine,

BOMBS., A bomb is any missile, other than
torpedoes, mines, and guided missiles, that is
dropped from an aircraft,

NUCLEAR (ATOMIC) WEAPONS, Nuclear
weapons are explosive devices which obtain their
disrupting energies from reactions in and be-
tween atomic nuclei. In context, the term special
Weapons means nuclear weapons,

RESTRICTED WEAPONS, These weapons in-
clude atomle, biological, and chemical types.
Special docirines apply to the use of these, and
they are kept under the tight direct control of
the President,

This volume does not cover nuclear (atomic)
weapons or gulded missiles; [or these, sce the
next two volumes in this series,

The methods and devices used to conirol
guns and other weapons or weapon launchers
constitute fire control, With guns, fire conirol
can be considersed as the prootical application
of exterior ballisticeé to ensure that the pro-
jectile will hit the target, With nonballistic
weapons (such as suriace-to-alr guided missiles,

torpedoes, and mines) fire control comprises
the control of wespon launchers and weapons so
that the weapons will function in the desired
manner,

Some equipment included in weapon control
systoms are;

SIGHTS, Sights nre optical devices which
establish the line of sight to the target and pro-
vide for positicning the gun so that ils projectile
will hit the target.

RANGEFINDERS. Rangelinders are optical
devices used to measure the distance (range)
to the target,

RADAR, Radar uses echoes of high-{requency
radic pulses (o establish continucus values of
targel elevation and bearing (which corresponds
to the line of sight to the target) and target range.

GUN DIRECTORS. Gun directors incorporate
optical sighting and radar equipment (generally)
which establishes the location of targets and
controls the positioning of guns so that their
projectile will sirike the target. Gun directors
meay be located at some distance from the guns
they conirol, or they may be quite close, de-
pending on type and size, but they are usually
higher in the ship’s structure. Directors may
or may not include computer equipment, Direc-
tors for torpedoes are associated with sonar
equipment {or underwater {ire control, Some gun
directors may be used to control rocket or
missile launchers.

FIRE CONTRCL COMPUTERS OR RANGE-
KEEPERS, These are electronic or electro-
mechanical devices into which are fed the mathe-
matical variables in the {ire control problem,
and which yield sclutions in the form of control
gettings required for the weapon and launcher
to have maximum eifect on the target.

STABLE ELEMENTS OR STABLE VERTI-
CALS, Stable elementis or etable verticals are
gyroscopic devices that maintain & reference
horizontal, independent of ship's pitch and roll,
for use in solving the fire control problem.

DATA TRANSMISSION SYSTEMS, Data trans-
mission systems are electrical lines and devices
used for transmitting, with optimum precision,
electrical signals corresponding to [ire control
information from one equipment component to
another,

SONAR, Sonar is the underwater analogy of
radar, It functions by detecting echoes of pulses
of ultrascnic sound, and furnishes range, bearing,
and depth of targets,
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WEAPON SYSTEMS. The naveal officer today
thinks of these wespons and associated equip-
ment not as individual units but as weapon aystems,
NWP 10 series defines a weapon system asg
the combination of a weapon (or multiple of
wezpons) and the equipment used to bring the
destructive power of the weapon against the
enemy., It goes on to point out that maximum
wgapon  capabilities are realized when asso-
ciated units are conceived and developed by
properly relating them to other elements in their
gperational environment,

The weapon system concept, which is notnew,
finds its most thoroughgoing application with
newer weapons such as guided missiles, Although
the formal recognition of the concept is relatively
recent, its implications have been understood
for some time, and for this reason it is possible
to consider certain combinations of weapons with
other equipmentl as constituting a ''system’'' even
if the combination is not formally designated as
such, The concept is therefore applied in later
chapters of thie book when, for example, the
student tekes up common combinations of gun
directors, other fire conirol equipment, and gun
mounts,

ORGANIZATIONAL RESPONSIBILITY
FOR ORDNANCE

Any military organization must make some
provision for the procurement of wespons, for
supplying them with ammunition, for supplying
them to personnel or installing them on vessels,
vehicles, or aircraft, for keeping them in working
condition, etc. These responsibilities are allo-
cated to an organizational unit called an '"'ord-
nance department'' or the equivalent,

In the United States military system, from
the point of view of the Navy, these responsi-
bilitieg are assigned most imporiantly al three
levele —in the Department of Defense (for the
entire military establishment), in the Navy De-
partment (for the fleet and for shore facilities),
and in the individual ship’s weapons department,
(These responsibilitics sappear also at other
organi zational levels, but are not taken up in
this book,)

ORDNANCE RESPONSIBILITIES IN
THE DEPARTMENT OF DEFENSE

The Department of Defense was created as
a part of a program designed to provide for the
future security of the United States through the
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Figure 1=1,—COrganization of the Department of
Defense.

estagblishment of integrated policies and pro-
cedures {or the agencies of the Government con-
cernéd with the national security, Figure 1-1 is
a simplified chart of the Department of Delense,
emphasizing the relstionships described below.

At the head of the Department of Defense is
the Secretary of Defense, whose staff includes a
number of assistant secretaries and others,
(The Secretaries of the Army, Navy, and Air
Force have a line relationship to the Secretary
of Defense,) So far as ordnance i concerned,
the most Important member of the Defense
Secretary's stafl is the Assistant Secretary of
Defense (Applications Engineering). This Assist-
ant Secretary is concerned with engineering
phases ol development, design, and production
of weapong and weapon systems, particularly
with respect to military and engineering standards
and characteristics, economy in use and main-
tenance, and production scheduling, The Assistant
Secretary (Loglstics) and the Assistant to the
Secretary (Atomic Energy) are alsc concerned
with ordnance matters — respectively as regards
supply and atomic weapons. (For details on
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Defense Department organization, see the U.8,
Government Organization Manual, issued annually
by the General Services Administration.)

With reepect to ordnance, as with other
matters, the Navy functions as a member of a
team which includes the Army and Air Force,
Ordnance equipment is ususlly developed by and
procured by the service primarily interested.
However, there are hundreds of ordnance items
used by all three services, or by al least two of
them, For inslance, the Navy and Air Force both
use Army riiles and pistols; the Air Force
carries Navy mines, and the Navy uses Alr
Force bombs; the Army uses someé Navy pro-
jectile fuzes, and the Navy uses several Army
rocket fuzes. When one service procures a
device for another, it wuszually furnishes all
appropriate spare parts, instructional mate-
rials, and special tools as well,

The Marine Corps and Coast Guard do nol
maintain ordnance departments, Except for a
few specialized items of equipment, they are

dependent for their ordnance on the Army, Navy,
and Air Force.

NAVY DEPARTMENT REGPONSIBILITIES
FOR ORDNANCE AND GUNNERY

Within the Navy Department, Naval Ordnance
Systems Command (NavOrdSysCom or NavOrd)
is chiefly responsible [or ordnance material.
Figure 1-2 shows NavOrd in the Department of
the Navy organizational structure. As defined by
Navy Regulations, 1848.

""The Bureau of Naval Weapons (which
iz now NavOrd) shall be responsible for
the following, except as otherwise pre-
scribed in these regulations or by the Secre-
tary of the Navy-:

""The design, development, procure-

ment, meanufacture, distribution, mainte-
nance, repair, slteration, and material
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Figure 1-2, — Organization of the Department of the Navy.
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effectiveness of naval ordngnce; the re-
search therein; and all pertinent functions
relating thereto, including the control of
storage and terminsal facilities for, and the
storage and issue of, ammunition and am-
munifion details,"”

Naval Ordnance Systems Command’s re-
sponsibility includes ordnance material for ships
and small crafi, and that used by Marine iroops,
Naval Air Sysiems Command is responsible for
aircralt ordnance,

The excerpt from Navy Regulations pertain-
ing to the responsibilities of the Bureau of Naval
Weapons is not entirely true for NavOrd., For
gexample, weapons resesrch and development
comes dirgctly under the control of the Chief of
Naval Material,

The Naval Ordnance Systems Command has
several lield activities under its control, These
activities include naval ammunition depots, naval
ordnance system support activities, naval weapons
stations, and naval ordnance laboratory test
facilities,

The Chief of Naval Operations (CNO) con-
trols, through fleet and force commanders, the
operational use of weapons, with appropriate
lisison with the technicsl commands concerned,
The CNO also controls operational and team
training in the use of weapons.

The Bureau of Naval Personnel (BuPers) is
responsible for the training of officers and en-
listed men (a8 individuals) in the use and main-
tenance of weapons,

The Naval Ship Systems Comimand (NavShips)
iz concerned with design problems in installa-
tion of ordnance in ships,

Kaval Supply Systems Cormmand (MNavSup) is
responsible for the general fiscal management
of the Navy (except personnel matiers), including
those aspects that are concerned with ordnance,

Full details concerning the relationship of
each Naval System Ceommand with ordnance and
punnery are published in the manual that governs
the organizations and operation of that command,
The CHNO Organization Manual performs the
corresponding function for CNO.

FUNCTION OF THE SHIPECARD
WEAPONS DEPARTMENT

Naval ships are organized into departments,
which are further hroken down into divisions.
In shipg-of-the-line—that is, those ships which
have been designed primarily to launch or fire
weapons —the ordnance department is called the

weapons department., The weapong officer is the
head of this department, He is responsible for
all of the ship’s armament, and its deck seaman-
ghip and related equipment. The weapons officer
will have certain officer assistants within the
department who direct their attention to speciflic
weapons, eguipment, and administrative matters.
The duties of these weapons assistants are
discussed in chapter 15. Notice in figures 1-3,
1=-4, and 1-5 that the weapons departments con-
sist of several divisions, each headed hy an
officer assistant who bears a litle descriptive of
his dulies, e.g., I'ire Control Officer, Missile
Officer, etc. In figure 1-4 you can sec thata
division officer’s job on a cruiser is a primary
billet, but this same job may be a collateral
duty on a destroyer, as shown in fipures 1-3
and 1-5.

In ships whose offensive characteristics are
not primarily related to ordnance or aircraft,
deck responsibilities will overshadow weaapons.,
In su¢h c¢ases (usually auxiliaries and support
ships) the first licutenant is assighed as head
of the department and as assistant for weapons,
The weapons (or gunnery) officer is the assist-
ant head of department, and the department will
probably be called the deck department,

The details for weapons depariment organi-
zation must be separately established {or each
tvpe of ship. Although there is considerable
variation from one ship type to another, certain
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for TISE Forrest Sherman Class DD,
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Figura 1-4, — Weapons department organization for a representative guided missile light cruiser,

general aspects of organization apply to all ship
types, There is a designated head of department
(weapons officer, or first lieutenant) and he is
assigned certain assistants. The number and
titles of his assistanls vary with the type of ship,
its weapons installation, and the number of
officers on board,

Further details on the organization and op-
eration of the shipboard wespons department

can be found in Navy Eeg'_LLElat:mns, 1948; in
Shipboard Procedures, NWP-al; in direc-
tives (rom the Chief of Naval Operations and
type commanders,

IDENTIFICATION OF ORDNANCE
EQUIPMENT

Never underestimale the importance of cata-
loging, classification, and nomenclature when

dealing with ordnance. In iact, the word ''ord-
nance'' is related to the word "'order," in the
sense of arrangement or classification, Its use
in connection with weapons has been traced back
to England’s Henry VII, in whose reign the royal
armament was classified and cataloged.
Ordnance classification, ¢cataloging, and stand-
ard nomenclature, which were a welcome innova-
tion in the 16th century, became an unavoidable
necessity in the 20th. In this text it will not be
possible to describe in detail the complexities
of U.S, naval ordnance cataloging and classifica-
tion, This gection will attempt only to explain
enough to make the main principles clear,

NOMENCLATURE AND
IDENTIFICATION

The standard nomenclature for any item of
naval ordnance equipment includes a basic noun,
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often accompanied by descriptive adjectives, plus
identifying numbers, For example: ""3-=in. 50 cal
rapid=-fire twin gun mount Mk 33 Mod 4,'' Read-
ing thiz from left to right, ''3-in,"! specifies
the bore diameter or caliber, '"50-cal' specifles
the gun barrel length in terms of calibers (since
this is a 50=caliber gun, its length iz 3x 350 or
180 in.); ''rapid-fire'' indicates that its ammu-
nition iz fed intoe the gun automatically by a
power=-driven loader; 'twin'’ indicates that the
complete mount assembly incorporates two gun
barrels mounted in parallel. The basic noun here
15 ""mount,'" which here includes not only the gun
barrels with their breech and recoil mech-
anismes, but also their training and elevating
gegr, gun mount shield, power drives, power
rammer and loader, and fire control and sight-
ing equipment located on the mount. "Mk 33
Mod 4" is abbreviated from '"'Mark 33 Modifica-
tion 4,"" which specifies a particular version of
a certain mount desgign,

=}

In Navy usage, the modifiers in the nomen-
clature of a given item are flexibly used; thus,
an ordnance technical manual may refer to the
gun mount named above merely as ''3-in. mount
Mk 338 Mod 4. This represents the minionum,
Note thet the reference to ''‘gun'' is omitted.
When not otherwise specified, a mount is always
a gun mount.,

The mark number identifies a major item
(like & gun mount) or principal component (like
a sight or a power drive) of a particular design,
When the Navy makes a basic change in design,
or designs new eguipment of the same general
type, the name remains the same but a new mark
numper replaces the old, Thus the Mk 33 Mod 4
twin mount mentioned above has a different mark
number from the generally similar Mk 34 gingle
mount, and also a different mark number from
the Mk 27 twin mount, which differs significantly
from the Mk 33 in the design of the slide. The
mod number (mod here stands for modification,
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not model) indicates & minor design change or
alteraiion. For example, the dik 33 Mod 4 mount
mentioned above differs from Mod 2 chiefly in
that Mod 4 has an aluminum shield while Mod 2
has not, Modifications may be made also because of
improvements in design based on experience,
or to adapt the equipment for mounting in dii=-
ferent places or [or operation with different
associated equipment.

The nomanclature of any naval gun barrel
or mount always includes its caliber, There is a
geparate series of mark pumbers for each
caliber; for example, 3-inch and 5-inch gun
barrels are numbered in different series, How-
ever, as long as the bore diameter is the same,
gun bharrels are numbered in the same series,
regardlese of bore length, Thus, both S-inch
gun barrels —the 5'' /38, and the 5''/54 (and their
mounts) —are numbered in a single series.

The mark and mod numbers, as well as the
rest of the nomenclature, are assigned by the
Naval Ordnance Systems Command, The place to
{ind this official nomenclature is the current
edition of Ordnance Pamphlet (OP) 0.(This publi-
cation is described later in this chapter.) For
nomenglature of components or parts of units
designated by mark and mod, use the OF or the
ordnance supply catalog for the equipment con-
cerned,

Gun mounts are identified not only by mark
and mod but slso by sssembly number, This is
§0 because gun mounts (especially the larger
ones) arc not single units, but are really com-
binations of smaller units, each of which has its
own mark and mod, For instance, the S-inch
Mount MK 39 Mod 0 may be equipped with any
one of a number of different mods of the Eleva-
tion Indicator-Regulator Mk 54, or with one of
several mods of the Train Indicator-Regulator
Mk 46, It may have either Mod 0 or Mod 1 of the
Mk 34 shield, and so0 on. Each assembly differs
[rom the other in details like this, Each assembly
is, therefore, designated by an assembly number
to distinguish it from the others,

Each individual unit of a given mark and mod
hag its own serigl number. Identilication by
mark and mod i{s standard usage for weapons
and fire control equipment, Some types of fire
control radar use mark and mod designations,
but most fire control radars, sonars, and other
electronic eguipment use a different system
which is fundamentally composed of two groups
of letter prefixes [ollowed by an ldentifying
number, An example is ""Sonar equipment AN/
SRQS5-23," Letter group "AN'" means that the
nomenclature complies with the system adopted

jointly by the U.8, armed forces, In the following
group, ''SQS,'* the first ''$" identifies the type
of installation (It stands here for "'‘water sur-!
face craft.') the Q" stands for the type of
equipment (sonar and underwater sound), and the
final "'$'" indicates the purpose (detecting and/or

range bearing). The numeral ''23'' serves as a
model number, or the equivalent of o mark
number, (However, modification numbers are not
used in this system, Instead, a letter suffix *'A,"'

"'B,'"" etc., follows the model number.)

A complex electronic equipment like a sonar
or radar system usually consists of several inter-
connected units. A letter group prefix is used
instead of "'"AN/'' to identily such a unit, For
example, "IP-SQS-23" might be used to desig-
nate a cathode=-ray display indicator tube used in
conjunction with the AN/8()5=-23 system,

Navy ordnance equipment {(such a8 small-
arms weapons) and ammunition procured {rom
the Army normally retain the Army model
designation, which consists of Lhe letter '"M"
(standing for model), [ollowed by a number cor-
responding to mark number, then (if there are
modifications) by the letter "A'' followed by a
number designating the mod. Thus '""Carbine,
cal ,30, M3aAl,' identifies & certain carhine
with a bore of 0.3 inch a8 what would correspond
in Navy terminology to MK 3 Mod 1.

Aireraft bombs which have been adopted
jointly by the Air Force and Navy are identified
by AN-followed by either Army style naumbersg
(M__A___) or Navy mark and mod numbers,

NAMEPLATES AND OTHER
MEANS FOR IDENTIFYING
EQUIPMENT

Each item of equipment assigned a mark and
mod number or equivalent bears a metal name-
plate secured to soms easily visible spot on its
exterior, This plate is engraved or otherwise
marked to provide the following information:

Standard nomenclature of the equipment, in=-
cluding mark and meod or equivalent, and identi-
fication of the system of which il is a part
(unless it is an individual self-contained item),

Standard Navy Stock Number, Federal Stock
Number, or other catalog identification,

Name of cognizant Naval Malerial Command
agency (i.e., the Navy agency that procured the
unit).

Manufacturer’s part number or drawing num-
ber,
Name of manufacturer,
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Number of contract under which the equip-
ment was supplied.

Serial number, assembly number, or other
mumbers which identify the specific unit. Items
produced in large quantities may have a lot
nunber instead of a specifically assigned serial
or other number,

The nameplate will probably also contain
other information, such as the voltage and fre-
quency of electric power to be supplied to the
unit, precautions to be observed in using it,
and blanks for recording alterations that have
been made to the equipment. But the information
listed above is spproximately what wou can
normally expect to find. There will be some
minor differences in equipment procured by
different agencies of the Navy, but the nameplate
will slways be the best primary source for
identification of equipment, It is chvious that the
nameplate must never be detached, delaced,
ohliterated, or permitted to become illegible,
either through neglectful accumulation of grime
and dirt, through being painted over, or through
overdiligenl scouring that erases the information
it contains. Nor may the information on it be
changed or added to, except as specliically di-
rected by the cognizant technical command.

Many &maller assemblies and parts can be
identified by numbers or coded markings, Num=
bers printed or engraved on parts or assemblies
may be catalog numbers, Navy or contractor’s
drawing numbers, or code symbols that cor=-
respond to symbols on schematics, For most
effective use of all of these, it is necessary to
have available the technical manusal or instruc-
tion book for the equipment, as well as (if possi-
ble) the appropriate part of the Navy's materigl
catalog and available prints of the drawings on
the equipment, With these, it is possible to
establish positive identification of all parts and
agaemblies of the equipment,

The preceding paragraphs cover only the
bare gutline of the eguipment identification and
nomenclature systems used in the Navy. The
subject i858 a complex one which can be com-
pletely mastered only by considerable specialized
study.
In referring to a piece of ordnance, the infor-
mation needed for identification depends upon
the circumstances, For example, Lo identify the
entire equipment as a functioning unit, the name,
mark, and mod will be sufficient, But for re-
guesting spare parts from the Ordnance Supply
Office, the gerial number (and the assembly
number, if any) may be necessary in addition to
the Federal Stock Number. These, together with

mark and mod numbers, identify the specific unit
involved, which enables the supply officer tocon-
tact the manufacturer if necessary,

FURTHER EDUCATION IN ORDNANCE
AND GUNNERY

In your four-year NROTC program your chief
opportunity for fraining in naval orduance and
gunnery (in addition to this text) up tc the time
you graduate will come during a summer cruise
prior to gradustion, At this time, you can expect
a tour of training duty in the weapons department
of & ship—quite likely abeoard a destroyer or
escort vessel, or possibly aboard a cruiser or
carrier, This cruise will give you experience in
working as part of the weapons department at
several different points, You may have an oppor-
tunity to serve in a number of general-quarters
stations —in ampunition handling in gun mounts,
in gun laying and firing, in fire control direc-
tors, in fire control or missile plot, in sonar
and underwater batiery plot, and at torpedo and
guided missile control stations, To make sure
that you are successful in your later career on
active duty, you will have to mnke the most of
this shipboard training,

You will probably find that the subject matter
of naval ordnance and gunpery ie intrinsically
interesting, particularly when you have the op-
portunity to work with the weapons and the equip-
ment itself on board ship, But even if your
primary area of interest is elsewhere, it is well
to remember that zll naval line officers have
weapong department assignments sooner or later
in their careers, and that it is worth working to
make such assignments successful and profitable
in terme of broadening your background and
ingreasing your knowledge and experience. More-
over, your life end the lives of your shipmates
may depend on your effectiveness as a member
of the weapons department.

UNDERGRADUATE TRAINING
IN RELATED SUBJECTS

This texit on naval ordnance and gunnery is
to some extent seli-contained in that it includes
in chapter 3 the principles of mechanics, hy-
draulics, electricity, electronics, opties, and
sound as they apply later in the text, The basic
material in this book and the mathematics and
physice training that you have had are only a
bare minimum, Amplification of this minimum
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is strongly recommended. Valuable reading mate-
rial that would solidily the basis on which your
naval training will be founded would include texts
on college chemistry, advanced mathematics
(through calculus), elementary drafting, elemen-
tary electricity, electronics, nucleonics, me-
chanical engineering, and elementary aeronauii-
cal engineering (particularly with reference to
guided missiles), All of these are not likely to
be possible for all students, but any that you can
study will be of great advantage. In planning
your choice of technical study material, you
would do well to consult with your Professor of
Naval Science s0 that you can select material of
maximum value in your naval career.

TRAINING ON ACTIVE DUTY

It 18 true that education does not end when you
receive your diplomsa, It applies to your naval
career as well as other aspects of your life,
and it applies regardless of how you earned
your comimission,

When you are on active duty sboard ship,
your professional education may be continued
both on the job during duty hours and watches,
and on your own time through personal study
and through correspondence courses., This book
by no means dellmits the boundaries of your
learning. The next section indicates possible
study material sources that you should investi-
gate once you are on board ship and in a position
to take advantage of them, You can obtain details
on correspondence courses through your educa-
tion officer. Most of the books that you will find
it profitable to study will be available aboard
ship; the others can easily be obtained through
routine channels, These study sources will help
you both in training for current assignments and
in preparation for future work of more scope
and responsibility,

You will find special educational value in ship
and fleet exercises and drills. You will get more
out of such exercises if you prepare for them by
studying the appropriate doctrinal publications
in advance, and if you participate in the technical
preparations your fellow officers and leading
petty oflicers make for them,

QOCS STUDENTS

During your intensive training period, you,
as an Cificer Candidate School (OCS) student, will
be more or less limited to this textbook and other
study materials on ordnance and gunnery thatare
furnished by the school, The suggestions in the

—_——
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preceding paragraphs on "Training on Activ
Duty'' apply to you as an OCS graduate as muchk
as they apply to all other naval officers—andy
have probably learned by now that a conscientious
naval officer’'s professional education conti

all through his career.

PUBLISHED SOURCES |
OF INFORMATION

The competence of a naval officer dapendﬂl
not only on what he knows, but also on his abilify
to find quickly a reliable, authoritative source
for other information he needs, For this he must
depend on and be well acquainted with published
sources of information,

The principal types of Navy publications
which you as a naval officer aboard ship will use
in connection with ordnance and gunnery include
technical, tactical, and training publications,

TECHNICAL PUBLICATIONS

Most of the technical publications the weapons
officer is concerned with are issued by NavOrd,
Other technical publications are handled by Nav-
Sup, Naval Supply Systems Command operates
Naval Publications Supply Center at Philadelphia,
Pa. The available publicatione are indexed in
NavSup Publication 2202, Cognizance Symbol 1,

Ordnance Pamphlets (OPs) are of two types,
Most OPs are of the type that serves as a techni-
cal manual on 4’ specific ordnance equipment,
including & description of the equipment, its
operation, maintenance, installation, and repair,
The other type of OP, of which there are rela-
tively few, is a treatise on some ordnance subject
such as battery alignment or ammunition, All
OPs are indexed in OP 0. They are numbered
congecutivaly without any attempt at coding,

Ordnance Data (OD) publications are used for
publishing a wvariety of technical information,
including test and inspection information, advance
information or instructions on ordnance equip-
ment, and ordnance eguipment lists for specific
types of ships. ODs are numbered serially and
are indexed in QP 0.

Ordnance Alterations (Ordalts) prescribe
specific authorized changes (as distinguished
from repair and other maintenance work that does
not alter the design or characteristics of the
equipment) in specific ordnance equipment, Alter-
ations of ordnance equipment are permitted only
as authorized by OrdAlts, and they must be made
strictly in accordance with the drawings and
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instructions that form part of the Qrdalis, After
they are completed, they must be recorded in
the maintenance records of the weaspons departe-
ment and reported to NavOrd, OrdAlts are listed
in a special index published as OrdAlt 00,

Ordnance Imstructions and Ordnance Notices
are NavOrd-issued directives published in ac-
cordance with a decimal numbering scheme
pregcribed by the Office of the Secretary of the
Navy, This scheme provides [or subject classifi-
cation and numbering of issues relating to ad-
ministration, =upply, procurement, producticn,
fiscal matters, and the like. NavOrd directives
are indexed in NavOrd Note 5215,

The ordnance section of the Coordinated Ship-
board Allowance Lizt (COSAL) is the authority
for issue of ordnance material to ships, COSAL
includes the spare psart items for all depart-
ments on the ship. The COSAL does not include
resale clothing, bulk fuel, medical supplies,
recreational equipment, and expendable ordnance.
Thege items (as well as some others) are covered
by separate outlitiing and load lists, EachCOSAL
is tailored to meet the needs of a specific ship,
and it is prepared in segments by category of
material in simplified and uniform format, (A
more detailed discussion of the COSAL may be
found in other NavPers publications, including
Military Requirements for Petty Officer 3 & 2,
NavPers 10056-C.)

NavOrd Bulleting are classilied, quarterly
pericdicals containing articles on new develop-
mentg in naval ordnance, equipment in the fleet
or under development, new salety information,
newly developed modifications to ordnance gear,
and other timsly information. They also list new
publications issued since the latest issue of OP Q.

Weapons department personnel use and may
maintain a considerable amount of equipment
under the cognizance of NavShips — equipment
guch as dredger hoists, compass repeaters, sonar
gear, speed indicators, and wind data receivers.
Technical manuals for such equipment are pub-
lished by NawShips and furnished 1o weapons
department personnel,

Weapong depariment persomnel also maintain
all or part of such systems as high-pressure
air distribution systems and sprinkler systams,
For technical information on these systems, see
the appropriate drawings (ship's plans), your
ship's Damage Conirol Book and General Infor-
mation Boak, and the NavShips Technical Manual,
The NavShips manusal consists of a number of
scparate chapters, each bound like an inde-
pendent pamphlet, and each on some aspect of
the ship’s structure or plant.
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TACTICAL PUBLICATIONS

The Chief of Naval Operstions (CNO) issues
several series of publications intended to pre-
sent doctrines and procedures for the use of
U.S. Navy ships, aircraft, and weapons in ¢om=-
bat. In naval warfare usage, a docirine may be
defined as a working principle or rule of combat
that has been developed theoretically and proved
by experience, PFrocedures are methods used to
put the doctrine into efiect, These publications
are concerned also with team combat training —
the training of groups in fighting units, as distinet
from individual training mentioned later on in
this chapter, All these doctrinal publications are
classified,

The primary series of doetrinal publications
issued by the CNO are Naval Warfare Publica-
tions (NWPs). There are four groups of these,
Group 1 takes up basic principles and planning,
oroups II and III are devoted respectively tonaval
operations and the procedures they reguire, and
group IV deals with specific flest exerciges,
The group I doctrinal publications also include,
besides NWDPs, several Allied Tactical Publica-
tiong (ATPs) and Allied Communicationz Pub-
lications (ACPs); these apply in the U.S. Fleel
as designated by the CNO. The group IV publica=-
tions are identified either as Fleet Exercise
Publications (FXPs) or Allied Exercise Publica=
tions (AXPs), not as NWPs.

Supplemanting the primary doctrinal publica-
tions mentioned above are the Naval Warfare
Informsation Publications (NWiPs) and several
ATPs and FXPs, These expand in detail certain
aspects of primary publication content. The
entire doctrinal publications system is described
in NWP 0, which contains charts explaining in
detail the interrelationships among the publica-
tions mentioned above, and has detailed indexes
of their contents,

In your duties ahboard sghip as an officer in
the weapons department, vou will find that the
doctrinal publications most useful to you at the
outset will be:

1. The publications directly concerned with
the type of ship you are on, ite mission, and often
your assignmeant inyour department. For example,
if the DD you are in is preparing for amphibious
operations and vou are assigned as weapons
liaison officer in CIC, you should be studying
NWP 22, NWIPs 22-2 and 22-7, NWP31A, ATP 4,
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and appropriate parts of FXP 3. These bave to
do with amphibious operations, CIC operations,
naval gunfire support, and fleet exercises (in-
cluding amphibious),

2, ATP 1, Volume I, The information here is
essential to any officer assigned as walch officer,
JOOD, or 0OOD, particularly when underway.

3. NWP 10, a basic publication on the prin-
ciples of sea power and the U.S, Navy's mission.
In some commands this is more than recom-
mended reading; it is required,

4. NWP 50, The student should concenirste
on those parts of this book that deal with weapons
department organization and operation, and the
relationship of the weapons department to other
shipboard departments,

TRAINING PUBLICATIONS

The Bureau of Naval Personnel (BuPers) is
charged with all training of naval perscnnel
other than group combat training (which is under
CNO), BuPers therefore issues all text material
gpecifically designed for training purposes and
intended for Navy-wide distribution. The book
you are now studying is a BuPers publication
of this type. The training materials published
by BuPers fall into the following categories;

1. Navy training courses for enlisted per-
sonnel, Most of these zre intended [or enlisted
personnel to study in preparation for advance-
ment to specific ratings and grades, but some
are courses ln common subjects such as clec-
tricity and mathematics.

2. Navy courses for officer personnel, These
cover subjects of specific interest to officers,
such a8 this book and The Weapons Oifficer,
NavPers 10867 series,

3. Correspondence courses on specific sub-
jects, These are designated as enlisted or officer
courses, The courses are based respectively on
the texts of the two types mentioned above,
Officer courses sre available lo personnel on
aclive duty or in the reserves, They are ad-
minisiered by the U,8, Naval Correspondence
Center, Scotia, New York,

4, Special=purpoze publications that do not
fall into the calegories above, such as the
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pericdically issued List of Train!% Manugls

and Carres!%nne “Courses, Nav

(follow a letter indicating the revision),
NavPers 1006]1 serves as a catalog of NavPers
publications.

Aboard ship, the officer newly assigned to
the weapons department will probably find most
useful a copy of the books in the present series,
plus The Weapons Officer, NavPers 10867, and
such others as will be spplicable to his assigned
duties. NavPers 10061 is a good reference to
investigate for this purpose,

SAFETY PRECAUTIONS

A universal objective of all U.S, naval train-
ing programs for all personnel is safety educa-
tion. Active attention to safety is a part of all
courses taught in Navy schools, and all training
publications are concerned with it as well as
with their principal subject matler, All super=-
visory personnel, enlisted and commissioned,
are concernad with salety,

Since safety is so all-pervading a subject, it

iz obviously impractical to tryv to divorce it
entirely, for study purposes, {rom the activities
and operations with which it is connected. To
indicate the type of safety considerations that the
Navy deems important in connection with ord-
nance, an extract irom the Navy publication
U.S, Navy Safety Precautions is reprinted as an
appendix (o this book, However, the weapons
department officer aboard ship should be aware
of other primary sources of information on
safety available to weapons department per-
sonnel. They are listed here for reference pur-
poses,

1, Technical publications issued by NavShips

and NevOrd on equipment under their cognizance

contain safety information as required in con-
nection with proper operation, maintenance, and
adjustment of the equipment.

2, NavOrd also issues OPs on certain aspects
of safely, as follows:

a, OP 4, Ammunition Afloat, and OP 5,
Ammunition Ashore, Handling, Stowing, and
Shipping. '

b, OP 1014, Ordnance Sulety Precautions;
Their Origin and Necessily.

12
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¢, OP 1521, Clearing of Live Ammunition
From Guns,

3. BuPers issues the following publications
containing safety information;

i, The Weapons Officer, NaviPers 10867,

b, Navy training courses (Including basic
courses) contain safety information in appropriate
contexts,
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4, Other sources.

a. Safety placards and cautionary name-
plates appear on equipment and in it vicinity
where considered advisable for the warning of
operating and meaintenance pergonnel,

b, Army technlcal publications, used inthe
Navy particularly for small arms, have con-
siderable safety information as it concerns small
arms and ammunition,



CHAPTER 2
SHIPBOARD WEAPONS AND WEAPON SYSTEMS

Shipboard wespon systems — crude as they may
huve been—have existed for many years. The
older systems were less complex (and less accu-
rate) than the ones today, but they were weapon
systems nonetheless,

A weapon system is, sccording to the defini-
tion given in NWP 10, the combinationof a2 weapon
(or multiple of wespons) and the equipment used
to bring the destructive power of the weapon
against the enemy. Before guns were invented,
the ship was used to sink or damage an enemy
ship by ramming it, This tactic was used ccea-
slonally as late as World War II.

In this chapter, we are concerned with the
weapon systems (e.g., gun, missile, and torpedo)
within the ship and not with the ship itseli as a
weapon system. Also, we will briefly discuss
weapons and their revolution, detecting devices,
weapon delivery devices, and weapon control units,

EVOLUTION OF NAVAL WEAPONE

In your naval orientation course you studied
the influence of seapower on world history, trac-
ing it as far back as the wars in ancient times
between the Greeks and the Persians. You may
recall how Roman seaspower turned the Mediter-
rgnean into whal the Romans called ""Mare
Nostrum'' (our sea), so that the invading Cartha=-
ginians had to go hundreds of miles overland to
bypags Roman seapower, You may also recall
how, [ollowing Columbus' voyages, seapower made
Spain’s access to the New World the root of her
imperial power and how Britain later gained this
power with a single major viclory at sea, Ex-
amples of the influence of seapower on history
could be multiplied, Instead, consider brietly now
how evolving armament and the technique of using
it have affected seapower in the past, and a few
dominant trends in the future,
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GUNE AND OTHER WEAPONS
EFFECTIVE AT A DISTANCE

Warships in classical and early medieval
times engaged each other effectively by ramming
or by grappling and boarding for hand-toc-hand
combeat, Unlil the development of the naval gun,
this remained the classical pattern, although
crossbows, incendiary pyrotechnice (''Greek:
fire'"), and shipborne spring=- or torsion-powered
artillery did allow some battle action before actual
ship-to-ship contact. As guns developed, ranges
increased from 80 to 300 feet for early naval
cannon to 40,000 yvards and beyond for the World
War II battleship, Most of this increase took place
shorily before and during World War II. [n our
Civil War a mile was rather far for accurate
gunnery, and even in the Russo-Japanese War
(1905) the opening rTange was only about 6,000
yards, Aircraft and guided missiles have even
more radically increased hattle ranges,

The most significant results of the increasing
range of seaborne weapons have been (a) an in-
crease in the importance of naval firepower in
land warfare, (b) an increase in ils potency as
compared to landbased firepower, and (c) an
increase in the importance of amphibious war-
fare, Modern naval gunfire and sircraft can range
many miles inland to attack specific objectives,
to support land forces (as supplements to land
artillery), and to support amphibious landings.
Compare, for example, the successful Inchon
beachhead (Korean War) with the Gallipoli fiasco
(World War I).

The increase in range has increased the
distance between combatant forces in purely
naval engagements algo, and it has had a num-
ber of other side efiects, The extreme in this
trend toward increasing separation beiween at-
tacker and target has recently been attained by
missiles which can span whole oceans to reach
their targets.
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The development of nuclear fission and fusion
revolutionized not only weapons but also even the
art of war, to'say nothing of its effects (still not
entirely known) on mankind in general. BDut ex-
plosives have been revolutionized before—first
with the discovery of gunpowder, then with the
invention of guncotton and its nitro-based suc-
ceagors, followed by the development of powerful
bt inzensitive explosives, and the continuing
improvements in gun propellants and in the later
chemical explosives,

(One eflect of the increased lethal range of
explogive wespong resulting from the use of the
new explosives, particularly nuclear, has been
an increase inthe dispersionrequired to minimize
combat damage to shipg in convoy and combat
groups, Coupled with the improvement of air-
craft, undersea craft, and missiles, another effect
has been toforce the development of picket vessels
and early-warning systems,

FUZES AND RELATED
DEVICES

Projectiles designed to explode on impact
were used szoon after cannon were developed.
They were quite unreliable and unsaie however,
They were the '""bombs bursting (prematurely)
in air" that Francig Scotf Key saw; they did
relatively little damage, and did not become
really practical until around the middle of the
15th century when adequate fuzes were first
developed, Fuzes have since become more and
more subtle and refined, from simple impact
types through mechanical time fuzes and modern
proximity fuzes, These last, in a general sense,
include not only projectile fuzes that operate by
radio transmisgion, but also the equally zophis-
ticated underwater weapon devices — acoustic,
magnetic, and pressure-sensitive —which are
used in mines, torpedoes, and depth charges.

The result of all these developments has been
an increase in the destructive efficiency of the
weapons and projectiles in which they are used,
in that the weapon or projectile will function
effectively without actual physical contact with
the target, The consequent increase in antiair-
craft weapon effectivenesas has fo some degree
offset the development of higher performance
sircraft, TUnderwsater, the effect has been fo
increase the complexities of defense and attack,
as well as the dangers of both surface and
undersesa targets, Probably the most spectacular

15

corollary of the development of sensitive under-
water devices has been the concurrent develop-
ment of the torpedo that can seek out and home in
on itz target. This, along with the snorkel,
nuclear power, and hydrodynamic developments
{e.g., the shape of the Albacore shown in figure
2-1) has had a revolutionary influence inchanging
submarine and antisubmarine warlare [rom whal
it was early in World War II.

UNDERWATER WEAPQONS

Underwater wespons include the mine, the
torpedo, and the depih charge,

The mine is a weapon elfective at a distance,
in time as well as space. Alter the mine is
planted, it lies dormant until & ship {or other
metiallic object) comes close enough to detonate
it. Mines are a mesns of conirolling the sea by
denying ships passage through it or making such
passage extremely hazardous. An example of the
effectiveness of mines in such an application
during the Korean War was the enemy’s mining
of the Wonsan ares, a relatively favorable landing
site, This prevented the United Naticons forces
from making a second beachhead there, and im-
paired the effectiveness of the campaign o repel
the North Korean-Red Chinese forces.

The autoemotive [seli-propelled) torpedo, an
unmanned explosive-laden submarine, was first
developed in practical form in the 18702, Early
in the 20th century it was considered so potent
(particularly in the davs of metal ships lacking
modern compartmentation) that special torpedo-
hoats were uged to launch them. A zpecialized
craft to counter the torpedo-boat was developed —
the torpedo-boai destroyer, which has evolved
into the modern DD. The torpedo (and torpedo-
like weapon) is now the most advanced weapon
uged against submarines ss well as the chief
weapon used by submarines other than TFIR3B.

TUnlike mines and torpedoes, which can be
used against either surface or submarine targets,
the surface=-launched depth charge (when dropped
from airgraft, called the depth bomhb) iz specifi-
cally an antisubmarine device. When first de-
veloped in World War I, and until the midst of
World War 11, lerge depth charges were either
dropped astern or heaved a few score yards
over the side by & small propelling charge in a
special gun, after which they were detonated by
n hydrostatic device upon reaching a sot depth,
Currently used designs are much smaller, They
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muy be propelled by a rocket or a mortar de-
vice and are either contact- or proximity-fuzed,
but their most important characteristic is that
they can be fired at much greater ranges (up to
several hundred yards). Thig has led to a change
in antisubmarine warfare (ASW) tactics, ASW
vessels are no longer forced to stay close to the
target submarine, crossing and recrossing its
presumed location which frequently caused the
DD to loge sonar contact in itz ownscrew noises.
Weapons can be thrown ahead of the DD's track
(thead thrown weapons) to eliminate this dif-
ficulty. Newer depth charge weapons that extend
the aerial flight time are discussed in a later
chapler,

FIRE CONTROL

The improvemenls in gun ranges mentioned
earlier could make guns effective only if the
guns were adequately directed so that their pro-
jectiles would hit the target. The evolution of gun
fire control as we Xnow it today began in the 19th
century with the invention of fixed sights, and con-
tinued with the development of movable sighis
(something like those on modern military rifles)
in the 1840°s, telescopic sights and drift- and
windage-compensating sights (1850°s and 1860's),
fire control directors and optical rangefinders
(World War I), analog fire control computers and
plotting technigues (after World War I), and
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71.1-569
Figure 2-1,—1].5.8, Albacore (AGSS 363).

high=-speed, digital ifire control computers and
automatic tarpet acquisition and fracking (after
World War II).

The most spectacular World War II fire con-
itrol innovation was radar, which made accuraie
fire control possible even when optical instru-
ments were useless, Radar has been mainly re-
sponsible for the enormous accent on the elec-
tronics characteristic of the fleet today, A pre-
war DD had, for example, perhaps 100 electron
tubee altogether; a postwar DD has more than
3,000 tubes and transistors,

Parallel with the development of radar came
the development of sonar. Even as early as
World War I, hydrophones were used both by
destrovers and submarines to listen for under-
water and surface targets, The development of
active (''ping'" sonar revolutionized underwater
detection by meaking possible the detection of
passive targets (i.e., those that do not radiate
noisg). Although sonar and radar are similar in
principle, their range and accuracy are nol on
the same order. (Radar has the advantage over
zonar in both range and accuracy.) With the in-
creased emphasis placed on antisubmarine war-
fare in recent years, scnar is being constantly
improved, Modern sonar is capable of detecting
targets al [ar greater ranges and depths than sonar
of the World War II era. Sonar is invaluable in
both surface and subsurface naval vessels.,
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CONCLUSION TO HISTORICAL
DISCUSELON

The preceding paragraphs have indicated in
broad outline some of the effects of develop-
ments in important naval weapong, but much
hag been omitted (guided missiles and rockets
for example); and the development of the vehicles
themselves (surface ships, submarines, aircrait,
propuleion and navigation equipment, ete,) hasnot
been covered, Some of the present trends in
weaponty are indicated later in this chapier,

THE WEAPQN SYSTEM CONCEPT

The effective use of any naval weapon re-
quires that a payload (generally an explosive
device) be delivered to (usually) & moving target,
Accuracy in determining the location and velocity
of the target is vital to the success of the attack,
The resulf of the increase in target velocity and
range hag been that today, for effective use, a
weapon must be considered and employed not
individually but as part of an accurate weapon
gysiem,

ELEMENTS OF A WEAPON
SYSTEM

The phrage ""weapon system'' was defined in
general termg in the preceding section. We can
now be more specific, A weapon system, taken
a8 a whole, must include:

1, Elements which detect, locate, and identify
the target.

2, Elements which deliver or initiate delivery
i the destructive device of the weapon to the
target, (The term ""weapon'' is used flexibly in
different contexts; for example, a gun is aweapon
which delivers a projectile to the target, while
5 ming is a weapon that itself explodes when a
farget activates it.)

3. Elements that control a delivery unit or
weapon to direct its delivery; that set the fuze
(or equivalent) of the destructive device; or (as
with a torpedo) that ''program'' or preset a
target-seeking device as required for maximum
effectiveness in reaching the target,

4, Destructive payloads (usually termed
“weapons'"y that will destroy the target when in
contact with it or when in its viclnity,

ook

|

Each of these types of component elements
will be discussed in somewhat more detail later,

WEAPON SYSTEM REQUIREMENTS
AND EVALUATION

The Navy has a rather elaborate series of
stages through which any wesapon or associaled
item must go from the time it is proposed until
the =olid hardware itself is installed for service
use aboard ship. Although the fundamental idea
on which the item is bazed may originate almost
anywhere (ideas are welcome regardless of the
gource), it ig the Chief of Nawval Operations,
speaking for the ullimate user, the fleet, who
zets the requirements that the weapon or what-
ever it is must meet. The protolype (first in-
stalled model) of any instrument or piece of
equipment which bears a Navy namcplate that you
see on a naval vessel has been through exhaustive
engineering and shipboard application tests, and
meets the fleet’s requircments for what that
zpecific item must do, and how well it must do it,

The trend in recent times has been increas-
ingly toward design and procurcment of complete
weapon systems, rather than of component units

- which later evolve into a system, This is espe-

cially true of newer szystems such as missiles
with their complex guidance and propulgion sys-
teme, gs conlrasted with most systems based on
cuns, which were nol originally conceived as
systems but evelved that way.

The statement of reqguirements for any weapon
system or component unit can be considered as
responses to fwo questions —

1. What is the systam or component unit sup-
posed to do?

2, How well is the system or component unit
supposed to do it?

The answer to the ''what '' question is often
called the ""military requirements,'’ 1t is a state-
ment of the nature of the equipment (whether it's
a gun, a torpedo, a redar, s computer, ete,) and
its capabilities or what it can do (if a gun,
its range, rate of [ire, etc,; if a torpedo, its
speed, range, accuracy, ete.; if a radar, ils
range, accuracy, sensitivity, etc.; if a computer,
ite gpeed, accuracy of selution, limits of oper-
ation, ete.). Obviously, all thizisenlirely depend-
ent on the nature of the s=ystem or component
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unit, Moreover, in a system, each component’s
requirements depend on the characteristics of the
other components and on the requirements of
the system as a whole. Thus, the capabilities of
any system are limited by those of the "V"weakest
link' in the system, (For example, a computer
in an ASW system can solve fire control problems
bevond the ranges possible to the sonar eguip-
ment in the system; the sonar’s range therefore
eslablishes the system’s range,)

Agide [rom what we have here called the
military reguirements2 that depend on the nature
and task assigned to weapon systems and weapon
gystem components, there are some requirements
that are generally applicable to all, regardless
of the nature of the system or component, These
can be considered as the answer to No, 2 above,
We can state them here only in qualitative terms,
gingg this iz a general discussion; in sysiem
zpecifications these requirements are reduced to
spocific values:

1. RELIABILITY. The system must be capa-
ble of continuous long-period functioning under
specified adverse condifions at specific rates
(e.g., rounds per minute fired, or hits maintsined
al specified accuracy, etc.).

2. FLEXIBILITY. The system must be capa-
ble of functioning satisfactorily in spite of failures
in guality of power supply, ammunition, etec,; it
may also be required to funclion satisfactorily
with certain components omitted or disabled, or
with others substituted,

3. BATFETY, The system must be perhaps
not foolproof, but hazardous conditions must be
eliminated by interlocks or other means; it must
not endanger friendly ships and aircraft or own-
ship structure or personnel,

4, SIMPLICITY OF OPERATION, Complex
modern weapon systemz cannot be made inher-
ently simple, but they should be designed for
facility of operation by buman beings, These
considerations influence design of control ar-
rangements, provisions for safety and comfort
of operating personnel, and functional design to
make the equipment as simple to operate as its
nature will permit.

8. MAINTAINABILITY. This requires not only
design using long-life components, but also con-
venient (and in many cases almost entirely auto-
matic) testing and trouble-diagnosing gear that
is either part of or iz easily connected to the
equipmeant. Moreover, this requirement has led
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to the development of the unit replacement prins
ciple —thus, if an amplifier, for example, burns
out, the procedure is not to test each component!
in it and make repairs as necessary, but to pull
out the whole amplifier (which is a complek
plug-in unit) and plug in a replacement. The
defective unit can then be repaired later and pu
back in stock as a spare,

Note that in weapon component or system de-
sign these requirements often conflict with each
other, For example, a fuzing system may be
made so safe that it won’t function reliably,
Much of the work in weapon design is concernad
with attaining practical compromises between
conflicting requirements,

The evaluation of a weapon system or compo-
nent unit can be defined as the study of the sys-
tem or unit, measuremsnt of its effects, and
sporaisal of its effectiveness. As in development
of ordnsnce material, the trend is toward evalu-
ation of complete systems rather than independ-
ent units; in system testing and evaluation, how-
aver, component units are tested individually as
well as with relaticn to their systems, Before 2
gystem or component iz accepled lor {leet use,
it must go through both TECHNICAI. (i.e., engi=
neering) and TACTICAL evaluation, following
ztandard prescribed procedures.

COORDINATION AND DISPERBION
IN WEAPON SYSTEM EMDPLOYMENT

Concurrently with the increasing complexity
of weppons and weapon systems, naval opera-
tions have Decome more compleX, The variety and
the effective ranges of weapons are increasing,
and the speed and maneuverahility of targets are
increasing,

As the ranges and explosive effect areaz o
modern weapons have increased, they have
dictated increased dispersion of formations of
naval ships, Convoys and {ask groups arranged
gccording to present day docirine have ships
much more widely spaced than was the practice
before and during World War JI. An attributable
factor is the development of atomic weapons,
which add to the blast and fragmentation effects
of former conventional weapons (but, of course,
on a much magnified scale} the threat of radio-
aclive contamination. Another factor which makes
wider dispersion necessary is the increased
speeds of airceraft and missiles which may atiack
the formation. More dispersion ig needed, in
the direction of the threat, so that outer perimeter
units may give early warning of an attack,
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The effects of this dispersion requirement
are to increase the difficulties of coordination
and to increase the requirement for improved
long=range underwater target detection performe-
ance,

DETECTING DEVICES

The [irst steps in the functioning of a weapon
syatem are the detection, location, and identifi-
cation of the target, Ideally, the device performing
these functions should detect the target at maxi=
mum range, and establish the target’s location,
orientation, and wvelocily with respect to own
ehip, with maximum accuracy and minimum delny.
At the same time this device should identify the
target as to exactly what it is and whether it is
enemy or friendly. ldeally, the device should be
equally efficient regardless of which medium it
cperates in, regardless of the conditions in that
mediumm, and regardiess of interference originat-
ing with the enemy, with friendly forces, or
with natural causes.

No detecting (for the present let this term
include locating and identifying) device or system
yet developed measures up, without possibility
of improvement, to any of these ideals., The
ideals are useful chiefly as standards by which
the effectiveness of detecting devices can be
judged, The principal detecting devices now used
in the fleet include:

1. Oplical devices.

2, Radar.

3, ECM (electronic countermeasures),
4, Sonar,

5. MAD (magnetic anomaly detection),

All except the last of these depend on detec-
tion of radiation—the first three on electromag=-
petic radiation, the fourth on sound radiation.
MAD depends on detecting differences in mag-
netic fields,

Optical devices are invariably passive, i.e.,
they detect radistion emitted or reflected by the
target, but don’t produce the radiation they de-
tect,

ECM equipment falls into the passive cate-
gory when used for detection. But ECM gear also
has an active mode for use in jamming the
enemy’s electronic detection equipment, Sonar
may be either passive or active when detecting
subsurface targets. Its active device produces
radiation which it detects as a reflection from
the target, In order for passive sonar to detect
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a target, it has to receive noise from the target,
Radar can only be active,

OPTICAL DEVICLES

Optical devices in weapon systems function
to establish target bearing and (for air targets)
target elevation, Some optical devices can meas-
ure the range to the target, Except for highly
unusual atmospheric conditions, in which light
rays reflected [rom the target to own ship are
perceptibly bent by refraction, the line of sight
(8 straight line from target to observer) is truly
straight, Optical devices which incorporate lens
systems are designed to mpgnifly the image of
the target; this extends the capabilities of the
human eye in target detection and identification,

Since optical devices depend on visible light
reflected from the target, they are handicapped
by darknese (unless the target is luminous), fog,
and visgible obstacles, Optical devices are al-
ways passive (i.e.. they never provide the light
that makes the target visible), but an attacking
ship can illuminate a ftarget by firing gun pro-
jectiles which release parachute-supported flares
in the vicinity of the target, or by using aircraft
to drop such flares.

At the present time, only a [ew U5, Navy
ships have night observation devices, but event-
ually, most Navy ships will have these. Night
observation devices actually intensify the bright-
ness of an image and are used for observation,
surveillance, and for the aiming of wesapons
during night operations, They use natural light
radiations of a very low level to produce a use-
ful, visible image,

Since light, in general travels in straight
lines, a tprget cannot be oplically detected if it
is entirely below the horizom (like target 2 in
figure 2-2),

110.1
Figure 2-2, — Limits of optical detection,
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RADAR

In our short discussion of radar we will
concentrate on its ability to measure the range
or distance to a target. Navy radars canmeasure
the target’s angle of elevation above the surface
horizontal, its altitude, and its true or relative
bearing, This is, of course, i they are designed
to do so., The target's speed can also be guickly
determined U we add some minor computing
units. In chapter & you will learn more about how
radar works, but for now let’s find out how it
MEAsures range,

Every naval ship is equipped with a powerful
sound producer —its whistie. Suppose that the
whistle on your own ship sounds a short, sharp
blast while it is a8 mile or two distant from
another ship. If you listen carefully after the
blast sounds, you will hear an echo reflected
from the other ship. If you know the speed of
sound, and can measure accurately with a stop-
watch the time elapsed between the whistle
blast and the echo, you can easily determine
the range to the other ship. This is a simple
application of the distance, rate, and time equa-
tion which you learned yearg ago. You'll notice
one slight wvariation however; the product of
rate and time must be divided in half to account
for the two-way travel of the sound wave.

If instead of a sound producer you use a
powerful radio transmitter, and instead of your
ears you use a Yradio receliver, vou have the
essentialz of rader. (The name ""radar' is an
acronym for RAdio DetectionAnd Ranging.) Figure
2-3 shows one transmitted pulse and one re-
flected echo as they travel between our own
ship and the target, Notice that the transmitted
pulse covers a larger area in space as it geis
farther away from own ship, The amount of this
increagse depends on many variagbles, one of
which is the type of transmitling antenna used.
Notice also that the reilected echo is smaller in
amplitude since only & portion of the transmitted
energy iz reflected by the target. Further, the
echo expands as it approaches own ship and only
a portion is actually received by the receiver,

To be of any use the reflected echo must be
greatly amplified in the radar receiver before
it can be displaved on the cathode-ray tube. The
cathode-ray tube (similar to a TV picture tube)
provides a visible display which can indicate
target range, bearing, or elevation, The display
in figure 2-4 is designed to provide range infor-
mation only, and it could be the results of the
situation in figure 2-3, The vertical ''pip’ or
"hlip'' at the left of the sweep trace in figure
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110.2
Figure 2-3, — Principle of radar,

2-4 represents the transmitted pulse; the cr:ntert
pip is the target echo, The sawtooth like shape
al the right of the display is the range measuring
device, which is called the ‘'range step'' in thig
case. You will see in a moment how the range
step is moved to the echo to measure range, but;
first, let’s learn a little more about the sweey
irace,

Even though the display appears to be con-
tinuously illuminated, it is in fact caused by &
pencil-point beam of electrons which are made
to "'sweep' across the face of the scope from
leit to right, The sweep {requency is the same
as the pulse repetition frequency of the radar;
In layman language this simply means that every
time a transmiiled pulse leaves the antennsa,
a sweep is started. Actually, the sweep starts
just a little earlier so the transmiited pulse can
be viewed. The apparently continuous picture ig
the result of a property of the scope face callod
persistency, which means that a given point on
the scope fece conlinues to give off light for a
short time aiter the beam of electrons has passed
it. You have seen this effect before when you
turned off a TV set and watched the illumination
slowly fade,

The tranemitted pulse, echo, and range step
are traced by bending the beam of electrons
above and below the vertical center of the scope,
which is the normal vertical position of the sweep;
trace, Vertical deflecting plates or vertical de-
flecting coils are used for this purpose. In our
example, the transmitled pulse must have been
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110.3
Figure 2-4, — A common type of radar display,

applied to the vertical deflecting plates before the
reflected echo, and the echowas applied before the
range step. This is how the stopwatchis replaced,
The designers simply arrange the scope so that
a given portion of the sweep trace equals a certain
number of yards (in some cases, miles), Then
we can measure the tracedistance, whichis based
on time, between the transmilted pulse and the
echo, The sweep is made to move from left to
right on the scope by horizontal deflecting plates
or collg. The sweep movement is linear, It 1s
based on time, and it is accurately matched to
the range measuring circuitry,

In the preceding paragraph we mentioned
"“based on time'*; let’s explore this a bit further,
The speed at which radar energy travels is
186,000 miles per second or 300,000,000 meters
per second—the speed of light, Because of this
great speed, the time elapsed between trans-
mitting and then recziving an echo is measured
in microseconds (millionths of & second, or
i secs), Obviously, a stopwatch will not do the
job, As vou have seen, a cathode-ray tube is
used instead, With the speed of light as the
reference, we find that radar energy travels
328 vards in 1 psec. From this we can say
that 1 nautical mile (about 2,000 yvards) will be

traversed by the energy in 6.1 psecs, This is
the time standard upon which most radars, and
certainly most fire control radars, have been
designed. Once again, it takes 6.1 psecs lor
the energy to travel approximately 2,000 yards,
These 6.1 psecs representl,000yards of RADAR
RANGE.

Now let’s measure the range to the target,
A range counter is attached by mechanical link-
age to a range handerank, or to & range drive
motor which drives the mechanical linkage.
Moving the mechanical linkage by either method
moves the counter and positions the range step
to the corresponding poesition on the sweep, All
the operator has to do 1o measure range I8
position the range step under the target echo
and read the range from the counter, Moving
the range linkage changes the time relationship
between ihe transmitted pulse and the range step,
and therefore contreols the horizontal position
of the range step on the sweep, If the range slep
were under the transmitted pulse, the range
counter would read approximately zero yards.
It would increase as the rangé step moves [rom
left to right across the sweep in response to
the operator’s input.

Radar transmission is made from a metal
structure called an antenna, Unlike the sound
from a ship’s whistle, which radiates almost
equally in all directions, most of the energy in
a radar pulse is directed along the bearing on
which the antenna is pointed at the instant of
transmission, The same antenna also picks up
the echo. To get 360° coverage, radar antennas
rotate continuously; antennaz on radars designed
to concentrate on a nerrow angular sector are
instead aimed by an opersztor, |n addition, many
of the latter type also oscillate or nutate through
a small angle,

Radar signals are conducted to and from the
antenna by special tubular waveguides that look
something like ordinary air or water piping,
Some use coaxial cables.

Radar sheres many of the characteristics of
optical detecting devices. Except for certain at-
mospheric conditions which to a minor extent
distort the paths of the transmitted and re-
flected pulses, they travel in siraight lines. As
comparcd with a sound-ranging sysiem like the
one mentioned brielly by way of example at the
beginning of this article, radar has much more
range, funclions several thousand times more
quickly and much more accurately, and is not
affected by audible noise. It is quite accurate
(to within a degree) in measuring target bearing
and elevation (though not quile as accurate as
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optical devices), It is the most accurate and the
longest in range of our range-messurement de-
vices. It is not severely affected by adverse
weather and fog, is just as usable at night as in
the daytime, and is virtually immune to static
and electromagnetic disturbasnces that plague
communications radio and TV. Also, its signals
can be used to guide missiles or to guide target-
tracking equipment,

But radar has disadvantages too. It can be
jammed or interfered with by enemy radar trans-
missions and other countermeasures, It does
not permit casy identification by target silhouetie
or other visible characierisiics; it shows only &
blip for a target, and may show but one blip for
several targets, As compared with optical
methods, it requires skills in interpretation of
its displays amounting almost to an art. Iis
complex electronic circuitry, waveguide plumb-
ing, and mechanical rotating and nutating gesr
require copsiant attention to maintenance. As is
true of any revolutionary technical advance that
ie depended on heavily, its loss through mal-
function or battle damage is an especially severe
handicap, Lastly, radar pulses can be detected
by tbe enemy at much greater ranges than those
at which the pulses will reveal to the originating
ship the enemy'’s presence. As the discussion
later of ECM will indicate, radar pulses are a
telitale that may rewveal a great deal of other
information to the enemy algo.

In spite of these disadvantages, radar is the
primary meang of detaclion used in the {leset
today .

ECHM

ECM (Electronle Countermessures) have been
defined as the mesns by which your own forces
attempt to nullify advantages of enemy electronic
devices, and to obtain all possible information
concerning enemy ecleciromagnetic radiations,
ECM may be either passive or active.

Passive ECM are measures not detectable
by the enemy. The most important is intercept
gearch, by sensitive receiving egquipment, of all
cleciromagnetic wavelengths that the enemy might
use, detection of electromagnetic radiations, and
determination of their source and character-
isticg, Intercepl search will detect racdiation
from any kind of electronic equipment — radars,
radios, electronically controlled weapons, and
electronic navigational aids, It will show the
direction from which the radiation is coming,
and display and record the radiation zo that it
can be analyzed, From such analysis can be
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determined information such as the type d
equipment radiating, what its {unction may he)
and the number of transmitters involved, Yol
can think of ECM as a kind of passive radar

Other passive ECM methods are tacticd
evasion (to avoid detection by the snemy) and
control of electromagnetic radiation by own shiz
(i,e., silence imposed on own-ship eleclronic
transmitters) to avold telltale radiation detects
able by enemy ECM.

Active ECM includes those methods which the
enemy can detect, In fact, itz purpose is to im-
pair the operation of the enamy’s electronid
devices (such as radar) by feeding them [alsé
signals. One method i3 jamming— radiating in-
lerferring or deceptive signals by electronic
transmitters, The olher is deception—using me-
chanical reflecting material to mislead his radars,

ECM does not have as important a role it
weapon systems as optical devices, radar, an
sonar do. Weapon systems can incorporate active
ECM; there are gun and rocket projectiles de-
signed to scatter radar-reflective material, 'as-

ive ECM may be used for direct guidance a
weapon sysizms, The commonest prezent navsl
application of passive BECM is the use of inter-
cept search in preliminary guidance of weapol
system detecting equipment, Other passive ECH
methods are used (o prevent enemy inlerference
with weapon system functioning,

SONAR

Radar cannot be used under water, becauss
water absorbs radio waves, But water does con-
duct sound —beller than air does, in fact. And
sound is what the Navy uses to detect under-
water targets,

It is possible to detect a submarine operaling
under power by merely listening —with the aid
of a suitable micrephone, But present-day sub-
maringe detection equipment more often functions
somewhat like radar—it emits a pulse of sount
energy, then picks up echoes. The equipment is
called SONAR—S0Ound NAvigation and Ranging—
and it not only detects underwater targets, bul
also locates them in terms of range, bearing,
and depth.

The main units of the sonar equipment (fig
15-8) are a transducer housed in a waterfilled
dome (o streamlined housing protruding from
the ship’s hull) and console (STACK), mannad
by a sonarman, The stack periodically produces
a powerful pulse of alternating current, which is
transmitted to the transducer. The transducer
converts the current into a pulse of high-frequency
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sound (around 20,000 Hertz —one Hertz = 1cycle
per second) and projects it into the water, The
fransducer then switches to receive echoes, which
are amplified in the stack, However, sound vibra-
tions of 20,000 Hertz (Hz) are too high in pitch
to he audible to people of normal hearing, Con-
sequently, the stack’s elsctronic circuits convert
the echo to an easily audible 800=Ilertz note,
which the sonarman hears over the stack’s loud-
speaker. A visual indicator presents an image of
sonar echoes as blips on the face of a cathode-
ray tube {(much as with radar). Additional gonar
equipment determines the depth of the target.

Somar ig most {requently active—that is, an
ultrasonic #ound pulse ig transmitted and the
echo detected as described above. However, the
gonar transducer can also be used to pick up
sounds in the water, such as the sound of a
submarine’s propellers besting the water, the
sounds of machinery in the submarine’s hull,
or sounds from subsurface animal life, such as
whales prunting or squealing,

Sonar is the principal method now known for
detecting underwater targets that are not them-
selves radiating =zound signelz., The principal
factor limiting the success of antisubmarine war-
fare at this time is the limitstions of sonar
equipment. Although sgonar is In some ways
analogous to radar in the principle of ils opera-
tion, it is more limited in range, less accurate
in establishing target bearing and range, more
severely affected by environmentsl factors such
ag variations in water temperature and flow at
various depths, and is much more responsive
to spurious echoes (as from schools of fish,
wakes, air bubbleg released by the farget, and
from the ocean floor or suriace), Sonar echo
interpretation (using both sudible and visual re-
sponses) is exacting and requires much skill
and experience.

Sonobugyg are used in one application of pas-
sive sonar, They are floaling unmanned radio
transmitters which lower microphones into the
water and broadeast the sounds that they pick up.
Sonobuoys are generally dropped by fixed-wing
sircraft, Analysis of the zound pattern broad-
cast from seversal of them will indicate the loca-
tion of sound-radiating submarines inthe vicinity.

Sonar gear is ¢arried aboard surface vessels
and submarines., A special adaptation called
DIPPING BONAR, in which the transducer can be
lowered by cable [rom a helicopter, is used to
aupplement surface ASW lorces,
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MAGNETIC ANOMALY
DETECTION

Any ferrous object will distort the earth’s
magnetic field, This diztortion can he detected
by a sensitive device —Magnetic Airborne De-
tection (MAD) eguipment —that can either be
towed by a ship or carried in an aircraft. At
present, MAD gear is even more limited in
range than sonar. Its principle of operation is
appliad also in puidance of some weapons,

DELIVERY DEVICES

Broadly, delivery devices launch, carry, or
project a destructive device to the target., Ex-
amples are gung, torpedo tubes, rockel launchers,
projectors, and depth charge racks. The term
weapon is wilh one major exception properly
applied to the destructive init that is launched,
carried, or projected. Thus, a rocket launcher
is not, strictly spesking, the weapon in a weapon
gystem, but the rocket itself ig; the torpedo tube
iz nol a weapon, but the torpede is. The major
exception is the gun, The gun is normally called
the weapon in any system based on guns; a gun
projectile generally is not called a weapon, Also,
it should be noted here that pun systemsz are
called batteries (e.g.. 5 baltery and 3" battery)
and missile systems are called weapon systems
(e.z,, Tartar weapon system and Talog weapon
system).

The term ''delivery device'! for such a weapon
as an aireraft bomb or a ship=-laid mine refers
to the bomb rack and dropping gear or to the
minelaying gear, not to the bomber aircrait or
minelaying ship— which are vehicles,

FUNCTIONS OF DELIVERY
DEVICES

To function efiectively om their targets, all
weapons (and projectiles) must either be directaed
to their fargets or to the target area, or pro-
crammed so that they will operale properly in
the target approach—or they may reduire both
directing and programming, This i= done by or
through the delivery device either at or before
the time of launching, Direcling the destiructive
unit to the target may be done simply by alming
the delivery device (gun barrel or rocket launcher
guide, for examplej. Or it may be done without
aziming (a8 in torpedo tubes and missile launchers)
by conveying program instructions into the weapon
either mechanically or electrically. Programming
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of functioms to be performed by the weapon after
launching (including the setting of devices which
will initiate itz explosion upon approach to or upon
contact with a targel) is done eglectrically insome
weapons, mechaniecally in others,

Another function of many delivery devices is
lo propel the weapon or projectiile over all or
part of its course. Most mines and all aircraft
bombs, for example, are conveyed to their tar-
gets Dby their vehicles, and the delivery device
functions only to drop them,

TYPES OF DELIVERY
DEVICES

Delivery devices now in use include;

1. Guns, which provide all the propulsion
energy to their projectiles, direct them (by the
position of their barrels), and program their
functioning by adjusting some fuzes or causing
them 1o arm (i.e,, become set jor action),

2, Rocket launchers, which direct rockats by
pogitioning them. Similar launchers are glsc
used with other weapons that are not classified
as rogkets,

3. Missgile launchers, which position missiles
for the initial stages of [light, and feed into
them electrically steering and programming in-
formation up to the instant of firing,

4. Depth charge and thrown weapon projec-
tors, which propel depth charges or thrown
weapons to a selected point on the surface of
the water, The weapons sink and function under
water, The projectors may funciion onthe princi=
ple of either the gun or the rocket,

5. Minelaying gear, which sets mines io per-
lorm arming and other functions after launching,

6, Bomb release gear, which iniliastes the
arming process in bombs at the time of release,

7. Torpedo tubes and other launching de-
vices, which set lorpedoes to run in a specific
direction, and may program them to &rm &t &
specific range, undertske a selected search
pattern, or perform other functions,

soma delivery devices which you may en=
counter on surface vessels will be discussed
further in later chapters.

CONTROL UKNITS
Ag previously delined, control units in &

weapon gystem develop, compute, relay, and
introduce data inlo & delivery umnit, weapon, or
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both, in order to direet, conirel, or guide the
weapon to the target and cause it to function in
the desired manner,

The devices that perform these or allied
funetions, in whole or in part, include:

1. DATA TRANSMISSION SYSTEMS (generaliy
electrical) to convey the target data developed
by detecting units into the remainder of the
system, to convey these and cther data among
the components of the system, and to convej
giming and programming data to the delivery
device and to the weapon,

2. COMPUTER DEVICES (either mrmhm‘;iﬁal}
or electrical, sometimes hoth) to process the
input data from the detecting units and other
sources and put out aiming and other program-
ming data required to cause the weapon to react
ils target and function at the proper timed

3. INDICATORS (sometimes called repeaters)
to display dala inpuls and outputs as required
at various locations on the ship.

4. DIRECTORS, which with the aid of de-
tecting devices discussed earlier in thig chapter
establish target location, which may incorporate
computer devices to function as described in
No. 2 above, and which always incorporate dals
transmission components,

5, REFERENCE DEVICES, such as stable
elements, which establish relerence planez W
gtabilize lines of sight, aiming positions, elc
These are alwavs gvroscopically stabilized,
though devices hased on other principles may
be used in emergencies,

6. ELECTRONIC CONTROL DEVICES in-
tended to control guided missiles, These arve
generally radars or radio transmitters and re-
celvers,

7. TRAINING AND ELEVATING GEAR. MOst
wpes of delivery wunits must be positioned to
specific angles with respect to reference planes
and lines in order to initiate correctly the launch-
ing of the weapon or projectile, This may he
done through gear traing driven by hand, and
this kind of manual operstion is generally pro-
vided for emergency use or for adjustment ol
the equipment, In normal service, however, this
function is performed by electric or electric-
hydraulic power drives, controlled through data
transmission systems by computersor directors,
Training gear positions the delivery unit by
rotating it in a plane parallel to the ship’s deck;
clevating gear positions it by rotating it in s
plane perpendicular to the deck.
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WEAPONS AND PROJECTILES

The end purpose of detection equipment, de-
livery units, and control systems is to get the
destruction unit {(weapon or projectile) to hit
the target, It is then the [unction of the destruc-
tion unit to destroy or inflict maximum damage
on the target, Except for small-zize gun pro-
jectiles (those used in small arms, and those
used in calibers up to d40-mm), most weapons
and projactiles ovsed in combat operalion are
loaded with explosive and equipped with devices
to sel oll the explosive ab the proper time, With
some weapons and projectiles, the proper time
is the instant the target makes physical contact
with the weapon, With others (especially those
designed Lo penetrate targets proleclted by armor
or concrete) the proper time is sfter penetra-
tion, 5till others are intended to explode when
they are in the vicinity of the target,

ELEMENTARY WEAPON
COMPONENTS

All weapons and projectiles have the follow-
ing functional components, which take diiferent
physical form in different varieties:

1, A CONTAINER OR BODY which houses
the other iniernal components, The hody may
have such other functions as piercing armor,
breaking up into high-velocity fragments when
the weapon or projectile explodes, or (by its
streamline shape or by serodynamic fins) im=-
proving ballistic characteristics.

2, A DETONATING DEVICE (called a fuze’
pistol, exploder, delonator, etc.) which initiates
explogion at the proper time, and includes safety
devices to prevent explosion prematurely, '

3. A BURSTER consisting of a quantity of
explosive material, The main ''payload'’ of the
weapon may, more rarely, be a chemical agent,
with a small amount of explosive to release or

zeatter it. Wespong for training purposes may
contain still other payloads,

Weapons of some types have their own pro-
pulsion systems, The outstanding examples are
guided miseiles, torpedoes, and rockets. Gun
projectilez, aireraft bombs, and most mines do
not incorporate propulsion systems. Except for
rockeis, wespons with propulsion sysiems incor-
porate guidance and control devices,

CHARACTERISTICS OF WEAPONS
AND PROJECTILES NOW IN USE

Table 2-1 summarizes in general terme the
characteristice of the principal types of weapong
and projectiles now in use. In interpreting the
table, bear in mind that it i= intended only as an
aid in understanding the ususl characteristics of
contemporary weapon types. Soms weapons com-
bine the characteristics of more than one type,
and don’t fit neatly into the pigeconholes, Also be
wary of nomenclature; e.g,, some weapons nof
called rockets are at least in part rocket pro-
pelled,



INTRODUCTION

This chapter may not be needed by all students
‘because of its baslc nature, It deals with the
* golentific principles — and particularly the practi-
gal applications of those principles — that should
b part of the background of every junior naval
officer. Without an understanding of these princi=-
ples, a navel officer would be at a loss to com-
~prehend the operation of even the oldest and
' simplest shipboard weapons. As [or the new
“sophisticated'’ ordpsnce, even the casuzl
skimmer of newspaper headlines knows that our
recently developed wespons demand & broad and
sound scientific background.

This chapter will not, in and of itsell, enable

the reader to explain every detail of a specific
| weapon or Installation. It should, however, pre-
pare him to read, without great difficulty, the
‘pfdnance publications that do give complete
details. It should also help him to understand a
vwariety of standard components — such, [or exam-
~ple, as gear trains — that are used in many types
“of machinery, ordnance and non-ordnance alike.
Finally, it should help him to understand the
‘general operational cycle (though not the fine
‘details) of s0 complex a sysiem as a train or
‘glevation power drive,

For convenience, the chapter has beendivided
ielo separale sections dealing with mechanics,
hpdraulics, electrical devices, electronic devices,
“optics, and sound, Inany specilic ordnance device,
principles {rom more than one of these areas
are frequently combined.

Whenever practical, the illustrative examples
‘have been selected from naval ordnance. Some
tpes of ordnance equipment, however, are nol
well suited to serve =s preliminary examples,
and simplified examples have been used instead,

A reader who has studied general physicswill
recognizée many of the topics in this chapter.
He may also notice that the chapter passes lightly
grer large classes of conventional textbook mate-
rial, and omits some classes altogether, An
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CHAPTER 3

BASIC SCIENCES FOR NAVAL
ORDNANCE AND GUNNERY

omission does not mean that a topic lacks im-
portance, It simply means either (1) that the
omitted topic is not closely related Lo ordnance
problems or (2) that it will be covered laler in
this text, or possibly in another text,

Some readers may desire amplilied explana-
tiongs at the present time, Abundani supplemen-
tary reading in the background sciences may be
found in the physice section of college libraries
andl in certain BuPers publications, such as:
Fluid Power, NavPers 16193; Basic Machines,
NavPers 10024; Basic Electiricity, Naviers 10086;
Basic Electronics, NavPers 10087; and Digital
Compuler Dasics, NavPers 10088,

SOME FUNDAMENTAL DEFINITIONS

If one epecialist is to undersiand another
specialist correctly, ithe two men musi agree
exactly a8 to what they mean by certain impor-
tant "'technical'' words. In the aciences, including
physics, some of the specialized words are
long and difficull, Freguently these long words
have been derived from classical Greek or
Latin— languages which, being ''dead,'’ are no
longer subject lo change. Or they may be derived
from the names of renowned scientisis of the
pasi, This |s especially true of units of meas-
urement such as ohin, volt, and ampere,

Other scientific words look deceptively sim-
ple, for they have been tgken from everyday
speech. The scientist, however, does not use
common words in a loose sense, He gives each
& single precise meaning, thus restricting the
word to one out of the many values it may bhave
in social conversation. This meaning the student
must learn and remember, Such words are gen-
crally used in this text in their precise scientific
sEense,

The paragraphs below give a fow basicdefini-
tions that are used in the several branches of
physics, Other delinitions, more specialized in
their applications, will be given in later sections
of this chapter.
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FORCE, A force is g pull or push on a8 mate=
rial object that causes (or tends to cause) the
object to move or (if moving) to change its
direction or rate of motion. A force can be
present even if no motion or changes in motion
actually result from it. This can happen if the
force is balanced by an equal force in the
opposite direction, An example is a man standing
on & floor, The [loor exerts an upward force
equal to the downward force exerted by the man,

PRESSURE is force par unit area. Obvicusly,
the amount of pressure depends on two things —
the amount of force and the area il's applied to.
Imagine & 10-pound weight on your desk, It's
applying a force of 10 pounds to the desk top,
But what pressure is it applying? If the bottem
of the weight has an area of 10 square inches,
the weight applies a pressure of one pound per
square inch, But if the bottom of the weight has
an area of only one square inch, then it applies
a pressure of 10 pounds per squere inch.

WORK, As understocd by the physicist, work
ig performed when (and only when) a {orce called
an effort MOVES a material objecl against an
opposing force called a resislance, Motion is
the important idea in this definition. A seaman
who simply stands and holds a 560-pound pro-
jectile may become tired, but he is not perform-
ing work in the physicist’s sense of lhe word.
But, if he lifts this projectile three feet in
opposition to the §0-pound downward pull of
gravity, he ls working. The exact amount of work
he does is 50 x 3, or 150 {oot/pounds. In short,
work is [orce acting through distance,

POWER, The word power, as used by the
physicist, adds the idea of time to the idea of
work, If our seaman hoists his 50-pound pro-

jectile 10 feet in 2 seconds, his poweris

or 250 fool=pounds per second. Power, then, is
the rate, or speed, of work, When lime is
important, ns it usually is in combat, power
becomes a major consideration. Many shipboard
operations are mechanized because a machine
has more power—that is, can move a heavier
load in a shorter time—than the human labor
evailable,

ENERGY. The capsacity for doing work is
known as energy. There are many sources of
energy. The CHEMICAL energy relcased by a
burning - propellant moves a projectile toward
its target, This chapter will be concerned with
mechanical, hydraulic, electrical, radiant, and
acoustic forms of energy,

A substance or mechanism that is ready to
perform work, but s not actually performing it,

o0 x 10,
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has POTENTIAL energy., By virtue of thel
chemical composition, propellants and high e
plosives in magazine stowage have potent
Energy.

Energy in action is called KINETIC energ
A burning propellant has kinetic energy,

The total amount of energy in the world ré
mains always the same (except that matter cg
be converted to energy in nuclear reactiond
This stetement is the law of the mnaerwhun_
energy. Energy can be converted from one fon
to another, as when the kinelic energy of
waterfall drives a generator to produce ele
trical energy, which in turn drives a motor §
produce mechanical energy. In any of thes
conversions, at least a emall amount of energ
becomes lost to the user, because radiation @
interpal friction causes il to be dissipated
neat, Designers of power equipment try to ke
the incidental losses of energy aslowas pnssi :

MASS, Mass is 8 fundamental property of &
matter, In elementary terms, the mass of a bog
is the guoantity of matter in it. When a force ach
on a mass, it tends to move it or to change il
motion (depending on the direction of the force
Gravity acting upon a mass at the earth's
face exerts a force tending to pull the mag
toward the center of the earth., The amount ¢
this pull we call weight, I{ we transferred th
mass to the moon, whose gravity is only a frac
tion of the earth's, its weight would be differenf
but the mass would be the same, '

INERTIA AND ACCELERATION, As we
snid, it tnkes a force acting upon a mass to gd
the mass Lo move, or to change the mass® motiog
In this sense, the mass resists the force,
property of mass is inertin, For a given force
the greater the mass, the greater the inertis
and the smaller the change in motion, Any chang
in the motion of a mass is acceleration (speeding
up) or deceleration (slowing down),

MOMENTUM, A masgs in motion continue
moving because of its inertia, and will resis
forces that tend to stop it. This tendency to cop
tinue moving is momantum, Momentum is pro
portional to both mass and rate of movement
and is equal to their product. Thus a projecti
weighing 5 pounds and moving at 2,000 feet pe:
second has the same momentum as a moto
launch welghing 2,000 pounds and moving at §
feet per second, These are examples of mome
tum Iin masses moving in a straight line. !
rotating mass also has momenturn, In additior
to the effect of its mass-inertia, the rotational
momeaptuny of a spinning mass such as a hea!r':-.r-if
rimmed wheel will cause it to resist any force
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that tends to change the direction in which its
axis of rotation iz pointing. This iz why 2 top
remains upright as long as it maintains sufficient
rotational speed, This effect constitutes the
operaiing pringiple ol the gyroscope, described
in the next section of this chapter.

CENTRIFUGAL FORCE. This is a special
page of inertia, Any spinning object develops a
centrifugal torce. The rim of 2 turning wheel,
for example, pulls outward on its spokes, The
strength of the centrifugal force varieg as the
square of the specd at which the wheel is turn=-
ing, For double the speed of rotation, for exam-
ple, the centrifugal force will increase four
times; for triple the speed, the cenirifugal foree
will be nine times as great,

KEWTON'S TAWS O MOTION

Sir Isaac Newton is famous for hig enunciation
of the law of gravitation, but equally fundamental
in physics are his three laws of motion, These
are the hasis for the sciences of mechanics and
statice. A clear understanding of them and their
implications is esgsential for the realistic com-
prehension of any mechanical device or systom,
The laws are:

1. Firet law. A body al rest tends {0 remain
at rest and a bedy in motion tends to continue
moving in a straight line unless (in either case)
the body iz acted on hy gome unbalanced force,
{In applying this law to practical examples aboul
you, always remember that friction, gravity,
and air or water resistance must be taken into
aceount),

2, Sccond law, A body acted on by an un=-
balanced force will accelerate in the direction
of the forece, and the sceeleration will be di-
rectly proportional to the unbalanced force and
inversely proportional to the mass of the body.
(Note that this ideca has already been prescnted
implicitly in the preceding article’s discussion
of acceleration and momentumn, In {(zel, the law
can be restated more hrietly in terms of momen-
fum,)

J. Third law, To each action there is anequal
and opposite reaction. ("fAction' here is the
force which body No. 1 exerts on body No. 2;
reaction iz then the force which body No. 2
exerts on body Neo, 1. A hook lying on a table
exerts a push downward on the table equal to its
weight; the table’s reaction pushes the book up-
ward with equal force. The rotating screw of &
ship pushes the water rearward; the water ro=-
acting against the screw exerts an equal forward
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pugh. The c¢ombustion c¢hamber and exhaust
nozzles of a rocket exert hackward thrust on the
exhaust gases; the gases react with an equal
torward push on the rocket,)

BASIC PRIKCIPLES OQF MECHANICS

All mechinery —no matter how complex it
may be —oan be broken down into simple compo-
nents or basic mechanisms. These nclude the
lever, the wheel and axle, the pulley {Mock and
tackle or block and fallz in Navy parlance), the
inclined plane, the screw, the gear, the shaft,
the cam, the spring, the clutch, the pawl and
ratchet, the piston and cylinder, the Iriclion
brake, the roller or ball, the hearing, and 20 on,
Some of these are actually applications or re=-
arrangements of others, (Examples: the wheel]
and mxle iz # speciol ype of lever: a screw is a
special type of inclined plane.)

Figure J-1 shows representative examples
of five of these basic mechanisms, They illus=-
frate one objective—to do work or transmit
motion by moving a load (often called the re-
sistance) through application of force or effort.
(Or the force may be used in the mechanism to
counlerbalance another lorce.)

Hiztorians and others have attempled io re-
duce all mechanical devices fo sBlx {or some
other number) '"'basic machines,' but since dif-
ferent lists inglude dillerent mechanisme, and
requently omit mechanisms as important as
those they include, we shall concentrate on those
particularly applicable to ordnance devices, with=
out attempling to develop universal peneraliza-
tions or niceties of classification,

ANALYSIS OF CERTAIN BASIC MECH-
ANISMS. The lever principle iz probably the
most hasic one in mechanices, The drawing of
the lever (fig, d=1) shows that = resistance
aciing at one side of the pivet or fulerum can
be counterbalanced by an effort applied at the
opposite side, (In this particular clase of lever,
the eiiort iz a downward push.) The distance
from the fulerum to the peint at which the pugh
ol the resistance seems to be concentrated (that
is, to the center of gravity of the resistance) is
called the resistance arm. The distance from
the fulerum to the effort is called the cffort arm,

Balance is achieved when the product of the
effort and the effort arm becomes egual to the
product of the resistance and the resistance
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Figure 3=1.—Five basic mechanisms.
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arm, This principle is called the lever formula,
It may be expresszed mathematically ss follows:

Exdgp=E xdy
ih which E = effort,
R = resistance
'ﬂE = efforl arm,
dg = regigtance arm,

(Not all texts
arms, but all
relationship.)

use the same symbols for the two
texts tepch the same fundamental

i
The ratio =

equal to dp/dg) is the theoretical mechanicel
advantage af a I"l?:l.{h'nt‘ In actual practice the
mechanical advantage is always lower than the
theoretical figure, since part of the effori must
be consumed in opposing the machine's internsal
resistance, or friction.

The wheel and axle can be analyzed as an
application of the lever idea, By the term ""wheel
and axle' the physicist doesz not mean a wheel
that turns about an axle, as in & wagon, He
means, instead, a wheel (or part of a wheel}
snd 8 shaft that are firmly secured to esch
other and turn as 2 single unit. The ordinary
doorknob is a wheel and axle in the physicist’s
gense, S0 is the crank, which is really a single
gpoke that acte like a wheel when it is turned,
In a2 wheel and axle, the effort arm is the radius
of the wheel {or wheel seg 1’1‘1-.:.'i:‘-.1.:| that the operator
furns, The product I x dp 18 known as torque
or twisting foree, and is E}q}reskﬂd in pound-feet,
pun¢e~inches, or similar units, The tool called
8 torque wrench ascts sutomatically to warn the
operator when he has applied the set value of
torque fo a screw,

Not all basic mechanisms are applications of
the lever., The inclined plane is the basis of the
wedge, of the screw (i.e.,, the mechanicsl com-
ponent, not the fastening device), of some types
of cam, etc. To understand the relation between
the screw and the inclined plane, note how figure
-1 shows that in effect a screw is an inclined
plane wrapped around a cylinder, as the hypolen-
use of the paper triangle is wrapped arcund
the pencil., The pitch of the screw (P in the
illugtration) iz the distance between threads,
A serew must make a complete turn to move a
lond along a resistance arm equal to P,

The gear principle is the act of meshing teeth
to permit mechanical engagement of rotating and
reciprocating mechanical components, This
makes possible the linking of & number of in-
dividual components such as screws, wheels and

(which, as iz easily shown, is

ol

axles, etc, A wheel becomes a gear when its
rim is cut to form regularly spaced teeth that
mate with corresponding teeth on another wheel.
Usually (but not necessarily) the shaft is firmly
Iixed to its gear, Gears and shafts will be dis-
cussed Jater in the chapter,

Though they c¢an be—and often are —used
alone, the basic mechanizsme are frequently
combined fo form machines or mechanical syg=-
iems, The next article will deal with these maore
complex sysiams,

MECHANICAL SYSTEMS

There are two major classes of mechanical
svetems —driving machines {often called prime
movers) and driven machines. Ap electric mofor
ig a driving machine; a sump pump powered by
the motor is a driven machine, In many small,
compact ordnance devices, such as homb fuzes,
compressed springs act as driving mechanisms,

Some machines act simultaneously as driving
and driven components, The pump in a gun’s
electrie-hydraulic drive is driven by an electric
motor, The pump, in fturn, acts fo drive s
hydraulic motor, and this motor drives the
training or elevating devices,

There must always be some connecting link
to transmit power between a driving machine
and a driven machine, When the two machines
are near each other, the link is frequently a
mechanical one, such as a belt, a chain, or a
syvstem of shafts and gears. Under some condi=-
tions, enclosed {luids pre used to transmit

mechanical motion, This use of fluids will be
taken up in the section on hydraulics, When the
driving and the driven machines are widely scpa~-
rated, electirical transmission is normally used.

BARIC PURPOEES, All mechanisms serve
one or more of the following purposes;

1. They may transmit motion, force, or power,
Ag already mentioned, belts, chains, and gearing
svetems are used {or this purpose.

2, Mechanisms with a high mechanical ad-
vantage are used to increasc a small force to a
large one, at a corresponding sacrifice of speed
and distance., By using the block and tackle
shown in figure 3-1, & man can hoist an 80-pound
weight by giving a 40-pound pull, But, to hoist
this weight 12 feet, he will have {0 haul in 24
feet of line,

3. Provided a low machanical advantage (some
fragtion less than 1) i= acceptable, a machine
can increase the speed and extent of motion.
If a crank 10 inches long acts through a common
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shaft to turn a wheel 20 inches in radius, a point
on the rim of the wheel will travel twice as
many inches, in a second, as the crank does.
Since the elfort arm, this time, is only half the
resistance arm, the applied effort will have to be
double the resistance,

4, Finally, a machine may change direction
or type of motion, In the lever shown in figure
3-1, a downward effort moves the resistance
upward. As will be shown later, gearing systems
are effective In changing the direction of motion,
and even in converting circular motion to
stralght=ling motion, or vice versa.

PRINCIPAL COMPONENTS. The paragraphs
following deal with the principal components of
complex mechanical systems, As will soon he-
come evident, these components are either basic
mechanisms or connecting devices.

A SHAFT is a cylindrical rod used to trans-
mit turning motion, A shaft may be pinned o
input or outpul gears, or it may have splined or
toothed ends that mesh with gears. A shafl is
mounted to turn withoul interfering with other
components, Figure 3-2 shows a common type
of shaft mounting used in mechanical computa-
tional devices.

One shaft may be joined to another by a rigid
sleave, by n flexible coupling, by a universal
joint (described later under pivots), by gears,
pulleys, or clutches, etc.

BEARINGS permit rotation of = shafl with
respect to a support that does not rotate with the
shaft. A plain or journal bearing (not illusirated)
uses & sleeve within which the shail turns, To
reduce friction, the sleeve is generally of softer
me=tal than the shaft, Ball and roller bearings
(figure 3-3) substitute rolling iriction (which is
comparatively small) for sliding friction between
surfaces. Thrusl bearings are designed to inke

12,49
Figure 3-2,—A representalive shaft and mounting,
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Figure 3-3.— Representative bearings.

up an axial thrust while permitting shafl rots-
tion, There is a variely of thrust bearing de-
signs. Jewel bearings are used in very fine
machinery. The pointed end of a hard steel
shaft rotates in a V-shaped depression in the
fixed jewel (usually a sapphire or ruby).

A PIVOT iz a fixed pin or short axis that
permits one part to turn with respect to another,
Pivots are closely related to bearings, The maln
distinction betweén them is that pivols are gen-
erally associated with limited arcs of rotation,
An arrangement of pivois called a universal joint
(fig, 3-4) is used to connect rotating components
(for example, & pair of shafts) that must be
permitted to swivel as they rolate,
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PIVOT PN

5.34
Figure 3—-4.— Pivoting arrangemaentinauniversal
joint,

A CRANK is an arm (or pair of arms) keyed
to & sheft in such a way as to {mpart or receive
motion, The common exterior or side c¢rank is

* manually rotated to introduce hand inputs into

a mechanical system, As mentioned earlier, this
is essentially one spoke of a wheel. Internsl
cranks take various forms. One of the commoner
forms found in navel ordnance is the bell crank
ghown in figure 3-5, This lype is used to carry
push-pull motion around corners. Cranks may
‘also be used o convert turning motion lo back-
‘and-forth (reciprocating) motion (for example,
in certain types ol molor=driven reciprocating
‘pumps) or vice versa (for example, in internal
combustion engines),

A LINKAGE is a system of bars, ¢ranks,
and other lever-like components, connected to
lixed members and to one another in such a way
that an input force causes a desired movement
‘of the movable members, Figure 3-5 shows a
linksge used in the loader for the 3-inch rapid-
fire gun, When the vertical shalt moves upward,
the horizontal gates are pulled together to close;
when it moves down, they opon.

Of all the mechanical components used inord-
nance machinery syslems, few are more numer-
ous or more varied than the gears. They are
used to tranemit motion, to change the direction
or type of motion, and to increase or decrease
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Figure 3-5.— A typical ordnance linkage (gate-
operating linkage, 3-inch rapid-fire gun
loader).

speed. Alsc, as a later article will explain, they
are used to periform the four arithmetical proc=-
esses (addition, subtraction, multiplication, and
division), The sericus student will regard the
discussion of gears in this chaptar as a mare
introduction to a large and Iascinating tople,

As has been said before, many (but not all)
cears are wheels with teeth that mesh and permit
one wheel (the driving gear or driver) to turn
the ather wheel (the driven gear) without slipping,

Figure 3-€ shows a& simple gearing arrange-
mant. Here the driver and the driven gear have
the same diameter and the same number of teeth,
Necessarily, therefore, they turn at the same
speed, though in opposite directions (one clock-
wise and one counterclockwise). The shafts,
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9.22.1
Figure 3-6, — Spur gears with a 1:1 ratio,

likewise, turn at the same speed and in opposite
directions,

The ratio of the number of teeth on the driver
to the number of teeth onthe driven gear is called
the gear ratio. In figure 3-6, the gear ratio is
1:1.

Gears that have radial teeth, as in figure 3-6,
are called spur gears.

A designer may wish two parallel shails to
turn in the same direction, They will do this if
he places an idler between the driver and the
driven gear, as shown in [igure 3-7, This idler
serves only to change the direction of molion;
it has no other use in the system.

To produce a difference in speed between two
gears (and the related shafts) the designer makes
the driven gear larger or smaller than thedriver,
as required, If the driven gear has four times
the circumlerence (and four times the number of
toeth) of the driver. il will take four times as

12,55
Figure 3-7.— The principle of the idler gear.

— o —

many seconds to make a complele revoluti
that is, ils speed will be a quarter of the spe
of the driver,

To turn & driven gear and shaft [aster th
a driver, as is {requently desired, the designe
makes the driven gear smaller than the driver
The smaller gear of a meshing pair is Irequen
called a pinion.

The shalts in o gearing system need not
parallel, As figure 3-8 shows, they may be
placed at right angles or al some other desired
angle. Bevel gears (fig. 3-8) can be design
to transmit motion at almost any angle, Bevel
gears that are at right angles are called mit
gears,

Some gears do not need to turn through g
complete circle. The mechanism may have limi
stops that restrict the travel of a pinion tos
certain number of revolutions clockwise and ac
equal number countérclockwise, To save space
and welight, the goar driven by this pinion can be
a segmaent, or sector gear, rather than a circle,
Figure 3=% shows a sector gear,

2.22.4

5.24.6
Figure 3=9,—How a seclor gear saves space.
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Under some conditions a limiled-travel gear
‘peéd not be an arc, Sometimes it can (and indeed
MUST) be a straight bar wilth gear teeth, or a
rod with a specially designed screw thread, The
bar-type gear is called & rack (fig. 3-10); the
-serew=type gear s called a worm, and its mating
~geqr 18 called a worm wheel (fig. 3=11).

A eingle=-thread worm turns its worm wheel
ope toth for each turn of the worm, and a
- fdouble-thread worm turns its wheel two teeth for

" esch turn of the worm. Worms may have three,
four, or more threads, The number of wheel
‘teeth turned for each revolution of the worm
“glways corresponds to the number of threads on
- the worm,
Worms are often used where great reductions
in amount of rotation are needed, because the
ratio of rotation between the worm and its wheel
s usually large, Since each thread of the worm
‘moves only one tooth of the wheel the gear ratio
betwoen worm and wheel is;

'I'_hu number of threads in the driving worm
The number of leeth in the ariven "FFI_w c

In a single-thread worm with a 100-t0oth wheel,
the worm must make 100 revolutions for one
complete turn of the worm wheel, (The gear
ratio is 1:100,)

~ Sometimes the worm wheel drives the worm,
This is possible only when the slope of the worm
fhreads is greater than 5°,

The rack converts rolary motion to linear
motion when it is driven by 2 pinion, A rack with
two sets of teeth may serve simultaneously as a
driver and a driven gear. When the rack drives,

ROTARY MOTION

PINION

RACI{ GEAR

5.22.13
g =10, — A rack makes conversions between
rotary motion and linear motion,
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WHEEL

5.22.9
Figure 3-11.— A worm and worm wheel.

tha mechanism converts linear motion into rotary
motion,

Another device for converling rotary motion
to linear motion is a screw with s traveling
block (fig. 3=12). The bleck is restrained In such
e way that it cannot turn with the screw, As the
scréew turns, the block wsalks along the threads.
Screw=type elevating gear in older gun turrets
uses this principle, which has other ordnance
applicetions,

Figure 3=13 shows spur gears of several
sizes, bevel gears, a screw with a traveling
block, a rack (the T-shaped member) moved
backward and forward by this block, and, finally,
a gear that converts the straight-line motion of
the rack to rotary motion. For the sake of
simplicity, the drafteman has not shown the teeth
on the various gears,

The input cnters this system through the
handcrank, The designing engincer has assigned
an arbitrary input value of £00knots lo each com-
plete revolution of the handcrank, Numerals
indicate the goar ratios other than the 1:1 ratio
of the first pair of bevel gears. The [igure is
introduced at this time to show a representative
but fairly simple example of the gearing and
shafting used in naval ordnance, Somewhat later,

ROTARY
MOTION

S

ROD TO PREVEMT

TURMING OF BLOCK
110.6
Figure 3-12.—The principle of the travelling

block.
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Figure 9=13, — A representative gearing system used in naval ordnance,

the mathematical aspects ol
receive some attention,

4 DIFFERENTIAL is an arrangement of
gears and shafts that sccurately and continuwously
combines two variable inpuls to produce a single
output or, conversely, as in the rear end of an
ordinary automobile, breaks a single input into
two outputs thal vary as required.

In fipure 3-14 a typical differential has been
partially cul away to show the four beve] gears
and the spider shafi that are the heart of the
mechanism, This is a common differential de-
sign, though there are others.

The simplified drawings in figure 3-135 will
clarify the relationships within the differential,

The two bevel gears on the sides of the dif-
ferential are its end gears. Each end gear is
firmly joined to a corresponding spur gear, This
gpur iz the input gear through which inputs from

the figure will

&1l

110,7

another part of the mechanism enter the difs
ferential., Each end gear and its input gear meaks
up & side of the differential.

The two bevel gears ahove and below, meshing
with the end gears, are the spider gears. The
cross shaft and the spider gears make up the
spider. The cross shalt iz pinned to a long sh
called the spider shait.

The spider gears are not pinned to the cros
shaft in the ususl gear-and-ghaft relationship
Instead, these gears are free to rotate about thei
shalt on precision bearings, Likewise the t
sides arc iree to rotate independently aboul t
spider shaft, The output gear of the differenti
howaver, is securely pinned to the spider shai
and rotates with it. i

Figure 3-16 shows how the spider gear
work., When a side receives an input, the in
gear and its attached end gear turn, This acti
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12.87
Figure 3=-14,— A typical differential.
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grives the two spider gears, and in so doing
turns the spider and the spider shaft, with its
attached oulpul gear,

If only one of the two sides receives an input,
the opposite end gear will remuain stationary
while the two spider gears walk arcund it, The
output will then wvary with the single input,

I both sldes receive inpute in the same
direction, the movement of the spider will be
proportional to the sum of the (wo inputs,

Ii the two sides receive inputs in opposite
girections, the movement of the splder will be
m the direction of the larger input, and will be
proportional to the difference between the two
inputs,

If the two inputs are equal and cpposite, the
gpider gears will turn, but the spider shall will
not move,

Because the spider gears are free to roll
between the two end gears, the revolutions of the
spider always represent half the sum (or differ-
ence) of the two inpuis,

This short description has shown that the dif-
ferential can be used to perform sdditions and
subtractions, In fire control devices it is used
for that purpose,

.~ Like a gear and shaft, a CAM is & mechunical
- device for receiving inputs and transmitling out=
puts, As will be shown later, cameé are capable
of showing mathematical relationships that can-
not be expressed in terms of simple gearing and

END GEARS
==
=1
INPUT GEARS
SPIDER

SPIDER SHAFT

DQUTPUT GEAR

SPIDER GEARS
110.%
Figure 3-15.—Gear relationships within a dif-
ferential,

Cams vary greatly in design., Every cam,
however, has some sort of shaped surface —a
groove, a ridge, or a contour — that {8 positioned
by the input force. Every cam has also an output
device, called & follower, that bears against the
shaped surface and is positioned by it.

One type of cam has a uniform spiral groove.
Each point on this spiral corresponds to an out-
put that is directly proportional to an input from
the driving pinion shown at the lower right in
figure 3=1Y., The cam follower is the small
cylinder shown as a phantom in the illustration,

The c¢am shown in figure 8=17 can rotate
either clockwise or counterclockwise, depending
on the direction of the input. Rotation in one
direction [orces the follower (and with it the
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Figure 3-16, — How a differentiagl works,

ag

attached fellower block and the output pin) out-
ward from the center, along the siraight-lines
slot, A reversal of the direction of rotatica
forces the follower back toward center. Thought
the follower itself never touches the zero posi-f
tion at the exact center of the cam, the output pint
is offset enough to allow a zero reading to he
taken,

This cam is a positive-action type. Thisg
means that its follower is keved to the groowved

followers that move only when they are held
against the cam by gravity, spring action, orff
some other [orce that is frees to operate only af
some stages of the mechanical action. I

Cams can be used to control or position othed
mechanisms. Shipboard pguns, for example, haves
firing cutout cams that act to interrupt firing
when the gun is pointing in a direction that en-
dangers permanent shipboard inslallations. Bub
many cams are special-purpose mathematicsl
devices, As such, they will be discussed in the
next section.

MECHANICAL COMPUTING
DEVICES |

moving target from a maneuvering zhip is muc
oo complicated to be solved by mental arithmetic,
or even by hand-operated slide rules, When
conventional gun is fired, some two dozenfactors
may enter into the fire control problem. (For &
discusszion of the fire control problem see chapter
6,) II the wespon is a guided missile and the
target is a manned aircralt or a guided miﬁﬁilgg
moving gt supergonic spesed, the problem is
gtill more complex and the futility of longhand
mzthods is obvious,

The problem of hilling a distant, T'apidh.}"F

ERly ot

MACHINES CAN SOLVE THE PROBLEM,
As the reader has probably noticed, certain basie
mechanisms can hardly be described, even in
their simplest terms, without some relerence tg
their potentialities as problem solvers.

LS R A o L

In figure 3-13 the designer of the gearing and
shafting decided arbitrarily that one revoluticn
of the input crank should represent 400 knots.
He could have eelected any other figure, had he
found it better suited to his purpose; a crank
revolution, as such, has no mathematical signifi-|
cance uniil one hgs been assigned. When sn
input value has been selected, however, every

e e i) T

ST T
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Figure 3=17,— A positive-action spiral cam,

transmitted value in the enlire gearing system

‘yaries with the input, following the fundamental
‘1aw of proportion:

a:b = ¢:d,
A GEAR TRAIN, then, is one means of repre=-
“genting mathematical relationships,
Unfortunately, many factors in thefirecontrol
‘problem do not vary in accordence with Lhe
lgws of direct proportion, These {actors, too,
_oan be expressead in terms of mechanical motion,
By using the basic mechaniems described thus
far, plus certain specialized modifications of
those mechanisms, the Navy's mechanical coms=
‘puters set up and solve problems that involve

39

algebra, trigonometry, and even calculus, Re-
lated mechanisms either position the gun or
launcher automatically or give operating per-
sonnel the information they need.

TYPES OF COMPUTERS, A compuler may be
of the digital or the. analog type. It may be
machanical, electrical, or a4 combination of both.
We are here convernsd only with mechanical
computgtion, (For some [urther discussion of
fire control computers using electrical or elec-
tronic elements, see chapter 6,)

A digital computer essenlially performs the
basic arithmetical processes — addition, subtrac-
tion, multiplication, and division—by counting.
The ordinary office calculating machine is a
méechanical digital computer,
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An analog computer represents mathematical
reélationships by analogous mechanical motions
and positions, These may vary {rom moment to
momant by large or small amounts, but the solu-
tion is produced continuously. Its output at sny
given instunl measures the values at that instant
of the two or more changing quantities in the
problem it has been designed lo solve, A simple
example will help to make this clearer, Suppose
the hypotenuse of a right triangle remains con-
stant in value but the two scule angles are con-
tinuously changing. One of the computing devices
described later in this section will tell the opera-
tor (or the relaled computing mechanism) the
exact values of the base and altitude of this
trigngle, whencver these values are needed in
the solution of a larger problem,

For solving the fire control problem, the ma-
chanicul anslog computer is much fuster thanany
combination of mechanical digital units, It is
not as versatile as a digital computer, but a fire
conitrol computer is required to deal only with
lire control problems. The fact that it is not
adapted to other problems is not & drawback,

The following talrlation lists some of the ship-
board computing devices (ususlly mechanical
or electromechanical analog types) that a junior
officer is likely to encounter, In gun sysiems:

Fire control computers
Gun dircetors

Gun elevation indicators
Gun train indicators
Parallax correclors
Rangefinders
Rangekeepers
Receiver-regulators
Sightseiter's indicators
Stable elements

Stable verticals
Star=-shell computers
Wind transmitters

In torpedo and ASW syslems;

Course direclors
Depth computers
Atlack directors

Range recorders

Later chapters will explain the functjoning of
many of these computing devices, The paragraphs
tollowing will take up a mumber of their repre-
sentative mechanical components and tell briefly
how they work,
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ADDING AND SUBTRACTING DEVICES, A
was explained earlier, the output of a differentis
(figs., 3-14, 3-15, 3-16) measures the sum of
the difference of two inputs,

Finely constructed mechanisms with ligh
loads sometimes use a compact jewel differentid
that has spur gears instead of bavel gears, The
operating principle is exactly the sama as in the
bevel type.

A shalt can be designed to add some selectu
constant to the value it would normally transm
Figure 3-18 shows a two-shaft combination ar-
ranged to transmit an output of range-minus-35i

Each shalt in fipure 3-18 has a mechanica
counter showing its output. In the first view, the
two shafts have been zeroed, coupled, and
as a unit until the output of each is 50 yards)

In the center view, the c¢rankshaft remaing
clamped o the sleeve coupling, but the inps
shaft has been unclamped and resei at zero
When the loose clemp is tightened agnin and th
two shafts turn as one, the variable introduce
by the crankshaft will be reduced by 50 when the
input shaft transmits it. For example, in the

=i

RANGE ™ Yt
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MEHANISM
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i TLT R T
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110,11
Figure 3=18,— A coupling used to introduce a
constant,
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lower view, a crankshaft reading of 150 yards is
transmitted by the input shaft as 100 yards.
This use of a sleeve coupling

can be either negative, as here, or positive,

CAMS, MULTIPLIERS, AND DIVIDERS, The

. use of shafling and gearing in solving problems
in ratio and proportion has already been ex-
~plained, and it ls an extremely important use.
. By the use of cams, quantities that vary ac-
- cording to other laws can [requently be intro-

- duced into the gearing, either for transmission

| i a dial or for further use in solving the prob-
lem,

A great many mathematical relationships can
be expressed, accurately and compactly, as graphs
- on squared paper, It is possible to construct
. eams that reproduce these graphs, The spiral

¢am in figure 3=17 is only one of a great variety

g 3~19, —Some representative
Canme.

is called
Uputting & constant offset on the line.'' The oifset

of possible types. Three commonly used cams
are shown in figure 3-19,

In computing cams, such as the three shown
in figure 3-19, the output is a [unction of the
input; that is, it varies with the Input, but not
in direct proportion. The output of the reciprocal
cam is one-divided=-by the input, The input of
the secant cam is the value of n given angle; the
output i the sccant of that angle, Cams can,
of course, be cut to represent other trigonometric
functions, The square cam multiplies the inpul
by itself. The subject of cams is much broader
and more complex then this necessarily limited
paragraph would indicate.

Somaetimes cams cannot be designed to show
the output values for all possible inputs; but they
can still be used to take care of inputs within
certain ranges that are adequate [or the needs
of the system,

The SCREW=-TYPE MULTIPLIER shown in
figure 3-20 is a device that computes, c¢on-
tinuously and accurately, the product of two con-
tinuously changing input values. Actually there
are several types of multipliers, but all of them
make use of the laws of proportion as exemplified
by a pair of similar triangles,

The multiplier illustrated here receives one
of its inputs through a slotted slide thatis walked
out from (or back toward) its zero position by
two screws that are turned by bevel genrs, The
second input enters through a slotted arm that
pivots on a stationary pin, and is jolned at its
opposite end to an input rack.

I -i:l Eb '-l" -
:h L]

12.91
Figure 3-20,— A screw=-type multiplier.
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In its zero position, the pivot arm is per-
pendicular to the input slide. The pivot arm is
forced away from (or back toward) its zero
position whenever the input rack is moved by the
input spur gear,

A multiplier pin passes through the slots in
the Input elide and the pivot arm, This pin also
passes through a third slotted member—the
T-shaped output rack.

Whenever the input to the slide, the input rack,
or both is zero, the multiplier pin will lie at
some point along the zero line shown in figure
3-21, The slot in the output rack will also lie
along the zero line., This is correct, since any
cquantity multiplied by zero equals zero,

Whenever the input slide and the input rack
BOTH move from their respective zero posi-
tions, the maltiplier pin will be above the zero
line by a vertical distange that, as will be shown
in the next paragraph, measures the product of
the two inputs. The output rack will be displaced
by this same amount, and will transmit the
maasured product as its output,

Figure 3-22 shows how this particular mul-
tiplier utilizes geometric truths, In this figure,
the constant K is the distance, along the zero
line, from the stationary pin to the vertical line
of teavel of the right end of the pivot arm.
Solid line a is the distance the input rack has
moved from zero, Dotted ling b is the distance
the input slide has moved to the right of zero,
Dotted line x is the disiance the multiplier pin
and, with it, the input rack has moved up irom
ZELO,

Notice that these relationships defline two
similar right triangles, one superimposed on the
other, Since the corresponding sides of similar
triangles are in proportion,

x _ b
A K
and

That is, x, which represents the output, is the
product of the two inputs, divided by a constant,
A proper cholce of gearing ratios can remove the
effect of the constant,

In actual practice, to save space, & multiplier
is often designed to deliver a fixed fraction (say
a tenth) of the whole product., Gearing converts
this {fraction to the fu]l value,
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Figure 3-21,— How the multiplier works.
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12,83
Figure 3=22,—Similar triangles in the multiplier,

INTEGRATORS, In some phases of the broad
fire control problem —and in many other situa=-
ticns as well —a quantity that obeys the laws of
proportion (and therefore can be transmitted by
a gear) must be multiplied by a second quantity
that varies at a constantly changing rate of
change, We say that the second quantity ac-
celerates, or decelerstes, or changes by incre=
ments, The integrator, one type of which is
shown in figure 3-23, is a device that periorms
this special kind of multiplication.

The horizontal digc is driven at a constant
speed that measures the non-accelerating input,
A gear-and-rack arrangement receives the ac-
celerating or decelerating inpul and uses this
ipput to drive a movable carriage backward or
forward along a selected diameter of the dise,
The carrisge contains two balls, one directly
gbove the other, that are free to turn.

Except when it is above the dead center (2ero
point} of the disc, the lower ball rotates whenever
the dise turns, The speed of the ball depends
on two factors —the constant speed of the disc
itself and the variable point at which the car-
riage is positioned at the given instant, The
pearer the ball is to the edge of the disc, the
faster it will rotate.

. The lower ball drives the upper ball, (The
designer uses a pair because the two balls roll
- more smoothly than a single one, In other de-
&igns o single ball or a roller can be used.) The
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rate of rotation of the balls measures the product
of the non-accelerating input and the accelerating
input. The upper ball drives a roller which, in
turn, transmits its constantly varying output to
the next stage of the gearing system,

At one side of the center of the disc, the balle
transmit poeitive values; at the opposite side,
negative values.

COMPONENT SOLVERS, A vector is a line
drawn to show both the direction and the magni-
tude of a force, Such quantities as target speed
and wind motion are shown on graphs as vectors,
For practical purposes, a veclor can be treated
as the diagonal of a rectangle that has one corner
at the zero point of a conventlonal graph, one
side along the x-axis, and one side along the
y-axis, These sides of the rectangle represent
the two components that make up the vector,

The two components can be computed by
simple trigonometric methods, When it is de-
sirgble to perform this operation automatically,
a component solver computes the desired values
and transmits them,

Figure 3-24 shows the operating principle
{but not all the structural details) of a typical
component solver, The dial carrying the com-
pass rose and own=-ship outline can be rotated
about the zero point of the graph. This dial is
set at an angle representing the relative target
bearing (angular offset of own ship's centerline
from the line of sight). The vertical pin is posi=-
tioned af a distance from center that represents
own ship's speed. Thus the vector is established.

Two L-shaped slides, arranged as shown in
the illustration, are slotted to rec¢eive camming
action from the vertical pin, The slides move
whenever the pin moves, but they are so mounted
that the range slide always moves parallel to the
line of sight and the deflection slide always moves
perpendicular to the line of sight, The distances
travelled by the two slides always measure the
values Xo and Yo, which are the two quantities
this particular component solver is designed to
transmit,

A meachanical component solver can resoclve
a vector rapidly; but a wire=wound resolver,
constructed on the principles of the synchro, can
receive an input that measures the vector and
instantaneously transmit a pair of outputs that
measure the components,

NOTE: In addition to elaborate gearing and
shafting, and also in addition to a large number
of electrical devices, the Mark 1 computer, a
World War II design, contalned 9 component
solvers, 10 integrators (representing two types)
15 multipliers (both simple and complex types)
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Figure 3-23, — A disc-type integrator,

8 c¢ams, 24 handeranks, and more than 150

differentials,
GY ROSCOPES

A gyroscope (colloguizlly called & gyro) is
fundamentally a rapidly spinning wheel. Its ro-
tational momentum gives it two uselul proper-
tics:

1. rigidity in space
2. precession

The firsl property was described earlier
as being caused in any rotating body by its rota-
tional momentum. It can be demonstrated easily

in a toy gyroscope (figure 3-25, part A) which,
when spinning vapidly and supported at one
end, will appear to defy the law of gravity by
remaining horizontal while the other end is
unsupported,

At the same time, though, the gyro will
demonstrate the effect of the second property,
precession, by rotation in a horizontal plane
about ils point of support, as shown in part B o
figure 3-25, Gravity pulls the unsupported end
ol the spinning gyro wheel’s axle vertically
downward, But the axle doesn’t move downward;
inslead it reacts by moving horizontally (i.e.,
at 90° to the pull of gravity).

To understand precession, consider the spin-
ning mass of the large wheel shown in figure
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) 110.13
Figure 3-24.— The principle of the componcnt
solver.

E;I—H An applied force symbolized by thick
‘arrows labeled APPLIED FORCE (&t the top and
I,uthmn of the wheel’s axle) tends to tip the a.xle
[i.u,, rotate it nbout the axis Y-Y), Particle A
is part of the spinning wheel's rim, At some
inatant its inertia is moving it in the direction
AC, But the applied force tends to move it in the
direction AB, IL cannot move in two directions at

ml}' upon it by moving in the dircotion AD,
‘But fo do this the wheel’s plane of rotation must
Shift as shown in the smaller disgram in ﬁg:ure

\doee its axis ol rotation (X=X). This shift is at
gn angle of 90° to the axis of the applied force
'-_-r'i']. By turning figure 3-20 on its side and

" how the force of grawty pulling the axle
jovmward can cause the axle (o move horizon-

4.99:.100
Figure 3=25, — Elementary gvro action, A, Rigid=-
ity in sprce; B. Precession,

The gyro's first property (rigidity in space)
makes it desirable to use for estshlishing a ref-
erence direction (as in a torpedo or gyrocom-
pass) or a reference plane (a8 i1 & stahle ele-
meant). In these applications the gyro wheel is so
maounted that it will not be affected by changes in
tha direction of the vehicle thal carries it, Since
the precessiongl force is related to the deflecting
force applied to the gyro, its second property
{precession) is used (in lead=-computing fire
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88.6
Figure 3-26.—Gyro precession.

control equipment) when it is necessary todeter-
mine the amount of lead required for & gun pro-
jectile to hit a moving targel. These applications
are discussed in later chapters of this text,

In these applications, it {8 necessary to mount
the gyro wheel with the amount of frecdom re-
guired in each case., This is done by using
gimbals, A gimbal is a metal ring (or partof a
ring) supported so that it can rotate about an axis
formazd by two points 180° apart on its circum-
ference, Tigure 3-27 shows a gyro wheel sup-
ported in two gimbals o that ithas three degrees
of freedom.

The gyro rotor is free to spinon its axis A=A,
That’s one degree of freedom, The rotor axis is
supported In bearings in the inner gimbal ring,
which is free to turn on the axis B-B. That
makee wo degrees of freedom, The outer gimbal,
pivoted on the support, is free to lurn on axis
C-C. That gives the gyro its third degree of
frecdom, With three degrees of frcedom, the
gyro can maintain its rigidily in space no matter
how its support moves.

PRINCIPLES OF HYDRAULICS

DEFINITIONS

Fluids are materials that continuously adapt
their shape to fit their containers, Fluids include
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4,101
Figure 3-27.—The principle of gyro mounting.

both liquids and gases. In this section the mai
emphasis will be on liquids,

Hydraulics, in the striot scnse, deals with ti
behavior of liquids in motion through a close
(that is, liguid-filled) system of connected com
tainers, In its practical applications, hydraulic
is concerned with the uses of fluid={illed systen:
in transmitling applied forces and producing ¢
controlling mechanical motion,

A closely related science, called hydrg
statics, deals with the behavior (including es
cially the pressure aspects) of flulds at rest i
open containers. These may be such large "
tainers' as lake or ocean beds, In actual prac
tice, the Navy man ordinarily expands hydraulic
to include hydrostetics, Fellowing are some de
f[initions used in hydraulics,

open container exerts pressure equally in al
directions {rom any given point within the liquid
The degree of pressure on a submerged objeg
varies directly with the depth the object hs
reached, At a depth of one foot in sea water, U
bottom of a mine casc is under hydrostati
pressure of €4.3 pounds for ench square foot o
its surface, At a l0-foot depth, the pressure i
10 times as great, or 643 pounds per square fool

Underwuter weapons — particularly mines and
many depth charges —have various components
that remain inactive until the hydrostatic pres
gureé on the exterior of the device becomes gres
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enpugh Lo overcome a built-in resistance, suchas
that offered by a spring or an expanded bellows,

APPLIED PRESSURE. A liquid in 2 closed
systern  also exerts hydrostatic pressure, but
thiz is not a major consideration in any com-
ponent except the storage reservoir. This reser-
voir must contain enough liguid {and exertenough
pressure or head) to keep all the enclosed spaces
filled during a complete coycle of operation.

The really imporiant fact about preszszure in &
rloged gystem ig the capacity of the liguid for
transmitting — rapidly and in all directions—a
force that i=s applied to one component of the
system, Because it can do this, an enclozed
liguid can be used, much as a basic machine is
used, to overcome resistances and move loads.

BASIC PRESSURE-MOTION RELATIONSHIP,
The systern shown in figure 3-25 is not equipped
to produce a work oufput that has any practical
value outside the classroom. If doss, however,
have teaching wvalue in that it shows the basic
principle behind many more claborate and highly
practical systems,

In fipure 3-28 a total downward force of 25
pounde is applied to the small piston, whose
head has an area of 5 square inches, The pres-
sure applied through this piston to the enclosed
lignid is 25 pounds for each S=-squars=-inch area
gf container surface, The unit pressure is,
therefore, 25/5 or & pounds per sqguare inch,
{This unit pressure may be abbreviated 5 psi; the
letter symbol is pronounced p-s-i, not like the
name of the Greek letter Psil)

The input, transmitted equally in all direc-
fons throughout the liguid, acts on the large
piston head with an upward pressure of 5 psi,
The large piston head has an area of 250 square
inches, It ig, therefore, subjected to a total
upward force of 250 x 5, or 1230 pounds,

The system is similar, in effect, to a lever in
which E is 25, R is 1250, and the theoretical
mechanical advantape is 50, But, just as in the
lever, the distances travelled by the effort znd
the resistance are in inverse proportion.

For example, if the small piston moves down-
ward an inch, it displaces 5 cubic inches of prac-
fically incompressible liguid that must be ac-
gammodated fomewhers unless the sysiem is to
burgt, The large piston is the only component
that can move to make room for the displaced
liguid; hut it needs to move upward only 3/250
o 1/30 inch to accommaodate the 5 cubic inches
of fluid,

This system lacks some of the essential com-
panents of a useful hydraulic mechanism, The

. 1260 LBS.
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| 250 B0 Il

e v Pl
T & 50 1M,
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110,14
Figure 3=-28, —The basic principle of hydraulic
pressure,

next article will mention and briefly explain
those components,

SYSTEM COMPONENTS

FLUID RBRESERVOLR, Because certain work-
ing members of a hydrauli¢ system move up and
down or in and out, the amount of space inside lhe
system varies, To keep the available space filled
at all times, the gystem must have astorage tank
or reserveir to accommodate back-up {luid and
return it to the system ag needed. The depth (or
the elevation, which amounts to the same thing)
of the siorage reservoir must be designed to
furnish enough hydrostatic pressure or head to
keep all enclosed areas [illed during a complate
cycle of operation,

PISTONS AND CYLINDERS, Figure 3-28 shows
elementary examples of the working parts prasent,
in one form or amother, in #l1 hydraulic me-
chanisms, These are the cylinderz that ac-
commodate varyving amounts of fluid and the
pistons (short, closely [itted interior cylinders)
that move, in response to mechanical or hy-
draulic pressure,

Usually the piston is attached to a rod that
projects through a leakprool opening in the
capped end of the enclosing cylinder. The usual
purpose of the rod is te receive a mechanical
input or to iransmit an output,
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CONNECTING LINES, The system musti have
connecting lines joining the working components
to one another amd to the reservoir. These
lines, like the one connecling the two ¢ylinders
in figure 3=-28, may sometimes be partol a single
casting. If the working elements are a distance
apart, pipes are used to connect them,

VALVES., A workable hydraulic system must
have valves that open and close to keep the [luid
moving in the right direction, inthe right amounts
and at the proper pressure, The wvalves mustl
also prevent the liquid from moving away from
cortain areas until it has accomplished its
work, A lack of valves robs the device in figure
3=28 ol practical value,

There are many types of valves, varying from
extremely simple to fairly complex designs,
Some have stems that permit an operator to ad-
mit fluid, lo cut it off, or to allow flow &t a re=-
duged rate, Olhers are operated by the internal
pressures that develop within the system. At
this time only a few valves of the simpler sort
will be considered,

The COCK is a plug-type valve permanently
scated within a pipe. A cylindrical opening in
the plug can be turned at will, to permil flow
or to bleek it, Figure 3-29 shows the top view
of a typical cock,

A GATE VALVE, like 2 cock, c¢an be turned
by an operator to admit or obstruct flow. Instead
ol ztaying within the pipe in ite open condition,
the gate valve occupies a projecting ''bonnet,'
ag shown in figure 3-30,

OPEN

TOP VIEW

A NEEDLE valve has a iapered point fo pens
mit gradual opening or e¢losing in an ares whers
a more sudden change of pressure would b
dangerous.

A CHECK valve, responding automatically 1§
pressure changes within the sysiem, opens 1@
permit flow in one direction and closes to checl
or prevent flow in the opposite direction. Spring
or gravity action sometimes hastens the closun
of this valve. Figurc 3-31 shows a check valvd
hinged at the top to allow flow toward the righi
and prevent flow toward the left. A check valw
is sometimes called a directional valve,

A SAFETY or a KRELIEF valve (the two types
are gimilar but not identical) is a spring=loades
check wvalve thal keeps an exhaust or bleede
pipe closed until an excessively high pressure
within the main line overcomes the built-ig
spring resistance and opens the valve,

SPOOL wvalves and ROTARY valves may
depending on design details, be operated In
hydranlic or elecfrical actuators, or may (lesg
frequently) be hand-operated. These valves ar
used in more complex hydraulic systems 4§
direct fluid [low as desired for system operation

SIMPLE PRACTICAL APPLICATION

Before taking up the pump, the reader m&ycj
interested to see that the addition of devi

described thus far —a storage reserveoir, a cons
necting line, two check valves, and a gate valve -
can turn the device shown in figure 3-28 into the
highly useful hydraulic jack shown in figure 3-3i
and, somewhat later, in figure 3-33,

CLOSED

110,15

rigure §-29. —How a cock controls flow,

48
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OPEN GLOSED
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110.16
Figure 3-30, —How a gate valve opens.

The valves pumbered 1 and 2 in the illustra-
ton are check wvalves, Valve 1 is hinged at iis
lefi-hand side. It is opeh because [uid under
pressure has been forced agsainst iis lower face
by the down stroke of the small piston, When
open, this walve admits displaced fluid to the

large cylinder, Valve 1 cannot swing downward

beyond its horizontal or closed position,

Valve 2, shown closed in figure 3-32, is hingresd
gt the top, It opens by swinging toward the
small cylinder, It cannot swing open in the
firection of the storage tank. This valve is
tlosed by the pressure exerted during the down
stroke of the input pision, for this applied pres-
sure exceeds the hydrostatic pressure exerted on

the opposite face of the valve by the liquid in
ibe storage tanle,

Valve 4, the GATE valve, is kept closed whils
the operator is using the jack to lift a load, Act-

Ing a5 a pair, valves 1 and 3 keep the displaced
fluid trapped in the large cylinder. Upon com-
Cpletion of his work, the operator opens valve 3,

thus allowing the displaced fluid to return to the

IeServoir as the large piston sinks by gravity to
e mormal position,

Figure 3-33 shows the relationships within the

ik during the up stroke of the input piston,

A8 thiz piston i= pulled upward, the pressure

‘within the small ecylinder drops, and a partial

Vacuum s Lormed, The hydrostatic pressure of

QFEN

CLOSED

11,319(110)
Figure 3-3l1.— The operating principle of the
check valve,

the fluid in the storage tank forces valve 2 open
and lets fluid enter the small cylinder as long as
the piston is rising.

Because the pressure in the small cylinder
has dropped below that in the large cylinder, the
large piston tries to drop and restore balance; in
technical language, the large pislon exerts back
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Figure 4-32.— A hydraulic jack —down stroke of the input piston.
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Figura 3-33. — A hydraulic jack —up stroke of the input piston,
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pressure, lorcing valve 1 downward to its hori-
sontal or closed position, Because this valve
cannot swing below the horizontal, it simply re-
mains closed uniil it is opened {and valve 2 is
closed) by the next input stroke.

The cycle shown in [igures 3-32 and 3-383 is
repeated until the liquid trapped in the large
piston has lifted the load as high as the operator
wishes, within the capabilities of the jack.

THE SIMPLE PUMP, A pump is a mechanism
thal uses an external source of power to apply
force to a fluid, All pumps in open hydraulic

 ystems take advantage of the fact that the earth’s

‘atmosphere, a gaseous fluid, exerts a static
| pressure  whose existence becomes noticeable
whenover 4 partial vacuum is created,

Anybody who drinks through a straw is making

‘use of this phenomenon, By sucking on the

VALVE |

CYLINDER

straw, he creales & partial vacuum, Atmospheric
pregsure, acting on the liquid in the tumbler,
forces enough of it up the straw to dispel the
partial vacuum,

In a common hand pump, figure 3-34, the
lever=type pump handle is joined to a piston rod
with & simple upward-opening check valve (num-
bered 1) in the piston. The downstroke of the
pislon applies pressure to the waler in the pump,
opening valve 1 and closing another check valve
(numbered 2) at the base of the pump,

On the up stroke of the piston, pressure is
reduced, and a partial vacuum is created, in the
area between the two wvalves, Valve 1 closes,
Atmospheric pressure in the well forces water up
the pipe. The upward thrust of the water opens
valve 2 but is not slrong enough to open valve ]
as long as the piston continues to rise, The

VALVE |

VALVE 2

PRESSURE

ATMOSPHERIC

SURFAGE

ol

110,18

Figure 3-34,— How & simple hand pump operates,
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excess water thus drawn into the pump flows
from the spout,

There is a great difference in structure,
though not in fundamental operating principle,
between the simple hand pump in figure 3-34 and
the Waterbury constant-speed, axial-piston,
variable-delivery pump that conslitutes the A-
end of a gun’s electric-hydraulic train or eleva-
tion power drive, The summary below will pre-
pare the way for the description of the A-end
in the next section.

SOME FACTS ABOUT PUMPS, Pumps ihat
are designed to perform work operations arc
installed as inlegral parts of closed hydraulic
systems in which fluid from a reservoir is re-
peatedly circulated by pump action. These pumps
are divided into two main classes —the recipro=-
cating and the rotary type.

RECIPROCATING pumps deliver liquid by a
back-and=-forth movement of mechanical parts,
ROTARY pumps deliver liquid by a circular (or
other curved) motion of mechanical paris. The
A=end is a reciprocating pump, The following
nmunbered statemaents apply to it,

1. By lengthening or shoricning the work
slroke of its piston(s), a reciprocating pump can
be made lo deliver a larger or smaller volume
ol llguid per stroke.

2, Reciprocaling pumps can be constructed
to utilize lwo, three, or even many piston-and-
cylinder units arranged in a cylinder block and
driven by an ordinary power motor.

3. An AXIAL=-PISTON reciprocating pump has
a oylinder block that rotates on a central shaft
in such & way that the pistons move back and
forth in a direction parallel to tho shaft,

4. A VARIABLF-DELIVERY axial-piston
pump contains a means of varying the piston
stroke (and thercby wvarying the output of the
pumnp) sutomatically in response (o conirol sig-
nals.

ACCUMULATORS, An enclosed hydraulic sys-
tem ususally contains an sccumulator that stores
2 cerlain amount of fluid under air pressure.
When there {s n sudden heavy demand for fluid,
in excess of the capacity of the pumps, fluid
from the accumulator enters the system and tends
1o equalize the flow,

ORDNANCE HYDRAULIC
MECHANISAS

This article will take up, in rather general
terms and without fine details, some of the hy-
draulic devices that are found associated with

02

gun mounts, turrets, and missile-launching says
tems. Becuuse the way has already been pre
pared for it, the hydraulic pump or A=-end wil
be described first,

HCOW THE A-END WOREKS. Instead of havir
a single piston like the ordinary hand pump, tk
A=end oflen has nine piston rods, each with it
own cylinder. These cylinders are arranged ing
eylinder barrel that rotales in a fixed plang
perpendicular to its central shail,

The ends of the cylinders are joined lo
socket ring that rotates with the cylinder barre
but at the same time tilts at an angle that cant
varied [rom 20° on one side of the position of zert
ult tc 20° on the other side. A universal joind
similar in principle to the one shown in [igur
J=4, allows the socket ring lo be driven au
tilted simultaneously. The amount and directic
of tilt depend on the control signal the A-en
receives,

The simplified drawing in figure 3-35 shows
one possible angle of tilt between the cylinder
barrel and the socket ring, The yoke=like st
ture in which the sockel ring is bearing-mountes
is called the Lilt box. The ring is tilted in ne
cordance with signals from the indicator-
lator,

When the A-eénd is in operation, the cylindes
barrel rotates in the verlical plane, and the
socket ring rolates with it, al an angle dete
mined by the input signal, Unlees the cylinde
barrel and the socket ring are exactly paralle
each piston rod, during u complete cycle, will b
pushed into ite cylinder (thus increasing the ir
ternal pressure) for a hali-cyele and then will te
drawn toward the oppositc end of the oylinde:
{thus reducing the internal pressureg) for the
hali-cycle, The cylinder barrel as a whole wil
have & high-pressure side and a low-prese
side.

To gel pumping action, then, it is only neces
sary to arrange pipe lines and valve ports i
such a way that hydraulic {luid can always b
drawn into the cylinders as the internal pressurs
decreases and can always be forced out as the
pressure increases. The valve plate shown i
figure 3-36 makes the necessary arrangements

To minimize leakage, the rotating cylindel
barrel bears closely against the fixed valve plate
at all times, For the angle of tilt shown in figure
d=36, the lower pipe line {s the intake and the
upper ling is the outpul. Lands, corresponding
o the neutral-pressure (9 o'clock and 3 o'clocki
positions of the c¢ylinders (figure 3-36, part A
prevents short-circuiting of the two sides, Whe
the engle of tilt reverses, tho high-pressure side

Bl



Chapter 3—BASIC SCIENCES FOR NAVAL ORDNANCE AND GUNNERY

MOVEMENT CONTROLLED BY
MAIN CYLINDER WHEN IN
AUTOMATIC OR LOGCAL POWER
OPERATION

ﬂﬁ-‘

GYLINDER BARREL

NOTE. VALVE PLATE NOT SHOWN

‘hecomes the low-pressure one, and the direction
& flow reverses, Figure 3-36, part B, shows the
‘sssembly in phantom,

In some installations, the B-end or hydraulic
‘motor 18 separated from the A-end us shown in
‘figure 3-37, In others, the B-end is directly con=-
‘nected to the valve plate. In either event, the
“getion of the two ende is the same,

B=END, The B-end, shown as a phantom in
figure 3-38, 18 much like the A-end in design,
gxcept that the angle of tilt is built {n and cannot
be changed. The valve ports on the intake side
‘receive oil under pump pressure from the A-end,
‘This oil excrts forces at right angles tothe faces
of the pistons open to the intake ports, Thesc
forces can each be broken into two components —
{1) a thrust component slong the axis of rotation
that serves no uselul purpose and is neutralized
by bearings and (2) & lurning component that ro-
= the socket ring and, with it, the cylinder
berrel and the output shaft.

AMter a glven piston has taken all the fluid it
¢an {rom the intske side of the valve plate, it
passes the land and begins to discharge fluid

Dd

CONTROL UNIT WHEN IN HAHI:II
OPERATION

= VARIABLE PLANE

ANGLE

or
TiLy

SOCKET RING

110,20
Figure 3-35.— Angle of tilt in the A-end,

through the oullet ports of the Li-end to the intake
(suction) side of the A-end,

The direction of furning of the B-end and its
cutput shait depend on the direction ol iurning
of the A-end,

RECOIL AND COUNTERRECOQIL DEVICES,
The recocil and counterrccoil systems of naval
guns operate withoul pump or motor action, De-
tails of these piston-and-cylinder sysleme vary
with the sizes and types of guns, Figure 3-39
is & representative sketch, based on a conven-
tional S5-inch gun.

The recoil cylinder contains fluid and has a
piston whose head is precision-filled to the
cylinder wall. The counterrecoil cylinder contains
air (or some inerl gas) under pressure and has
g partially hollow plunger whose outer end ex-
tends through an airtight fitting in the end of the
cylinder,

The recoil and counterrecoil units work to-
gether 1o keep the ''Kick'' of the gun within
reasonable bounds, Lo restore the gun to batlery,
and to hold it there until the next round is fired,

I{ the student understands twosimple and usc=
ful hydraulic devices — the hydraulie receil brake
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Figure 3-36,— A~-end operation. A. Cylinder bar-

rel, valve pliate, and socket ring, B. Phantom
view of assembly,

and the differential eylinder —he should be able
to study, with little difficulty, the specific recoil-
counterrecoil mechanisms in any naval gun,

In a hydraulic recoil brake, the hesd of a
piaton fits closely within a fluid-filled cylinder.
The passages {rom one side of the piston head
to the other are few and small. These passages
may be holes through the piston head, or they
may be grooves in the cylinder wall, If an applied
force (such as the shock of firing) acts to move

G4

the piston with respeet to the eylinder (or vie
versa) the movement can take place only as fafie
as the small passages allow fluid (which &
practically incompressible) to flow from ong
side of the head to the other. Movement, theres
fore, is throttled, because much of the applie
force has to be used up inovercoming resistance

This principle is applied in the gun’s recol®
cylinder, The design features may vary from ons
gun to another, but the purpose remains the samel

A number of other ordnance braking devicess
including, for example, the dashpots that delag
the operation of certain linkages in moore
mineg, make use of the throtiling effect of small
orifices.

To absorb the final shock as the gun refurngs
to battery, some guns have a dashpot-type counters
recoil buffer that is physically asscciated witlh
the reccil cylinder.

As previously mentioned, the counterreco
cylinder contains air or possibly some inert gagis
Gases, of cowrse, are fluids; but unlike liguides
they are capable of being compressed unde
pressure, When the pressure is removed, the
expand. As can be seen in figure 3-39, recol
movement decreases the amount of space in th
counterrecoil ¢ylinder, thus putting the air undeg
greater than normal pressure. In many guns
the incregsed internal pressure would tend i
cause an air leak, except for the sealing effect d
a compargtively small differential cylinder tha
acts to tighten the packing through which the
plunger end extends, The next few paragraphs
will take up the diffierential cylinder,

The device in the lower part of figure 3-4f
is = typical differentisl cylinder. The I[ree
floating piston in this cylinder always takes §
position where the thrust of the air (directl)
connecied to the air in the counterrecoil cylinder)
exactly counterbalances the thrust of the il
(directly connected to the oil gland at the center
of the chevron packing). But part of the area d
the oil side of the differential cylinder head i
occupied by the end of the piston rod, and thered
fore cannot receive thrust from the trapped oil}
whereas the entire area of the air side of thig
head receives thrust from the trapped air
Therefore, at all times, the pressure in terms o
pounds per sguare inch on the oil side musti b
greater than the corresponding pressure (in psil
on the gir side,

Whenever recoil action raises the air press
sure, the unit pressure of the oil —including, o
course, the oil in the packing gland —rises pro
portionately. Thus the oil at the center of the
specially shaped packing acts to ''inflate' it and
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54,147
Figure 3-33.—Representative recoil and counter-
recoil systems,

prevent leakage of air. Any leakage that ocours
will be an oil leak, not an air leak,

As soon as the recoil action is completed, the
alr in the counterrecoil cylinder begins toexpand
and return the gun to battery, The oil side, of
coursec, continues to exert greater unit pressure
than the air side, snd therefore acts to seal the
counterrecoil plunger.

BASIC PRINCIPLES OF ELECTRICITY

Electricity is a form of energy. As such, it
can b harnessed to do work,

Electrons make electricity available for use,
Normally an electron revolves within a parent
alom, somewhal like a planet within & solar
system, Every elcetron bears an electric charge,
H set free [rom its atom— whether by chemical
aclion or by other means — the eleciron takes its
charge with it,

All substances have resistance, which is a
tendency to block the movement of free electrons,
Conductors have a relatively low resistance; in-
sulators, a high resistance. The unit of re-
sistance is the ohm, In electrical equations, R
represents resislance in ohms,

CURRENT is a stream of frec electrons
moving through a conductor, Current flows when
(ancdd only when) there is a closed circuit from
the current source back to the source. Current
is maasured by the number of electrons that
pass a given point in a second, The unit of

26
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Figure 3-40,— Principle of the differential cylir

der,

current is the ampere, In equations, I stands fo
current in amperes.

Each point in an electric circuit has a pote
tial or an eclectromotive ("electron-moving'
force that corresponds roughly to head in awatef
system. Electromolive force is commonly abbre
viated emf; its unit is the volt. In equations, §
stands for an emf in volts. The eml at any pois
is mathematically equal to the product of the
current and the resistance; Lhis principle §
called Ohm’s law, It may be expressed in thre
equations;

E = IR, or by simple algebra,
E

I =4 2nd
e
R-I'

The unit of electric power is the watl,
power in watts is equal to the product of th
current and the voltage. P is the symbol fuo
power in watls, It may be expressed in (E
equation:

P = El, or, by substitution from Ohm’s law

o B
=-;»;—,a.nd

P-Ex%

P=IRx1I=1I%R
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Electric current is of two types—direct and
giternating, In direct current (d-c) the electrons
move continugusly in one direction, though not
pecessarily at a constant speed. In alternating
current (a=c) the direction of electron movement
reverses rapidly and repeatedly. The number of
fimes the electrong reverse in one second is
called the 'REQUENCY, Navy ships commonly
uge frequencies of 60 Hz (Hertz) or 400 Hz,
_Etne hertz is equal to one cycle per second,
 Electricity and magnetism arec closely re-
lated, Any conductor carrying eler:trir: current is
mrrounded by a magnetic field,! Furlhermore,
‘2 magnet will induce a voltage in any conductor
that is moved in its magnetic field, Conversely,
i a curreni=garrying conductor is placed in &
mggnetic field, the conductor will tend to move
b right angles to the field,

When a conductor is twisted into a coil and
fnergized by current, the coil, as a unit, has a
‘magnetic fleld, When the field of an energized
eoll is changing in strength (because of a change
‘In current), it can induce a voltage in & second
coil that is not physically joined to the first one.

. A TRANSFORMER is designed to make practi-
cil use of induction. In the transformer & current-
"ﬂarr}'mg coil, called the primary, induces a
Toltage in anﬂthﬂr coil or group of c¢oils, called
the secondary,

. An induction device called the synchro is
‘taken up laler in this chapter,

SOURCES OF ELECTRICAL
L ENERGY

Batteries and generators are the two usual
‘sources of electric current., A ballery uses
‘¢hemical energy to produce electrical energy
that becomes usable when an external conductor
iiEﬂ- joined to the two pole pieces of the battery.
‘Bafteries are used to energize the small, self-
ontained clectrical systems in flashlights, in-
dependent mines, some depthcharges, and numer-
sous testing devices. Larger batteries are used to
‘operpte electrically driven torpedoes. (See

‘4 picce of iron or other magnetic material
may have ite own permeanent magneiic field in-
.I.liE}]E:I\dEnt of any electrical current, This pheno-
‘menon, a8 distinct Irom the magnetic field
t-ﬁurmunding & current-carrving conductor, is
udiscussed further in chapter 12 inconnection with

Mgnuastng

chapter 13.) Very large installations are de-
signed to [furnish propulsive power for sub-
marines, Batleries produce direct current only.

A GENERATOR uses mechanical energy (as
from a steam or gasoline engine) to produce
electrical energy by causing relative motion he-
tween an armature and a powerful magnetic field.

In most d=-¢ generators the armalure ig the
rotor, or turning member, and the magnetic
field is furnished by the stator, or stationary
member, Alternating current is always produced
in the armature windings. In d-c generators the
armature windings are connected to 2 commuta-—
tor on the armature shalt. Stationary brushes on
the stator contact the rotating commutator so as
to receive electrons moving in one direction only.
Thus the commutator-brush arrangement con-
verte the a=c armature cutpul to direct current,

Some a=c generators are constructed much
like the d-c¢ generator, cxcept that they usze
solid annular insulated slip rings (instead of
segmented commutators) and brushes, These
directly transfer the a-c output to the exiernal
circuit. Larger a-c generators, however, use
rotors with d-c excited electromagnets fed through
brushes and slip rings, while the armature
windings are in the stator. In still another
variation, some special-purpose a-C generalors
have neither slip rings nor brushes; in these all
windings, both armature and field, are in the
stator, while the rotor consists ol & metal core.
The a-c¢ demping generator mentioned below is
of this kind of construction.

Figure 3-41, part A, shows the amplidyne
train drive motor aszembly on a S5-~inch gun
mount, The amplidvne system will be described
in a later section, but this part of the figure is
intended chiefly to illustrate examples of two
types of motor and a d-c generator,

In general, ordnance systems do not generate
clectriecily expept for relatively emall control
voltages employed in "'damping'' (stabilizing)
the operation of servosystems. In the amplidyne
system, which is a d-c servosystem, the sta-
bilizing wvoltage is generated by a small d-c
generator (labeled "'tachometer generator'') me-
chanically connected to the shaft of the main
drive motor. As you can see in the figure, the
cenerator possesses the armature, field, com-
mulator, and brushes mentioned above., In this
illustration the {achometer generator is too
small to show all these features clearly, but the
student can inspect the corresponding features
(which are similar in appearance and con-
struction, though larger) in the main d=c drive
motor.
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Small a-¢ damping generators (not illus-
traled) are used in some a-c servosystems. In
external appearance as well as internal con-
gtruetion they resemble the servomotor illus-
trated in figure 3-41, part B; or they may be
ilt on ecylindrical rather than square-ended

- MOTORS

~ Structurally, motors in general resemble gen-
grators. A motor has a fixed stator and a rotor
that can revolve, Instead of producing current,
the motor receives current and uses it to en-
prgize its windings and produce torque, In nearly
Call types of motors, the torgue normally causes
e armature to revolve, In all large motors
b{l.e., larger than a fraction of a horsepower)
locking or stalling the rotor so that it cannot
fharn when the motor is energized by its rated
“voltage will burn out either the motor or its
‘current source, if not protected by fuses (and
turnouts can often occur even with fuse pro-
tection, too). Some small specialized types of
motors are designed to withstand locked-rotor
‘currents. In one such type of motor, called a
lorque motor, the rotor can turn only a few
L gegrees in normal operation; in other types it is
gxpecied that the rotor will stall for a time in
mormal service,
Miotors used in ordnance gear always have the
field winding in the stator; if there is an arma-
wre winding, it is in the rotor. With the rere
goeption of some machines that use permanent-
megnet fields, d-c motors always have arma-
re windings, commutators, brushes, and field
windings. The main train drive motor shown in
figure 3-41, part A, is a d-c motor with these
components,
- In all motors, the rotor is driven by the inter-
aetion between the magnetic fields produced by
lbe stator and those produced by the rotor. In
warly all d-¢ motors and many a-c motors the
ioferacting magmetic fields are produced by cur-
rents fed to the rotating armature windings and
P lo the stationary field windings. In some a-c
motors, however, currents are fed only to the
field, The flucluating magnetic fields produced
oy the a=c field currents induce other currents
in the rotor; in turn, the induced rotor currents
develop magnetic fields that interact with those
of the field to develop motor torque, Motors
that function on this principle are called INDUC-
TION MOTORS, The armature for such a motor
muy consist of a cage-like copper btructure im=-

called ''sguirrel-cage'' motors), or of an alumi-
num or copper cup surrounding an iron core.
Large a=-¢ induction motors may have rotors
with coll windings (these are called ''wound-
rotor'! induction motors),

There are, in contrast to the restricted num-
ber of fundamental types of electric generators,
a great variely of types of electric motors (in-
cluding a-¢, d-c, and "'universal'' motors oper-
ating on either type of current), some of them
quite different in principle from others. The
types most frequently encountered in ordnance
equipment are;

1. Polyphase a-c induction motors, These
are the large motors, developing from b to over
100 horsepower, used t{o operate gun power
drive electric-hydraulic and amplidyne systems,
hoists, rammers, and the like, Figure 3-37
shows such a motor. As a class they are
characterized by high starting torque and fairly
constant speed under varying load,

2, Single-phase a-c¢ induction motors, These
have different characteristics from polyphase
motors, but work on similar principles. They
comprise the fractional horsepower motors used
to operate small blowers, windshield wipers,
te, The blower motor in part A of [igure 3-41
is an a-¢ single-phase squirrel-cage induction
motor,

3. Synchronous a-c motors. (Not illustrated.)
Synchronous motors can be very large (they
have been used to drive ship's screws) but in
ordnance equipment vou will find only very small
induction=-type units designed to drive light loads,
such as computing mechsnisms, at absolutely
unvarying speed., On most shipe a special a-c
constant~frequency supply is provided to drive
such motors since they can hold o constant
gpeed only in so far as the frequency of their
a=-c supply remains constant,

4, Servomotors, The function of the servo-
motor will be explained later in this section.
Its important characteristics are that (1) it
must be reversible when its input is reversed,
(2) it must develop (for iis rating) subsiantial
starting torque, and (3) its output torque must
be at least roughly commensurate with its elec-
trical inpul, (These characteristics are by no
means gpplicable to all types of electric motors.)
Servomotors used in ordnance equipment are
nearly always of either of two main types:

. A=¢ instrument servomotors, These are
zmall fractional-horsepower induction motors
powered by two inputs—(1) the ship’'s a=c powcr
supply and (2) the output of the servoamplifier,



PRINCIPLES OF NAVAL ORDNANCE AND GUNNERY

Figure 3-41, part B, {llustrates one type of
a-¢ servo motor and its circuit, The motor is
always directly geared to the load, which may
be & small indicator or computing mechanism
component, & synchro, ete. (Synchros will be
discussed laler in this section.) It may also be
geared to an a-c¢ damping generator. Conven-
tionally, the motor has two windings, Oneg, the
reference winding, is continuously energized by
the ship's a-c supply (which is often called the
REFERENCE VOLTAGE,) A capacitor is usually
in this circuit. The other winding receives the
amplifier output, which ig an alternating current
of the same frequency as the reference supply,
but differs in phase from the current in the
reference winding, This means that at any instant,
it will differ in magnitude and often in polarity
from the reference supply. In most servomolor
circuits the capacitor functions to develop this
phase difference, When only the reference supply
iz led to the motor, its rotor (which has no
winding but is only an aluminum or copper cup,
shell, or cage sccurcd to the output shaftl) will
not turn, When the amplifier puts out a current,
the motor will develop a torque whose direction
will depend on the phase relationship between the
reference and amplified output currents, Since
the power developed by a-¢ servomotors is quite
gmall, the motor outpul may itself be used to
control a hydraulic servo which develops greater
power,

b, Direct current mount power drive
motors, These motors are high=-powered units
used as described below in conjunction with
amplidyne generators to drive gun mounts in
train and elevation. The main drive motor ghown
in figure 3-41, part A, is of this type.

POWER TRANSMISSION

In a small electrical system, like that in a
torpedo or mine, the power source, the trans-
mission lines, and the simple or elaborate op-
erating equipment must all be scaled down to
fit a limited space. In an electrical system
serving & city or a countryside, the power
demands are heavy, and large-size components
are necessary. Alternating current from huge
generators may .be transported for long dis-
tances over high-voltage lines. Transformer
stations, making practical use of the principal of
induction, convert the currenl and voltage to
values safe for industrial and residential use,

Shipboard eleclrical systems occupy a posi-
tion somewhere between these two exiremes,
The ship's main generators, connected to a
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cable system through two or more switchboard
supply current for many routine uses.
total power available must be great enoughi
meet the demands of varying conditions, B
cluding battle,

All possible safety precautions are ohserve
The cables pass through special packing glam
hetween one ship unil and the next. Junctig
and splices are made through special boxes
terminal boards, Tesls are frequent and thoroud

Turrets and mounts have their own very elgg
orate wiring systems, Specific wiring syster
are described in the NavOrd publications (G
and OD) for the ordnance installations,

ALTERNATING CURRENT

In alternating current, as previously meg
tioned, the direction of electron movement
verses Tapidly and repeatedly, Though si
applicable, Ohm’s law no longer deals with si
ple resistance as the single obstructive eff
that limits current flow at a given vollage, In &
circuits, specilic types of ¢ircuit elements 2
have other obstructive effects on current flo
and these effecis vary with the a-c [reque
These effects are called CAPACITANCE and ¥
DUCTANCE, and in any a-c circuit they must
taken into account along with resistance, Thes
effects are not restricted to obstruction of cu
rent flow; as we previously noted in connectiff
with the explanation of the capacitor in i
servo motor operation, they can change i
phase of one a-c¢ voltage with respect to anothe

In addition, there are still other ramificatia
to this subject. Though they are important )
detailed consideration of the functioning of &
elactrically operated ordnance equipment,
aspects of a-c theory are beyond the scope g
this course, Junior officers assigned to com
munications or fire control will find that
enlisted men specializing in these fields a
well grounded in theory, as well asin i
practical applications. The ordnance publick
tions on specific items of equipment frequenty
cover those aspects of the theory that are ag
sumed to be new in the reader’s experiencsd

SYNCHROS

A synchro is an a-c¢ energized device ths
looks like a small motor or generator, but i
cloger in operating principle to the transformer
All synchros have a wound rotor and a
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stator, with slip rings and brushes to connect
' the rotor windings to the remainder of the
system,

In terms of funclioning principles, there are
five types of synchro:

synchro transmitter

Synchro receiver

synchro control transformer
synchro differential transmitter
synchro differential receiver

Any synchro system includes two or more of
these units, one of which must be a synchro
transmitter, Synchros are made in standard
sizes and electrical characteristics, in two main
varieties —one designed [or operation at 60
Hz, the other variety designed for operation
gt 400 Hz. Principles of functioning apply re-
gardless of difference in size and frequency
raling, To understand these principles, we’ll
discuss first a system comprising & transmitter
and a receiver, then go on to the other types.

SYNCHRC THRANSMITTERS AND SYNCHRO
RECEIVERS., A synchro transmitter (also called
g synchro generator) transmits an electrical
glgnal that varies with the angle of rotation
of its shaft, This signal goes through three
eonductors to a synchro receiver (also called
8 synchro motor). An additional pair of con-
ductors furnishes excitation voltage from the
a=¢ refersnce supply to hoth the receiver and
the transmitter, See figure 3-42, The synchro
receiver responds by causing its own shaft (if
Mot too heavily loaded) to rotate through an
angle corresponding to the signal, The two
#hafts turn through the same angle and in the
game direction (for example, both 30° clockwise
or both 15° counterclockwise, and so om). See
leire 3"43,

- The two drawings in figure 3-43 show how a
transmitter or receiver (these are electrically
; iz constructed, Th-r: stator cﬂntsuns

i y ’EhE A= rE{ErEncﬂ supply.
- When alternating current [lows in the rotor,

,;PBIE field induces currents in the stator cmls-
ke stator currents produce fields whose total
feffect, or resultant, at any given instant, directly
ges the field of the rotor.

‘To form a conventional transmitter-receiver
‘arrangement, two synchros are wired as shown
n figure 3-44, Normally, however, the disignce

ROTOR
LiMIL
[NE ¥agl

.
} STATOR LIMES

12,156
Figure 3-42, — An clementary synchro sysiem.,

separating the synchros is much greater than
the drawing indicates.

In their at-rest pogition, the two synchros
are as shown in part A of the illustration. An
input (through gearing or # handcrank) turns
the rolor of the synchro transmitter as shown
in part B, This upsets the balance of the magnetic
fields throughout the sysiem,

In restoring the syvstem to magnelic balance,
the electromagnetic forces acling on the synchro
receiver furn ils rotor to a position correspond=-
ing exactly Lo the position taken by the rotor of
the transmitter. See part C of figure 3-44,

When the signal changes again, this sequence
of events ig repeated,

A synchro receiver of the type just deseribed
can be comnected through shaffing and gearing
to turn a very light load, such as a dial. It i= not
powerful enough 1o fturn a heavy load like a gun
mount or a miseile launcher. A special kind of
synchro receiver called a control transformer
can, however, act through a motor (o turn a
fairly heavy load,

SYNCHROQ CONTROL TRANSFORMER, Like
the basic synchro receiver, the control trang-
former receives an electrical input signal from
a synchro transmitter, In the control trans-
former, however, the rotor is designed to pro-
duce an output voltage proportional to the in-
coming signal, After being amplilied, as shown
in figure 3-45, this output voltage drives a motor
(called a servomotor) that operates a gearing
system to turn the load,

SYNCHRO DIFFERENTIALS. Two types of
aynchros used in f{ire conirol are similar in
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Figure 3-44,— A representative synchro system,
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purpose to the mechanical differcntial that ¢os
tinuously adds or subtracts two changing input

The synchro differential {ransmitter (als
called a differential generator) receives two i
puts: (1) a mechanical signal that turns its
and (2) an electrical signal that is fed into i
stator windings. The output of this synchro is
electrical signal that exactly measures the sug
(or, if wired for this purpose, the differencs
of the two inpuls,

The synchro differential receiver (also calle
a differentisl motor) combines two electric
signal inputs to produce a mechanical ou
This output consists of a rotor torque or mo
ment that accurately reprcsents either the su
or the difference of the two inputs.

USING PAIRS OF SYNCHROS, The accuradg
with which a synchro receiver or control trans
former will duplicate the signal from the trans
mitter is on the order of a few minutes of nn
differcnce between the signal as transmitted
and the signal as received, In some application:
a few minutes' inaccuracy {s not important, b
In others it is, For high-precision application
a pair of synchro transmitters is geared
gether in the ratio of 36:;1, and I8 connecte
electrically to a pair of receivers or contrd
transformers similarly geared together. In os
pair, the unit that rotates more slowly is ke
low-gpeed or coarse unit; the other is the
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high-gpeed or fine unit, You can liken this ar-
rangement to the hands of a clock, with the
glock hands geared 36:1 rather than 12:1, The
bour hand corresponds to the coarse or low-
speed indicator, and the minute hand to the fine
or high-speed indicator, When pairs of synchros
are uged, the coarsge unit covers the iull range
with which the system deals, while the fine
unit, which rotates a number of times for one
rotation of the coarse unit, makes it possible
o fransmit with much better accuracy than would
be pogsible with the coarse unit slone,

[k}

SERVOMECHANISMS

WHAT THEY ARE, Electrical arrangemenis
that cause mechanical action to take place auto-
matically in response to synchro sgignals are
called followups or servomechanisms, A Bervo-
moftor iz one of the components of a followup,

A servomotor is a reversible motor that
operates in a slave-lo-master relationship with
the synchro equipment from which it receives
its input signals., There are both a-c and d-c
types of servomotors, The one mentioned later
in this chapter, in connection with amplidyne
power drives, is a d-c iype. Certain dials and
mechanisms in compuling equipment are turned
by a-c types,

Figure 3-44 illustrates in a simplitied sche-
matic the elements of a servosystem. The func=
tioning of such a system is described below
with reference to how its principle is utilized
in posilioning a gun,

At a remote station, all available informa-
tion abouf the target is collected and combined.
To the pun mount i transmitled a pair of
order signalg telling, respectively, whal values
of train and elevation will put the gun in liring
position, The gun has two power drive systems —
one for train and one for elevation, One of thege
is shown in figure &-46. Each zystem recelves
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its own order signal and performs, independently,
the actions outlined below,

1. The order signal is compared with the
actual position of the gun. The resull of this
comparison s a command (called the error
signal) telling how far and in which direction
the gun must move.

2. When properly amplified, the error signal
operatcs the controls of a power drive,

J. The power drive moves the load in such a
way as lo reduce the error,

4. While the load is being driven, a response
signal is sent back continuously and sutomatically
for comparison with the order signal,

5. When the two error signals (train and
elevation) have been reduced to zero, the gun is
in the ordered position for firing,

A=C INSTRUMENT SERVOMECHANISM, Now
consider how the servo principle i& applied in
& typical instrument servomechanism or '*foliow=
up'' using an a-c relerence voltage. Compare
figures 3-45 and 3-46. In ligure 3-45 the parts
in the mechanism corresponding to the diagram
of figure 3=-46 are a synchro control transformer
which serves as the signal recelver and com-
parison device, an electronic amplifier and a-¢
servomotor which together corres to the
power drive, and gearing from the motor which
drives the load and the synchro control trans-
former rotor. The amplifier may be of the tube,
magnetic, or transistor type, or a combinstion.
The load may be a dial, a computing device,
a hydraulic valve, a synchro transmitter, ete.
We omit a number of components used in many
systems (o improve the stabilily and response of
the gervo, such as damping generators, amplifier
feedback and stabilizing circults, disorimination
circuits which sutomatically select the sppro-
priate input signal, capacitors for improving
elootrical characteristics and for changing phase
relationships, elc,

The input that siarts the sérvomotor is the
output voltage of the synchro control trans-
former, This voltage has to be amplified before
it can be used. As the servomotor turns, in
responsc lo the input voltage, the rotor shalt
furnishes a mechanical output to the gesring
that turns the load,

The load in figure 3-45 I8 connocted back,
through gecaring, to the rotor of the synchro
control transformer, The result of this mechan-
ical [eedback is to drive the rotor in sucha
direction as to reduce the electrical output of
the conirol transiormer. When the load reaches

the position originally ordered, the output of th
control transformer becomes zero, and the mote
stops,
The example chosen is a common type ¢
servomechanism, but many other varicties an
combinations of components are possible, It
possible to use a mechanical differential, s
electrical resolver, a synchro differential trans
former, a special type of movable-core trans
former, or any of several other devices for th
error-sensing unit, The variety possible in
plifiers has already been hinted at, as we
as in auxillary circuits and devices. Severs
kinds of molors are available, and so on, B
the servo principle underlies all these com
binntions,
Now Iet us consider larger and more elal
orate servosysliems used for a gun mouni
launcher, or fire control director,

AMPLIDYNE SERVOSYSTEMS

Héavy guns can be (and somctimes
trained and eclevated by direct handwheel
through the gearing sysiem. Naturally this
latively slow and difficult method is not
mally used in battle. But it is necessary [o
certain adjustment or maintonance operationd

For moderately light loads —such as 3-ing
and smaller gun mounts and gun directors
amplidyne power drives are reliable and ao
curate, They are casier to maintain than i
electric=hydraulic systems designed for heav
guns,
In {igure 3-47 an amplidyne followup syste
has been reduced to its bare cssentials, The
are a pair of synchro control transformers (ik
lustraled as a single unit for the sake of sim
plicity), an amplifier, an amplidyne moto >
erator, and a {ollowup d-¢ servomotor,

In the synchro control transformer the inpm
to the stator is an order signal from a remol
synchro transmitter, The position of the rot
represénts Lthe response of the load, The oulpd
of the synchro control transformer is the &
error signal. Actusally, two synchro control trans
formers—a coarse and a [ine one—are used
When the gun is within 3° of its ordered positic
the {ine synchro is automatically connccted
control the system instead of the coarse on

The control amplifier uses gas-filled
tron tubes (called thyratrons) for two purposes
First il rectifies the a-c input; that is, it com
verte this input to a d-c output whose magnitud
and direction measure the amount and directi
of error. Second, it amplifies the signal
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28 two d-c outputs that are ied to the
field windings in the amplidyne gen=-
‘erator, as explained in the paragraphs following,
. The amplidyne generator is a special adapt-
.__':.u:. of one lLype ol nrdjnﬂr:r commerical d-c

gnet on the stator, The upper part of flguT‘E
9 shows a conventionally connected d-c field
ematic, [Excilation power to the field iz 100
¥ _f,ts d-c to produce field FC, The arrow shows

='I'ha larger circle hratwean the two poles
eepresents  the rotating armature, which is
ven at constant speed by a motor (not il-

he commutator, In the conventional d-c¢ gen-
for, the commutator connects the armature
to an external d=c 1::-;111 circuit by cnutaﬂt

The generated (or load) current as it

"y C D-C_POWER

GENERATOR
AMFLIDYNE MOTOR-GENERATOR

65

MOTOR

110,25

Figure 3-47, — Essentials of an amplidyne followup system,

passes through the armature winding creates its
own magnelic {ield, FS. This field, called arma=-
ture reaction, serves no useful purpese; indeed,
it is a nuisance.

Normally, other things being equal, the power
output of the generalor will be proportional to
the excitation power. This generalor is assumed
to be a 10=kw machine (10,000 watts outpul), and
the excitation required is about 100 watts, The
""amplification,' therefore, is 100 to 1.

The [lirst step in transforming this ordinory
d-¢ generator into an amplidyne generator is to
short=circuit the two brushes ae shown in the
second part of figure 3-43, Now an immense
armuture current will flow, but if excitation is
cut down to about 1 watt, FC is reduced, and
100 amperes again {low through the armature,
producing the same armature reaction FS as
before,

The next step is to add a second pair of
brushes at right angles to the short-cirouited
pair, and to connect the load circuit over thcse
brushes, as shown in the third part of the figure.



PRINCIPLES OF NAVAL ORDNANCE AND GUNNERY

Fe
i LOAD
1T
100, Wh Fa 190 VOLTS
IS0 AMPS
I KW,

ORDINARY D-C
GENERATOR

FC
t
: 100 AMPS
| WATT
FS
- _@ VOLTMETER
/ 100 VOLTS

BRUSHES SHORT
CIRCGUITED AND
EXGITATION REDUCED

| OHM
LOAD

YOLTS
-}-} £ |:| AND AMPS
NEAR ZERD

LOAD GOMNEGTED
TO NEW BRUSHES

FGC ,GONTROL FIELD
% | OHM
LOAD
TWATT
= 100 VOLTS
100 AMPS
10 KW.
L

COMPENSATING FIELD

FA FB

COMPENSATING
FIELD ADDED

Figure 3-48. — The development of an amplidyne
cenerator, 110.26

66

Now, however, the outpul voltage becomes ven
low, because the new oufput circuit has creatsl
its own armature reaction, FA, which oppose
FC and greatly reduces its effect,

Now put a compensating winding, 50 Com
nected that armesture current passes through it
on the second pole of the clectromagnet, agin th
final part of the figure, This winding produce
field FB to nullify FA thercby allowing FC &
become fully effective again, The ordinary d-i©
generator has now become a basic amplidyn
generator in which full-load output is developel
with 1 watt excitation ('*amplification'' of 10,008
to 1), Thus it can operale on very low excites
tion (e.g., the output of the amplifier in figun
3-47) and still [urnish enough power to drived®
large servomotor (the followup motor in figurg
3=47y,

'I?hl:.- amplidyne generator must control the d
rection of its followup motor's rotation, as wels
as its torgue, To mccomplish this, the amplidyng
generator has two control fields instead of th§
one shown in the last part of figure 3-48. One d8
these is wound in the opposite direction to ths
other, The direction of I'C and of generatop

from the amplifier. I the amplifier supplies
equal currents to both control windings, generag
tor output is zero and the lollowup motlor stands
still., When control winding currents differ, the
followup motor will develop a torgue whoss
direction depends on which current is greater
and whose magnitude depends on the amount gf
the difference,

The followup motor operates in a slave-i¢-3
master relationship with the amplidyne gen$
erator, Under a given load, its speed and direc§
tion of turning depend on the amount and directio?
of its d-c input irom the generator, Its ©
is mechanical power to drive the load in
right direction until the error signal has best
reduced to zero.

ELECTRIC-HYDRAULIC
SERVOSYSTEMS

The electric-hydraulic power drive has beel
developed to perform heavy gun laying reliably
and rapidly. Previous portions of the chapteg
have taken up the components of electric=hybraulig
nower drives., What remains o be done is
show how the several types of components works
«ogether in & unified svstem, These paragraphs
will not go into fine details, but will limit them
selves to summarizing major funetions,
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The order signals o an electric-hydraulic
gystem normally originate at a remote station.
- They enter through a complex unil sometimes
mlied an indicalor-receiver-regulator, but more
nften shortened to indicator-regulator, This unit
containg gynchros and related devices lor (1)
mu:mﬁng: the order signal and the response,
12} computing the error signul, (3) amnlifying
the error signal, and (4) transmitting this signal
fiu the hydraulic system through an arrangement
ol valves and pistons,

Figure 3-37 has already shown a typical gun
smpunt electric-hydraulic power drive, The student
‘should now be able to see how the various units —
‘whether mechanical, hydraulic, or electric in
‘nalure — work together,

. A conventional sa-¢ electric polyphase in-
‘duction power motor, connected to the ship’s
repular power supply, through a system of re-
fuction gears drives the hydraulic pump (A-end)
gk virtually constanl speed, regardless of A-end

- The output of the A-end is hydraulic pressure
'-'-drivn the B-end, The output of the B-cnd is
; gchanical ection through a shaft and pinion,
i input the B-end receives from the A-end
.. rmines the direction and duration of its
gibput, In turn, the direction and amount of
motion in train or elevation depend on the output
of the B-cnd to the gun’s gearing system,

‘To meet varying conditions, s gun mount’s
ic=hydraulic system allows o choice of
al methods of control. Ordinarily the re-
gonsible officer or petty officer selects the
most completely mechanized method that will
work. The four methods of control that may be
fplied to a representative medium=-caliber gun
.:_:_je-'-' at, the 6''/38, are designated as AUTO
{mtomatic), LOCAL, HAND, and MANUAL.

Figure 3-48 shows the sequence of operations
when the mount is trained in AUTO, (The train
8 illustrated, but the same principles
j to the elevation drive.,) The gun order
Sigal from a remote source enilers the in-
jeslor-regulator, There the order signal is
mpared with the response, and the error
al is generated and amplified. The amplified
signal positions thc A-end socket ring,
gulating A-cnd output, A-end outputdrives
end, which drives the training pinion and
Mechanical response from the gearing is
nput to the indicator, where with the order
gigmal it helps to generate the error signal, As
@ position approaches synchronism with the

ELECTRIC
POWER MOTOR

ELECTRICAL
laun ORDER

%

woicator ™, Za-eno  Le-ewo

REGULATOR “==<HFirONSE TRAINING Hlf"

Ty

110,27
Figure 3=49,— A train power drive in automatic
control.

gun order signal, the error signal decreases,
becoming zero or null when gun poeition equals
gun order,

In LOCAL control the trainer's handwheels,
rather than & remote source, transmit the order
signal to the indicator-regulator, As before, the
indicator=regulaior compares the order signal
with the response and fransmits the error signal
to the A=-end. From that point on, ag shown in
figure 3=50, the sedguence of operations is the
same as in AUTO conirol.

In HAXD control (not available in all mounts)
the trainer bypasses the indicator-regulator com-
pletely. The handwhesls are geared to a mechan-
ical followup on the A-end contrel unit, which
still receives power from the electric mofor.
In response to the handwheels, the A-end oper-
ates the Beond until the trainer’s dial system
(or, alternatively, his optical equipment) as-
surcs him that the gun is at the ordered posi-
tion, Figure 3-51 shows this sequence,

The fourth method, MANUAL conlrol, is uzed
chiefly to train the mounl when repairs, alter-
ations, or adjustments, are in progress. In this
method the handwheels are geared directly to the
iraining rack, bypassing the entire eleciric-
hydraulic system.
OTHER CONTROL SYSTEMS

The foregoing examples of amplidyne and
clectric=hydraulic control systems have been
taken [rom gunnery. Guns, however, are far
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Figure 3-50.— A train power drive in local con-
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Figure 3-51,— A train power drive in hand con-
trol.

from being the only military equipment that
must be moved smoothly, rapidly, and accurately
in response Lo incom®ng signals, Missile launchers
and certain types of projeclors have control
arrangements similar, in many features, to
thosc used with conventional guns. By their
nature, systems designed to launch guided mis-
siles must be capable of opersting even more
swiftly, accurately, and dependably than any
except the newesi gun systems. As in conven-
tional guns, the designer's choice of amplidyne
or electric=hydraulic drives is governed largely
by the weight and other physical features of the
given system.

Many types of lightweight equipment, both in
the field of ordnance and outside it, contain
electronic amplifier-rectifiers, synchros, servo-
motors, and simple or elaborate computing de-
vices. Naturally this chapter cannot take up
these types of cquipment one by one, A reader

68

who understands the basic mechanisms used
gun fire control, however, should have Iit}
troable in following an instructional ps !
that tells how similar mechanisms are desigo
to sel a fuze, to train an antenna, or to sie
a Eh‘lpt

BASIC PRINCIPLES AXND
APPLICATIONS OF ELECTRONICS

All principles that apply to electricity al§
apply to electronics. Electrical principles
concernad mainly with d-¢ wvoltages and
voltages with frequencies of 400 hertz and bele
Electronics deals with voltages of all frequend
and with devices invelving the emission, b
havior, and eflects of electrons in vacuum
gases, and semiconductors, Technically spoakin
electronics extends into many occupational field
In ordnance some of the places where clectroni
principles are used are in gun, torpedo, a
missile fire conirol systems and sonar self
Radars use numerous electronic circuits. Al
though most circuits are too complex to disous
in this text, some basic eleclronic circuits m
devices (both analog and digital) are discusse
here,

ELECTRON TUBES

An electron tube is an airtight envelope |
which the conduction of electrons lake plact
Elcetron tubes are classified as vacuum a
gas={illed. The wvacuwm tube's envelope is
highly evacualed glass or metal shell, whid
encloses two or more elements (electrodesg
The gas-filled tubc conlains a specific gas-
usually nitrogen, neon, argon, or mercury vapor
and normally has two or three elements.

Vecuurmn tubes anre used more widely
gas=filled tubes, There are many types of elec
tron tubes, epch of which can be made Lo per
form many functions, Some applications are co
verting a-c voltage to d=c voltage (rectification
amplilying weak signals, and geperating fre
guencies that arc much higher than those
can be produced by conventional n-¢ generato

Vacuum Tubes

All vacuum tubes have at least a cathode
an anode (plate), and n cathode heater (filamonty
In moest applications, the filament is separal
from the cathode, but in some cases the filame
and ¢athode are common as shown in figure 3-52
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Tigure 3-52, —Methods of heating the cathodes ol
| electron tubes,

CFILAMENT CATHODE

DIODE,—The simplest vacuum tube is the
(fig. 3-53). As its name implies, it has
itwo elements —the cathode and the plate, The
ilament gerves only as 4 heater lor the cathode
d 18 not considered to be an element, One
jergion of the diode is shown in figure 3-5JA;
wther version is shown in figure 3-53B. The
ffiode in figure 3-53A has a directly heated
l-‘l"ll'l- and the one in HEL'IT‘E 3=-533B has an
indirectly heated cathode,

* In an electronic circuit the two electrodes
of o diode act in the same manner as a flow valve
in 8 water pipe. (The British refer to the elec=~
‘tron tube as a valve instend of a tube.)

The operation of a diode is best illustrated by
‘connecting the plate and cathode in series with
Balteries and a milliammeter as shown in figure
& First the cathode is brought up {o normal
operating temperature by applying the rated
yoltage across the heater terminals, If the battery
8 connecled so that the plate is positive in
‘respecl to the cathode (fig, 3-54A), the meter
will indicate currvent flow, If the battery is re-
iconnected so that the plate is negative in respect
Ho the cathode (fig. 3-54B), the meter will indicute
im0 current flow,

AS long as the plate remains negative in re-
Spect to the cathode, no plate current will flow
i the cireuil, although the cethode is emitting
Blectrons, Whether the tube is conducting or not,
it a given heater temperature, the number of

.

o e e
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Figure 3=-33,— Cutaway of 2-clement tubes,

electrons emilted by the cathode remains constant
regardless of the plaie voltage (assuming that
the tube is operating within its designed limits,
of course), The total number of electrons attracted
tc the plate (thus plate curreni) depends on the
relationship of plate voltage to cathode voltage,
As plate vollage becomeas more positive in respect
to the cathode voltage, plate currenl flow in=
ereases unii]l saturation (maximum current flow)
is reached, As it becomes less positive, plate
current [Jow decreases until the tube’s cutoll
(no current flow) point is reached. (Cutofl is
reached when the plaie voltage goes negative in
respect to the cathode voltage,)

Because cgurrent can {low in only one direction
through s diode its basic use {s as a rectifier,
If the battery in figure 3-054 {s replaced with an
a-¢ voltage source, current will [low through
load resistor IR only on alternale hali-cyvcles—
when the plate is positive with respect to the
cathode, The rectilied output is hall-wave pulsate
ing d-c voltage (fig. 2-59).

By modifying the circuit as shown in figure
d=56, full=-wave rectification {and twice the aver-
age d-c¢ voltage output) can be obtained, In this
application, on one alternation V, conducts
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Figure 3-54,— Action of diode,

(passes current) up through R while V. is cutefl.
On the next slternation V. conducts up through R
while ¥ is cutoff. This type circuit rectifies
both the negative and positive alternations of a
cycle of a=-c voltage.,

With the addition of afilter circuit, comprising
energy-storing devices (capacitors) and devices
that resists changes in current (coils), either
the half-wave rectifier or the [ull-wave rectifier
may be used as a d-c power supply for various
ordnance equipments, The type of power supply
filter circuit used depends on the reguirements
of the circuil, Some equipments require simooth
d-c voliage whereas others do nol. Some equip-
ments require large amounts of current, but
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Figure 3-55. —Simple half-wave rectifier circy
and waveforms.
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others do not, An example of sfull=wave rectifier
‘and filter is shown in figure 3-37,

Other applicalions of the diode arc discussed
Ih Basic Electronics, NavPers 10087 series,

TRIODE, — The triode, a 3-element cloctron
‘mbe, is similar in construction to the diode,
except that a grid of fine mesh wire (the control
grid) is added between the cathode and the plate.
The space between the meshes is large enough
1o allow electrons to flow from cathode Lo plate,
Bul the space is sufficiently small and the grid
5 close cnough Lo the csathode (o control eifec-
ﬁr&lg the flow of plate current when the proper
woltage is applied between the cathode and grid.

The schematic representation and construc-
fion leatures of a lypical triode are shown in
figure 3-58, Eleotrical conncetions to the elec-
trodes are made through wires to the base pins.
The cathode sleeve surrounds the filmment, and
is insulated {rom it. The control grid is placed
tloser to the cathode than to the plate,

. Although they have other uses, triodes are
uged mainly ns amplifiers. Plate current in a
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e 3=-57,— Wavelforms of current and voltage
in rectificr with pi-section filter,
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Figure 4-58,— Cutaway and schematic of a triode
tube,

triode amplifier i= controlled by the grid-to-
cathode voltage —whether a-¢ or d-c. A small
change in grid vollage produces a relatively
large change in plate current. This grid voltage
can be either the a-c signal voltage or the nega-
tive d-c voltage referredto asthe bias and applied
between the control grid and cathode, Figure
3-59 illustrates the effect on plate current of
making the control grid voltage progressively
less negalive with respect to the cathode. When
the negative bias is high (cutoff or above), as
in figure 3-58A, no plate current flows, because
the negative charge on the control grid is suf-
ficient to repel the eleciron back Lo the cathode.
As the bias is reduced (fig. 3-59D), current
beging to flow, and with zero bias (fig. 3-59C)
current [low is maximum, The grid may be con-
sidered an electronic control valve that regulates
the flow of electrons through the tube and through
the load in the plate circuit, Thus an a-¢ signal
added to (or subtracted from) the grid bias
causes the plate load current (ip) — and, therefore,
ithe plate vollage (ep)—to vary in the same
manner (fig. 3-60). This is true, of course,
only ag long as the input signal is small enough
that it does not cause the tube Lo saturale or
cutofi, The relatively large variations in plate
current and plate voltage, which constitute the
output signal, are caused by small variation in
the input signal fo the control grid. Thus the
control grid signal is said to be amplified in the
plate circuitl,

In zll triode amplifiers the plate voltage (and
current) does not vary in the same manner as
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Figure 3-59,— Effect of control-grid voltage on
plate current.

the signal applied to the grid. If the applied grid
signal voltage and bias voliage are negative
enough to prevent plate current flow, the output
voltage will not vary in the same manner as the
input voltage., The same will betrueif a combina-

-

tion of the vollages causes maximwn curret
flow (saturation) in the plate ¢ireuit.

At high frequencies the triode is limited =
an amplifier, because of certain undesirabi
characleristice appearing at high frequencies]
This characteristic causes the a-c resistanct
(reactance) between the elements of the tube i
decrease as the frequency increases. Alter i
irequency has increased sufficiently to make the
interelectrode reactance small or near zero, the
tube is no longer uscful as an amplifier. This
effect is similar to connecting the clemenis
together with wire. To overcome thisundesirab
cifect, special multi-element electron tubes we
developed for use at frequencies of 100 megs
hertz (MHz) and above,

MULTI-ELEMENT TUBES, — Many desirablé
characleristics may be atlained in electron tubss
by using more than one grid. Some comunon types
of multi-element tubes include tetrodes, whic
contain f[our elecirodes, and pentodes, whick
contain five electrodes. Other tubes containiog
as many as eight electrodes are used for certad
applications, Schematic representations of th
teirode and pentode are shown in figure J-t

Other tubes including diodes and triodes am
construgted especially for high frequency cpers
tion, The tubes have very small electrodes place
close together, thus decresasing the interclectrod
capacitance (which increases the reactance i
tween the electrodes) without alfecting the tube’s
amplifying ability. Thesc tubes (referred io =
acorn tubes) are very small physically and s
nol used extensively because of their limited
power=-handling capabilily,

Gas=Filled Tubes

Gas-filled tubes (gas tubes) have many uses
such as, voltage regulators, rectiliers, elec
tronic switches and triggers, and indicalors
They may have either a heated (hot) cathode of
an unheated (cold) cathode, Most gas tubes an
diodes or triodes and capable of handling morg
current than vacuum tubes of the same physicd
dimensions, '

Gas tubes conduct when ionization occurs
(Ionization is the process by which a particle-
gae in this casc—Iloses or gaing an elecira
theretyy having & positive or negative charge
It can be produced by collisions of particleg
by radigtion, and by other means.) The ionizs
tion point (firing peint) varies with tube con
struction and type ol gas used.
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After ionization has started, the action main-
tains itself at a voltage lower than ihe firing-
point voltage, To mainlain ionization, however,
vollage must bhe kept above a certain minimum,
I the voltage across the tube falls below this
minimum, lhe gas deionizes and current flow
stops. (The voltage at which current ceases to
flow is known as the deionizing potential.) The
gaz-filled tube may be used ns an clecironic
switch that closes al a certain voltage and per-
mits current to [low and opens at a lower
voltage and thus blocks the [dow of current,
These lubes have o very high resistance before
ionization and & very low resistance after ioniza-
tion,

GAS DIODLES, —The cold=cathode dicde re-
quires a higher firing potential than the hot-
cathode diode, The neon glow lamp or nson

bulb iz such a cold cathode diode. Iis cathod
may have the same shape as ils plate so thl
the fube can conduct in either direction dependie
only on the applied potential; or the tube ms
be constructed to permit current flow in o
direction only. The passage of current throug
the tube is indicated by a glow,

Glow tubes have several applications. The
are used to indicate the presence of a "i"ﬂlt_
as a source of light, as a rectifier, and ass
voltage regulator, A schemalic representationd
a voliage-regulator glow tube is shown in [igus
3-62A, The black dot denotes that the tube i
oas=Tilled,

Hot-cathode, mercury-pool diodes (fig. 3-625
are especially designed Lo serve as rectifiers
These tubes have a much higher current-handling
capability than vacuum tubes. Mercury vapor i
the gas used in these tubes; it is formed why
the small amount of liquid mercury inclosd
in the envelope is completely vaporized by tig
hot cathode, These tubes are not capable d
supplving their rated output until the mercuy
iz completely wvaporized, To prevenl damag
to the fube, sufficient time must be allowed fo

A
V=R TUBE

B

MERCURY=-PQOL POWER
RECTIFIER TUBE

20.18
Figure d4-6i.—5chematic diagrame of two gas-
filled tubes,
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T

the mercury lo vaporize before applying plate
supply voltage to the tube.

THYRATHONS, — A gas=filled tricde (fi
¥-6d), or tetrode, in which a grid is used to
eontrol the firing potential is called a thyratron.
The firing potential depends upon both the plate
potential and the grid potential, The grid-control
characteristics of a typical thyratron are shown
in [figure 3-64, Thus it can be seen that the
firing potential increases as the grid bias in=
creases (becomes more negalivey, A grid bias
of ~4 volts recuires approximaiely 350 wvolts
on the plate lo cause conduction. A grid hias
0f =T volts reguires 700 volls on the plate to
cause tube conduction —thus plate current flow.
When conduction starts the grid loses control
and no longer is etfective as a control element,
To stop plate curreni [low the plate wvoltage
sl be reduced to the deionizing voliage, When
conduction starts, the grid leses control and a
positive ion sheath is [ormed around the negative
grid, This sheath neutralizes the negative grid,
thus destroying its cffectiveness as a control
element,

Thyralrong have many practical applications
inrelay and trigger circuits,

BEMICONDUCTOR DEVICES

Semiconductor devices or semiconduclors
[sometimas relerred o as solid state devices)
‘are being used in almost all types of military
eleetronic equipment, Virtually all new equip-
‘ments incorporate them, "rlﬂn}, equipments usc
them exclusively,

- In addition to replacing the clectron tube in
‘many circuits, the semiconduclor has no electron-
‘tube counterpart for many of ils uses. Transis-
]urs and most other semiconductor devices are
more complex than electron tubes and require a

substantial amount of hackground kKnowledge (o

20,18
Figure 3-63, — Thyratron,
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representative thyratron,

understand completely their theory and operation,

some publications (such as Basic Electronics,
NavPers 10087 servies, G, E, Transistor Manual,
and Electronics by Chirlian and Zemanian) ex-
plain semiconductors in detail and can be obtained
from BuPers or the public library.

Semiconductors Diodes

When P- and N-types of semiconductor mate-
rials are combined in manuiscture, the result
is & semiconductor dicde, ( P=type semiconductors
are materials treated —doped — with an impurity
o give them an overall positive charge, and
N=type semiconduclors are those treated to give
them an overall negalive charge.) If the proper
bigs wvoltuge is applied, the diode will conduct
heavily in one direcction and very little in the
other direction,

Like electron=-tube diodes, semiconductlor
dicdes serve as rectifiers, voltage regulators,
and in other uses. Semiconductor diodes have
additional useful application, Semiconductors vary
in size ranging {rom small oncs with current
ratings of less than ene millinmpere (,001 ampers)
io large S00=-ampere rectifiers,

Semiconductor diodes are classified according
to construction as the junction type or peint
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contact type. Both types are represented pic-
torially in figure 3-65. Modifications of these
dicdes are used for various purposes, some of
which are represented in figure 3-66, Figure
3-664 is a dicde (called zener) voltage-regulating
cireuit, figure 3=-651 is a zener diode tempera=-
ture compensation circuit, and figure 3-86C is
a basic photodiode circuit which utilizes varia-
tions in the light impinging on the junction to
produce ouiput current variations,

Transistors

A simple transistor can be constructed by
placing two semiconductor dicdes back to back
with the center element comimon to both junc-
tions,

Transistors are made of PNP and NPN mate-
rials, The PNP transistor and the NPN transistor
operates basically the same except that current
flow in one is in a direction opposite to that in
the other type, and bias-voltage polarities are
reversed (refer to figure 3-67).

~
P-TYPE
CRYSTAL

CATWHISKER

INT
CONTACT

N

-++ :"fl-..
T it

"‘h...‘ F

il F e r

P-REGION

N REGION.

<—LEAD
P REGION AROUND POINT CONTACT
B

20,238. .25
Figure 3-65.—Junction (A) and point contact (I3)
Lransistors,
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Figure J=-66.— Diode uses.
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Transistors are small, yet rugged. They can
withstand very high centrifugal florces. Being
solid devices, they reguire no special envelope
and no filament power., Eliminating filament
power greatly increases ihe efficiency (com-
pared to electron tubas), They are capable of
operating at frequencies far above the operating
limits of any conventional electron tube,

Transistors also operate well with low-
voltage power supplies (some at a fraction of a
volt), and they are capable of operating with
powar outputs greater than 100 walts, Finally,
trensistors have a very long lifetime — some-
times over a hundred thousand hours.

TETRODES. — A tetrode transistor is pro-
duced by adding a fourth element to a 3-slement
transistor. In the junction tetrode, the fourth
eglectrode is essentially another base, whereas
in the point-contact type, it is essentially another
amitter, The tetrode transistor permits a higher
frequency response and a higher power oufput
than the 3-element transistor,

Comparing Tubes and
Semiconductors

Semiconductor diodes have an emitier and
a collector, corresponding respectively, to the

PLATE
r;"”ﬁm\ QUTPUT
GRID ‘\__r i
INPUT CATHODE =
= T
i
¢
COLLECTOR c
OUTPUT
=]
M
Fl
E| EMITTER E
= | s
-IE PHE
—r—
1.280

Figure 3-68, —Corresponding elements in triode
and transistor.

-

B

cathode and plate of an electron tube diode.
transistor has a collector terminal that corre
sponds o the triode plate, a base terminal th
corresponds to the grid, and an emitter termic
that corresponds to the triode cathode,

Figure 3-68 shows the similaritics betwes
basic circuits using the triode tubz and the i
elemesnt transiztor, both NPN and PNP types
The direction of electron flow is [rom the ¢athok
to the plate in the tube and from the collecid
to the emitter (againsl the arrow in the emitty
terminal) in the PNP and from the emitter}
tha collector in the NPN,
BASIC ELECTRONIC CIRCUITS

Some basic electronic circuils are used i
this section to show the principle of operationy
the more complex circuits such as those foud
in redars, computers, and weapon power drig
amplifiers, The circuite used here are simplifig
for instructional purposes.

Reclifier and Voltage-Regulating
Circuits

Basic rectifier circuits and veltage-regulating
circuits using electron tubes werc discussy
earlier in this section and are noi discussy
further, '

Basic semiconductor rectifier circuits an
shown in figure 3=69, Their operation i the samé
as that of the electron-tube rectifier circuits
There mey be a emall difference in circuil coe
struclion however., The semiconductor rectifia
circuit may have a small surge resistor (RY
connected in series with the diode to 1imit it
peak current, '

The bridge rectifier circuit in ligure 3-64f
(or F) is a full-wave rectifier that with a simils
input has twice the oulput of the full-wave, centets
tapped circuit shown in figure 3-69B (if bolj
circuits use the same input translormers), .

Each rectifier has advantages and disadvants
ages. The hali-wave rectilier is the least em
pensive but the hardest to regulate. The full-waw
bridge rectilier ig the mosl gxpensive but che
most efficient rectifier.

The tridge rectifier uses the entire secondar
winding of its input transformer on each half
c¢ycle of operastion. On ong half-cycle curred
flows from point 2 to 1, then in numerical se
guence from 3 to 8, and then on the next hali
cycle it flows in saquence from points 1 to 2
8 4, 6, 6, 7, 3, and bhack to point 1 completiyg
the circuil, '
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circaits,

A gimple voltage regulator circuif employing
'a Zener diode is shown in figure 3-70. The
Zener diode has properties that make it an
‘excellent vollage regulator when the proper bias
yoliage iz applied. If the voliage betwsen points
1 and 2 increases, the current flow through the

79
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Figure 3=70, —Simple shunt voltage-regulator.

Zener digde incresases, but its resistance de-
¢reases, The voltage across the Zener and the
parallel load (R) remains constant. The addi-
tional voltage would drop across the scries
resistor R.

Other wvoltage regulators such as these in
figure 3-71A use both Zensr diodes and transis-
tors, Still others, such as that in figure 3-7113,
use a repgulating amplifier for improving voltage
stability.

Amplifiers

Amplifiers are classified according lo use,
bing, frequency, response and cireuitl configura-
tion, Generally, amplifiers are a combination of
these glassilicalions, An example of this would
be a class A (bias), grounded-cathode (circuit
configuration), sudio frequency (freguency ve-
sponse), voltage (use) amulifier,

When classilied according to use, amplifiers
fall into two general groups — voltage amplifiers
and power amplifiers. Vollage ampliliers are
designed lo produce a large change in output
voltage, across the pleie load by applying a
small input voltage (signal) between the grid and
cathode. The gain of a voltage amplilier is the
ratio of the p=-¢ output voltage to the a=-¢ input
voltage (vollage-oul/voltage-in), Veoltage ampli-
fiers are commonly used in radars and com-
puileTrs,

Power amplifiers are designed to deliver a
large amount of power o the load in the plate
circuit of the tubs or the collector (or emitler)
circuil of a transistor.

They are used: (1) to drive seryo motors in
computers, (2) in output stages of radars, and
(3) output stages of power=drive mmplifiers on
oun mounts and other ordnance units,

Amplifiers that are classified according to
bhias fall into three main classes ol operalion,
A, B, and C,

Class A amplificrs are biased (grid-to-cathode
or base-lo-emitier) so that with a normal signal



PRINCIPLES OF NAVAL ORDNANCE AND GUNNERY

* H'I. -
e AN —
Rz @
E N = £ out
[UNREGULATED) 1/ NER) S [REGULATED)

4=\
L/

- g

A BASIC SEMICONDUCTOR SHUNT VCLTAGE REGULATOR

<YOLTAGE REFERENCE
2 — _T — -y - . 2
+ “‘.\_\_\_\\ En.: —_
Ry
=Lz
Ewm =% 1 l | Eown
/ Ra R2
S S-S
Q) |/REGULATING SEMSING LEAD
| AMPLIFIER
* SERIES TRANSISTOR
B EMMITTER-FOLLOWER SERIES REGULATOR
20,407 .408
Figure 3=T1.—Basic semiconductor voltage regu=-

lators,

input the tube or transistor will conduct during
the entire grid signal cycle. As long as the
amplifier operates within its limits the output
will be a replica of the input. Class A amplifiers
are used in audio circuits where a reproduciion
of the inpul is desired,

Unlike the class A amplilier a class 3 ampli=-
fier is biased so that no plate current flows in
the absence of & signul to the grid or base.
Plate current flows for approximately one half
of each cycle (positive alternation) of grid signal
voltage, Plate current is cut off for the duration
of the negative alternation,

Class C amplifiers are biased beyond cutoff —
about 2 to 3 times the cutoff value. This amnli-
fier requires a large input signal to cause con-
duction, It conducts only for a small portion of
the positive alternation of the input signal. Class
C operation is used principally in radio-{requency
amplifiers and is never used f[or audio ampli-
lication,

Aamplification may be classilied according to
the frequency range over which they are designed
to oparate, These are known, ag direct-current
(d-c); audio-frequency (AlY); intermediate-fre-
quency (IF); radiofrequency (RF); and video-
frequency amplifiers. Direct-current amplifiers

20

are used when the signal current ig in but on
direction. Audicirequency ampliliers operate |
the audiofrequency range—irom approximalej
20 hertz to 20,000 hertz, Intermediato=freqguend
ampliliers and RF amplifiers operate within
particular [requency range, These amplifies
usuglly are tuned to a certain {requency (calls
midfrequency) which varies according to applis
cation, An AM radio uses 456 kHz as its [F
whereas an FM radio uses 9.1 MHz. Video amplis
fiers (used in radars, targel designation displays
and TV) operate within a range extending fron
the lower audiofrequencies to about 5 MHs

Another method of classilying amplifiers i
according to circuit configuration— how the tul
elements are connected in the circuit, There an
three circuit configurations: grounded-cathod
(or common-e¢mitter), grounded-grid (or coms
mon=base), and grounded-plate (or commoms
collector).

A grounded-cathode amplifier circuitis shos
in figure 3-72A, The cathode may be conncctdl
to ground directly, as shown in figure 3-723
or through a resistor (R) with a bypass capacite
as shown in ligure 3-T2B, (The bypass capacite
holds the cathode at ground polential in resped
to the input signal,) Common=emitter transisto
amplifiers for PNP and NPN circuits are show
in figure 3-73A and 3-73B,

Grounded-grid amplifiers like the one show
in figure 3-T4A are used as radiolreguency
amplifiers in the lower radar frequencics an
in television circuits., The signal is applied &
the cathode in series with the bias voltage. The
output is taken belween the plate and ground
A common=base circuit is shown in figure 3=-74K
Resistors R, ond R, develop [orward bisf
making the emitter posilive in respect to U
base.

The other circuit conliguration is e
grounded-plate amplifier (lig. 3-T5A) or i
common-collector amplifier., This iype circull
is used in high-frequency applications, The inpd
signal is to the grid, and the output is taken frog
the cathode. Common=-collector amplifiers using
ENFP and NPN transistors are shown in figures
4=758 and 3=-73C, respectively.

Direct-current amplifiers are used oxtems
sively in some analog computers. A typical d-f
amplifier circuit is shown in figure 3-76, In Chig
circuit a lixed portion of the cutput (feedback]
iz taken from across R, aml fed back toth
base of Q o, This provides stable gains overy
wide range of {requencies,

A high=gain d=c amplifier callad an opers
tional amplifier is used in some applications
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Figure 3-72,— Grounded cathode amplifier cir=

cuits,

It usually consists of three d-c amplifier stages
m gerieg (cascade), and it has & gain of up to
50,000 to 1 or higher. A typical operational
;Impll.[ier circuit is illustrated in figure 32-77.

Resistor R is the feedback resistor,

. Somse uSes of d-c amplifiers in analog com-
puters are: (1) to solve eyuations; (2) as algebraic
tadders in summing amplifiers; and (3) as multi-
-]ﬂlars and dividers. A schematic diagram and
the equivalent circuits of the summing amplilier
are shown in figure 3-78, The summing amplitier
works on a similar principle as the mechani¢al
igitierential, which was explained earlier in this
Repter, I there are two or more voltage Inputs
o the same pelarity, as shown in figure 3-78R,

{_he output is the algebraic sum of the input voltages
With the polarity of the output reversed (+5 and
4 = +8. By reversing the polarity, +8 becomes
=8}, If the polarities of the input voltages are not
the spme, as in figure 3=78C, the output is still
the algebraic sum of the input voltages with the
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Figure 3-73,—Common-emitter circuits; A, PNI%;
B. NPN.

polarity of the cutput reversed (-5 and +3 = 2),
(The output of a summing amplifier is opposite
in polarity from the input, which means that if
the input to & unity gain amplifier is +2 volts,
the output will be -2 volts,)

DIGITAL DEVICES

Digital computers function in the binary-
numbering system using the digits 0 and 1. Their
components represent data that can only be in
one of two stable states — ON or OFF, conducting
or not conducting, energized or deoenergirzed.
The action of & digital device or digilal-compuler
component cen best be illustrated by the action
of a common light switch; it is either ON or
OFF,

Binary Numbering System
A brief review of the binary numbering sys-

tem may help you to better understiand the digital
devices that will be discussed later,
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The binary numbering system ues the base Figure 3-75,—Grounded plate (A) and commio:
2 and not the base 10; thal is, it uses only two collector circuits; (B) PNP; (C) NPN.

digits, 0 and 1, Thus, the sequence [ollowed in
counting up to 1000 (base 2) uses:

10 (G000y,). It is equal to 8 to the base 1

base 2 base 10 base 2 base 10 A nuick look at the number seguence shows

the terms are powers of the number 2, Ti

ooou 0101

oo SaEc & i decimal binary
0ol0 = 2 0111 = 17 1 = 2= 0001
0011 = 3 1000 = B 3 = 2% = Q0LO
0100 = 4 4 = 28 = (0100
g8 = 2%« 1000
Of course you can easily see that 1000 to the 16 = 2= LooOo
base 2 (1000: ) is nol eqgual to 1000 to the base 32 = 2% = 100000

a2
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- Binary addition, subtraction, division, and
multiplication is accomplished in the same man-

@= carry

83

110,141

Figure 3-7T8,— A typical d-c amplifier.

Boolean Algebra

Boclean algebra is wused in the study of
digital devices to determine the "‘truth wvalue'*
of the combination of two or more statements.
Because Boolean algebra is based upon elements
having two possible stable states, it becomes
very uselul in representing switching circuits.
This is because a switching ¢ircuil can be in
only one of two possible stable states at a given
time—open or closed, These two stales may be
represented as (0 and 1, respectively. As the
binary numbering syvstem consists of only the sym-
bols 0 and 1, we can use these symbols with the
Boolean algebra,

In Boolean algebra there are three basic
operations — AND, OR, and NOT. The basic oper=
alions are represented in logical equations by
the symbols shown in table 3-1. The OR opera-
tion is indicated by the addition symbol, whereas
the AND operation is indicated by a multiplica-
tion symbol (the dot, parentheses, or other mulli=-
plication signs). The NOT {unction is indicated
by & solid line over the letter or letters—oxe
ample; X and AL,
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Figure 3-78,— A, Schematic of the summing

amplifier and ils egquivalent circuit; B, An

equivalent circuit of the summing amplifier;

C. Equivalent circuit using = second input
¢condition,
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T

Tahle 3-1.— Logic symbols,

OPERATION MEANING
A B Aand B
A+ B A or B
A A NOT

110,134

Logic Operations

The three basic logic operations and fourd
simpler combinations of the three (NOE
NAND, INHIBIT, and EXCLUSIVE OR) are show
in figure 3=79. For each operation a represents
tive switching circuit, a truth table, and a blo®
diagram are given. A 1 al the inpul indicate
the presence of a signal (corresponding to i
switch closed), and a 0 indicates the abse
of a signal (switch open). In the outputs, a
indicates a signal across the load, and a 0 ind
cates no output,
For the AND opsration every input line (W

in this c¢ase) must have a signal present
order to produce an output (or all switchs
must be closed to produce an output), The (R
circuit produces an output whenever a signp
is presenlt at any input, The NOT operation $
simply an inversion, an input signal produces X
ocutput, while no signal input produces an outpl
The NOIRU circuit operates just the opposik
from the OR circuit, and the NAND operals
just the opposite from the AND circuit, Tk
EXCLUSIVE OR circuit has an output only wh
there are a4 combination of 4 0 and a 1 input a2
not when all inputs are the same (either (¥
or 1's), An EXCLUSIVE OR logic diagram £
shown in tigure 3-79,

the

Positive and Negative Logic

Logic circuits may be utilized to provide
llj-es'n or '‘no'' or 1.t-t_rue_|| or "fﬂﬁell answer
specific questions, A "‘ves'' or "'true'' answd
is usually represented by a binary 1, and a ''ng
or '"'false" answer is usually a binary 0.
far as the circuitry is concerned, however,
is possible Lo use either a positive vollage or
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Figure 3-79,—Logic cperations, comparisen chart.,
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negative voltage to represent either binary digit.
Therefore some distinction must be made re-
garding the system of logic [or a particular
application. The term POSITIVE LOGIC is used
to denole a circuil in which the voliage level
representing a binary 1 is positive in respect
to that used to represent a binary 0, NEGATIVE
LOGIC is the term used to denote circuitry in
which the voltage level representing binary 1
is negative in respect to that represcoting binary
0.

Basic Logic Circuits

Many of the basic circuits used in digital
devices are conventional electronic circuits gen-
erally applicable to electronic equipment, Circuits
which perform the logic operations previously
discussed, provide an output only if certain input
conditions exist. They can be classified generally
as gate circuits and may employ electron tubes,
transistors, semliconductors, and/or magnetic
cores,

The basic circuits of the inverter, OR, AND,
NOR, and NAND gsies are discussed briefly,

The inverter or NOT circuit is nothing more
than a gate amplilier that produces an inversion
of the input signal and has unity gain, The in-
verter circuit shown in figure 3-80 uses a PNP
transistor biased at cutoff by the divider R.
and R,. The inputl signal is divided by R, and
Rz to make circuit gain unity., This circuit
represents a negative logic circuit because the
input must be negative to cause conduction, An
inverter using an eélectron tube is shown in
figure 3-81.

An QR circuit or gate with four inputs is
shown in figure 3=-82, Many OR circuits have
only two inputs or any cther practical number
of inputs, The OR circuit shown has 16 possible
input signal combinations (2° = 16) asillustrated
in the truth table., When snhy one or more of the
inputs receive a positive signal, the diede (or
diodes) receiving that input conduct(s), This
results in a positive-going output at I, measured
acrose Ry. (This circuit uses positive logic.)

A transistorized AND gate is illusirsted in
figure 3-83, This version uses two inputs and
positive logic. The transistors are biased so
that they conduct down scross Ry with no inpul,
With either transistor conducting, there is an
output across Ry . The application of positive
signals at A and B at the same lime, however,
will cause both transistors to ceasc conduction
and the output at F to rise to ground or zero
potentinl representing a logic 1.

=2V

0 INPUT
{}——-————-—-.-——-———.-
—|2y
INPUT OUTPLT
A F
12.185.2

Figure 3-80.—Transistorized NOT circuits,

A NOR gate is a combination of an OR tjg
citrcuit and of an inverter. The NOR circuit
ligure 3-84 uses posilive logic. With no signi
input (0) the NPN transistor is biased to culdh
and the ocutput at F is positive (1). A positivg
signal (13 to any of the inpul terminals (A, T
C, or I} will cause the transistor Lo cond
and the ouiput to go negative.

The NAND circuit combines the AND functio
and the NOT (inverter) function. In fipure 3-%
the BNP transistors are biased for maximum
conduction in the absence of signals, When poss
five signals are applied simultaneously to o
iransistor bases, both will be cut off, and
output voltage at the coliectors goes relative
negative. (Note that both transistors mustl be o
off al the same lime in order to change the
output.) This is a positive-logic NAND circuil

Flip=Flop Circuits

[Plip=flop cireuite (bistable multivibrators
are used in digital devices to supply an outpt
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12.135,1

Figuro 3-81.— Flectron tube NOT circuit.

A O—bt
3
Cc
D F
Ry
12,134,4(20B)

Figure 3-82,—OR circuits,

ad its complement at the same time. They are
ged also as off-on Lriggers and for storage
purposes in counting circuits,

i {l‘w logic symbols used to identify {lip-llops
fregardless of the internal circuitry) are shown
8 figure 3-86. The symbol in figurc 3-86A has
o inputs, set (5) and reset (R), The symbol
) fligure 3-86B has three {nputs—set, resct,
#od trigger or loggle. The output {rom both

1 Chapter 3 —BASIC SCIENCES FOR NAVAL ORDNANCE AND GUNNERY
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Q1
A
B
F
o
Q2
j HL
12.133,1(20B)

Figure 3-83, — AND cireouil,

& m e

67.89
Figure 3=84, — NOR circuil,

arc the same—set (1) and resot (0). The set
input is used to get a ''1' from the sel cutput;
the reset jpput is used to resct the flip-flop
for a "1'" out of the reset oulput, The trigger
input is used to change the [lip-llop [rom one
stable state to the other, This Is accomplished
by applying the smme signal to both transistor
bascs at the sune time.

The schematic of a simple transistor [ip-
fiop is shown in [igure 3=-87, Oulputs arc taken
from pointe X and Y. Inpuls are represented
by switches A and B which temporarily ground
these points when the Lrigger input is to be
applied. The trigger input may be applied in
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87.90
IFigure 3=85, — NAND circuit,

INPUTS TﬂﬁGLE

TRgGER
INPUT
SET RESET SET RESET
. [ _lmuum INPUT ] INPUT
3 c 8 T 6
FF FF
! o | o
SET RESET
5“' IREEET nurpu'rl OUTRUT
OUTPUTS O
& == 8
124,26

Figure 3-86,— Flip-flop symbol,

20.473

Figure 3-87, — Transistor flip=flop circuit,

e

several different wayvs, such as by diode, transis
tors, switches, relays, or otherwise,

In one of the two stable states of the flip-fiqg
transistor Q; conducts heavily and transiswd
y is cutoff, With this arrangement, point Y wi
be at ground or zero potential, whoreas point §
will be at the Vec potential, As you can ses, !
negative polential at point X is directly connecta
to the base of Q5 kecping it forward biass
end conducting heavily, If switch A is now closs
momentarily (simalating a SET input), the bas
of Q; is grounded and the forward bias is 8
moved, This causes Q. fo cut off and cause
ite collector to go negative, applying forwss
bias to Q,. Then transistor Q, conducts heavily
maintaining the base of . at ground potentig
I switch B is closed momentarily, the circul
will change back to its othor stuble state —Q
conducting and 3 cul off, Thus when@). conducts
the X output is negative or n binary 1, and Y
8 binary 0; when @, conducts, the Y output
1 and X output is 0. (This circuil uses negatin
logic; the voltage level thal represents a binan
1 is negsative in respect to the level that repre
sents a binary 0.)

Flip={lops, along with other devices, are
extensively in digital computers,

atorage Hesister

A storage register consists of a groupd
flip-flops (fig. 3-88), each capable of handlig
one bit (& 1 or a 0) of information. It is used§

IMPUT PULSES

5 1 5 =
T T
READ PULSE =
REGISTER Et
- | 5 5 i
COUNTER L 4 oL
< ™ -l 3
RESET ['1 ]"L_... 3

20,45
Figure 3=88.— A four=-bit register and assocists
counter,
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store a word (two or more bits of information)
temporarily.

The register in figure 3-88 represents a
slorage register that is capable of storing afour-
Ht (or less) word such as 1011, The lower group
of flip-flops comprises the register, and the
upper group forms an associated counter. Other
Elorage registers are designed to handle longer
wm‘ds, and therefore they have more flip=flops,
The nuniber of flip-flops depends on the maximum
aped length expected,

Storage registers together with other devices
‘e used in digital computers to perform mathe-

matical logic -::::rmputatmnﬁ such as addition and
‘sibtraction.

.ﬂhrage Devices

» Digital equipment utilizes wvarious storage
devices, This brief discussion is limited Lo some
gommon magnetic devices used for storing in-
formation over a period of lime,

The on-oll Pllll{:iplﬂ using magnetic devices
i8 easily understood if we lel the magnetized
tondition Tepresenl binary 1 and the nonmag-
qetized condition represent binary 0. In the case
of magnetic cores, each core is small, and the
eatire core is m&gﬂ'&tl%ﬂ in ons direction to
represent 1 and in the opposile direction to
reprecent 0. Magnetic drums gnd lapeg repre-
‘Bent data as small magnetized or nonmagnetized
greas on their surfaces,

A representative magnetic core is shown in
ligure 3-89, Ils outside diameter is ,050 inch;
{8 inside diameter is 0,030 inch; its thickness
18 0,015 inch, The core ig magnetized by current
dlowing through wires that are threaded through
ithe core. Several cores are arranged in a flat
pinel inside a frame to make up a matlrix, A
ipomputer thal uses magnetic cores for its com-
tations contains many of these malrices,

A magnetic drum (compared to a core) pro-
Wides an inexpensive method of storing large
amounts of data, The amount of data the drum
s able to stow, however, depends on the size

‘have g diameter from 5 to 24 inches, ig shown
o figure 3-90. The surface of the drum is
divided into tracks or channels which encircle
il A number of read/wrile heads (st least one
or each track) arc used for recording and read-
ing out information, The heads are placed a
tmpecified distance from the drum, For proper

'rat'mn, this distance must be constant: there-

0.015 1N,

H.
/‘"‘
li

"i..

oS

124,54
Figure 3-89, — A magnetic core,
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—,ﬂ — [
} TIMING TRACK

124.60
Figure 3-90,— Magnetic drum,

so that read or write operations can take place
on any or all tracks simultaneously.

A third type of storage device iz magnelic
lape, It is similar to tape used with commercial
tape recorders, except thal a very high guality
tape is required for greater accuracy, Seven-
channel tape (commonly used in computers) is
usually 1,/2 inch wide and has a recording density
of 100 to 500 binary bits per inch, This enables
a 2,400 foot roll to store 3 to 18 million char-
acters (bils of information)., The main advantage
of magnetic tape is its ability to slore millions
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of data bils inexpensively, Under ordinary oper-
ating conditions, magnetic tape is reusable many
times; data on & used tape may be iransierred
to a new one,

Anolher storage device, commonly used in
digital computers, is the magnetic disk, Several
of these disks are used in each computer. They
resemble phonograph records and are arranged
in much the same way as a record stackina
modern '"'juke box.," The main advantage of
magnetic disk storage is the high storage capacity
obtainable from a bank arrangement of scversl
disks. Some magnetic disk systems can slore
over 5,000,000 coded digits.

PRINCIPLES OF OPTICE AND
ORDNANCE OPTICAL INSTRUMENTS

The optical instrumenis used in naval fire
control present & magnified image of the target
to the observer's eye. Al the same time, the ob-
sorver sees an image of a reticle, or reference
mark, localad inside the insirument itseli, By
accurately supcrimposing the reticle image on
the target image, the observer can establish an
accurate line of sight to the target. The range-
finder, by establishing two separate lines of
sight, makes il possible to find the target range
by a form of triangulation,

To form the reticle and target images, an
optical instrument must ¢ontrol the psath of the
light that passes through it. Il does so by the
uge of lenses, prisms, or mirrors, or some
combination of thesze elements, Thisz seclion
briefly reviews the hehavior of light as it passes
through optical elements, Faniliarity with these
basic principles will make possible a general
understanding of most optical instruments,

NATURE OF LIGHT

Light is a form of energy, It lravels [rom
one poinl to another in the form of waves, Ex-
cept [or their wavelengths and frequency, light
waves are identical with other types of electro-
magnetic radiation, such as radio waves and
gamma rays, The wavelength ol wvisible light
ranges [rom approximately 0,35 micron to 0,70
micron. (A micron is one thousandth of a milli-
meter.) The color of light depends on its wave-
length, In order of incresasing wavelength, the
¢olors are violet, indigo, blue, green, yellow,
orange, and red. Radiation of longer wavelengih
than visible red is called infrared, or heat radi-
alion. Beyond inlrared are the radio waves,

Radiations shorier than visible violet are (in the
order of decreasing wavelength): ultraviolet,
XN=rays, gamma rays, and cosmic rays.

If a small object is dropped into water, &
series of concentric circular waves will spread
out from the point of impact. This provides g
familiar analogy for the behavior of light waves,
Waves in waler, however, move on a two-
dimensionsl surface; light waves move in thres
dimensions, The waves that move outward fromg
small source of light may be thought of asg
series of concentric, rapidly expanding spheres,

Iin the study of optics it is convenient Lo tracel
the path of lighl rays, rather than waves. Al
any given point, a light ray is an imaginarg
line used to show the direction in which the light
wave is moving, Since the wave 18 an expanding
sphers, its direction of movement at any point i)
along a radius of that sphere, A ray, then, is g
radius of the sphere formed by the wave froni
and is at right angles to the wave Iront,

A telescope or similar instrument will res
ceive only a small part of the light emitted
by the source, FEach wave thal enters the ir
strument, therefore, is only a small part of ¢
sphere, II a wave comes [rom a nearhy source
the part of it that enters the instrument will b
strongly curved. And the rays (radil of s
spherical wave) that enler the instrument will ke
diverging. But if the source is at agreat distance
the part of the wave thal enters the instrument
will be nearly [lat; for all practical purposes i
can be considered a plane, Singe the rays arg
perpendicular fo the wave front, the rays thaf
enier an optical instrument from a distant point
can be considered parallel, Figure 3-91 shoull
make thiz clear,

In the drawings in this section only a few
ragyse are used to represent the lighl that enters
the instrument, But remember that light ravs
enter an optical instrument at every point on its
iirst lens. In diagrams of optical instrume
only a few of these rays will be shown, Thres
rays are usuglly enough to show the path of 1ight
and formation of images within the instrument

Light travels at aboul 186,000 miles per sec-
ond in air, In a denser medium, it moves more
slowly, For example, the wvelocity of light &
water is sbout 140,000 miles per second; ¥
glass it ranges from 95,000 to 127,000 miles
per second, depending on the optical density dl
the glass. This dillerence in velocity makes i
possible for an optical instrument to contrd
the path of lighl, to form images, and {o magni
them,
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Flgurﬂ 3-91,—Light rsys from nearby and dis-

tant sources,
B
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 When light traveling in air strikes the surisce
of & mirror, most of it is reflected back into the
sir (fig, 3-92). The incoming ray is the incident
ra¥. The normal is an imaginary straight line,
at right angles to the mirror surface, passing
through the point of incidence. The angle of in-
gidence is the angle between the incident ray and
e normal, and the angle of reflection is the
angle between the normal and the reflected ray.
The law of rellection states, first, that the
angle of incidence is equal fo the angle of re-
ction; and, second, thai the incident ray, the
lected ray, and the normal all lie in the sam=

When light traveling in air strikes the sur-
e of clear glass, a part of the light will be
ted; the rest will enter the glass. If the
ent ray lies on the normsa] (zero angle of
ence), aboul 54 of the light will be reflected,
the angle of incidence is increassed, the
nt of reflection increases, As the angle of
ence approaches 90° the reflection ap-
proaches 100,

» When light traveling in glass strikes an air
murface, part of the light will be reflected back
dnto the olass; the rest will enter the air. At
ero angle of incidence, azbout 5% of the light

21

110,30
Figure 39-92,— Reflection at a mirror surface.

will be reflected back into the glasg. As the
angle of incidence ig increased, the amount of
reilection increases rapidly. When the angle of
incidence becomes greater than the critieal
angle, all of the light will be reflected back
into the glass; none of it will enter the air, {The
critical angle for various types of glass, at an
air suriace, varies [rom 37° to 43°) This prop-
erty of a glass-air surface, called total in-
terpal reflection, is used in many optical in-
struments. Iigure 3-83 shows how the line of
sight may be deviated through an angle of 90°
by internal reflection at the diagonal face of a
right-angle prism,

If the prism in figure 3-93 is rotated (in the
plane of the page) through any angle, the angle
of incidence will be changed by the same angle.
The angle hetween the incident ray and the re=-
flected ray will therefore be changed by twice
that amount,

REFRACTION

When light passes from air into glass, its
speed will decrease. It will resume its original
speed when it leaves the glass and enters the
air, H a ray of light strikes an air-glass or a
glass-air surface at an obligue angle, its change
of speed will result in a change of direction.
Figure 3-94 shows why thiz is s0,

The diagonal lines in the figure represent the
approaching light waves. Since they are coming
from a distant source, they are parsllel. As each
wave enters the glsss, various poinls along the
wave front will slow up successively, and as a
result the entire wave front will change its angle.
Since the direction of movement, shown by the
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ray, is at right angle to the wave fronis, the
light bends as it enters the glass, The opposil
effect occurs when the waves lcave the glass
Now the various points along the wave success
sively increasc their spoed. As a result, o
emergent waves are paralle] to those that entered
the glass, And the emergomt ray is paralll
to the incident ray, although it has been dis
placed on one side.

Figure 3-95 illustrates some of the torms
used to describe the reflraction, or bending, o
light, The LAW of refraction states that ligh
bends toward the normal when it passes into s
denser medium; it bends away [rom the normi
when it passes inlo a less dense medium,
exact sngle of bending may be easily calculated
It depends on the angle of incidence, and on th
optical density of Lhe two media, Optical densify
is expressed as index of refraction. (The inde
of refraction of a vacuwm is 1; the index of res
Iraction of pir is approximately 1. The variou
types of optical glass range (vom approximately
1.6 to 1,96,)

When the two glass surfaces arc parallel,

in figure J=-94, the emergent ray isparallel to i
110,31 incidnet ray. When such elements occur in op

Figure 3-93,—Total internal reflection in & tical instrumenis (as, for example, in the enl
prism, windows of rangefinders), they do not devia

the line of sight, However, if the two glass surs
[aces are not parallel, the line of sight will by
deviated, as in figure 3-96, Thin prisms are us

- Lo .
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12,232
Figure 3=94.—1%ath of wave [ronts througha sheet  Figure 3«95, —Terms used lo describe the
of glass, fraction of light.
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Figure =96, — Refraction in o prism,

2 rongefinders to deviate the line of sight
‘through a small angle,

BIAGE FORMATION

. Figure 3-97 shows the path of parallel rays
of light on passing through two prisms mounted
base to base, LEach ray will be deviated toward
e base of the prism it passes through, The
wper raye deviate downward, and the lower
fgys upward. All the rays emerging {rom the
ipper prisin are parallel, and all the rays emer-
ging from the lower prism are parallel. But
fi the surfaces of the two prisms in ligure 3-97
e rounded off to form a convergent lens, as in
fure 3-98, each ray will have a dilferent angle

110.33
Figure 3-97. — Devietion of rays in two prisms,

93

12,234
Figure 3=-98, — Deviation of rays passaing through
8 convergent lens,

of incidence, and will therefore bend to a dil-
fcrent degree, The ray that passes through the
center ol the lens is normal to both surfaces,
and does not bend. Such a ray is said to lie on
the optical axis of the lens, The greater the
distance from the axis, the greatcr the angle of
incidonce at each surface, and the greater the
deviation toward the axis, U the lens is perfect,
all rays parnallel to the axis will meet at a single
point, called the focal point of the lous.

Every lens has two focal pointe, one on each
side. The two focal points are equally distant
from the lens, The distance [rom either focal
point to the center of the lens is the focal dis-
tance or focal lenglh of the lens,

Figure 3-89 shows three rays ol light diverg-
ing irom m poini source and pmssing through a
convergent lens. (An infinite number of rays
strikes the lens, but three suffice o show what
happens,) All the rays Iromn A that pass through
the lens coverage and meel al point B, Point B
is therefore the image of A, Note that B is itsell
a source of light, since rays diverge from il just
as they do [romn A. If a sheet of paper is held al
B, the image may be seen as a bright point on the
paper, If B lies between the lens and the ob-
servar's eye, the image may be inspected di-
rectly.

In figure 3-89 the distance from point A to the
lens is grealer than the focal lenglh, If the
source were at or closer than the {ocal point, the
rays cmerging from the lens would not con-
varge,

A targel or other obhject is visible when it
reflects light toward the observer, For cach
point on the target, a convergent lens will form
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110,34
Figure 3-99.—Image of a point,

a corresponding image point behind the lens,
These image points together formn a resl image
of the whole target which would appear inverted
on a flat sheet of paper held at this localion (see
figure 3-100).

VIRTUAL IMAGES

Figure 3-101 shows the path of seversal rays
diverging I[rom the point of an arrow when the
arrow lies between the lens and its {irst focal
point. The lene maokes the rays less divergent,
but does not bring them to a focus, However, an
observer on the right side of the lens may see the
point (and the rest of the arrow) by looking
through the lens, Since the observer is ac-
customed to sssuming that light travels instraight
lines, it will appear fo him that the rays from
the arrow are actually coming from P, and he

. i ot ey Ly ¥
- b‘i"- i.- .‘-l-.
L iéEE’.

110,35
Figure 3=100.— Formation of a real image by
convergent lens,
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110.36
Figure 3-101,— Formation of n virtual image Iy
a convergent lens,

secs un image of the arrow apparently locate
at . However, if a sheel of paper is heldd
P, no image will be formed on the paper. Th
arrow image al P is therefore not a real =.;4:§;
No rays actually diverge from the arrow at P, =
they do from a real image; they merely appear
to. The arrow at point P is said to bo a virtus
image.
Note the following characteristics of the vi

tual image formed by a convergent lens:

1. It is erect., {The real image formed g
such a lens is inverted.)

2, It appears to be farther behind the
than the light source.

3. It is enlarged.

A single convergent lens may be used as§
simple magniflying glase by holding it close &
the eye, The object distance is adjusted uniil
the imege appears in sharp focus when the
muscles of the eye are completely relaxed, Th
object distance will then be equal to the focd 'I
length of the lens, and the virtual {image will hig
at infinity,

LE

ELEMENTARY TELESCOPES

A telescope provides, Lo an observer's eys
an enlarged image of a distant object, A singls
lens cannot be used to provide an enlarged imag
of & distant ¢bject. However, a telescope can e
made by using a combination of two or mom
lenses. The [irst lens, called the ohbjectivy
forms a real image ol the distant object. Th
cbserver may examine the real image throughg
sccond lens, called the ocular or eyepiece lens
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The ocular serves as a simple magnifying glass,
| It forms an enlarged virtual image of the real
image formed by the objective,

. Figure 3-102 shows the path of rays from a
distant target through a simple telescope. The
drawing shows two rays from the head of the
arrow converged by the objective to meet at
point B, A real, inverted image of the target
lies in o vertical planc through B. After cross-
?lng at B, the two rays diverge and strike the
wular lens, which makes these rays less diver-
gent, To the observer’s eye, the two rays appear
dn'erga from point C, The virtual image of
the target therefore lies in a vertical plane

nugh C. (The ocular is usually adjusted sothat
8 image is al infinity; the drawing shows the
mage at C only for convenience,) To the ob-
server, the wirtual image appears to be con-
erably larger than the object itsclf, The tele-
pe therefore forms an enlarged image of the
iEian ﬂhjﬁcL

In some instruments, the ocular is so mounted
hat the observer may adjust its distance from

> objective to focus on the real image of a
se target. In the sight telescope, this focusing
idjustment iz unnecessary, since the targst
-.-.r at a considerable distance,
| The real image formed by the objective lens
ol the enlarged virtual image seen by the ob-
r are inverted, To lunction as a useful

control instrument, the telescope must pre-
fent an ercct image. One way to do this is to
fid an erector lens, used as a second objective
ith the first real image as its target., The
jor forms a real image of the first real
2 and inverts it a second time. The ocular
forms an enlarged, erecl, virtual imsage
gf the second real image,

‘A few telescopes, and most binoculars, use
mieme to erect the image, by internal reflection

.I"J

110,37
Simple telescope,

Figure 3-102, —

at the varicus prism faces. Figure 3-103 shows
fypical ways in which prisms may be used to
eregct an image,

To provide g fixed line ol sight through a
telescope, a reticle may be added, The reticle
is a flat piece of glass on one suriace of which
suitable reference marks, often two lines (called
crosshairs or crosswires), intersecting at a
right angle, have been engraved.

In praclice, it iakes more than four optical
elements (objective lens, ereclor lens, oculat
lens, reticle) to make a sight telescope. Ad-
ditiongl lenses are necessary to correcl the
aberrations or-distortions of the optical system,
Or an individupl lens may be constructed of
several carefully cemsented pieces of glass. In
a "'simple' ielescope, the objective may consist
of two or three separate lenses, cemented to-
gether, The erector and ocular are each made up
of from two to four separate lenses, The spacing
of the wvaricus elements must be maintained
precisely; moisture must be excluded, snd the
interior parts and cementing compounds must be
protected against tampering, and corrosion and
other causes of deterioration., All Navy optical
equipment is therefore hermetically sealed, Fixed
equipment such as gun and director sight tele-
scopes, rangelinders, efc., is in addition charged
with dry heliumn or nitrogen gas,

SIGHTS

The primary purpese of any sight on a gun
or director is to establish a line of sight from
the observer to the target. When the target is
distant, the sight may in addition provide an
enlarged image of the target te im»rove the
accuracy ol the line of sight, In the type of tele-
scope described above, this can be done by
using the reticle crosshairs to establish the line

110,38
Figure 3-103,— Prism erecting systems,
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of sight, while the remainder of the optical
system enlarges the target image,

Chapter 6 will explain lthe geometry of the
fire control problem and the funclion of the optical
sight and the line of sight in it. Here let us
concentrate on the optical systems used in
sights, No specific marks and mods of sight
are described here, but we can identify three
general types of sight:

1. Simple =ights without optical systems.

2. Telescopic sights with [ixed optical com-
ponents,

J. Sights wilh movable optical components,

SIMPLE SIGHTS WITHOUT OPTICAL $YS-
TEMS, An example of this is the peep sight
used on infaniry small-arms weapons, or the
ring sight (figure 3-104) installed for emergency
use on some sntisircerait gun mounts, The ob-
server looks through the eyepiece, When he has
the target in line with the cenler of the front
sight, the line of sight to target is parallel
with the gun bore. To provide for ballistic and
aother fire coatrol corrections, the observer
must offset the line of sight so that it diverges
from the gun bore by a certain angle, He can
judge the amount of offset in this simple sight

Wy
i:’l}}i}
o

kK

)

=
s _._._-:&r

SIGHT BAR

by using the concentric rings and spokes of the
sight instead of the sight's center to align the
line of sight to target. Use of this type of sight
ie restricted to targets at short ranges ind
emergencies when other methods are not avail=
able, Effective use of the sight to direct guniire
requires considerable training, and at best itis"
not &8s accurate as other systems, f

TELESCOPIC SIGHTS WITH FIXED OP=
TICAL COMPONENTS, Sights ol this type are
used in entiaircraft rapid-fire gun mounts, i
fire control directors, and in heavy turret mounts.’
Two typical systems are diagrammed in figure
3-105, The main difference between them is that
onc has all the elements in a straighl lings
while the other uses prisms. In the direcl sys-
tem (part A in the figure), the objective lens:
forms an inverted real image of the target. This
image ialls on the engraved surface of ihe cross
line lens, or reticle. Between the reticle and the
erecting lenses are three color filters and s
plain glass filler, so mounted that the operafos
can bring any one of them inio the line of sightd
A filter will, under some conditions, increas
the contrast ol the targel image, and decrease
glare from sky and water. The erecting lenses
erccl the largel image, and form a real Imag

EYEPIECE AND
REAR PEEP SIGHT

B4.206
Flgure 3=104,— Open ring sight.
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Fignre d&-105,—Optical systems ol telescopic
sights with fixed optical components. A, Direct

{no prisms); B. Indirect (prismatic).

near the eyepiece of the crosslines super-
imposed on the target, The sealing window,
of plain glass, helps to keep out dirt and mois-
tre, The eyepiece may be moved to focus the
impge without affecting the sesl of the rest of

the instrument.

The indirect optical system, shown in part

B of figure 3-105, iz basgically similar, The
principal difference is that the line of
twice reflected by prisms, so that most of the
telescope  lies at right angles to the line of
sight from gun tfo targel. Two separale ob-
jective lenses, or two lenses cemented o=
gether, form the first real image, Other varie-
tiee of thie kind of optical system may use a
| gingle prism, To adjust the offset to the gun
fore, the telescope is moved ag a whole,

sight is

SIGHTS WITH MOVABLE OPTICAL COM-
PONENTS, There are two main varieties of sight

with movable optical components,

In one, which is used in heavy anfiaircraft
min mounts, the optical system in prineciple re-
semmbles that illustrated in part B of figure
=104, except that an additional prism as well
i3 the objective or head prism are linked me-
chanically to a sight =setting syvstem on the
gun mount, Thus the line of sight can be offset

without moving the entire ielsscope,

(Such =

gyetem may additionally contain ereciing and

other prisms.)

In the other wvariety of sight with movable
optical componentis, shown in figure 3-106, the
optical system includes a reflecting glass, a col-
limating lens, and a lamp, This kind of optical
system is used with gyroscopic lead-compuling
sights (explained in a later chapter). The fwo
windows seal the instrument to Keep out dust
and meisture, The system illustrated here does
not magnify the target image. The operalor
ghserves the target directly, through the two
windows and the clear reflecting glass. The
lamp illuminates the reticle, which is located at
the focal point of the collimaling lens, Rays of
light from the reticle are therefore parallel
after they pass through the lens and are reflected
toward the operator by the reflecting glass.
Because these rays are parallel, the reticle
image appesars to lie at inlinity, and the reticle

will not change ifs apparent direction when (he
{Jyax-atrnr moves his head from side to =ide. The
sight’s gyroscopic mechanism rotates the re-
flecting glass =o that it will defllect the reticle
image as seen by the operator. The operator
then irains and elevates the gun mount to keep
the reticle on targel; this automatically offsets
the gun bore as required by the compuied solu-
tion to the [ire control problem.

In another wvariant of this principle, the
reticle image is transmitied through the re-
flecting glass, while the target image i= re-
flected. The principle remains the same, excopt
that it is the target image rather than the
reticle image that is apparently shifted. It is
also possible to use two mirrors, one for ele=-
vation and one for train, combined with a trus

'
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Figure 3=108, —Optical system for a lead-com-
puting sight. Bimplified,
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telescopic optical system, filters, and an addi~-
tional device called s ''pellicle’ (ectually a
kind of half=mirror) which can reflect a radar
scope image to the operator, This arrangement
makes it possible to use the sight even when
(as in fog or darkness) no optical target image
iz available,

RANGEFINDERS

As you will find in chapter 6, one important
item of information needed for solving the fire
control problem is the range to the targel. One
way of getting this information is to use an
optical rangeiinder. Let’'s briefly discuss the
principle of operation of the most used type—
the stereoscopic rangefinder, (Another type, not
taken up here, is the coincidence rangefinder,
which is similar in external appearance, some-
what different in optical principle, and not as
versatile,)

The rangefinder consistis essentially of 2
system of optical units assembled in a long,
cylindrical tube, mounted in a turret or director,
s0 that only the protruding ends are exposed,
On its forward suriace, the tube has & window
at each end. Through these windows, the operator
establishes two separate lines of sight to the
tarpet, The distance between the windows is the
base length.

The rangefinder determines range by solving
a right triangle in which one side (the base
length) and two angles are known, Range is one
of the unknown sides, In figure 3-107, TPS is
the range triangle. PS5 is the known base length
(B) of the rangefinder, The target lies at T; PT
is the target range (R). TPS is always =z right
angle; the line of sight from the lell end window
is at a right angle to the rangefinder tube axis,
The two lines of sight converge and meet at the
target, forming angle of convergence &, &I is an
imaginary line parallel to range line PT. Angle
TS1 is therefore equal to angle of convergence
8, The rangefinder measures the angle of con-
vergence by measuring sngle T&I,

Because this is a right triangle, it is apparent
that R = B cot 8, The eguation may be solved
for R, then, as soon as the angle of convergence
has been measured,

A pair of human eyes uses several clues in
its perception of relative distance. COf these, the
one¢ on which the functioning of the stereoscopic
rangefinder depends is convergence, i.e,, the
sensing of angle @ (fig. 3-108) by the muscular
effort required for both eyes to see & single

T |
i — E
R -
P B 5
110,41

Figure 3-107,— The range triangle,

fused image. You can demonstrate this to your=
sell in exaggerated fashion by first holding y
finger a foot in front of your nose, and focusing
on it; then, without shifting your line of vision
focusing on an object ten feet or more di :

The ''base length'' (or pupil-to-pupil dis=
tance) of a pair of human eyes iz about 2.7
inches, Beyond a range ol about 450 yards or &
the lines of sight of the two eyes converge g
little that changes in angle 8 are too small f
senge, If the base length could be increased, §
could be reliably measured for much lon
renges, In one sense, as shown in figure 3-10f
that is what the rangefinder is designed to doy

55,289
Figure 3-108, — Function of the rangefinder.
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Figure 3-109, shows in simplified schematie
form the optical system of a stercoscopic range-
finder, {Each of the two telescopes contains an
erector system, which has been omitted from the
drawing for the sake of simplicity.) The dia-
monds represent the reticle pattern; the arrows
repregent the two images of the target, Because
the apparent angle of convergence of the two
reticles is fixed, the reticle pattern appears to
lie at a certain fixed distance in space. If the
target happens to be at this distance, target and
reticle will appear to be equally distant from
the observer, If the target’s convergence angle
differs from the reticle’s, the right-hand line of
sight to targel must be adjusted till they mateh,
To do this, the knob on the right is used to rotate
- wo compensator wedges — thin prisms with sides
nearly parallel — through which the light fromthe
larget passes, But since they are not parallel,
“rotating the prisms will deflect the line of sight,
' This corresponds to changing angle 8 (fig. 3-106),

Figure 3-110 shows the image as seen in the
‘stereoscopic rangefinder eyepleces, This repre-
- sents two images (one for each eyepiece) blended
- steregscopically to form a single impression, If
the rangelinder operator turngs his range knob
“upkil the target appears to be at the same range
#45 the large central diamond, the range scale
‘will read the actual range to the target. The
Cother reticle markings (wander marks or ranging
marks) are used in caumatmg how far from the
.Iargm projectiles are bursting or falling, and
in correcting lire accordingly,

ELEMENTS OF SQOUND

. Sound is the physical cause of your sensation
of hearing, Anything that you hear is asound. But
faere are also sounds that you cannot hear,
. Sound travels in the form of waves. These
Waves vary in length, A long wave length is
eard as a low-pitched sound, a short wave
length is heard as a high-pitched sound, A com-
plete wave lengih is called a hertz, I the sound
i§ below aboul 20 hertz (abbreviated Hz) or above
45,000 hertz, most people cannot hear it. The
range between, which can be heard, is called
e audible range and the sounds you hear are
known as sonics, Sounds helow this range — below
M bertz—are subsonics. Sounds sbove this
nge —above 15,000 hertz— are ultrasonics.

In order (o have. gound, it is necessary to
¢ o sound source which can vibrate, and a

e um Lo transmit the vibrations. And, for our

foir-

puposes, it is necessary aleo to have adetector,
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Anything which moves rapidly to and fro, or
vibrates and thus disturbs the medium arcound it,
may become a sound source, Bells, radio loud-
speaker diaphragms, the human volce, and musi-
cal instruments are familiar sound sources.

Sound waves are passed along by the particles
of the material through which they travel, There-
fore, a material substance, a medium, is neces-
sary to transmit sound waves. A sound medium
ie any malerial substance through which sound
energy will travel. It may be a gas (such ns
air), & liguid (water), or a solid (steel). The
medium must be something material, or the
sound will not be {ransmitted. Sound will notl
travel through a vacuum. Most of the time you
are mainly concerned with sounds transmitted
through air, but in sonar, you are interesied
in the liguid medium —water,

Commonly, the detector of sound is the hwman
ear, It receives part of the gound wave cnergy
from the medium, and converts il into an im-
pulse that goes to the brain. Electrical devices
like microphones or other transducers ¢an also
respond to sound waves and convert them into
electrical impulzes, (In general, a transducer is
any device that converts electrical signals (o
some other form, or vice verse.) These impulses
mgy be reproduced again as sounds or in some
other way—{or example, as spots on a ¢athode-
ray tube, Although the humgan ear can detect as
sound only vibrations in the audible range,
microphones can be made to detect sounds of
any wavelength,

CHARACTERISTICS OF WAVES

TRANSVERSE WAVES, If you throw a stone
into a guiet pool, series of c¢ircular waves will
travel away from the disturbance. Figure 3-111
shows such waves diggrammed as though seen
in eross section. The wafer waves are a suc-
cession of crests and froughs, Water waves are
known as transverse waves because the motion
of the water molecules is up and down, at right
angle to the direction in which waves are travel=
ing, A cork on the water bobs up and down as the
waves pass hy,

Although sound waves are not transverse
waves, transvorse waves (fig, 3-111) like the rip-
ples on a water surface illustrate clearly the no=
tions of amplitude and cycle. Beiore you threw
the stone into the water, the water level (if
perfectly undisturbed) was just halfway between
the erest and the trough of each wave, The maxi-
mum displacement of the surface fromthis ''zero
level'' is the amplitude of the wave motion, A
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55.294
Figure 3-110,— Reticlog and target as scen in
' stercoscopic rangefinder evepiece,
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Figure 3=111.—Transversc wuter wave,

eycle is one complete double vibration—in this
ease measurod from one crest through xzero, the
ttrough, zero again, and the next cresi. Ii you
take zero as your reference or starting peint,
you must include one trough and one crest. I
you measure the number of cycles ithal pass a
fixed point in one second, you have the {requency
in hertz,

LONGITUDINAL WAVES, Sound waves are
longitudinal or compression waves, set up by

101

somé vibrating object such as a sonar irans-
ducer, In its forward movement, the vibraling
transducer pushes the water particles lying
against it, and thus produces an area of com-
pression or high pressure. The backward move-
ment of the transducer produces an area of
low pressure, or a rarcfaction. This action
goes on and on, and sels up a spreading series
of compressions and rarefactions, In figure
3-112 the compressions are represented by dark
rings, the sound wawves spread out, their
energy at the spme Ume is spread through an
increasingly large areq, and the wave molion at
a distance is weaker (i.e.. amplitude decreases),

The wavelength is the distunce from one
point along the wave to the next point of similar
compression, The particles of the medium vibrale
longitudinally — thal is, paralle] to the dircction
in which the scund is propagsated.

&
2%

You already know that the frequency of the
wave is the number of cycles per second. In the
motion of the sound wave through the medium,
the particlez of the medium move back and

RAREFACTION ~
COMPRESSION

SGUHD\
SOURCE

DIRECTION ™\
OF VIBRATION

Figure 2-112, — Longitudinal sound wavces.
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forth in a limited space, passing the wave along,
as it were,

Sound waves can go through all gases, liquids,
and solids, but not through a vacuum, because
there are no particles in a vacuum to be sub-
joected to alternate compression and rarefaction.
In different substances and at different tempersa-
tures and pressures sound travels al different
speeds. In air, the velocity (speed) of sound is
about 1,090 feei per second at 32°F, at sea
level, For each 1° rise in Fahrenheit tempera-
ture, the velocity is Incressed by 1,1 feet per
second. For instance, in air of 72°F,, =ound
travels at the rate of 1,090 + (72 - 32) x 1.1,
or 1,090 + 44 = 1,134 fect per second.

In pure waler, the velocity of sound is ap-
proximately 4,708 feet per second. In sea water,
the velocity depends on salt content (salinity),
pressure, and temperature, Sound travels at a
apeed of aboul 4,800 feet per second in sea waler
at 39°F,

WAVEL ENGTH

I a sonar transducer vibrates at the rate of
25,000 vibrations per second, and if the tempera-
ture is 38°F,, the [irst wave will be 4,800 feet
awny at the end of the first second. Between the
transducer and this wave there will be 25,000
other compressions, Thue the wavelength, that
is the distance hetween points of similar com-
pression, must be 4,800 < 25,000, or 0,149 foot,
because there are 25,000 compressions extend-
ing through a distance of 4,800 feet, The wave-
length always can be found if the frequency and
the velocity are known, according to the follow-

ing relationship; W = -‘fr-. where W is wavelength,

{ is frequency, v is veloeity,
Example: Suppose that the wavelength
foot and the frequency is 12,000 kertz,
What is the velocity ?

is 0.4

v

0.4 = m A« )
v = 0.4 x 12,000 = 4,800 feet per sccond.

Similarly, if the wavelength and the velocity
are known, the frequency can be found,

4,800

0.4 =—'—f—; or,

f=4,800 = 0.4 =12,000 hertz.
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CHARACTERISTICS OF SOUND

As already indicated, the human ear detects
vibrations in the audible range as sounds, Con-
centrate for a moment on what you hear as you
rend this. No matter how quiet a place you are
in, you will hear something, Many of the sounds
will have some kind of pattern or organization—
for example, speech, music, Morse code, auto-
mobile horns, police or f{ire sirens, ship's
whistles, humming motors, elc. These either
have pallerns that can be interpreted by your
mind inte epecific [eelings or thoughts (e.g.
speech or JMorse code or music), or at least
have identifiable pitches or rhythms, Other sounds
may be quite without pattern, though not neces-
sarily meaningless —for example, rushing water,
radio static, applause, rustling leaves, Such
disorganized or patternless sound is, in contrast
to "organized' sounds, called ''noise.'’ (How-
ever, the term ''‘noise'' in connection with the
problems of communications and signal detection
is used in quite a different sense, as will be
explained later,)

A musical note has a pattern of regular vibra-
tions. Such a sound has three characteristics—
piteh, intensity, and quality.

An object that vibrates at high frequency pro=
duces s sound with a high pitch, as, for instance,
a police whistle. The slower vibration of a ship's
whistle causes a low=-pilched scund. When the
irequency is low, the sound waves are long;:
when it is high, the waves are short, Velocity is
not aifected by pitch,

Intensity (roughly equivalent to loudness) at
any selected frequency varies with amplitude,
Wavelength and amplitude are independent vari=
ables,

Now consider sound gualily. As we delined it
above, 2 noise has no identiliable dominating fre-
quency or pitch. It is composed of a large num-
ber of frequencies sounding simultancously, But
all sounds cof identifiable pitch that you normally
hear can be analyzed into more than one fre=
quency. In a note sounded by a musical instru=
ment, the lowest (and principaly frequency is
the fundamentinl, and other, higher, frequencies
(called harmonics or partials) present in the
sound give the sound much of its characteristio
color or quality, Quality depends in large dé=
gree on just what [requencies are present, and in
what proportion. Hence the difference be
the sounds produced by a trumpet and a violln
both playing the same sustained note, :
factors nleo affect quality, such as how the sou
begins, how it ends, and how it fluctuates in pi
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and intensify while sounding. Such considera-
iMong make sounds recognizable even when the
pitch cannot be identified. Niagara would sound
gifferent from s leaky bathroom faucet even with
its sound intensity reduced to comparable level.
Ability to recognize differences in sound quality
iz an extremely important characteristic in
gonar and hydrophone work,

SOUND TRANSMISSION
IN WATER

As you may have inferred by this time, one
of the main reasons for including this section on
gound is its importance in the sonar method of
gubmaring detection and location. This is done
gither by detecting founds made by submarines
m the water, or by radiating sound pulses into
the water and asnalyzing the echoess that return
0 identify those from submarines. Details con-
‘cerning sonar gear appear in chapter 14, In this
article we discuss briefly the characteristics of
sund transmission through water,

When sonar’s sound pulse travels through the
water, and when the echo returns, they encounter
hazards which reduce their strength, Signal
gtrength lost in this manner is known as trans-
miggion lose.

ABSORPTION, Some of the sound is absorbed
in pasging through the water, The amount lost
this way depends on the state of the sea, Ab-
gorption iz high when the winds are great enough
10 produce white caps and cause a concentration
‘of hubhles in the surface layer of the water.
Absorption is also great in wakes and strong
‘gnrrents, such as rip tides, Absorptionisgreater
% high frequencies than at low,

SCATTERING, Sound waves are weakened
When they iraverse sea water that contains
gaaweed, silt, animal life, air bubbles, eto,,
which scatter the zound beam. Scatlering re-
duces echo strength, especially at long range.

REFLECTION AND REVEREERATION, Sonar
gound pulses behave somewhat like light in that
they can be reflected and refracted, The target
con reflect o sound pulse, but o canother under-
water objects, and so can the sea bottom and
the ses surface ('"total reflection' much like
that of light in glass, as described in an earlier
" sectlon of this chapter), The combined echoes
from such disturbances are called reverbera-
liong, Since lhey are reflected from wvarious
ranges, they seem to be a continuous sound
which is stronger at first and gradually fades

away, [everberations from nearby points may be
20 lowd that they initerfere with the returning
echo from a target.

REFRACTION, Refraction can distort the
path of the sound pulse in the water. Sound
speed varies with medivum density, and this can
cause bending of a ''ray' of sound much as it
bends a ray of light. This effect is described in
further detail in chapter 13.

SOUND PERCEPTION

It i& no news that when some ohe is falking to
you in o noisy room it is more difficuli to hear
him than when the room is quiet, To make him-
self understood, the speaker may turn his face
directly toward you, or move closer to you, or
Lalk louder, or eliminate or tone down the source
of noise. So far as vour own sensing of his voice
iz concerned, all of these boil down to one thing:
He is increasing the strength of his signal real-
tive to that of the disturbing noise, or increasing
the signal-to-noise ratio,

In communication work and in gound detection
you will find that this ratio iz extremely impor-
tant, The ratio is expressed in decibels (abbrevi-
ated dbj, Ten decibels make a bel, a large unit
named after the inventor of the telephone,
Alexander Graham Bell. A decibel iz a log-
arithmic expression of the difference in level
or intensity between a "'reference'' signal and
another signal, or between a signal and noise or
interference. The intensity level of signal A is
n decibels higher than that of reference signal
B if

n =10 log A/B

Under laboratorv conditions (i.e,, completely
quiet room, with no sound=-reflecting surfaces,
uge of ""pure'’ tones —fundamentals with no har-
monics—of constant pitch in the mosi sensilive
range of the buman ear, et¢.) 1 decibel is the
minimum difference in sound level that the
average observer coan detect, As a practical
matier, under fairly quiet (not laboratory) con-
ditions, an attentive, acute cbserver cannot de-
tect differences in level of such sounds as speech
and music much less than 3 db—and a signal
3 db higher in intensity than 2 second zignal
has twice the sound energy of the second sound.

When an audible signal is eqgual in level to the
noise or interference accompanying it, and i= of
similar characteristics to the interference or
noise as regards frequency, pulse rate (if any),
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etc,, the human ear cannet distinguish it from
the noise, (In this sense, ''noise'! can include
nol only unorganized szounds that we previously,
defined as noisc, but also other unwanted signals
such as speoch, even though such signals are
not noise in the sense of an earlier definition,
From this point of view, noise is =sny sound
that interferes with reception of the desired
gignal,) Sometimes, it the noize is in a different
trequency range [rom the desived signal, comes
from a different direction, or is different in
some other [undamentsl characterisiic, it may
be possible to filter it oul to some degree
mechanically, electlrically, or by "'selective
listening,”' Thus, you may be able to communi-
cate on Lthe phone through a loud high-pitched
gaqueal or low-pitched hum, but it's much harder
to do this if there’s another lively conversation
on the wire at the same time,

In peneral, however, therec must he a sizable
difference in level between signal and noise lor
effective reception, In this comnection, "'sizable
difference in level'' doesn’t mean a J0% diller-
ence, or even a 100% difference. You simply
cannot perceive satisfactorily a signsal that is
only twice as loud as the accompanying noise
(i.e., 8 signal at 3 db level), Bear in mind that
in 2 guiel room ordinary speech is about 60 db
higher in level than barely audible background
noise, and this represemts 2 signal-to-noise
ratio of about one million to one, Under ex-
cellent radio conditions, the signal may be 30 db

above the inlerference (''static''y level; this
signal-to=noise ratio iz ghout 1,000 to one. When
the signal-lo-noise ratio in sonar reception is
10:1 (i,e., 10 db), only a well-trained Sonarman
with excellent hearing can reliably get the signal
above the interlerence. A Sonarman with less
training won't get the signal unless it’s at a level
of 15 db, The lowest level signal that any
Sonarman has ever been able to perceive is on
the order of 5 db (three times as loud as the
interference).

These ratios apply also to radio communica-
tion, The signal-fo-noise ratio concept (and even
measurement in db) has been applied even fo
video (visual) signal presentation and in gensral
to other aress in which power levels must be
compared, or intelligible signal reception through
"noise' (audible, visible, or electrical) must
be measured.

The human ear’s sensitivity differs through-
out its l[reguency range, and this characteristic
ig utilized in sonar to provide for oplimum per-
lormance, Although sonar pulses and echoes are
often in the ultrasconic part of the sound fre-
quency speclrum, sonar eguipmeni converts the
received signal to a selected frequency, usually
in the range of 600 to 1,000 Hz, where the human
ear is at its best with respect to sensitivity,
pitch discrimination, and abilify to recognize an
echo by its characteristic quality.
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CHAPTER 4
EXPLOSIVES AND AMMUNITION

This chapter is designed to introduce to the
student the principles of those nava] weapons
that depend Ilor their functioning on the use of
chemical explosives and propellants. These in-
clude gun projectiles, torpedo and rocket war-
heads, and explosive Lraing in mines, and bombs,

The next section of this chapter discussce the
characteristice and nomenclature of chemical
gxplosives in general, (Since much of the second
volume of this text is devoted tonuclear weapons,
such weapons and the principles of nuclear
reactions are nol discussed here,) The section
following that discusses gun projectiles and
wespons other than guns,

As the preceding chapter brought out, many
words that have precise technical meanings when
used in specific fields of science and technology
have much broader, and sometimes quite differ-
ent, meanings when they appear in more general
contexis, This is worlh repeating here because
in this chapler and throughout the remainder
of this text you will continually encounter words
of this kind, such as range, booster, explosive,
and detonateo.

Note also that there have been some relatively
recent changes in nomenclature and delinitions
1n the subject matter of this chapter. Since these
‘changes have probably not yet been incorporated
‘into all the older technical materials you will
encounter on the subject, the older usages are
idicated where appropriate, lor your conven-
‘lence, However, make it & habit to avoid using
older ferminclogy and colloguialisme; restrict
‘yoursell to the up-to-date vocabulary of the
naval officer’s profession when discussing tech-
‘nical matters of this kind.

EXPLOSIVES AND RELATED
MATERIALS

Broadly, if used without further gualilication,
the term explosive includes all those substances
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that, when initiated (by spark, friction, shock,
or other means), undergo a rapid chemical re=-
action that results in the formation of gases and
the release of a great amount of slored encrgy.
The reaction is accompanied by high pressure
and usually by high heal. In this sense the term
explosive 18 broad enough to include all the
substances described in this section,

Note that this usage of the term, thouph
broad, excludes as explosive substances such
things as high-pressure sgteam which may burst
(or colloquially, ''explode'!) a boiler, or high=-
pressure gas that under certain circumstances
may rupiure its container,

In strietly technical usage, however, the term
axplogive includes only those substances thatl
detonate, This means that when their reaction is
initiated they produce a sharp shock wave that
releases all the stored energy almost instantan-
eously. As it appears hereafler in this text, the
term explosive will be used in this strici sense
only (when applied to chemical explosives).

High explesives are classilied by use into three
broad groups: (1) primary (initiating) explosives,
(2) Auxiliary (booster) explosives, and {(3) burst-
ing charges. Primary explosives are the most
sensitive ol high explosives and are uzed to
detonate other charges, They are particularly
sensilive to shock, heat, or other physical dis-
turbances and are therefore used in initialing
devices (such as fuzes, described later in this
chapter) to sel off chemical reactions in less
highly sensitive substances. Boosters are used
to detonate explosive charges when the initiating
explosion i& not sufficienit to cause a thorough
(high-order) detonation of the main charge, Burst-
ing charges are comparalively insensitive to heal,
they are the explosive payload of the projectile
(or warhead), detonated by the iniliators or
boosters, Bursier charges damage the target by
blasl, heat, or fragmenis {rom the container
(such as, projectile body, bomb case, elc)).
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Propelling charges or propeliants are explo-
sive-like substances that burn rather than deto=-
nate. The rate of burning, though rapid com-
pared with the burning of common comtustible
materials, is much slower than detonation. (For
example, & high explosive like TNT detonates
at the rale of several thousand yards per second;
a typical gun propellant burng at & rate meas-
ured in inches per second.) An important char-
acteristic of any propellant's burning rate is that
under a given set of conditions it will always be
the same. Propellant burning rate is controliable,
and, in contrast to explosives which detonate
rather than burn, can be predetermined within
close limits by adjusting the propelliant’s com-
position, the conditions of burning, and related
factors.

Note that the distinction between explosives
and propellants resis as much on the conditions
under which they react as upon differences in
composition. Explosives that normally detonate
can be made to burn, under certain conditions
not characteristic of their usual application; con-
versely, under abnormal conditions, propellants
can be made to detonate, To underline this point,
consider gasoline vapor mixed with air. Under
optimum conditions in an internal combustion
engine cylinder, this mixture burns like a pro-
pellant to produce useful thrust. Under less
favorable conditions it detonates with damaging
immpact, cvidenced by a characteristic “"knook"
ar "ping.“

Propellants may be liquids or solids (but
such fuels as gasoline are not propellants in
the sense delined in this articlej. When & pro-
pellant burns, it produces hot high-pressure
gas, In such applications as rockets and JATO
units the thrust produced by the gas asit cscapes
through a suitably shaped nozzle is used to drive
a load (i.e., the rockel head or aircraft).
such applications as mortars, guns, and depth-
charge projectors the thrust produced by the
gas directly propels the projectile.

With specific reference to propellants used
in guns, the term cocl propellant is used to
describe one that burns at a relatively low
temperature, This is an advantageous char-
aclteristic.

For reasong which will become évident later
in this text when explosive ordnance is described,
practically all explosive and propellent units
contain two or more explosives and explosive
devices, arranged so that they function in se-
quence when the unit explodes. This series of
stages is called an explosive or propellent train
(fig. 4-1).

— & _ —=
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Figure 4-1.— Explosive and propellent trains
Simplified schematic,

of an mitiaﬁng device called a demnatur con-
taining a relatively small quantity of primary
explosive; a booster which contains a large
quentity of less sensitive explosive and is sel
off by the functioning of the detonator; thel
booster detonates the burster, which is the main
charge of the device and in general is much less
sensitive than the preceding siages. In specific
devices there are variations on this basic se-
quence of stages; in small gun projectiles the
explosive train is simpler, with the boosle
omitted or combined with the initiating device,
while large sircraft bombs and mines haye
additional auxiliary stages.

Propelling charges use similar trains, The'
initisting slage is called a primer, and produces”
a hol flame which sets off the next stage, called
the igniter., The igniter in turn sets off the
main charge,

PYROTECHNICS are chemical devices that
produce light for illumination or signaling, or
smoke for signaling, and may utilize e:q:nmmveﬂ
or propellent substances in performing their
functions, Specific pyrolechnic devices used by
the Navy are described later in this chapter,

CHEMICAL AGENTS include & variety of
gaseous, liquid, or solid substances used for
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Signaling, for screening, for harassing or attack-
ing the enemy by asphyxiation or other chemical
damage to personnel, or for burning enemy
argets, The three main groups of chemical
gente are war gases, smokes, and incendiaries,
rt.har detail on specific chemicnl warfare
gmr!cea and substances appears later in this
chapter,
DEMOLITION AGENTS are explosives issued
and ueed in specialized demolition eguipment
other than ammunition, Certain military explo-
'sives like TNT are used both in ammunition and
1!| demolilion equipment, bul in general the re-
girements of an explosive for demolition &nd
for use in ammunition are not the same, and
‘many explosives, such as Explosive D and nitro-
starch respectively, are used either in ammuni-
ion, or in demolition equipment, but not in both,
fhe Navy uses doemolition explosives in such
‘work as destruction of obstacles or hazards 1o
avigation (such as the sinking of floating hulks),
ng preparatory to construction, destruction
clasaiﬂad equipment il capture by the enemy
is imminent, or destruction of designated enemy
‘targets by specially trained personnel such as
& DT B,
~ OQUTMODED TERMS, Older textbooks on ord-
“mance, and even current texts directed to supply
personnel and activities, use the expression
v explosive to include the various explosive-
ke gubstances whose reaclion is & burning
Iﬂ. peess rather than a detonation. The term is
lnngm correct in military context, It is
‘retained in shipping instructions and similar
idocurnents because the law still recognizes it
as 4 valid blanket term covering propellants
“and pyrotechnics.

1 CHEMISTRY OF EXPLOSIVES
AND PROPELLANTS

. Explosive substances include & large number
al chemical compounds and mixtures, Relatively
few of these have the characteristics that make
tiiem practical for military use, and the discus-
tsion in this chapter applies only to those actually
used in the Navy,

I Mosl explosives and propellants used by the
Navy are organic compounds or mixtures of
,‘ splogive organic c¢ompounds, most of them
tased on nitrogen, (Hence the presence of ''nitro’
in the chemical namas of most Navy explo-
sives,) A few are Inorganic compounds (the
chiefl example is lead azide, used ns the sensitive
initiator in detonators). One explosive used in
the Navy is a simple mechanical mixture (not o
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chemical compound) of chemicals which indi-
vidually are not explosives —this is black powder.

it is important to note the distinction between
mixtures and chemical compounds. A mixture
consists of Llwo or more distingt substances,
either chemical elements or chemical com-
poundg, which may be mixed in various propor-
tions as described. The components in a mixture
(of solids) can always be identified individually,
even though a microscope may be necessary
to do it; no matter how f[ine the components
may be ground and how thoroughly they may
be conglomerated, the mixture cannot be truly
homogeneous, In & chemical compound, on the
other hand, (1) the substance (if pure) is always
homogencous down to the peoint where it is
broken up into its constituent chemical ele-
ments; (2) the components, when isolated, are
invariably chemical elemsnts; and (3) the con-
stituents are always present in exactly the same
proporiions.

Broadly, two kinds of chemical reactions
account for the functioning of both propellants
and explosives., One is combustion—the ¢com-
bination ol oxygen with other atoms or atomic
groups with the accompanying release of energy.
The other is & molecular breakdown or dis-
integration (followed by some recombination) of
the relatively unstable nitrogen compounds that,
as mentioned above, make up most Navy explo-
sives and propellants,

In propellants, much of the encrgy developed
by the reaction characteristically comes {rom
oxidation. No significant proportion of the oxygen
comes from the atmesphere. In black powder,
the oxygen comes from potassium or sodium
nitrate, which yields oxygen when heated; the
oxygen combines with the other two components
of the mixture (charcoal and sulfur). In other
propellants, the oxygen is part ol the original
composition, and recombines with other cle-
ments when the composition brenks up,

In high explosives, oxidalion {s nol so impor-
tant a feature of the reaction, though it is
usually present. The important energy source is
in the breakup of the chemical bonds of the
original composition and the recombination of
the elements into simpler compounds,

The products of detonation and burning (in
explosives and propellants regpectively) include
the usugl products of complete combustion (e.g.,
carbon dioxide, waler wvapor), products of in-
complete combustion (e.g., carbon monoxide,
free hydrogen), products of molecular breakdown
and partial recombination (e.g., free nitrogen,
oxides of nitrogen, methane, hydrogen cyanide),
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and unburned residues of the original composi-
tion. Some of these products are harmless, some
are suffocating, somo are combustible or even
explosive, and some are dangerous poisons cven
in fairly low concenirations, These are dan-
gerous substances, particelarly in enclosed
spaces (where, for example, a2 high-explosive-
londled projectile may have burst). They are alsc
dangerous in enclosed gun mounts, which are
therciore litled with gas-expelling devices o
eliminate them, When such gases are not prompl-
ly expelled they may ignite while the gun is
being reloaded, causing a burst of {lame inside
the mount called a flareback,

CHARACTERISTICS OF EXPLOSIVE
AND PROPELLENT REACTIONS

e VELOCITY. An explosive recaction differs
from propellent reaction in its velocity. The
velocity of combustion of explosives and pro-
pellants may wvary within rather wide limits,
deponding upon the type of substance and upon
its physical state. The burning rate of colloidnl
¢ellulose nitrate powders used as propellants in
modern guns is in the order of 24 centimeters
per second and up at average gun pressurcs,
The velocity of reaction of high explosives
ranges from sbout 2,000 to E,500 maters per
second,

e HEAT. An explosive reaction is always
accompanicd by the rapid liberation of heat, The
amount of hest represents the energy of the
explosive and hence ils polentiality f[or doing
work., The gquaniity of heat given off by an oxplo-
sive or propellent reaction is not as large as is
popularly supposed, A pound of coal, for example,
yields five times as much heat as a pound of
nitroglycerine, However, coal cannot be used as
an e¢xplosive, because it fails to liberate heat
with suificient rgpidity, and becsuse it docs not
incorporate an oxidizing agent,

e GABES, The main material producls (as
distinot [rom encrgy products) of explosive or
propellent reactions are hot gases and a small
amount of solid residue, The pressure char-
acteristics of the gases evolved are discussed
below; their composition was discussed in the
preceding article. In gun barrels, propelient
guses have an additional erosive eifcct, which
contributes significantly to the wear ol the gun
bore, The effccis of such wear on gun perform-
ance are taken up in further detail later, in
chapter &,

¢ PRESSURE AND SHOCK WAVE. The high
pressure accompanying & propellent or explo-
give reaction is dus to Lhe [ormation of gases
which are expanded by the heat liberated in Lhe
reaction, The work which the reaction is capable
of performing depends upon the volume of the
gases and the amount of heat liberated, The
maximuam pressure developed and the way in
which the energy of the explosion is applied
depend further upon the velocity of the reaction,
When the reaction proceeds at n low wvelecity,
the gases rcceive heat while being evolved, and
the maximum pressure {8 allained compara-
tively late in the reaction, Il, in the cxplosion of
another substance, the same volume of gas is
produced and the same amount of heat is lib-
crated, but at a greater velocily, the maximum
pressure will be reached soconer and will be
quantitalively greater., llowever, disregarding
heat losses, the work done will be equal,

The rapidity with which an explozive devel-
ops ifs maximum pressure delermines its bris=-
ance, A bhrisant explosive (s one in which the
maximum pressure is attained so rapidly that
its shock wave shaliers material surrounding
it.

INITIATION OF EXPLOSIVE AXND
PROPELLENT REACTIONS

Explosive and propellent reactions are ini=
tiated by the application of some elimulus which
provides energy roquired o get the reaction
started. In general, propellent subsiances are
commonly initiated by heat. The resulting re-
aclion ig & burning process, which occurs on the
exposced surlnces of the substance and pro-
gresses through the mass as each layer is
consumed, However, some high explosives will
react when sufficient heat is applicd, especially
if heat ie applied suddenly throughoul the mass,
initiation by percussion. (direct blow), or by
friction, i8 a form of initiation by heat derived
from the energy of the blow or friction,

High cxplosives, such ag Lhe main charges of
mines or torpedocs, in general regquire the
sudden application of a strong shock or dotona-
tion to initinte the explosive reaction. This
delonation is usually obtained by exploding a
smaller charge of & more scnsitive high explo-
sive in contact with or close to the main charge,

Detonalion of an explosive mass can also be
trensmitted lo other high explosives in the
vicinity, without actual contact, The explosion
resulling 18 said to be initiated by influence,
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and {8 called a sympathetic explosion. When this
“happens with mines or depth charges thal are
Jocated oo close together in the water, the
‘phenomenon {8 called countermining,

- The amounl of energy nocessary to initiate
‘the reaction (s the measure of the sensitivity of
the cxplosive or propeliant, Seamsitivity is im=-
“partant in selecling an explosive for a particular
“purpose, For example, the explosive in an armor=
':ﬁﬂ-lm projectile must be relatively insensitive
‘or the shock of impact will detonate it before
‘penetration, Too much sensitivity is also un-
“desirable because minor shooks or temperature
‘wariations incldent to wnormal handling would
dnitiate the reaction,

. Sensitivity has little relation to the power
‘developed by a given weight of explosive, TNT,
flor example, is quile insensitive, but is pound
“dor pound & much more powerful explosive than
‘mércury [ulminate, un initisling compound of
greéat sensitivity.

CLASSIFICATION OF NAVY
EXPLOSIVE AND PHOPELLANTS
"BY USE

- In the remainder of this section, the charac-
teristics ol individual chemical explosives and
dpropellants now in use in the Navy will be
gescribed, These are arranged in the following
classification based In each c¢nse on their prine
use;

1, PROPELLANTS, Propellants are usad 0
propel projectiles from guns, Lo propel rockets,
Bunch lorpedoes, and catapull airerail, Examples
are smokelews powder, bullistite, Cordite, and
flack powdar, Figure 4=2 shows smokeless
powdor graing of various sizes,

#plication of energy in some form. Propellants
¢ commonly ignited by the application ol
ame, while explosives are sel off by a severe
Bbock, Many primary explosives can be used for
‘Hating gither propellants or explogives bo=-
& they puroduce both a flame and & shock
y exploded,

& A PRIMER is used to initiate thc burning of
% propellent cxplosive. A Simple primer con-
Bsts of a small amount of Jead azide and a
small charge ol black powdoer, When [ired, the
primer produces the flame required to ignile
bs pext componcnt in the Lrain,
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93,144

Figure 4-2, —Smokecless powder grains (caliber

40 to 16''/50); the two white grains are
SPCG powder,

A DETONATOR {s u=ed (o initiate the re-
action of a high (disrupting) explosive. It may
consist of a charge of lead azide or lead styph=-
nale, either alone or with granular TXNT or
tetryl in & comainer, When [ired, the detonator
produccs the shock neccssary to initiate the
explosive reaction,

3. AUXILIARY EXPLOSIVES, Large propel-
lent charges and relatively Inscositive high ex-
plosives require an intermediate charge, so that
the increased flame or shock will ensure re-
action of Lhe maln explosive charge. This
auxiliary, when used with propellants, is called
an lgnition charge, It consists of a guantity of
flame=producing black powder. The auxillary
explosive used with high explosives is called a
boostler. It consists of a quantity of more sensi-
tive high explosive, such ns lelryl or granulpr
TNT.

4. BURSTERS, Explosives of this classifica-
tion are all cmployed to create damnge 1o the
target under attack. They are used alone or ns
part of the explosive charge in mines, bombs,
and torpedo warheads, and in projecliles as a
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burster charge, There is a wide variety in this
category, but the more common examples are
RDX, TNT, and telryl.

Propellants

The primary function of a propellant is to
produce gases under pressure which can be used
to develop a propulsive thrust, This gaspressure
must be controlled to avoid exceeding the
strength of the container in which it is produced
{e.g., guns and torpedo tubes),

Any explosive would serve for propellent
purposes if the velocity of explosion could be
controlled. Investigations of this problemn led to
the development of today’s smokeless powder,
Nitrated cotton (pyrocotton), the main constituent
of smokeless powder, is ilself a high explosive
entirely unsuitable as a propellant, It is com-
bined with an ether-alcohol mixture to control
its burning rate,

Smokeless powders are npow used almost
universally for propellent charges, For military
purposes (especially for weapons larger than
small arms) there are three main classes: (1)
single-base, (2) double-base, and (3) multi- or
triple-base powders,

in single-base powders, cellulose nitrates
(nitro-cellulose) form the only explosive ingre-
dignt, Other materials in single-base powders
arg included for suitable form, desired burning
characteristics, and stability.

Double- or multi-base powders include nitro-
glycerin to assist in dissolving the nitrocelluloze
during manufacture, as well as to add to the
explosive qualities, Single-base nitrocellulose
powders bave lower burning temperatures and
cause less wear in the gun bore than double-base
powders., Present multi-base powders, with a
large proportion of the "'cool''-burning explosive
nitroguanidine, produce maximum temperatures
comparable to those of single-base powders,

Propellants for present-day U, S, Navy guns
larger than small arms are composed either of
single-base or multi-base powder. Double-base
powders are used as rocket propellants.

Single-Base Smokeless Powder

This typc of powder is used by the U,S,
Navy as a propellant in guns 20-mm and larger.
It is a unilorm ether-alcohol colleoid of purified
nitrocellulose, plug a small amount of diphenyla-
mine as g stabilizer fo retard deterioration of
the powder, The grains are cylinders about four
to five times as long as their diameters, Larger
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graing burn more slowly and are used fof
larger calibers., Figure 4-2 shows the ranged
sizes. Small grains have 1 longitudinal holg
larger grains have 7. The number and size o
holes determines the burning area of the gram
(in addition to its ends and convex surfaces) anf
therefore its burning rate; these have been cares
fully calculated for each caliber. The grains)
have & hard, smooth finish, and have much the
same texture as horn, Newly manufactured grains:
are generally translucent and amber. As fhel
powder ages it darkens to opague dark brown
then black, These changes do not, however,
indicate any loss of stability. '

smokeless powder deteriorates in two ways
and particularly in the presence of moisture
First, it decomposes slowly in storage because
it is not entirely stable chemically, and even-?
fally will burn spontancously if decomposition
is allowed to run ite course, The decomposition:
products include nitrogen oxides which tend to}
form acids, thus facilitating further decomposi=
tion, Diphenylamine is slightly alkaline in effect,
and neuiralizes the acid products, This doesn't
prevent further decomposition, bul prevents the'
process from accelerating. Short of the extreme’
of spontanzous combustion, this chemical dete-
rioration dees not make the powder dangerous
to use, Its principal effect is to weaken the
powder slightly, since some of the decomposition
that should have taken place in the gun has taken
place slowly in the magazine, and the powder
therefore cannot produce as much heat energy,

The second type of delerviorstion is loss of
volatile components (ether and alcohol), These
tend to evaporate if the powder is in the open,
A loss of volatiles increases the burning speed
of the powder; severe increase in burning speed
will cause the powder to develop excessive
pressures in the gun when it is fired, Thus loss
of volatiles can make the powder ballistically
dangerous,

Smokeless Powder Designations

Letter designations for some of the single-
bage smokelegs powder (SP) used with Navy guns
arc as follows:

1. SPD—smokeless powder that consiste of
¢olloided nitrocellulose and diphenylamine (the
stabilizer). This powder is commonly known as
PYRO powder by the U,S, Navy and has heen
used in standard service ammunition,

2, SPDN —smokelegs powder composed of
nitrocellulose and dinitrotoluene, to which is
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added other ingredients to control the potential
of the powder and to aid in plasticization. This
composition alsc containg diphenylamine, which
ficts a8 the stabilizer,

3. SPDIF —a modification of the basic com-
" position of either SPD or SPDN made by adding
A coolant or flash inhibitor, generally potassium
pulfate, This combination of materials results
in o flashleas charge for the gun in which the
powder ig designed for use,

4, SPDE— smokeless powder containing lead
¢arbonate for de-coppering purposes; otherwise
it is similar to SPD powder,

3. SPC—a recently perfected cool-burning
powder of special nitrated nitrocellulose con-
taining centralite as a stabilizer.

6, SPCF —a powder similar to SPC powder,
fut containing ingredients that render the powder
flashless,

7. NACO—3a unigue cool-burning propellent
of the SPC type. This powder was developed in
the latter part of 1950, and it was prooled and
sccepted by the Navy a few years later, NACO
‘{Navy cool) gun powder burns at a temperature
30 degrees cooler than standard gun powder,
Consequently the barrel life of rapid-fire guns
& more than doubled, Another important char-
acteristic of NACOQO powder is the elimination
gi most of the mnzzle blast and smoke usually
associated with gunfire, The virtual absence of
gmoke provide the Navy, for the first time, with
8 universal propellent suitable for round=the-
telock operations. To prevent detection, firing
ships will no longer have to employ two kinds
“of powder —a smokeless type for daytime and
& flashless type for nighttime use, NACO serves
koth purposes, eliminating many handling and
glorage problems,

NACO propellent is now being produced for
5"/38, 5'' /54, and §'' /55 guns,

- Multi-Base Powder

Multi-base powder is used in many calibers
of guns. It is commonly called Cordite N or
SPCG and is composed of four principal in-
gredients — nitrocellulose (12 percent), nitro-
glycerine (a little under 19 percent), niiro-
‘guanidine (35 percent), and a stabilizer called
carbamite or ethyl centralite (a little over 7
percent). Of these 4, the first 3 are explosives,
A small amount of potassium sulfate may he
pdded as a flash inhibitor, In some calibers
other minor ingredients may be added.

Multi=base powder grains resemhble pyro
powder grains in size and shape. They have
smooth, chalk-white surfaces. After consider-
able time in storage, the surface color may
tend to yellow, but this is not a sign of dete=-
rioration,

Multi-base powders are [ar more stable in
storage than equivalent pyro powder, because of
relatively low nitrocellulose content, small con=-
tent of velatiles, and low hygroscopicity. They
are more suitable az gun propellants than doulle-
base powder (described below); gascs produced
by a multi=base powder with nitroguanidine are
much less erosive than those of double-base
powder, Multi-base powders also are cheap to
produce, have little residue after burning, and
are relatively insensitive to high temperatures
in stowage,

Storing Gun Propellants

in storage, smokeless powder musi be pro=-
tected against high temperaturcs, and sealed to
prevent entrgnce of moisture and loss of volatiles,
To protect against high temperatures, all maga-
zines in which ammunition containing smokeless
powder is stored must be adequately ingulated
and ventilated, and if necessary refrigerated,
Moreover, recording or maximum-minimurm
thermometers are installed and resd daily to
verily that the ammunition is uniformly main-
tained at the lowest practicable temperatures,
To protect against entrance of moisture and to
prevent excessive loss of volatiles, ammunition
containing smokeless powder is kept in sealed
tanks or equivalent sealed containers, The tanks
are not expendable; they must be periodically
ingpected and repaired il necessary. They must
not be opened when loaded except for inspection
or if the ammunition is to be used.

Solid Rocket Propellants

The giream of hot gases that propels a rocket
iz produced by chemical reactions; the fus]l may
be either solid or liguid. In this chapter we are
concerned only with propellants used in ballistic
rockets (i.e., those that do not incorporate
systems [or puidance after launching), Propel-
lants used only in guided or ballistic missile
propulsion are described in Principles of Guided
Missiles and Nuclear Weapons, NavPers 10784
seriag,

Solid rocket propellants are double-base com=
positions with added ingredients for plasticizing,
control of burning rate, and reduction of flash,
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Gas pressure during burning is aboul one-tenth
of that in a gun barrel, and erosion effect is
not important in this application,

A typical propellent grain is meade up of a
composition identilicd as Type N=2 (JPN). Its
main ingredients are nitrocellulose (slightly over
51 percent) and nitroglycerine (a little less than
43 percenl), II also contains lwo plasticizers
for homogeneity of composition, stabilizer (ethyl
centralite), potassium sulfate to reduce flash,
are carbon black to control burning rate. De-
pending on the particular rocket motor in which
it is to be used, a grain is an extrusion of either
cruciform (cross-shaped) or hollow eylindrical
cross scclion, machined in a special lathe to the
dimensions required Ior mounting. Single ex-
truded rocket propellenmt grains range up to 60
inches in length and 6 inches in diameter, Larger
grains for other applicalions may be cast rather
than extruded.

From 1 to 4 grains of ballistite propellant are
used as the propelling charge in & rocket motor.
The grains are designed to burn at & uniform
rate to provide uniform thrust during burning,
In cruciform grains with suitable plastic inhibi-
tor sitripg, the burning area, and hence the rate
ol gas production and thrust, tend to remain
constant throughout the hurn time, In hollow
cylindrical grains, plastic inhibitors bonded to
the grain limit burning arca during the first part
of the burn period, Cylindrical grains have holes
al regular intervals to equalize pressures inside
and surrounding the cylinder,

Like gun propelling charges, rockets must
be stowed under conditions favorable to storage.
Normally, rocket molors are stowed in different
magazines from the hcads with which they are
used, Like pyro powder, double-base propellants
such as ballistite must be protected from exces-
sive heat amnd [rom moisture, Rocket motor
magazines arc ventilated, cooled, and inspected
daily just like smokeless powder magazines,
Rocket propellanls are not subjected to surveil-
lance or oven tesis aboard ship, A sheli-lile dat
is stencilled on the motor, if required, If the
motors have short-circuiting tabs on the leads
lo the firing squib, these must be left on the
rocket until the rocket is to be fired,

On many rocket motor tubes is printed the
critical lemperature ahove which the rocket
should not be [ired. Nor should a rocket motor
be used if parts are missing, if the propellent
grain is fractured, or If it is loose in the motor
tube,

High Explosives

A high explosive lor use in bursters must
ideally have the following qualities; H

1. Low sensitivity to sheck of handling, gun-
fire, and impact against armor,

2, Maximum power,

3. Good [ragmentation characteristics (i.e.,
ability to break up its container into lethal
fragments upon detonation).

4, Low cost [or manufacture, handling, and
loading. .

2, Maximum stability for good durability and
resistance to adverse conditions like moisture,
heat, etc, '

No single explosive mceets all these require-
ments suitably for all applications, so the Navy
uses & number of explosives., The important
ones which will be studied here are TNT, RDX,
HBX, tetryl, and Explosive D, Explosives used
only for demeolitions will not he discussed, Of
the live explosives named, the first four often
are used in varying forms or with cother sub-
stances intermixed.

TNT (irinitrotoluene), the best known of mili-
tary explosives, is made by treating the organic
compound teluene with nitric aecid, At tempera-
tures below about 170°F, TNT is a crystalline
substance (white when pure, but yellow to brown
as found in munitions), chemically quite stable
(it won’t regct with metals or become unstable
even in temperatures approaching 150°F.), and
guite insensitive to shock, However, excess
moislure makes it hard to detonate; it should
be kept dry., It is loaded by casting— pouring
thc molten substance into n cavity in the pro-
jectile or cxplosive device, Ils detonation rate
is about 7,000 melers per second, After pro-
longed slorgge, cast TNT may give off an oily
exudate thal is notl itsell oversensitive but com-
bines with cellulose material such as wood or
natural fabric to make an pasily combustible
and somelimes even explosive compound, This
exudate on the exterior ¢f a projectile or other
expiosive device is a real fire or explosive
hazard, It must be wiped off promptly (but
without using soap or other alkaline compounds,
and without using siecl scrapers),

Cast TNT can be used ag a bursting charge
in gun projectiles (othcr than armor=piercing),
torpedo, rocket, and missile warheads, and mines,
In granulated form it is more sensitive and can
pe used as an auxiliary explosive (booster).
TNT is also the main component of two other
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explosives —amatol and tritonal, Amatol, used
mostly in very large aircralt bombs, is a mix-
" ture of TNT with ammonium nitrate —the mix-
fure is cheaper than &lraight TNT, Tritonal is
& mixture of TNT and sluminum powder. Though
lhe sluminum does not signiflicanlly affect the
powder ol the explosive, it increascs brisance.
RDX, also known as '"Cyclonite'' and ''"Hexo=-
* gen,'"' is made by nitration of a complex organie
. compound, and is substantially more powerful
ind more sensitive than TNT or Explosive D
iwhich is de=cribed below). When pure, coating
RDX crystals with wax mskes il insensitive
enough to handle, but its pure crystalline form
i5 nonetheless too sensitive for use as a military
- explosive, To make it usable, other materials
must be added. RDX is available in the [ollowing
rms:

. 1, Composition A, A mixture of RDX and 9
percenl wax, Since this composilion is as insen=-
sitive a8 Explosive D but is more powerful, it is
used a5 a projectile filler in place of Explosove
2, Composition B. A mixture of about €0
percent RDX, 40 percent TNT, and less than 1
. wax, It is used as a projectile and bomb
filler,

3, Composition C. A plastic mixture of sbout
\QI] percent RDX and 10 percent emulsifying oil,
Hsed as a demolition explosive,

HBX, There are in service use lwo varieties
of HBX: HBX-1 and HBX-3. HBX-1 is a cast
explosive, consisting of a mixturce of RDX, TNT,
Aluminumn powder, and a desensitizer (chiefly
Wax), Stable, relatively insensitive to impact,
ind more poweriul than TNT, it is used asa
itocket head burster, HBX-3 has & much larger
proportion of aluminum powder to increasc bris-
ance, and produce much greater destructive
‘gffect underwater, It is used in some underwater
axplosive devices,

~ Tetryl is produced by nitration of an aniline-
‘based organic compound, and is both more power-
il and more shock-sensitive than TNT. It is
gsed as a burster in small gun projectiles
{40-mm and 3'"), but is more generally employed
88 an guxiliary or, when mixed with a primary
axplosive, in detonatore,

Explosive D. This noncommittal appeliztion
‘tontinues to reflect the aura of secrecy that once
ded this explosive, in the closing years
of the last century. What made it the subject of
icloak-and-dagger concealment was its then re-
olutionary combination of high power (nearly

E—.‘-a 0
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that of TNT) with sensitivity so low that an
armor-piercing projeclile contalning an Explo-
sive [ burster can be fired through armor plate
without being detonated, IL is a phenelic com=
pound in crystalline powder form, chemically
stable up to 150°F. when not exposed to un-
protecied metal, (Burster cavilies in armor-
piercing prejectilez are prolected by wvarnish
hefore Explosive D is loaded.)

Primary {Initiating) Explosives

The first chemical reaction in the train or
series of slages which culminates in the detona-
tion of an explosive bursier or the burning of a
propellant coours in the primary explosive, The
primary explosive is the most sensitive in the
train, and i1s present in the smallest quantity.
(Detonation of & ''blockbuster' bomb with thou-
gands of pounds of high explosive burster begins
with the miniature explosion of a few grams of
initiator,) The primary explosive may be set off
by the impact of a small firing pin, by the heat
produced by the passage of a firing current
through a platinum filament, or by some other
appropriate stimulus. To ignite a propellant,
the primary element in the Lrain (the primer)
must produce n hot flame of suifficient tempera=-
ture, size, and duration for reliable action, To
detonate a high explosive, the primary clement
in the train (the detonator) musl produce a shock
sufficient to detonate the succecding elements.
The primary explosives most often used in naval
ammunition today are lead azide, lead styphnate,
DDNDP, fetracene, and nilromennite, (Mercury
[ulminate, once the leading primary explosive,
has now been superseded bocause of its dis-
advantages.)

Detonators and primers differ chiefly in
suxiliary ingredients. Thus, oxidizing agents
such as nitrates or chlorates are added to in-
crease shock eflect and sensitivity; abrasives
like ground or powdered glass increage scensi=
livity to firing pin action; fuels such as antimony
trisulfide incrcase flame energy. Explosive
binders like nitrocellulose or nitrostarch are
used to provide structure for the primary mix-
ture and to hold it in place, and graphite or
other elecirical conductors are used to increanse
conductivily for electrical initintion.

Auxiliary Explosives
Auxiliary explosives are the middlemen of

the cxplosive or propellent train, They funclion
as "amplifiers' to transmit the relatively [eeble
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explosive shock or the intense but ephemeral
flame produced by the primary element, increase
il, and get the main charge of insensitive explo-
gsive to detonate or the propellant to start burn-
ing,

In explosive trains, the auxiliary explosive
element is generally called a booster. For deto-
nating large masses of bursting charge (as in
some aireralt bombs and mines), more than one
booster may be used, Auxiliary explosives widely
used in munifions include purified granulated
TNT (which is more sensitive than cast TNT),
tetryl, and hlack powder.

Black powder is the principal suxiliary ex-
plosive in propellent trains. It is the oldest of
explosives; its use in guns dates back to the 12th
century. It is a mechanical mixture (not a com-
pound) consisting mainly of saltpeter (sodium
nitrate) with lesser proportions of charcoszl and
sullur, The exact ratios of the components vary,
depending on the application, It comes in varying
erain aizes, which are used as indicated;

1, Large grains.—Impulse charges.

2. Granular,—Ignition charges for propel-
lants and for saluting charges.

J. Fine-grain,— Primer charges; expelling
charge in illuminating projectiles,

4, Meal.— Pyrotechnics and fuzes.

Except for application No, 1 above (which, as
later chapters in this text will mention, is
rapidly becoming obsolele), black powder iz no
longer used as a propellant. When it was so used
in guns, it fouled the bore with unburned residue,
made large quantities of irrvitating and easily
vigible black smoke, produced a brilliant [lash
when fired, cansed excessive erosion, and even
with scientifically shaped grains to retard burn-
ing rate, it burned much too fast for efiicient
usc of the energy developed.

Black powder is congidered lhe most dan-
gerous explosive handled aboard a man-ol-war,
Although it possesses practically unlimited chem-
ical stability i stored in airtight containers,
it deteriorates irregularly when exposed to mois-
ture, which it absorbs readily. Black powder
is not affected by moderately high tempera-
tures, nor is it subject to spontancous com-
bustion at ordinary storage lemperatures, It
ia, however, highly combustible, very sensitive
te friction, shock, sparks, or {lame, and ex-
tremsly quick and violent in its action when
ignited. Black-powder dust is exceedingly dan-
gerous, and its accumulation during the bandling
ol any hlack powder should be prevented.
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PYROTECHNICS

Pyrotechnies is based on the Greek
for fireworks, The Navy useg pyrotechnics ng
for celebration bhut for illumination, and signal
ing. A pyrotechnic charge is a mixture of chemi-
cals (generally oxidizing agents and combustibles
which reacls to produce light or smoke. Othe
chemicals may be added to the mixture to coloz
the light or smoke, Some pyrotechnic devices
have small quantities of explosive or propelles
materials lo project the pyrotechnic components
in a desired direction, or to scatter them

The Navy utilizes a large variety of pyro
lechnics, but only a few common examples, gl
used on surface vessels, can be taken up herg

IHumination Device

The .‘:lhur:nnm.mg projectile (collogquially called
a ''star shell') is a bright=burning flare that ig
conveyed o the desired location by firing it iy
a projectile body from a gun, A timing device
causes ithe [lare to be ejected from the pro=
jectile and ignited. It falls slowly, supported
by & perachute, The illuminating projectile is}
the only pyrolechnic fired from a gun. The light
of its flare i= intended to illuminate the targei
and make it easier to aim other guns. i

Signaling Devices

Three important pyrotechnic signaling de—
vices are signal lights, Navy lights, and distress
signals. Signal lights {often called by their older:
name of ver}r]_lghts but not because they are very
lighty look like shotgun cartridges, and are fireds
from 4 special small projector or a specisl
pistol to a height of about 200 feet, at which
time a red, white, or green ''star'’ or small
Nare ignites and burns for 5 to 7 seconds. The!
Navy light is a hand-held flare, either blue or
red, which burns steadily lor 1 to 3 minutes
The distress signal is a hand-held double-
ended aflair which functions, like the famoua
pyre in Exodus, toproduce smoke (orange colored):
by day (from one end) or a bright light b
night (from the other end). '

CHEMICAL AGEXTS

Chemical agents are of live main types, a8
described below, They may be used in any of
several types of ammunition {(depending on the
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target and the effecls desired), or may be re-
leased as [ree liquids or gases {rom projectors
gr sprayers. The types are:

Group A, DPersistent wvesicants., Vesicants
blister the skin, The usual ones are mustard
Lgas and lewisite. (Physically, both of these are
- Hguids, not gascs,)

Group A-1. Nonpersistent lethal gases, Theee
gases, such a.ﬁ phosgene, injure the body when
“spplied externally, breathed, or tgken internally.

Group B. Lacrimators and smokes, A lacri-
‘malor such as CH causes weeping and {rritation
‘of the thront and lungs. Smokes such as FM
#nd F5 arc uged for screening but have an
‘Irritant and, In enclosed spaces, a toxic effect.

Group C, Spontanecusly inflammable agents
“which can be used as incendiaries, such as WP
(white phosphorus),
~ Group D, Readily infllammable mixtures
suich ns TH (thermite), or napalm, a syrupy
- -plastic mixture, both of which burn
*t‘mtd}._v and wilh extreme hest and are used
85 incendiarics,

Chemical warlare is s specialized field which
calls for considerable special Llraining, The
gwrage of chemicals requires extraordinary
‘safely precautions. Although poisonous gases
iwere nol used in World War 11, the Navy was
prepared for defense and for reprisal in case
ithe enemy inilinled such tactics. Chemicnl war-
(iaTe creates many problems in ship protection
#nd decontamination which are the responsibility
‘of the Damage control officer and are outside
‘the scope ol this book.

DEMOLITION

Explosives intended for such uses as blasting,
liminating hazards to navigation and obstacles
o amphibious landing, and destroying gear to
prevent capture by the enemy, comprise demoli-
f jon material,
. Demolition tlechniques are taught in special
Navy schools and will not be discussed in detail
i this text, For major blasting operations, vari-
ous formg ol dynamite are used; but dynamite
‘normally 18 not carried aboard ship,
. Half-pound demolition charge blocks, con-
‘sisting of cither pressed TNT or cast TNT and
letryl, are issued to ships for general use, Large
demolition charges, slso consisting of TNT, and
‘tesembled with half-pound booster charges, are
‘alzo izsued for major projects, such as scultling

vesscls, Charges of both of these types are det-

onated by means of blasting caps, set off by
eleciric current,

Highly classified instruments must be com-
pletely destroyed if capture or abandon ship is
imminenl, They are therelore equipped with tiny
bombs oalled destructors, which can be actuated
al a momeont's notice, Usually, they contain lead
azide or TNT-tetryl, with appropriate electric
ignition elements,

AMMUNITION

In o general sense, ammunition includes any-
thing that iz intended te be thrown at the enemy
or put in his path, to deter, injure, or kill his
personnel, or to destroy or damage his materials.
In this book, the term is usedina much narrower
and more technical sense, Ammunition includes
any projectile or explosive weapon, as well as
components or parts thercof, bul not guns or
weapon launchers and their parts,

The next section is devoted chiefly to gun
ammunilion. Other types of ammunilion to be
taken up latler in this book include mines, tor-
pedoes, antisubmarine weapons, bombs, rockets,
and grenades. This book, as mentioned inchapter
1, does not cover two other types of ammuni-
tion — nuclear weapons and guided missiles,

Service ammunition is ammunition [it for
service use and including all explosive and
propelient components. Inert (i.e., lacking explo-
sive and propellent components) and partially
inert ammunition of seversl types is used for
test, training. and practice purposcs. Dummy or
drill ammunition (completely inert) which re-
scmbles service ammunilion in appearance, size,
and weight, may include functioning components
that contain no explosive or propellant, It is
uged for training and lest purposes, Cutaway
ammunition (completely inert) has a section cut
away to show inner construction and components;
it is used for training and display purposes,
Plaster-loaded or sand-loaded ammunition lacks
the explosive burster charge, but is otherwize
not inert; it is used [or target practice and for
testing of launchers, mounts, or projectors.

Two miscellaneous types of ammunition de-
serve briel mention for the sake of completeness.
They are trench=warfare ammunition and blank
ammunition. Trench-warfare ammunition in-
¢ludes hand and rifle grenades, moriar pro-
fectiles, and similar infantry weapons (issued
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to Marines and landing forces) [or ground com-
bat, Blank ammunition is a type of gun ammuni-
tion with propelling charges but no projectile;
it is used for saluting batteries, signaling, and
training,

TYPES AND COMPONENTS OF
GUN AMMUNITION

Components of gun ammunition are called
ammunition details, and all the ammunition de-
fails required to fire ome shot are saild to
comprige a complete round, Ammunition details
include propelling charges, projectiles, prim-
ers, boosters, cartridge cases, ete,

Gun ammunition comprisecs four lypes: bag,
semifixed, fixed, and small arms (fig, 4-3), The
distinction between the first three dopends on the
manner in which the charge is assembled, In
bag (formerly called separate-loading) ammuni=-
tion, the primer, propelling charge, and projec-
tile are separate units, In semifixed ammunition,
the primer and propelling charge are conlained
in one unit, while the projectile is separate, so
that the complete round comprises two picces,
In fixed ammunition, all three components are
asgembled in one unit. Small-arms ammunition,
used in small-arms weapons, will not be dig-
cussed in thiz text,

The principal components of gun ammunition
are propelling charges and projectiles, The
propelling charge functions to develop thrust that
ejects the projectile at the proper initial velocity
or IV, (defined as the velocity, generally meas-
urcd in feet per second or Ips, al which the
projectile is moving at the instant it leaves the
muzzle ol the gun). The projectile gencrally
gontaing explosive, or it may contain an inert
filler or no filler, The propelling charge as an
assembly is considered to include the propellent
train a5 well as the propeliant itself with its
container. The projectile as an assembly in-
cludes the fuxze, the burster, and the explosive
train, 2s well as the projectile body.

Bag Type Propelling Charge

A complete round of bag ammunition (fig.
4-3A) consists of throe separate ammunition
deiails as follows:

1. A lock combination primer (so called be-
cauge it fits into a [iring mechanism called
a Hring lock, and has a combination arrange-
ment which enables it to fire efther on an elce-
tri¢ firing impulse or by percussion).
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Figure 4-3, —Complele rounds of =un ammuni-
tion, A, Bag. B. Semifixed, C., D, Fixed,

2. Two or more powder bags.
3. A projeciile,

Large guns must burn large quantities of pro-
pellant to develop the projectile initial velocity
required, In 2 gun as large as 16-inch, several
hundred pounds of propellant are needed for one
full service round, By dividing this into several
fabric bags. each of which can be handled by
one man, the gun can be loaded in a relatively
brief timeé. Ench bag is made of silk (because
silk will burn without leaving a smoldering ash),
has silk straps for handling and silk lacing 1o
cinch it up, and in red=dyed quilted silk pockets
al one end has coarsc black powder to serve
ag the igniter in the propellent train, The bags
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are kept in alrtight steel tanks until just before
use,

Even as late as the beginning of World War 11,
mony naval guns S-inch and 6-inch in caliber
used hag propelling charges. With the increased
mechanization of sammunition handling, to which
propelling charges in bags are nol well suitad,
the use of bag ammunition has declined until it
now i8 rarely if ever used in the active fleet,
and then only in 8=-inech turret guns of cruisers,

A complete loaded round of bag ammunition
i5 shown in a cross-sectioned pun in ligure 4-4.,
The primer, a small cylindrical metal container
with one end open and the opposite end closed
and rimmed, is loaded manually into a firing
lock in the bresch plug, The projectile is pushed
into the gun by a power=-driven manuplly con-
trolled rammer, Next, the gun crew rolls the
propelling charge into position for the rammer
to push it into the gun behind the projectile. The
lazl slep in loading iz for the gun crew to close
the bresch manually by swinging the breech plug
into place and locking if, The gun can now be
fived, This is done either by p&LEEing a small
glectric firing current through the primer, or
manually operating a mechanical percussion de-
vice on the firing lock (not illustrated), The
primer produces a spit of flame which travels
through a bore or venl in a mushroom-shaped
gpindle in the bresch mechanism and sets fire
to the igniter in the after end of the rearmost
bag, This sets off the remainder of the charge,

After the projectile has left the muzzle, the
breech can be opened, and an air blasl from a
gas ejector clears the Zun bore of residual guses.
After inzpection to verify that there i= ne burning
residue in the bore, the next round canbe loaded,

Case T'ype Propelling Charges

Gun ammunition which has its propellent
charge in g metal case or cartridge instead of
a bag is called case ammunilion, (The lerm
cartridge’ may also be applied to a complele
round of small-arms ammunition.} Both semi-
fixed and fixed ampuntions are of thiz fype.
The primer in all case ammunition is insecrted
in the base of the case at the ammunition depot
and is nol removed or changed aboard ship,

The designs of various sizes of case ammuni-
tion are similar, as may be seen from study of
figure 4=-3. The casc asscmblics arc similar up
to the point at which the mouth is sealed. In fixed
ammunition the projectile iz the seal; a mouth
plug is used in semifixed ammunition,

There are four sleps in the assembly of case
ammunition: (1) priming, (2) loading the pro-
pellant, (3) fitting a wad and sometimes a diz-
tance piece, and (4) inserting the projectile or
mouth plug, In priming, the primer used iseither

serewed (40-mm  and larger) or lorce=fitted
(smaller cartridge ammunition) into the base of
the case, The desired weight of smokeleas-

wwder orains ig then dumped loosely into the
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Figure 4=4, —Complete round of bag ammunition, loaded and ready for firing. Cross seclion.
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Figure 4-5, —Case ammunition, Cross scctions, A, Fixed ammunition (40-mm), B. Semifixed am=
munition (5''/38).

caso, In 40-mm and larger guns, s cardboard
or wad is forced into thé case and a distance
plece, if one is necded, placed on top, (This
préevents shilting of the powder during handling.)
The mouth of a2 semifixed case is then sealed
by a mouth plug. In [ixed ammunition, the mouth
ol the case is sealed by forcing the base of the
projectile into the case.

The case is cylindrical but tapers slightly
[rom base to top, and has an annular groove and
rim at the base cnd, Cartridge cases have in the
past generally been muade of brass (hence the
term spent brass to designate used cases aboard

ship). Stecl cases are now the standard in most
calibers, Plastic cases are under development,
Regardless of what it's made of, regulations
require that spent *'brass'' must be conserved,
After n brief ventilation period (lo dispose of
residual powder gases), it must be stowed until
the ship can return it to an ammunition depot
1o be reused,

The primer-igniler arrangement in case am-
munition is differcnt from that in bag ammuni-
tion, The primer is always secured to the center
of the base of the case. Primers for ammunition
of larger caliber than 3" include an igniler
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charge (black powder); smaller ammunition gen-
eraglly docs not regquire an igniter, although
black powder may be present in the initistor
mixture,

Figure 4-6 shows the lhree types of primer,
In percussion primers, the impact of a firing

pin (in the gun) on & primer cap imparts a blow
ic a scnsitive initiating mixiure between the cap
and & meinpl anvil, This initigles an explosive
reaction whose flame ignites the remainder of
the primer charge, In eleetric primers, a brief
pulse of firing current heats a small bridge wire
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Figure 4-6.— Cpse primers, A, Percussion primsr. B. FEleetric primer. C, Combination primer,
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which ignites the initiating mixture; the flame
thus produced is transmitted to the ignition
charge, which in turn sets off the propelling
charge. The combination primer has both a
bridge wire and the cap-anvil arrangement;
either can start the reaction. Electric firing is
preferred with combination primer ammunition,

PROJECTILES

The projectile is the part of a complete
round of service gun ammunition that is expelled
at high veloeity {rom the gun bore by the burning
of the propelling charge. Modern projectiles are
cyliders with pointed noses, Such a projectile
can give stable ballistic performance only if it
spins aboul its long axis while in flight — other-
wise it will tumble erratically. As will be ex-
plained later in further detail, the bores of modern
guns are spirally grooved (rifled) so that the
projectile will develop this spin as it travels
along the bore,

Modern small-arms and machine gun pro-
jectiles often consist of solid metal; projectiles
used in larger guns, however, are assemblies of
several components, The three essential parts
are the metallic body, the explosive hursting
charge, and the fuze which sets off that charge.
There may alsc be a tracer io make the projec-
tile more readily visible during flight.

The solid hullet damages by impact alone,
Assembled projectliles, however, inflict damage
primarily by the blast of the high-explosive
charge and resulting high-velocity fragments,

EXTERNAL FEATURES OF PROJECTILES.
The external shape of the projectile is designed
to obtain the desired flight characteristics of
stability and minimum air resistance. The form
of forward end which best fulfills these conditions
ig the ogival curve (generated by revolving an
arc of a circle about a chord). In a projectile the
chord is the axis of the projectile and the radius
uesed is about nine times the diameter (caliber)
of the projectile, In small-caliber projectiles a
cone is sometines used instead, but this part of
the projectile is still called the ogive. Abaft the
ogive the projectile ig cylindrical. The cylindri-
cal shape may continue to the base (msking a
equare basc); or the after portion may be slightly
tapered, (making It boat-tailed). Near the after
end of the projeclile is the rotating band; for-
ward of this is the bourrelet (fig, 4-7). These
two surfaces, slightly larger in diameter than
the body, support and steady the projectile in its
passage through the gun,
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Figure 4=7.— External features of gun projectile,

In small projectiles the entire body forward
of the rotating band may be finished to bourrelet
diameter. On large-caliber projectiles addi=
tional bourrelets, forward of the rotating band,
are added to provide better support. The bour-:
relet is very slightly smaller (0,015 to 0.030
inch) than bore diameter,

The rotating band, on the other hand, is
actually larger than bore diameter, Its thres
main functions are (1) to seal the bore, (2) to
position and center the rear end of the projectile,
and (3) to engage the helical rifling grooves ial
the gun bore so ds to impart rotation tothe
projectile, It also holds the projectile in position
in the gun after loading and ramming so thatif
will not slip back when the gun is elevated.

Rotating bands are generally made of copper,
either pure or alloyed, (Experiments have been
nmiade with rotating bands of sintered metal; thess
have not been adopied for service at present)

Projectile [dentification

Distinguishing colors and markings are neces~
sary to properly and rapidly identify projectiles,
Identification of Ammunition, OP 2238 (latest
revision), serves as a guicde for identifying by
color, markings, and lettering projectiles and
other Navy ammunition,

Presently there are twodifferent color-coding
systems used by the Navy to identify ammunition.
These systems are classified as the old and the'
new system and are explained in OP 2238, The
old system applies only to ammunition manu-
factured before the new system of color coding
became effective, All projectiles (and other
armmunition) newly produced must have the new
color code and markings applied,
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Projectile Weight

Within limits, a gun can fire projectiles of
different weights, The weight of U, 8, Navy pro-
jectilos is determined by the formula
=

i
W =3

in which: W
d

= weight of projectile in pounds, and
= caliber of gun in inches,

The weight of the projectile per square inch
of bore is called sectional density, It is repre=
sonted by the expression

i W
I =
‘in which; SD = section density.,

W = weight of projectile in pounds,
A = area ol bore, including grooves
| in square inches,

‘This ratic varies with the size of the gun, averag-

ing approximately six-tenths of the caliber,

. The distribution of weight in a projectile is
| & matter of considerable importance, The center

“of gravity should be in the longitudinal axis and
close to or abaft the center of form.

Classification of Projectiles

_ All gun projectiles, other than small arms,
‘share the characteristics so {ar desoribed. Since
‘targets difler in character, projectiles must
udiffer in design to defeat them most effectively,
‘There are three general classes ol projectiles:

1. Penetrating.
2, Fragmenting,
J, Bpecial purposce,

. In each class are one or more lypes, each
psignated by a specilic letter code.

Penetrating projectiles. Penetrating projec-
iles include armor=-picreing (Al%) and common
|[COM). They are designed to penelrate, re-

‘ursting charge for these types is Explosive

2D, which is insensitive enough Lo permit pene-
fion withoul premature detonation,

Figure 4-8 shows the construction ol atypical

VAP projectile, The body has thick walls, a rela-

ttively small burster charge cavity, a nose cap,
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Figure 4-8, — 3=-inch armor-piercing projectile.
Cross section,

BASE PLUG

and @ thin metal windshield, To function el-
fectively, an armor-piercing projectile must
keep its bursler charge intact until it has pene-
trated its targel. The projectile body, of tough
steel, backs up the hardened but somewhat
brittle steel nose cap, which ig so shaped that it
will dig into and cut through an armor-plated
target, rather than ricochet, However, in flight
the blunt nose cap, which is shaped for penetra-
tion of armor, not for streamlining, would give
the projectile the bailistics of a brick. Hence
the windshicld, which collapses upon impact with
the target, is screwed on to give the exterior of
the projectile a satisfactory ogival shape. AP
projectiles in larger calibers are nol efficiont
against lightly armored targels, because of their
small bursters. The projectile is delay-fuzed to
burst aftar penctration.

The common projectile, illustrated in figure
4=9, has n hood instead ol the armeor-piercing
cap, a larger burster, and thinner walls, and is
suited for more lightly armored targets than
AP proiectiles.

Fragmenting projectiles, Fragmenting pro-
jectiles are designed to damage by bolh blast
eficet and (ragmentation—that is, breaking up

WINDSHIELD

84,10,3
Iigure 4-8, — 3=inch ¢ommon projectile. Cross
section,
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into high-velocity fragments. Such projectiles
characteristically have relatively thin walls and
large cavities for the burster, Under this gen-
eral classification are the following types:

1. High~capacity (HC). A typical HC pro-
jectile is illustrated in figure 4=-10, This type is
used against unarmored surface targets, shore
objectives, or personnel. Since no penetration
abililty is required, cxplosives more sensitive
than Explosive ) may be used,

2, Antigircraft (AA) projectiles are designed
for use¢ against airplanes in [light. Except for
luzing they arc substantially the same as [HC in
the larger calibers. In smaller sizes the explo~
sive often contains an incendiary element,

J. Aptiaivcralt common (AAC) projectiles are
a dual purpose design, combining the qualities
of antinireraft projectiles with the toughness
necessary to penetrate steel plating not of armor
thickness. The lype of fuzing will depend on the
use. The walls may be heavier than those of
the other thin-walled types, and the filler is
usually Explosive D,

Special purpose projectiles, The special pur-
pose classilication includes Lypes not intended to
inflict damage by hlast or fragmentation, If the
fillor includes any explosive, it is a small charge
designed to expcl the contents of the nrojectile,
See fimure 4-11, The gommon varieties are:

1. Muminating (ILLUM) projectiles, oiten
called star shells (S8), contaln & bright flare
attached to a parachute; these are expelled [rom
the projeclile by a small black-powder gharge
which also lights the flare. As the parachute
slowly lowers the flare, it illuminates the target.

3, Smoke projecliles contains tubes of white
phosphorus (WP) which arve scattared and burst
by a small black-powder charge, White phos-
phorus produces a screening smoke, and has an
incendiary effect.

3, Window (W) projectiles contain metal {oil
sirips, which are scatlered high in the air by a
small burster charge to confuse enemy radar.

4. Nonfragmenting ("'nonfrag'') projecliles
are used for antisjrcoraft gun practice. They con-
tain & smoke-procducing substance, available in
varigus colors, to make observable bursts with-
out destroying the target by fragmentation,

3. Targel or blind-loaded (BL) projectiles
contain sand or other inert substance to give the
same weight and balance charasclerislics as ex-
plosive fillers.

FOINT DETONATING FUZE

ADAPTER

AUXILIARY DETONATING FUZE

COMFOSITION "B"

PROJECTILE BODY

BASE DETOMATING FUZE

ROTATING BAND

110,46
Figure 4=10, —6=-inch high-capacity projectile,

Rocket Assisted Projectiles

A rocket assisted projeclile (RAP) is fired
from a gun at the same initial velocily asa
standard projectile, The RAP is not a replace-
ment for existing gun-itype ammunition but an
addition to it thal extends ils range several hund-
red yards, Rocket assisted projectiles are used
primarily against personnel and light-material
shore targets. A secondary use, however, is
against enemy shipping at extended ranges. Oper-
ationgl s=kill and maintenance level required
aboard ships are not alfccted by the addition of
the RAP,

RAP DESCRIPTION, — Each RAP round con=
sigls of a projectile and a gun cartridge (full
charge). The projectile consists of a solid=
propellent rocket motor with a delayed ignition
glement, an eXplosive filler warhead, and sither
a controlled variable time fuze (CVT) or a point
detonating fuxe (PD). Cartridges used to fire
RAPs are the same ag those used to fire stand-
ard projectiles. Figure 4-12 is a cutaway view
of a 5" /38 rocket assisted projectile,
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. RAP OPERATION, —When the projectile is
fired, gun chamber pressure flexes a spring
grich strikes a percussion primer assembly in
e base of the projectile. The primer in turn
Jmitles a pyrotochnic delay column that burns
for o definite period of time (23 seconds for a
8/38 RAP). Alter the delay period. the delay

fie rocket motor. The rocket molor gives the
projectile a ''boogt!', Increasing its wvelocity
&g ils range. The delails of the ignition element

ativaled delay igniter, sealed into the base ol
e motor case and blown out upon motor ighi-

SAFETY PRECAUTIONS, — RAP ammunition
should be handled carefully at all timas. Stowage
enditions for IAPE must meel the same ro-

o

mirements applicable to standard projectiles.
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Figure 4-11, — 5pecial-purpose projectiles,

Because ol the similarity in appearance be-
twaen o standard projectile and a RAP and the
dissimilarily of impact points, posilive and cor-
rect identification by handling crews becomes
a major safely factor, For example, crows
could be under the impression that they are
firing RAPs over the heads of our assault lorces
when actually they are firing standard projectiles
into the midst of those forees,

FUZ LS

A projectile fuze 1s a mechanical or elec=
ironic device which will detonate or ignile a
charge in a projectile at the time and under the
circumstances desired,

Fuzes may be classified according to function
(impact, time, auxiliary, or proximity), the po-
sition of the [uze in the projectile (nosc or base),
type of mechanism or prin¢iple utilized (mec=-
chanical time or varinble time — VT), and specific
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Figure 4=12,— 5" /38 rocket assisted projectile (RAP); cutaway view,
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action at time of functioning or initiation (igni-
lion or detonation). Figure 4-14 illustrates loca-
tions of typical fuzes.

Typical examples of nomenclature for Navy
mzes arc as follows:

- Auxiliary detonating (ADF).
. Base detonaling (BDI7.

. Mechanical time (MTF).

. Point detonating (PDF),

. VT or proximity {VTFE).

] B S e R

Point detonating, time, and VT fuzes may all
b2 galled nose fuzes because of their location in
the projectile, Fuzes are designated as detonst-
ing when they contain within themselves a high-
explosive charpe sufficient to set off o high-order
explosion in the burstor, Ignition fuzes contain
black powder sufficient to ignite the burster of
amall projectiles. In larger projectiles such
fuzes function indirectly through an auxiliary
detonating fuze,

For salety ressons & [uze must be inoperative
until the projectile is ¢lear of the muzzle and the
firing ship, A fuze is said to be armed when it
ig set to permit initiation of the explosive Lrain,
I 15 unarmed when set to prevent initiafion,

A eatisfactory fuze must;

1, be sale to handle; thal is, the [uze must not
arm if dropped or jogweled.

3, be zafe after firing until it is at a safe
distance beyond the gun bore, A fuze with this
characteristic is said to be boresafe,

3, function to initiate the explosive train at
the proper instant, and not before or too late,

S et e
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TIME

84,13
Figure 4-14, — Fuxe localions,
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Forces That Operale I'uzes

From theo instant of firing until it strikes its
target, a projectile and its components are sub-
jected to a succession of forces that can be
utilized (o start or drive a fuze's moechanism,
Many fuzes arc complicated sand use more than
one of these forces (listed bhelow), in addilion
to other energy sources,

1. SETBEACK. When the propelling charge is
fired, the projectile is (a) accclerated [orward
and (b) twisted clockwise (as seen {rom the buse).
Becanse of their inertia, movable parts of the
projectile consequently develop, during the period
of projectile acceleration and twist, a rear-
ward force called setback (fip, 4=15A) and =a
rotational force or torqgue in the counterclock-
wige direclion (i.e., in the direciion oppogite
to the iwist). This forque is called angular set-
back,

2. CENTRIFUGAL FORCE, In accordance with
Newton's laws of motion, any moving particles
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Figure 4-15.—Forcas that work on fuzes. A, Set-

back, B. Centrifugal force. C, Creep, D. Im-
pact,
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tends to keep moving in a straight line, Con-
sequently, because of its inertia, a revolving
particle develops a radial thrust (centrifugal
force) away from the center of revolution, As
shown in figure 4-151, the [uze paris therefore
develop a continuous outward thrust from the
rotating projectile’s centerline while it is in

flight.

3. CREEP, The projectile while in flight is
gradually slowed by air resistance acling on Its
cxterior surfsce. Since the paris inside the
projectile are not in contact with the air and do
not meet this resistance, they tend because of
inertia to continue in motion at the same velocily.
Thus, as illustrated in figurce 4-15C, they exert
a coutinuous forward thrust, called crecp.

4., IMPACT. When & projeclile strikes, ils
parts because of inertia tend to continue moving
forward; this develops considerable lorce, Im-
pact is generally used to initiate the explosive
train (fig. 4-13D).

3. TARGET COXTACT (not illusiraled). When
a firing plunger or other part of a projectile
contacts the target, it is driven toward the rear
with respect to the remainder of the projectile,
Target contact is used lo start the explosive
train,

Types and Applications of Fuzes

Auxilinry delonating fuzes are used in con-
junction with all types of nose fuzes in projectiles
ol 3=inch and greater calibor except illuminating
and special purpose projectiles. They prevent
detonation if the nosoe fuze is nccidentally actuated
before the auxiliary detonating [uze is armad,

Basc detonaling fuzes are used alone in AP
and COM projectiles, and in combination with
nose fuzes in such dual purpose projectiles as
AAC and HC. In the latter their functioning is
complétely independently ol the nose and auxiliary
fuzes, All base detonating fuzes function on lme
pact; some, however, have a delay time (0,02
to 0,033 second) alter the projectile hits, to
allow time for armor penctration.

Mechanical time fuzes (MTF) ars clockwork
mechanisms which begin to function upon [iring,
and iniliste the explosive frain at a selected
tima following firing, They are used in high
axplosive, illummaung, and various special pur-
pose projectiles. When used in high explosive
projectiles, these fuzes work in conjunction

with auxiliary detonating fuzes. MTFs contels
a gear train and an cscapement mccham-amw
starts lo operate immediately after the inertis
force of setback has ceased, Centrifugal [oves
acling on weights, with or without the aid i
coiled springs, supplics the cnergy to run th
clock mechanism. After the predeltermined
preset time interval, a spring-loaded firing pis
is recleased and strikes (he inilial slement o
the fuze explosive Lrain,

MTFs are used in projectiles with high Irags
mentation qualities to provide air bursts,
bursts are efiective against perscnnel if they arg
timed to burst, say 50 feet above a trenchao
pther occupled area. Gunflire support require
ments call for these bursis to be 25 to 50 fesd
above the targel.

Even though lhey can be used in antiaircrall
fire, MTFs are used more olten ngainst surince
or shore targets, Obvious is the superiority off
timed projectiles, throwing f[(ragments in all
directions, over those which require target con=
tact before detonation. A direct hit is improbablel
on a small, fast-moving target, but the 5" AA
projectile has been designed to increase the
probability of a hit by utilizing a timed air}
burst. An AA common projectiles may have &
peint detonating fuze, o base delonating fuze,
auxiliary detonaling fuze, and mechanical time
fuze making it a wvery wversatile projectiles,

Peint detonaling fuzes are designed 1o func-
tion on impact. They arc faster acling than
BDFs and are uscd chiefly ngainst lightly armored®
targets in gunfire support, Point detonating fuzes
ave found in high capacity (HC), AAC, and white:
phosphorous (smoke) projectiles, These fuzes
are inserted into the projectile’s nose in
unarmed condition; they are armed by centrifugal
foree alter the projectile has been [ired.

VT fuzes are proXimily fuzes, used in all
of the types of projectiles that can use mechani=
cal time fuzes, except illuminating and window,
The VT fuze is a sell-pontained radio trans-
mitter-receiver which roceives echocs of it
transmission as refllected by a target. When the
returning signal is of sufficient strenglh, ns
the projectile nears the Larget, the firing circuit
closes. The fuze is rugged and compact; it fils
into the nose of a projectile,

VTs are also cilective agminst personnel
ashore but are used mainly against air targets,
Ii a VT bursts in the vicinity of an air target,
it is considered to be a hit in wartime firing and
for peacetime firing practice evaluation. The
burst is called a TTD (target-triggered-burst),
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CHAPTER 5
GUNS, GUN MOUNTS, AND TURRETS

INTRODUCTION

The gun has becn used in warfare ashore and
dloal for several hundred years, Its elfective-
mess a8 a weapon has increased over this period,
it this developmenl has not been a slow, steady
growth, For the firslt 400 yecars the t"EllI"Gng}
Ji gunnery changed so litile that o sailor of early
tEhrabetha.n times would have had to learn very
litlle  that was new to have served = gun at
‘Trafalgar (1805)., Most of the basic features that
ave made the modern Naval gun the effcctive
?-mpun it is today were developed in the past
1135 years; most of them began lo ‘becoms impor=
,t&nt only after 1900,

. The guns aboard medern United States Naval
f-':'.vaasﬂla complex though they are in deiail, are
‘based on a relatively few fundamental features,
‘Once these arc grasped, the student will find it
easier to undersiand the details of structure of
Cdny gun mount or turret he encounters,

The [undamoental principles of how guns, gun
mounts, and turrets are constructed and how
they work is explained in the [irst part of this
chapter, Details of their construction and func-
doping are described later in thc chapler,
~ Features of gun mounts and turrets that arve
digeugzed in the following parvagraphs are thmt.“
that are referred to in this boolk as "'conven-
’_t._inual " which means that they represent stand-
ird practice in the gun and mount design as it
exisled in the U.S, Navy about Lhe middle of the
ﬂlﬂ? GE‘IIE‘LII}F New developments and improve-
ments in puns and mounis are, of course, slways
i progress,

SOME DBASIC DEFINITIONS

. Before proceeding with the study of gun mounts
ind turrets, study the following brief list of
definitions, They amplify or more preciscly de-
it somsz lerms to be discussed later in the
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chapter, Other definilions may be [ound in the

appendix glossarics,

GUN.—The term GUN properly designates
the iube or barrel, but it is commonly used o
refer to the whole assembly of which the barrel
is but 2 part.

MOUNT., —The mount is ihe entire structure
netween the gun and ship’s structure, Tt supporis
the gun, secures the gun to the ship's structure,
and provides for the gun’s elevation, train, and
(in guns larger than 20-mm) recoil and counter-
recoil, There are several types of mounis, but
all of lhem must accomplish these functions,
I.arger mounts have olher funections as well,

TRAIN, — Train angle of a gun is the position
of the axis of the gun’s bore in a plane parallel
io the deck measured irom the ship's centerline,
Training the gun is rotaling the gun in bearing.
The trainer iz the gun crew membcr who con=
trols the training of the gun, The lraining gear
is the equipment used to train the gun,

COMMON STRUCTURAL ARRANGEMENT
OF NAVAL GUN MOUNTS

Figure 5-1 shows the ''skeleton™ of the
structure of a typical 5-inch naval gun mounl,
In general thesc parts, their arrangement, and
their nomeanclature are typical of other nuval
gun mounts, both larger and smallev,

Serving as the mount foundalion is the stand,
a steel ring bolied Lo the deck., The iraiping
circle i{s an intcrnal gear inside the stand,

supported by the stand, and capable of rolat-
ing in train in roller bearings on it, is the base
ring, also called the deep section ring or lower
carriage, Mounted on it i= lhe upper carriage,
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Figure 5=1,—Main assemblies of a S=inch mount.
Exploded view.

a pair of massive brackets braced to hold the
trunnion bearings, large roller bearings into
which the gun trunnions [it, The trunnions are
pari of the slide, s rectangular weldment which
supporis all the elevating parts of the gun. The
housing slides in recoil in the slide; the barrel
fits into the housing’s forward end, and the
breechblock c¢an slide up and down in & breech-
way just behind the barrel, Arrows show the
movement of which each pari (except the breech-
block) is capable,

Figure 5-2 shows how the base ring fits into
the stand, and how the mount trains, Holding-
down clips bolied to the base ring fit under the
stand so that the carriage will not tip when the
gun [ires or when the ship pitches and rolls.
The base ring can turn on the stand in two
large-diameter roller bearings. One, the roller
path, takes up vertical thrusi, the other, hori-
zontal. The function of the training circle also
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is illustrated in figure 5-2. A pinion in the
carriage engages the training circle gear leed
to train the mount.

The carriage asseambly comprises twoparts
the lower carriage (base ring) and upper care
riage (fig, 5-3), The bLase ring supports the
upper carriage and platiorm; the shield (in en<
closed mounts) is secured to it, It also supporis
the mount power drives and other components
In mounts eqguipped with powder and projecti
hoists, the hoists hang from the base ring and
train with the mount. The upper carriare sup=
perts the trunnion bearings. The trunnion bears
ings and trunnions, besides supporting the eles
veting parts, provide conncctions for air lines
(for gas ejection) and mechanical linkages (fof
percussion firing and for transmission of eleva-
tion movement to firing stop mechanisms),

The trunnions are part of the slide (lig. 5
The slide is convenlionally a rectangular st
weldment which houses or supports all the ps
of the gun and mount thal move in elevation
In modern mounis designed to engage either @r
or surluace targets, the limits of elevation move-
ment are from minus 10 to 15 degrees (that is}
with gun barrel depressed 10 to 15 degrecs below
the horizontal) to aboutl plus &) degrees (thaf i)
with the gun barrel within 5 degrecs of pointing!
straight up). 1

The slide (fiz. 5-4) conigins the smmunition)
feed mechanism (or the power rammer i am=S
munition feed is performed manually with me-
chanical assistance), the recoil brake, the coun
terrecoil mechanism, the elevating arc, and thes
gun housing. l'igure 5-4 shows how Lhe eje=
valing arc positions the slide in elevation, Thes
arg, a gear sector secured o the slide, engages a3
pinion (which may be driven manually or by a
power drive) in the carriage,

As you Know from the last of Newlon's threes
laws of motion, any action produces an cqus
and opposite reaclion. The thrust which pl‘ﬂ-
pels the gun projectile out of the barrel is acs
companicd by an ecqual thrust in the opposite
direction, This thrust produces a rearward move-
ment, called recoil, of parts of the pun, Afler
the projectile and high-pressure propellent gases
have left the barrel, recoil thrust ceases, Thel
recoiling parts of the gun are then forced forwarnd.
This forward movement is called counterrecoil,
and it continues until the paris that recoiled are
restored to their original position before firing.
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E. Training circle and holding-down clips.

C. Principle of training gear.

'Thl-& is called battery position, and the gun is
Loow said to be in battery, Note that in all modern
,Em'nl gung, only parts of the gun mount recoil;
‘the gun mount as a whole does not recoil with

‘respect to the ship’s struclure,

The recoiling parts of a conventional naval
g are cither attached to or housed in the gun
housing or breech housing (fig. 5-5). (Some
urret guns and 20-mm guns differ considerably
from this lype of conventional design; this de-
gcription is not intended to apply to them.)
secured to the forward cnd of the housing is

84,1358-.152
Figure 5=2, — Details of the stand and carriage.

the gun barrel itself, The commonecst method
of attaching gun 10 housing is by use of an
inierrupted-screw joint, with a key to lock the
barrel against possible roilation. The housing
can move parallel to the gun bore axis in WAYS
in the slide. Ii is normally forced to the battery
position by a counterrecoil mechanism (described
later).

When the gun fires, the reaclion of the barrel
forces the housing aft; this movement is op-
posed by the counterrececil mechanism and by a
hydraulic recoil brake io be described later.
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FECiPTE
LOfER
S lCaRwikLE

Figure 5=-3 also indicates the lo¢ation and
some features ol the breech mechanism. The
conventional type, illustrated here, iz called the
vertical sliding-wedge type,

DESIGNATION OF GUNS BY CALIBER

The caliber (bore diameter) of U, S, Naval
guns is expressed in inches or millimeters. The

110,48

84,153
Figure j=-4,—The slide, A, Main features, B. Principle of elevating mechanism,

length of guns of Jd-inch caliber and above is
usully expressed calibers that are equal (o

length ol gun in inches
diameter ol gun In inches *

Thug a gun with a bore diamecter of three inches
snd & length of 150 inches would be designated
.15-'[:'”

3''/50 caliber {—.:1;1'" = 50).
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Guns most likely o be found on Navy ships

today, in the active and/or the reserve fleet, are:
Guns Carried on

* 16" /60 cal, . . . . .Battleships.

8" /55 cal. . . . . .Heavy cruisers,

G /4T cal vovin v Light cruisers; guided
misgsile cruisers,
Large carriers; de=-
stroyers; {rigates;
tactical command ships,
Battleships; cruisers;
destroyers; carriers;
destroyer escorts;
auxiliaries,
Any ship from patrol
cralt to battleship,

' /bdcal. , ...

5 /3B cali s vie &

/60 cal. . . .
m‘mm w W W W W
20-mM . . .. .

*Rescrve fleet only,

SIGNIFICANT FEATURES OF MODERN
GUNS AND MOUNTS

The eflfectiveness of modern guns, as con-
trasted with the primitive naval weapons men-
tioned at the beginning of this chapter can be
attributed directly to the following significant
and charactleristic festures;

.
L]

Improved metallurgy and barrel construc-
tion.
Rifling.
DBreech-loading mechanisms,

Percussion and electrical firing systems,
Recoil and counterrecoil systems,
Power-driven ammunition hoists.

Power rammers and mechanical aminuni-
tion fced,
Safely features — salvo
gas ejection,

9. Sighting and fire control equipment.
10. Power drives for elevating and training.

N e

o

latch, safety link,

GUN BARRFELS

Figure 5-6 shows in cross seclion a typical
modern gun barrel,

At the rear or hreech end of the gunis a
breech housing, which houses the Lreechhlock
or plug; this can be opencd for loading and
closed for firing by a breech mechanism of
which it is an fmportant part., Just {orward of
the plug is an enlarged chamber thal holds the

BRERCHWAY FOR FLUC

Figure 5-6,— Main parts of a gun barrel. Cros :5
section,

propelling charge. The forward end of the cham-=

diameter to the front or muzzle end of the gun
In all but a few specinl purpose guns the bore is
rifled—that is, a set of spiral grooves is emr
graved into its surface. In larger guns, which
tend to wear more rapidly per round fired than
smaller weapons, the riflling is cut in a liner
which can be replaced when worn.

The bulkiest part of the gun is at its breech
end, where the metal is thickset to withstang
high propellent gas pressures. The cylindrica]
after part of the barrel is the elide cylinder,
which moves in bearings in the slide during
recoil. Forward of the slide cylinder the barrel!
tapers (this tapering part is the chase), then (in!
many gun designs) thickens lo form a bell
which discourages any tendency for the metal to}
split. The narrow part of the barrel just abaft®
the bell is the neck, In newer gun designs thed
muzzle has no bell, but may have lugs which®
serve to anchor a jack used in replacing thes
liner,

All modern gun barrels are of stcel, and’
they are generally prestressced to make them:
more reésistant to intcrnal pressures, IPrestress-
ing methods will be discussed in further detail
later,

RIFLING

Early cannon were smoothbores and gen-
erally fired round (spherical) shot. Other things
being equal, a light projectile will travel alesser
distance, and be more affected by wind and air
resistance, than & more massive one, Since the
maximum volume of n sphere depends on ils
radius, the mass of the early gun projectile was
limited by the density of its material. An clon-
gated projectile can, of course, be made more
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massive by making il longer, bul it will be un-
stable and crratic in iflight —unless it can be
made to =pin on its long axis,

Figure 5-7 shows how this problem is solved
in & modern naval gun. The projectile is elon-
galed, with an ogival forward end. The gun bore
is rifled, and the rifling grooves are helical
r gpiral ([ig. 5-7, part A). In all naval guns
end small arms except the .45 caliber pistol,
the rifling has a right=hand twist, The twist may
be uniform (generally arocund 1 in 15 or 20
imes the bore diameler), or increasing (as in
the 40-mm gun) s8¢ that the twist becomes
sharper as it nears the muzzie.

The caliber of a rifled gun iz measured from
the top of one land (the high surfaces belween
grooves) to that on the opposite side of the bore.
since the rotating band for the projectile is
slightly larger than the nominal gun bore diam-
eler, the rifling cuts into or engraves the softer
melal of the rolating band when the projectile is
rammed (lig. 5-7, part B). When the gun is
lired, the projectile spins at an increasing rate
&5 the propellent gas accelerates it. (With right-
hand twist in the rifling, the spin is clockwise
a8 viewed from the brecch,) Moreover, because
of the close fit between rotating band and rifling,
e gaz is sealed behind the projectile, Figure
=7, part C, shows how a projectile might look
B8 it lecaves the muzzle, spinning rapidly and
with rotaling band deeply engraved,

BREECH MECHANISMS

The breech mechaniem comprises the brecch-
block or plug that closes off the after end of the
gut, and the linkages and other mechanical
parts required to operate it. The breech me-
chanism, as it happens, invariably incorporatcs
part of the liring system.

Al naval guns other than small arms (which
are not taken up in this book) utilize one of two
principles of operation in their breech mech-
anisms, The older, and nowadays by far the less
uged, 15 the interrupted-screw brecch mech-
gnism, The newer is the sliding-wedge breech
mechanism,

Only bag-type guns use the interrupted-screw
breech mechanism in today's Navy, and only a
iew heavy c¢ruisers have bag guns, This type of
areech mechanism will therelore not be described
in thiz toxt, Sliding=wedge breech mechanisms
arée used in all present guns larger than small
irms, up through B-inch caliber. Larger cas
guns (G-inch, 8~inch, and the automatically loaded
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T

5-inch Mk 42) use hydraulically actuated sliding-
wedge breech mechanisms. In other guns the
gliding-wedge breech mechanism is driven
through the camming acltion during recoil and
counterrecoil.

FIRING SYSTEMS

Figure 5-8 shows the principal common{iring
system elements that are housed in the bhreech-
block of & case gun 40-man or larger, The
40=-mm mechanism and the mechanismes of a few
obsolescent hand-loaded 3-inch guns are capable
only ol percussion fire, S=inch guns earlier than
Mk 42 are capable of either percussion or elec-
trical fire as desired, and =sll other case guns
now in service arc designed for electrical lire
only (except Ifor special ''short cases™ used to
clear a gun by percussion fire in an emargency).

Common to all case gun firing systems is
the firing mechanism (also called the [iring lock)
in the breechblock (fig. 5-5). This is seccured
in the breechblock, but is not considercd part
of the breechblock, and is casily removed for
servicing or replacement. In combination and
electric firing systems the firing pin is elec-
trically insulated and is part of the electric
firing cireuit, The pin maekes contact with the
primer ol the loaded propelling charge case
when the gun is loaded and the breech is [ully
closed, The pin is withderawn into the breech-
block when the breech is not fully cloged, In
combination and percussion [liring systems the
firing pin can deliver o blow on the primer
when actuated by a mechanical firing linkage,
provided the gun {g in battery, and the breech
is fully closed.

ELECTRIC
BREECH FIRIND
"""".:“ TERMINAL
CARTRIDGE CASE g e H
(CONTAINING FROPELLING CHARGE) [ = = = =p

(LT
LOCKE

110,49
I'igure 5=8, —sliding=wedge breech elementary
firing mechanism.
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Figure 5-8,— [lepresentative c¢lectrical fir
circuit. Schematic.

ELECTRIC FIRING CIRCUITS,—The firing
meochanism propéer —which has as electrical eles
ments only an insulaied {iring pin and a quicks
disconnect terminal to which a firing lead of
ecable 1s attached —is only the final part of the
elecirical liring system,
Figure 5-9 shows schematically the elements
that will be found in a typical electrical firing
system for a mount or turrel. The diagram
does nol show the physical localions or appear-
ance of the elements, !
Under normal service conditione, guns lirg
by using the ship’s 115 v. a-c¢ supply. Trace ihe
circuit beginning with this source, Switches
(not shown on the schematic) in the fire contro
plotting room (plot) determine where control of
remote fire will be placed. That is, whether th
direclor or plol has control. There are spring<
loaded normally open firing keys af each station)
which ecan assume control, These are all on tha
115=volt line to the primary of the firing transe
former at the mouni. The mount capinin, when!
told to do so, operates his firing selector switch
Lo the ''plot'' {(meaning remote) or o the rrlocal't
position, In ""local'" the primary supply is always
present in the firing transformer,
The firing transformer's secondary leeds
20 v, a=¢ to a firing sclector switch at the mount,
This switch has two positions, "batiery'' and
"motor=generator.” Battories in these circuils
while still part of the schematie, are no longer
ingtalled due to the extra maintenance they’
reguire, So, this firing selector switch willl
always be in the motor-generator position exs
cept during maintenance,
The pointer’s firing key ls generally on ope
of the elevaling handwhecls nnd is connected
lo the circuit by a flexible cuble, The firing stop’
mechanism switch is part of the firing stop
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mechanism (Lo be described laler). It opens the
firing cirewil when the gun endangers part of
the ship’s structure, Some mounts have no
interlock switch or relay, hbut such interlocks
are common with automatic loading equipment
or hydranlically operated breech mechanisms,
The one shown in the schematic may represent
‘p to six or more, cach of which rogisters that
a2 certain mechanism or part is in a position
that is sale for firing. The hreech-closed con-
tact is a common variety of interlock. In addition
{and not shown in the schematic) are the safety
devices in breech and [iring mechanisms which
prevent contact between primer and [iring pin
when the breech is not lully closed or the gun
“i5 not fully in battery.

The last part of the circuit is the firing pin’s
contact to the electric primer. The circuil is
completed through the lilamont in the primer,
the carlridge case, and ground relurn to the
firing transformer,

FIRING S5TOP MECHANISM. —At any con-
“eilerable range, the axis of a gun’s bore deviates
from the line of sight to the targel. The greater

the range, the greater the devialion, This makes
it possible, particularly in enclosed mounts,
for a pointer or trainer looking through a tele-
“socpe o scc no obstacle in the line of sight,
“while the gun’s bore may be in line with some
‘part of the ship’s structure, so that firing the
(g will damage the ship. It is therefore neces—
‘sary either to prevenl pointing the gun bore
toward the ship's structure, or ifo prevent it
from {liring under these conditions. The latter
smethod i8 more commen, This is the function
of the firing stop mechanism, which disables
‘e firing system when the gun is so aimed as
“io endanger the ship il is mounted on,

I Figure 5-10 shows the basic mechanism, It
is essentially a plate or disc type cam, in which
the inpuls are gun train (which rotates the cam)
and gun elevation (which moves the cam lollower
approximalely radially across the cam)., The
elevation input shaft moves toward the center
¢ the cam plate when the gun elevates, and
‘foward the edge when it depresses. At the end
‘of the elevation input shalt is a spring-loaded
‘plunger which contacts the cam plate. Each
int on the surface of the cam plate corre-
sponds Lo o specilic position (in train and ele-
vation) of the gun barrel; the complete sur-
face is a profile map of the gun's safe and unsafe
Sring arens,

When the gun mount is installed, part of the
tam plate surface is cul away so thal when the
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Figure 5-10.— Principle of firing siop mechan-

ism, A, Mechanical inputs, B, Profile cam
plate, C, How fire is interrupled.
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gun is in a position where it is safe to fire, the
spring=-loaded cam-follower plunger will be de-
pressed, while in unsafe positions of the gun,
the plunger will be forced upward, Therefore the
cam plate areas corresponding to safe firing
positions are cut away, and the unsafe areas are
not cut, The plotting of & firing cutoul mechanism
is explained in a later chapter. Figure 5-10C
shows how the plunger action can both open the
electrical firing circuit and interrupt the per-
cussion [iring linkage (il there is one) when it
is riding on a high area of the cam,

RECOIL. AND COUNTERRECOIL
SYSTEMS

Novels about life aboard naval vessels of z
hundred years ago or more lrequently have a
sceno in which a naval gun mount breaks loose —
either in battle, during a storm, or both— and
thunders, an uncontrollable Juggernaut, across
the deck as the ship rolls in heavy seas, This is
something that can scarcely happen aboard =
modern naval vessel; other gear may break
loose, but how can a gun mount? Why were not
the guns in the days of sailing vessels simply
securcd to a fixed mounting, as guns are today?

The answer is thal modern guns have recoil
and countorrecoil mechanisms, and sncient guns
did not, A naval gun can be rigidly secured to the
deck, but without some provision lor its recoil
it will break loose when fired.

Note the general functions of recoil brakes
and counterrecoil mechanisms:

1. A recoll brake is primarily designed to
absorb the [orce of recoil amd '""spread’ it so
that the sudden heavy shock is converted to a
thrust exerted over an appreciable distance
through which the recoiling parts of the gun are
permitted to move. In the mechanical sense,
work is done by the receoil force in pushing the
gun and housing afl against the resistance of the
recoil birake; the energy absorbed in the brake
appears as heat,

a. A secondary function of all recoil brakes
in naval gun mounts is to bring to a smooth stop
the forward movement (counterrecoil) that [ol-
lows recoil,

2, A counterrecoil mechanism {8 a device
that stores some of the energy of rececil and
uses il to force the recoiling parts lorward into
battery after the projectile has left the gun
muzzle, (The energy of recoil can, of course,
be traced ultimately to the combuslion of the

propellant,)
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Recoil and counterrecoil mechanisms ar
designed to work together, Figure 5-11 show
in & general way where the recoil and counters

S=inch mount, .

There are many different types of recoil mé
counterrecoil mechanisms used in land artillern
and elsewhere, The 1.8, Navy uses, in naval
gun mounts, one general type of recoil brak
(in either of 2 variants) and two kinds of counter=
recoil mechanism,

RECOIL SYSTEMS, — All present day recoil
systems for naval guns larger than 20-mm nse
hydraulic recoil brakes, A hydraulic i
brake is a2 mechanism of the type commooly

figure 5-12, In one varianl (A in the figure)
the piston is solid, and ench cylinder is filled
with recoil fluid (usuvally 2 mixture of wates
with glycerin), In the wall or liner of cach
cylinder are cut three throttling grooves 120%
apart., They are shallow at the forward end of
the cylinder and decpen toward the after emd,

The prineiple of lunctioning ol the throttling-
groove type (fig. 5-124) was described inchapter
3, The other major type of recoil brake (par
B of ligure 5-12) uses three lixed tapered
throttling rods which pass through orifices or

RECOIL PITON . -
LT

84.147

Figure §-11.— Raooil and counterrecoll systems:

in a conventionzl S5-inch mount. Simplified
sohematic,



|
I

I Chapter 5 —GUNS, GUN MOUNTS, AND TURRETS

| £

= =
-
/ I.

i o
B
., S
]

o
al

CRUSS SECTHON
OF RECOIL
CYLINDER

P |

THROTTLING
GROQVE

| SLiDE | FLLMD UNDER PRESSURE | | DIRECTION OF |
i.l. L ——— I FLUSD FLOW
¥ DURING RECOW |
T Rz
B' R !

C

' i

PHToE RaE | ‘#

SECUEEE 1o | ks

foikg | | THRGE T LIHG S0l

110.91
Firure 5-12, —Hydraulic recoil brgkes, Simpli-
b fied schematic, A, Throtiling=-groove type.
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mlez in the piston, (Only one rod is shown in
fe figure,) This arrangement funclions like the
wrottling-groove brake, cxcept that the [luid
flow is regulated by the varying cross seclion
of the vods in the holes.

COUNTERRECOIL SYSTEMS IN GENERAL.—
There are 2 basic types of counterrecolil systems
used in United States naval guns, Guns smaller
than S5-inch use 1 or more counterrecoil springs,
(These are sometimes tormed recoil springs
in OP’s and elsewhere, but the function is the
same,) Gung S=inch and larger use pneumalic
recuperators, which depend on compressed gas
(generally air or nitrogen) to provide counter-
recoil thrust. Singe the very high-pressure gas
used in such systems iz sealed by use of pack-
ings under hydraulic pressure, such systems
are ollen called hydropneumalic counterrecoil
systems,

The functions of any counterrecoil system
are (1) to return the recoiling parts of the gun
to battery after recoil, and (2) to hold the re-
coiling parts in battery. Thus a counterrecoil
gyslerm must not only provide thrust during
counterrecoil, but must also develop cnough
continuous thrust at all times to hold them there
cxcept while the projectile is actually being
propelled through the bore. (Recoil brakes de-
velop their "'reverse thrust'' for braking only
while the gun is sctually moving in recoil.)

Becausc its thrust "follows through'' to the
end of the counterrecoil stroke, any counter-
recoll syslem tends to drive the recoiling parts
into battery with considerable shock. Ience all
counterrecoil systems for puns 40=mm and up
must have a counterrccoil buller (o take up this
terminal shock,

SPRING COUNTERRECOIL. SYSTEMS, In all
naval guns smaller than 5=inch, coil springs
provide counterrecoil thrust. Inlate 3'' /50 mounts
and most 40-mm mounis, the springs surround
the exterior of the barrel,

HYDROPNEUMATIC COUNTERRECOIL. 8¥5-
TEMS, — A pneumatic countierrecoll system re-
quires a oylinder or bore {in the housing) charged
with inert gas (generally nitrogen or air, never
oxygen or other chemically active gas), Gas
pressure in a4 conventional S-inch system is
around 1,500 psi. A plunger (fig. 5-11) fitling
into the after end of the housing is forced to
the rear by the gas pressure against the after
end of the slide, The thrust exerted by the
plunger against the slide holds the housing in
bettery and returns it to batiery altler firing.

The complication of this arrangement lies in
the packing which surrcunds the plunger in the
housing, Ordinary packing, unsupportoed, will
not withetand the gas pressure in the counter-
recoil chamber, Therefore the pacKing used is
a chevron lype "inflated'' by oil under pressure
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(flig. 5-13). The oil pressure in the packing is
always higher than thet of the gas inthe cylinder.
The device that cnsures this pressure relation-
=hip is the differential cylinder, Chapter 3
explains in detail the principle of this device,
Gun mount mainlenance personnel inspect the
cylinder daily, end pump additional oil in if the
rod proirudes more than threc inches,

Counterrecoil buffers are dashpot devices
used to conirol the welocity and cushion the
impact of counterrecoiling paris al the end of
counterrecoil. In present designs, they are physi-
cally located in the rccoil mechanisms, and
incorporate needle valves which can be adjusted
(within limits) to modify the speed of the counter-
recoil stroke,

AMMUNITION TRANSPORT
EQUIPMENT

The cffectiveness of & gun as a weapon de-
pends, other thing= being cqual, on the number
of rounds per minute it can put on larget. This
in turn depends on the eclficiency of the person-
nel and equipment responsible lor transporting

AR PRESTLRE

[ PACEING FOL LOWER |

&
el

FE]
———— L

TN L %
ATl -
e et I
=-‘,..||_'l.

110,52

I'tgure 5-13, — Hydropneuwmatic ¢ounterrecoil

system. Detail of oil-pressure type chevron
packing,
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the ammunition from its stowage spaces to
mount and feeding it to the gun,

Figure 5-14 shows in cutaway f{orm
ammunition transport arrangements for a
inch twin mount, At the lowest level is e
magazine, in which are stacked the propelling
charges, The magazine partly surrounds i
lower handling room, which is separated by &

hand through scuitles in the magazine bulkhead
to the lower handling room. (Projectiles are
normally stored in the lower handling
itself, in racks in the upper handling room,
on the gun-house bulkheads.)

The powder cases and projectiles arc thes
loaded into the 2 dredger heists (1 for eachof
the 2 guns in the mount) which haul them ug

handles bolh projectiles and powder cases,

On the upper handling room deck are located
the upper ends of the 2 dredger hoists, and
around the central column in the room arg
mounted the 2 sets of projectile hoists s
powder hoists, 1 projectile hoist and 1 pow
hoist for each gun, The handling room crew
removes the projectiles and powder cases [rom
the dredger hoists, londs projectliles into the
projectile hoist, and loads the powder cases inlg
the powder hoists, I'uze selters in the projectile
hoists automalically set the projectile fuze during
hoisting, '

Most of the propelling charges arc stored is
the magazine, and most ol the projectiles are
stored In the lower handling room. To begin
ammunilion service without delay, a number of
complete rounds are maintained in ready racks
in the upper handling room, For long periods
of sustained fire, however, the entire ammuni-
tion supply system must be in action,

All hoists are driven by electric-hydraulic
power units.

AMMUNITION FEED
EQUIPMENT

Ammunition feeding and loading devices on
the gun or ai the gun deck luvel include power
rammers, slide-mounted ammunition loading
gear, and equipmenl used o transfer smmuni-
tion fromm ammunition hoists to the gun slide,
These vary considerably in design from one
type ol mount o another,
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MISCELLANEOUS SAFETY
FEATURES

Some ol the safety features of modern gun
mounts and turrets have been taken up in con-
nection with the other mechanisms or systcms
dgiscussed above, But several additional note-
worthy ones are briefly discusscd below;

SALVO LATCH, This is a device thal locks
the breech closged, It can be opened only by
deliberate effort, Its function is to prevent
accidental manual opening of the breech in

HOIST UPPER ENDS

PROJECTILE
HOISTS
[LOWER ENMD)

110,53
Figure 5=14,— Ammunition supply system for 5" /38 twin mount,

event of mistire (i.e., an apparently unsuccess—
ful attempt to [ire). The reason for this is ex-
plained in the safety sappendix of this book.

Salvo latches arc part of the breech mechan—
isms of all guns larger than 40-mm, except for
automatically loaded guns like the B=inch case
gun used in Salem class turrets.

The salve latch i=s a posilive lock, cammed
to open automatically during recoil. It will not
open  automatically il the gun does not recoil.

SAFETY LINK, — The safety link is a melal
strip that couples the breech yoke (in bag puns)
or housing (in casc guns) to the slide, Itis
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intended to hold the gun in battery in the event
of failure of the counterrecoil mechanism, or
if the counterrecoil mechanism {s disabled. It
is used in guns equipped with hydropneumatic
counterrecoil systems,

if the gun is fired with the safety link en=-
gaged, the link will part. However, it is part
of the normal gun operating proccdure to dis-
connect and stow the link before firing. The link
must be I-'Epl!lﬂﬂﬂ when the mount is secured,

GAS EJECTOR.—When a shol is fired from
a gun, the bore is filled with residual powder
gas, The gas (s unsafe to breathe, and is likely
to be either combustible or actually burning; it
is sometimas capable of spontancous combustion
when mixed with air, The gas ejector, which is
installed in every enclosed mount S-inch and
larger, forces this residual gas out of the bore
by air blast.

When a gas ejector fails, the gun can con-
tinue {iring, but caution is necessary to cnsure
salety. The rate of fire may have to be reduced,

SIGHTING AND FIRE CONTROL
BEQUIPMENT

Getting the gun projectile to hit its torget
is not as simple as =siming, say, & searchlight
heam, A projectile, when fired, travels in a
curved path rather than a straight line, and
many factors affecl the shape of its path, More-
over, since a projectile requires an appreciable
time to reach its target, the position of the gun
when fired must take into account the distance
that the targel and the gun will travel with
respeclt to cach other during the projectile’s
flight. To do this requires that all these data
e measured and their effects solved mathe-
matically 8o thal the solution indicates how the
gun must be positioned for the projectile to hit
the target.

The techniques for doing this are called,
collectively, fire control. Most of the fire con-
irol work is done elsewhere than on the gun
mount, but the gun mount does incorporate
certain fire control gear—notably the sights,
Sights are optical devices which can be used to
position the gun with respect to 2 straight line
(the line of sight or LOS) from the gun to the
target. Certain more complex sighting aquip-
ments (called lead-computing sights) incorporate
computing mechanisms which automatically es-
tablish gun position with respect to the LOS
while a crewman on the gun mount is tracking
the target (i.e., keeping the LOS aligned with
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the target). On-mount fire conirol gear mag
also include radar, data receivers and indicators]
communicution equipment, and muxiliary com-
puting cquipment,

TRAIN AND ELEVATION
MECHANISMS

In & modern gun mount, the trunnions arg
placed where the gun is approximately in bals
ance. In conventional designs, handwheels cons
nected through gearing to the training and ele
vating gear are arranged so that the pointer's
handwheels are al his siation on the lefi, ang
the trainer’s at his station on the right, The
pointer’s handwheels, in gun mounts, turn &
pinion which rotates a gear sector on the slide
called the elevating arc (fig. 5-15). The trainer's
handwheel, through gearing, turns a gear tht
engages the training circle in the stand,

In turrets using bag ammunition the elevating
gear turns an clevating nul which engages &
screw pivoted o the gun slide (fig, 5-15 insel),
Turrets using case ammunition must be capable
of much greater elevations than are praclical
with this arrangement, They therefore use arc-
and-pinion elevating gear,

All turrets, and mounts larger than 20-mm,
normally use power drives for positioning the
gun, The two main types of power drive are
clecirie~hydraulic and amplidyne electric; the
principles of these were described in an earlier
chapter.

The conventional arrangements described
above in this article do not apply in the newest
mounts, For example, in the mutomatically loaded
3''/50 mounts, the gun cannot be manually ele- ]
vated and ftrained firom the gun-laying stalions
on either side of the mount., The controls there
provide only for operaling the mount through
the power drives. The left gun layer’s station
is used for posilioning the mount when [iring on
air targels; the right gun layer’s station is in
control for surface largets. Either station, or
the director, may be in full conirol. When
either gunlaying station is in control, mount
train and elevaiion are both controlled by that
station, llence there is no ''pointer’s’' station
or "traincr’s®' station on this mount. And manual
elevations and train are used only for posilion-
ing the mount for mainlenance or alignment-
checking purposes,
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GUN BARREI CONSTRUCTION
AND MAINTENANCE

Commonly, the term gun applies to the cnlirve
assembly of which the barrel is but one part. In
this scction, gun, tube, or barrel designates the
gun  tube only, and not the remainder of the
gun assembly,

ESSENTIAL REQUIREMENTS
OF A GUN

A gun may be considered as a tube designed
to withstand a given pressure {rom within, In
gonstructing such a fube, we must first con-
sider what pressures it will have to withstand
at the various points of its length, and then
meake it strong enough to insure perlect safely,
The bore should also be of such material as
to stand the wear and tear of firing a large
munber of rounds without being so damaged
by expansion or abrasion as to interfere with
the shootling.

STRESSES IN A GUN
CYLINDER

Considering a gun only as a cylinder, we
find that the two principal stresses (fig. 5-16)
to which such a cylinder is subjected upon
firing are:

1. A tangential stress or tension, coupled
with a radial stress, tending to split the gun
apen longitudinally,

2. A longiludinal stress tending to pull the
gun apart in the dircction of its length,

Experiments have shown that the greatest
stress on the metal of the gun is the tensile
siress set up in the dircction of its circum=-
ferencc (tangential stress) by powder gas pres-
sure., In addition, the gun also experiences a
longitudinal stress of relatively small value,
I this longitudinal siress may be considered
constant (and in guns it may be so considered
without greal error) we may lay down "'Lame’s
law,'' as follows:

At any point whatever, in a cylinder under
fluid pressure, the sum of the tangential ten-
sion and the radial pressure varies inversely
as the square of the radius,

This law says, in effeel, that in a simple
hollow cylinder under internal pressure, points
in the metal close to the bore expericnee z large
proportion of the stress, whereas those al s

{ANY POINT IN WALL)

TAHGEHTIAL STRESS

RADIAL PRESSURE

IIHIH
IFigure 5=16.—Tangential and radical stresses i
a gun cyvlinder, Schematic.

greater rgdius experience only a small propor-
tion. Thus in a simple hollow cvlinder of homo-
geneous metal, we scon reach a limit hevond
which any thickness of wall aids but litile in
enabling the cylinder {o withstand pressure,

Becausc of this severe limit on the strength
of a simple hollow cylinder, however thick,
guns must be buill on a principle which willl
enable them fo withstand more intcrnal pressure
than would be possible with the simple cylinder
construction. The problem is to make the ouler
layers take a proper proportion of the stress.

METHODS OF GUN BARREL
CONSTRUCTION

It is possible to maoke the outer layers of
metal in the gun barrel bear a greater share
of the load by prestressing the gun tube, There
are two types of pun construction using this
principle — built-up construction and radially ex-
panded construction.

The ''built-up'' method of prestressing is
to heat steel ring-shaped jackels, or hoops, t
high temperatures, then slip them over the gun
tube and allow them lo cool. As the hoops cool,
they contract, until at the end of the process
they squecze the gun tube with a pressure of
thousands of pounds per square inch, Guns so
constructed have been in recent years made
only in sizes over S=inch,
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About the time of World War 1, the same
principle was applied to monobloc (onc-piece)
‘pms in the radisl-expsnsion or sutofrettage
process, In this process, a gun tube with bore
slightly smaller than the caliber desired is
- expanded by hydraulic pressure, When the pres-
"sure is rcleased, lhe outer layers of the tube
tend to rveturn to their original dimansions,
“while the enlarged inner layers tend to main-
(tain their enlargement. Thus the inner layers
of metal are severely compressed by the con-
“iraction of the outer layers, as if u hoop had
“been shrunk on,

The built-up and radislly expanded methods
“may be incorporated in a single gun, The §"/55
‘caliber gun, for example, has a jacket shrunk
on & radially expanded tube,

smaller guns are made rom a single stecl
forging with neither radial expansion nor hoops,
The pressures in small guns may be higher
‘than in large guns, but the lorging, which is not
‘excessively large in any event, can be made
“higger, This type of construclion is, at the
‘present time, limited to guns of 3=inch caliber
and smaller,

DETERIORATION IN THE GUN
- BORE

' The ''working surfaces' of the gun are the
ipterior of ite bore and chamber, Astimepasses,
and as round after round is fired, these suriaces

will deteriorate, and maintenance is required
to ensure Lheir continued usefulness, The main

causes of deterioration azre (1) crosion, (2)
‘corrosion and dirt, (3) copper fouling, =nd (4)
: constriction,

|I Erosion

. Erosion is the deterioration and wearing
away of the hore surlace caused by [iring pro-
jectiles through it. Erosion is nol mercly the
direct elfect of friclion which causes the bore
surface to wear away as the preojectile passes
through, The exsct mechanics of erosion arc
ol known with precision, but the following are
recognized asg the principzal causes:

1. The boere surface becomes intensely heated
‘i firing, and the rush of hot gases ncross this
‘hot metal has a scouring effect,

2. The hot powder gases react with the metal,
changing the carbon content on the surface of
the bore. Since this surface is designed with

an optimum carben content, any change results
in a weakening of the metal,

3. The alternation of intense heal and rapid
cooling affects the temper of the metal,

4, The propellent gases are forced into and
out of the pores in the metal surface as they
open and cloge during the expansion and con-
irpction which accompanies such drastic lem=-
perature changes.

5. Heat cracks may develop.

6, Gases ecscaping around the projectile act
as high-velocity jets, scouring ihe bore and
causing damage, especielly where there are heat
cracks.

Erosion is always grealest at the origin of
rifling ({ig. 5-17) and the tops of the lands wear
awny faster than do the bottoms of the grooves.

Erosion al the origin of rifling, in guns
using semifixed ammunition, tends lo permit
the projectile to sesnt farther and [arther toward
the muzzle, This reduces the density of loading
(density of loading is explained later in this
chapter) and therelore the LV, (initial velocity).
In guns using fixed ammunition, this cffect does
not apply, but in all gpuns erosion at the orvigin
of rifling permits pas to cscape around the
projectile, and this in turn increases erosion,

Ag the lands wear, not only does more gas
escape around the projcctile but the rifling en-
graves lhe band less deeply, reducing materially
both the inilial forcing pressure and the resist-
ance of the projectile to the gas pressure, The
effect ie a material drop in muzzle velocity.

ORIGIN OF RIFLING

CHALSER PROJECTILE BORE
SOEPTH
= = P OF
RIFLING
FORCING ROTATING
CARTRIDGE CASE CONE  BAND
B4.235(1104)
Figure 5=17.— Erosion areans in & gun chamber
and bore,
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CONTROL OF EROSION, — All erosioniactors
are related to (1) the temperature of the expand-
ing gases and (2) the duration of their confine-
ment in the bore, Hence larger guns, with their
slower powders and longer barrels, suffer more
erogion per round firing than smaller guns, On
the other hand, smaller guns have a higher firing
rate, which permits less cooling time hetween
rounds,

Chromium plaling of gun hores has reduced
the eflecis of erosion; the use of molybdenum
will probably make for even betler erosion re-
siatance in the fubire,

Somz smaller sung are cooled by water
jackets around the barrels, and there have been
expaeriments on introducing a coolanl between
the tubes and the liners of larger guns, Also
under development are cooler propellants. Any
development that reduces the heat of explosion
will nid in erosion control.

There are, for each class of gun, data sheets
Ilurnished to ships showing relationship between
the enlargement of the bore and the initigd
velocity to be expected from the gun, The data
shests show this information in the form of
plotted curves. If the actual diameter is fre-
quently checked, wvelocity loss bhecomes pre-
dictable, proper allowance lor it can be made
in aiming, and barrels or liners may be re-
placed helore their performance becomes notice-
ably ervatic,

POINTS

In some minor-caliber guns, measurements
of bore enlargement is made at the origin of
rifling only, This is done with a wear gage, which
is a truncated cone that can be inserted directly
in the breech. In larger guns, erosion is meas-
ured at several points in the hore with a sfag
gage.

The star gege (fig, 5-18) consizts of a head
mounted on a long tube, with metal points 1207
apart extending radially from it., These three
points form a Y and press against the bore of
the gun, Points of suilable length are provided
for each caliber of gun to be measured., The
bases of the points are spring-loaded to bear
against a tapered expanding plunger; as the
plunger (operated by the vernier lever) moves
lengthwizse, the points are cammed oulward or
inward, Measurements are read from the vernier
scale.

Stargaging is performed by highly skilled
personnel in tender or shore-based facilities
The object is to m=asure the smount of erosion
along the hore (and cspecially ils origin) so
that the corresponding predicted loss in LYV,
can be included in the solution of the fire control
problem. Tables, charts, graphs, and equaliong
are provided in OP 551 {latest revision) for use
in converting erosion losses into usable IV,
information, Although this particular OP is for
a 5'' /38, there is 3 similar publication for each

tvpe of gun.

VERNIER LEVER

VERNIER LEVER GRIP

VERNIER SCALE

ADJUSTING SLEEVE

110,92

Figure 5-18, — Star gage.
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Obviously, since stargaging is done in port,
" and ships are usually at sea, a stopgap is
| pecessary to compute the correct [V, The stop-

gap is called EQUIVALENT SERVICE ROUNDS
(E.S.R.). Immediately upon receipt of stargage
| deta, the ship converis these data into an E.5.R.
jor each gun so gaged. The gun E,S.I_,s ior
a battery are then averaged, the applicable OP
g consulted [or conversion [petors, and the
resultant IV, is set infto the computer which
gerves the battery. This is a usable IV, only
88 long as no rounds are fired from the battery,
As soon as more rounds are fired snother
quantity must be added to the 1V, computation.
That quantity is called PSEUDO EQUIVALENT
SERVICE ROUNDS (P.E.5.R.). P.E.5.Ii, comas
from estimates which are based on the fact
that each round fired causes a certain amount
of erogion., Projectiles which are propelled by
full-service powder charges are counted as one
P.E.5.R., while reduced-charge [iring may be
equivalent to about 1/6 of a P,E.S,R, per round
fired, (The Navy uses reduced charges for
reverse-slope firing.) PLE.S.R, is added to E,5.R,
for 1,v, computaiion, but kept secparately in
‘records so that comparison can be made with
the [,8,R. from the next stargaging. That is,
wis the P,E,S.R. an accurale estimate of the
getual erosion ?

Without periodic stargaging, the ISR, pro-
‘cedure would not be accurate, mainly because
‘the P.E.S.R. quantily does not reflect the rate
cof fire, Rounds fired with very short cooling
intervals couse more erosion than the same
ipumber fired at & normal rate. For practical
‘gunnery, however, fhiz method is considered
suificiently reliable for usec.

V. MEASUREMENT,— At proving grounds
‘gun projectile velocity is measured by a device
palled a chronograph, The projeclile cuts wires
‘yhen it passes through two successive screens,
‘or it passes through two magnetic coils, and
the exact time of each passage is recorded, This
yields the projectile velocity between the screens,
‘and from this 1,V, can be reckoned.
Chronographs require special sctups of coils
jor screens, careful gun placement and aim,
imuch auxiliary equipment, specially skilled tech-
‘mcians, and a good deal of time, They are
‘consequently not practical for shipboard use,
‘But because erosion and IV, are significant
factors in fire contrel, the Navy has developed
devices on far different principles which can
actually measure the velocities of service rounds
dlred on shiphoard, These velocity-ineasuring

devices are incorporated in some gun lire con-
trol systems.

Corrosion and Dirt

Great heat, greal pressure, and complicated
chemical changes accompany the burning of the
propelling charge, Some but not all the resiue
of the burning is blown out of the muzzle after
the projectile, What remains in the gun (powder
fouling) is in the form of corrosive salts, Stand-
ard procedure is to remove it by washing oul the
bore with a hot soda solution and applying a thin
film of oil before securing until the next firing,
Chromium plating of gun bores has reduced the
powder fouling problem.

Dirt in a gun bore not only encourages corre-
sion but is a source of danger if it offers sul-
ficient resistance to the projectile, To guard
against accidental admission of dirt, spray, or
moisture into the gun, a solid plug called a
tompion (pronounced tom-Kin), is inserted into
the muzzle, This is only a partial solulion,
because under certain weather conditions con-
siderable condensation accumulates in the bore,
In fair, dry weather, tompions are removed to
air out the barrels,

Tomonions canmot be used under combat con-
ditions; a tompion accidentally left in n pun
would be very dangerous if the sun were fired,
However, dirt and water, especially salt water,
mast be kept out of the gun; so canvas or plastic
muzzle covers are uscd. In an emargency, the
projectile can be fired through such covers with-
out hursting the barrel, subject to certain limi-
tations, Projectiles with supersensitive nose
fuzes cannot be fired through muzzle covers of
any sort. In cold=weather operations, when ¢canvas
covers may become ice coated, they should be
removed before firing.

Constriction

More immediately dangerous than corrosgion
or dirt is metallic constriction of the hore,
Before and alter each firing, barrels are tested
for this condition with a plug gage, which is a
steel cylinder accurately machined to slighlly
under the diameter of the bore (fig. 5-19). U the
plug gage will not pass through the bore without
undue forecing, the naturc of the constriction
must be determined., If it is caused by an
accumulation of copper, it i=s dealt with ns
described in the next topic. This is the more
likely cause, However, constriction can also be
caugsed by distortion of the steel surface of the
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110.56
Figure 5=19.— Plug gage (left) and lapping head.

hore, Thie has been known to occur in built-up
auns, The friction of the projectilc on the bore
tends to drag the liner along with it. This
lendency 18 resisted by the shoulders of the
liner and the tube., With continued [iring, the
shoulders of the liner tend to override those of
the tube, lorcing the walls of the liner inward.
As with coppering, steel constriction can be
removed by lapping and polishing,

Continued {iring may also elongate the liner
and cause it to protrude from the muzzle, This
is not serious. When the extension amounts fo
as much as hall an inch, it is simply cut ofl,

Copper Fouling

Copper fouling is essentinily a form of con-
striction. It consisis of metallic deposits on
the hore, left behind by the rotating bands of
projecliles, Even an amount of copper too slight
lo impede Lhe projectile will affoct its accuracy.
Mectallic lead foil in the powder charge, while
increaging muzzle flash, has been used in some
powders to conirol coppering., The lcad serves
as a lubricant and discourages new copper de-
posits, while existing deposits will be abraded
by Lhe pasging projectile, New propellants in-
corporale a trace of lead carbonate,

Copper louling may be removed with an acid
treatment, but this is not authorized for ship-
board uge, Approved mechanical means for de-
coppering consist of rubbing with a wire bore
brush or lapping head (fig. 3-19). The head is
covered with a fine abrasive material and is
drawn back and forth at the location of the con-
striction until the plug gage can be passed
through without forcing, Special scraping or
decoppering heads, fitted with steel blades, are
supplied lor certain guns,

3" /60 RAPID—FIRE GUNS
AND MOUNTS

The 3''/50 rapid-firc (KF) guns are scmi-
aulomalic guns with aulomalic power-driven
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loaders, inslalled in open or enclosed twin or
single mounts, They are primarily intended for
air defense, but can be used against surfsce
targets. They were planned during World War [l
when a neced developed for a rapid-fire pun
with a larger explosive-projectile that could s
suicide planes or dive bombers. The 3'' /50 mount
wis not completed in time to be used in combat
in World War II, but it has since proved itsel
very effective, and since World War II hag
virtuglly displaced its predecessors—40-mm
twin and quadruple mounts —on combat vessels,
It is generally used with relative-rate [ire con-
trol systems,

The 3''/50 rapid-fire mounts now operational
in the fleet are the outwnrdly identical twins
Mk 27 and mods and Mk 33 and mods (fig. 5-20),
and the single Mk 34, All use the same gun and
similar loading mechanisms (except that in the
twin mount the assemblies are of opposite hand),
The two marks of twins are similar in nearly
all details except the slide,

Two mods of the MKk 33 are enclosed twin
mounts with aluminum shield, The other mods
are open twins with modifications for installation
ol a [ire control radar antenna, or for sub-
stitution ol aluminum platforms instead of steel.
The Mk 34 mount is an open or enclosed single,
similar in controls and equipment to the twin,
with a right-hand slide and loader assembly.

General Characteristics of 3" /50 RF Mounts

Bore caliber (inches). . . . . . 3.
Length (calibers). . . . .. . . B0,
Initial velocity (fect per

SO0} . i owies e wa s 2,700,
Range, horizontal (yards) ., . . 14,200,
Range, ceiling (feet in 85°

BIEV.) o o o0 o 5w o ns o 90,400,
Design rate of fire

(rounds per minute)., . . . . 45,

Ammunitiontype . ., . .« . .+ .« Fixed,
electric
primed.

Fumd fypB. . - . - w'sisn o4 & vI.

*Approximate weight, complete mount (pounds):

ME 2 o oo 120 wosin-mn v vio SROUL

Mk 33, ...... s e s s s s . 81,000,

hlkﬂ";..;-;------;..IT.WG.

Train rate (degrees/second) . . 30,
Elevation rate (degrees/second), 24,
Maximum elevation (degrees). . 85,
Maximum train {(degrees). . . . 720.

*Not counting olf-mount equipment,
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Figure 5-20,— 3'"/50 RF twin mount Mk 27 Mod 3. (Mk 33 is externally similar,) Insert: 3''/30 twin
mount Mk 33 Mod 4,

CONSTRUCTION

The barrel of the 3'/50 gun is a one-piece,
rifled, chambered tube, with breech end locked
fo the housing by a bayonet type joint, The
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housing contains the vertical sliding=-wedge breech
mechanism, The slide supporie the recoiling
parie (gun barrel and housing) on bearings,
Recoil and counterrecoil movement are con-
trolled by a hydraulic recoil cylinder and a large
counterrecoil spring surrounding the barrel.
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The slide, gun, and housing are supported by
the carriage. The slide trunnions rest in roller
bearings at the top of the carriage. The elevating
arc on the slide meshes with the elevating pinion
of the mount elevation power drive system,

The stand is a deck—flm'uge base-ring design
which includes the training circle and the sta-
tionary roller path, In train, the mount is driven
by a power motor which rotates the training
pinion.

BRELECH MECHANISM

In OP language, the 3''/50 breech mechanism
is "'an automatic, vertically sliding, block type
which is unlocked during gun recoil action and
ig opened downward by gun counterrecoil energy,
Its opening action extracts the empty cartridge
case and sets a mechanism that holds the breech
against the load of a breech closing spring, Ram-
ming a Iresh round releases these devices lo
automatically close the hreech.!

The breechblock is cammed by operating
shaft rotation, as in the 5''/38, In automatic
operation the breechblock is lowered and the
operating spring compressed on counterrecoil
when the operating=-shaft crank is rotated by
the operating-shaft cam plate in the slide. The
breech is closed by the operating spring., The
positive type salvo lsich on one end of the op-
erating shaft prevents unintentional opening of
the loaded breech belore the gun has fired. The
breechblock houses a firing mechanism.

The general principles of sliding-wedge bireech
mechanism construction and operation described
later in the section on 5"'/38 mounts apply to
the 3''/50 gun, but two design features peculiar
to the 3"'/50 deserve some brief but close ex-
amination. These features are:

l. A BREECHBLOCK HOLD=-DOWN MECH-
ANISM holds the breech open until the loader
completes delivery of a round, and, with a novel
extractor arrangement, increases the sensitivity
of the breechblock-unlocking action.

2, A BREECH INTERLOCK MECHANISM pre-
vents repetition of the loading cycle until the
round has been lired and the breechblock dropped.

As8 you remember from earlier studies, am-
munition is fed into the chambers of most naval
pung by ramming—by a2 mechanically delivered
push that "'follows through' until the projectile
iz seated. In contrast, each gun on a 3"/50
mount is equipped with a mechanical loader (to
be described later in this section) which catapult

each round into the chamber, Since there iz n
follow-through, the breech mechanism must be
‘triggered' into closing by the momentum o

trigeering function is performed by the hold-
down mechanism, shown in figure 5-21, The
hold=down lever ig pivoted near its center, Whe
the gun is in battery and the breechblock is hel
down, the hold-down lever bears on the hold-
down arm of the breech operating shatt to prevent
rotation of the shaft and closing of the breech
The hold-down lalch lever interlocks the breech
mechanism with the loader, unlocking the hold-
down device when g new round is io be catapulied
into the breech. The hold-down mechanism whea
unlocked will allow the breechblock to rise (o
breechclosed position) when the rim of a catss
pulted cartridge case trips one of the extractors,
which operates a puch rod to trigger the mech-
anism.

The breech interlock mechanism, which is
technically a part of the leader, is a system of
mechanical linkages which functions automatically’
to stop the loader from delivering another round
o the breech whenever there is a round in
the bore or the breschblock is up, or the gunis}
out of battery, When either a round is rammed}
or the block is raised, it actuates the loader’
conirol lever to prevent the start of a now load-|
ing cycle.

LOADER

The loader (figs. 5-20 and 5-22) is an inde-"
pendent, electric power-driven machine mounted
on the after part of the slide. It mechanicslly
lopds each gun at the rate of 45 rounds per
minute as long as ammunition is served and ths
firing control is operated. It is bolted to the after
end of the gun slide, and is fed manually by two
crewmen, who inserl the fixed ammunition one
round at a time into the iced sprocket on each
side (fig. 5-22A). The outer sprockets alternately
shift the rounds (o ithe center sprockef, which
centers the round to be loaded above a gale
mechaniem, When the breech is open, the gates
admit the round to be loaded to a shell carriage
mounted on a tray which is paralle]l to the
gun bore axis. The loaded tray swings down
on its lour arms until it is aligned with the
chamber, then the shell carriage, driven by an
electric motor, catapults the round into the
breech (fig. 5-22B), After the round clears the
carriage, the tray swings upward into position
to accept another round,
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Figure 5-21,— 3'""/60 rapid-fire gun, Breech mechanism and hold-down mechanism.
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Figure 5=-22,—3'"/50 loader. A, Sprockets being

loaded. (Center sprocket alternates direction

ol rotation sach cycle, Rounds numbered in

sequence of loading,) B. Cartridge being
catapulted into braech housing.

The hresch interlock automatically blocks
repetilion of the loader operating cycle until the
gun has fired, recoiled, and returned to battery
with brezch open for the next round,

All these functions are mechanically timed by
control devices in the loader drive unit, and all.
are sequentially interlocked,

GUN OPERATING CYCLE

Here, briefly, are the main steps in the
cycle of operation of the 3''/50 gun and loader;

1. Crewmen load rounds into the hopper of
the loader (fig. 5-22aA). Three cyclas of loader
gpération are necessary before the loader iz
ready to catapult the first round of ammunition:
into the breech, which it does on the fourth cyels.

2, As the tray approaches the bottom of 1r:s-_iJ
swing (fig. 5-22B), the shell carriage moves
forward to catapult the round into the gun breech,
At the same time, a pin on the tray cams a lever
on the bresch hold-down device to unlock if

3. As the round flies forward into the breech,
the cariridge rim engages the extractors. Ex-
tractor movement releases the unlocked held-
down device (see preceding step) and the oper-
ating spring raises the breechblock to close the
breech, The breech interlock and several elec-
trical interlocks keep the loader from recycling
until the proper time,

4. As the breech closes fully, the firing pin}
contacts the cartridge primer much the same
as in the 5'/38 mechanism. When the firing
circuit ¢loses, the gunfires, recoils, and counter-
recoils.

5. Ag the gun counterrecoils, a bresch open=
ing cam on the slide engages the operating shaft
crank, This rotates the bresch operating shaft,
pulling the breechblock down until the hold-down
device locks it open, The extractors (not shown)
haul the fired case out while the block goes
down. The gun is now ready for the loader lo
catapult the next round.

MOUNT DRIVES, CONTROLS,
SIGHTS, AND CREW

ALl 31 /50 rapid-fire mounts have amplidyne
power drives for both train and elevation.

There aré no provisions for manual drive,
except handerank arrangements (not illustrated)
intended only for stowing and servicing the
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mount, But there are lwo types of local control —
AA LOCAL and SURFACE LOCAL, plus suto-
matic remote coniral from a director, Each side
of the mount has a separate control station,

In AA local, the left gun layer {AA operator)
controlz the mount in both train and elevation,
and fires the mount, The left gun layer uses a
ring sight (fig. 5-234) and a ong=-man gun=-laying
control unit with firing key., The right gun
layer’s controls (part B) consisl of a tslescope
and open sight, and a one-man gun-laying control
unit with firing key. Handwheels are not used
in local control for positioning the mount; the
gun layers frain the mount by rotafing the con-
trol units aboul a vertical axis, and elevate by
rotating the control handles about a horizontal
axis, However, automatic conlrol (with the gun
layers merely standing by) is the preferred type
of control,

The surface sighl is a combinstion open sight
and telescopic unit with provision for sight
getting. With the AA sight, it is mounted on a
yoke astride the slide, The surface gun layer
uses the open sight to get the target into the
comparatively restricted ficld of view of the
telescope. Then he shifts to the scope, adjusting
mount position with his controls to keep the
crosshairs on the target, A sighlzetier can crank
in deflection and sight angle values in accord-
ance with telephoned orders, There are no
gynchros transmitting these values to the sight
getling mechanism (not illusiralad),

In addition to the AA and surface gun layers
and sightsetter already mentioned, the 3''/50
RF mount crew includes a mount caplain, four
ghellmen, and four shell passers ([ig. 5-24). The
mount capiain is the supervising gunner and
crew caplain, His operations are directed by
phone by the contreol officer. He controls both
puns with the mount captain’s controls, His con-
trols allow him to selzct the control station,
switch to single or sutomatic fire, select the
pun or guns to fire, and contrel the loaders, He
ilso has power-drive emergency siop buttons
and two banks of peon indicators to enable him
to check the loader, Hiz firing Key must be closed
before the loaders will function, It can be latched
closed whon control of lire is o be at either left
or right control station or at the director.

Two shellmen for sach gun load ammunition
into the hoppers of the loaders, Shell passers
keep the shellmen supplied,
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Figure 5-24, — 3''/50 rapid={fire twin mount, Crew staiions,

5'' /38 GUNS AND MOUNTS

The 5"'/38 gun is one of the most widespread
naval weapons in the fleet today, It is not a new
design, but its reliability and the essential sound-
ness of its design have continued its usefulness
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into a8 day when it is far outranged by spectular
new weapons, Many of ils design features persist
in the very newest gun designs in the fleet, it
on the whole it can be considered the prolotype!
of the "conventional U, S, naval gun." It is the
weapon characteristically used with linear-rate
fire control systems. '
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The 5''/38 pun appears in the [ollowing gen-
eral types ol mounts:

1, Enclosed twin mount with ammuonition-
handling room heneath the mount, The type of
mounts is a standard installation on many ¢ruis-
era, and destroyers, and some aircraft carriers.

2. Enclogsed single mount with ammunition-
handling Toom beneath the mount, This is the
pld standard destroyer=-type mount, It is now
found on many minecraft and auxiliaries devel-
gped from the older classes of destroyers, on
gestroyer escorts, and on many large auxiliaries
{repair ships, destroyver tenders, etc.).

d. Open  single mount with ammunition=
handling room beneath the mount. Thiz mount is
used on auxiliary ships,

4, Opon single mount without ammunition
hoiste or handling room, Because mounts of this
type can be installed withoul extensive recon-
glruction, it ig2 used on convertsd merchant
vessels,

Another mount similar in design to the §'/38
ig the 5''/54 (Mk 39), which is used on Midway
class aircraft carriers, It has a longer barrel
and an amplidyne all-electric powsar drive in
eontrast to the electric-hydraulic power drive
uged in all §"/38 mounts. Do not confuse this
mount with the automatic=-loading 5''/54 (MK 42)
which is covered later,

GENERAIL DESCRIPTION OF
B1/3E MOUNTS

The 5"'/38 caliber gun iz a semiaulomatlic,
dual purpose, base-ring-mountad gun which uses
semifixed ammunition, Its principal features are;

1. Vertical sliding-wedge breech mechanism,

2, Hydraulic recoil and hydropneumatic
counterrecoll systems,

3. Power-oparated rammer,

4, Power-operated elevaling and
gear,

a. Movable=prism telescopes.

b, Power-cperated fuze-setiing projectile
hoist,

T. Power-operated powder hoist on all twin
mounts and some singles,

training

The 5''/38 mount uses semifixed ammunition
congisting of a 54=-pound projectile (weight varies
somawhal wilh type of projectile) and a case

aszembly weighing about 28 pounds, which in=-
¢ludes a 15-pound powder charge. Ballistic por-
formance obtained with a 15=pound service charge
(full charge) is as follows: initial velocity, 26010
teet per second; maximum horizontal range, 12,001
vards; maximum vertical range, &7,300 feel.
(the Mk 3% 5'"'/54 uses heavier amimunition and
has longer ranges.) The gun is capable of sus-
tuiped firing at & rate well in excess of any
which can be attained by the loading crew. An
experienced crew can load about 15 rounds per
minute for long pericds, and may attain a short-
period rate of 22 rounds per minute,

The gun has a radially expanded 2-ton steel
monobloe barrel, The rifling has a uniform twist
of 1 turn in 30 calibereg. The bore is chromium
nlated from the forward portion of the powder
chamber fo the muzzle, The barrel is connected
to the housing by a bayonet-type joint.

The housing (fig. 5-25) ig arectangular block-
shaped forging, with forward portion machined
to receive the barrel. In the center iz a vertical
well for the breechblock; and o ils rear is a
trough=like ammunition=loading tray. The hous-
ing confaing twin interconnecied recoil cylinders
(groove type) and a single counterrecoil eylinder.
The housing supports and locks the gun in the
glide, and moves on the slide guides during
recoil and counterrecoil.

The slide (fig. 5-26) is a large box-shaped
weldment, open at top and botlom, within which
the housing moves in reccil and counterrecoil.
The housing is supported and guided by two
muide rails bolied (o the inner side plates, The
elevating arc and the rammer are secured to the
slide. Other mount structure detnils resembla
thoze of conventional practice described earlier,

All enclosed mounts are housed in & shield of
armor plate, The shield iz a box=like structure
that provides weather, blast, and splinter pro-
tection for the crew.

Through doors on both sides near the after
=nd, the operating personnel enter or leave the
mount. Other doors and accese cover plates
provide for inspection and repair, A roof hatch
may be loceted near the aller end ol the gun
mount, Where necessary, this hatch has a blast
hood, Sight hoods on the side shield plates pro-
tect the thres sighl telescopes, A ventilation
svatem supplies air to the mount and handling
room,

Lighis in tithe gun and handling room are
energized by the ship’s general illumination
gircuit, which also includes outlets [or baitle
lanterns, window=-wiper motors on each sight
telescope, and the battle illumination syslem,
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HOUSING

DIFFERENTIAL CYLINDER
(MAINTAINS SEAL IN
COUNTERRECOIL CYLINDER)

Figure 5-26.— b-inch housing and gun (removed from slide).

which energizes small lamps at all instruments
and controls,

Gun clevation, gun train, fuze selting, and
sight setting synchro signals are supplied to the
indicator-regulators and the sightsetter’s indje
cator in the mount by fire control circuits from
the computer,

Communicalion faecilities in 5''/38 mounis
may include (1) a voice tube belween gun room
and upper hamiling room, (2) an automatic tela=-
phone in the ship’s general communications
system, (3) a sound-powsred battle phone circuit
between mount and fire control stations, (4) an
auxiliary sound-powered phone circuit with call

BREECHBLOCK

L]

RECOIL CYLINDERS

COUNTERRECOIL CYLINDER

53,89

bell between mount and lower ammuniti
handling room, and (5) a loudspeaker connectled
to the director and plotting room.

BREECH MECHANISM

The important parts and the operating cycls
of the §''/38 breech mechanism are shown
f[igures 5-27 and 5-28. In operating principles and
generel construction the mechanism is similar
to that of the 3''/50, and in lesser degree th
still to » signiflicant extent it resembles tha
breech mechanisms of the rapld-fire 3"
Mk 42,

The breechblock is a stee]l block which can
slide up and down on guides in & breechway in the
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Figure 5-26, —5-inch slide removed from mount and minus gun and housing,
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Fipure 5~27.—d~-inch breech mechanism

breech closed,

e

54,159
parts,

housing. It is positioned by en operaling shail
in the housing. The thrust of a coil gpring as
exerted through a chain on the shalt tends to
drive the block upward to closed position, The
salvo latch on one end of the crank locks the
mechanism in breech-clozed (breschblock-up)
position; it is unlocked either by a cam on the
slide or manually (if necessary). The block is
forced down to breech-open position during
counlerrecoil by another cam on the slide which
engages the lug on the crank during counter-
recoil, The block is locked down by & pair of
extractors, one on each side ol the block, A
hand=-operating mechanism (not illustrated) pro-
vides for manual operation of the breech mech=
anism, The breech must always be opened by
hand to start firing; hend operation is also re-
guired in maintenance operastions, and when
mechanical failure makes semismtomatic oper=-
ation impossible.

Now follow the breech mechanism operating
cvele. (Some detzils are omitted [or the sake of
clarity.)

1. {Figure 5-28A.) We start with breech
open, Rammer (only the spade, which actuaily
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Figure 5-28, — 5-inch breech mechanism operating cyele, 841§
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T

pushes the round, is shown in the figure) thrusts
round into chamber. Rim of case engages ex-
tractor lipe and pushes them forward, unlocking
hlock,

2. (Figure 5=-28R,) Driven by breech-opersating
fpring, block rises, wedging cartridge case into

chamber. When breech is fully closed, salvo
latch locks it closed. (Figure 5-27 shows salvo
‘latch locking mechanism in closed position.)
. 3. (Figure §-28C,) Gun ready to fire. It
fires and recoils, but this diagram requires no
change., However, salve latch is cammed (not
ghown) to unlock breech (nol to open it) during
recoil,

4, (Figare ©5-28D,) The gun counterrecoils,
Cam {not illustrated) on slide engages crank lug
on operating shaft and rotates shaft, causing it
o lower breechblock, As breechblock drops, ex-
iractors begin to rock rearward, Extractor lips
still engage cartridge case rim, hence case is
forced out of chamber,

5, (Figure 5=-28E.) Breechblock drops further,
causing extractors to flip case out to the rear,
When block is fully down, extractors remain
in rearmost position and lock block down.

FIRING SYSTEM

. The firing system of a 5''/38 mount closely
followe  conventional practice as  described
garlier. There is a firing mechanism in the
breechblock; ils insulated firing pin is in contact
with the cartridge primer only when the gun is
loaded, the breechblock is closed, and the gun
i in battery. A foot-liring mechanism per=-
mits firing the primer by percussion, but this is
rarely done, The standerd method is to use the
firing ecircuit. The pointer has a key which
eloses the secondary eircuit of the firing trans-
former, the mount captain has a switch to permit
selection of local or remote firing. In remote-
eontrol firing, the pointer’s key is closed, and
ﬁrmg is controlled from either the director or
alot,

. The firing stop mechanism keeps the firing
fircuit open and the percussion [iring linkage
disconnected unless the gun is on an elevation
‘nd bearing at which the projectile will not hit
the ship’s strugture,

GAS EJECTOR SYSTEM

Gas ejectors prevent entry of powder gases
dnfo gun mounts, safeguard against the denger
o flarebacks, and assist in maintaining a rapid
rate of fire by clearing the bore of gases, Air

L47]
=]

under pressure of approximately 75 pounds per
square inch is piped from the ship's supply to
nozzles in the breechblock guidewavs pointed
toward the gun bore, During counterrecoil, a
gas ejecior valve in the housing is cammed open
and gas ejection begins, The valve is closed by
the rammer as the next round is rammed. A
hand lever permits manual opening and closing
of the valve.

RAMMER AND AMMUNITION
HANDLING CYCLE

The rammer is & semiautomatic electric-
hydraulic unit on the upper rear part of the slide.
A 7 1/2-hp electric motor drives a pump whose
output iz controlled by wvalves to operate the ram
cylinder., The piston of the cylinder is mechani-
cally linked to a rubber-faced rammer spade
which moves [orward along the loading tray, and
to the rear in an elevated path along the slide,
The c¢ycle ol operation is as {ollows:

1, Two crewmen (the projectileman and pow-
derman} take the projectile and powder case out
of their hoists and deposit them in the loading
iragy in the slide,

2, The rammermandepresses acontrol handle
(fig, 5=29A), The ram ecylinder {orces the rammer
spade forward (arrow (1)) to ram the round into
the chamber,

3. When the breechblock closes and the gun
fires and reccils {arrow (2) in [ig. 5-29, part B),
the rammer spade is5 automatically retracted
{(arrow (3)) along an upper path in the slide.
This lifts the spade so that it will not obstruct
the extracted cariridge case’s path (arrow (4),
fig. 5=29C) to the rear. A crewman throws the
fired case out of the mount in single mounts,
In twin mounts, except whengun elevation exceeds
about 30°, case ejection is automatic,

4, The gun caplain prepares for the next
round by lowering the rammer spade to ram
position.

TRAINING AND ELEVATING
GEAR AND POWER DRIVES

The general principles of training and ele-
vating gear were explained earlier inthis chapter,
and those of power drives in chapter d3. Those of
5'/38 mounts exemplify these principles in
conventional applications, and will not be de-
geribed in further detail here,
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SFap

Figure §5-29.—5""/38 mount, Loading and extraction operations,

HOIETS

In the ammunition transport installation for
a twin 5'"/385 mount, powder cartridges are
manually loaded into dredger hoists, which lifts
them to the upper handling room. Here they are
manually removed from their tenks and trans-
ferred to a powder hoist which lifts them to the
aun house, In the gun house a créewman manuslly
transfers them from powder hoist to gun slide,

E ==
T

& @: [y
4 RAMMER |
.4-‘..'::. L, P
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Projectiles typically are handled similarly, ex-
cept that they are not stowed in tanks.

The powder and projectile hoists belween the
upper handling room and the gun house are quite
different in functioning, The powder hoist (and
dredger hoists are similar in principle) consisis
fundamentally of an articulated endless chain
with supports or f{lights secured to it al regular
intervals (fig. 5-30A). Powder cases are loaded
by pushing them into the hoist in the patho
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Fisure 5-30.— Principles of 5"'/38 hoists, A,

Powder holsl, B. Projectile hoisl, (Fuze setter
nol shown,)

e flights; when the hoist starts, the chain is
driven upward until the next vacant flight is in
loading position, When the next unit is loaded,
tke hoist goes up one more flight, and so on.
i hoist starts aulomatically when loaded, ex-
ept instances when a round is al the top of the
hoist. The hoist 1s driven by & rotary hydraulic
molor whose functioning is controlled by valves.
_ Endless-chain hoists generally can be op-

# required in taking emmunition sboard. In

or mode of operation, the hoisl moves one
fight al a lime, intermittently in the same
direction. Only one side of the chaln s used,
¢ The projectile hoist, in contrast, has an end-
iezs chain in which both sides of the chain are

uged ([ig, 5-30B), There are 2 flights, arranged
=0 that when one is at the top of the hoist on
one side, the other is at the bottom of the
hoist on the other. The chain runs first in one
direction, then the other, and the [lights al-
ways move from all the way at the top to all
the way at the bottom (or vice versa), as in the
old=time well with 2 caken buckets, one of which
descended while the other went up. The pro-
jectile is loaded into one side, and automatically
the hoist slarts if the top is empty. As the
loaded flight ascends, the empty comece down.
The cycle reverses for the next projectile.

In addition to boisting projectiles (it is never
used for lowering them), the S-inch projectile
hoist also sets the projectile fuze (when a pro=-
jectile with time fuze is loaded). As you can
see in figure 5-31, the projectile hoist has three
chains, The cenlsr cne is the hoist chain, It is
driven by & hydraulic motor through shafting
that rotates & sprocket at the top of the chain,
Each of the other two chains is part of the fuze
setting linkage. They are positioned by the fuze
seiter indicator-regulator, a servomechanism
conirolled by the fire control computer., Each
projectile flight has a small sprockel wheel
which engages one of the chains. As the projec-
tile flight is hoisted by the hoist chain, its wheel
"'walks'" up the fuze setling chain. This rotates
a ring (not shown) inside the [light, The pre-
jectile is manually loaded nose down into the
flight. If it is & time-fuzed projectile, itis loaded
so that a lug on the fuze engages the ring in the
flight. As the projectile is hoisted, the fuze’s lug
is rotated by the ring. This adjusts Lhe fuze to
the desired time setling. So long as the projec-
tile remsins in the hoist, the time fuze selting
is continuously adjusted by the [uze setling indi-
cator=regulator through the [uze selling chain
and ring. The time lapse ifrom the instant the
projectile is removed from the hoist (after which
its fuze adjustment ceases) until it is lirved is
called dead time, which is estimnted and included
in the f{ire control computation,

This discussion of emmunilion supply equip-
ment has concentrated on twin mounts, which
are the most elaborately equipped. Some single
s-inch mounts (for cxample, the single 5" /541 Mk
39 mount) are cquipped with one powder hoist
and one projectile hoist per mount. Other single
3''/38 mounts may have only a projectile hoist,
plus (inslead of m powder heisl) a deck scutlle
through which powder cases are pushed by hand,
Some auxiliaries are still equipped with open
mounts with similar arrangements, or with no
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B

‘hoists at all, but this is nol the normal condition
aboard combat vessels in the active fleet,

SIGHTS

All enclosed 5-inch mounts, both twin and sin-
‘gle, are fitted with carriage-mounted telescopic
‘sights in which movable prisms in the optical
system provide for oflsetting the gun bore axis
‘from the line of sight (LOS). All twin mounts
‘aave three sights—one for the pointer, one for
‘the trainer, and one for a sight checker, How-
‘gver, there are but two optical systems — one for
‘fae trainer, and one that is shared by the pointer
‘snd checker, Each optical system has two mov-
‘able prisms—one to introduce deflection, the
sther to introduce sight angle. The sighting sys-
tem also Includes a sightsetter’s indicator oper-
“aied by the sightsetter, These units and the me-
thanical linkages between them are shown in

TRAINER'S
TELESCOPE

ficure 5-32, which depicts the front of a twin
mount with the shield removed,

The sightsetier’s indicator is shown in figure
5-33. It has a sight deflection handerank, a sight
angle handcrank, and three sets of dials —a pair
of deflection dials (one coarse, one fine), a pair
of eight angle diale (ocne coarse, one fine), and
a Tange dial. The indicator receives sight de-
flection and sight angle synchro signals [rom
the computer, The deflection dials are calibrated
in mils (6400 to the circle), with the zero point
arbitrarily chosen as 500 mils on the dials.
Sight angle dials are calibrated in minutes
(21,600 to the circle) with the zero point (gun
bore axis parallel to LOS in a horizontal plane)
arbitrarily chosen at 2000 minutes. (Using these
arbitrary values instead of zero eliminates the
need for using signe to indicate the direction
of offset.)

SIGHTSETTER'S
INDICATOR

CHECKER'S
TELESCOPE

POINTER'S
o TELESCOPE

DIFFERENTIAL HOUSING

84,209

Figure 5=32, — 5''/38 twin mount, Shicld removed to show sight components as viewed from front of
mount,
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Figure 5-33,— 5" /38 twin mount. Sightsetter’s indicator.

The range dial, which is geared to the sight MOUNT CREW
angle handcrank, iz calibrated in yards, and is

used in emergencies against suriace targets Figure bH=a4 shows the crew stations of 4
when no sight angle data are available from fire  single 3''/38 mount, The duties of the mous
control plot. crew are described below,
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Figure 5-34,—§"'/38 single mount, crew stations (gunhouse).

The mount captain is the commuand leader,
I available a gunner's mate is his principal
gsgistant and supervisor of gun operation, He
gerves as troubleshooter and chief maintenance
‘man. The pointer is responsible for checking
vand operaling his sight and when not in auto-
‘matic the elcvating gear; he also, in most
‘eages, fires the gun, The trainer does similarly
dior his part of the mount except for firing the
imin. The sightsettor receives and sets sight
ideflection and sight angle. The fuze setler tests
tthe fuze-selting mechanism, and operates it
‘when the fuze setter is not in automatic, The
arojectile-and-rammerman operates the rammer
cand loads projectiles, The gun captaln lowers
Il*Ehe rammer spade and checks the loading opera-
‘ion, . The powderman takes the cases out of
‘ist and passes them to the loasder-hot-case
‘man, who puts the cases in the slide.

¢ In addition to these ten men in the gun house,
‘iere are six in the upper handling room (not
ddisgrammed), Two powdermen keep the powder
‘hoist supplied, two projectilemen do the same
dor the projectile hoists, and two others operate
‘scuttles through which ammunition is passed
drom the magazines,
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In a twin mount many ol these crew slations
are duplicated becsuse there are two guns and
two sets of hoists, The crew lolals 27.

5''/54 GUN MOUNT

With the coming jet aireraft, it has been nec-
essary to develop a reliable antiaireralt gun
with increased range, tracking rate, and firing
rate, The rapid=-fire 5''/54 gun mount not only
salisfiez these requirements, but it is quile
effective against surface and shore targels as
well,

The following discussion is concerned with
the 5"'/54 MK 42 and, briecfly, the Mk 45 gun
mounts.

5'' /54 Mk 42

The S-inch mount Mk 42 (fig, 5-35) is n
shiglded, dual-purpose, single-gun mount with
an sutomati¢c firing rate ol approximately 40
rounds of ammunition per minute., The gun is
treined and elevated (laid) by using separate
power drives that are clectrically controlled
and hydraulically operated, Ammunition is scrved
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Figure 5-35,—5'"/64 Mount Mk 42, Exterior,

by an automatic, dual-hoist gun loading system
that is hydraulically operated and electrically
controlled,

The gun mounl consists of the following main
components:

1. Gun assembly

2, Slide assembly

3. Gun loading system
4. Gun laying system

The gun mount also contains the following
auxiliary systems:

1. Sprinkling systems

2. Electrical systems

3. Heating, lighting, communication, and ven-
tilation systems.

Basically, the gun and slide assemblies are
slandard, except that the breechblock and ex-
iractors are operated hydraulically. The 5''/54
gun is unique, in that it has roller bearings
supporting the gun housing, The bearings prevent
gun and mount lateral movement during recoil
and counterrecoil,

1684

Recoil and Counterrecoil

The gun recoil and counterrecocil sysiems
are conventional, except that the location of the
recoil pistons is changed, and the counterrecoil
system differs in that two alr chambers are used,
The counterreccil system is also arranged $o
that the differential and air chamber cylinder are
mounted to the slide, and the piston rods bear
against the after edge of the gun’s main housing,

1

Gun Loading System

The gun loading system (fig. 5-36) extends’
from the ammunition handling room upward
through the ship to the mount gun room. This
loading sysiem consists of a dual set of unite’
which automatically serve rounds of semifixed
ammunition to the gun from both sides of the
slide,

Following is a brief description of ammunition’
movement irom the handling room up through
the loading system (fig. 5-36),

1. ltounds of semifixed ammunition are man=
ually loaded onto the loaders (drums that aufes
matically feed the lower hoist).
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LEFT CRADLE

RIGHT FULZE SETTER

RIGHT CRADLE

RAMMER

EMPTY CASE TRAY
RIGHT TRANSFER TRAY

GUN TRAIN -- 0°
QUN ELEVATION == Q%

EMPTY CASE EJECTOR

0 LOWER HOIST
UPPER
HOIST
N & LOADER B LOADER
Fi0
B84.72

Figure 5-36.—5""/54 mount Mk 42 ammunition handlers load A and B loaders.
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2, The rounds of amimunition are {ed fromthe
lopders to the lower hoists, which raise each
round to the carriers (on Mods 1 through €) or
to the transfer station (on Mods 7 and B) which
poéitions the round into the carrier,

3. The rounds are then transferred from the
stationary lower hoists to the rotaiable upper
hoists (located on the structure of the gun mount)
by the carriers,

4. The rounds are alternately raised [rom
the carriers to the cradle by the upper hoists,

5. The rounds are transferred from theupper
hoists 1o the transfer trays, located on ecach side
of the slide, by the ¢radle which allernately swing
upward,

6. The rounds are held in the transier Lrays
while the projectile fuzes are set (on mechanjcal
time~fuzed projectiles only). The transfer trays
then lower the rounds to the ramming position,
in line with the gun chamber,

7. The rounds are rammed into the gun
chamber by the rammers, which extend through
the transfer trays.

Afler the gun fires and the brecch is opened,
the extractor catapults the empty powder case
rearward into the empty cuase tray. This tray
then lowers the expended case Into the empty
case ejector, which cjects the case from the
mount,

Gun loading systems are divided into three
groups as follows:

1. Lower gun loading system.
2. Upper gun loading system,
3, Intermediate section (ammunition carrier),

The lower gun loading syslem includes the
loader drums and lower hoists (refer to figure
6=36), thelr hydraulic power units, and the central
equipment necessary for their operation, This
portion of the gun mount assembly is also re-
ferred to as the stationary, or nonrotating gun
mount components (fig, 5=37).

The upper gun loading system consists of
upper ammunition hoists, iransler trays, rammer,
emply casc tray, emptly case c¢jector, and fuze
setlers (lig. 5-36). All upper gun loading system
components are part of the rotating gun nount
assembly and move with the mount when the gun
trains (fig, 5-37).
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The intermediate section (carrier) transfers
rounds of ammunition from the fixed lower hofst
to the rotatable upper hoist. In 8o doing, the
carrier acts as anindependent transferring mechs
anism between the stationary gun mount assems
blies (lower gun loading system) and the rotatahle
gun mount assemblies (upper gun loading system),
Physically the carrier is part of the carriage
and receives Its hydraulic power from the upper
gun loading system supply.

Design Differences for
Different Mods

All mods of the mount have the same basig
design. The only major difference in the mounl
installations (except in the mod 9 and higher)
is the design of the lower ammunition hoists and
ammunition carrier. In the mods 1-6 mounts,
the lower hoisls and carrier are completely
different from those installed in the Mods 7-8
mounis. The diffierence is clearly illustrated in
figures 5-37 and 5-38.

LOWER HOISTS AND CARRIER, —In some
mods (fig. 5-37), the lower hoists are siraight
and terminate directly under the tubes of the
ammmunition carrier, These hoists are cycled
by control units that are operated by hydraulic
pressure {rom an accumulator system. The hoist
cycles are initiated by relay aciualors inthe con=
trol units.

In thi=s holst design, the rounds contained by
the hoists move directly upward irom the tops
of the hoist tubes into the carrier tubes., When
the carrier is leaded, it rotates to the upper
hoists where the carrier cjectors transfor the
rounds from the carrier tubes to the lower hoist
tubes,

In other mods (fig. 5-38), some of the lower
heists are curved and some are straight, bub
each hoist has two aminunition handling tubes
(one for hoisting, one for strikedown) and is
opersted by an electrically driven hydraulic
power transmission which is stroked by a hy-
draulic servomechanism installed in a solenocid=
operated control unit,

In this design, the hoist tubes are capped by
transier iubes located alongside the oarrler
tubes, The transfer tubes are units of the lower
hoists and are opersted by hydraulic pressure
{rogn an accumulator system.
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Figure 5=37.—Lower hoists and carrier in 5"'/54 Mk 42 mounts maods 1-86.
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Figure 5-38, — Lower hoists and carrier in 5"'/54 Mk 42 mounts mods 7-8,
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When the hoists are cycled, the rounds in the
Toist tubes are elevated into the transfer tubes,
‘From there they are ejected laterally into the
opposite carrier tubes, The transfer tube ejec-
tors then retract so that they will be in position
;tu receive another pair of rounds from the lower
‘hoists, and the carrier tube ejectors close over
the rounds in the carrier tubes, The carrier then
rotates to the upper hoists where the carrier
ejectors fransfer the rounds {rom the carrvier
fubes to the upper hoist tubes,

The strikedown tubes of the lower hoists are
used for striking ammunition below to the handling
‘toom, When this is being done, the hoists are
‘placed in local control so that they can be
‘gperated under power by means of hand-operated
‘control cranks installed in the carrier room.

The cranks are arranged so that they can
‘le uzsed to stroke the hydraulic transmissions
_J‘_tli their associated hoists, When either crank
is turned, its hoist will cycle at a speed pro-
rpnrhanﬂl to the rotational speed of the crank,
“When the crank is stopped, the hoist will stop.

The curved lower hoists are installed in
mounts where the handling rooms are not locatad
(directly below the carrier rooms, This condi-
‘fion exists in all of the mounts in the CVA-class
‘yegzels and in the mounte in the DLG-class
yegsels,

The curve in the hoists of the forward DLG
“mount is very slight. In the CVA mounts, how-
‘ever, all of the hoists curve through two 90-
‘degree angles and comsist of vertical, curved,
“and horizontal tube sections,

§ MINOR DIFFERENCES IN MOUNT DESIGN. —
‘Because of the wariation in the vertical distance
between the handling room and carrier room
“in different mount installations, the height of the
Jower hoists differs from mount to mount,

All mods of the mount have maxdmum gun
‘elevation angles of 85 degrees and, with the
Cexeeption of the CVA mounts, have 720 degrees
‘f training freedom (460 degrees in either direc-
‘fion from the stowed position ol the mount),

Maximurmn angles of gun depression vary in
Cdifferent mounts from 7.5 degrees to 15 degrees,
85 determined by structural characteristics of
the vessel.

‘Gun Laying Sysicm

The mount iisell can be operated in either
‘temote or local conmtrol, No provision is made
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for hand-powered operation. Handling drives
ara connected to the training and clevating gears,
however, for stowing purposes and for use in
connection with certain mount and gun alignment
procedures involved in the installation of the
train and elevation receiver-regulators.

The Lraining and elevating gear assemblies
are electrically conirolled, hydraulically oper-
ated power drives that accurately position the
mount and gun in response to elecirical gun
train and gun elevation orders, These orders
can be applied te the trainand elevation receiver-
regulators from remole fire control or Gunar
conirol siations (on certain mounts only), or
from the one-man control units operated by
the local control men in the mount,

The training gear assembly consists of a
irzining gear, a power drive, and a receiver-
regulator. The receiver=regulator comvertis the
electrical gun train order signals into hydraulic
control inputs to the power drive, which is an
electrically driven, hydraulic power transmis-
sion, The output shaft ol the power drive furns
the training pinion, which drives the mount in
train,

The eclevating gear assembly consists of an
elevating gear, a4 power drive, a recelver-
regulator, and a firing cutout. The receiver-
regulator converts the electrical gun elevation
order signals into hydraulic control =ignals and
applies them to the power drive, the drive turns
the elevating pinion, and the pinion elevates or
depresses the gun,

Both the training and the elevating gear
assemblies are couipped with 1limit stop mech-
anisms. In the lrain receiver-regulator, the stop
mechanism decelerates and stops the train drive
as the mount approaches and reaches its limits
of operation in either direction of train, The
limit stop mechanism in the elevation receiver-
Tegulator brakes the gun to a stop as it reaches
its limits of travel in elevation or depression.

The firing cutout is connected by response
gearing to the training and elevating pinion drive
shafts, and operates swilches in the firing circuit
to prevent firing when the gun is pointed into
danger sectors,

Personnel

The gun loading system and gun laying syslems
are separately controlled, and either system can
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Figure 5-39.—5'"'/54 Mk 42 (mods 1-8) gun room stations and control panels.

be independently operated. Responsibility for
control of the gun loading system is primarily
delegated to the gun captain and the loader con-
trol man, whereas control of the gun laying
system 1s the responsibility of the mount captain
and the two local control men, Duties of the
carrier control man are divided between the
two systems, The duties of the gun crew (less
ammunition handlers) for the 5"/54 are de-
scribed below. Figure 5-39 illustrates the posi-
tions of the gun room crew and the control panels
under their control,

MOUNT CAPTAIN, —The mount captain is in
charge of the entire gun mount and receives all
gun mount operation orders from weapons con-
trol via JP telephone circuits. He directs gun

RIGHT
LOCAL
CONTROL

T kAl
brahh el T

LoCaL
CONTROL
WMAN

MOUNT
CAPTAIN

84.75

loading, gun firing and gun laying operations
the mount [rom the P-3 panecl, using either tele-
phone, lights, or a combination of these asa
means of communication, The P-3 panel, located
in the aft leit-hand part of the gun room, is used
primarily to select the station to control the g
train and elevation power drives,

GUN CAPTAIN. — The gun captain is incharge
of gun loading equipment and gun loading crew
and is directly responsible to the mount captaln,
He controls gun loading by means of switches ¢

after end of the gun mount, on the side of the g |
opposite the P-3 panel. This panel contsins
swilches and lights that enable the gun capéal
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W oconfral and monilor gun loading systems

operation,

LOCAL CONTROL MEN, — The two local con-
trol men (one on the left and the other on the
right =side of the mount) operate the mounl in
local by means of teclescopeos, one-mean control
units, and the P-6, P-7, P=9, and P-10 control
pinela in the local control stations, The F=6 and
P=Y panels conlapin the Knobs, dials, switches,
and lighlts necessary lor sight selting and local
control operations.

An auxiliary local control panel is slso lo-
cated at each local control station— P=9% in the
left station and P=10 in the right, These panels
are usaed Lo ¢ontrol the lelescope window wipers,
lezcope shutter heater, and windshield de-
iroster system of each local control station,

A one=man control (OMC) unit i= located in
each local control station, Either OMC unit can
provide the gun irain and elevation orders neces-
gary for logal conirol operation, The lelt OMC
bas control only when it is relinguished by the
right local control man or when the mount captain
selects the left station by means of a switch on
the P=3 panel,

CARRIER ROOM CONTROL MAN,—He con-
trolg the mount!s electrical power supply Svstem
from the P=1 and P=-2 panels located inthe carriaer
control room, The P=-1 pancl contains the 4<40-
wlt electrical circuits that carry power to the
various units of the enlire gun mount system,
Lights located on the face of this panel indicate
when power ig available to the system and when
motors are runhing on the gun mount, The P-2
panel houses amplifiers for the fuze s=sctters,
parallax systems, and train and elevation power
drives, On the face of this panel are switches
and light arrangements that tunclion as a means
of communication between the gun capiain and the
carrier control man,

LOADELR CONTROL MAN, — The loader con-
tral man iz in charge of the handling room crew
and ammunition handling equipment, He confrols
the loader drums by means of swilches on the
P-% pansl when the loaders are being operated
i the manual power mode. The P-5 control pans],
located between the A and B loader drums, en-
gbles the loader control man (with permission
from the gun captain) to operate the loader
drumns in manual power opersation, Normsally,
manual power operation is used during loading,
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unloading, testing of the loader

drums,

exercising, or

COne Side Operation

The gun capizin can select one=-side, auto-
matic power operation of the loading system
when & casualty occurs to some units of the
loading system. The procedurcs necessary for
che=-side operation vary according to the unit
of the loading svstem that is inopcrative, De-
pending upon the nature of the casualty, the
gun captain can deactivate one side of the gun
loading system or instruct the carrier room
control man to mechanically deactivate the mal-
functioning unit, One-side operation {(using one
hoist) will reduce the gun rate of fire to about
20 rounds per minute,

One  advantage of the pun loading system
used with the 5''/54 gun mount is that once the
drums are loaded the ammunition handling crew
need not be on station for automatic gun firing
operation, This enables a ship’s weapon sysiem
to function during a condition of readiness with
a minimum number of personnel, The ammuni-
tion handling crew, which consists of four powder
men and four projectile men, can be utilized
for other duties in the event of personnel casual-
ties, The handling crew is needed only to re-
plenish the 40 rounds of ammunition {in the
loader drums) after a firing mission, or the
men can be lefl st their station if more than
40 rounds are to be used,

51 /54 ME 42 MOD B

The Mk 42 Mod 9 was designed for the main
gun battery of DE 1053 class ships andis similar
in many respectz to the previpus mods, How-
ever, three major differences exist belweenthem,
The big differences are in the train and ele-
vation receiver-regulators, the fuze setters, and
the electrical control system,. These changes
greatly reduced the weight of the mount, As an
example, the weight of the fuze setter and ils
associated amplifiers alone was reduced from
432 pounds to 53 pounds (8 reduction of 379
pounds),

The electrical control sysiem Wwas coml-
pletely redesigned, The mount captain’s P-o
panel and the gun capiain’s P-4 panel (part
of zarlier mods) have been eliminated, A oew
control panel (EF2), operated by ithe mount
captain and located in the carrier room (fig.
9=40), now contain #ll conlrols previously em=
bodied in the P-3 and I*-4 panels, The local
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EF4

54,76
Figure 5-40.—5"/54 Mk 42 gun mount control
panels,

control station on the right side of the mount
wad eliminated, As a result, the number of
on mount personnel was reduced from four io
two (the gun captain and the OMC operator),
The design changes, in addition to weight
reduction, greatly improved the reliability and
maintainability of the receiver-regulators and
increased the accuracy of the fuze setter,
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"' /94 MK 45

5''/54 Mk 45 light weight gun mount
(fig. 5-41) oilers oulstanding reliability aml
maintainability and is served by a minimum
complement of personnel, The mount is operated,
monitored, and exercised remotely; personnel
do not enter the gun house except for maine
tenance. A safety key located on the EP2 pane]
disables all circuits before the crew enters the
gun house, One mount opérator performs mount
switching functions (as directed) for complete
gun mount operation. The ammunition handlers
load projectiles and powder cases into the auto-
matic loading station, The mount loader drum
holds 20 rounds in ready service. The loading
station permits replenishing the loader drum
during sustained firing without interrupting the
fire mission, The lond and fire cycle can he
interrupied if a special-purpose type of am-
munition, such as star shell, is to be used, or
if & misfire-clearing charge is needed,

The mount design emphasizes salety. The
crew needs not enter the gunhouse to extract
misfires. Misfires can be exiracted automatis
cally and rapidly., By loading a clearing charge,
the gun can be cleared and returned io service
without personnel entering the gunhouse. Un-
loading is also accomplished automatically. The
rounds not fired are returned to the hoist unload
deors in the loader drum.

Gun Mount Components

The mount has twoe physical compeonent groups:
the lower structure (below deck) and the upper
structure (above deck). The lower structure
delivers an uninterrupted flow of ammunition
to the upper structure, It includes the mount
control system, loader drum, fuze setter, hoist,
and lower accumulator system, The upper struec-
ture includes the stand, carriage, cradle, slide,
gun barrel, upper accumulator system, punlaying
system, and shield,

CONTROL SYSTEM

The mount contrel system cgonsists of two
control panels—the EP1 power panel and the
EPZ control panel. The power panel (EP1) re-
ceives power [rom fthe ship’s supply and dis-
tributes it within the mount and other panels.
The control panel (EP2) permits selecting the
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OSCILLATING ASSEMBLY

SYSTEM

B4.83

Figure 5-41.—5"/564 Mk 45 gun mount (general arrangement).
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various modes of mount operation and serves
as the test board and local control for the gun
logying system and the fuze selter.

The gun laying system has separate frain
and elevation power drive assemblies, which
position the gun in irain and elevation respec-
tively. These assemblies are controlled elec-
irically and operated hydraulically in response
to orders from either a remote fire control
gystem or the on-mount logal control system,
A firing cutout system opens the firing circuit
whenever the gun ie positioned to a nontiring
0TS,

The mount logal control system permitls
lotal syslom exericse and tlest, One man can
activale and exercise the mount t‘nd verily mount
operation ability in less than 5 minuies, A
troubleshooting status hoard located within the
EP2 panel is uged in conjunction with indicating
lights and digls to pinpeint the cause of mount
stoppage. Standardized parts are used widely,
and many of the amplifiers and logic printed
circuil cards are physically and functionally
interchangeable,

TURRETS

Turrets are hesvy armored gun structures
of al least 6-inch caliber and usually equipped
with 3 guns. They are the primary offengive
armament of conventional cruisers and battle-
ships (most of which are in the reserve lleet),
They are located on the centerline so that they
can fire to either beam, Each gun of a multiple
gun turret has a separale slide mounted in trunnion
bearings and is arranged for either independent
or |oint elevation movement,

Bome similarities exist between gun rmounts
and turrets, The mejor difference between them
is that the turrci’s structure is protected hy
armor plate,

The gunhouse, or turret proper (part that
shows above deck), is mounted on roller bear=
ings within the armored structure (barbelte);
it is rofated by an electric=hydraulic power
drive that can be controlled automsatically or
manually, The barbette surrounds the turret's
rotating struclure below the gunhousze and ex-
tends to the ship’s armored decks,

TURRET STRUCTURAL
ARRANGEMENT

The major parts of a iypical turret are
illustrated in figure 5-42, Each part is made

EUSPENDED STRUCTURE

GUN HOUSE / wj

PAN
PLATE
\x
BROONK ﬁ‘-‘h“."l’ﬂ‘i\\‘.‘\‘ﬂh‘u\.‘\\.\\‘i‘
P
THIRD
DECK
CENTRAL-
COLUMN

B4,141
Figure 5-42, — Turret structure fixed and rvotat-
ing elements,

up of separate levels that contain the major
assemblies and subassemblies of a turret, Al-
though & turret’s construction will vary according
te its function and differ in many mechanical
details, generally its installations will contain
all or some of the levels shown in the preceeding
figure and discussed below, '

The firsi level {gunhouse) contains the turret’s
fire control and communication equipment neces-
sary for turret control, Each gun compartment,
or gun rcom, containg the power equipment
necessary to operate and service each gun,

The second level, called the pan floor of pan
plate, contains the pockets (gun pits) into which
the breech end of the guns are depressed as
the gun elevates, It also contains some of the
machinery for the train and elevation systems.

The third level is the machinery floor where
most of the power equipment for turret opera-
tion is located, In some turret systems the
stations for gun laying, both in train and eleva=-
tion, are also located on this level. In most
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turrets, however, these stations are located

within the gunhouse.

The next three levels are the upper and lower
projeclile flats, and the powder handling plat-
form., The projectiles stowed on the projectile
flats are loaded into hoists and lifted up into
the gunhouse. The powder handling platform is
surrounded by powder magazines which stow
gither bag or case type propelling charges, These
charges are passed from the magazines, through
flameprool oponings called powder scuttles into
tbe handling platform (room), The charges are
loaded into clevator type hoists which deliver them
io the gunroom,

The center column (fig. 5-42) and the bulk-
head which surrounds it arc fastened to the pan
floor (plate), They extend ihrough, and support
the three levels of the suspended structure, The
suspended structure contzins the last three levels
mentioned above and is part of the rotating struc-
sre of the turret, The combined weight of the
rotating structure is supported by the roller
bearings located on the pan plate,

The general principles ol a gun mount's major
components discussed early in this chapter,
also apply to the turret’s components with one
major difference, In a turret, the slide, housing,
mmd gun barrel are supported by girders (fig.
~4d), They serve the same purpose 88 a gun
mount’s carriage cheeks shown in figure 5-3.

CLASSIFICATION AND TYPES
OF TURRETS

Turrets cun be classified by the type of guns
they employ, eilher case or bag type guns, Case
aunsé are those in which the propelling charge is
encaged within o metal cartridge case; a bag gun
iz one in which the propelling charge 18 encased
within a [abric container called a powder bag,

Four dillerent types of turretinstallations are
on present Navy ships, active and reserve fleet,
Two of these turreis (6''/47 and 8'' /55 rapidfire)
are equipped with case guns and two (8''/90
bag gun and 16''/50 bag gun) are equipped with
bag guns.

REPRESENTATIVE TURRETS

Mozt ships having turrets are in the reserve
fleet, Therefore, turrets will be discussed only
briefly.

17

Case-Gun Turret

A G=-inch caliber three-gun turrct is divided
into four manned spaces and requires forty men
to man the various battle stations {or normal
turrel operation. Twenty-iwo crew members are
stationed within the gunhouse (lig, S5=44) — sixteen
in the turret’s gun compartment and six in the
turret officer's booth., The men stationed in the
gun compartment are: (1) two gun-laying oper-
ators, (2) a sightsetter, (3) three pun operalors
{gun captains), (4) three powder hoist men, (5)
three powdermen, (6) three shellmen, and (7) 2
gunner’'s mate repairman, Stationed in the turret
officer’'s booth are four turret controlmen—the
turrel officer, turret captain, computler cperator
and ammunition supply talker —and two range-
finder operators. (Rangefinder operalors are not
required [or turrels without rangefinders,)

The duties of the turret's crew (cxcept for
the computer operator, ammunition supply talker,
and rangelinder operators) arc very similar to

84,142
Figure 5-43. — Gun girders,
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Figure 5-44, — Turret personnel arrangement, Gun house stations.

the duties of 2 mount’s crew. The duties of
turret officer and turret captain correspond to
those of the mount captain and his assistant,
Other stations compare accordingly. The turret’s
ammunition supply talker transmits orders from
the turret officer or turret captain to ammunition
handlers and loaders,

The computer opersator is responsible for the
computation of the [ire control problem when
the turret is in local or hand control, He intro-
duces certain inputs into the suxiliary computer
to producc sight angle and sight deflection, which
are ftransmitled to the sightsetter by phone.
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The rangefinder cperators are both instandhy
duty when the turret is in automatic control,
In local or hand conirol, they provide ranges to
designated targets. They are also called on o
spot in range and make initial target angle and
specd eslimates.

Seven men are siationed on the projectile
handling level and ten are in the powder handling
ro0m.

The 8'" caliber three=gun turret is installed
in Salem class heavy cruisers, Although the
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Figure 5-45, — 8" /65 rapid-fire turret, Gunhouse crew stations,

foundation structure, barbette, and magazine
are of a standard furret design, the ammunition
loading system is an entirely new design, The
mins operate automatically and require no shell-
men or powdermen within the gun compartment,
The turret has automatic fuze setting and radar
equipment instead of oplical rangefinders,

Forty-=four men are required to man the
battle stations of this turret installation, seven=-
teen in the gunbouse and iwentv seven in the
levels below the gunhouse. The gunhouse crew

By

-

members are shown in figure 5-45. (The checker
is & member of the crew in training operations
only; hiz station iz not manned in battle action.)

Bag-Gun Turret

Bag-guns differ [rom c¢ase-guns in their
methods of handling, ftransferring, and loading
ammmunition, Since bag type ammunition nceds
oreater ssfety in handling, each gun within the
euphouse and the powder hoist which services
gach gun are arranged in separate [lameprool
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Figure 5-47. —Cutaway view of 16-inch furret.

pompartments and structures. A [lame seal
located at the upper end of each powder heist
isolates the lower powder handling rooms from
each gun compartment,

Turrets equipped with bag gung are essen=
tially similar. The 8-inch and 16-inch turrets

differ in many mechanical details, but in general
their installations and equipment periorm the
same basic function,

Cutaway views of the 8-inch and the l6-inch
turrets are shown in figures 5-46 and 5-47
respectively.
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CHAPTER 6
GUN WEAPON SYSTEMS

You already know, irom reading earlier chap-
ters in this text, that guns were in use hundreds
of years before the weapon system concept was
dreamed ol. Guns were, with only minor excep-
tions, THE wespons (in wvarious shapes and
sizes) for all naval warfare until almost the
beginning of the 20th century. As guns improved
in accuracy, rate of fire, and range, the rough-
and=-ready methods that had hitherto sufficed for
placing gun projectiles with maximum effect
were refined until modern techniques and equip-
ment for fire contirol were developed, As sub-
marines and aircrait added more weapons to
the naval arsenal, as well as new varieties of
targets for the weapons to engage, the gun lost
its primacy as the principal naval weapon and
became what it is today—one of the several
major classes of weapons, each with its char-
actoristic range of applications and types.

The weapon system concept as applied to
gung and their associated equipment differs
somewhat from its application to such newer
weapon systems as guided missiles and their
associated equipment, Missile systems are char-
acteristically integrated —they are conceived,
engineered, and designed as systems, Although
gun weapon systems funmction eflfectlively as sys-
tems, they are more flexible and less integrated.
Thus, & given fire control system may function
equally well with any of several types of gun
mount, or a gun mount may continue to function
with an alternate fire control system or even
with only the sights in the gun mount if its
primary [lire control system is knocked out.

ELEMENTS OF A GUN

WEAPON BYSTEM

Functionally a gun weapon system includes
the following elements;

1. A lire control system.,

2, One or more pgun mounts organized &
a BATTERY,
d. Ammunition supply arrangements,

Since it is inherently flexible both in funi
tion and in the equipment that goes to make3d
up, @ pgun weapon system is8 notl mvarl }

battle action. However, & given combination i
generally recognized as best—that is the PRk
MARY arrangement—and others (SECONDAR
arrangements) may be substituted if requi
by battle casualties or for training p S5,
This chapter will concentrate on the preferrsi

are either primarily designed for action againg
air targets (these are antiairoraft or AA sy
tems), or are equally well adapted for engaging
air or suriace targets (these are dual purposs
or DP systems). A few systems designed prie
marily to engage surface targels can be adapted
for certain antiaircraft applications, but these
will not be the focus of attention in this text
This chapter is mainly concerned with a typical
dual=-purpose and atypical antiairerafll gun wes
system,

GUN BATTERIES

The guns on any naval vessel are organiz
into groups or batteries, each Lumﬂst:mgdi
several gun mounts of similar size and ballistic
characteristics. This simplifies the control [f%
gunfire, the supply of ammunition, and mair
tenance, The size and number of guns in &
battery depends on the type of ship,

There are several ways to classify gr.mi_
batteries aboard ship, The eimplest iz fo use
the bore diameter (caliber) and the number
of ¢alibers as we have done in chapter 3.Ie
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practice, the number of calibers is very often
omitled in the ship's battery designalions, at least
when referred to by members of the crew, Thus, &
hattery of €''1/47 caliber turrets is a 6" battery,
and so on, The length of hore in a §'' battery is
Algo dropped from the designation because a ship
will have either a 5'/38 or a 5" /54 battery, but
mot both, Keep in mind that these shortened terms
are valid only within your ship or for ships with
fhe same armament, The batteries must be ac-
curately identified in other cireumstances, The
a''/64 Mk 42 and the 3''/50 rapid {ire, described
in chapter 5, must be further identified within their
* caliber because of the operating differences be-
ween these mounts and the older 5'/54 and
#/50 mounts, A few cruisers (most, if not all,
of which are in the reserve [leet) have rapid
ire B=inch or 8=inch turrets that require more
identification since they differ from their slow-
fire prototypes, The 40-mm and 20-mm guns are
wot described interms of their number of calibors;
ey are designated by bore diameter only, as
- are other guns smaller than 3-inch,

Batteries also are classified as main, sec-

oodary, and machincgun batteries, depending on
|Ihe typc of ship in which they are mounted,
Traditionally, the largest caliber of guns on
huard ig the main battery; the next largest, the
secondary battery; and the remaining installed
‘quns are either heavy or light machinegun bat-
tleries, Thus, a 5" battery is the main battery
of & destroyer, but only the secondary battery
of a cruiser, This method of classifying becomes
further complicated when ships sometimes ex-
‘tend the term ''‘main battery'' to mean the
‘weapon of greatest potential effect; for example,
~lhE planes of an aircraft carrier, or the tor-
a;ﬁdﬂEE of a submarine, The terms ""main arma-
ment" and "'secondary armament are used
mxtensively in call-for-fire gunfire support mis-
- sions,

The last (and probably the best) method
‘classifies balleries according to their service
gpplication as follows:

i

3

=

1. SURFACE BATTERY —a battery that is
designed primarily to combat surface targets
(including shore-bombardment or gunfire sup=
‘port), This battery, sometimes called single
‘purpose, is comprised of € or &' fturrets
mounted on cruisers, (Turrels can be used
againgl air targets, but this is not their primary
application.)

2, DUAL PURPOSE BATTERY —a battery
that is designed to combat both air and surface
targels (including gunfire support), Dual purpose
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batteries are d'' guns only. Dual purpose relates
not s0 much to the 3" gun’s versatility, as it
does to the dusal-computing devices and methods
in the fire control system,

3. AA BATTERY —a batlery that is designed
primarily to combat air targets. This battery
normally has 3'' guns, The 3" gun can also be
used against suriace targets, and for "'direct
fire'' missions in gunfire support,

FIRE CONTROL IN GUN WEAPON
SYSTEMS

In any weapon system the fire control prob-
lem is essentially that of getting the weapon
or projectile to hit the target and cxplode, or
at lesst to explode when the target and weapon
or projectile approach close enough for maxi-
mum damaging effect, In gun weapon systems
the problem is to lay (aim) the gun in such a
way that the projectile will hit or approach
close to the target. In some other types of
wegpon svstems the wespon is seif-propelled
and contains guidance equipment so that it is
capable of homing on the target (i.e., it can
detect the target and follow it, ultimately catch-
ing up with it), or other guidance methods may
be available. This is not true of gim weapon
systems, Once the projectile has lefi the gun
muzzle, nothing further can be done to affect
its course. The gun'’s fire control problem must
be solved before the gun fires,

In this section we shall discuss basic interior
ballistics, variables in the fire conirel prohblem,
the elemenis of fire conirol systems, and finally
the process by which these elements are used
in solving the fire control problem,

BASIC INTERIOR BALLISTICS

First of all, what is ballistics? Ballistics is
the science of the motion of projectiles. It is
divided into two branches, interior and exterior
ballistics, Interior ballistics is that branch of
the science which deals with the motion of the
projectile while it is in the gun, The initial
velocity (I,V.) of the projectile is a result of
the forces involved in the genersl term, interior
ballistics., Exterior ballistics pertains to the
projectile after it leaves the gun, Obwviously IV,
is& the ong walue common to both interior and
exterior ballistics,

Gun design i3 essentially a compromise,
The gunner wants maximum [V, for great range
and flat trajectory; the designer must consider
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the strength of his gun and desires minimum
wear and erosion, Interior ballistics includes
the situdy of (1) the combustion of the powder,
(2) the pressure developed within the gun, (3) the
variations in pressures and velocilies with
changes in any of the "'conditions of loading,'"
and (4) erosion of the bore,

Fropellants and Burning Rate

Propelling charges are designed to burninthe
chamber of the gun in such & way that they will
develop maximum projectile velocity without
excessive heat, pressure, or erosion, Ideally,
the most efficient propellant for a gun would be
s0 balanced that the charge is entirely con-
sumed immediately before the projeciile leaves
the muzzle,

To approach this ideal, propellant burning
rate must be controlled, so that the propellant
will be suited to the specific gun in which it is
to be used. The dominant factor in determining
burning rate of a given propellant composition
is the surface area per unit weight of pro-
pellant, The greater the area per unit weight,
the faster the burning rate, (Other but less
pignificant f{actors include the percentage of
nitration, moisture content, content of volatiles,
and the stabilizer used.)

As you know, gun propellent compositions
are manulactured as homogencous cylindrical
grains of uniform diameter, length, and numhber
of perforations (fig. 6-1), with larger grains
for larger caliber guns. For a given muzzle
velocity, larger caliber guns require a slower
burning propellant than smaller caliber guns,
since the distance the projeclile must travel
to the muzzle is proportionately longer and
the powder must burn for a longer times, Other
things being equal, larger grains have smaller
area per unit weight, hence slower burning rate,

Propellent powder grains for guns 40-mm
and larger have 7 perforations. Since burning
rate climbs rapidly in smaller size powder
grains, there is only one perforation, or nong
at all, in grains for calibers smaller than 40-
min,

A propellant’'s potential is the total work
that the gases ol combustion could parform
while expanding from the solid state to the
space they would occupy when fully expanded
to atmospheric pressure and when cooled to
a specified temperature,

In the average conventional gun, some 60
percent of the polential disappears in muzzle
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53.144
Figure 6-1, — Perforated propellant powder
orains,

logs; 30 percent is trensmitted to the projee=
lile, and all other losses—such as heating the
projectile and gun, causing the gun to recoll
and so forth—amount to about 10 percent

Gun Strength Vs, Propellant
Pressure Relationships

Figure 6-2 illustrates a basic principle o
gun design, The figure may be taken as typical
of the strength-pressure relationship in moders
gung, Note that the high breech strength |
carried well forward of the point of maximum
prossure. The gun etrength at every point mush
exceed the powder pressure at that point by
an amount that will provids a suitable mergls
of salety,

EUN STRENGTH/PRESSURE

IRITIAL FORCING

PRESSURE

PROJECTILE TRAYEL B

110,51
Figurc 6=2, — Typical gun strength and pressure
CUrves.
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The curve as it appears in figure §-2 shows
pressure beginning at a value well zbove zero.
This indicates the pressure build-up that occurs
after the propelling charge begins to burn but
before the projectile beging to move. (The x-
axis in the figure represents projectile move-
ment in the bore, not time or bore length,)
The projectile begins o move oaly after the
propellent gas reaches the initial forcing pres-
sire required to initiate movement of the pro-
jeclile in spite of projectile inertin and the
engagement of the rotating band in the riflirg,

Note that the gun strength curve is repre-
sented 85 2 straight horizontal line sbove the
area between the peint of initial forcing pres-
sure and the point of maximum pressure, It
dogg nol vary in parallel with pressure curve,
The reason is that the same pressure that
the expanding gases exert against the bhase of
the projectile is exerted equally against all
interior surlaces of the gun behind the pro-
jectile, Hence the breech part of the barrel
mugt he designed for the maximium stress to
be imoosed,

Alter the projectile passes the point of maxi-
mum pressure, it contipucs o be accelerated
by gas pressure until it leaves the muzzle, The
total area under the curve, up to the point
where the projectile leaves the gun, is a rough
maasure of initial velocity, and the pressure
remaining at the miozzle is an indication of
the maizzle loss, A bhigh muzzle pressure in-
creages muzzle flash,

Changes In ""Conditions of Loading''

By ''conditions of loading'' are meant the
powder used, the wgight of charge, the density
af loading, the volumnes and form of the powder
chamber, and the weight of the projectile,

POWDER USED AND WEIGHT OF CHARGE,—
Powders arec termed quick and slow in reference
to their rate of combustion in a particular gun,
For instance, a smnll-grain powder is quicker
than a larger grain of the same shape, since all
the graina would be consumed in a shorter
img. Nol oaly will the larger grain increcase
the time required for burning the charge, but
it will also cawse maximum pressure to be
lowar and to be reached later in the travel of
the projeciile, The pun pressure curves shown
in figure 6-3 comoare slow powders and quick
powders where the same waight of charge was
uged,

PRESSURE

PROJECTILE TRAVEL §

110,58

Figure 6=-3. — Typical gun pressure curves show-

ing variations due to quickness ol powder,
sam: weight of charge,

Within limits, the muzzle wvelocity for a
particular gun may be increased without cansing
excessive pressure by increasing the size of the
charge and al the same time using a powder
that burns more slowly. See figure 6-4,

DENSITY OF LOADING. —Density of loading
iz the ratio of the weight of the charge of powder
to that of the volume of water which, at stand-
ard lemperature, would fill ihe powder chamber,
It is a me=asure of the amount of space in which
the gases of combustion may expand before the
projeclile begins 1o move.

FRESSURE

PROJECTILE TRAYEL #

110,59

Figure 6-4. — Typical gun pressure curves show-

ing mathods ol obtaining incrcased muzzle

velocity in a gun without ingreasing maximam
pressure,
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A high density of loading leaves but little
space for initial expansion; consequently pres-
sure builds up rapidly, The maximum pressure
behind the projectile is reached early in the
projectile’s movement through the bore. With
lower dengily of loading, more expansion of ths
gases may take place before the projectils
gtarts to move, The maximum pressure is
achieved later, and this maximum is lowsr than
that with high density of loading. (Compare the
curves in Higure 6-3,) Other factors remaining
equal, incresszed density of loading incresses
maximum pressure, muzzle velocity, and muzzle
loss,

The densities of loading at present vary be=-
tween 0.4 and 0.7, depending on the caliber of
the gun and on whether the charge is case,
stacked bag, or unstacked bag. Since the specific
oravity of smokeless powder is about 1.8, the
following relationship holds:

Density of loading = 1.6v,

where

v = the proportion of the total chamber volume
which iz filled by the charge,

Hence it is apparent that a loading density
of 0.4 would require a charge filling 25 percent
of the chamber volume, and a loading density
of 0.7 would require a charge filling 45 percent
of the chamner volume,

Wwhen the density of loading drops markedly
below the above figures, irregularities of muz-
zle welocity may he expzcted. The pressure

PRESSURE

PROJIECTILE TRAVEL B

110,80
Figure 6-5,—Typical gun pressure curves show-
ing variations due to density of loading.
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builds up irregularly instead of smoothly, and
the high point may be reached at the wrong tims,

A practical example of the importance of
loading density would be a projectile lodged
part-way down the bore of a gun, greatly in-
creasing the effective chamber volume. Besides
greatly lowering density, and causing pressure
waves which may build up beyond a safe limif,
it extends the area of maximum pressure beyond
the area of maximum barre]l thickness, A nor-
megl powder charge used to dislodge a projectile
g0 positioned might cause the gun to burst, or
at least bulge, immediately behind the projectile,

Very high density of loading, on the other
hand, may cause detonalion of the propelling
charge, again resulting in a burst gun.

VOLUME AND FORM OF POWDER CHAM-
EBEER,— The designers of the gun, having estab-
lished first the desired muzzle velocity, then
the limiting maximum pressure allowable in the
gun (determined from study of gun construction),
can proceed to determine the volume and form
of the powder chamber and the weight of the
charge, In a particular gun, the volume and
form of the powder chamber change only be-
cause of crosion at the origin of rifling and
improper seating of the projectile, causing ir=
regular muzzle velocity,

Frojectiles differing in weight —for exarmple,
high-capacity and armor-piercing lypas —can be
fired from a given gun. High-capacity projec-
tiles, being lighter, will have a slightly higher
muzzle velocity,

Summary ol Interior Ballistics

There is much more to interior ballistics
than has been taken up in this section, but you
have read enough here to grasp the genersl
nature of this branch of gunnery. Here are re-
peated the main points of the discussion, by
way of summary:

1. Using the same wsight of charge, a slow
powder produces a4 smaller maximum pressureg
than a fast powder, and attains this maximum
pressure later in the travel of the projectile,

2. Increasing the weight of a charge of powder
of & given grain size increases the maximum
pressure atllpined and causes this maximum
to occur earlier in the travel of the projectile,

3. Because of muzzle loss and irregularity
of muzzle velocity, slow powdcrs are less effi-
cicnt than fast powders,
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4, The muzzle velocity of a given gun may
be increased within limits by using larger charges
of slower propellants,

VARIABLES IN THE GUN FIRE
CONTROL PROBLEM

To solve the fire control problem, it is
|,iiecessary to consider three main types of vari-
ables —

. 1. Exterior ballistics,
2, Target position and relative motion of the
target and own ship.
. 3. Inherent corrections necessitated by the
physical characteristice of the weapon
system,

Each of these is discussed separately below,
Exderior Ballistics

From the instant it leaves Lhe gun muzzle
until it ends its flight by impact or explosion,
the gun projectile’s path or trajectory is affected
by the following factors:

1, MOMENTUM. As you remember from
Newton's laws of motion, any material object
‘has inertin, and, if moving, tends to continue
ita motion at constant velocity (l.e,, at constant
speed in o straight line). The important values
‘In determining the momentum of a projectile
are its LV, (initial velocity) and its mess,
LV, is measured in feet per second (usually
|.:hhreﬂntad fs) as the projectile leaves the
‘gun- muzzle, Mass is conventionally measured
in pounds (a convenient measure, if not strictly
correct scientifically). If noother factors affected
its motion, any gun projectile would have a
Sraight-line trajectory. Note also Lthat all naval
guns (except a fow special purpose devices)
are designed to make the projectile spin at high
‘speed on its long axis, Thiz makes the long axis
‘ol the projectile tend to maintain a fixed attitude
in space while in [light,
|

2, GRAVITY. On the earth's surface all mate-
risl objects are subject to the earth's gravita-
tional attraction, which pulls them toward the
‘earth’s cenler, Any unsupported object therefore
tends to fall al a constant acceleration of about
32 feet per second per second, Gun projectiles
dre unsupported once they leave the muzzle;
unlike aircraft, they are not airborne, and unlike
irockets, they are not supported by propellent

185

thrust, They therefore fall with the same acceler-
ation as if they had been dropped, not fired.
The idea may be novel to the student, but the fact
is that a projectile fired from a horizontally
aimed gun will strike the surface of the sea at
the samo instant as a similar projectile that has
merely been dropped from the sume height above
the water. It is, of course, true that the fired
projectile will hit the water some distance away
{ﬂ.ﬁ. E'E:\}.

Under the influence of momentum and gravity
(but of no other [actors) the Llrajectory of a
projectile will be one of a family of sym-
metrical curves called parabolas, For a given
I.v. and projectile mass, the projectile will
then travel {arthest from the gun if the gun
barrel is elevated to mnke a 45° angle with
the horizontnl (fig. 6=6B).

3. AIR RESISTANCE. A projectile traveling
at a speed of up to 3,000 {eet per second creates
a considerable disturbance in the air. At such
speeds, air at sea-level density is [ar from in-
substantial, and its resistance significantly slows
the projectile throughout ils flight. Air resistance
affects the trajectories of all projectiles, but
its effects, which depend on air density, are
much greater on less massive ones.

The trajectory as affected by momentum,
gravily, and alr resistance is still more or
less parabolic, but is not symmetrical; the
projectile is traveling slower as it approaches
the end of the trajectory, and (fig. 6-7) it falls
at a larger angle with the horizontal (tending
toward 909,

4, WIND, Wind is air movement, Movement
of the air with respect to the earth is called
true wind, Air movement caused by the motion
of a ship is called relative wind for that ship.
Apparent wind is the vectorial sum of these
two winds, and it is the guantity read from the
ship’s anemometer, Wind speed is measured
in knots, and wind direction in degrees irom
the reference (lrue north, or ship's bow) clock-
wise (o the direction FROM which the wind is
blowing, DBy vectorial analysis, apparcnt wind
can be resolved into relative wind and true
wind, True wind is the wind input to fire con-
trol computers, True north is the reference for
true wind, thus true wind is Independeat of
ship's movement; however, both relative wind
and apparent wind depend on own ship’s course
and speed,
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Figure 6-6.— Projectile trajectory as affected by gravity. A. Projectile (B} fired [rom hnrlm:rntully'
aimed gun strikes water surface at same instant as projectile (A) dropped [rom same height,
(Height H = height H'.) B. Theoretical parabolic trajectories in vacuum at various gun elevations,
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12.4
Figure 6=7,— Comparison of vacuum and air tra-
jectories,

. In fire control computers, true wind is re=
‘2olved into (wo componenls with respect to
the line of fire., One, called range wind, lics
in the line of fire and may either accelerate
or decelerate a projectile, Cros2 wind is the
‘cther component; it blows at right angles to
the line of fire moving the projectile to the
left or right of ils planned trajectory. These
components and their effects are automatically
computed, and sutomatic correclions are made
o the gun's position in train and elevation,
A ship's apemometer moasures surface wind,
it a projectile’s trajectory passes through
marious altiludes. These altitudes, primarily
[_l?aaausa of air density and temperature, have
different wind velocities than those on the earth’s
darface, A ship’s mateorologist can track the
flight of a balloon and measure the velocitics
ind directions of tropospheric winds. Or, peri-
pdic wind reports are often received by radio
from a shore station which has better wind
measuring facilities, Most ships do not have a
‘meteorologist on board; they depend on reports
from other ships or stations, Ballistic wind,
®hich is determined by acrological observations,
Is the resultant wind vector from zero altitude
i about 20,000 feet. But il the projectile’s maxi-
m ordinate is less than 20,000 feet, only the
ind affecting the projectile is considered in
@e ballistic wind computation, Wind velocitics
ind directions are measured in 2500-foot incre=-
ments (layers) [rom the surface horizontal to
2,000 fect, Weighted factors are provided in
e manual so that any number of increments
¢an be used easily and quickly, The number,
& course, depends on the projeclile’s maximum
ordinate. All necessary dala for air and surface
wrgets, including various altitudes and ranges,
ind wvarious guns used, are provided in the
manual, The [inal ballistic wind calculation for
& particular type of engagement, at a specified

altitude and range, is substituted for true sur-
face wind in Llhe {ire control computer. In the
absence of ballistic wind data, true wind (surface)
is the computer input,

9. DRIFT, Drift (fig. 6-8) is a deflcction of
the trajectory to the right, and is caused by the
interaction of gravity, air resistance, and the
projectile’s clockwise spin. (Counterclockwise
spin would deflect the trajecltory (o the left, but
all naeval guns except the .45 caliber have clock-
wise rifling.) Drift is directly proportional to
range, It is independent of wind,

6. EARTH'S ROTATION AND CURVATURE,
The discussion so far has implicitly assumed
that the earth is flat and does not rotate. For
ranges up to 20,000 yards or so, suchan assump=
tion doecs not cause any serjous errors in fire
control, At extrome gun ranges (30,000 yards
and more) these lwo [actors becomn important
enough to be taken into account, particularly in
firing at surface targets. Since such ranges are
characteristic of the surface batteries of heavy
cruisers (of which there are only a few in the
sctive fleet) and those of battleships (none of
which are in the active fleel), we can neglect these
cifects in this lext,

Target Position and Relative Motion
of Target and Own Ship

In the [ire control problem, target position
at any instant is m=asured in terms of target
bearing (n horizontal angle moasured from a
vertical reference plane), target elevation (a

84,200
Figure 6-8, —Clockwise projectile spin cmuses
drift to the right.
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vertical angle measured [rom a horizonlal ref-
erence plang), and range (& linear distance mzas-
ured along the line of sight (LOS) to the target
(fig, 6-0),

As you noted at several poinis in connection
with the discussgion of exterior ballisties, the
effect of the factors listed in the preceding
article depends on, among other things, range,
Anothor way of putting it i= to say that they
depend on time of flight—i.e., the tims lapse
between the projectile’s depariure from the gun
muzzle and its impact or explosion, During this
time the factors that determine the projsctile’s
trajectory have their effect; obwviously, the longer
the time of ilight, the greater their effect,
mince, other things being equal, at any specified
LV, time of flight is proportional to range, This
iz one reason that it is important to know the
range to target (generally measurad in yardg)
as accurately as possible. Range to an air target,
as measured sglong the LOS, is called slant
range to distinguish it from range mesasured
on the surface,

There are two kinds of target bearing. Rela-
tive target bearing is the angle, measured clock-
wise In degrees and minutes, between a vertical
plane through the centerline of own-ship and
the line of =ight (L.O3) to target. (This is illus-
trated in fipure 6-9,) True target bearing is
megeured gimilarly, but from a vertical plane
containing aline to frue north, Figure 6-10 shows
the distinetion snd relationship hetween true
and relative bearing, and demonstrates that true

84,197
Figure 6-9,— Relative target bearing, slant
range, and target elevation,
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110,61
Figure 6=-10,—Relationship between true bearing,
relative bearing, and own ship course,

bearing is the algebraic sum ol own ship course
and relative bearing.

For the location of an air target with resped
to own ship, one more value is needed —target
elavation (generally mepsured in minutes of are
from the surface horizontal plane.)

If now we were to assume that the target and
own ship were stationary with respect to each
other, il would be necessary to correct onty for
exterior bhallistic factors and the pun would be
laid for a hit on the target. However, suchi
situation is rare, Target movement with respect
to own ship is a part of every practical fire
control problem, and it becomes increasingly
important a5 ranges decrease and target veloci-
ties increase. (You can expect some air targets
to be moving at over 600 knots,) In fact, at very
close ranges (in the neighborhood of 2,000 yards
or lessy the bhallistic factors are completely
overshadowed in importance by corrections for
target velocity, and many of the ballistic factors
are not even considered in fire control systems
designed for close-range work, This is true
because at short ranges

(a) fime of flight is short

{b) angular velocities (i.e,, changes in targe
bearing and target elevation) increase as tarpge
range decreases, even when target speed as
measured in knots remain the sarme,




Chapter 6 — GUN WEAPON SYSTEMS

(¢) time available for arriving at solutions
to the [ire control problem is so short that
there is ime only for essentinl steps in solution,

Inherent Corrections to the
Fire Control Problem

The miscellaneous factors that we lumpunder
the label INHERENT CORRECTIONS include
corrections for:

1. Motion of the gun platform (i.e., the ship's
- rolling and pitching motions ag it floats on the
‘water).

2. Parallax—i.e., distance beiween fire con-
trol system elements located at different points
-aboard ship,

3. Divergence of gun mount roller paths [rom
the deck relerence plane,

These factors are c¢alled "inherent'' because
they are unavoidable, All ships afloat have some
rolling and pitching motion; parallax exist between
the different clementa of a fire control
.systern aboard ship; and the roller paths of gun
mounis cannot be machined perfectly parallel
1o the deck of the ship.

CORRECTIONS FOR GUN PLATFORM MO=-

‘TION, —Ag you remember, the essence of fire
‘control is to position the gun barrel so that the
projectile’s trajectory will culminate in its col-
lision with the target, We may (as we did earlier
‘in this chapter) assume for purposes of analysis
that the deck on which the gun mount stands is
stable, but in practice it is not generally possible
‘to make this assumption. Nor is it practicable
o stabilize the deck itself, Instead, either of two
Calternative correction methods is used, One
requires that the gun be continuously reposi=
‘tioned by its power drive so that it mainigins
‘the desired attitude regardless of the ship's
troll and pitch, The other (less frequently used)
is o control the firing circuit so that as the
“ship rolle and pitches Lhe firing circuit is
energized only during those instants when the
‘pun happens to be in the position required for
“hitting the target,
Corrections are required for the effects of
tehip’s roll and pitch, They are level and cross-
lewl (fig. 6=11) and trunnion tilt. Level is the
‘angle that the deck plane, which rolls and pitches
‘with the ship, makes with the horizontal, as
‘maagured in a vertical plane containing the line
of sight (LOS). Crosslevel ig measured at right
angles to level.

189

+

:E::é-
y.

it |||
unmul'""
||||:|ltr="4 :::,,.
ST
Pl bpyiind IIH‘I'I
iv ||] e
“|||-||r I

.....
.....

12,46
Figure 6-11.— Level and cross~-level.

Inclination of the deck across the line of sight
causes trunnion tilt, As the gun mount tilts with
ship’s molion, the gun no longer clevates in a
plane perpendicular to the horizontal, This in-
troduces errors, both because the gun does not
elevate to the proper angle and becausc eleva=
tion in a planc not perpendicular the horizonlal
causes the gun to shift in train, Thus at a chosen
instant, if the right trunnion is lower than the
left, elevaling the gun by X number of minutes
with respect to the horizontal will require more
than X minutes of elevation in the tilted plane.
Additionally, the barrel, after elevation, will be
displaced to the right of the plane il wasin
before elevation. Figure 6-12 shows the correc=
tiong required to compensate for trunnion tlt.

PARALLAX CORRECTIONS.—In general,
parallax is the apparent displacement of an
object (for example, a target) as seen from two
different locations, The phenomenon occurs in
several different contexis in {ire control. We are
now concerned with the effect dingrammed in
figure €-13. Relative targel bearing is different
al each gun mount and at the director, The paral-
lax correction compensates for these differ-
ences,

CORRECTION FOR ROLLER PATH TILT,—
Ideally, the roller path of each gun mount should
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12,45
Figure 6-12, — Correctiong for trunnion tilt,

12,48
Figure 6-13. — Horizontal parallax,

be parallel to that of the reference unit (director
in most cases), Although the tilt of a gun mount
with respect to the reference is, in modern
naval construction, always small (rarely over
a degree, and usually much less), it must be
corrected. Some tilt is unavoidable becsuse a
ship's hull is supported much differently in the
shipyard than it is when afloat, Individual cor-
rections are required for each gun mount. The
correction is made in elevation, but its magni-
tude depends on the angle to which the mount
ig trained, Figure 6-14 shows the effect of roller
path tilt in exagperated form.

Roller path tilt correction ig performed me-
chanically by a device built into each gun mount,
The computer in the [ire control system has
nothing to do with this correction, which is dif-
ferent for each mount, Chapter 8 illustrates one
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12,47
Figure 6=14, — Effect of roller path inclination
{much exaggerated),

tvpe of roller path tilt corrector, and briefly
describes how it is used.

ELEMENTS OF GUN FIRE
CONTROL SYSTEMS

Ag you noted earlier, the complexity of the
fire control problem, and hence of the fire control
syslem necessary for ite successful solution,
increases with the maximum range of the guns
associated with the system, since ballistic factors
are relatively more important when the time of
flight is longer. At the same time, at shorter
ranges the position and motion of the target
with recspect to own ship become relatively
more important than the ballistic factors, More-
over, at shorter ranges the time available for
solution of the problem s much more limited
than at longer ranges. Consequently, instead
of a single '"'universal'' fire control system or
type of system used in all applications, you find
that there are two main types, each best adapted
to a particular Kind of application, One of these
is the relative-rate type, which efficiently deals
with f{ast targets at short ranges, The other is
the linear-rate type, which is particularly well
adapted to desl with the more complex ballistic
computations required for distant targets.

Examples of both types will be described In
more detail later in this chapter, bul so that
vou may understand better the description that
follows of how the fire control sysiem solves
the fire control problem, consider briefly the
elements of each type.
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Linear-Rate Systems

Linear-rate systems are used for both sur-
face and air targets at much longer ranges than
those for which relafive-rate systeme are gen-
erally used, The system consists of (fig, 6-15)
a director located high in the ship’s structure, s
computer and stable element ¢losely linked to
each other and located in a plotting room in the
hull, a radar congole located either inthe plotting
room or the director, and gun mounts (commonly
the S-inch battory, though the system can be
connected to control other mounts also), All
these elemenls are intercomnected by electrical
data transmission circuits, except that the stable
element may be mechanically or eclectrically
connected to the computer,

The director is egquipped with telescopes, an
optical rangelinder, radar equipment (in some
installations), data transmitters and receivers,
and power drives, so that it can:

a. Determine larget bearing, elevation, and
range either optically or by radar,

b. Be power driven by compuler-gencrated
signals enabling the director crew to verify thai
the computer is developing the proper fire con-
trol solution,

¢. ""Lock on'' the farget for automatic radar
tracking (i.e,, automatically follow the target as
its location c¢hanges with respecl to own ship).

The computer (depending on the specific
system) may be either an clectromechanical or
an electronic-electromechanical unit. It accepts
all ballistic factors (including I,V.) as well as
targel data and data on own=-ship coursc and

DATA TRANSHISBION

ELESTRIC AL =5 " N . - .
MECHAMNICAL R ———— ey

GUN MOUMNT

{IN PLOTTING ROOM}

STABLE
ELEMENT COMPUTER

r—m———i
.
------—---—J
53.114

Figure 8=15,— Elements of a lincar-rate gun fire
control system aboard a destroyer.
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speed. It transmits gun position data to the gun
mounts it controls, And it can send its fire
control solution to the director as electrical
signals that position the director optical and
radar clements to indicate how accurately it is
solving the fire control problem, The computer
containg no gyroscopic elements,

The stable element contping & gyroscope
which, bhecause it remains fixed in attitude,
generates a stpbilized reference plane to which
all angular values received and computed can
be related.

The date transmission receivers in the gum
mounts control the gun power drives so that the
guns will be positioned in accordance with the
signals transmitted from the computer.

Relative=-Rate Systems

The essential paris of a simple relative-
rate fire conlrol system are a director and a
transmission system through which the gun posi-
tion data requircd for accurate liring are trans-
mitted to the gun mount. In simpler systems,
there may be one director for one or two mounts,
and the direclors are located fairly close to the
mounits they conirol., Range is either estimated
optically and cranked in manually, or meas-
ured by radar, The director operator looks
through the optical sight on the director (or he
may use radar) and tracks the target (that is,
as it moves in his field of vision he keeps it
aligned with his LOS as indicated by a reticule
in the sight, or in the center of his radar dis-
play). This movement affects a gyroscope and
a pendulum device in the director case, Elec-
trical pickup devices in the director sense the
gyro and pendulum movements, and send elec-
trical signals to the gun mounts, The signals
correspond te the gun positions reguired for
hitting the target, and they either control the
mount power drive so that the guns assume the
desired positions, or the gun crews may control
gun position manually in accordance with the
signals as displayed on dials, Simple relative-
rate systcms take inte account only a few bal-
listic [ectors—generslly gravity, drift, and air
resistance,

In some types of relative-rale sysiems the
director may be divorced [rom the gyro and
pendulumm devices. The gyro is then a component
in a separate computer. The more complex
relative-rate systems will accepl additional bal-
listic data inputs and are more accurate, par-
ticularly at longer ranges, than the simpler
systems,
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The most elaborate systems utilize power-
driven directors rather than the manually op-
erated directors of the simple system described
above. Under radar control, these can track tar-
gets automatically once they are ''locked on.''
The more complex systems alse include an
additional gyro for stabilization, like the one
degcribed earlier for linear-rate systems, and
additional computers for wind data inputs and
for peneration of gun positioning signals for
two gun batteries simultaneously.

Op-mount fire control elements include data
transmission receivers, the power drives, and
the sights, (In some systems, radar elements
may also be installed on the mount,) The first
two of these have been discussed in chapter 3;
we shall briefly concentrate on the sights, These
are oplical devices, either telescopic or non-
telescopic, equipped with crosshairs intersecting
at right angles in the center of the view field.
Any target as scen through the sight atthe center
of the view field is on the line of sight (LOS).
Sight dials on the mount indicate at all times
precisely the angle that the LOS makes with the
axis of the gun’s bore. In most mounts, dials
concentric with the sight dials and driven by
dsta receiverg controlled by the computer are
automatically positioned to display the angles
that the gun bore axis should make with the
LOS if the gun is to be laid for hitting the target.
A ecrewman can manually crank the desired
angles into the sight-setting indicator (an indi-
cator with gearing which positions the sights).
These arrangements permit continuous aiming
of the gun even if the gun power drives quit,
if the data transmission from the computer is
interrupted, or if the computer or other fire
control system elements are knocked out,

SOLVING THE FIRE CONTROL
PROBL-EM

As you remember from the beginning of this
gection, the fire control problem consists essen=
tially of three groups of variables, In a given
fire control system, some individual variables
may either be tasken into account or neglected,
depending chiefly on target velocity (with re-
spect to own ship) and range, and on desired
accuracy and speed of solution, The main steps
in solving the [ire control problem are;

1. MEASUREMENT of each of the variasbles
to be taken into account.

2. COMPUTATION of what gun position must
be in relation to an LOS from own ship to target

20 that the projectile will hit the target, and
transmission of this information to the pgun
mounts, (This computation and transmission may
also include projectile fuze setting if required.)

3. POSITIONING THE GUNS in accordance
with this information and energizing firing cir-
cuits as required.

4, OBSERVATION of effects of firing ani

correction of fire control information,

Now consider each of the steps in somewhsat
more detail.

Measuring or Establishing
Values of Varisbles

Ideally, each wvariable
preblem should be observed and accurately meas-
ured, then entered in the computing system,
As a practical matter, some may be estimated
and ‘''cranked in'' (i.e., put into the system
manually), and some may be considered as
having a fixed relationship to another wariable
(for example, the effect of gravity has such a’
relationship to time of flight), so that they don’
have (o be measured. (We have already noted
that in all but the most refined systems some
variables are omitted cntirely because thoy are.
not considered essential to & solution of prag-
tical accuracy.)

1. Ballistic wvariables are measured and
entered into the fire control sysiem computer
as IV, Most of these variables were discussed
garlier in this chapter. For a detailed discussion
of how 1.V, i8 determined, refer to appendix II.

2, Gravity has a fixed relationship to the
time of flight, which in furn has a known rela-
tionghip to range, Itz effect ig therefore ''buill
into'' the computer as a specially shaped cam
(in electromechanical compulers) or electrical
network (in electronic computers).

d. Air resistance is in most medium- and
long=range systems determined by fire control
personnel who plot observed air femperature
and barometric pressure on a nomogram and
then determine the required correction, (Air
density correction nomograms are printed in
range tables. A specimen is reproduced in
appendix II, which algo containg detailz on how
thig and several other ballistic corrections are
determined.) The correction is put into the
computer as part of LV,

4, Wind is a factor in medium- and long-

range systems; it is generally neglected in

simple relative-rate systems designed for use
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in the fire control
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at short ranges. In long- and medium-range
systems ballistic wind is cranked into the com-

5. Drift is treated like gravity.

6, Earth's rotation and curvature are figured
from range tables and their effects are cranked
into the system as direct increments to sight
sngle and deflection. The computer does not
solve for these, In any case, these values are
used only against surface targets at extreme
ranges., See appendix I1 for details.,

Target position and relative motion of target
and own ship are important factors in all gun
fire control systems, but for high-speed targets
at shorter ranges they dominate the fire control
problem.,

Targel position is fixed by three coordinates—
bearing, elevation, and range, All three can be
measured optically in a linear-rate system. The
first two are established when the sight tele-
scopes in the director are on target., Angular
values of director train (an angle nearly equal
to relative target bearing) and director elevation
(an angle measured with respect to the deck
plane, vertically to the LOS) are sent to the
fire conirol system computer by data trans-
mittere (synchros). A linear value of range is
measured at the rangefinder and also sent by
gynchro to the computer,

Radar can be used to measure all three co-
ordinates in a Mk 37 linear-rate system, Daia
transmission is generslly the same when the
director is tracking by radar, except that the
range synchro information comes {rom the radar
instead of the rangefinder, The Mk 37 (fig. 6-15)
i8 the principal linear rate director used in ths
Navy. It can track targets optically in train
and elevalion while maintaining an automatic
radar track in range: this is called partial=-radar
control. Or, either train or elevation can be
shifted into automatic radar track without shift-
ing the other, provided the director is radar-
tracking in range.

When the director is in full-radar track,
the system, including the computing devices,
is fully sutomatic. Sometimes (particularly at
long ranges) the target echo is too small ior
full radar tracking, but can still be seen on the
radarscopes in the director. As long as it can
be seen, it can be tracked by radar, The pointer
and trainer move their power drive controls
to keep the target video aligned (in elevation and
train, rospectively) to the line of sight refer-
ences on the radarscopes. These references
correspond to the actual position of the director

in elevation and train, and are ali to the
crosshairs in the optical sights. The radar range
operator keeps the target video manually "'gated"!
or aligned to the range measuring device on his
radarscope, i.e., the notch, mark, or step as
the case may be,

There are several types of relative-rate
directors used in the Navy today, Some can track
automatically by radar, others track manually
by radar, and others use a combination of radar
and optical, And then there are the optical
relative-rate directors that were installed be-
fore radar was used in fire control; these use
estimated ranges. One feature common to all
relative-rate directors is the use of gyros fo
measure lar tracking rates. More will be
said about this lster,

In the simplest relative-rate systems the
director operator tends to keep the director
stabilized as he tracks the target; in any case
stabilization errors in such systems are not
importiant at close ranges with high-speed tar-
gets, In longer range relative-rate systems and
in all lincar-rate systems the system outpuis
compensate for ship’s roll and pitch because
they are developed with respect to a stabilized
reference plane, which is kept horizontal by a
gyroscope, In relstive-rate syglems the stabili-
zation gyro is incorporated into one of the
consoles or into the director of the system; in
linear=-rale systems the gyro s in a separafe
console called the stable elemeént or stable
vertical. An alternate manual stabilization ar-
rangement used in emergency in some linear-
rate systems requires that a crewman sight at
the horizon contimmously through a telescope
coupled to the remainder of the system by a
synchro whose output provides the stabilization
signal,

Parallax correction is important only in
systems where some of the gun mounts are located
some distance from the director. A speclal sec-
tion of the computer develops parpllax correction
for a base length (distance between director and
gun mount) of 100 yards, This is called the unit
parallax correction. For this or any other base
length, the closer the target the greater the
angular correction needed for parsallax, However,
the base length assumed for the unit parallax
correction is not likely fo be correct for any
one gun mount, since obvicusly the parallax
correction ought to be greater for mountsfurther
from the director than 100 yards, and less for
mounts that are closer. Consequently, there is
in each gun mount a set of change gears which
converts the unit correction to the correction
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required, based on the ratio between the assumed
base length and the actual base length. Parallax
is also computed to compensate for wvertical
distance between mounts and director, but since
all mounts are more or less egually far below
the directors, the computed correction is fed
equally to all,

Computation and Data
Transmission

This lext does not go deeply into the mathe-
matics of the fire control problem and its solu-
tion, The details of functioning of a fire control
computer will therefore not be described. How=
ever, in chapter 3 you learned that such mech-
anisms as gears, cams, and differentials can
be used to perform all the basic arithmetical
operations as well as many trigonometric ones,
Chapter 3 also described other mechanisms used
in o typical fire control computer, such as the
integrator, component solver, multiplier, etc,
These enable the electromechanical computer,
for example, to perform all the mathematical
fungtions necessary in solving the fire control
problem,

There are basically three difierent varieties
of computer used in present dsy Navy gun fire
control systems—the GYROSCOPIC, the ELEC-
TROMECHANICAL, and the ELECTRONIC, The
first two are what computer engineers call
analog computers, The electronic computer may
be either analog or digital depending on the sys-
tem in which it is used. The GFCS (gun fire
control system) Mk 68 uses an analog computer
(generallyy whereas the GFCS Mk 87 uses a
digital computer, The difference between analog
and digital computation is explained in chapter 3.

GYROSCOPIC COMPUTERS are used in rela-
tive-rale systems, They may be housed in gun-
sight cases which are mounted on directors, or
they may be in the director itself. Thelr func-
tion is to generate the correct lead angles, and
lead angles (lor bearing and elevation) depend on
two variables in addition to ballisti¢c corrections,
The variables are: (1) the angular velocity of
the director or gunsight in bearing and elevation,
and (2) the time-of-flight (or range) to the target.

A pyroscopic computer uses a rate-oi-turn
gvro as shown in figure 6-16A, Assume that the
gimbal frame in part A is attached {0 a gunsight
cagse, and in part B is made to revolve rapidly
(and in part C slower) by g motion of the gun-
sight case while tracking a target, Notice that
gyro is restrained by two springs, and in part B
the precession is greater than {t is in part C,
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Figure 6-16, — Functioning of rate-of-turn gyro
(simplified), A, Gyvro elemenis, B, Action in
tracking fast. C, Action in tracking slowly,

The tension of the two springs ig set (either
manually or by radar) to be proportional to the
target’s range. The amounl of precession of the
gyro, then, ie proportional to the angular velocity
of the case and the range to the target, As range
increases, the tension on the springs decreases,
By this action a larger lead angle is developed
at longer ranges for & given angular velccity.
The springs have another function in that they
return the gyro to zero precession when tracking
has ceased, and they supply the force to com=
pensate for decreases in angular velocity while
trpcking,

There are two basi¢c ways to use the rate-
of-turn gyro's precession in the fire control
system, Older systems use the gyvro to control
the optical train of the gunsight, The gunsight
operator’s line of sight is controlled by con-
necting gyro precession to prisms within the
optical train. Since the guns are aligned to the
sight case, offseiting the line of sight within the
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case introduces the lead angle into the system.
The other way to use these data starls is with
electrical sensors, called pickolf units. A pick-
off unit senses the gyro displacement without
perceptibly disturbing it, and produces a pro-
portionate electrical signal, Electrical signals,
proportional to lead angles, are sent to the fire
control system computer where orders for the
guns are computed in some systems, They may
also be a direct input to the gun in other systems.

There are various rate-gyro devices in fire
contro]l which use one or more gyros. Some use
electromagnetic damping devices instead of re-
straining springs. And some use ballistic gyro
weights, while others use torque motors for the
ballistic corrections, Discussing all of them in
this text would obscure, rather than ¢larify, the
basic theory,

ELECTROMECHANICAL COMPUTERS, —To
golve the fire control problem for a moving tar-
get, the fire control system must have the rate
of target movement with respect to own ship—
specifically, the rate of change of target bear-
ing, target elevation, and range. Since own ship
is usually in motion also, its motion must be
entored into the computer. Own ship’s course
is transmitted from the ship’s gyrocompass,
and own sghip’s speed is transmitted from the
pitometer log. Both are synchro-transmitted
inputs to the computer. Rates of change in bear-
ing, elevation, and range go into the fire control
computer as the director tracks the target. The
computer solves the problem by performing a
series of mathematical opergtions with the data
put into it, The operations are performed almost
entirely by mechanical units of the type de-
scribed in chapter three, The inpul data are
usually in the form of shaft rotationg or other
mechanical displacement. The mechanical dis-
placement may he produced either by manually
setting a knob or handerank, or through a gerve-
motor (which reproduces relatively wesk elec-
trical or mechanical servoinputs), or a synchro
receiver (which reproduces an elecirical input
without amplification). The computer outputs
are mechanical but are translated into electrical
synchro signals (with one exception) that go
to other system componenis, The signals are
algo displayed on dials and other indicators.

In some fire control electromechanical com-
putation equipment, simple compulation (addi-
tion and subtraction) may be performed by
synchro units,

ELECTRONIC COMPUTERS, — Elecironic
analog {ire control computers use specific cir-
cuits or electrical elements to perform specific
mathematical functions., For example, two volt-
ages can be added or subtracted in an electrical
network similar to the one in figure 3-78; if
a=¢ voltages are used, changing their phase
relationship veilds a voltage that represents the
vectorial sum of the voltages, Transformers,
both [ixed and variable, can be used for mulfi-
plication or division—changing the transformer
turns ratio changes the divisor, Rotary variable
resistors celled potentiometers can vary the
amount of resistance in a circuit either in
straight-line fashion or in accordance with a
selected nonlinear function (for example, the
effect of drift). Such functions can also be cal-
culated by using special nonlinear amplifier cir-
cuits. Small rotary transformers called re-
solvers can either resolve an a=c¢ veollage repre-
senting a vector quaniity into ifs components
(for example, yield north-scuth and east-west
components of own—ship course and speed), or
add the components io yield a solution expressed
in an a=c voltage of specific amplitude and
phase, or perform other functions with vectors,
In such electronic computers, the shafts of
rotary devices such as potentiometers and re-
solvers (as well as synchros) are usually driven
hy servomotors energized by servosmplifiers,
An electronic analog computer can thus be func-
tionally substituted for an electromechanical
ane,

By using flip-flops, storage registers, and
other digital devices, digital fire control com-
puters can perform the same operptions as analog
computers,

DATA TIRRANSMISSION, — Except for mechani-
cal connections between computer and the stable
element in some linear-rate systems, all data
transmission between [lire control system ele-
ments is8 through synchro systems, Theese were
explained in principle in chapter 3, All inputs
and outputs between systems are translated into
synchro signals of transmission and retranslated
into suitable clectrical and mechanical ocutputs
at the receiving end.

Thus, for example, the signal voltage devel=-
oped by a pickoff unit on a irain rate-of-turn
gyro in a relative-rate director controls a servo
whose motor drives a gynchro transmitter, The
transmitter’s output goes through synchro wiring
to the gun mounts,

The dpto transmitted electrically by synchro
to the gun mounts from the fire control system
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include at the minimum, gun train and elevation
orders, In some relative=rate systems no other
data are transmitied: in others, and in linear-
rate systems, transmitted data may include sight
angle, sight deflection, fuze-setting order, and
parallax,

POSITIONING AND FIRING
THE GUN

With the {ire conirol problem's wvariables
evaluated and the solution available, it is pos-
sible to lay the gun so that the projectile will
hit the target. Other requirements may limit
the solution in such a2 way that firing can suc-
cessfully take place only at certain instants, in
which case the solution must specify those
instants,

The process of gunlaying ls essentially that
of offsetting the axis of the gun bore from the
LOS by a specific angle, This compensates for
the divergence of the trajectory from the straight
line it ideally would be in interstellar space
with stationary gun and target., No matter what
any specific varisble in the gun fire control
problem may be or what its magnitude and direc-
tion are, the only possible ways of compensating
for it are (&) variation in the propelling charge
or projectile (which for all practical purposes
is go infrequently done thal we can neglect it
here) or (by algebraically adding an increment
in the angular offset between gun bore axis and
the line of sight (the only method we consider
in this chapter), Since the gun is positioned
in two perpendicular planes by its train and
elevation mechanisms, the offset is always meas-
ured in two perpendicular planes,

Figure 6-17 shows the angular offsets for a
surface target, The vertical offset in part A is
called SIGHT ANGLE; the defleclion offset in
part B, SIGHT DEFLECTION, These two angles
are equal to the total lead angles for elevation
and bearing in both air and surface exercises.
In a surface exercise, the elevation lead angle
assumes the propertics of a ''range lead angla"'
since range ig a function of the gun’s angle of
elevation. Smaller angular values make up sight
angle and sight deflection. For example, drift
is part of sight deflection and an angle called
SUPERELEVATION is part of sight angle, Super=-
elevation is the angle that the gun must be ele-
vated above the line of sight to compensate for
the downward pull of gravity, It is not affected
by the relative motion of own ship and target;
but it is affected by range and elevation, the
variables which cause changes in trajectory.

Thus the required superelevation, at any given
range, is determined by the uncorrected tra-
jectory. I own ship and target in figure 6-17A
are sStationary, and if wind efiects are dis-
counted, then superelevation will equal sight
angle,

Figure 6-18 shows the vertical offset for an
incoming air target, Notice that the LOS totarget
is elevated sbove the horizontal by an angle
labeled target elevation, The pgun barrel] is ele-
vated above the LOS by sight angle, Sight angle
here not only includes a correction for super-
elevation, but predictions based on relative mo-
tion as well,

The angles which ultimately position the gun
are called GUN ELEVATION ORDER and GUN
TRAIN ORDER, Essentially, each contains an
angle equal to target position in elevation and
bearing, respectively, plus the computed lead
angle for each. Since a gun elevates and trains
in the ship’s deck plane, gun elevation order is
the amount the gun is elevated above the deck
plane, and gun train order is the amount the gun
trains in the deck plane measured clockwise
from the ship’s bow. Gun train and elevation
orders are outputs irom the system computer,
and their principle computed variables, respec-
tively, are sight deflection and sight angle.

Now consider the effects of fire control
variablee on sight angle and sight deflection,
and on elevation and train gun orders of which
they are part.

Ballistic Variables

In the following list of ballistic variables,
we indicate the eifect that increasing the variable
has on sight angle and sight deflection.

How compensated as
Variable variable increases
Projectile momentum
(a) Mass (weight)...... Increase eight angle.
T B 1 A S ER Decrease sight angle,
Gravity (itself a con- Increase sight angle
stant, but its effect with increased time

is & function of time of flight,
of flight).
Alr resistance .......... Increase sight angle,

*In practice, as the gun wears 1,V, decreases,
hence sight angle must be increased to compen=
sate,
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Figure 6-17, — Offsets from LOS, A, Sight angle, B, Sight deflection. 84,198
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WHRY e e e s e ae «ses DEepends on wind dgi-
rection. I wind
tends to increase
range, reduge sight
angle (and vice
versa); add deflec-
tion and sight angle
as needed for cross
winds.

Drift . seivsnanarseanasa. Add left deflection.

Earth's rotation and Varies with range,

curvature. ... latitude of gun, gun
bearing. Both sight
angle and deflection
may be affected,

CRE I B

Correction for Target Position
and Target Motion

I you ¢onsider both your ship and the target
to be stationary, once you know target position
(bearing and range) you need lay the gun only for
ballistic and wind corrections to put your pro-
jectiles on target. For a stationary air target
you would have to add target elevation to the
problem. Figure 6-19A shows superelevation
angle to be large for a given target elevation at
long ranges, But notice what figure 6-1518 shows.
Assuming a consiant glant range, superclevation
gete smaller as the target elevation increases.
cuperelevation is zero when the farget is directly
overhead (090° elevation). To put it precisely,
superelevation varies directly as the cosine
of target elevalion.

Now let us look at a moving target asin
figure 6-20, This figure only shows the basic
elements in gun elevation order. Notice that the
ship's deck is assumed (o be horizontal (rarely
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84,202
Figure 6-19.— Effect on superclevation: A. In-
creased range, B, In¢reascd target elevation,

iz this true) and that superelevation is not shown
in the fligure. You will recall that supereleva-
tion is o part of sight angle. Figure 6=21 shows
the relationship ol the wvarious angles in gun
lrain order, These angles are easily understood,
However, we will discuss two items which may
be new to you, First, notice that relative target
bearing (B) and director train (Bd) are shown
as equal angles, This is true only when the
ship’s deck plane is in the true horizontal (when
there is no roll or pitchy, Dirgetor train is
measured in the deck plane, and relative target
bearing is messured in the horizontal plane,
All of the other guantities, except for gun irain
order, are measured in the horizontal plane,
The second iftem concerns sight deflection (Ls).
Sight deflection corrects for projectile driff
and for the target's travel during the projectile
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time of flight, The correction in our illustra-
tion is in the same direction for both factors,
If the target were proceeding on an opposito
course, sight deflection would be the algebraic
sum of the corrections for drift and the target's
travel during time of flight because the drift
correction is always to the left, In the situation
shown in figure 6-21, the gun train order angle
(Bdg") is less than the director train angle by
the amount of the sight deflection angle. (Thero
are various other angles in fire control, which
have been omitted for simplicity in figures
6-20 and 6-21,)

Inherent Corrections

As you remember from an earlier discussion,
inherent corrections are (a) correctionfor motion
of the gun platform, (b) parallax correction, and
(c) roller path compensation,

We correct for motion of the gun platiorm
(l.e., ship’s pitch and roll) by relating it toa
gyrostabilized horizontal reierence. You may
reécall from chapter 3 that one of o gyroscope's
characteristics is its tendency tc maintain a
stable attitude in space (the other, used in gyro=-
scopic computers, s its tendency to precess
when the direction of its shaft is changed). In
different gun fire control systems the gyroscopic
mechanism that does this is called o stable ele-
ment, a stable vertical, or a vertical gyro. but
the principle is the same, The gyro maintains
a fixed vertical attitude; electrical pickoff units
(which roll and pitch with the ship) continucusly
sense their angular displacement with respect
to the stable gyro axis and produce g corre-
sponding signal. The gyro unit receives director
train angle as an input; its main outputs are
level angle and crosslevel angle. Figure 6-11
shows level and crosslevel.

These quantities are combined in the com-
puter along with the ballistic and target move=-
ment (lead) corrections to make up sight angle
and deflection; these, in turn, become part of the
gun orders to the mounts,

Horizontal parallax corrections, as pointed
out carlier in this section, are computed on the
basis of a standard unit correction which is then
converted at each gun mount to the proper value
for that mount, Horizontal parallax correction
is usually transmitted independently of gun order
to the mounts, Vertical parallax is con-
sldered equally applicable to all mounts, since
their height variations are small, and is trans-
mitted as part of sight angle,
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Roller path correction is taken care of en-
tirely by the mount compensator mechanisms
mentioned earlier,

How the Guns are Positioned

In most mounts larger than 20=-mm, the guns
are positioned by eleciric or electric hydraulic
power drives, They may be positicned by auto=-
matic control (i.e., by the power drives under
the complete remote control of the computer or
director), in local control (by the power drives
under the control of the mount ¢rew), in manual
control (by the muscular eifort of the mount
orew), or in hand control (in some 5-inch elec-
tric-hydraulic mounts only; the hydraulic ele-
ments of the power drive are directly controlled
by the crew), Automatic control is the primary
mode of control; the other modes are used either
in mount sdjustment or for emergencies and in
training for emergencies.

As they come from the synchro tranemission
wiring, the gun order signals are fed to an indi-
cator-rogulator or a recelver-regulator. These
perform pretty much the same function; they are
the control element of the power drive (which, ns
you recollect {rom chapter 3, is fundamontally a
servomechanism). The distinction between indi-
¢ator-regulators and recelver-regulators is not
significant functionally. From here on we will
refer to all of them as Indicator-regulators,
Naturally there is a separate indicator=-regulator
for the train power drive and for the elevation
power drive in each mount,

The gun order synchro signal is usually dual-
speed; that is, it consists of two separate signals,
one low-speed (coarse) and one high-speed (fine).
{(These were explained in chapter 3.) The coarse
signal is generally l-speed (i.e., synchro rota-
tion bears a 1:1 ratio to the value being trans-
mitted), though in some systems a 2-speed
coarse signal is used for elevalion (i.e,, synchro
rotation bears a 2:;:1 ratio to the value being
trensmitted, so that, for example, synchro rots-
tion of 200 minutes occurs when an elevation
vidue of 100 minutes is transmitted). In today's
standard practice, the high-speed signal is 36
times the low=gpeed signal (l.e., the fine synchro
rotor turns 360° fo each 10° rotation of the
coarse synchro rotor). In most synchro dual-
speed transmissions, the fine synchro signal is
then a 36-speed signal; in those with a 2-speed
conrse signal, the [ine signal is 72-speed,
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Indicator-regulators now in service in gun
mounts (other than bag-type major-caliber fur-
rets, which we do not take uphere) can be classi-
fied in the following general types;

1. Those with a hydraulic amplifier control-
ling a hydraulic A-end,

2, Those with an electronic amplifier con=-
trolling a hydraulic A=-end,

3. Those with an electronic amplifier con-
trolling an electric drive.

Most 5''/38 mounts with power drives have the
firgt type of indicator-regulator, The incoming
pun order =ignal goes into synchro receivers;
their rotors turn and actuate sensitive hydraulic
pistons which conirol oil flow to more powerful
pistons; these position the A-end tilt plate so
that the B-end drives the mount in accordance
with the signal. Mechanical feedback drives the
gynchiro stolors to null position,

The second type of indicator-regulator (or
receiver=-regulator) is used in some furreis, in
late type automatically loaded 5'' /54 mounts, and
in 40=-mim mounts, In this type the incoming
synchro signal goes to synchro conirol trans-
formers which convert it into an a=-c voltage
whose phase and magnitude are proportional to
the angle of the synchro control transformer
rotors with respect o their stators. Thiz a-c
voltage is then fed into an amplifier, (In dual-
speed pystems, an electrical ''synchronizing
network'! feeds the sum of the two rotor gignals
to the amplifier, but it disconnects or suppresses
most of the fine synchro output if the gun deviates
from gun order position by more than a few
degrees.) The amplifier may be of the ¢onven-
tional vacuum=tube type, it may use transistors
instead of tubes, or it may combine a tube or
trangistor preamplifier with a magnetic ampli-
fier, Its output drives a motor, which regulates
g pilot pisgton that positiong or controls the
position of the hydraulic A-end., The remainder
of the eycle (including mechanical feedback to the
gynchro control transformers) is similar to the
first type described.

In the third type, synchro control trans-
formers, synchronizing networks, and amplifiers
function as in the second type, but the amplifier
output goes to an amplidyne drive system (some-
thing like an eélectrical A-end and B-end) de-
scribed in chapter 3. Again, mechanical response
drives the synchro stators to nuil.

How the Guns are Fired

Fire control does not end with control of
ogun sim. It also includes control of actual firing,
This mesns Iinitiating the firing impulse and
originating (or relaying) the operational com-
mands to gun crews. Generally, when a power
drive i= fo be controlled sutomatically by a gun
director or a plotting room (plot), its firing
circuit is activated by whichever station is in
control, Antisircraft batteries are normally al-
ways fired by their respective directors, A
dual-purpose battery ig fired from either its
director or the stable element in the plotting
room, depending on the type of firing engage-
ment and whether direct or indirect aiming is
required, A general rtule here ig that when
indirect=fire is used (i.e., the LOS is estab-
lished by the use of maps and charts in the
plotting room), firing is controlled by plot,
(Indirect-fire is used only against shore targets.)
This general rule works for a surface battery
too, when it is engaged against shore targets
or perhaps aircraft,

surface fire against walerborpe targets is
just a little different. A suriace target has a
zero elevation angle, which means that the
director pointer (the crewman whoe normally
measures elevation) can be released from estab-
lishing the L.OS in elevation. The required gun
elevation is automatically established when the
correct value of range is set info the computer,
(Other switching st the computer is necessary
but will not be discussed here.) In this setup
the pointer will not know when the system is On
target, so conirol of firing iz from the stable
element in plot. The stable element was selected
because it is the only device in the system
capable of measuring the two remaining varia-
bleg in the problem — roll and pitch. The director
measured bearing and range, and when compared
to roll and pitch they are nearly constant; or
at least predictable. We can assume that the
systern will be on target in bearing and range
at the instant of firing.

Most of the time the followup devices in the
stable element will be in automatic, Thig mode
provides continuous measurement of level and
crosslevel which are then sent automatically to
the computer, Since level and crosslevel become
part of the gun orders, the guns are stabilized
regardless of the ship’s roll and pitch. I the
tiring  selector switch on the stable element is
in the "'continuous" position, and if the level and
crosslevel followups are in sutomatic, the puns
can be fired at any time during ship’s roll and
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pitch by closing a hand firing key on the stable
element, The hand firing key is not electrically
dependent on the followups, but it wouldn't be
closed until level and crogslevel were accurately
measured, Level and crosslevel are measured
automatically by followups, or manually by hand-
cranks, The latter method is used in emergencies
for continuous messurement in case the follow-
ups become inoperative, and for two other firing
modes called selected=-level and selected-cross-
level, which we will now discuss.

When the sea is very rough, sutomatic follow-
ups may not be able to provide a continuous,
accurate measurement of level and crosslevel,
Lven if they can, the gun power drive may not be
able to keep up with the changing gun order
signals, Or, the changes may be so greal Lhat
they drive the gun into ils firing cutout limits
opening the firing circuit, Under these sea con-
ditions we could probably increase accuracy
by removing the level and crosslevel inputs to
the gun orders and allowing the gun to roll and
pitch with the ship. Al least we would eliminate
the chances for error mentioned in this para-
graph.

Level or crosslevel, ong or the other, will
usually have a larger variation, depending on the
bearing of the gun and the roll and pitch of the
ship, It is usually possible to leave the smaller
variable in gutomatic and depend on its followup.
An arbitrary value [or the larger is ''selected"
at the stable element (stable vertical for turrets)
and becomes a stationary input to the computer,
The selected quantity must permit the gun to be
correctly aimed al some point between the ob-
served limits of the ship's roll and pitch; usually
about the midpoint. Electrical contacts on the
stable element automatically close the firing
circuit (if the stable element automatic firing key
iz closed) at the instant ship rolls or pitches to
the selected level, or o the selected crosslevel,
The method of fire is chosen by the stable
element operator who may operatc his firing
selector switch to the continuous, selected-
level, or to the selected-crosslevel position,

OBSERVATION AND CORRECTION
OF FIRE

Although the preceding discussion of fire con-
trol has referred often to the desired ideals of
accuracy and speed in solution, and has at least
hinted (it has not been possible to describe or
even to refer to them all) at the refinements in
maodern fire control systems, it is still true that
not all the factors which affect the flight of &

—— —

projectile can be precisely evaluated in advance
of firing, Even with the best lire control equip-
ment available, experienced gun crews, and ef{i-
cient fire control personne]l, the opening shots
may not hit the target. It 18 therefore neces-
sary to apply corrections to the initial firing
data, These corrections are called SPOTS,

The initial spot is based on a system analysis
of inherent errors. Even though the initial spot
is figured preciscly, exlernal ballistic {aclors
may s&till cause projectiles to miss the target,
When this happens spots (based on where the
rounds hit in respect to the target) are applied
o subsequent salvos. Spotting is taken up in
further detail in chapter ¢ of this text.

SECONDARY METHODS

So far in discussing fire control, we have con=-
centrated on the primary methods of battery
operation. These are the onés most commonly
used, and the ones which permit employment of
the ship’'s armament with the greatest efficiency.
But battle damgage, personnel losses, and acci-
dents can dissgble any system to the extent that
some secondary operating methods are essential
if the system is to keep operating at all, even if
not at full efliciency. Aboard ship you will not
only employ such methods in battle operations,
but also in training for such emergencies,

All 3" gun mounts and larger are equipped
with adjustable sights, With these, it is possible
to offset the gun bore axis from the 1.OS to the
desired sight angle and deflection. This function
is performed by a crewman called the sight-
setter, who mens the sight-setting indicator, In
gun mounts 5-inch and larger, this unit contains
handeranks and gearing for physically moving the
sight optical units {or moving optical paris within
the sights), and two sets of dials (fig. 6-22A or
6-22B). One set, driven by the sight gearing, dise
plays present sight angle and deflection. The
others are synchro-driven to display sight e
and deflection ¢rdered by the computer, (3''/60
mounis do not have the synchro-driven dials,)
Even in automatic operation the sightsetter mans
his station and cranks the sight gearing to keep
the sight indicator dials matched up with the
computer=controlled dials so that the 1.0S of the
gun sights remgins on target even though the gun
bore axis ie offset in accordance with the sight
angle and deflection compoenents of gun order. In
3/50 and 5'"/38 mounts, an extra range dial
coupled to the sight angle ¢rank reads directly
in yards of range to a surface target,
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OQUTER DIALS
| {TO HANDCRANKS }

INNER DIALS
{ TO FIRE-CONTROL
COMPUTER )

DEFLECTION SIGHT ANGLE
DIAL DAL
RANGE DIAL

ELEVATION [NPUT

HANDWHEEL
(SIGHT ANGLE]
DEFLECTION
INPUT
HAMDWHEEL
#4.211.2

Figure 6-22, — A, Sight setting component arrangement, B, Sight angle and deflection dials.
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In all types of secondary (local) control the
gun must be laid by gun-laying personnel on the
mount, In older types like 40-mm and 5''/38
mounts the pointer on the left side of the mount
elevates and depresses the gun while the trainer
(on the right) trains the mount. Each gun layer
has o gun sight, They may either gontrol the
mount power drive or position the mount by their
own muscular effort (manual operation).

In 3'"/50 RF (rapid-fire)} mounts, and auto-
matically loaded 5''/54 mounts, there is no pro-
vision for completely manual operstion, The
mount can be operated in local, but only if the
power drive is functioning, Manual operation is
limited only to msintensnce and stowing move—
ments, In such mounts, either of the gun layers
can take over complete local control of gun

positioning,

In local control, gun layers must work with
the sightsetter. Here is the basic procedure:

1. The gun layers position the mount so that
their lines of sight are on target, and they con=-
tinue positioning it to keep on target.

2, Most mounts have synchro-driven dials,
as in figure 6-22A, which Indicate computed
sight angle and deflection. The sightsetter cranks
in sight angle and deflection until the outer
diale (positioned by his handeranks) match the
inner (synchro-driven) dials, This action simul-
taneously repositions prisms in the sight optical
systems, causing the telescope lines of sight
to shift off target,

3. The gun layers drive tho mount to keep on

i. This automatically offseis the gun bore

axis by the angles that the sightsetter has cranked
in,

Figure 6-228 shows the handcrank arrange-
ment; figure 6-22A shows in more detail how
the dials look when matched, The {ixed index
shows the angular values actually cranked in.
It is used when there is no synchrotransmission;
under these conditions, the information is either
transmitted by phone or comes from the mount
caplain, based on his estimate of range, ballistic
corrections, and lead,

On mounts S5-inch and larger, the sights are
carriage mounted, The sights therefore train
with the carriage, but the carriage doesn't
elevate, To make the sights elevate with the
gun, they must be driven by a mechanical linkage
from the elevating gear. Thus the sight angle
prisms in the optical systems must be positioned

by the algebrapic sum of two inputs —gun eleva-
tion and sight angle. This is the function of a
mechanical differential in the sight angle gear
train,

Mounts smaller than 6S~inch have slide-
mounted sights, which elevate and train with the
gun barrel, The differential is not needed. Nor
do mounts smaller than S-inch have synchro
receivers for sight angle and deflection, When
nocessary, computed sight values are (rans-
mitted by phone,

When the gun bore axis offset ig correct, the
gun layers have been staying on target, and the
gun is loaded, the guncanbefiredby the pointer’s
firlng key. This may be done on the mount
captain’s command, In the complete absence of
firing current or if the ammunition fails to fire
electrically, some 5-inch guns can be fired by
percussion when the pointer depresses n firing
pedal, which actuates a mechanical linkage to the
firing mechanism, Combination primers in the
ammunition are necessary to provide this capa-
bility.

Secondary methods used in the director and
in fire control plot are limited, In earlier linear-
rate fire control systems, the director can be
driven manually in the event of power drive
fpilure, This is not true in newer systems;
manual operation ie used in storing the director
or in maintenance only. If synchro transmission
fails, rsnge, bearing, and elevation data can be
sent to plot by sound powered telephone, 48 can
firing orders to the mount if the [iring circuit
fails, In the cvent of stable element failure,
some older fire control systems can be stabilized
manually by a crewman who keeps a telescope’s
line of sight aligned with the horizon, If synchro
transmission f{aile with any computer inputs or
outputs, data c¢an be introduced manually or
read from dials and telephoned from plot, but
neither stable elemeént nor computer ¢an function
without the proper supply. When any failure
prevents datn from reaching the gun mount,
secondary methode must be used at the pun
mount,

LINEAR-RATE FIRE CONTROL
SYSTEMS

Gun fire control sysiems can be, on the basis
of their fundamentals of operation, divided into
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two main ¢lasges —linear-rate and relative=rate,
85 explained earlier in this chapter, There are
several marks and mods of linear-rate systems,
including two dual purpose types — the Mk 37 and
the Mk 68, The main difference between these
two is that the Mk 37 uses the Mk 1A electro-
mechanical analog computer, whereas the MK 68
system uses an electronic analog computer, and
it ia capable of fracking targets traveling at
supersonic speeds,

GUN FIRE CONTROL
SYSTEM MK 37

The Gun Fire Control System (GFCS) Mk 37
ie installed in some desiroyers, cruisers, car-
riers, and large auxilinries, It is the primary
means of controlling 5''/38 mounts for both
surface and antiaireraft fire. It may be used,
with appropriate cross connections, to control
machinegun mounts, or major=-caliber surface
guns in special applications,
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System Functions and Components

The primary functions of the Mk 37 GFCS
are to provide:

Continuous automatic gun positioning.

Continuous sutomatic fuze setting,

Continuous sight-angle and sight-deflection

indication at the guns,

4, Continuous-aim, selectaed-=level,
lected-crosslevel fire.

5. Star shell fire control,

e

and se-

A complete sysiem consists of three major
unite; a Mk 37 director with a radar; a Mk 6
stable element; and a MK 1A computsr, with the
nesociated instruments at the gun. Destroyers
and =uxiliaries hawving Mk 37 systems carry
one complete system (fig. 6-23). Larger ships
(such as cruisers and carriers) may have more
than one system,

84,216
Figure 6=-233, — Mk 37 system, destroyer installation,
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Direciors are insialled high in the ship’s
structure, and stable elements and computers
are installed below decks in protected plotting
rooms. All elements are connected by a synchro
transmission system through one or more awitch-
hoards located in plotting rooms,

Normally, each director in a mulliple instal-
lation controls a designated group of guns and is
connected io & designated computer. However,
awitching arrangements permit any director to
gontrol any or all guns and connect to any
computer,

Information Flow

Iigure 6=24 is a simplified schematic show=-
ing the principal interconnections of a single
Gun Fire Control System Mk 37. All electrical
circuits between units of the system pass through
the [ire control switchboard,

The director carries sight telescopes and a
rangefinder and radar equipment io measure and
transmit to the computer director elevation,
director train, and present range, The control
officer in the director may estimate target
angle, target horizontal speed, and rate of climb
or dive and send these values by telephone to
the computer operators, Hand-operated trans-
mitters in the director provide electrical trans-
mission of elevation, deflection, and range spots
(i.e., observed corrections) to the computer,

The stable clement receives director train
from the computer and measures level angle
and c¢rosslevel angle. These values are sent
mechanically to the computer, A third wvalue,
level plus crosslevel divided by thirty, is trans-
mitted from the stable element to the computer
to make up a LOS stabilization =signal to be
transmitted to the director., Other electrical
inputs to the ¢omputer include own-ship course
from the gyro compass and own-ship speed
from the ship speed sensor. Lastly, computer
personnel add mamual inpuis as required.

The computer transmits electrically to the
gun mount;

1. Gun elevation order,

2. Gun train order,

3, Sight angle,

4, Sight deflection,

5. Fuze-setling order,

B, Train parallax for g 100=yard horizontal
bhase,

These values are used for gun positioning,
sightsetting, and fuze setiing.
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In addition, the computer generates and trans-
mite to the director changes in range, elevation,
and train. With level and cross-level, these
changes are used to hold the director optics
and radar on the target continuously. This proc-
ess includes keeping the rangefinder and radar
on the target.

The Mk 37 Director

The Mk 37 director is designed, primarily,
to control 5'"'/38 dual purpose guns, Its primary
function is to determine target position in terms
of:

1. DIRECTOR TRAIN —the angle between the
fore-and=-aft axis and the vertical plane con-
taining the line of sight, measured in the deck
plane clockwise from the bow of the ship.

2, DIRECTOR ELEVATION—the elevation of
the director’s line of sight above the reference
plane, measured in the verticel plane containing
the line of sight.

3. PRESENT RANGE—the distance of the
target from own ship, meagured in the line of
sight,

Briefly stated, the director’s secondary func-
tion is to be the control station for the entire
fire control system, Normally, all units operate
by remote control from the director, and as long
as the problem is being sclved correctly, only
the gun-loading crews have work fo do. The
remainder of the crew simply observe opera-
tions to insure that everything is operating
correcily. When changes in the problem setup
are necessary, the director crew can accomplish
them by remote control. To control the entire
system, the director is equipped to do the follow-
ing:

a. Spot service projectile iire,

b. Spot illuminating projectile (star-shell)
iire,

¢, Correct computer calculations,

CONSTRUCTION, — The director (fig. 6-25) is
an armored sieel box that can be trained (much
like & gun mount) on & precision-alipned roller
path mounted on an armored ¢ylindrical barbette
built into the ship's structure, It comtains an
optical rangefinder and pointer’s and frainer's
prismatic telescopes, radar eguipment, power
drives for positioning the director, an observa-
tion hatch used by a control officer (who may
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Figure 6=25, —Gun director Mk 37.

also serve ag g gpotter), and a slewing sight for
positioning the director to pick up the farget,

GENERAL OPERATION, —The line of sight
is kept on the target in train by turning the entire
director on its roller path, The angle the director
turns from the centerline of the ship is director
train, Rotating the telescope prisms, the radar
antenna and rangefinder, elevates the line of sight
to give director elevation.

Train and elevation of the director line of
sight can be done in four modes:

1. AUTOMATIC (or remote) conirel of the
power drives by signals from the computer,
modified as necessary by the handwheels,

2. LOCAL operation of the power drive by
means of the handwheels,

3. MANUAL operation by direct gearing {rom
the handwheels,

4. SLEWING or training andelevating repidly
to change targets,

The rangelinder determines range optically.
The rangefinder operator can adjust the apparent
position of the ''‘wander marks'' with relation
to the target in the rangefinder field of view,
This adjustment is transmitted by synchro to the
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computer as a range signal, The computer gen-
erates change-of-range signale that are fed back
to and control rangefinder adjustment,

Radar is used for target acquisition and
tracking, as explained later. It also provides
for sutomatic tracking.

STABILIZATION, —Director optics and the
radar antenna are stabilized both in level and
erosslevel, Stabilization in level iz diszcussed
below, Crosslevel stabilization is done by a
servo controlled by a crosslevel synchro signal
receéived directly from the stable element (fig.
6=26), The crosslevel servo motor is connected
to the telescopes, rangefinder, slewing sight, and
radar antennz, The c¢rosslevel drive rotates the
telescopes, the whole rangefinder, and the radar
antenna about the line of sight by the amount of
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29.243
Figure 6=26, —Crosslevel stabilization,
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the erosslevel angle, Thus the telescope cross=-
hairs, the rangefinder, and the radar antenna are
kept horizontal, so that director elevation is
meagurad in the vertical plane,

TRAIN, ELEVATION, AND SLEWING CON-
TROL, — This discusszion is chieily concerned
with automsatic optical control of the director.
Automatic operation in regard to data frans-
miggion ig similar for radar and optical track;
radar will be discuszed later. We begin our
discussion with optical track operation.

Initially, the target i acquired by slewing
the director to the target by use of the slewing
gight. The slewing sight can drive the director
to the target at a maximum rate of speed; much
faster than speeds generaied by the pointer and
trainer handwheels, The slewsight also has a
much wider field of vision than is available
through the pointer and trainer optics, When the
glewsight ig on target, the pointer, {rainer, and
rangefinder operator should see the target in
their optics, They then take over and provide
more accurate fracking of the target. During the
tracking process, director train, director ele-
vation, and range (and any changes thereto) are
aufomatically fed into the Mk 1A computer,
Computer solution fime can be shortened if the
director officer telephones estimated values of
target angle, target speed, and target rate of
climb or dive to the plotting room. But, the
computer can solve the [ire conitrol problem
without these estimates, and that iz most often
the case, When the computer starts generating a
solution, it transmits computed (generated) cor-
rections to the director keeping it on target as
long as the solution remains correct,

Computed bearing correction consists of in-
crements of computed change in director train,
including changes in train caused by relative
target mofion, chenges in own ship’s course,
and the effect of deck tilt, I computed bearing
correction is correct, the line of sight stays
on target without handwheel motion,

If the director while in automatic tendz to
drift off target, the trainer can, by clesing the
rate confrol Key and keeping the line of sight
on target with his handwheels, introduce a cor=-
rection into the computer., This is necessary
if there 1s a change in farget course or speed.
If the target hbecomes obscured, the trainer
allows computed bearing correction to continue
to drive the director until the target reappears.

Rate confrolling alse can be accomplizhed
by the computer operator,

The description of train control applies gen=-
erally in elevation control, The telescope prisms
rotate; the rangefinder rotates gbout its longi-
tudinal axis; snd the radar antenno rotates
about its mounting to follow the target in eleva-
tion, Now director elevation iz the sum of
target elevation and level angle, To hold the
LOS on target, in elevation, director elevalion
must be changed by adding increments of gen-
erated elevation and continuwous corrections in
the walue of level, These are received from
the compuier and are fed to the sights, range-
finder, and radar, 2o that the LOS is stabilized
in level as it tracks the target.

To shift from one target to ancther or to
make any other large change in elevation and
irain, the director officer may slew the direc-
tor. He does this by operaling a key on the
slewing sight and pointing the sight al the target.
This takes away control of the director from
the pointer and trainer, and drives the director
at high speed until its line of sight coincides
with that of the slewing sight. Slewing bripgs
the target into the fields of the optics, and thus
designates the target to the director crew.

BEANGE CONTROL AND sSPOT TRANSMIS=-
SION, —The rangefinder’s optical elements and
range gynchro transmitter are adjusted for range
by & differential, which accepts inputs hoth
from the operator’s knob and from a servo
controlled by =a generated range signal from
the computer, Thus the rangefinder operator
can correct the rangefinder adjustiment and trans=-
mit an accurate value of observed present range.
He also cen raie control the system by pressing
4 button and operating his range knob, as ex-
plained in connection with train operation,

The rangefinder operstor has a transmitter
ior sending spots in range to the computer,
The director control officer has a transmitter
for sending bearing and elevation spots to the
computer,

RADAR, — The auwtomatic-tracking fire con-
trol radar has its anterma and parabolic re-
flactor mounted atop the director, with indicator
scopes and other components in the director
and below decks. This radar has three types
of antenna scan; spiral for target acouisition,
conical for tracking, and circle for spotting
shell splashes in suriace fire.

Normally, the automatic tracking feature
makes rate control corrections unnecessary,
Tracking signals —representing target range,
bearing, and elevation —are generatedfrom radar
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information and compared with generated range,
bearing, and elavation, Differences between com-
puted and radar wvalues are transmitied to the
director as corrections, to reposition it in
accordance with the radsr information, and to
the computer to correct its solutiom until it
matches the radar values. Omce the target has
been acquired by radar, this process is con-
tinuous and automasatic,

DIRECTOR CREW,—The director is nor-
mally manned by five men: a control officer,
pointer, traginer, radar operator, and range-
finder operator.

The control officer is in charge of the entire
syetem when the director is in control. In addi-
tion to his mechanical functions of accepting
target designation from the designating station,
slewing the direclor, and making spots, the
control officer must originate battle orders for
the battery, relay orders and information from
the weapons contrel station, and generally over-
see the operation of his battery, A complete
and detailed understanding of all standard com-
mands, procedures, and safety requisites is
essential,

The pointer and trainer keep the director
line of sight on target in optical tracking; they
rate control as necessary. Each has a firing
key that can be sealected to contrel the firing
eircuit, although the pointer is most oflen in
control, In radar tracking, the pointer and
trainer cause the sysiem to shift into full-radar
track by kicking foot switches when they are
on target as viewed on their radarscopes, Or, by
moving thelr power drive handwheels and watch-
ing their radarscopes, they can keesp target
video positioned and thereby provide an aliernate
method of radar tracking, The pointér and trainer
also operate epecial handcranks which move the
director in train and elevation when searching
for the target around the designated target

position.

The rangefinder operator mansg the range-
finder, may spot in range and deflection, and may
rate control in range. When the rangelinder is
not used, he assists the radar operator,

The radar opersator controls the operation ol
the radar, supervises the pointer and trainer in
their use of clevation and train radarscopes,
operates the radar in range, and assists the
rangelinder operator when radar is not in use,

The Computer Mk 1A

The computer Mk 1A is the mechanical brain
of the GFCS Mk 37. It computes continuous gun
orders, which contain all significant faclors that
affect fire.

The gun orders, fuze-setting order, and paral-
lax cgorrections are conlinugously transmitted
from the computer to ithe gun mounts, where
they are used to point the guns contimaously,
and to time fuzes s¢ that the projectiles will
explode at the predicted targel position,

The computer is built in four sections: con-
trol section, indicator section, computer section,
and corrector section. The first two are mounted
on top of the second two, as shownin figure 6-27,
The star shell computer, an independent unit,
is mounted atop the main computer,

The control section contains the mechanisms
for compuiing and controlling rates. This section
has most of the knobs, cranks, and dials., The
computer section containg the mechanisms used
to caleulate ballistics. The indicator sectlon die-
plays, on dials and counters, the results of
ballistic calculations — sighl angle, sight deflec-
tion, fuze order, and advance range, The cor-
rector unit computes and indicates gun irain
order, pun elevation order, and parallax,

The computer's functions are;

1. To control continuously the posilioning of
dual purpose guns and the setting of fuzes and
sights for either AA or surlace fire,

2. To aid the director crew in keeping the
line ol sight on target.

J. With the star shell computer, o permit
part of the dual purpose battery to be set con-
tinuously lor illumination of a surface target
while firing other mounts at the target in the
usual manner,

STAR SHELL COMPUTER.—The star shell
computer iz an indépendent accessory with which
it is possible to direct the fire of one mount
for illuminating 2 target or target area while
the rest of the battery, under the conirol of the
main computer, fires for effect. The mount con-
trolled by the star shell computeruzes illuminat=
ing projectiles (colloguially ¢plled STAR SHELI.S)
that are zimed and time-fuzed to burst above the
target,

OUTPUTS AND INFUTS, — Figure 6=24 shows
schematically the outputs and inputs of the Mk1A
computer. Note the distinction between clectri-
cal synchro signals, electrical signals (used in
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Figure 6-27, — Mk 1A computer and Mk 6 stable element.

rate control) that are not synchro signals, me-
chanical inputs and outputs (between computer
and stable element), and inputs manually intro-
duced.

COMPUTATIONS PERFORMED AND FEED=-
BACK EFFECT,— The computer reckons rela-
tive target motion rates, which are used in
generating changes in target range, bearing,
and elevation, Changes in own ship’s course are
taken inte account in computing changes in target
bearing. Because rangefinder ranges are often
somewhat erratic, the computer uses generated
range for its calculations, to improve smooth-
nezs ol operation, Measured relative target
bearing and target elevation are used hecause
they can be measured accurately and smoothly,
Target elevation ig obtained by sublracting level
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irom director elevation, Relative target bearing
is obtained by adding deck-tilt correction to
director train.

The pomputer generates increments of range,
relative bearing, and elevation, Inerements of
relative bearing is sent to the director train
recelver-regulator to position the line of sight
pecording to the generated value of director
train, It takes into account both deck-tilt cor-
rection and changes of own ghip’s course, Thus,
if the solution is correct, bearing correction
will keep the line of sight on the target in train
while the ship rolls, pitches, and changes course,

Increments of elevation are added—in the
computer —to the level plue crosslevel function
gquantity., The sum, called elevation ¢orrection,
controls the director elevation power drive to
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hold the 1.OS on target in elevation, if the com-
puter solution 1s correct.

The changes in director traln and elevation
from bearing and elevation corrections show up
in the new values of director train and elevation.
Thus therz is a continuous feedback into the
computer, since the director continuously trans-
mite director train and elevation tothe computer,
The computer and director together from a re-
generative system, This allows the director to
follow an obscured target by riding the computer
solution; as long as the solution is correct, the
director will remain on target.

Wind computations are made empirically, Air=-
density corrections are computed separately and
applied to the computer as a change in initial
velocity. Initial velocity settinges are otherwise
based on equivalent service round (E.S.R.) data—
explained in chapter 3.

The guantities considered in the computation
of sight angle, sight deflection, and fuze setting
are:

Sight angle

Elevation prediction,

. superelevation,

Wind elevation correction,

Initial velocity elevation correction.
Complementary error,

Elevation parallax correction.
Elevation spot,

-

=3 O O s GO b =
-

L J

Sight deflection

Deflection prediction.
Drift,

Wind deflection correction.
. Deflection spot.

-

-

e B3 BS =
L

I'uze setting

1. Time of flight,
2, Dead timae,

The details of rate controlling are not dis-
cussed in this text, They are found in OP 1064,

COMPUTER CREW, — The full operating crew
for the computer consists of a range operator, a
bearing operator, an elevation opersator, and a
star shell computer operator. In addition, a
stable element operator and a switchboard op=
erator are required for each computer-stable
element combination,

The Mk € sStable Element

The Mk 6 stable element (fig, 6-28) ia located
in the plotting room next to the Mk 1A computer,
In general, its primary function is to measure level
angle and crosslevel angle. The stable element
does this by using a gyroscope to establish true
vertical and true horizontal,

The principal functional elements of the Mk 6
stable element are the sensitive element, the
measuring group, the righting system, and the
followup system.

SENSITIVE ELEMENT.—The sensitive ele-
ment ig the heart of the stable element; it consists

FOLLDOWUP
MAGNET — ™

LATITUDE
CYRO = CORRECTION
CASE SYSTEM

HIMBAL
ROTATING
ER
COLLECTOR
RINGS
110.66

Figure 6=28, — The Mk € stable element,
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of the pgvroscope, gyro case, gyro gimbal, and
rotating fork (fig. 6-28), The gyro wheel and the
ball bearing-mounted axle form the rotor of a
high-gpeed (8300 rpm) induction motor, The gyro
agsemhbly pivots within the gyro gimbal on a
case axis perpendicular to the =pin axis. The
gyro gimbal is supported by the arm of the rota-
ting fork on the gimbal axis, This axis arrange-
ment gives the gyro three degrees of freedom.

MEASURING GROUP.— The measuring group
consigte of an inner (levely gimbal, an outer
(crosslevel) gimbal, training gear, and an um-
brells containing two pairs of followup coils,
one pair for level and the other for crosszlevel
(fig. 6-29). With this gimbal arrangement, level
is measured in a vertical plane while crosslevel
is measured in a plane perpendicular to the deck,

RIGHTING SYSTEM,—The righting system
makes the gyro axis assume and maintain a true
vertical position, It has two principal parts—
the mercury control system and the latitude cor-
rection system (lig, 6-28),

The mercury control system consists of two
interconnected tanks —one on each side — con-
taining mercury and @ gimbal rotation motor that
rotates the entire gyro assembly at 18 rpm.
While the pyro wheel is horizontal, the mercury
level in both tanks is the same, If the wheel
tilts from the horizontal, the tanks also tilf,
and mercury flows at a controlled rate from the
higher tank to the lower, The net effect of the
mercury flow and gimbal rotation iz that by
the time the mercury has reached the lower
tank, the tank has rotated 90° from the low point
of the gyro wheel, and the pressure exerted here
causes the gyro spin axis to precess back to
vertical, Thus the pyro auiomatically erects
itgelf when pul into operation, and remains
stabilized in a vertical position,

Now consider the latitude correction system,
Figure 6-30 depicts the effect of the earth’s
rotation on a free gyro. A gyro (like gyro A in
figure 6=-30) located at either pole will be un-
affected by the earth’s rotation, But agvrolocated
at the equator will, to an observer standing on
the earth, appear to turn backward (westward)
with respect to the sarth’s rotation, at the rate
of one revolulion every 24 hours, At any point
between the pole and the equator, ag the figure
shows, the gyro wheel will appear to gyrate
westward once every 24 hours about an axis
parallel to the earth’s,

Thig effect can be compensated for by making
the gyro precess slowly eastward at the same
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rate. The gyro's plane of rotation will then re-
main horizontal, To do this, a latitude weight
at the north point of the gyro wheel makes it
precess eastward, The position of the latitude
weight is adjustable, so that it can be set for
the ship's lafitude. A synchro which receives
own ship’s course, director frain and other inputs
keeps the latitude weight on the north point as
the eghip turnse and the stable element trains.

FOLLOWUP SYSTEM, — The {followup system
performe the actual measurement of level anple
and crosslevel angle, The system (figs. 6-28
and €-29) ingludes the uwmbrella and followup
coils (mentiocned in connection with the measuring
group), & followup a-c electromagnet on top of
the gyro case, and a level and crosslevel [ollow-
up (not illustrated), When (because of ship’'s
pitch or rell) the umbrella is not alipned with
the gvro, the follovwup magnet induces unbalanced
voltages in the followup coils. The algebraic
sum of these voltages goes to an amplifier which
uses the amplified signal to control reetifier
fubes whose output feeds a d-c servo motor, The
motor drives the wnbrella until it ig aligned with
the gyro, Thus the umbrella "follows'' the gyro
epin axis. The followup units also drive synchro
transmitters and operate firing switches for
selected level and crosslevel fire,

FIRE CONTROL SYSTEM
ME G658

The GFCS Mk 68 is a dupl-purpose, fully
automatic system used to control 5"/54 and
3'/30 guns, WVariations from fully automatic
operation — discussed later —are possible, to
meet certain tactical situations and emergencies,

The Mk 63 system discussed here is a repre-
sentative system only; for a detailed discussion
of & particular mode of the system (of which
there are many), refer to the applicable system
OF — OP2649, OP3536, ete.

Basically, GFCE Mk 68 performs the same
functions as GFCS Mk 37 except that itis capable
of tracking targeis traveling at supersonic speeds,
The Mk &8 system has numerous dials, hand-
cranks, indicator lights, and similar operating
controls, which gives it the appearance of being
much more complicated than the Mk 37. Most
of these, however, are for checks and fest pur-
poses and for placing the system in standby
condition, Actually, the system is depigned to
operate very simply and with fewer personnel
than the Mk 37 system, Testing and maintenance
have glso been simplified through plug=in module
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Figure 6-29, — Complete stable element gyro assembly,

214



Chapter 6 —GUN WEAPON SYSTEMS

12.150
Figure 6-30, — Effect of earth’s rotation on rela-
tive position of gyro,
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design, built-in testers, and test panels, A typical
Mk B8 systern layout aboard a DLG is shown in
figure 6-31,

Information Flow and System
COoOmponents

System components and primary data flow
are shown in figure 6-32, The componenls are
discussed separately as to their function in the
system, Primary data flow is much the same
as in the Mk 37 system.

Bziore discussing each unit separatzsly, a
brief, overall look at the system’s data flow
mgy be useful, The direclor, which serves as
the battery control station, Iurnishes present
target position to the computer and stable ele-
ment. The computer MK 47 uses this informa-
tion plus own ship’s motion data and ballistic
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Figure 6-31.— Arrangement of GFCS Mk 68,
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Figure 6-32. — Gun fire control system Mk €8 data flow,

data to compute gun orders for the 3'' guns.
The computer Mk 116 (or the gun order con-
verter Mk 20 and star-shell computer MK 1)
is used in conjunction with the Mk 47 computer
to produce gun orders for the 3=-inch guns and
star-shell gun orders, The stable element, which
establishes the stabilized horizontal reference
plane, provides the director and computer with
stabilization =ignals. Data flow between major
units is routed through lhe fire control switch-
board and is continuous as long as the director
remains on target—either in radar control or
optical control,

Gun Director Mk 68

Gun director Mk 68 determines the present
position of the target by either optical means
or radar eqguipment, part of which is located
on the director. The optical squipment consists

of the director officer’s open sight and binocu-
lars mounted on a movable sighlt bracket, a
tracker's telescope, and a sterecscopic range=-
finder; the radar equipment at the director
(this will vary with different system mods) is
the antennn mount and reflector (fig, 6-33).
{The radar console is located in the plotting
TOOm,)

The normal tracking mode of the director
is automatic radar control. The radar provides
ranges and angle error signals to the train and
elevation power drives. The train power drive
rotates the entire director o position the line
of sight in train; the elevation power drive
rotates the optical egquipment and the radar
antenns about their elevation axis to position
the line of sight. Another power drive (¢cross-
lavel power drive) positions the director shield,
keeping the clevation axis of the opties and radar
antenna  aligned with the horizontal reference
plane established by the stable element. Thus
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Figure 6-33, — Representative gun director Mk 68, front view.

director elevation is measured in the vertical
plane,

Allernate methods of director control include
power operation by means of handwheel or one-
man control units, and computer control with
regenerative aiding (table 6-1),

TRAIN MOVEMENT.—The telescope, open
gight, rangefinder, and rader antenna mount are
fastened to the shield and move with it in train,
The entire director is rotated about an axis
perpendicular to the deck plane to move the
director line of sight in ftrain, The electrical
connections between the stationary ship siructure
and the rotating director are made through a
slipring assembly in such a manner that train
movement ig unlimited in either direction. This
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feature eliminates the necesszity for train limit
stops and electrical limits.

ELEVATION MOVEMENT,—The telescope,
open sight, rangefinder, and radar antenna are
mounted =0 that their lines of sight may be
elevated with respect to the shield. The eleva-
tion axes of these components are all parallel
and the lines of sight of each componeni are
perpendicular to ils elevation axis, For practical
purposes, all of the elevation planes are parallel.
The lines of sight and the radar beam are all
maoved through the same elevalion so that they
remain parallel,

The director elevation gearing can move the
lines of sight and the radar beam from a depres-
sicn angle of 25 degrees to an elevation angls
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Table 6-1, — Operating modes
Mode Angle Tracking by Ranging by Used for
Auto-track Auto-radar tracker Auto=-radar tracker AA, Surface
Console Handeranks and scopes at Handeranks and scopes AA, Surface
radar console at radar console
Director Officer’s One-man control Mk 4 Mod Radar {at console) or AA, Surface
Control 4 and optics rangefinder
Tracker's Control One-man control Mk 4 Mod Radar (at console) or AA, Surface
5 and optics rangefinder
Handwhesl Director officer’s and Itadar (at congsole) or surface
tracker's handwheels rangefinder
and optics
Local control Director inoperative, tracking by Computer Mk 47 Surface
{Indirect fire)

of 95 degrees, Limit stops and electrical limits
in the power drive protect the drive mechanisms
from damage that would result if these limits
weres exceeded,

The telescope is constructed so that the
instrument body does not move in elevation.
Elevalion of the Lelescope line of sight is affected
by rofating an objective mirror mounted on
bearings ingide the telescope body.

The open sight containg a binocular and
peep sight al the end of the sight arm, The line
of sight is moved in elevation by rotating the
open sight about an axis parallel to the telescope
eloevation axis,

The rangeflinder line of sight ie moved in
elevation by rotating the entire rangefinder sbout
its longitudinal axis. An independent elevation
mechanism in the rangelinder drive permits
rangelinder elevation to be offset from director
elevation when it is necessary to adjust the
reticle pattern with the target,

The radar antenna is supported above the
shield by a radar antenna mount. The radar
beam is moved in elevation by rotating the entire
antenna about an axis parallel to the elevation
axes of the optical equipment,

A level angle is geometrically added to the
elevation of the lines of sight and radar beam
to cancel the effect on elevation of roll and pitch
of the ship. The level angle is generated by
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8 stable element below decks andis automatically
trangmitted to the director,

CROSS~LEVEL MOVEMENT,—The director
shield is mounted on trunnions so that the entire
shield can be rotated In cross-level (o keep
the elevation plane’s lines of sight and the radar
beam in a vertical position regardless of the
ship's rolling and pitching. The axis of the
crosslevel trunnions is parallel to the deck
plane,

The director crosslevel gearing can move
the shield through an angle of 24 degrees each
side of the zero position. Limit stops and elec=-
trical limits in the power drive and buffers on
the director pedestals protect the crosslevel
drive and shield from damage that would result
if these limits of movement were exceeded,

Primary contrel of {iring is at Control Panel
Mk 110 (fig. 6-34), A two=gection, three-position
selector switch controls firing and cease [iring
circuits, When thiz switch is in the NORMAL
position, the gun firing circuit may be com-
pleted st one of two positions in the director
shield: the director officer’s firing key or the
tracker’'s one-man control, When the selector
switch is in the CHECK position, both gun firing
and cease f{iring circuite are open, Opening
theze circuits resulis in a check fire tone signal
being sent to gun positions, which indicates
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Figure 6-34, —Director officer’s control panel Mk 110.

that firing is temporarily suspended, When the
selector switch is in the CEASE position, the
cease firving cirguit iz completed, sending a
tome signal to the gun positions indicating that
firing is indefinitely suspended, Allfiring circuits
from director to gun positions are completed
through the fire control switchhoard,

The director is equipped with two one-man
control units (fig, 6-35). Bach unit may be used
for slewing the director or for one-man tracking
in both train and elevation, The one-man control
unit is rotated about a vertical axis to control
the director train rate and ihe handgrips are
Totated about a horizontal sxis to control the
elevation rate, The rates generated are pro-
portional to the amount of rotation,

Director Crew and Their Duties

Gun director Mk 63 iz operated by a director
officer, tracker, and rangefinder operator, The

219

director crew’s operating stations are ingide
the shield (lig. 6~38); they perform all procedures
necezsary 0 place the director in operation.
Additionally, the director officer is responsible
for selecting the operational mode of the director
and conirolling and superviging the operation of
the GICS MK 68 and gun batteries controlled
by the system,

The director officer, in addition to being in
charge of the gun fire control system, maintains
sound-powered talephone commmunication with
other stations of the batiery plus combat informa-
tion center and air defense stations, He reports
dirgctly to the air defense officer, He notifies
the gun stations when firing is to commence
and can iniligte firing from the director, and he
superviges the director crew during all phases
of operation.

The tracker agegists the director officer,
during optical search and target acquisition, in
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Figure 6-35, — Gun director Mk 68,

controlling director movement in train and ele-
vation, Under certain conditions, he can cancel
automatic radar control at his station. The
tracker normally initiates gun batiery firing
with his firing key. He also assists in starting
and securing the director,

The rangefinder operator has very little to
do in sutomatic radar control. During surface
engagements or gun fire support, he may be
required to observe salvo splashes, supply spot-
ting information, and identify targets, During
air engagements when the radar is inoperative
and shore engagemenis when the radar is unable
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to track the target, the rangelinder operator is
usually required to furnish ranges to the target,
The rangefinder operater alsc is responsibie
[or enerpizing the heating and anti-icing, de-
frosting, and illumination systems,

Director Control and
Operating Modes

The director has two basic fypes of control—
handwheel and normal, The type of control is
selected by the director officer at his control
panel (fig. 6-34). Handwheel control is used
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Figure 6=36, — Director crew stations,

against stationary and slow moving surface tar-
gets, The director officer operates the elevation
handwheesl, and the tracker operates the train
handwheel, Normal control is used against all
other types of targets and has the [ollowing
modes of operation:

1, Auto=-track, The radar is locked on larget
and has control of the power drives,

2. Console mode, The radar has control of the
power drives but not locked on target; the hand-
wheel and the indicator scopes on the radar con-
sole are used to establish and position the line
of sight,

3. Director officer control mode, The director
officer’s one-man control unit and optics are
used to establish and position the line of sight.

4, Tracker control mode, Tracker's one-man
control unit and telescope are used to establish
and position the line of sight,

5. Target designation mode. In this mode the
power drives slew to the designated position,

22l

In NORMAL, the train and elevation brakes
remain set until the director cfficer (a) closes
nig right trigger switch, or (b) presses the
target designation button, or (c) presscs the
CONSOLE button placing the system in the
director officer one-man control mode, the target
designation mode, or the console mode, re-
spectively, If the radar console footswitches have
been cycled to AUTO, transfer from the target
designation mode and the console mode to AUTO-
RADAR track will be automatic when the director
gets on target in range, bearing, and elevation.
The director officer can assume controel from any
other mode by pressing and holding his right
trigger switch; he can relingquish contrel by
momentarily pressing his left trigger switch.

The target designation mode is usually em-
ployed when an accurate or approximate targel
designation is available during acquisition. In
the designation mode after the director slews
to the designated position, search ¢can be made
about that position by means of train and eleva-
tion handcranks at the console.
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The mode-of-operation precedence circuits
determine the order in which the operators can
assume control of the director, The order of
precedence in normal control is (1) director
officer’s one-man control unit, (2) target desig-
nation, (J) radar-auto track, (4) tracker’s one-
man control, and (§) conscle, The mode of oper-
ation is selected by the director officer and is
determined by the tactical situation.

Radar AN/SPG-53

The AN/SPG-53 radar is a part of the Mk 68
fire control system. It affords control of the
entire system from the radar console, The radar
supplies present range to the computer and
angle-error signals (o the director train and
clevation power drives, In the console mode of
operation the two radar operators (range operator
and radar trainer), using handcranke and slew
controls, keep the line of sight on target by
oheserving the target echo on indicator scopes,
The radar console is shown in figure 6=-37, The
handwheels and slew controls are also used for
modifying target designation signals in the target
designation mode.

In the automatic tracking mode (normel mode),
the director position is controlled by the angle
tracking loop. The target-video signal is applied
to the angle error detecting system, which deter-
mines the tracking error and generates bearing
and elevalion error signals, These error signals
are sent to an amplifier, which supplies power
to the director amplidyne.

Computer Mk 47

Computer Mk 47 is housed in two aluminum
sections bolted together to form & single cabinet.
Each section has a front and a rear compart-
ment, The front compartments house the electro=-
mechanical assemblies, and the rear compart=-
mente house the electronic units and power
supplies, All assemblies are plug-in type, All
operating controls, switches, and indicating dials
are conveniently located on the front of the com-
puter,

The computer utilizes targel present position
to compute future target position, Gun and fuze-
setting orders based on this information are then
computed and {ranamitted to the gun mounts
(fig. 6=-32).

Automatic control is the normal method of
computer operation, The computer has three pri-
mary modes of operation determined by the type
of tergel— surface, AA-sonic, and AA-super-
sonic—and the wind track mode used to track
weather balloons for gathering ballistic wind data,
For surface targets, the compuier can also be
operated in local control, manual rate control, or
optical range submode, In automalic control the
computer receives continuous target positiondata
from the director, stabilization data from the
stable element, and own-ship course and speed
from the ship’s compass and speed sensor, [t
solves the relative motion problem by automatic
rate contrel, and it supplies the director with the
generated quantities and stabilization signals
negessary to keep the line of sight on target,

The major difference between the modes of
operation is a scale factor used to change the
operating limits of the rale generating computing
loops. The scale factor enters into the relative
motion problem by way of the time line and is
increased from the surface modetothe AA super-
sonic mode, Another difference is that in the
surface mode of operation the output from the
vertical rale of target motion computing loop is
not used,

Once the computer has been set up for auto-
matic conitreol, the operator’'s main function is
to monitor it for smooth and correct operation.
But during ceriain types of fire, particularly
surface fire, the computer may have Lo be shifted
to local control, manual rate control, or the optical
range submode of operation, depending on the
tactical problem to be sclved, A brief description
of eech follows.

LOCAL CONTROL,—In local control opera-
tion the line of sight DOES NOT originate in the
director. The source of data used to establish
the LOS in the computer is from cutside the gun
fire control system. Target position {8 manually
sel into the computer by handeranks, Local con-
trol is used for indirect fire,

MANUAL RATE CONTROL,—When tracking
targets with slow relative rates, it is sometimes
advantageous to manually rate control; solution
time is reduced, and & smoother solution may be
obtained, Because the computer operator has an
overall picture of the tactical situation, he is in
an ideal position to correct the rate errors with-
out over or under rate controlling, [late control
corrective inputs are introduced by the computer
handeranks,
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OPTICAL RANGE OPERATION, —In the opti-
cal range submode of operation a continuous,
correct, observed present range is not available
to the computer, The range serve receiver isde-
energized s¢ that the computer's present range
will not follow the observed present range signals,
The computer’s range system becomes a regener-
ative network, where I[ncrements of generated
range are used to Keep present range up=dated in
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Figure 8-37,— Radar operating stations.

the computer, When a correct ocbeerved range is
available, the computer operator useg hig hand-
crank to make present range corrections.

Functionally, the computer can he divided
inte three main sections—the present position
section, the prediction ancd ballistics sectlion,
and the trunnion tilt and parallax correcior
section—as shown in the flow Dblock diagram
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(fig. 6-38), As shown in this figure, the computer
performs the following basic operations:

1. North=-south and east=west stabilized coor-
dinates of target present position and target
height are established from inputs shown in
figure 6-38, These inputs are received from the
director, the pitometer log (or other speed
sénsor), the ship’s compass, tho stable element,
and the wind system,

2, Target position dala are compared with
corresponding data generated by the computer;
differences between compared guantities are uii=-
lized as error signals to correct target rate
quantitice until the correct motion rales are
established in the computer,

3. Tho target motion rates are used to deter-
mine target position st the end of time-of-flight,

el E
FodeFign  SECFroN

4. The computer determines a line of fire
that will hit the predicted targel position at the
end of time=-of={light.

5. Gun orders are computed (based on the
determined line of fire) and transmitted to the
gun mounts,

6. Fuze-setting order is determined when
mechanicnl time fuzes are to be used.

A brief description of each functional section,
in the order of the fire control problem solution,
follows,

PRESENT POSITION SECTION, — The present
position section of the computer receives un-
stabilized, polar coordinate measurements of
target present position (range, director train, and
director elevalion) from the director electrically.
The first step by the computer is to convert this
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data, excepl range, into siabilized quantities,
(Range is measured from the system’'s reference
point; therefore it requires no stabilization,)

The next step in the solution of the gun order
problem is to convert these stabilized, polar
coordinate quantities into rectangular coordinate
quantities of target height, east-west horizontal
range, and north-south horizontal range. The
conversion is performed in two steps: (1) the
determination of target height and horizontal
range amd (2) the determination of east-west
and north-south horizontal range.

Target height and horizontal range are com-
puted by a resolver using the equations: target
height = range X sine of target elevation and
horizontal range = range x cosine of farget
elevation, The resolver receives a mechanical
input of elevation from the elevation servoloop
and an electrical input of range from the director,

Targot height, one output of the resolver, is
used in the rates section and the wind track
section. 1t is also transmitted electrically to the
prediction section. The other resolver output,
horizontal range, is used in the second step of
coordinate conversion,

The north=south and the east=west components
of horizontal range are computed by a vector
resolver, The inputs to the resolver are an
electrical input of horizontal range and a méc¢hani-
¢al input of true target bearing, The outputs of
the resolver are the required north-south and
east-west components of horizontal range, These
cutputs are transmitted, electrically, directly to
the prediction section of the computer and to the
Computer Mk 116 (discussed later). These cuiputs
alzo actuate servoloops that provide mechanical
inputs of north=south horizontsal range and sast=
west horizontal range fo the rates section,

The present position section also develops
stghilization aid signals for transmission to the
director, where they are used to compensate for
roll and pitch and change of ship’s course, They
maintain the line of sight on z stationary target
as the ship is moving and are increments of
changes in own ship’s course plus deck tilt
correction and rate of change of ship’s course
plus deck tilt correction,

To solve the gun fire control problem, rates
of target motion relative to own ship must be
determined, This is done by comparing the rates
of change of the three stabilized rectangular
coordinates —target height, north-south hori-
zontal range, and east-west horizontal range—
with EEII'TEEPGH{EHQ’ raies generated in the com=-
puter, By correcting the generated rates until

they agree with the rates of change of the meas-
ured coordinates, the correct target motion rates
are established for use in prediction. This cor-
rective process, called rate control, is entirely
automatic in AA=-sonic and AA-supersonic modes
of control. A scale factor is introduced into all
rate computations. This scale factor, which varies
for the different modes of computer operation,
is dependent on target speed. The scale factor
for AA=sonic is considered to be unity. For AA-
supersonic it is 2.5 and for surface it is 1/10.
The value introduced is determined by positioning
a selector switch on computer panel 53 (fig, 6-39),

Three separate rate loops operate in the
present position section of the computer toderive
target rate cquantities, These loops compute the
north=south horizontal range rate, the sast-west
horizental range rate, and the rate of vertical
linear movement, All three loops operate in the
same manner; therefore only one, the rate of
vertical linear movement, will be described.

When tracking begins, target height is com-
pared with generated target height, (Actually,
only incremental changes in these two guantities
are compared,) The system immediately cperates
to bring these raies into agreement, Once the
rates are in agreement, they will remain in
agreement until the target’s height rate changes.
if the targel meaneuvers, thus changing target
height rate, the resuliing difference in target
height and generated target height causes an
error signal proportional to this difference to be
transmitted to the corrective targel height servo-
loop, The corrective setting of target height
changes generated target height by an amount
necessary to make it agree with target height,

PREDICTION AND BALLISTICS SECTION. —
Although prediction and ballistics are discussed
sgparately in this section, the computer groups
making these solutions are completely dependent
upon one another, The prediction group deter-
mines target future position based on the time
of flight determined in the ballistic compuler.
At the same time, the ballistic computer uses
target future data to determine time of flight,
The prediction group and the computer operate
simultaneously to make these two solutions, Wind
rates and fuze time are also computed in the
prediction section,

Prediction, —In order for the prediction group
to determine the future position of the target (the
position of the target at the end of time of fight)
the assumption is made that the target follows a
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straight line course at constant speed during
time of flight,

The prediction group performs two distinet
ateps in the fire control problem solution, First,
the future target position iz establizshed in rectan=-
gular . coordinates with respect to the north-
south and east-west planes and in the vertical
Mane, BSecond, these dquantities, together with
ballistice corrections, are used to determine the
gun’s aiming point—the peoint in space at which
the gun must be aimed for the projectile to hit
the target, Figure 6-40 illustrates some of the
guantities determined by the prediction section,

For the first step, the prediction group re-
ceives the target linear movement rates (height,
north=-south horizontal range, and east=westhori=
zontal range) from which it determines the corre-
sponding linear displacements of the target during
projectile time of flight, Three potentiometers
operate to determine these displacement quanti-
tiesz, The potentiometers receive the targetlinear
movement rates as mechanical inputs and are
energized by time of flight received from the
hallistic computer,

vvvvvvvvvvv
-

LAIMING POSITION

Adding the linear displacement quantities (ver-
tical linear movement, north=south linear move=
ment, and east-west linear movement) o the
respective rectangular ccordinates of target
present position (target height, north=-south and
east-west componentz of horizontal range) pro-
duce rectangular coordinatez that define the
position of the target at the end of time of flight,

In the second step, the computer’s prediction
group uses true gun bearing, gun elevation, and
giming position range (o determine the gun’s aim-
ing point.

Wind System,— Apparent wind rates, neces-
zary for ballistic solution, are computed in the
wind system. The wind system receives inputs of
own-ship speed and course, wind data, and true
gun besring for computing apparent horizontal
wind in and across the plane of fire,

Ballistics, — The ballizstic computer uses ad-
vance target position coordinates (alming position
range and aiming position elevation) from the
prediction group and apparent horizontal wind,

AlMING DEAD TIME

/' POINT

AIMING POSITION
TARGET HEIGHT

HORIZONTAL RAMNGE

110,136

Figure 6=40, — Computer prediction gquantities,
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in and across the plane of fire, to calculate the
following functional quantities:

1. Time of flight —upon which all prediction
computations are based,

2. Buperelevation —elevation of the gun ahove
advanced position elevation, necessary (o com-
pensate for the curvedtrajectory of the projectile,

3. Horizontal linear deflection ¢orrection—
the displacement of the line of fire from the future
target position,

The relationship between the ballistic com-
puter and the prediction group is shown in figure
6=41, The computations performed by the ballistic
computer are based onh data [urnighed in the
ballistic tables, These tables give values of time
of flight, drift, and superelevation for projectiles
fired under standard ballistic conditions in still
air; they also give the effects of deviation irom
standard conditions,

Fuze Setting Order, — Fuze setting orders are
transmitied to the gun mounts by the ¢computer
for use when firing projectiles with mechanical
time fuzes, Fuze seiting order or fuze fime
corresponds to time of flight and can be compuied
as a function ol [uze range.

The computation of fuze range is based on the
assumption that the target continues ot aconstant
course and speed, The prediction solution used
to determine fuze range (thus fuze lime) is similar
to that used to determine 2iming range, The inputs
for fuze prediction are the same as those ifor
the prediction of aiming range except that dead
time iz used in computing fuze prediction, Dead

time i a hand input that is added tofuze-
setting order in the fuze time computer,

TRUNNION TILT AND PARALLAX COR-
RECTOR SECTION, —This functional section of
the computer =solves for gun train order, gun
elevation order, and parallax.

Aiming position elevation and true gun hear-
ing, oblained in the ballistice and prediction
section solution, located the line of fire relative
to true north snd the horizomtal, Consequently,
trunnion tilt corrections are required to sta-
bilize the gun orders in the deck plane,

Figure 6-42 is a spherical diagram showing
the relationships of the guantities involved in the
trunnion tilt and gun order solutions. The steps
performed in converting prediclion quantities
(aiming position elevation, superelevation, and
true pun bearing) to gun orders are as follows:

1. Gun clevation, aiming position elevation
plus superelevation, is computed in the vertical
plane measured from the horizontal.

2, Horizonlal sight deflection is compuled.
This is the angle between the line of sight and
the line of fire, measured in the horizontsl
plane.

3, As part of the conversion [rom the hori-
zontal plane to the deck plane, functions of level
angle and crosslevel are combined with funetions
of horizontal sight deflection, gun elevation, and
director train.

4, Gun train order is established and main-
tained in the deck plane by some of the guantities
obtained in siep 4.

5. Gun elevation order i8 obipined in asimilar
menner as gun train order,

HORIZONTAL LINEAR DEFLECTION CORRECTION
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Figure 6-41,— Relationship ol prediction group to ballistic computer,
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The computations are performed by a series
of resolvers and vector resolvers in the gun
order computer step by step.

Parallax corrections are computed for a gun
displacement of 100 ysards forward of the refer-
ence point, By making a standard 100-yard
displacement computation, only one computation
need be made and transmitted to all gun mounts,
At each mount, unit perallax is modified auto-
matically to represent the actual displacemsant
of the mount from the reference point: the
individual corrections are then spplied to gun
orders at the gun mount,

Computer Mk 116

The computer MK 116 (fig. 6-39) is designed
for use with some mods of the Mk 47 computer,
The Mk 116 computer discussed here functions
in three different modes of operation— NORMAL
3" /50 mode, STAR-SHELL 5'/54 mode, and
RAT (rocket-assisted torpedo) mode. In NOR-
MAL 3" /50 mode, it operates in conjunction with
the Mk 47 computer to derive gun orders for
3" /50 caliber gunes; it transmits these gunorders
directly to the 3-inch gun mounts, In STAR-
SHELL 5''/54 mode, it operates with the Mk 47
computer in surlace mode to derive 5''/54
caliber gun orders and fuze-setting orders [or
illuminating [ire, and it transmits these orders
directly to the 5=-inch gun mounts, In RAT
maode, it supplies relative target bearing, which
is used as an aid in the control of anti-submarine
rockets.

Except for a few hand inputs (spots and LV.),
the Mk 116 computer receives all inputs from
the Mk 47 computer,

The primary function of the Mk 116 computer
is Lo produce gun orders for ths 3''/50 caliber
battery, The computer conlzins a prediction and
ballistics section for determining target position
at the end of time of flisht, and a deck tilt
section for converting and transmitting gun orders
in the proper coordinates.

Converter Mk 20

Converter Mk 20 is used with some Mk 47
computers that are not supplied with Mk 116
computers, The converter, which is installed
in the plotting room adjacent to the Mk 47 com-
puter, is used to change 5''/54 caliber gunorders
lo 3'/50 caliber gun orders, All power and
information (other than spots and 1,V.) necessary
to perform the conversion computations are re-
ceived from the Mk 47 computer, Therelore,
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the converter will operate only when the com-
puter is on and transmitting gun orders. Except
for setting in spotz and LV,, operation of the
converter is sutomatic,

Star=-Shell Computer Mk 1

In some systems not supplied with Mk 116
computers, Star-Shell Computer Mk 1 is used
to compute star-shell gun ordere mnd fuze-
setting orders for 5''/54 caliber gun mounts,
It can be operated in two modes —controlled
fire or search. In the controlled fire mode, em-
ployed when a specific target is to be {lluminated,
the Mk 47 computer must be operaling, In the
search mode, the star-shell comjputer can be
operated independently of the Mk 47 computer,

Stable Element Mk 16

The primary function of the Mk 16 stable
element and its associated equipment ([ig, 6-43)
is basically the same as that of the Mk 6 stable
element, that is to provide a stabilized reference
plane independent of ship’s movement. The con-
etruction and operation, however, are quite dif-
ferent, The basic principles and problem to be
solved are explained in Fire Control Technician
G 3 & 2, NavPers 10207 and QP .

stable element containg the sensitive
element, gimbals, pendulums, pickoff coils, and
serve mechanisms that maintain the gyro at a
true vertical (fig, 6-44) and generate outputs of
level and crosslevel, These outputs are used in
the Mk 47 computer deck tilt corrector to compute
position angle and true target bearing. Crosslevel
15 used to keep the director stabilized in cross-
level. Level and crosslevel are sent to the rate
transmitter Mk 36 (fig, 6-43), where they are
used to develop stabilization signals in elevation
for all modes of operation,

Stable element panel Mk 156 (fig. 6=-43) con-
tains the controls, indicators, and protective
devices required for operating the stable element.
and rate transmitter,

Dynamic Tester and Error
Recorder

The dynamic tester provides a simulated air
target for the fire control system. It may be used
to check the performance of the entire GFCS Mk
68, or the performance of the director power
drives, the computer Mk 47, or the gun order
converter,
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The error recorder uses gun order and fuze
order error signals from the dynamic tester to
record the amount and direction of error in
eystem or system component performance, This
error is recorded on a roll of graph paper,

RELATIVE-RATE FIRE CONTROL
SYSTEMS

Relative-rate fire control systems are based
on gyroscopic lead-computing sights or computing
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170.27
Figure 6-44,— Stable element Mk 16, cover removed,

mechanisms, A number of fire conirol systems
that work on this principle are in use in the Navy
at the present time. Most of them are generally
associated with 3-inch and smaller guns although
some are set up to contrel larger weapons also.
This is in contrast to the Mk 37 and Mk 68
linear=rate systems, which are primarily asso-
ciated with heavier wespons. The general char-
acteristics and principles of relative-rate gun
fire control systems (especlally as compared
with lirear-rate systems) were discussed earlier
in this chapter. This section is chiefly devoted
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to o somewhat more comprehensive description
of one such system —the GFCS Mk 56, However,
it is not intended as a fully detailed description
of the system,

GUN FIRE CONTROL
SYSTEM MK 56

The Mk 56 GFCS(fig. 6-45) is an intermediate-
range gun fire control system primarily designed
for use against high-speed subsonic targets,
but usable also against surface Largets, It is
most commonly used with 3-inch guns, but can
control S-inch guns also. It is a dual-ballistic
system —that is, it can provide elevation, train,
and fuze-setting orders simultaneously to two
different batteries of different calibers, It can
produce a fire control solution withintwo seconds
after tracking begins, The system is capable of
either optical or automatic radar tracking in
bearing, elevation, and range, and of remote
control from the control room below decks, This
feature provides for rapid radar acquisition of
obscured targets and for blind firing (i.e., firing
without visual contact).

The system consists essentially of a two-
axis, power=driven, direct-line-of-sight director
logated above decks, and various computing units
located in a control room below decks, Complete
radar equipment is Included as an integral part
of the system, The radar antenna i mounted on
the director, and all radar indicators are in the
control room (fig. 6-43).

The system is operated by a crew of Iour
men, including the control officer. The latter
and the pointer are stationed in the director
for optical acquisition and the tracking of visible
targets, and the two other men are at a console
in the control room, On the console are all radar
indicators and operational controls for handling
range and positioning the director. Acquisition
of obscured targets is accomplished from the
console by matching designation dials,

Director line of sight (including radar an-
tenna) is stabilized by a gyro unit inthe director.
Computation of lead angles is based on director
angular rates of motion in stabilized coordinates.

Mk 56 GFCS IFire Control
Problem Geometry

The fire control problem is expressed soma-
what differently in the Mk 56 GFCS than in the
linear-rate systems, Figure 6-46 shows the
planes in which the values are expressed and the
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solution is developed in the direclor and com-
puter, Two gyros in the director are used during
tracking to establish the planes and values used
in the solution of the {ire control problem. A
vertical gyro, similar to the stable clement of
the Mk 37 system, establishes and maintains the
true horizontal and true vertical reference planes,
A rate gyro precesses during tracking to develop
angular rates proportional to the movement of
the director,

The angular velocity of the LOS during track-
ing can be resolved into angular rates in two
mutually perpendicular planes (fig. 6-46). One
of these angular raies is elevation rate; the
other is traverse rate. The solution, however,
requires the use of linear rates of target motion,
in a plane perpendicular to the line of sight at
targel’s position, This plane is called the cross-
traverse plane and containg linear elevation rate
and linear deflection rate, Since the target is not
moving entirely in the cross-traverse plane, the
range changes at the rate of RANGE RATEmeas-
ured along the line of sight. Linear elevation
rate, linear bearing rate, and range rate are the
three basic linear rates of target motion.

Mk 56 GFCS Fire Control
Problem Solution

The first step in the sclution of the problem
is determination of target position., Target bear-
ing and elevation are measured by the director,
As the target is tracked, director train and
director elevation are measured and transmitted
by synchros to the computer. Target range is
measured by radar and transmitted automatically
to the computer,

Tracking the target is done either optically
or by radar, A tracking control unit and a tele-
scope on the director are used for optical track-
ing, In automatic radar tracking, the tracking
signals originate in the radar equipment, and are
accurate within one-half mil.

The primary purpose of the vertical gyrois
to establish a stable reference plane called the
true traverse plane (iig, 6-46). It also measures
true elevation of the director line of sight above
the horizontal, and cross-traverse angle. Like
croselevel, cross traverse is moltion about the
line of sight due to movement of the deck, but
cross traverse is measured in the cross-
traverse plane, which is perpendicular to the
line of sight, and therefore differs from cross-
level, The walues of true elevation and cross~
traverse angles are picked oll electrically and
are transmitted to the computer, where they
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Figure 6i-46, — Geometry of the Mk 56 GFCS statement of the fire control problem.

are used in calculating ballistic corrections and
gun orders, Cross fraverse also gozs lo the
crogs-traverse drive gear of the rate gyro.

The rate gyro controls the drive motors that
position the director in train and elevation, It
does this by measuring the angular rates of
target motion in the forms of electrical tracking
signale and by combining these signsls with the
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stabilizing signals of true elevation and cross
traversze from the vertical gyro. The algebraic
sum of these signals is obtained in a set of
pickoff coils that function somewhat like the
umbrella and coil arrangement in the Mk 6 stable
element discuseed earlier in this chapter.

The =zecond step in solving the fire control
problem is messuring the rates of target motion,
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As described earlier, the target is tracked in
elevation and train, and error volteges generated
in the pick-oll coils go to the computer as rates
of target motion (angular elevation rate and an-
gular traverse rate). As for range data, the Mk
56 director has no optical rangefinder; range
information is normally supplied by radar, or it
can be cranked in manually if necessgary. As
the radar tracks the target, changes in range
(range rate) drive a tachometer generator—a
generator whose output viliage is directly and
accurately proportional to speed—that produces
a range rate voltage signal, From these three
rate signals (angular elevation, angular tra-
verse, and range) the computer can calculate
load angles in true traverse and true elevation.

The remainder of the solution process takes
place in the computer, whichincludes the ballistic
computer, wind transmitter, parallax corrector,
end gun order converiter, with associated ampli-
{ierg, Computations are performed hy electrical
and mechanical networks distributed among these
units, Any of these units or all of them together
may be considered as the computer.

From present target position and the rates of
target motion the computer calculates super-
elevation and drift. To correct for wind the
computer receives by synchro own ship course
from the ship gyro compass, and manually intro-
duced values of true wind speed, true wind
direction, and own ship speed. Initial velocity
and dead time are also cranked in manually.
Ballistic corrections are computed in terms of
rates. Angular rates (elevation and traverse)
from the director are multiplied by range to
give linear rates of elevation and deflection.
The linear rates are corrected and used to cal-
culate superelevation and other prediction quanti-
ties,

The Mk 56 system’s geometry is based on the
true elevation and true traverse planes as de-
scribed earlier, ut gun orders must be ex-
pressed in deck coordinates, The computer there-
fore converis the computed lead angles to deck
coordinates, Additional computer units simul-
taneously convert these wvalues to produce gun
orders for another battery of a different caliber.

Finally, parallax correction must be made.
Parallax correction is in principle similar to
that already described for linear-rate systems,
with standard horizontal correction computed on
a 100-yard base and converted at each mount to
the proper value, The Mk 56 system also com-
putes vertical parallax correction,
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MKk 58 GFCS Summary
of System Operation

Figure 6-47 shows the [low of basic quantities
in the svstem when using automatic radar track-
ing (the usual method of oporation). Radar re-
ceives target echoes from the antenna and trans-
mits traverse and elevation error signal to the
gyro unit as tracking signals, and to the computer
as rates of target motion, Signals from the opti-
¢al tracking control unit in the director may be
solected in place of radar. The radar equipment
transmits range and range rate to the computer
during both radar and optical tracking,

In the gyro unit, tracking signals are com-
bined with stabilizing signals to control the
director power drives. As the director tracks
the target, director position is measured by
synchros, and director train and elevation are
transmitted to the computer. The gyro unit also
transmits values of true director elevation and
cross=traversze angle to the computer,

Own=ship course is introduced to the com-
puter electrically, while own-ship =peed, true
wind speed and direction, initial velocity, and
dead time are Inlroduced manually. The com-
puter calculates lesd angles and hallistic cor=-
rections, The secoondary computers make up and
transmit gun elevation order, pun train order,
fuze time order, and unit parallax correction,
Within two seconds of the start of steady tracking
(either optical or radar), the compuier is pro-
ducing accurate gun orders,

OTHER GUN WEAPON SYSTEMS

Thus far we have discussed represeniative
lingar-rate and relative-rate gun fire control
systems, Although these systems are typical
and widely used, they are not the only ones
employed in the [leet. In the following paragraphs
we shall briefly discuss other systems used in
the fleet,

SURFACE FIRE CONTROL
SYSTEMS

Surface fire control systems areused todirect
the [ire of turrets, Most ships having these gys-
tems (cruisers and battleships) are inthe reserve
fieet, These systems are designed tocontrol guns
of 6=inch caliber and larger, They are, ingeneral,
similar to the Mk 37 linear-rate system. They
use rangekeepers instead of computers and stable
verticals instead of stable elements; from the
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point of view of the student of this book, these
are differences in nomencleture rather than
general funclion,

RELATIVE-RATE SYSTEMS

There are several relative=rate fire control
systems used in the Navy. None, however, are
uged as exlensively as the MK 56 system dis-
cussed earlier in the chapter, Some, such as
the MK 63 and MK 87 are used to a lesser degree
than the Mk 56 system, and some (such as Mk
52 and ME 5T) are almost nonexistent, This
discugsion will be confined to the Ak 63, Mk 86,
and Wk 87 systems,

Mk 63 Gun Fire Control System

The Mk 83 system (fig, 6-48) is designed to
control 40-mm and 3''/50 guns and is equipped
lo deal with air targets from 800 to 7,000 yards
range, moving with speeds up to 800 knots, The
major units in the system are

1. Lead computing sight.

2. Director pedestal (on which the sight is
Iﬂﬂuﬂt':d}t

3, Radar equipment (with the radar antemna
located on a gun mount),

4. Wind transmitter —actually a computer
which calculates and introduces wind correction
into the system, Its inputs are own-ship course,
gun train order, own=-ship speed, wind direction,
and wind speed.

5. Targel acquisition unit (TACU). This unit
aids the sight pointer in localing the target when
visibility is poor or there are msny targets in
sight,

The director operator tracks the target man-
ually (the director has no power drive) by
training and elevating the lead computing sight
on the director and keeping the target image
centered in the reticle. The lead angle generated
by the sight is transmitted to the gun mount
power drive, so that the guns will lead the tar-
get. Lead angle is also fransmitted to the radar
antenna’s independent power drive on the gun
mount, but here it is applied Lo cause the antenng
axis to lag the gun bore axis by an angle egual
to the lead angle, The result of thizs, of course,
is thal the radar antenna is always aimed at
the larget (as iz the director line of sight);
the axis of the director case (with no parallax
input) i= parallel to the gun, which points to
the future position of the targei (fig. 6-48).

248

Mk 86 Fire Control System

The Mk BE fire control system is designed to
control lightweight 5'' /54 guns and other weaponsg
against surface, shore, and air targets, The
system is very flexible: it can—with minor
changes —be adapted for use with a variety of
weapons against all type targets, Some mods
function with guided missile systems in the
controlling of semiactive homing missiles such
as TARTAR.

The Mk 86 system has operating modes to
cover just aboul zll possible conditiong of readi-
ness. It can operate in (1) Radar Surface Fire,
(2) Visual Surface Fire, (3) Indirect Shore Bom=
bardment (with or without a beacon), and (4) Air
Action radar, visual, or a combination of both,
Three men, a control officer and two gun con-
trollers, operate the system from below decks,
On ships with single gun installations, one gun
controller’s console (and thus one guncontrollier)
is eliminated,

Components of the MK 86 fire control system
are shown in figure 6-49, A detailed description
of the MKk 86 system can be found in OP 3645,

Mk 87 Fire Control System

One of the most recent developments in pun
fire control is the GFCS8 Mk 87 (fig. 6-50). It
12 a dual-purpose, lightweight system designed
to control 3''/50 and 40 mm guns, Like the Mk
86 system, it can easily be modified to control
larger guns, In itg principal operating modes,
all system f{unctions are mutomatli¢, from the
time of target designation to system ready to
fire. The components of this system were de=-
signed to operate as a balanced and completely
integrated weapon control system, The system
is seli-contained and has three operators—two
at the fire conitrol console and one at the optical
sight topside,

0Of the two manned stations, the fire control
conscle is the heart of the Mk B7 system, It
houses the computer (a solid-state digital ma-
chine), displays, and control paneis. The optical
sight, the other mammed station, is mounted on
a stabilized platiorm located topeide. [t comprises
various components including gear trains, servo-
motors, synchros, and a binocular mount for
optical tracking and visual cbeervation.

The system can engage two targets simul-
taneously, It can engage two surface (or shore
targets) or one air target and one surface target
at the same time,

Additional information on the GI'CS Mk B7 can
be found in OP 3452,
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Figure 6-48, — Mk 63 GFCS, Principle of fire control problem solution.
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CHAPTER 7
DETECTING AND ASSIGNING AIR TARGETS

INTRODUCTION TO ANTIAIR WARFARE

Antiair warfare includes all measures de-
signed to nullify or reduce the effectiveness of
attack by hostile aircraft or guided missiles,
The following broad cspabilities are necessary
to deleal the airborne threat,

1. Ability to eliminate the enemy threat at
ite base before it iz airborne,

2, Ability to defend tactical units by defeating
airborne attacks launched against them,

An enemy may attsck with aireraft, cr with
missiles launched from land, from water, or
from air, The trend in missiles and aircraft is
for higher and higher speeds, and more distant
weapon launching capability. Consequently, the
time available for surface units to defend against
an altack is becoming shorter and shorter. Sur-
face units must be deployed in formations that
take advantage of the defense-in-depth concept.
This means (1) beginning the effort to counter the
enemy attack at as great adistance as practicable
Irom the forces to be defended, and (2) continuing
this effort against the sttack until it is defeated,
or withdrawn,

An AAW operation may be divided into three
phases occurring successively as the attacking
aircraft approach the force being defended,

FIRST PHASE, The first phase includes
searching for, detecting, or receiving knowledge
of, and evaluating and reporting the enemy at=-
tack force,

SECOND PHASE. The second phase encom-
passes employment of initial active defense
measures taken while the sattecking aircraft are
al a considerable distance from the forces to be
defended. Long-range surface-to-air guided
missiles (SAMs), and/or combat-air-patrol in-
terceptor aircraft are used in this phase,

THIRD PHASE, The third or final phase is
the use of AA guns, short-range guided migsiles,
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and evasive action. During this phase the at-
tacking aircraft are near or within AA gun
range of the main body,

Associatled with these three phases is a de-
signated AAW area; figure 7-1 is representa-
tive, Notice in the figure that three concentric
circles divide the total area into a surveillance,
a destruction, and s vital area. The actions
taken in these areas generally adhere to the ex-
planations of the three phases above, with the
surveillance area akin to the {irst phase, and so
on, Figure 7-1 does not describe the area
diametric limits; these change, depending on the
nature of the expecied attack, Following is a
brief description of the areas:

SURVEILLANCE AREA. The surveillance
arca s an area in which search, detection, evalu-
ation, and tracking are accomplished, Its outer
limits are the outsr limits of the AAW areas,

DESTRUCTION AREA. The desiruction area
is the area within which destruction or defeat
of the enemy airborne threat should occcur, It
may be subdivided into (1) an air intercept and
long-range guided missile; (2) a medium-range
guided missile zone; and (3) an AA gun and
short-range guided missile zone,

VITAL AREA, The vital arep i the area
within the destruction area occupied by the forces
for which defense is planned, The radius of this
area is the enemy EWRER (estimated weapon re-
lease range),

Throughout this discussion of AAW, we will
consider the force in question to be afast carrier
task group, controlled in AAW matiers by one as-
signed olficer. The AAW commander might not
be the officer in tactical command of the task
group, but he will usually be an officer of flag
rank, When formations of more than one task
group are involved, the AAW responsibility will
most likely be split into sectors and there will
be an officer in control of each,
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SURVEILLANCE AREA
EXTENDS FROM CEMTER
OF MAIN BODY TO

THIS PERIMETER

AA GUN AND SHORT-RANGE
MISSILE ZONE EXTENDS
FROM CENTER OF MAIN
BODY TO THIS PERIMETER

Figure T-1.—

AAW UNITS

Ships and aircoraft are jolned in a task group
to accomnplish the missgion of the group, The
mission is dictated by strategic necessity; its
accomplishment depands on the proficiency of the
group in antiair and antisubmarine warfare, and
on the group's offensive striking capability. The
nmumber and type of ships and sircrait (hereaiter
called units) in a task group depend onthe opera-
tional objectives of the group, Other groups,
with simllar or different objectives, are joined
as needed to {ullfill a mission,

An AAW formation is designed to protect an
attack carrier, which is the offensive striking
unit of a fast-carrier task group., The group is
comprised of guided missile and conventional
cruisers and destroyers; various fighter, strike,

DESTRUCTION AREA
EXTEMDS FROM CEMTER
OF MAIN BODY TO

THIS PERIMETER

.....
5
.......

VITAL AREA EXTENDS
FROM CENTER OF
MAIM BODY TO

THIS PERIMETER

MEDIUM-RANGE GUIDED
MISSILE ZONE EXTEMDS
FROM CENTER OF MAIN
BODY TO THIS PERIMETER

AIR INTERCEPT AMD
LOMG-RANGE GUIDED
MISSILE ZOME EXTEMNDS
FROM CENTER OF MAIN
BODY TO THIS PERIMETER

110,73
AAW areas,

and AEW (mircraft early warning) aircraft; and
the carrier itself. Submarines on radar-picket
duty may also be part of the AAW formation,
(An actual formation showing the locations of the
AAW units may not be listed in this unclassified
text,) A unit is stationed within a group so that
it strengthens the defense capabilities of the
group. It musl be prepared to direct CAP (com-
bat sir patrol) to a target, or to use its own
ermament, The unit must also engage in passive
AAW as regards target detection and evaluation,
and transmitling target information to the AAW
command ship.

Alreraft are the front line of defense; they
have the speed, flexibility, and striking power
necessary to engage the enemy at a considerable
distance from the friendly force. These fighter
aircraft are classified as interceptors, day
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fighters, and asll-weather fighters, Inter-
ceptors are high-speed, short=-range aircraft de-
signed (o destroy the enemy belore he reaches
the vital area, Day fighters are designed to
engage the enemy alreraft under visual flight
conditions, Day [ighters also perform interception
and area patrol missions, All=weather fighters
destray enemy aireraft under any weather con=-
ditions, They are larger and heavier than the
other fighters and have greater ondurance,

Specially equipped aircraft (AEW) are used
to supplement ships and submarines in pro-
viding and extending radar coverage of the air
defense area, to give early warning of airborne
threats, to conduct ECM search, to control
fighters, and to serve as radar and communica-
tion links hetween pickets and the main body,

SHIPBOARD AAW WEAPONS

After aircraft, guided missiles and guns sre
the next lines of defense,

Missiles are classified according to their
effective range as follows:

1. Short-range guided missiles have an ei-
fective range of 20,000 yards and augment the
AA guns in defense of the gun zone,

2, Medium-range guided missiles have an
effective range of up to 100,000 yards and en-
gage alr targeils inside the first line of pickets,

3. Long-range guided missiles have an effec-
tive range greater than 100,000 yards,

For further details regarding the use and
classification of guided missiles, refer to the
next two volumes in this series,

Gune are used against targels that are re-
latively close to the ship—within 25,000 yards,
The most common types of guns used for AAW
are 3'/50, 5" /38, and 5''/54 (described earlicr),

The 3''/50 RF is a postwar (WWII) product,
whereas the §'' /38 was widely used during World
War II. The 5''/54, s newer gun, will, in time,
replace the §''/38; primarily because of its
faster rate of fire, This does not mean that
5''/38 gune will be removed [rom ships, but
rather that those combatant ships with 5''/3&s
will gradually be phased out of the fleet. At
present, most newly congtructed ships do not
have 5'' /388, hut some converted miseile cruisers
do,

Auxilinry ships and smaller craft use ma-
chineguns in addition to, or in place of, the guns

described above. The three types of machine
gun mounted on ships are:

1. .50 cal —on small craft.

2, 20 mm—called a light machinegun in the
Nevy and mounted on small shipg.

3. 40 mm—called a heavy machinegun and
mounted on small ships and larger auxil-
jaries,

Meaechineguns have a high rate of {ire, short
effective range, and a limited AAW capability.
The 40mm has a maximum effective range (MER)
of aboul 4,000 vards, which is greater than that
of the other two, The 40=s and 208 use impact-
detonating projectiles, and a lead computing gun-
sight to control their fire,

IZach type of AA gun has a range (lis effective
range) at which that gun is moest effective, How-
ever, it is impossible to set thia range precisely.
One factor of primary importance is that the
effectivenese of punfire increases ns the range
decreases, Other factors are considered when
establishing maximum ranges {or opening fire at
air targets, Although gunfire at ranges greater
than effective range may result in a few hits, any
damage, no matter how insigniflicant, increases
the probability of = kill and hes a detrimental
effect on the enemy. Opening fire beyond effec-
tive range salso may elfect operation of the
equipment and gunnery personnel by the time the
target reaches effective range,

Consequently, the maximum effective range
of opening fire has been arbitrarily set as the
range which will permit approximately 10-second
time of flight for the projectile, The approxi-
mate MER of opening fire for presently installed
AA guns is tabulated in NWP 32,

The probability of kill on targete requiring
angles of elevation sbove 70° is small, because
of mechanical limitations of the power drive on
Aa guns. Therefore, high position-angle cross-
ing targets are extremely difficult to hit. A
closing air target at high altitude is also diffi-
cult to hit, A= a general rule, any enemy air
targel above 15,000 feet will be assigned to
the combat air patrol or to the missile battery
for destruction,

THE AAW PLAN

Defense against an air attack demands a high
degree of coordination between widely dispersed
unite in the formation, The attackers can climb
to very high altitudes, or they can come in just
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over the wave lops. No matter what their alti-
tude, their speed in many cases is supersonic,
This means that instantaneous reactions and
quickly computed solutions are absolutely es-
sential to the defenders, Even after attaining
maimum proficiency, a ship's individual efforts
would probably prove futile unless she were de-
ployed in a defense-in-depth formation, Defense
in depth requires intensive coordination. Team-
work ig then the order of the day and the captain
of the team is the AAW commander,

The AAW commander and his staff are ususally
embarked in a missile cruiser where the entire
AAW picture is presented on various display
plots, He maintains communications, except dur-
ing some conditions of electronic silence, with
all of the AAW units. He receives all ""bogey'
(unfriandly air contact) information from the
detecting ship or aircralt, Speed of communi-
cation and dissemination of target data are es-
sential, Therefore, NTDS (Naval Tactical Data
System) was developed to fulfill these require-
ments,

NTDS General Information

The NTDS is fast and accurate in evaluating
and processing naval combat data, It rapidly
correlates tactical data from anumber of collect=-
ing points to provide force commanders with an
essentially complete picture of their current
tactical environment., NTDS has three basic

purposes:

1. Generation of target descriptions,
2, Presentation of the tactical situation,
3. Communication of tactical data,

System components include o variety of elec-
tronic equipment, as follows:

Automatic highspeed, general purpose, stored
program, solid state, computers,

Displays,

High-speed digitsl datz communication facil=-
ities.

Hadar video processors.

Readout devices,

Magnetic tnpe handlers,

Manual data entry devices,

Analog=to=digital converters,

Peripheral to the system are a wide spectrum
of sensors and wespons systems, Data derived
from radar, IFF (identification friend or f{oe),

sonar, ECM (electronic countermeasure) infer-
cept cquipment, and other units of a force, as
well as inputs of own ships's course and speed,
are entered into the computer for processing.
The compuler performs data=handling calcula-
tions and derives information required for threat
evaluation, weapons assipnment, dead=-reckoning
navigation, and communications by way of data
links, It also performs the functions of tracking,
identification, and height and size detormination
of an unknown force. All tactical data are pre-
sented visually on all display consoles, A repre-
sentative NTDS diagram is shown in figure 7-2,

NTDS Communications

NTDS provides three separate communication
links:

1, The A=link (link 11),
2, The AN/USC-2 link (link 4A),
3. The B-link (link 14).

The A-link is a long-range digital communi-
cation link between tactical data units (ships and/
or gircraft), Three basic types of information may
be received and transmitted wvia this link—

1, Target tracks,

2, Weapons status and orders.

3, Control messages which regulate the opera-
tion of the data link network,

Under normsal operation, the data exchanges
between NTDS ships proceed automatically and
continually on each ship. The unit computer
that controls the link equipment is in direct
contact, via radic, with unit computers on all
other NTDS ships in the force,

The AN/USC=Z data link is used to communi=-
cate automatically between the ships and aircraft
aquipped with this data link, Guidance instructions
to interceptors or bombers may be transmitted
via this link,

The B-link provides automatic broadcast of
tactical data from NTDS-equipped ships to non-
NTDS-equipped ships via radio teletype facilities.
Generally, one NTDS ship is designated by the
officer in taclical command to broadcast NTDS
track information to non-NTDS units in the
tagk force, This link may also be used to trans-
mit NTDS data to shore installatione,

With the entire tactical situation on visual
display before him, and the status of all weapons
indicated, the tactical commander is able to best
employ his defensive units (aircralt, missiles,
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Figure 7-2.— Naval tactical data system diagram.

or guns), Merely by pressing the required button,
he can assign the desired unit instantaneously.
Target track and control data are then automati-
cally transmitted to the assigned unit to effect-
ively engage the target., The unit assigned to
engage the unfriendly aireraft (bogey) may be
a8 Combat Air Patrol (carrier-based patrol air-
craft) or a surface unit,

Weapon Lmployment

If the bogey does pose a definite threat, the
AAW commander decides which weapon in the
defense arsenal is to be used. Normally, CAP
is vectored to the target if in the target area. The
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intercepting aircraft may be able {o visually
identify the target, thereby confirming its bellig=-
erent status,

We can miss with CAP just as we can miss
with the guns or missiles, CAP may be out of
position, the relative speeds may be so greatthat
the attacker might slip by, and conditions of poor
visibility or poor radar reception during the
terminal phese of the intercept might render CAP
useless, Now comes our second line of defense,
the surface-to-pir missile,

Many things were happening on the mizsile
ship while the CAP intercept wae attempted,
Extremely accurate fire control radars were
being designated (directed) to the target by an
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elaborate weapons direction system, The direc-
tion system sent continuous target information in
three coordinates (range, bearing, and eleva-
ton) to the fire control directors in the gun and
missile systems. The directors then '"'locked
on'' (shifted to automatic radar track) and be-
came electronically independent of the weapon
direction system, A computer solution started
generating simultaneously with director lock-on
in each fire control system, The computers
solved the fire control problem and computed the
required launcher, missile, and gun orders.

When a ship is ready to engage the target with
missiles, it reports this fact to the AAW com-
mander, Upon receipt of more than one such re-
port, the commander decides which shipistotake
the target under fire, He considers which ship
ig in the best position for a Kill, and the type and
numbeyr of missiles remaining on board, If the
target 18 not destroyed after multiple missile
salvos have been fired, reliance must be placed
upon the lasl line of defense — conventional gun-
fire,

Conventional guns are still very much a part
of the Navy's armament and they continue to be
effective in AAW as indicated by target practice
results against high speed jet targets, Gunfire
can also disrupt an otherwise orderly mass at-
tack. A gun 18 not invalidated by atargel’s speed,
but it ig8 seriously limited when the target's
RELATIVE MOVEMENT in bearing, elevation,
and range exceeds the designed limits of the gun
fire control system.

STEPS IN THE SHIP'S
DEF ENSE PROCESS

The preceding section showed how units are
integrated to protect the task group's vital ares,
But the plan of action for any oneé unit is nec-
gssarily more precise; iie broad outline neatly
dovetails into the overall AAW plan, In order of
ococurrence, & ship must detect, display, evalu-
ate, disseminate target information (within the
ship), and destroy air targetls, I a ship is the
first unit in the formation to detect a target,
most of its internal steps become steps in the
AAW sequence for the task group. Delection,
evalualion, dissemination within the task group,
and (posgibly) destruction of the target become
one and the same for the detecting ship and the
task group, Other ships will participate in de-
struction or evaluation if directed or nesded,
respectively; but they will all use the same in-
ternal sequence as outlined above, Note that

displaying and disseminating within a ship are
alweys internal steps. Following is a description
of the internal sleps:

1. DETECTING. Detecting the targetl is the
first and probably the most difficult part of the
problem, We have devoled the nexl section in
this chapter to detecting. Air search radars (of
various designs) are the primary detecling means,
but suriace search radars very often detecl
low flying sircrait, Two other detecting methods
are visual, and passive with ECM (electronic
countermeasure) equipment,

2. DISPLAYING, Target data are displayed in
the CIC (combat information center) of each ship,
There are threc main display boards, which are
called phase 1, phase 2, and phase 3 summary
plots, (Smaller ships such as DDs use only two
displays,) Phases 1, 2, and 3 stand [or long, inter-
mediate, and short range respectively; or, il you
prefer, the firsi, second, and third phases of the
AAW problem. Don't confuse these phases with
those previously mentioned, because these are
relative to a single ship; not to the vital area of
the task group. For example, an cuter perimeter
ship may be in its phase 3, while units in the
vital area are in phase 1 or phase 2,

Figure 7=3 shows a phasc 1 plot, Each small
sguare has sides which are equel to 60 nautical
mileg, Since there are 100 small squares, the
square mile area covered by the plot is 360,000,
GEOREF coordinate identilying leiters are in-
scribed on the edges of the board, and grid lines
connect the coordinates vertically and horizon-
tally to ''checker'' the board, The resulting
GEOREF squares mpke it possible to {ix a con-
tact's position in much the same manner as a city
is localed on a standard road map. You will see
later how numbers are used to {ix the position
within a sguare.

The main purpose of the phase 1 board is o
provide a long range lock at the situation. All
unidentified air contacts beyond 100 miles froma
ship are plotied here. Also plotted is the where-
abouts of the formation center. Flagship B in
Tigure 7=3 is the formation center of the four-
ship task group shown (ships B, C, S, and T).
Notige that certain intelligence items are plotted.
Even though the southeastern United States and
the grid lines are drawn approximately to scale,
the letters used herc are not the actual letters
for that locale. Bogey C-8 was detected by ship
C at 2015 local time and lost after time 2023 —it
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Figure T=-d,— Phasc 1 plot,

was then zaid to be in a "'fade'’ (depicted by the
wavy line), Ship T picked up hogey T-3 and
made continuous reports to the formation.

Logate ship 8. Notice that it is within a small
gguare that hazs GEOREF coordinates of JM,
{(The longitudinal coordinate is alwavs given
first,) Ship S is a liftle northwest of cenfer in
the JM square and exactly in the center of a
larger =quare which is shown by the broken lines.
The broken-line square represents the ares that
will be coversd by the phase 2 plot on board

ahip 8. The phase 1 plot ig algo the one on board
ship &, Now shilt to ligure 7-4, the phase 2 plot.

Ship S is in the center of the plotting board
gnd northwest of center in the JM =quare, Bogey
T=3 is making an attack irom the southeast and
his peosition in the KL square is the same as that
which he occupied in the phase 1 plot, The
physical dimensions of the squares on the phase 2
plot have been enlarped but the geogpraphical area
they represent remains the same, Now there is
a gquick and convenient way of relating bogey T=3
to ship &8, He bears 135% {rue at about 90 miles,
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K L

Knowing the approximate bearing and range
enables ship S to make an inlensified search in
the area with her own airsearch radars,

The phase 2 plot shows the surface units of
the formation plus all friendly aircraft (AEW and
CAP) within its radius, This plot differs from
phase 1 in that the center of the plot is made to
represent the geographical position of the ship
(ship § in this case). The grid coordinates are
adjusted periodically as the ship moves over the
ground, Unlike the grid lines that are inscribed
on the phase 1 board, these are wires which are

63,17
IFigure 7=4,— Phase 2 plot,

attached to rods that border the board, It is a
simple matter for a Radarman to adjust the
wires and change the grid letters to make the
center of the board correspond to the approximate
position of the ship, He gets his ''posit''informa-
tion from the DRT which has been set to agree
with the ship's radar, loran, or navigational fixes.

The phase & plot iz an enlargement of the
close=in aren of the phase 2 plot. Unidentified
air contgets within a 50-mile radius are dis-
played here, The phase 3 plotis importantin ships
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that do not have a long range target acquisition
capability.

Figure 7-5 shows how to [ix a target's posi-
tion within & GEOREF square, The sguare is
divided into equal increments in both latitude and
longitude. Bogey T=-3 would be reported as
KL 23, The numbers shown in the figure are not
inscribed on the plotting board or on the grid
wires, It le useless to scribe wires that can
move with respect to one another. The Radar-
man who is reporting the bogey's position merely
estimated the divisions of the square. Other
numbering systems which have about five incre-
ments are used, bui the principle remains the
Same.

Finally, GEOREF posits are not '"right on
the nose.'' Inaccuracies stem from reporting
delays and from grid wires thal have been in-
correctly set. Moreover, the actual position within
a square is an estimate by the person reporting
the contact, Since NTDS was developed, however,
reporting delays have been greatly reduced, and
the actual target position within o square is
more accurate,

3. EVALUATING. The process of evaluating
is continuous from the moment of deteciion
to the subsequent intercept of the target, The
tools used most often are the targel's relative

N

1
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63.18
Figure 7-5,— Locating a Bogey within a square.
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position, his course, speed, and allitude, and
his response to an IFF (identification friend
or foe) challenge,

As we have seen, a contact may first ap=
pear on our display as a GECREF report from
another AAW unit, Included in this report will
be a calculation of the contact's course, speed,
and altitude, This information is sometimes
hastily computed becaunse of the need for immedi-
ate disseminationto the other units in the task
group. Initial minor inaccurncies will be noted
gquite often when compared to the subseguent re-
ports from that same reporting unit.

The mere mention of a contact on the re-
porting net indicates thal the reporting unit iz
unable to receive the correct IFF response, It
is quite possible that the IFF equipment may be
functioning improperly. The only reasonable re-
course in the event of no [FF return would
be to get as many AAW units as possible on
the contact, Perhaps they can receive the correct
IFF response or locate the contact on their
ECM gear, If the IFF equipment {ails to identify,
maybe the coniact can be recogni zed by evaluating
ECM radar characteristics, You might also
identify the bogey by accounting for all of the
known friendlies in the area. This process of
elimination and the evalustionof ECM information
consume time, and fime is not always available,
If time is short and we can't receive the correct
IFI response, we must assume that the contact
is an enemy,

Most of the defensive decisions for the group
will be meade by the AAW commander, but
each ship ig set up to evaluate independently, and
to make iis own decisions iI necessary. The
factors and guestions which {ollow are consid-
ered simultaneously by the AAW commander
and each ghip's CIC evaluator,

The evalualor is responsible for identifying
the contact, and for delermining the type of
attack he is most likely to make, He is also
responsible for an estimation of the target's
weapon release range. Generally speaking, the
determination of the target's weapon release
range is not of paramcunt importance when
intercepting with aircraft, since the practice is
to get out there with CAP as soon as possible,
It would be & definite factor however, in the
case of a safurated raid when the evalualor
must select the most critical target, The most
critical target, excluding the type of weapon he
carries, 18 usually the targel with the nearest
or guickest CPA (closest point of approach), or
a target involved in jamming,
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The target's radar characteristics, along
with his speed and altitude, may revesal his air-
craft type and, therefore, his weapon capability.
Armed with thig information, the evaluator, who
is well versed in aircraft tactics, can make an
educated guess as to which is the most critical
target in regard to weapon type and release
poing,

Along with the selection of the most critical
target comes the necessity to know the ship's
defensive capability. The evaluslor must be
knowledgeable in this area in order to recom-
mend the type of armament to be used in the
kill, and to be reasonably sure that the selected
weapon is capable of a kill. What are the weapon
limitations ? How high and how far can the mis-
siles go? 18 the missile control equipment locked
on and ready? Will the target enter the missile
blind zone {firmg cutout area caused by ship's
structure) ? If so, will the ship have suificient
time to change course and unmask her missilie
battery ? Or, would it be better to fire a nuclear
missile in the face of 2 concentratedraid? Are
these nuclear missiles available ? For that matter,
what i the actual count of all missiles remaining
on board ?

Further, are all of the missile directors
engaged ? Can AA gunfire cope with a particular
target? Once again, how high is he, what is his
relative movement, is he in the blind zone, or
will he reach his wespon release point beyond
the range of AA gunfire? In the latter case,
perhaps a shifting of targeis at one of the
misgile directors is indicated, These are only
some of the many questions conironting the CIC
evaluator.

All intelligence information ig collected and
made available to the evaluator, A knowledge
of enemy alrcraft capabilities and limitations,
hoth in equipment and tactical application, is
essential, The evaluator must be able to estimate
the target's priorities and probable intentions.
He musi be aware of the geographical location
of friendly forces, particularly in relation to
enemy air facilities, In addition, he must keep
abreast of any weather or atmospheric develop-
ments and their effect on flight operations and
radar performance,

Evaluation ig & process which involves a
continuing appraisal, or estimate of the existing
air threat, It terminates with the ''splashing
of the target,'' With very little time available
to detect and successfully counter a raid, it is
mandatory that responsibilities be decentralized
as much as possible. There may be no time for
the commanding officer to requesl permission

from the AntiAir Warfare Commander to launch
short range missiles, and there may be no time
for the evaluator to ask the commanding offlicer
for permission to take the raid with CAP.
And sometimes, when confronted with a surprise
attack, there is no time for the weapons officer
to wait for information from CIC, As a malter
of fact, the director officer may commence
firing if the situation warrants,

4, DISSEMINATING, Transmitting information
to the other umits in the group, and keeping
stations on a ship informed, is disseminating
externally and internally, respectlively. External
dissemination to other AAW units, and the AAW
commander, iz the responsibility of CIC per-
sonnel, I[nternal dissemination is of more con-
cern to the readers of this text.

All ships use sound-powered telephones to
complete the communications link between CIC
and weapons' batlle stations, Newer ships, specif-
ically those armed with missiles, often have
closed-circuil television eguipment on beoard.
A television camera i= focused on the phase
2 plot in CIC and receivers are located in
various control stations throughout the ship,
Examples of receiving stations are;

8, Weapons Control Station

b, Commanding Officer's Tactical Plot
¢. Flag Plot

d. Air Control Section of CIC

Television equipment has done much toelimi-
naie the excessive time consumed when irans-
ferring bogey data exclusively by sound=-powered
telephones. But telephones are slill used for
action commands and to provide an audio backup
for visual information. They continue to be the
sole information link to stations that do not
have 2 critical evaluation or a weapons control
assignment,

The most important information dissemina-
tor for weapons personnel is the weapons liaison
officer (WLQ). This officer is stationed in CIC
at a location which commands a good view
of the phase plots and facilitates direct conver-
sation with the ewvaluator., The WIL.O is on the
weapeng battle control telephone ¢ircuit, which
aleo includes all officers who are assigned in
weapon control stations. It is his responsibility
to keep all stations on the circuit fully informed
in all matters pertaining to the battle, He for-
wards information such as "'warning red, yellow,
or white'' which means that an attack is imminent,
probable, or improbable. Warning conditions
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are prescribed further by ''wespons tight'' or
'rweapons {ree.'" Weapons tight means that ship-
board weapons will not be fired (unless enemy
aircraft are committing hostile acts) because
friendly forces (usually CAP) are in the firing
arca, Weapone free means that there are no
weapon delivery restrictions, and may be used
ag the authorization for a ship to ''Yfire when
ready,'' The latter usuage depends on the standard
operating procedure for the task group, The WLO
performs other, more mechanical, actions in
getting directors on targets; these will be dis-
cussed later in this chapter,

5. DESTROYING, There is very little we can
say here aboul desztroying targets, Once & gun
projectile is launched it follows a ballistic
flight plan which cannot be controlled by the
lawnching ship, Elfective gunfire depends on
solving the fire control problem, aiming the
guns correctly, and maintaining 2 continuous
ammunition supply. The destruction of targets
by missiles will be discussed in the next two
volumes of this series,

TARGET DETECTION

It is possible to detect a target by using
passive eguipment such as clectronic counter-
measure (ECM) gear, This supersensitive equip-
ment dotocts electromagnetic radiation, indicates
its direction, and messures the transmitter's
[requency, pulse width, and pulse repetition rate
(PRR). We can even determine the antenna's
rotation rate with this gear,

The LECM operator refers to & publication
which described the operating characteristics
of known radiating equipment, Ile then ascertains,
what type of equipment he has delscted and,
more important, what type ol vehicle the equip-
ment {8 probably mounted on. In other words,
he makes an educated guess ag to whether the
contsct is & particular type of enemy aircraft,
submarine, or perhaps a member of hiz own
operating lorce. ECM gear has serious draw-
backs in that it cannot measure the range or
altitude of the contact, even though range might
possibly be determined by ECM triangulation.

Alr search radar is the primary means by
which we detect targets, The air search radar
lixes the target's position in two coordinates—
range and bearing. Some CIC air search radars,
particularly those associated directly with fire
control equipment, have a height- or altitude-
finding capability. The three coordinate radars
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have a distinct advangate when designating a
fire control director to the target. The height
quantity is converted into an angle of elevation
and eliminates large sector searching in eleva-
tion by the director., In order to make use of
height, we must have a weapon direction system
which can designate in three coordinates. The
result 18 @ decrease in the target acquisilion
time required by the fire conirol director, pro-
vided the search radar has beencorrectly aligned
with the FC radar. Since radar is such an inte-
gral pert of modern weaponry let's discuss
it in more detail.

ELEMENTARY RADAR THEORY

As you remember from an earlier chapter,
radar essentially is a method for determining, by
radio echoes, the presence of objects, their
range, bearing, and elevation, [or recognizing
certain of their characteristics, and for making
usc of this information. A complete radar in-
stallation is itself referred to as a radar; the
term is used to denote the equipment as well as
the technique.

The bare elements of 4 radar system's opera-
tion are shown in figure 7-6. A high-powered
transmitter sends out a short pulse of intense high-
[requency radistion from a specinl antenna so
that it issues more or less s a beam, Then
the antenna is switched by a duplexer to a sensi-
tive receiver, which picks up radio echoes
reflected by targets in the path of the beam. The
echo (pip or blip) shows up as a bright spot or
a kinked line on the screen of a cathode-ray
fube, (The tube iz like that ol a television re-
ceiver, but doesn't present a piclure —only blips
or pips.) The functioning of the system is coor-
dinated by a timer, which transmits pulsesg to
the receiver and kever, The Kkeyer in turn
staris and stops the transmitter,

With electromagnetic radiation traveling at
the speed of light (186,000 miles per second),
it's obvious that all of this happens quite Iast,
In 1/1,000,000 second ( 1 microsecond) radio
energy travels 328 yards. Since the pulse of radio
energy has to travel to the target and return,
a time indication of 6.1 microseconds represent
1,000 yards range, although the pulse has traveled
2,000 yards going to and [rom the target,

Now that we have a general idea of the function-
ing of a basic radar, let us discuss (briefly)
search radar,
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Figure 7-6,— Elements of a Radar System (block disgramy,

SEARCH RADAR AND IFF

Aboard ship, radar equipment has two general
applications —for search and for fire control.
Search radar displays are centered in CIC. Al-
though we are primarily concernsd with fire con-
trol radar, you must in order to understand ihe
target detection and acquisition process know
something about search radar. The three types
most commonly used in surface ships are air
search, height-finding search, and surtace search,
A representative search radar presentation is
shown in figure 7-7; thig is the commonly-uged
PPI (planned position indicator) display,

An air =earch radar's primary function is
warning of the presence of aircraft at extreme
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ranges. It is called & two-coordinate radar
since it measures only range and bearing,

Height=-finding radars are three-coordinate
radars, They are capable of discriminating be-
tween targets that are cloge together, and they
are capable of measuring range, bearing, and
altitude, The altitude gquantity is converted in the
weapon direction system fo an angle of ele-
vation by the fire conirol directors, thereby
decreasing their target acquigition time,

Surface search radars measure the range and
bearing of surface contacts to agsist in navi-
gating the ship, or to send surface target in-
formation to the weapon direction system. They
are plso effective in detecting low flying air-
craft, since their radar energy is concentrated
at low angles of elevation,
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As we stated earlier, on aradarscope presen-
tation a target is a blip, not a picture, It's
gither = shapeless blurred spot or patch, or a
jageed distortion in a line, Around the blip is
HMorgss''—the visual equivalent of audible noize
in a redio transmission, (It's called "'grass'' be-
cause in an A=-sScope presentation electronic
noige in the line fraced by the electron beam in
the cathode-ray tube does appear as wavering,
moving filaments reminiscent of blades of grass,)
In search radar unilts, any target smaller than
a geographical feature has no discernible shape.
This is especially true of aircraft targets, When
aireraft come within search radar range, there's
nothing in the blips to indicate whether they're
friendly or enemy.

To deal with this problem we have IFF, IFF
equipment aboard ship functions in conjunction
with a search radar, but the IF'I" system includes

2

BEAM ROTATION

53,109.1
Figure 7=-7,— PPl Scope presentation,

aleo equipment aboard the aircraft. The radar
beam Irom the interrogating =hip 'riggers''
automatically the IFF equipment on the friendly
target. The lafler then transmits a coded signal
which shows up on the indicater scope of the
regular radar set on the interrogating ship.
The interrogating ship and the target must carry
maiching IFF equipment, For security, we use
coded signals,

FIRE CONTROL RADAR

Fire control radars must be able todeterming
range, bearing, and elevation of a target with a
high precision to achieve destructive gunfire.
They must also have good target resolution; i,e.,
they must be able to distinguish between blips
which are very close together. This is necessary
to permit accurate pointing, training, and gpotting.
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Surface fire control radars (e.g., Mk 13
are usged in conjunction with surface hatleries on
cruisers, Thi=s radar must measure range and
bhearing accurately to provide data for the solu-
tion of the surface fire control problem, Figure
7-8 shows & B-gscope of the type used in surface
fire control radar. The fransmitted pulse and the
gtart of the time-base sweep are on the hottom
horizontal line, The sweep i made to move
from botiom (minimum range) to top (maximum
range) on the scope face, The range line ig an
electronic measuring indication which is made to
move up and down the scope face in response
to mechanical gearing and electronic circuitry
controlled by the radar operator, To measure
range, the operator rotates a handwheel unti]
the range line just touches the bottom edge
of the target echo and then reads a range
counter; we are slightly under ranged in the figure.

Notice the [ive wertical lines in the figure;
theze are not sweep traces, The intensity of the
sweep traces has been decreased by the opera-
tor so that he can better see the target pip. If
the intensity were increased to maximum, the
scope face would he illuminated within the limits
of the horizontal transmitted pulse line. This
tells you that there exists a vertical range sweep
for each minute horizontal segment of the irans-
mitted pulse line, The actual number of range
eweeps is determined by the pulse repelilion

BEARING
LINE
RANGE ‘
B-SCOPE

53.108.2
Figure 7-8,— B-scope.

[
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frequency of the radar and the antenna scanning
irequency which will he covered in a moment,
In figure 7-6 we learned that a timer fires the
trangmitter and starts the rance sweep simul-
taneously. The pulse repetition frequency of a
radar is the operating frequency of the timer
measured in cycles of operation per second.

Now let's measure bearing. The center yver-
tical line is called the bearing line; it always
represents the axXact trained position of the
director. Or you cculd say that it is aligned
with the wertical c¢reosshairs in the director's
optical telescopes, If optical tracking is impos~
sible the director can get on target by training
right (in the illustration) until the bearing line
exactly bizects the target pip. The target would
appear to move to the left on the scope as the
trainer moves the director and ils antenna on
target, If optical tracking were used, ths bearing
reference wonld be the vertical crosshair in the
director trainer's ilelescope, but the radar pic-
ture would be the same asg if radar tracking were
used,

The bearing relationship between the target
echo and the direcior's line of sight (orthe bear-
ing liney is obtained by causing the radar antenna
to scan horizontally, Scanning in surface radars
meang oscillating the antenna back and forth
rapidly through a small angle; the center of
which is the bearing line of sight of the director.
When the director is exactly on target, the target
iz illuminated on the scope when the antennais atl
the middle of its scamning arc, thus causing the
begring line to bisect the target echo. Inligure
7=8 the target was illuminated when the radar
beam was positioned to the right of the line of
sight. To present this relationship electronically,
the vertical range sweeps (without which no pip
indication is possible) are made to scan left and
right on the scope. When the antenna is at its
farthest rightward position, the range sweep will
be farthest to the right on the scope. When the
ontenna scang back to the middle of its are, the
range sweep occurs coincident with the bearing
line, and =0 on. The sweep is made Lo scan left
and right by applying an a-c signal to the scope's
horizontal deflection plates: the same a-¢ signal
which drives the antenna back and forth. The
other wvertical lines in the figure are spotting
reference lines for defleclion spols,

Antigircraft fire control radar is8 more ¢om-
plicated than surface fire control radar, This is
due primarily io (1) greater target velocities,
(2) target elevation measurement, and (3) 2 need
for automatic radar {tracking, The sutomatic
lracking feature is not found in all AA systems,
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but it iz included in all missile systems and in
the newer gunfire systems., In this discussion
we'll concentrate on the automatic tracking Mk
35 —the radar used with the Mk 56 GFCS.

The Mk 56 system hasfour displays — a double
display for range (the A/R-scope), a display
for hbearing (the B=-scope), and a display for
elevation (the E-scope).

The A/R-scope displays two traces—the A
frace and the R trace. The A {irace extends
from zero to 30,000 yards. The significant
features of the trace asz illustrated in {figure
7=8 are;

1. Quigoing tranamiller pulse blip. This is
an up-down jog of the trace at the zero range
point,

2, Range notch, This is a depressed porticn
of the trace. By cranking a control on the radar
console the operator can shift the notch in range
s0 that target blips may fall within it, as illus-
trated in the fipure, When the notch is adjusted
so that a target blip is in contact with the left-
hand side, the target is said to be gated.

3, Target blips, These are up-down jogs of
the trace, each corresponding to one target,

The R trace is an expansion of a portion of
the A trace, Only the left side of the range notch
shows on the R trace; this is the range step, The
R trace iz 1000 yards long; there is a small gap
in the trace to represent the location of the
nearest even 1000-yard point in range, As the
Tadar operator cranks the range notch uprangs
or downrange, it moves correspondingly on the A
trace, but onh the R trace the range step remains
fixed in the center of the trace while the blips
and range markers move past it. In addition,
the blips move leftward or rightward on hoth
traces o correspond to their movements down-
range (decreasing range) or uprange,

The diagram above the illustrated A/R traces
in figure 7-2 shows the spatial relationship of
radar and targets which the traces indicate.

The E-scope (fig, 7-10} shows range (hori=-
zontally) from 0 to 280,000 vards, and director
true elevation (vertically) in degrees from -10°
to 80° The vertical width of the trace depends
on the type of antenna scan, There are two
types of scan—spiral for searching and conical
after the radar has locked onto target, As the
radar beam goes through a compleie spiral
scan cycle, the trace covers al2-degree band, the
center of which is at the angle corresponding
to the true eclevation of the director., In conical
scan, the trace covers g d=degree band, The range
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strobe line {range mark) appeare as abright ver-
fical line extending from top to bottom of the
sweep, Target echoes appear ag shorl vertical
lines. Two curved lines on the scope face furnish
an indication of target altitude in feet, A target
on the lower curved line is at 10,000 feet al-
titude; ftarget on the upper line is at 30,000
feet altitude, Other target altitudes can be esti-
mated,

The B-scope presentation (fig. 7-11) shows
bearing (horizontally) 8° either side of director
train, and range (vertically) 1000 yards ecither
side of the range mark, The frace appears
as a vertical band, with ifts center always at
the center of the scope. The trace width in
bearing depends on antenna scan: 3° for conical
scan, and 12° for spiral scan, The range mark
gppears as a horizontzl line at the center of the
scope, extending acress the entire width of the
trace. Targel blips appear ag horizontal lines.

When searching for a target, the radar tracker
watches the E-scope, Since spiral scan is used
for searching, the target blip will be vigible on
the E=-scope when the director line of sight is
within 6° of target bearing and 6° of (arpet
elevation. In addition, for the blip to be visible
on the B-scope, the range mark must be within
1000 yards of the target blip, As soon as the
target blip appears on the E-scope, the radar
operator slews the range mark to bring the hlip
within the B-scope, When the radar tracker
sees the target in the Be=scope, he turns the
range c¢rank to bring the blip up or down to
the range line, and simultanecusly turnsg the
bearing crank fo bring the blip right or left
to the director bearing line,

Figure 7-12 shows the appearance of all three
radar scopes for different positions of the target,
The equipment is o¢n target C; therefore the hlip
from target C iz against the range notch on the
A zweep, at the step on the R sweep, at the cen=-
ter of the trace in the FE=-scope, and al the cenler
of the B=-scope. All targets covered by the 12-
degree spiral scan appear on the A gweep and E-
scope. Target E does not appear on any =cope
becpuge it i more than 67 ifrom the antenma
axiz, Target A does not appear on the B=-scope
because it i2 more than 1000 yards from the
range mark, Targets A and D do not appear on
the R sweep because they are more than 500
vards away from the range step.

When the target selected is gated in the A/R
geope, and is (a= target C is) on the intersection
of the gzerc lines in the B-scope, the radar
oparator can by operating a foot switch cause
the system to track the target automatically.
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DIFFICULTIES IN DETECTING

Atmospheric conditions will sometimes af-
fect target detection. A moisture-laden c¢loud
might appear to be an air contact on the scope.
Thiz false target would soon be discounted by
the radar operator since it will have a very low
speed., Rain squalls, storms, etc,, may tempo-
rarily obscure actual air contacts, But if we are
hampered by weather, the attackers are also,
Extreme adverse weather conditions lend come
doubt as to the feasibility of an air atiack.

Targel detection is made more diffieult when
the enemy is '"jamming'' our radar, One form
of jamming is more or less semiactive and con-
sists of dropping "'rope'' or "'chaff'" from an
aircralt, This jamming material is made of
aluminum foil strips which are cut to resonate
at a particular freguency. The effect ig similar
to what we would see if numerous fransmilters
wers reradiating our air search energy back to
us. This type of jamming is easily recognized
on the scope because of the almost linear pattern
it presents, Its success lies in the aircrait's
ability to saturate our scope with false targets,
thereby obscuring the real ones,

Some electronic countermeasure equipments
can be used for active jamming. We are more
concerned with enemy alrcraft acting in this
capacity than surface units because of the lat-
ter's range restrictions at radar frequencies.
ECM ecuipments can automatically find your
transmitting frequency and pulse repetition rate,
and then transmit ''down your throat,'' On A-
type radarscopes this type of interference shows
up as "'railings' or "fence posts.' On Be=type
gcopes it may look like sine waves or ''snow,'

To be effective, the chalf aireraft must pene-
trate our entire AAW network, It is doubtiul that he
can do this since the chaff pinpoinis his position
to practically every fire control directior in the
task group, Also, he would be recognized immedi-
ately as an enemy, thus eliminating the normal
evaluation time, If he choge to drop chaff outside
of our defenses, he would be announcing an
attack. Moreover, fire control radars have been
known to look right through this chaff, Some
methods of combating chaff and other jamming
are discussed in the next section (countermea-
BUTes),

The most pronounced single limiting factor
in air searching is the radar's inability to follow
the curvature of the earth and detect low altitude
targets beyond the horizon, Some radio frequen=
cies (shortwave) will [ollow the curvature of the
earth for great distances provided the waves are

propelled by sufficient power. This is accom-
plished by bouncing the radic wave between the
earth's surface and the ionosphere. Since the
ionosphere curves around the earth, the re-
flected radio waves will curve also.,

Shortwaves are in the high frequency range
of the spectrum; radar waves are considerably
higher in [requency, The higher radar frequencies
will penetrate the ionosphere with little or
no reflection occurring. They penetrate primarily
because of their shorter wavelength, We will
not get involved in a discussion concerning the
""whys'' of this penetration, We are more inter-
ested in the end result, which is a desirable
straight line of sight transmission,

You may have decided at this point that a
low f{recquency radar, making use of the iono-
shpere reflection phenomenon, could provide
adequate coverage of the blind area beyond the
horizon, Perhaps it could, The technical prob=-
lems engountered in this attempt however, would
be staggering. We would have to know the height
at which reflection of the wave occurs, and the
primary {factor in this determination is the
ionoshperic density. Densily of ionization at
different altitudes makes the ionoshpere appear
to have layers. Actually there is no sharp di-
viding line between the layers of ionizalion,
Suppose we could predict how much density is
required to reflect the wave, could we then pre-
dict with accurazcy at what height reflection
would occur? Even with an educated guess, we
would be further victimized by sporadic ioniza-
tions which occur at varying density in each
laver,

If we were to suspend ourselves in the
ionosphere and look down to the earth's surface
with magnified vision, we might be able to see
an airgralt standing out in bas-relief against the
water., Electronically spesking this is not the
case. It would be difficult indeed to detect a
target, say, 50 feet above such a massive re-
flecting suriace,

If we did not have a line of sight transmis-
sion in radar, the time factor would be in error,
Errors in time mean errors in range. Errors
in elevation and bearing would also be noted.
To =um it up, current knowledge and the need
ior accuracy forces us to use higher frequencies,
thereby making the blind area something with
which we'll just hawve to live,

A sgiraight line extending from the air and
surface search antennas and tangent to the hori-
zon, represents the maximum detectable range
of zero altitude targets. This range is propor-
tionally increased by an increase in the target's
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altitude. Detection rangs could also be extended
by raiging our antennas' heights, Unfortunately
we cannot depend on the targets accommodating
us by flying at high altitudes, nor ¢an we raise
the heightz of the transmitting antennss beyond
the regtriction: imposed by the ship's designers,
We must make another tack,

Instead of considering the AAW unit and iis
Mow flyer'' detecting limitations, let's lock at
the unit as an integral part of a whole, The
whole in thia case ig a task group, Tactically
speaking, it is our mission to protect the wvital
aresa of the task group and not the units com-
priging it, Protecting the vital ares is easier
than protecting a single ship when we discuss
the problem in terms of target deteclion.

The task group is deployed 50 that some of the
units are operating many miles from tazsk group
center, These outer perimeter units extend
greatly the task group’s radar surveillance.
They can be used to deslroy a farget with their
cship's armament or to vector CAP, Still other
units with the same capability sre strategically
placed between the outer perimester and the tazk
group cenler,

AEW aircraft are stationed above the task
group as insurance sgainst the penetration of the
surface units" radar network, This aircrail re-
presents o great increase in radar antenng
height; consequently, its radar range capability
iz limited only by aliitude and the design char-
acterigtics of its radar. The AEW is a flying
station; and by utilizing the NTDS, rapidly and
accurately it can be used to vector the combat
air patrol plane,

Let us next discuss some countermessures
against jamming,

DETECTION COUNTERMEASURES

Many antijam circuits have heen incorporated
in our modern radars to combat active jamming.
Frequency control power devices change trans-
mitting frequencies at the touch of a switch on
some radars, Elecironic differentiating circuits
change the ''fence posts' into narrow spikes he-
fore they are displayed on the scope, Manually
operated pulse repetition controls vary the repe-
tition rate of our radars, Some radsrs have an
autornatic pulse repetition variance that operates
af o random rate, making it virtually impossible
for countermeasure gear to lock on, The fence
posts would then wander across the scope but the
target's movement would be consistent in direc-
tion and therefore easily discernible from the

wandering fence posts. Circuits such ag fost-
time constant (FTC), instantancous automatic
gain conirol (IAGC), and sensitivity time con-
trol can sll be used to reduce abnormal signals
while processing normal signals without appreci-
able loss. A relatively new development in elec-
ironi¢ counter-countermeasures for pgun fire
control radars is the radar signal processing
equipment (RSPE), which is explained in the
following parsgraphs,

RADAR BIGNAL PROCESSING EQUIFMENT

As stated above, REPE iz a relatively new
development in the field of electronic counter-
countermegsures (ECCLH), It is added to existing
gun fire control radsrs used for the automatic
control of antiaireraft guns, REPE consists of a
cabinet containing its circuitry (fig, 7=13), a
range cperator's control unit (fig, 7-14), and 2
trainer's control unit (identical to the range
gperator's control unity. BSPE can be discon-
nected from the fire control radar with a single
pushbutton,

The main purposes of RSPE aretogive [aster,
more accurate target acquisition apd provide
continugus target track through high level inter-
ference, Each received echo of a transmitted
pulse iz digitally processed, and the results are
stored in a memory to provide the radar with
ihe following:

1, Complete automatic target acquisition with=-
in the spiral scan of the radar beam.,

2, Virtuglly instantaneous range tracking of
targets.

3. Automatic passive track apainst almost
all forms of noise and jamming.

4, Logarithmically processed video and sup-
pression of most forme of jamming signals for
improved scope display.

9, Automatic transmitter {requency slew when
active jamming is sensed,

The automatic acquisition capability, which
iz & necessary f[unction of rapid reaction to
various jamming environments, alsc enables
faster fire control action in a clear environment.
Using automatic acquisition, the radar will acquire
the nearest target within the spiral =can beam
(e.g. target A in figure 7-12); lock on in range,
bearing, and elevation; and shift to conical gcan,
all within sbout one second. If, after about 3
seconds of tracking, the target is determined to
be opening or closing at a speed less than 100
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REPE MK 1,

knots, the RSPE will reject it, return to the
acquisition mode, and search for the next closest
target (e.g. target B in figure 7-12)j. The opera-
tor may override the RSPE and continue o
track a stationary or slow-moving target if
desired.

This brief look at the RSPE is intended
only to give you an overall picture of what the
equipment does, Additional information on its
description and operation can be found in Fire
Control Technician G 1/C, NavPers 10208,

DIRECTOR ASSIGNMENT WITH A TDS

Perhaps the term ''target designation'' evolved
from the designation, or target numbeéring pro-
cees in CIC, Or, perhaps designation is related
to assigning ships to formation stations; such
assignments are often prefixed by ''desig."
But inweaponry, designation means asslgning or
directing a fire control system to a specific
target. A target designation system (TDS5) or
a weapon direction system (WDS) does this job,
A TDS directs gun {ire control systems and will
be discussed in this section. A WDS directs gun
fire and missile fire control systems, and it will
be covered in the next section ol this chapter.

The Naval tactical data system is used to
supply information to the TDS and WDS by a
communications link (flg. 7-15), as explained
earlier in this chapier.

Toward the close of World War II, the usual
method of designating a target was by sound-
powered telephene, Usually the designation orig-
inated with CIC, which plotted target range,
hearing, and approximate elevation [rom informa-
tion provided by search radar., The WLO (then
the GLO) stationed in CIC would call the selected
director and give it the target coordinates. The
director would then slew in manual contrel to
the coordinates specified, search in that vicinity,
and begin tracking the target when it was located.
Once a director tracks a target (then and now)
the designation process is complete, Fire control
system mechanisms and personnel then control
all matters prior to target destruction.

Earlier in the chapier, we did not list tar-
get designation as & separate step in the ship's
defense process hecause it broadly falle within
the ''disseminating'' category. The same is
true for '"target acquisition,'' which is the term
uged to describe the actions of directors in ac-
guiring targets. Because of their interrelation
the actions for designation and acquigition will
be covered together in the Jfollowing sections,

FUNCTION OF A TARGET
DESIGNATION SYSTEM

As you may recall from chaptler 6, the ac-
quisition part of this sequence of operations
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could, in such systems as the MK 58 GFCE, re-
quire no more than a very few seconds. With the
increasing speed of air targets, it becameneces-
sary to shorten the time required for the WLO to
communicate target coordinates to the director,
apd for the director to [ind and track the target,

In most caseg this in effect means transier=-
ring target data from one radar system (viz,
the broad-beamed search radar) to another (viz,
the relatively narrow=focus fire control radar on
a specific director). Several systems were soon
devised for performing this function. These

systeme also provide for target designation
based on targel data derived from visual sightings.

The target designation system doesn't elimi-
nate the necessity for the decisions that must be
made in target assignments, What it does (along
with the NTDS) i= to:

1. Present & complete pleture of the AAW
situation on which the decisions can be based.

2. Enable target assignment to be made with
a minimum of delsy, with a maximum of ac-
curacy, and with a positive indication that the
director has engaged the designated targot,
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Thuz any target designation system is essen-
tially & special-purpose high-speed communica-
tions and display system, speclally designed to
perform these functions.

Since there is more than one fire control
gystem and there may he more than one target,
deciding which director should track whichiarget
can he a difficult decision to make, The officer
making these deocisions must be quick and re-
sponsive to the battle situation. He maust keep
foremost in hig mind the kill capability of the
fire control system so designated. He must
divide the tracking load between systems as much
as possible, and he must have some idea ss o
which is the more critical target. When (as in
a gaturalion raid) the pumber of targets is
greater than the number of directors and gun
mounts, assignment of targets becomes g matter
requiring quick, accurate judgment of relative
threat from each target and of the ahbility of
each director and gun mount to desl with the
targets. In protracted air attack, as in & major
strike, such decisions must be made almost
continuously.

In the preceeding paragraph, we mentioned
""the officer making these decisions'' without
naming his title, This is because coniroldocirine
varies with the ship's weapons installation, de-
pending on whether the target is detected optically

or by radar., On ships equipped with a TDS,
rgdar-detectad targets are designated to the fire
control systems by the WLO and the CIC evalua-
lor who works as a team. The weapons officer
in the AAW siation topside may intercede in
radar designations if he deems it necessary
to do so., Most optical designations will come
from the weapons ollicer, but thiz does not
medan that director officers or even mount captains
have their hénds tied in weapon control matters,
In wariime emergencies (as outlined by ship's
doctrine) they may even commence firing on
their own initiative,

GENERAL DESCRIPTION
OF A TYPICAL TDS

Because the Mk & TDS shows the sleps re-
quired for manual or automatic target designation,
it will be the eguipment dis¢cussed in this section.
In the Mk & TDS, target information (other than
NTDS inputs) put inte the system originates in
CIC {where the itarget designation station for
radar-originated designations is located) and at
the AAW station topside (where optical desip-
nations originate). The AAW station topside is
called Air Defense on destroyerg and may be
called Sky One or Sky Two on cruisers. Figure
7=1% shows graphically the key points of the sys-
tem aboard a 931-class desiroyer,

The sysiem is controlled from the AAW station
and irom the target designation station in CIC,
Figure 7-17 illustrates the flow of signals through
the system, Optical designations are transmitted
from the target desipgnation tronsmitter (TDT)
and control unit, through s target designation
switchboard to the gun director; radar desig-
nations (from local radars or NTDS link) are
transmitted from & search radar display on the
designation indicator, through a coordinate con-
verter, and through the target designation ewitch-
board to the gun director,

Cperators al the designafion indi¢ator display
(& PPI display) in the target designation station,
ar operators at the TDT and contreol unit in the
AAW station, track the target and select directors
to receive designation,

Each operator at the designalion indicator
views the search radar and tactical date on the
plan pogition indicator (PPI) display and controls
a '""joyslick'' which transmits signals to the video
generator and the coordinate converter,

At the converter signals are changed from
rectangular coordinates to pelar coordinates,
and then transmitted through the target designa-
ticn switchboard to the gun directors,
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Repeat=back data follow a reverse path from
gun directors, through the target designation
switchboard, coordinate converter, and video
gonerator, to the designation indicator.

BPECIAL FEATURES OF THE SYSTEM.—
The syslem is a flexible one. Euch designation

pperalor may transmit the same target infor-
mation to one or more gun fire contrel systems,
This allows g maximum concentration of ship
fire power, Interdirector transfer is also pos-
sible. This can be used to provide increased
fire power on a target already being tracked, or

267



PRINCIPLES OF NAVAL ORDNANCE AND GUNNERY

to transfer a target from a director approsching
its training limit to a director bhetter able to
track on the target,

The system furnishes director repeat=-hack
information on a PPl scope and on indicators
that inform designators how long their assistance
ig required after designafions have been made.
Luminoug semicircles (repeat=back hooks) re-
presenting director fracking coordinates are
projected on the PPl display. The position of
the reopeat-back hooks indicates bearing and
range [rom the director,

To avold duplication of designations, optical
deslgnations have priority over radar designs-
tions; and optical designations {rom the star-
hoard side have priority over optical designations
from the port side. This permits only one
designation to any specific director at any one
time,

TDE EQUIPMENT IN CIC

Two of the main units of the targetdesignation
system, the designation indicator and the overhead
control unit, are located in CIC. These units
(fig, 7-18) serve asthedisplay andcontrol center
of the CIC TDS station, which is manned by four
men — & supervigor and three degignators,

The designation indicator has a PPI display
and four joysticks (one in sach corner) on its
top surface and a control panel on one side
(fig. T-18). {The supervisor stands af the control
panel.) The PPI display (zhown schemsatically
in figure 7-19) includes the following:

1, Bearing dial
three concentric range markers, permanently
marked above and arcund the PPI tube face,

2, The PPFI image originating with the search
radar, and lncluding the evolving radar beam,
target blips, and other features of the griginal
radar display.

J. Four designate hooks, Each consists of
semicircle with a dot at its center, The position
of each hook on the display can be controlled by
manipulating one of the joysticks,

4, Four repeat-back hooks, These are like
the designale hooks, but lack the center dot.
The positions of the repeat-back hooks on the
display are controlled by =elected pgun fire
control directors,

8., The ghip heading marker, which indicates
the true bearing of the ship's centerline, As the
ship turng, the line revolves around the display,

(calibrated in degrees) and

| ovemmEsD
So CONTROL UMIT o

2 TS CONTROL PANEL

"7 DESIGNATION. .

110,76
Figure 7=18, — TDS target designation station,

6, Data manually plotted by the supervisor
with grease penecil for use by the designators.
The markings are made on a rellection plotter
assembly mounted over the face of the PPI
scope, Thiz sssembly is a nonparallax, concave,
partially mirrored surface, so desgigned that any
marks placed on its surface are reflected to the
face of the PPI display. The marks reflected
downward appear at the same point regardless
of the viewing angle,

The overhead control unit is located directly
above the designation indicator. It consists of
ihree designalor panels and one supervisor pangl.
It enables director selections and interdirector
designations to be controlled from this location.
The panels are equipped with director status lamps
that indicate the method of designation beingused
and director selector switches and estimated ele-
vation switches for designating the approximate
clevation of the target, (Target elevation is not
transmiiied automatically,)
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BEARING DIAL TRUE NORTH RE VOLVING SHIP HEADING
350 © 0 RADAR BEAM MARKER
330 i 10
120 40
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TARGET : 0
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Flgure 7-19, —TDE Designation Indicator PPI presentation {(schematic).

TDS EQUIPMENT AT THE
AAW STATION

All TDS equipment at the AAW station is used
for designating targets acquired optically or for
indicating the status of the directors (fig, 7=20).

Target De=ignation Transmitter

The target designation transmitter (TDT)
transmits target bearing and elevation data by
synchro to the control unit and the target designa-
tion switchboard, The TDT is essentially a
weather-protected pedestal on which & pair of
binoculars can be quickly mounted or dismounted.
A& the operator manuslly trains and elevates
the TDT to put the binocular line of sight on
target and track the target, synchro transmitters
inside the TDT pedestal continuously register
the position of the line of sight. A pushbutton on

one of the TDT's handgrips can be used Lo signal
the target designation station in CIC when the
TDT has its line of sight cntarget. The TDT does
not provide [or direct lransmission ol range
data; rangs estimates are normally transmitted
from the AAW station's conlrol unit, Two TDT's
are installed at the AAW station, one on the
starboard side and the other on the port side.

Bearing and Range Indicator

The bearing and range indicalor is amultiple-
indicating device, consisting of a group of several
similar uniis—one for each director that can
receive designations from the TDT's, Lach unit
hae dials which display own=ship course; director
bearing and range; the designated values of target
position; and an indicator lamp to show whether
the director is tracking the target. The indicator
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BEARING AND RANGE
INDICATOR

GONTROL UKIT

10T

TELEPHONE
SELEGTOR SWITCH

REPEAT - BACK
SELECTOR SWITCH

11077

Figure 7=-20,.—TDE AAW =tation.

group is lecated in front of the AAW cofficer's
station, thus enabling him to monitor the status
of the directors.

Control Unit

The control unit i & three disl unit; one unit
iz associated with each TDT, Il displays bearing
and elevation information for the TDT and a
selected director (one of three may he selected),
Sipnal lights indicate director status, A selector
awitch can Dbe sel to indicalz estimated range;
thiz indication is transmitted to the director to
which the conirol unit is switched.

Director Repeat-Back Selector Switch

This switch selects the director to which the
control unit is to be connected,

2 ¥

=]

OTHER UNITE ASSOCIATED

WITH THE TDS

U

Other units associated with the TDS include
nearing, range, and elevation indicators located
in the [lire control system directors; indicator
panels; a video generator unit; a coordinate con-
verter unit; and a target designation switchboard.

BEARING, BANGE, AND ELEVATION INDI-
CATORS (not illustrated) —located in the gunfire
control directors —display designated range,
bearing, elevation, and own ship's courge, Signal
lamps indicate whether the designation is origi-
nating with a radar or an optical scurce.

INDICATOR PANELS (not illustrated) are
locatad in fire control directors; they are used
to indicate, by flaghing lamps, the source of
target designation, and they provide an audible
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gignal that alerts director personnel to desig-
nations.

The VIDEO GENERATOR and COORDINATE
CONVERTER (fig. 7=17) are unsattended units
localed in an equipment room near CIC, The
video generator provides target informsation and
director data, which are displayed on the PP
scope of the target designation indicator, The
¢coordinate converter has four channels — one per
director. Each channel hag itwo sections—an
input section and a repeat-back section, The
converter receives target information inthe form
of rectangular coordinates and converts them
to polar coordinates, which are transmitted to
the directors through the target designation
switchboard (fig,7-17). It also converts director
data in polar coordinates to rectangular coordi-
nates which are transmitted to the video operator
for presentation on the PPI display.

The TARGET DESIGNATION SWITCHBOARD
has automatic rotary switches that provide rapid,
remotely controlled, flexible switching of target
designation and repeat-back ecircuits, The
switches may be operated automatically from
the CIC or the AAW station or manually irom
the switchboard,

FROM TARGET DETLECTION TO
TARGET DESTRUCTION

Let us now trace the entire process from the
moment the target is detecteduntil itisdestroyed.
Bear in mind that there are many details omilted,
and that many steps will be different with different
ships and eguipment. We are assuming for the
sake of illustration that the target designation
system is being used with a Mk 56 GFCS and the
target information originates with CIC, The
enlire process is shown graphically in 20 steps
in figures 7-21 through 7-31,

If the target information originates in the AAW
station, the procedure differs slightly.

The target ig assigned to a port or starboard
TDT operator to track (fig. 7-32)., The TDT
operator tracks the target and presses the TDT
on-target pushbutton when Lhe target i centered
in the binocular, This illuminates the on=target
lamp on the associated control unit, The TDT
operator keeps this pushbutton depressed during
the entire time he is tracking,

The operator at the conirol unit sclects the
director to receive the designation and turns
the director set-up switch on. This sounds a
zzer to inform director personnel of im-
pending designations, The control unit's ''ousy!!
indicator lamp for the sclected director flashes.

T

The control unit operator positions the Vestimated
range'’ switch to the approximate target range,
and sets the director repeat=hack selector swiich
to cause director information to appear on the
repeat-hack dials.

The director oificer accepts designation by
pressing the target designation pushbutton, which
allows the director to slew o the designated co=
ordinates (fig. 7-33),

When the radar operator at the radar console
has gated the target he presses the footswitch,
This shifts the director to automatic tracking, and
cauvses the "'tracking'' lamp on the control unit
tc go on,

EMERGENCY OPERATION, I equipment or
circuit failure in the radars make normal opera-
tion impossible, the TDS can still funclion to
coordinate the target designation operation. By
setting a tesl switch on the video generator g0
that it develops a "'synthetic'' irigger pulse
(which is normally used in checking and aligning
the eguipment), the designate and repeat-back
hooks can be made to appear on the PPI display.
With all hooks properly indicated, even though
search radar information is not available, inter-
director designation is possible.

DIRECTOR ASSIGNMENT WITH A WDS

A WDS is basically aTDS, llowever, itis more
zophisticated since more stations and elecironic
components are involved, and since a WDS
controls both missile and gun fire control sys-
tems, You'll notice major refinemants, particu=-
larly in the areas of director agsignment and
CIC tracking prior to director assignment. One
PPl scope did these jobs in the TDS; approxi-
maiely four separate consoles are used in the
WDE. Three of these consoles (those used to
track targets prior to director assignment) are
called Targel Selection and Tracking Consoles
(TSTC). The other conscle is used to make
director assignments and is appropriately named
the Director Asszignment Console (DAC).

A WDE includes all electronic and optical
devices used in designating targets. The optical
devices are TDTs in the AAW station(s) whose
operation we have previously discussed, The
clectronic devices are all parl of a sub-equip=-
ment called the Weapons Direclion Equipment
{(WDE), A WDE has as its major uniis the four
congoles mentioned above and another console
called the Weapon Assignment Console (WAC).
The WAC has no designating function. Ilg purpose
is to provide a means for assigning the missile
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110.78.1
Figure 7-21,—Steps in target designation, scquisition, tracking, and sttack procedure,
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4 THE OPERATOR AND SUPERVISOR POSITION THEIR DIRECTOR SELECTOR SWITCHES.....
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«+ ++THE DESIGNATING OPERATOR ALSO POSITIONS THE

SIMULATED ELEVATION SWITCH TO THE APPROXIMATE
TARGET ELEVATION

5 THE OPERATOR, BY MOVEMENT OF THE JOYSTICK,
SLEWS THE DESIGNATE SYMBOL TO THE TARGET
AND COMMENCES TRAGKING.

....HE THEN POSITIONS THE CALL SWITCH,

110.78.2
Figure 7=22,— Steps in target designation, scquisition, tracking, and attack procedurc— Continued,
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RADAR TRACKER PRESSES TARGET DESIGNATION BUTTON TO ACCEPT
DESIGNATION.

Repeat bock
hook slews to
meet designate
hook

e e A

. : o Director slews to, and
g /| =8 . synchronizes with
A designated bearing
*CO0 ; end elevation.
& -
Range dial matches designated i TN PN S l
range pointer. \ 4 / =i

Director train dial matches

designated beoring pointer.
RADAR OPERATOR

OBSERVES LIGHT

ON INDICATOR PANEL
MK 5.

Scaon control in SPIRAL
INDICATOR PANEL MKS

Rl

(L LR TR P
FURINETIN Fald B

: C2 light indicates that

SEARCH RADAR No.2

is transmitting

designation Target

data. designaticn
button

110,78.3
Figure 7-23, —Steps in target designation, acquisiuion, Lracking, and siiack procedure — Continued,
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7 IF PIP DOES NOT APPEAR WHEN RANGE,
BEARING, AND ELEVATION HAVE BEEN SYNCHRONIZED, o
RADAR OPERATOR SEARCHES IN ELEVATION ’ %,
WITHIN +20°* OF DESIGNATED VALUE. I H‘L
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oo RADAR OPERATOR AND
. f RADAR TRACKER LOOK FOR
- i TARGET PIP ON"E"SCOPE.

B IF PIFP DOES NOT APPEAR DURING ELEVATION SEARCH, RADAR TRACKER
SEARGHES WITHIN £20° OF DESIGNATED BEARING.

9 lIF PIF DOES NOT APPEAR DURING BEARING SEARCH, RADAR TRACKER PRESSES
"SEARCH ERASE"BUTTON TO RE-SYNCHRONIZE SYSTEM. THEN BOTH OPERATORS
REPEAT ELEVATION AND BEARING SEARCHES.

110.78.4
I'igure 7-24,—Steps in target designation, scouisition, tracking, and attack procedure — Continued,

276



10 WHEN TARGET PIP IS
VISIBLE ON "E” SCOPE ...

... OPERATORS
STOP SEARGHING: THEN . . .

] ] .+. RADAR OFERATOR ...

. - SLEWS RANGE MARK
GLOSE TO TARGET PIP,AND ...

ZO——PB<MCM MCD-|]

[

B, OO0 YOS,

R R
Fa il N R R

B

-« + CRANKS ELEVATION TO
CENTER PIP ON TRACE,

110.78.5
Figure 7-25,— Steps in target designation, acquisition, tracking, and attack procedure — Continued,
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] 2 AS SOON AS PIP IS VISIBLE ON "B" SCOPE...

- .. RADAR TRACKER

E! ... CRANKS RANGE E] .. CRANKS BEARING
TO GENTER PIP TO GENTER PIF
VERTICALLY, AND . .. HORIZONTALLY: THEN , ..
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Bearing
crank

] 3 -. . PRESSES SCAN CONTROL FOOT SWITCH
TO SHIFT TO GONIGAL SCAN FOR AUTOMATIC
RADAR TRACKING

110.78.6
Figure 7-26,— Steps in target designation, acquisition, tracking, and attack procedure — Continued,
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]4 WHEN TRACKING CIRCUITS "LOCK ON" PIF. ..

... RADAR OPERATOR REPORTS...

"A/R" =cope

... 10 CONTROL OFFICER.

.'6 DIRECTOR OPERATOR RELAYS MOUNT CAPTAIN'S REPORT OF “"MOUNT 52
IN AUTO" TO CONTROL OFFICER THROUGH VOICE TUBE.

110.78.7
Figure 7=27, —Steps in larget de signation, acquisition, tracking, and attack procedure — Continued.
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] 7 AUTOMATIC RADAR TRACKING —
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CONTROL OFFICER?
WATCHES RANGE DIAL.

DIRECTOR OPERATOR!:
LOOKS FOR TARGET
IN TELESCOPE.

AUTOMATIC TRACKING CIRCUITS
KEEFP DIRECTOR ON TARGET
AND PIP GATED;

CREW ONLY OBSERVES
PROGRESS OF TRACKING.

SiEEE AN EEa

[

| exednte: AEaRIw:

"B" scope

RADAR OPERATOR.
WATCGHES PROGRESS

OF TRACKING ON "E" SCOPE
AND "A/R" SCOPE.

RADAR TRACKER:
WATCHES PROGRESS OF
TRAGKING ON "B" SCODPE.

Secan contral i GONIGAL

110.78.8
Figure 7-28, —Steps in target designation, acquisition, tracking, and attack procedure— Continued.
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]8 WHEN OPEN FIRE  RANGE 1S REAGHED, CONTROL
OFFICER ORDERS,...
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110.73.9
Figure T-29, —5teps in target designation, acquisition, tracking, and attack procedure — Continued,
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]9 DUTIES DURING FIRING —

CONTROL OFFICER:
OBSERVES FIRING,

DIRECTOR OPERATOR:
HOLDS FIRING KEY CLOQSED.

Fip from burst

RADAR TRACKER:
SETS RANGE 5POTS
ON FUZE SPOT DIAL.

RADAR OPERATOR:
ESTIMATES RANGE s
SPOTS FROM "R" SWEEPR. '}

ELEVATION AND DEFLECTION SPOTS MAY BE ESTIMATED FROM "E® AND “B" SCOPES
AND INTRODUCED ON ANMGLE SPOT TRANSMITTER,

ALL SPOTTING SUBJECT TO SHIPS DOCTRINE.
110.78.10

Figure T-30, —Steps in target designation, acguisition, iracking, and attack procedure — Continued.
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20 WHEN CONTROL OFFICER OBSERVES THAT TARGET |S DESTROYED OR HAS

PASSED BEYOND EFFECTIVE FIRING RANGE, HE PULLS CEASE FIRING
HANDLE AND ORDERS.,.

AR N
o »?;é_ﬁ-ﬂ- e

DIRECTOR OPERATOR:

RELEASES FIRING KEY
(FIRING SAFETY LOCGK :
EMGAGES AUTOMATICALLY]), .

.....

MOUNT CAPTAIN QPENS
HIS FIRING KEY.

CONSOLE OPERATORS:

SWITCH TO SPIRAL SCAN AMD RESTORE OTHER

PRELIMINARY SETTINGS IN PREPARATION FOR
NEW TARGET.

110.78,11
Figure 7-31.—Steps in target designation, acquisition, tracking, and attack procedure — Continued,
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THE TARGET IS DETECTED BY PERSONNEL IN THE AAW
STATION AND ASSIGNED TO & TDT OPERATOR TO TRACK.

¢ .. ..WHICH

= ILLUMINATES THE ON-TARGET |
LAMP ON CONTROL UNIT MK 74 |

3 THE OPERATOR AT THE CONTROL SELECTS THE :

DIRECTOR TO RECEIVE THE DESIGNATION AND
POSITIONS THE DIRECTOR SET-UP SWITCH TO ON

E—F | b

SOUNDS A BUZZER INFORMING GUN FIRE CONTROL SYSTEM
PERSONMNEL OF IMPENDING DESIGNATIONS.

v+« THE BUSY OR OWN CONT. LAMP OF THE
SELECTED DIRECTOR FLASHES

110.79.1
Figure 7-32, —TDS steps in target designation procedure (AAW station).
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THE OPERATOR ALSO POSITIONS THE ESTIMATED RANGE
YARDS SWITCH TO THE APPROXIMATE TARGET RAMNGE
AND POSITIONS THE DIRECTOR REPEAT-BAGK SELECTOR
SWITCH TO THE DIRECTOR RECEIVING THE DESIGNATION.

5 THE DIREGTOR OFFICER AGGEPTS DESIGNATION “""5';#_::4'_ =
B8Y PRESSING THE TAR, DES. PUSHBUTTON

...THE DIREGTOR SLEWS TO THE DESIGNATE @@

GﬂDHﬂ!HﬁTEE COmETLE TAg Es,

THE RADAR QPERATOR AT THE RADAR CONSCLE
GATES IN THE TARGET AND PRESSES THE

FOOTSWITGH.

.--THE DIREGTOR SHIFTS TO
AUTOMATIC TRACKING

. AND THE DIRECTOR TRACKING LAMP
ON THE CONTROL UNIT ILLUMINATES.

110.79.2
Figure 7=-33, —TDS steps in larget designation procedure (AAW station), — Continued,
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launcher (an act which is similar to putting
guns into automatic) and to fire the missile at
the optimum time,

Keep in mind that many weapon direction
systems are linked to naval tactical data systems,
Therefore, they may receive designations from
externals sources (fig. 7-15).

GENERAL DESCRIPTION OF A WD

Don't be dismayed by the abbreviations in
the preceding article. They will become common-
place if you are assigned to the weapons depart-
ment of a missile ship where these terms (and
their abbreviations) are used,

Figure 7-34 ghows the major units in & WD3S
that are used in radar designations (soma were
eliminated for simplicity). Notice that a missile
fire control director and its computer, and
gun fire control director and its computer, are
depicted along with their respective delivery
devices; i.e., & missgile launcher and a gun.
You'll recall that once a target is acquired by
a# flire comtrol system, the system lunctions
independently of the WDS in tracking the target,
and in computing the launcher or gun orders,
The function of the WDS, then, is to direct the
[ire control system to the target initially,

An air search radar detects targets and sends
the wvideo data simultaneously to three TSTCs.
The TSTC in CIC selects the targets to be
iracked by the other two TSTCs in the weapons
control station, This is done by assigning elec-
tronic tracking channels to the targets, A tracking
channel is assigned to a target based on eval-
uation by the CIC evaluastor and the WLO, Each
TSTC operator in the weapons control station
has a prearranged responsibility for establishing
a track in one-half of the total number of
chammels — a division of the tracking load results.
A target movement rate is electronically available
within a channel after & few seconds of manual
operalion by a TSTC operator. The established
rate enables the TSTC to track the target auto-
matically as long as relative motion factors are
constant. Additional minor corrections are re-
quired by the operator if the relative motion
factors vary. Tracking chamnel data are sent
automatically to the director assignment console.
Theege data include range, bearing, course, speed,
altitude, and estimated weapon release range for
as many targets as are being tracked, The system
can track as many targets asthe number of track-
ing channels permits,

It is from the director assignment console
{where all target data are collected and displayed)

T

that a specific director or fire control system
iz selected to destrov the target. The selected
director slews (i.e., moves al an accelerated
rate) to the target's presenl position in range,
bearing, and elevatiion. If all equipment is aligned
and functioning properly, the target echo is now
vigible on the firecontrel system's radarscopes.
The c¢rew refines director position and causes
the fire control system to shift into automatic
radar track. When a system shifts into automatic
track, its associated computer starts computing
precise gun or launcher orders. Synchronizing a
gun to its ordered position, and its subsequent
londing and firing are processes that are con-
trolled by the system’sdirector officer. Loading a
launcher, synchronizing it, and firing the missile
are steps that are supervised by the WAC operator
(nominally, the missile cfficer), Control doctrine
normelly requires these officers toreceive orders
from the ship’s weapons officer before firing
ordnance.

Wwe'll now take a closer look at the operation of
a TSTC, and in the following section, a DAC, The
WAC will be covered in the second volume of this
series, Even though figure 7-34is representative,
it doee not show the exact number of WDS units
installed on all missile ships. The number (and
the location) of these units depends on the ship’s
armamant,

THE TARGET SELECTION AND
TRACKING CONSOLE

There is a typical TSTC and its PPI display
in figure 7-35, If this were the one in CIC, it
would be controlled by an assigned operator who
is under the direct supervision of the WLO, The
console displays targets on PPI presentation
which can be shifted to monitor various radar
search displays. Shifting of the radar display
permits system flexibility in the event of mal=
function or poor reception of any one search
radar, If the air search radars are equally
receptive, the console operator will select one
that has a height-finding capability and the
narrowest radar beam,

As mentioned previously, the target height
quantity is eventually converted into an angle of
true target elevation [or use by the directors.
We observed that this eliminated large sector
searching in elevation by the directore and
therefore greatly reduced target acquisition time,

Using the search radar that has the narrowest
beam further reduces target acquisition time in
that it more definitively pinpoints the target's
position, Search radars have a much larger beam
width than [ire conitrol radars, This means that
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Figure T-34, —WDS simplified data flow.

286




Chapter T—DETECTING AND ASSIGNING AIR TARGETS

FARTCaRASH aFM

GHAKNEL
PUZABUTTINE

FANTOGRAFPH

|

CHAHMEL
LETTER A

STmaals

4 ' PARKED"
POSITION
SIGHTING 0
RIMG
TARGET PIP
CHAMMEL CIRCLE
12,42

Figure Y=353,— A, Typical target selection and
tracking console; B, TSTC display.

a certain amount of refining or searching by the
fire control director is required afier it has
heen designated to a target by a relatively broad
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beam =search radar, Correct radar alignment
reduces the searching requirement,

Any one of the three consoles can be used to
send target data to the DAC, In practice the
WLO's TSTC is used to slert the other two to
the threat of an attack. That is, the WLO's
console will select the target to be tracked and
the other two consoles will do the actual track-
ing.

Target selection is accomplished by placing
the pantograph arm on the console directly over
the target video on the radarscope. A small
illuminated dot, which reprezentzs the posgition
of the pantograph arm, will then be superim-
posed on the target video, I evaluation indicates
that the contact is a threat, the WLO will order
hig congole operator to asdign a tracking channel
to the target,

There are a number of tracking channels in
this equipment, Several tracking channels are
necessary in order to separate the movement
data of one target from another when the console
is uzed to track multiple targets,. Buttons which
activate the tracking channels are located on the
left of the console and identified by single letters
such as A, B, C, stc. To activate a tracking
channel for a particular bogey, the operator
presses & channel buiton which is not in use,
A small illuminated circle with the channel
letter designator within will then appear in the
same position on the radarscope as the dot from
the pantograph arm,

The itwo target selection and tracking con-
zoles in the weapons control station have more or
legs the same radarscope picture as the console
in CIC, Tracking channel C for example, shows
up in exactly the same position on all three con-
soles provided the individual console controls
are set alike, Disparities in console pres=-
entations occur when different range =cales or
radars are selected by the console operators.
However, the true position of both the symbols
and targets is unaffected by the console controls.

To reiterate, the presence of a tracking
channel symbol superimposed on target wvideo
will cause the tracking operators to commence
tracking that particular target. Upon assigning
a channel to a targei, the conscle operator in
CIC parallels wvisible information via sound=-
powered telephones, It is in this way that the
WLO can szelect the target to be tfracked hy
weapons control,

The evaluator or WLO estimates the target's
weapon release range and the consocle coperator
manually inserts it into the system. Insertion
of EWRER (estimated weapon release range) is

-
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accomplished at the WLO's console by pressing
the appropriate channel button and simultane-
ously making the inpul at an attached panel.
This channel circuil activating prerequisite per=
miis each tracking chammel to have its own
EWRR, Knowing the target's EWRR aids weapons
control in making a director-to-target assign=-
ment, This is particulatly true if multiple targets
have been detected,

Pre-battle intelligence relating tothe enemy's
aircraft types and weapon capabilities should be
available to the evaluator, Studies will have to
be made, based on all available information,
to provide EWRRe for different aircraft types,
Standards will have to be developed for uge in
the absence of target amplifying data. The evalu-
ator, who is a very busy individual, may delegate
the determination of EWRR to the WLO, In
any event, the WLO is responsible for its in-
sertion into the equipment.

WDE designation-accept circuiiry has no way
of knowing automatically which search radar
is being used by the target selection and tracking
consolea, This presents a problem when search
radars without height-finding capabilities are
the source for target designation. Obviously,
target height data in this case are unreliable,
Some means is then necessary to inform control
personnel and increase the limits of the fire
control directors' elevation searcharcs, A switch,
activated by a tlarget selection and tracking
console operator, will illuminate '‘elevation un-
reliable'' lights throughout the system, The same
switch triggers computers which then enlarge
elevation search in missile directors during
the acquisition phase. Throwing this switch is
unnecessary on destroyers because the absence
of height data automatically activates elevation
unreliable circuits,

We mentioned before that the WLO selects the
target to be tracked by wespons control, Actually
his is a mechanical selection which is an execu=
tion of the evaluator'e tactical selection, In the
heat and confusion of battle, however, these two
individuals may often find their responsibilities
overlapping, It is mandatory that the evaluator
and WLO work together as a team, The WLO will
sometimes be required to take control of weapon
direction when the evaluator is involved in an-
other facet of this extremely complex battle
station, An alert WLO may observe a threat on
his radarscope that is not displayed on the phase
2 plot. He can also anticipate the evaluator's
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decision and assign inactive tracking channels to
suspected threats, This does not mean it is time
to start shooting. The WLO is merely establish-
ing & TS and TC track on the contact,

Tracking at the target selection and tracking
consoles is rate-aided, Thatis, a target movement
rate is established which subsequently aids the
operator in tracking, The rate is generated by
repositioning the pantograph arm to coincide
with the target's movement, When the pantograph
arm is moved, and a rate-aid switch is activated,
present target position data are inserted into the
tracking channel, Successive changes of panto-
graph position are electronically compared with
previous positions and a target rate is the
eventual result, The continuous rate-aided solu-
tion will then keep the channel letter designator
positioned on target. Three or four pantograph
corrections should be all that are needed to
establish a fairly accurate rate, Minor correc-
tions are necessary as the track progresses to
compensate for changes intarget course, attitude,
or speed, Rate-aided tracking pays off since
multiple targets can be tracked with one tracking
console using one pantograph device,

The operators of the two tracking consoles in
WCS are responsible for tracking in channels to
which they have been assigned, The practice igfo
assign half of the channels to each operator. It is
then up to the selecting console in CIC to split
up the tracking load. A tracking operator can in=
gert target data into a channel only if he has ac-
cess to that channel, We are spesking now of
electronic access and not predetermined re-
sponsibility. Channel access is eleclronically
indicated by the presence of a small circle
around the channe]l letier designator on the
radarscope, A tracking console operator can
gain access to a channel through a switch on
the pantograph arm or by pressing the desired
channel pushbutton,

It ie possible to display access circles for
a particular channel on more than one console
and for more than one operator to make alternate
corrections to the channel's rate. It is not
possible for more than one coperator to make
rate corrections simultaneocusly in thal parti-
cular channel, In the event simultanecus inputs
are attompted, an elecirical order of precedence
takes over and permitz the channel to receive
date from one source only, The conscle with the
highest precedence is understandably in CIC,
Precedence is also established for the two con-
soles in WCS.

Target height or altitude graduations are in-
scribed toward the left on the radarscope of each
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target selection and tracking console, These
graduations or indices increase [rom bottom to
top on the scope with each increment equal to
5,000 feet, If & 3-coordinate radar has been
selected at the console, a video dot representing
the target's height will appear adjacent to the
height graduations. The video dot moves verti-
cally in response to target height information
from the radar, Target height is then visually
apparent to the operator when he compares the
dot's vertical poeition to the inscribed indices,

To put height into a channel, the operstor
gains access, rotates a height cursor knob to
align a height measuring spot on the scope fo
the wvertical position of the video dot, and then
operates & ''height data in'' switch that stores
height into the channel, If a 3-coordinate radar
is unavailable, the equipment can continue to
send height data to the WCS provided height has
been received in GEOREF report., The known
height data are substituted for the wvertical
position of the wvideo dot, The height cursor
knob is rotated until the measuring spot agrees
with the reported height and the rest of the
operation remains the same, Height data from
another ship are not a5 accurate as that received
from our own ship's radar; therefore the console
operator throws a switch that energizes the
"glevation unreliable'' circuits, except for de-
stroyera where this ig unnecessary,

THE DIRECTOR ASSIGNMENT CONSOLE

Assinging the proper director in time is very
important in AAW. The officer operating the
director assignment console must be extremely
well qualified, He must be aware of tactical
congiderations, and be sble to comprehend the
electronic difficulties which sometimes beset
thig very complicated equipment. His electronic
knowledge must extend to all phases of director
assignment and the director's ability to receive
designations,

Tracking data from a channel are fed auto-
matically from the tracking comsole into the
director assignment console. Two plots or scopes
are provided on this console. They are called
the plan and multipurpose plots (fig. 7-36).
Target video is not present on these plots,
but the plan plot shows target range and bearing
by displaying the same channel letter designators
we have discussed before, Targel course and
speed for a particular channel can be approxi-
mated on the plan plot by a vector which has its
tail attached to the chamnnel letter, The vector's
magnitude and direction correspond to target
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speed and course. (See channel A in plan plot.)

Numbers which show the range and bearing
of the directors are also displayed on the plan
plot. The director numbers are always present,
but a channel letter shows up only when that
channel is used to track a target. All of the
symbols (numbers and Jletters) are intemsity
modulated; that is, they show up on the scope as
a vidoe presentation, The directors are num-
bered in increasing numerical order from forward
to aft on the ship, All directors that are used
in AAW have their pumbers displayed on the
director assignment console. The director num-
bers are aslso displayed on the target selection
and tracking consoles provided the director is
tracking., If director 1 is tracking channel B,
a 1 would be superimposed on the B,

The plan plot also presents a ship's heading
mark, which is & continuous indication of own
ship's course, There is a radial line on each
=side of the heading mark that also moves in
response to course changes, The arc described
between the radial lines through the ship's
head marker represents the missile blind zone
for an after launcher installation.

The multipurpose plot is used for making
time comparisons which enable the operator to
select one of several targets for designation to
a director. This plot permits the operator to
plan ahead in casge the directore are occupied and
cannot be assigned immediately, Target height
and speed are also displayed on this plot to
aid the operator in director assignment,

The multipurpose plot has a vertical video
line for each tracking channel, The wvertical
length or height of the line is compared to
inseribed indices on the scope which represent
time, The wvertical time lines are ''program-
med' to show when a director must be desig-
nated to a particular channel, so that a missile
may be fired to intercept before the target
reaches his estimated weapon release range.
The factors which affect the height of the ver-
tical line are target range and spesd, fire
control director acquisition time, weapon assign—
ment time, and EWRR. Computations for these
lines are based upon their application to missile
fire control systems; however, approximations
can be made which will spply to gunnery fire
control systems as well,

Pushbuttons on the left side of the director
agsignment conscle are used to "'designate from''
a target data source. The source may be any
one of the tracking channels, one of the optical
target designation transmitters (TDTs), or one of
the AAW directors which has previously acquired
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Figure T-36, — Director assignment console display.

the target., Your ship may have two or four
TDTs located at topside AAW siation{s), TDTs
are used to designate targets which may have
escaped radar detection. Designating from a
director to another director is called inter-
director designation; it is by far the most
expeditious method, since the target ig more
accurately pinpointed by fire control radar.

Pushbuttions on the right side of the console
are used to “'designate to'’ a fire control system,
There ig a pushbutton for sach AAW director
arranged in numerical order from top to bottom
on the console,

To assign a director to a target data source,
the console operator merely presses a "'desig-
nate ifrom'"' simultaneously with a ''designate
ta'! push button. For example, if we wishdirector
1 to track the farget in channel C, we would
depress the C in the '"'deszignate from'' column
and the 1 in the "'designate 10" ¢column simulta=-
neously. I we want director 1 to track director
2's target, we would depress the 2 in ''designate
from' along with the 1 in ''designate fo,'' (The

total number of directorsz and data sources is
not shown in figure 7-36.)

Circuite are then activated which automat-
ically slew the director to the target in range,
bearing, and ¢levation, Remember, the accuracy
of the elevation information depends on the
reliability of target height data. Range and
bearing accuracy depends primarily onthe track-
ing ability of the target selection and tracking
congole operator. We are asguming that your
equipment is aligned and functioning properly.

A director is released from designation when
it ""sees'' the target with its own edquipment or
when the DAC operstor presses a designation
'""'release'’ pushbutton on the right side of the
console, The !''releasze'' pushbutton will have
to be depres=sed at the same time as the director's
""designation to'' pushbutton,

A tracking channel is ''‘dumped'' by using
more or less the same procedurs. Another
relesse button, on the lower left of the console,
must be depressed simultgnecusly with the push-
button for the channel that is no longer desired,
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A tracking channel can also be dumped at the
target selsction and trackKing consoles by using
the same procedure; however, & good practice
would be to dump channels only from thedirector
apgignment conscle, Undesirable accelerated
movement at the director may result if a channel
is dumped when the director is attempting to
acquire the target, For this reason it seems
advigable to dump channels from the DAC, since
it iz the only congole where director acquisition
of the target can be viewed, As you will recall,
the director's number iz not present on the
target selection and tracking conscles until the
diregtor shifts into the track mode,

An ever-present problem in weaponry is the
Hmitation placed upon firing arcs by the ship's
supergiructure. For obvious reasons, launchers
and guns are elecirieally cut out if they are
aimed at any part of the ship. The cufout area
in bearing and elevation is referred to as the
blind zone for a specific weapon, An affer
launcher cannot fire dead ahead and a forward
gun is cut out directly aft, The blind zone

problem is still present even when similar
wegpons are located fore and aft, provided an
altack is overloaded inonedirection. The director
azgignment ¢console operator selves this problem
by making courge recommendations to the pilot
house, Maximum fire power will be brought
io Dbear if the =ship places her heam to the
expected aftack, however, this is not always
feasible. To recommend a course, the director
assignment console operator rotates a ''course
recommend'’ knob to the desfired course, ac-
fivates a ''coursze recmd"' switch, and an elec-
trical eipnal positions a course indicator in
the pilot house, Course recommendstions are
paralleled via the JA telephone cireuit for general
information and to give the officer ol the deck
an opportunity ito intercede if the new course
would endanger the ship, In making courge
recomimendations, the DAC operator mugl con-
sider the dead time before a steering order
is given and the time it takes the ship to complete
the maneuver. A course is recommended generally
as soon a& the target's projecied track indicates
that he will enter the blind zone,
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