
PREFACE 

The principal purpose of this book ls to serve as a classroo1n t raining 
text for NROTC and OCS students, It "~11 also be useful to weapon 
department officer personnel 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 publicat ions 
of the Chief of Naval Operations, the Naval Ordnance System:> Command, 
the Naval Ship 6ystems Co1nmand, or the Bureau of Naval Persoruiel 
with regard to doctrine, weapons and a.rnmun!!,ign , shipboard organiza­
tion, or shipboard operations. (See the official publications of these 
authorities on these matters.) 

This is the first of three volunies on naval weapons, This volume 
(NavPers 10783) is coµcerned with all U. S. Navy weapons with the 
except ion of guided missiles (and their control systems) and nuclear 
weapons. The second volu1ne (NavPers 10784) is devoted to guided 
missiles and nuclear weapons, and the third (NavPers 10785, CON­
FIDENTIAL) is a supplement to volunie Z. The titles of the second and 
third volumes are, respectively, Principles of Guided Missiles and 
Nuclear \Veapons, and Navy Missile Systems. 

This text is specifically designed to meet the needs of NROTC and 
OCS students. To cover the complex field with which it is concerned, 
the text concentrates on elementary functional operation of complete 
systems, rather than on descriptive 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 Cominand and tlle Naval Ship Systems 
Command a re available for all equipments discussed in this book. They 
should be consulted for detailed information. 

This text was prepared by the Traini ng Publications Division, Naval 
PersolUlel Program Support Activity, \Vashington, D. C. for the Bureau 
of Naval Personnel, Special credit is given for assistance in tile technical 
review of the text to the Naval Ordnance Systems Command, NROTC 
units at the University of South Carolina and the University of Nebraska, 
and the Officer Candidate School, Newport, Rhode Island. 
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THE UNITED ST ATES NA VY 

GUARDIAN OF OUR COUNTRY 
The United States Navy is resPQnsible for maintaining control of the sea 
and is 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 m<iintenance 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 
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. 

Mobili ty. surprise. dispersal, and offensive power are the keynotes of 
the new Navy. The roots of the Navy 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 weapons have played and continue to 
play an important role i n achieving battle vic­
tories, both on land and sen. In addition to their 
destructive power against ships and their gul'ilre 
support x·ole, Navy weapons can be used to 
destroy enemy strongholds far inland. 

!\AVAL \'iEAPONS AND SEAPOWER 

\Vhat is seapower? It i s that portion of a 
nation's overall power which enables that nation 
to use the sen in furtherance of its interests, 
objectives, and policies. This definition implies 
two facets of control of the sea- control that 
permits the nation to use the sea as a highway 
open to itself and its allies, and control that 
permits the nation to prevent its use by the 
enem;>'. 

Senpower depends directly on the armament 
of vessels ( subinersible and surface) and aircraft. 
The naval power that can most effectively bring 
its ail'liorne and waterborne weapons to bear in 
a given at·en of the sea or air, controls that area 
in either or both of the senses mentioned in the 
preceding paragraph. The United States Navy's 
mission is to do its pa.rt in providing for the 
security of the United States and· to support the 
nati.onal policy throughout the world. Its primary 
way of accomplishing this is to gain and main­
tain control of the seas, to use the seas for the 
nation's purposes and those of its allies, and, 
in time of war, to deny use of the seas to an 
enemy. 

SO!IIE BASIC TEHMS DEFINED 

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

This text is concerned with the study of naval 
ordnance and gunnery. Together, the terms ORD­
NANCE nnd GCNNERY embrace weapons and 
their use. 

Ordnance comprises weapons andothe1•physi­
cal equip1nent pertaining to them . All this is 
further classified as explosive ordnance (which 
includes gun ammunition, missiles, torpedoes, 
1nines, bo1nbs, ru1d 1·ockets) and ine1·t ordnance, 
which includes projecting devices (such as guns, 
launchers, and release gear), protective armor, 
and all equipment needed to operate and control 
weapons. Aboard ship it refers to nll eleme11ts 
that come under the general tern1 "Ship's arma­
met)t.'' 

Traditionally, gunne ry is the ai·t and science 
of using guns. Weaponry is concerned with the 
pract ical use of Ill! ordnance. 

BALI.J.STICS is the science of projectile 
motion. (In this book, unless otherwise qualified, 
the term ballistics refers to the motion of pro­
jectiles fired from guns.) It falls naturally into 
two aspects: interior ballistics, which relates 
to the motion of the p1·ojectile within the bore 
of the gun, and exterior ballistics, which con­
siders the action of the projectile in flight. 

F.ach of these fields is the subject of careful 
and detailed study by specialists. Their findings 
are of enormous importance in gun design ru1d 
in the development of fire control instruments. 
A general understanding of ballistics is essential 
to the na.val officer nil oat, so that he 1nay achieve 
the best results with his ordnnnce equipment. 

NAV1\L WE,\PONS ,\N"D 
ASSOCIATED EQUIPMENT 

The weapons to be discussed in this text 
include: 

GUNS. Essentially a gun is a tube closed at 
one end, fron1 which a projectile is ejected at a. 
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high speed by gases produced by a burning pro­
pellant. Guns may be used alalnst surf:ice, shore, 
Md al r targets. 

HOCKETS. 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 th rough the 
nozzle; the rocket is drive11 by the reaction 
thrust developed. 

GUIDED !IUSSlLES . .'\ guided missile Is any 
UJUnanned vehicle moving above the earth's sur­
face whose palh can be changed by a mechanism 
"itbin the vehicle. A ballistic misslle is a 
guided missile designed to follow for a sub­
stantla.l part of its flight a ba.lllsti.c (free or 
unsteored) tr11Jectory. 

AHEAD THROW"N \VE;\PONS. These are ex­
plosive nntiS\lbmarine weapons flred forward of 
the attncking surface vessel. They may be pr o­
pelle<l by gunllke projectors or by rocket motors. 

TORPEDOES. A torpedo ts a self-propelled 
underwater explosive missile used against sub­
marine and surface ta.'"gets. 

;\!IN ES. A mine is an undcf"atcr explosive 
weapon which in performing lts function is not 
prepelled, but Is actuated when It is approached 
or touched by a target. 

UEPT!I CHARGES. A depth Charge Is n.n anti­
submarine weapon dropped or fired from surface 
vessels and designed to function eilher at a 
preset depth or in proXimity to a submarine. 

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

NUCLEAR (ATOJl.HC) \YEAPO~S. ~uclear 
weapons are explosive devices which Obt!l.ln their 
disrupting energies from reactions in and be­
tween atomic nuclei. In context, the term special 
weapons means nuclear weapons. 

RESTRICTED \VEAPONS. These weapons in· 
elude atomic, biological, and chemical types. 
Special doctrines apply to the use of these. and 
they nre kept under the tight direct control of 
the President , 

Thl& volume does not CO\'er nuclear (atomic) 
weapons or guided missiles; for these, see the 
next two volumes in this series. 

Tho methods and devices used to control 
guns and other weapons or weapon launchers 
constitute fire control . \Vlth guns, (!re control 
can tie considered n.s the pru.otical application 
of exterior ballistics to ensure that the pro­
jectile will bit the target. \\'Ith nonballist!c 
weapons (Such as surface- to-air guided missiles, 
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torpedoes, and mines) fh·e control comprises 
the control of weapon launchers and weapons so 
that the weapons will function In the desired 
n1w)ne1·. 

Somo equipment included in weapon control 
systems are: 

SIGHTS. Sights nre option.I devices which 
establish U1e line of slghL to the target and p1•0-
'ide for positioning the gun so th.at its projectile 
will hll the target. 

RANGEFINDEHS. !\angeflnders are eptical 
devices used to measure the distance (rango) 
to the target. 

RADAR. Radar uses echoes of high-frequency 
radio pulses to establish continuous values of 
t.arget elevation and bearing (Which corresponds 
to tho line of sig)IL to the target) and target ran,,"'O. 

GUN DIRECTORS. Gun dlrcotors incorporate 
optical sighting and radar equipment (genet'nlly) 
which establishes the location of targets and 
controls the positioning of guns so that their 
p1·ojcctile wl!I strike the targot. Gun directors 
may be located at some distance from the guns 
they control, or they may be quite close, de­
pending on type and sire, but they are usually 
higher i 11 the ship 's struoturo. Directors may 
or may not Include computer equipment. Dii·ec­
tors for torpedoes are associated "'1th sonar 
equipment for underwater fire control. Some gun 
di rectors may be used to control rocket or 
missile laur.chers. 

FIRE CONTROL CO)IPUTERS OR RANGE­
KEEPF;RS. These are electronlc or electro­
mechanical devices into which IU"e fed the mathe­
matical variables in tbe tlro control problem, 
and which yield solutions in lbo form of control 
settings required for t he weapon and luunche1· 
to hnve maximum effect on the target. 

S'T'ABLF. ELEl\IENTS OR STABLF: VERTI­
CALS. Stable elements or stal.Jle vcl'llcals arc 
gyroscopic devices that maintain a reference 
horizontal, Independent of ship's pitch and roll, 
for use in solving the fire control problem. 

DATA TRANS1'fiSSION SYSTBMS. Data trans­
mission systems are elechical lines and de,'1cos 
used for transmitting, "ith optimum precision, 
eleotrlcal signals coi·responding to fire control 
information fron1 one equipment component to 
another. 

SONAH. Sonar is the undcl'water analogy of 
radar. It functions by detecting echoes of pulses 
of ullrasonlc sound. and furnishes range, bearing, 
and depth o! targets. 
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\VEAPOI\ SYSTEllIS. The naval officer today 
thinks of these weapons and associated equip­
ment not a.s Individual units but as weapon systems. 
l\WP 10 series defines a weapon system as 
the combination ot a weapon (or multiple of 
weapons) and the equipment used lo bring the 
des t rue ti vo power of the weapon ago.inst the 
enemy. It goes on to point out that maximum 
weapon oopabi lilies are realized when asso­
ciated units an:> conceived and developed by 
properly relating them to other elements in their 
operational environment. 

The weapon system concept, which Is notnew, 
finds its most thoroughgoing application v.ith 
newer weapons such as guided missiles. Although 
the formal recognition of the conooptis relatively 
recent, its Implications have been unders tood 
for some tllne, and for this reason it Is possible 
to consider cet'hiin combinations of weapons with 
other equipment as cons tituting a " system" even 
if the combination is not formally designated as 
such. The concept is therefore applied in later 
chapters of this book when, for example, the 
student takes up common combinations of gun 
directors, other fire control equipment, and gun 
mounts. 

OHGANIZATIONAL RESPONSIBll.ITY 
FOR OHDNANC E 

Any military organization must make some 
provision for the procurement of we apons, 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 resp0ns ibilities are allo­
cated to an organizational unit called an " ord­
nance depurtmenl" or the equivalent . 

In tho United States military system, fro1n 
the point of view of the Navy, these responsi­
bilities are assigned most impor~antly al three 
levels-in the Department of Defense (for the 
entire mllltary establishment), In the :->avy De­
partment (for the fleet and for shOre facilities), 
and in the individual ship's weapons department. 
(These responsibilities appear also at other 
organ! zatlonal lo,·ols, but are not taken up in 
this bOok.) 

ORDNANC E Hl::SPONSIBILITIES IN 
THE DEP1\11TMENT OF DEFENSE 

The Department of Defense wns created as 
a part of a program designed to provide for the 
fuull'e security of the United States through the 
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Figure 1-1. -Organization of the Department of 
Defense. 

establislunent of integr ated policies and pro­
cedures for the agencies of the Government con­
cerned with the national security. figure 1-1 is 
a simplified chart of the Department of Defense, 
cmphaSi7.ing the relationships described below. 

At tho head of the Department of Defense is 
the Secretary of Defense, whose staff includes a 
number or assistant secretaries and others. 
(The Secretaries of the Army, Navy, nnd Air 
Force have a line r elationship to the Secretar y 
of Defense.) So far as ordnance l s concerned, 
the most important member of lhe Defense 
Secretary 's staff is the Assistant Secrelnry of 
Defense (Applications Engineering). This Assist­
ant Secretary is concerned with engineering 
phases of development, design, and production 
of weapons and weapon systems, pa:rlicularly 
with respect lo military andenglneer!ng standards 
and characteristics, economy In use and main­
tenance, and production schedul!ng. The Assis tant 
Secretary (Logistics) and the Assist1U1t to the 
Secretary (Atomic Energy) are also concerned 
with ordnance matters- respectively as regards 
supply and atomic weapons . (For details on 
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Defense Department organization, see the U.S. 
Go\•errunent Organization Manual, issued annual ly 
6y the Genero.I Se1·vices Administration.) 

\Vith respect 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 usunlly developed by and 
procw·ed by the service primar ily i nterested . 
However, there are hundreds of ordnance items 
used by all thr ee services, or by at least two of 
them. Fot' instance, the Navy and Air Force both 
use Army r ifles and pistols; the Air Force 
carr ies Navy niines, and the Navy uses Air 
Fotce bombs; the .~1·my uses some Navy pro­
jectile fuzes , and the Navy uses several Army 
rocket fuzes. When one service procures a 
device for another, it usually furni shes 011 
appropriate spare parts, instructional mate­
rials , and special tools as well. 

The i\farine Corps and coast Guard do not 
maintain ordnance departments. Except for a 
few speciali zed items of equipment, they are 

dependent for their· Ol'dnance on the Ar111y, Navy, 
and Ai" Force. 

NAVY DEPARTMENT R£SPONS!BILITIES 
FOH OHD:-.IANCE AND GUNl\ERY 

\Vith1n the l\avy Department, l\aval Ordnance 
Systems Command (NavOrdSysCom or NavOrd) 
is chiefly responsible for ordnance n1aterial. 
Fij),ttre 1- 2 shows Na\rOrd in the Departrnent of 
the Navy organizational structure. AS defined by 
Navy Regulations , 1948: 

" The Bureau of Ko.val \Veapons (which 
is now Nav01'd) shall be r esponsible for 
the following, except as otherwise pre­
SCJ'ibed in these regulations or by the Sec1•e­
lary of the Navy: 

''The design, development, procure-
111ent , rnanufacturc, dis tribution, in ainte­
nance, repair, alteration, and material 
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effectiveness of naval ordnance; the re­
search therein; and all pertinent functions 
relating thereto, including the control of 
storage and tern1inal facilities for, and the 
storage and issue of, anununition and am­
mL1nition details.' 1 

Naval Ordnance Syste1ns Command's re­
sponsibility includes ordnnnce material for ships 
and sn1all craft, and that used by Marine troops. 
Naval ,\ir Systems Command is responsible for 
aircraft 01·dnance. 

The excerpt fron1 Navy Regulations pertain­
ing to the responsibilities of the Bureau of Naval 
Weapons is not entirely true for NavOrd. For 
example, weapons research and develop1nent 
comes directly under the control of the Chief of 
Naval Material. 

The Kaval Ordnance Systems Command has 
several field activities under its control. These 
activities include naval amn1unition depots, naval 
01·dnance system support activities, naval weapons 
stations, and naval ordnance laboratory test 
facilities, 

'l'he Chief of Naval Operations (Cl\O) con­
trols, through fleet and force comrnanders, the 
operational use of weapons, with appropriate 
liaison with the technical commands concerned. 
The CNO also controls operational and team 
training in the use of weapons. 

The Bureau of Naval Personnel (BuPer s) is 
responsible for the training of officers and en­
listed men (as individuals) in the use and main­
tenance of weapons . 

The Naval Ship Systems Command (NavShips) 
is concerned with design problems in installa­
tion of ordnance ln ships. 

Naval Supply Systems CoMmand (NavSup) is 
responsible for the general fiscal management 
of the Na''Y (except perso1mel inattcrs), including 
those aspects that are concerned with ordnance. 

Full details concerning the relationship of 
each Na\•al System Command with ordnance and 
g,unnery are published in the manual that governs 
the organizations and operation of that conunand. 
The CNO Oq~a1lization Manual performs the 
corresponcllng !unction for ONO. 

FUNCTION OF THE SHIPBOARD 
\VEAPONS DEPAHTJ.\lENT 

Kaval ships are orga.ili zed into departments, 
which are further broken down into divisions. 
lo ships-of-the-line - that is, those ships which 
have been designed primarily to launch or fire 
weapons-the ordnance depart1nent is called the 
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weapons department . The weapons officer is the 
head of tllis depart1nent. H\l is responsible for 
all of the ship's armament, and its deck seanian­
ship and related equipment . . The weapons officel" 
will have certain officer assistants within the 
dep.art1nent who direct t11eir attention to specific 
weapons, equipment, and administrative matters. 
The duties of these weapons assista.i1ts are 
discussed in chapter 15. Notice in figures 1-3, 
1-4, and 1-5 that the weapons depart1nents con­
sist of several divisions, each headed by an 
officer assistant who bears a title descriptive of 
hi s duties, e.g. . fir·e Control Officer. Jvlissile 
Officer, etc. In figure 1-4 you can see that a 
divis ion officer's job on a cruiser is a pt'imary 
billet, but this same job may be a collateral 
duty on a destroyer, as sho\\11 in figures 1-3 
and 1-5. 

In ships whose offensive cha1·acteristics are 
not primarily related to ordnance or airc1•aft, 
deck r esponsibilities wi ll overshado·w weapons. 
Jn such cases (usually auxjJiaries and support 
ships) the first lieutenant is assigned as head 
of the depart1nent and as assistant for weapons. 
The weapons ( 01· gunnery) officer is the assist­
ant head of department, ru1d the depart.n1ent will 
probably be called the deck departn1ent. 

The details for weapons department organi­
zation must be separately established for each 
type of ship. Although there is conside1·able 
variati on from one sh.Ip type to another, certain 
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Figuxo 1-4. - \Veapons departnient organization for a ropxesentative guided mis::;ile light cruiser. 

general aspects of orgnni?.ation apply to all ship 
types. There is a designated hond of depa.rtment 
(weapons officer, 01· first lieutenant) and he is 
assigned certain assistants. The number and 
titles of hi::; assistanls vary with the type or s!>.lp, 
its weapons instaJlaUon, and the number or 
of!icers on board. 

I·'ur•lher details on the organization and op­
eration of the shipboard weapons department 
can be found in Navy Re@Slations, 1948; In 
Shipboard Procedures, N\Vp70; and in direc­
tives lron1 the chief of :-invnl Operations and 
type commanders. 

IDE:-ITIFICATIOK 01' O.RDKAN'C E 
EQU!Pi\lSNT 

Never underestimate the Importance of cata­
loging, classification, and nomenclature when 
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dealing with ordnance. In fact. 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 ti·aced back 
to England's Henry Vlll , in whose reign the royal 
arm1unent was classified and cataloged. 

Ordna.'lce classification, cnLnlogiug, and stand­
ard nomenclatuxe, which were 11 welcome innova­
tion in the l6Lh century, became an unavoidable 
11ecessity in the 20th. In this text it wtll not l.>e 
possible to 'describe in detail the complexities 
of U.S. naval ordnance cataloging and classifioa­
tion . This section will attempt only t.o explo.ln 
enough to m !lke lhe 1nain principles clear. 

KO;\IE:XCLATURE Al'iD 
IDENTIFICATION 

The standard nomenclature £or any Item of 
naYnl ordnance equipment includes a basic noun, 



Chapter 1-INTRODUCTION TO N/\ VAL WEAPONS 

\YEAPONS Of'FICEP. 
(LT/ LCOR) 

TRAI NING OFFICER 
SECOND 01V1$10N 

I 
(WEAPONS 001'.,!TRQl.) 

I 

f lRS'f L IEUT£NAt.JT I I 
(LT JGI A/S OFFICER FlRE CONTROL OFFICER 
$FCP 

(LTJGI LTJ l --- /LT} 

LANDING PARTY I I F DIVISION f DIVISION J.O. 
F'IRSf DIVISION 

GUNNERY ASSISTANT MISSILE OFFICER A/S CONTROL PLOTTING Roor.1 
AA BATT. CONTROL (ENS/LTJGI l ----/LTJG) 

I OiVISfON J.O. 0 1Vl$10N J.O. 
I BMC I f•1AIN SATT. CONTROL fl11SSILE CONTROL I soc I I FTC I 

I I H fOC'SLE GROVPI 
i...JGMC I 

H SOS'N STORES I H 5 • BATTERY H LAU('~CHEP. GROUP H SONAR EQUIP. H GFCS I 

H PAINT LOCKER I H 3" BATTERY H r.11SStLE HAl'l OLERS H U\-l/T/ FATHOt11ETER LJ \VOS I 

L..JGROVNO TACKLE I ~$MAU. ARW1S EQUIP. L..J 1'.otlSSILE i ECHS. H 8/T FANFARE GMFCS I 

H DECK FORCE I ASROC 0 ATTERY VFCS 

L__J BOAT CREY.'S I HNUCLEAR ),1/EAPONS 

H TORPEOO BATTERY 

1-j GUNNERY OFFICE 

63,4 
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often accon1panled by descriptive adjectives, plus 
identifying numbers. For exnmple: "3-in. 50 cal 
rapid-fire twin gun mmmt Mk 33 Mod 4." Read­
ing this from left to right, "3-in." specifies 
the bore diameter or caliber, "50-ca.l" specifies 
the gun barrel length in terms of calibers (Since 
this ls a so-caliber gun, its length is 3 x 50 or 
150 in.); "rapid-fire" indicates that its ammu­
nition is fed into 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 
is "mount," which here includes not only the gun 
barrels with their breech and recoil mech­
anisms, but also their training and elevating 
gear, gun 1nount sb.ielcl, power drives, power 
nunmer and loader, and fire control and sight­
ing equipment located on the mount . ' ' l\1k 33 
Mod 4" is abbreviated fron1 "Mark 33 Modifica­
tion 4," which specifies a particulai· version of 
a cei·tain tllOLmt design. 
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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 nan1ed above merely as "3-in. mount 
Mk 33 .Mod 4," This represents the minimum. 
Note that the reference to "gun" is omitted. 
\Vhen not otherwise specified, a mount is always 
a gun 1nount. 

The mark number identifies a major· item 
(like a gun mount) or principal component (like 
a sight or a power drive) of a particular design. 
\Vhen the Navy make-s a basic change in design. 
or ciesigns new equipment of the srune general 
type, the name remains the same but a new mark 
number replaces the old. Thus the Mk 33 Mod 4 
twin mount mentioned above has a different mark 
nun1ber from the gene1'ally similar Mk 34 single 
mount , and also a different tnark number from 
the Mk 27 twin mount , which diifel's significantly 
fron1 the Mk 33 in the design of the slide. The 
mod number (1nod here stands for n1odification, 
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not model) indicates a minor design change or 
alteration. For exaniplo, the l\lk 33 Mod 4 mount 
mentioned above dillers from Mod 2 chiefly in 
that Mod 4 has u.n :i.J.uminwn shield while Mod 2 
hv.s not. Jl;Jodificntions may be made also because oi 
Improvements in design based on experience, 
or to adapt the equipnient for mounting In dif­
ferent places or for operation with Cliffe rent 
associated equipment. 

The nomenclature of any naval gun barrel 
01· n1ount always includes it s caliber. There is a 
separate series of inark nwnbers for each 
call ber; for example, 3-inch and 5-lnch gun 
barrels ru·e numbered in different series. How­
ever, as long as the bore diameter Is the same, 
gun barrels are numbe1·cd in the saine series, 
rega•·dless of bore length. Thus, both 5- inch 
gun barrels-the 500 / 38, and the 5"/54 (and their 
mounts) - are numbered in a single series. 

The mark and n1od numbers, as well as the 
rest of the uonlenclature, are assigned by the 
l\aval Ordnance Systems Co1nmand. The place to 
find this official nonlenelature is the current 
edition of Ordnance Pam;>hlet (OP) 0. (This publi­
cation is described later In this chapter.) For 
nomenclature of components or pai·ts of units 
designated by mark and mod, use the OP or the 
ordnance supply catalog for the equipment con­
cerned. 

Gun mounts are identUied not only by mark 
and mod but also by nssen1bly number. This is 
so because gun mounts (especially the larger 
ones) arc not single units, but nre really com­
binations of smalle1· units, each of which has its 
own mark and mod. l"Or instance, the 5-inch 
Mount Mk 39 Mod 0 mny be equipped with any 
one of a nui:nbe r of different mods of tho Eleva­
tion Jndlcator-llegulator Mk 54, ot· with one of 
several n1ods of the Train Indicator-Regulator 
Aik 46. It may have either Mod o or :liod l of the 
llik 54 shield, and so on. Each assembly differs 
f1·01n the othe•· In details like this . Bach assembly 
is, therefore, designated by an assembly number 
to disllnguish it from the others. 

Each individual unit of a given mark and mod 
has its own seriul number . Identification by 
n1ark and mod Is 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 equipment use a different system 
which is fundamentally composed of two groups 
of letter prefixes followed l.>y an identifying 
number. An example is "Sonar equipment AN/ 
SQS-23." Letter group "AN" means that the 
nomenclntu1·e complies with the system adopted 
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Jointly by the U.S. arrried forces. Jn 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 
i·ange bearing). The numeral "23". serves as a 
model number, or the equl valent of a mark 
nwnher . (Howevet', modification nwnbers a1·e not 
used in this systen1. Instead. a letter suffix' 'A," 
"B," etc., follows the n1odei number .} 

A complex electronic equipment like a sonar 
or radar systen1 usually consists of several Inter­
connected units. A letter group p1·efix Is used 
Instead of "AN/" to identify such a unit. For 
exainple, "IP-SQS- 23" might be used to desig­
nate a cathode- ray display indicator tube use<! in 
conjunction with the Al\/SQS-23 system, 

Navy ordnance equipment (such 11s smrul­
arms weapons) and ai11munition procured from 
the Army normally retain the Army model 
designation. which consists of the letter "M" 
(standing for model). followed l.>y a number cor­
respond.Ing to mark nun1ber, then (if there aro 
modifications) by the letter "A" followed by a 
number designating the mOd. Thus " Cnt•bine, 
cal .30, ::VI3Al, " identifies n certain ca.l'bine 
with a bore of 0.3 inch as what would correspond 
In Navy terminology to Mk 3 Mod l. 

Ail'craft bombs which have been adopted 
jointly by the Air Force and Navy arc identified 
by AK-followed by either Army style numbers 
(M_A_ J or Navy mark and mod numbers. 

NA::l!El'LATES AKD OTliI::R 
'.\'!EAKS FOR IDENTIFYING 
EQUIPMENT 

Each Item of equipment assigned a mark and 
mod number or equivalent bears a metal name­
plate secured to some easily visible spot on Its 
exterior . This plate is engra,•ed or otherwise 
marked to pro,.;de the following information: 

Standard nomenclature of tho equipment, in­
cluding mark alld mod 01· equivalent, and identi­
fication of the system of which it is a part 
(unless It is an Individual self-contained iten1) . 

Standard Navy Stock Nun1bcr, Federal Stock 
!\umber, or other catalog idenlificatiou. 

xame of cognizant Kava! Material Command 
agency (I.e., the Navy agency that procured the 
unit) . 

Manufacturer's part nwnber or drawing mun ­
ber. 

Name of mallufacture r . 
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~un1ber of contract under which the equip­
ment was supplied. 

Serial number, assembly number, 01· other 
numbors which identify the spec ific unit. Items 
produced 1 n large quantities may have a lot 
numller lnstoad of a specificnlly nssigned serial 
or other nuniber . 

The nameplate will probably 11lso 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 mo.de to the equipment. But the information 
listed above is approximately what you can 
normally expect to find. There will be some 
minor differences in equipment procured by 
different agencies of the Navy, but tho nameplate 
11111 always be the best primll.l'Y source for 
identi:flcntion of equip1nent. It is obvious U1at the 
nameplate must never be detached, defaced, 
obliterated, 01· permitted to become lllegi ble, 
either through neglectful accumulation of grime 
and dirt, through being painted over, or through 
overdiligent scouring that erases the Information 
it contains. Nor may the information on it be 
changed or added to, except as speci.fically di­
rected by the cognizant technical command. 

Many am nller asseinblies and parts cn11 be 
identi.ficd by numbers or coded rnarklngs. Num­
bers printed or engraved on parts 01· assen1blies 
may be catalog numbers, Navy or contractor's 
drawing numbers, or code symbols that cor­
respond Lo symbols on schematics. For most 
effective use of all of these, it Is necessary to 
have available the technical manual or instruc­
Uon book for the equipment, as well as (i.f possi­
ble) the appropriate part of the Navy's material 
catalog and available prints of the drawings on 
the equipment. With these, it is possible to 
establis h positive identification of ail parts and 
assemblies of the equipment. 

'l'he preceding paragraphs cover only the 
bare outline oI the equip1nent ldcnti.fication and 
nomenclo.t"re systems used in the Navy. The 
subject is a complex one which can be com­
pletely mastered only by considerable specializ.ed 
study . 

Jn roiorring to a piece of ordnance, the infor­
mation needed for identification depends upon 
the clrcwnstancos. For example , lo identi.fy the 
entire equipment as a functioning unit, the naine, 
mark, and n1od wili be sufficient. But for re­
questing Spll.l'e parts from the Ordnance Supply 
Office, the sel'ial number (and tho assembly 
number, If any) may be necessary In addition to 
the Federal Stock Xumber. These, together \vith 
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mark and mad numbers, identi.fy 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 progt·llln your chief 
opportunity for training in no.val ordnance and 
gllnnery (in addition to this tex~) up to the time 
you graduate will come during a summe1· cruise 
prior to graduation. At this time, you can expect 
a tour of training duty in tile weapons department 
of a ship-quite likely aboard a destroyer or 
escort vessel, or possibly aboard a cruiser or 
cai•rier. This cruise will give you experience in 
working as part of the weapons department at 
several different points . You n>ay have ai1 oppor­
tunity to se rve in a nun1ber of general-quarters 
stations-hi a.mnmnition handllng in gun n1ounts, 
in g>.1n laying and firing, i n fire control direc­
tors, in fire control or missile plot, in sonar 
and underwater battery plot, and at tof])edo 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 sh!pl.>oard training. 

You will probably find that the subject matter 
of naval ordnance and gllnnery is Intrinsically 
interesling, particularly when you hove the op­
portunity to work with the weapons nnd the equip­
ment itself on board ship . But even if your 
primary area of interest is elsewhoro, it is well 
to remember that all naval line officers have 
weapons department assignmenls sooner 01· later 
in their careers, and that it is worth working to 
make such assignments successful and profitable 
in terms of broadening you1· background and 
increasing your knowledge and experience. Jvlore­
over , your life and the li ves of your shipmates 
may depend on your effectiveness as a member 
of the weapons department. 

UNDERGRADUATE TR.\IXIXG 
IX RELATED SUBJECTS 

This Lexl on naval ordnance and g\Ulncry is 
to some extent self-contained !11 that it includes 
in chapter 3 the pr inciples of mechll.nics, hy­
draulics, electricity, electronics, optics, ruid 
sound as they upply Inter in the text. The basic 
material In this book and the mathematics and 
physics training that you have had iu·e only a 
bare minimun1. Amplification of this minimum 
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Is strongly recommended. Valuable reading mate­
rial tbat would solidify the basis on which your 
naval training will be founded would include texts 
on college chemistry, advanced mathematics 
(through calculus), elementary dre.fting, elemen­
tary electricity, electronics, nucleonics, me­
chtllllct\I engineering, and elementa.ry aeronauti­
cal engineering (parliculal'ly with reference to 
guided missiles). All of these are not likely to 
be possible for nil students, but any that you can 
study will be of great ndvantnge. In planning 
your choice of technical study mate!'lal, you 
would do well to consult with your Professor of 
Naval Science so that you can select material of 
maxlmutn value In your no.val career. 

TRAINl!\O ON ACTIVE DUTY 

It Is true that education does not end when you 
receive your diploma. Ii applies to your naval 
career as well as other aspects of your life, 
and it applies regardless of how you earned 
your conU11ission. 

\Vhen you are on active duly abo:ird sh.ip, 
your professional education may be continued 
both on the job during duty hours and watches, 
and on your own limo through personal study 
and through corrospondence courses. This book 
by no means delimits the boundaries of youl' 
learning. The next section !ndlcates 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 001·1·espondence courses through you1· educa­
tion officer. }!Ost of the books that you w1U find 
it profitable to study y.fil be available aboa..'"<1 
ship; the others can easily be obtained through 
routine channels. These study sources will help 
you both in training for current assigruncnls and 
ln preparation for future work of mo1·0 scope 
and responsibility , 

You will find special educational value in ship 
and Cleot exercises and drills. You will get more 
out of such exercises If you prepare for them by 
studying the appropriate doctrinal publications 
in ad\•ance, and ii you participate in I.he technical 
preparations your fellow officers and lcadir.g 
petty o!!lcers mal<e for them. 

OCS STUDE!\TS 

During you1· Intensive training pe1·Lod, you, 
as an Officer Candidate School {OCS) student, will 
be more or less limited to this textbod< and other 
study materials on ordnance and gunnery that aro 
furnished by the school, The suggestions in the 

preceding paragraphs on "Training on Activt 
Duty'• apply to you as nn OCS graduate as muck 
as they apply to all other naval officers - and yoo 
have probably learned by now thataconscientious 
naval officer•s professional education conunues 
all through his career. 

PUBLISHED SOIJRCES 
0 .1" INFORMATION 

The cornpetonce of a naval officer depends 
not only on what be knows, but also on his ablllty 
to find quickly a reliable, authoritative source 
for other in!o1·m ation he needs . For this he 1nust 
depend on ru1d be well acquainted with published 
sources of information. 

The principal types of Navy publlcatioos 
which you as a navru ofUcer aboard ship wlll use 
in coMoction \11th ordnance and gunnery include 
technical, tactlcru. and training publications. 

TEC!lNICAL PUBLICATIONS 

)lost of the technical publicntions the weapons 
officer Is concerned with ru:e Issued by NavOrd. 
Other technical publications are handled by Nav• 
Sup. Naval Supply Systen1s Command operates 
Naval Publications Supply Center at Pbilo.delph.ia, 
Pa. Tho available publication& are indexed in 
NavSup Publication 2202, Cognh;ance Symbol I. 

Ordnance Pamphlets (OPs) a.re of two types. 
Most OPs are of the type that se1·ves as a technl· 
cal manual on a· spociiic 01·dnance equipment, 
including a description of the equipment, 118 
operation, maintenance, install11Uon, and repair. 
The other type of OP, of which there are rel a· 
tively few, is n tt'eatise on some ordnance subject 
such as battery alignment or ammunition . All 
OPS are indexed In OP o. They are numbered 
conseouuvely '~1thout any atten1pt at coding. 

Ordnance Data ( 00) publications are used for 
publlishlng a variety or technlcnJ information. 
including test and iospcctlon information, advanco 
infor1nation or instrllCtlons on ordnance equip· 
ment, nnd ordnance equipment lists for specific 
types oi ships. ODs are numbered se1·1a11y and 
are indexed in OP 0 . 

Ordnance Alterations (OrdAlts) pi•escribe 
speel!lc authorized changes (as distinguished 
from repair and other maintenance work that does 
not nJter the design or chm·ncterisUcs or the 
equipment) in specific ordnanco equipme11t . Alter­
ations of ordnMce equipment are permitted only 
as authorized by OrdAlts, and they must be made 
strictly in accordance with the drawings 1lnd 
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Instructions that form part of the OrdAlts. After 
lhey are completed, they must be recorded in 
the maintenance records of the weapons depa1·t­
ment and reported to NavOrd. On!Alts aI'e listed 
in a special index published as OrdAlt 00. 

Ordnance Instructions and Ordnance Kotices 
are Nil\'Ord-issued directives published in ac­
cordance with a decimal numbering schen1e 
prescribed by the Office of the Secretary of the 
Navy. This schen1e provides for subject classifi­
cation and nwnbering of issues l'elating to ad­
min.lstratiou, supply, procurement, productiou, 
Uscal matters, and the like . Navo1·d directives 
are indexed in NavOrd Note 5215. 

The ordnance section of the Coordinated Ship­
board Allowance List (COSAL) is the authority 
for issue of ordnance material to ships. COSAL 
includes the spare part items for all depart­
Dl<lnts on the ship. The COSAL does not include 
resale clothing, bulk fuel, medical supplies, 
recreatioual equipment, and expendable 01·dnance. 
These items (as well as some others) are covered 
by .sepat'ate outfitting and load lists. Each COSAL 
is tailored to nleet the needs of a specific ship, 
and it is prepared in segments by categoty of 
material in simplified and unifol'm fonnat. (A 
more detailed discussion of the COSAL may be 
'found in other NavPers public11tlons, includi ng 
Militw-y Requiren1euts for Petty Officer 3 & 2, 
NavPers l 0056-C,) 

NavOrd Bulletins are classified, quarterly 
pe1·iodicals containing articles on new develop­
ments in naval 01·dnance, equip111ent in the fleet 
or under development. new safety inforn1ation, 
newly developed inodificntions to ordnance gear, 
and other timely inforn1ation. They also list new 
pulllicalions issued since the latest issue ofOPO. 

\Veapons department persotulel use and inay 
mnlntuin a considerable amount of equipment 
under the cognizance of NavShlps-equipment 
such as dredger hoists, compass repeaters . sonar 
gear, speed indicators, Md wind data receiver:; . 
Technical n1anua1s for such equlp111ent are pub­
lished by NaVShips und furnished to weapons 
departrr1>3nt personnel. 

Weapons department personnel also maintain 
all or part of such systems as high-pressure 
air distribution systems and sprinkler systems. 
For technical iuformation on these systems, see 
the appropriate drawings (ship's plans), your 
ship's Damage Conti·ol Book and General Infor­
mation Book, and the KavShips Technical Manual. 
The NavShips manual consists of a number of 
separate chapters, each bound like an inde­
pendent pnmphlet, and each on son1e aspect of 
the ship's structure or plant. 
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TACTICAL PUBLICATIONS 

The Chiei of Kaval Oper ations (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 com­
bat. In uaval warfare usage, a doctrine may be 
defined as a working principle or rule of combat 
that has been developed theoretically and proved 
by experience. Procedures are 111ethods usecl to 
put the doct.t·ine into effect. These publications 
are concerned also with teru:n cOJnbat training­
the t raining of groups in fighting units, as di stinct 
from individual training mentioued later on in 
this chapter. All these doutrinal publications are 
classified. 

The prin,nry series of doctrinal publications 
issued by the CNO are Naval Viarf&·e Publica­
tions (N\VPs). There are four groups of these. 
Group l lnl<es up basic priuciples and planning, 
groups II and Ill are devoted respectively to naval 
operations and the procedures they require, and 
group IV deals witi1 specific fleet exercises . 
T he· group I doclrinal p<tblications also include, 
besides N\VPs, several Allied Tactical Publica­
tions (A'l'PS) and Allied Con1municntions Pub­
lications (ACPs); lhese apply in the U.S. Fleet 
as designated by the CNO. The group IV publica­
tions al'e identified either as !?leet Exercise 
Publications (FXPs) or Allied Exercise Publica­
tions (AXPS), nol a.s N\\IPs. 

Supplemanting the primary doctrinal publica­
tions mentioned above are the Naval \\larfare 
Information Publications (N\\lil'S) and several 
ATPs and FXPs. These expand in detail ce1'taln 
aspects of primary publication content . The 
entire doctrinal publications system is described 
in 1'1-WP 0, which contains charts explaining in 
detail the inten'elationships among the publica­
tions mentioned above, and has detailed indexes 
of their contents. 

Jn your duties aboard ship as an officer in 
the weapons deparllnent, you will find that the 
doctrinal publ!catlons most useful to you at tile 
outset will be: 

l . The publicatious directly concerned with 
the type of ship you are on, its mission, and often 
your assignn11:mt In your department. For example, 
if the DD you are in is preparing for amphibious 
operations and you are assigned as weapons 
liaisou officer in CIC, you should be studying 
N\\IP 22, J\'VvIPs 22- 2 and 22-7, N\VP 31A, ATP 4, 
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and appropriate parts of FXP 3. These have to 
do with IUll:;>hihious operations, CIC operaiions, 
naval gunfire support, and fleet exercises (in­
cluding amph! bious) . 

2. ATl' l, Volume I. The in.Cormalion here is 
essential to any officer assigned as watch officer, 
JOOO, or OOD, particulo.rly when underway. 

3. l\\VP 10, a basic publication on the prin­
ciples of sea power and the C.S. '.:!/nvy•s mission. 
In some commands this is more than recom­
mended reading; it is required. 

4. N\\IP 50. The student should concentrate 
on those parts of this book that deal with weapons 
depiu·tmcnt organization and operation, Md the 
T'elntionship of the weapons depnrtmcnt to other 
Shipboard departments. 

THAINlNG l'Ulll.ICA TIOJ'\S 

The llureau of l\aval Personnel (IluPers) is 
charged with all training of naval perSOl".nel 
other than group corubat training (which is under 
CNO). BuPers therefore issues all t.ext material 
speciflc!Uly designed for training purposes u.nd 
intended for Navy-wide dist1·1liutlon . The book 
you are now studying is a BuPors publication 
of thls type. The training inaterlals published 
by BuP1;1's fall into the following categories: 

1. Navy training courses for enlisted per­
sonnel. Most of these are Intended for enlisted 
personnel lO study in preparation for advance­
ment to specific ratings and grades, but some 
are courses in com111on subjects such as elec­
tricity and mathematics. 

2. Navy courses for officci· po1·sonnel. These 
cover subjects of specific Interest to officers, 
such as this book and The \\leapons Officer, 
Na,·Pers 10867 series. 

3. Correspondence courses on specific sub­
jects. These are designated as enlisted or officer 
courses. The courses are based respectively on 
tho texts of the two types mentioned above. 
officer courses are available Lo personnel on 
active duty or in the reserves . They are ad­
nilnislered by lhe U.S. Naval Correspondence 
Ccnlor" Scotitl, l\ew York. 

4. Special-purpose publications thnt do not 
fall into the categories above, such as the 
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periodJcally Issued List of Training !ianuals 
and Correspondence courses, l'lavPers 10061 
(foltowea bY a letter iildicating the revision) . 
l\avPers 10061 serves ns n catalog of NavPers 
pubUentlons. 

Allonrd ship, the officer newly assigned to 
the weapons department will probably find most 
useful a copy of the books it\ the present series, 
plus The \\leapons Officer, NavPers 10867, nnd 
such others as will 1.>e applicable Lo his assigned 
duties. !\avPers 10061 is a good reference to 
lnvestfgnte for this purpose. 

SAFETY PRECAUTIONS 

A unlverso.l objective of nil U.S. na\ral train­
ing pi•ograms for all persotmel ls safety educa­
tion. Aclive altontlon to so.!ety ls a part o! all 
courses taught in l\avy schools, and all training 
publications are concerned '41th It as well as 
with their principal subject mall.er. All super­
visory personnel, enlisted and commissioned, 
are concerned with safety. 

Since safety is so all-pervo.ding a subject, It 
is obviously impractico.l to try to divorce it 
entirely, fol' study purposes, from the activities 
and operations with which it Is connected. To 
indicnte the type of safety considerations that the 
1\nv-y deems important In connection with ord­
nance, an extract from the Navy publication 
U.S. '.:\avy Safety Precautions Is reprinted as an 
append! x to this t>Oo1t. However, the weapons 
department officer aboard ship should be aware 
of other primary sources of lnformntion on 
safety available to weapons dcpiu·tment per­
sonnel. They are li s ted here fot' reference pur­
poses. 

1. Technical publications Issued by !-lnVShlps 
and l\av01'd on eq\tipment under their cognizance 
contnin safety Information as required in con­
nection with proper operation, maintenance, and 
ndjustme11t or the equipment. 

2. NavOrd also issues OP& on certain aspects 
of safely, as follows: 

11. OP 4, Ammunition Afloal, 111\d OP 5, 
Anirnunitlon Ashore, Handling, Stowing, and 
Shipping. 

b. OP 1014, Ordnance Snfcty Precautions; 
Their Origin and l\ecessity. 
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c . OP 1591, Clearing of Live Ammunition 
From Guns. 

S. BuPers iss ues the following publications 
containing safety infonnation: 

n. The \Veapons Officer, No.v Pers 10867. 

b. No.vy training courses (Including basic 
courses) contain safety information in appropriate 
contexts. 
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4. Other sources. 

a . Safety placards und cautionary name­
plates appear on equipment and In its vicinity 
where considered advisable for the warning of 
operating and maintenance pe1·sonnel. 

b. Army technical publications , used in the 
Navy particularly for sn1all arms, hn\'e con­
siderable safety information as ii conce1·ns small 
arms and 11Jnn1unilion. 



CHAPTER 2 

SHIPBOARD WEAPONS AND WEAPON SYSTEMS 

Shipboard wctipon systen1s- crude as they 1nay 
have 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, according to the defini­
tion given in l\\VP 10, the combination of a weapon 
(or mulliple of weapons) 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 lJy 1•amn1ing It. This tactic was used occa­
sionally as late as \Vorld War II. 

In this chapter, we are concerned with the 
weapon systems (e.g., gun, missile, and torpedo) 
\\1thln the ship and not »ith the ship itself as a 
weapon system. Also, we will briefly discuss 
weapons and their revolution, detecting devices, 
wcupon delivery devices, and weapon control units . 

EYOLUTIOI\ OF NAVAL \VEAPONS 

In your naval orlentation course you studied 
U1e Influence of senpower on world history, tr ac­
ing il as far back as Lhe wars in ancient times 
between lhe Greeks and the Persians. You may 
recall how Homan scapower turned the i\Jediter­
ranean into whnl the Romans called "111are 
Noslrun1" (our sea), so that the invading Car tha­
gil\lans had to go hundreds of miles overland to 
bypass Ron1an senpower. You may also recal l 
how, following Columbus' voyages, seapower ms.do 
Spain's access to the New \Vorld the root of her 
imperial power and bow Britain later gained this 
power with a single major victory at sea. Ex­
amples of the influence of seapower on history 
could be nmltipl!ed, Instead, consider briefly now 
how evolving armament and the technique of using 
it hnve affected see.power in the past, and a few 
dominant trends in the future. 
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GUNS AND OTHER \VEAPOl\S 
EFFECTIVE AT A DISTANCE 

\Varships in classical and early medieval 
times engaged each other effectively by ramming 
or by grappling and boarding for htmd-to-hand 
con1b11t. Until the development of the naval gun, 
this r emained the classlco.l pattern, although 
crossbows, incendiary pyrotechnics ("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 lo 300 feet for early naval 
cannon to 40,000 yards and beyond for the \Vorld 
\Var II battleship. )1lost of this increase Look place 
shortly before and during \\lorld \Var II. In our 
Chi! \Var a mile was rather far for accurate 
g,mnery, and even in the Russo-J apanesc Wnr 
(1905) the opening range was only about 6,000 
ya1·ds, Aircraft and guided missiles have even 
more tadlcally increased battJe ranges. 

The most signiiicant 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 its potency us 
compared to landbased fl repower, and ( c) an 
i ncrease in the. impol·tance of amphibious war­
fare. ::.-rodern naval gunfire and nircraftcaii :range 
many miles inland to attack specific objectives, 
to support land forces (as supplements to land 
artillery), and to support amphibious landings. 
Compare, for exan1plc, the successful Inchon 
beachhead (l<orenn \Vat') with the Gnllipoll fiasco 
(\Vorld \Var I), 

The increase in range has increased the 
distance between combatant forces in purely 
naval engagements also, and it has had a num­
ber of other side effects. The extre1nc In this 
trend toward increasing separation between at­
tacker and target bas recently been attained by 
missiles which can span whole oceans to reach 
their targets. 



Chapter 2-SHIPBOARD \VEAPONS AND \VEAPON SYSTEMS 

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 . But ex­
plosives have been xevolutionized before-first 
with the discovery of gunpowder, then with the 
invention of guncotton and its nitre-based suc­
cessors, followed by the development of powerful 
but insensitive explosives, and the continuing 
improvements in gun propellants and in the later 
chemical explosives. 

One effect of the increased lethal range of 
explosive weapons resulting from the use of the 
new explosives, particularly nuclear, has been 
an increase in the dispersion required to nlinimize 
combat dan1age to ships in convoy and combat 
groups. Coupled with the improvement of air­
craft, undersea craft, and nlissiles, another effect 
has been to force the development of picket vessels 
and early-warning systems. 

FUZES AND RELATED 
DEVICES 

Projectiles designed to explode on impact 
were used soon after cannon were developed. 
They were quite urrreliable and unsafe however. 
They were the •'bombs bursting (prematurely) 
in air" that Francis Scott Key saw; they did 
relatively little damage, and did not become 
really practical until around the n1iddle of the 
19th century when adequate fuzes were first 
developed. Fuzes have since beco1ne n1ore and 
more subtle and refined, from sirnple impact 
types through mechanical time fu zes and modern 
proximity fuzes. These last, in a general sense, 
include not only projectile fuzes thal operate by 
radio triu1smission, but also the equally sophis­
ticated underwater weapon devices - acoustic, 
magnetic, and pressure-sensitive - which are 
used in mines, torpedoes, and depth charges. 

The result of all these developn1ents bas been 
an increase in the destructive efficiency of the 
weapons and projectiles in which they a.t'e used, 
in that the weapon or projectile will function 
effectively without actual physical contact with 
the target. The consequent increase in antiair­
craft weapon effectiveness has to some degree 
offset the development of higher perfonnance 
aircraft. Underwater, the effect has Jieen to 
increase the complexities of defense and attack, 
as well as the dangers of both surface and 
undersea targets. Probably the most spectacular 
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corollary of the developrnent of sensitive under­
water devices has tieen the concurrent develop­
ment of the torpedo that can seek out and home in 
on its target . This, along with the snorkel. 
nuclear power, and hydrodynrun ic developments 
(e.g., the shape of the Albacore shown in figure 
2-1) has had a revolutionary influence in changing 
:>'Ubmarine nnd ru1tisubmarine wadar·e fr•om what 
it was early in \Vorld \Var II. 

UNDER\VJ\TER \VEAPONS 

Underwater weapons include tile 1nine, the 
torpedo, and the depth charge. 

The mine is a weapon effective at a dtstnnce, 
in time as well as space. Afle1· the mine is 
planted, it lies dormant unt il a ship (or othe:r 
1netallic object) comes close enough to detonate 
it . Mines are a means of controlling the sea by 
denying ships passage through it 01· making such 
passage extren1ely hazardous. An exrunple of the 
effectiveness of mines in s uch an application 
during the Korean \Var was the enemy's m ining 
of the \Vonsan a.rea, a r elatively favoral>le landing 
site. This prevented the United Nations forces 
from making a second beachhead there, and i1n­
paired the effectiveness of the carnpaibrn lo repel 
the North Korean-Red Chinese forces. 

The automot ive (self-propelled) torpedo, an 
unmnnned explosive-laden submarine, was first 
developed in pr actical form in the 1870s. Eai·ly 
in the 20th century it was considered so potent 
(particularly i n the days of metal ships lacking 
modern compartmentation) that special torpedo­
boats we re used to launch them. A specilllized 
craft to counter the tor pedo-boat was developcd­
the torpedo-boat destroyer, which has evolved 
into the modern DD. The torpedo (nnd torpcdo­
likc weapon) is now the 1nost advimced weapon 
used against subrnarines as well as the chief 
weapon used by subrnarines other than FJ3M. 

Unlike mines and torpedoes, which can be 
used ag-ainst either surface or submarine targets, 
the surface-launched depth charge (when dropped 
from ai rcraft, called the depth bomb) is specifi­
cally ru1 ru1tisubrna1·ine device. \Vhen first de­
veloped in \Vorlcl \Var I, and tmtil ti1e n1!dst of 
\Vorld \Vai· II, large depth charges were either 
dropped astern or heaved a few score yards 
over tlle side by a small propelling charge in a 
special gun, after which they were detonated by 
a hydrostatic device upon reaching a set depth. 
Currently used designs are much smaller. They 
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71.1-569 
Figure 2-1. - u.s.s. Albacore (AGSS 569). 

may be propelled by a rocket or a mortar de­
vice and are either contact- or proximlty- fuzed, 
but \heir 1nost in1portant chnracte r istlc is that 
they con be fired at much greater r anges (up to 
several hund1·ed yards) . This has led to a cha"b'€ 
in a.ntisub1narine warfa.rc (ASW) tactics. AS\V 
vessels are no longer forced to stay close to the 
target sul>mnrine, crossing and recrossing its 
presumed location which frequently cause<! the 
DD to lose sonar contact in its ownscrew noises . 
Weapons can be thrown ahead of the DD's track 
(ahead tlu·own weilpons) to eliminate this dif­
ficulty . Newe1· depth charge weapons that extend 
the aerial J1ight ti1ne are discussed in a later 
chapter. 

FUtE CONTROL 

'l'he improvements 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 know it today began In the 19th 
century wi th the invention of fixed sights, and con­
tinued with the develop1nent of movable sights 
(something like those on mode1·n inili tary rifles) 
in the 1840's, telescopic sights and drift- and 
v.1nelnge-compcnsating sights (1850's nnd 1860's), 
fire control directors and optical rangefinders 
(\Vorld \\lar 1), analog fire control computers and 
plotting techniques (after \\lorld \Var I) , and 
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high-speed, digital fire control computers and 
automatic target acquisition and tr acking (after 
\Vorld \Var 11) . 

The most spectacular \Vorld \Var IT fire con­
trol lru1ova\ion was radar, which made accurate 
fire control possible even when optical instru­
ments were useless . Radar bas been mainly re­
sponsible for the enormous accent on the elec­
tronics characteristic of the fleet today . /\ pre­
war DD had, for example, per haps 100 electron 
tubes altogethe r ; a postwar DD has more than 
3,000 tubes and transi stor s . 

Parallel with the development of radar crune 
the development of sonar. Even as early as 
\Vor ld \Var I, hydrophones were used both by 
des troyers and submar ines to listen for under­
water and surface tru:gets. The development of 
active ( " ping") sonar revolutionized undenvate1· 
detection by inal<ing possible the detection of 
passive targets (i.e. , \hose that do not r11diate 
noise) . Although sonar and radar are similru· in 
principle, their range and accuracy are nol on 
the same ordel' . {ftadar has the advantage ove1' 
sonar in both range and accuracy.) Wlth tho in­
creased emphasis placed on antisubmarine war­
fare in recent years , sonar is being cons tantly 
improved. :Moder n sonar is capable of detecting 
targets at fnr greater rrutges and depths than sonar 
of the \Vorld \Var JI era. Sonar ls invnlual>le in 
both surface and subsurface naval vessels . 
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CONCLUSION TO HISTORICAL 
DISCUSSION 

The preceding paragraphs have indicated in 
broad outline so1no of the effects of develop­
ments in important naval weapons, but much 
has been omitted (guided missiles and rockets 
for example); and the development of the vel>lcles 
themselves (surface ships, submarines, ai rcraft , 
propulsion and navigation equipment, etc.) has not 
Ileen covered. Some of the present trends in 
weaponry ar e indicated later in this chapte1·. 

THE \VEJ\PON SYSTElll COl\CEPT 

The effective use of any naval weapon re­
quires that a payload (generally an ex-plosive 
de•ice) be delive1•ed to (usually) a moving target. 
Accuracy in detern1ining the location and velocity 
of U1e target is vital to the success of the attack. 
The result of the increase in target velocity and 
range has been that today, for effective use, a 
weapon n1ust be considered and employed not 
individually but as part of an accurate weapon 
system. 

ELEMEl\TS OF A \'iEAPON 
SYSTElll 

The phrase "weapon s yste111" was defined in 
general tern1s in the preceding section. \Ve Cat\ 
now be 111ore specific. A weapon system, taken 
as a whole, must include: 

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

2. Elernents which deliver or initiate deliverv 
of the destructive device of the weapon to the 
target. (The tern1 "weapon" is used flexibly in 
different contexts; for ex..'l.111ple, a gun is a weapon 
which deUvers a projectile to the target, while 
a mine is a weapon that itself explodes when a 
tai·get activates it.) 

3. Elements that control a delivety unit or 
weapon to direct its delivery; that set the fuze 
(or equivalent) of the destructive do,ice; or (as 
with a torpedo) that "progrrun" or preset a 
target-seeking device as required for 1naximmn 
effectiveness in r·eachlng the target. 

4. Destructive payloads (usually termed 
"weapons" ) that will destroy the target when in 
contact with it or when ln its vicinity, 
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Each of these types of oon1ponent elements 
will be discussed in somewhat more detail later. 

\VEAPON SYSTEM REQUlREMEl\TS 
AND EVALUATlOl\ . 

The Navy has a r ather elallo1·ate series of 
stag-es through which any weapon or associated 
item must go fro1n the t irne it ls proposed until 
the solid hardware itself is installed for service 
use aboard ship. Although the fundamental idea 
on which the iten1 is based may originate almost 
anywhere (ideas are welcome regardless of the 
source), it is the Chief of l\aval Qperations, 
speaking for the ultimate user, the fleet, who 
sets the r equirements that the weapon or what­
ever it is must meet. The prototype (first in­
stalled 1nodel) of any instrun1ent or piece of 
equipment wt>lch bears a Navy nam•)plate t hat you 
see on a naval vessel has been lhl'oughexhaustive 
engineering and shipboard application tests, and 
meets the fleet's requircn1ents for what that 
specific item must do, and how well it must do it. 

The trend in r ecent times has l>een increas­
ingly toward design and procurc1nent of c01nplete 
weapon syste1ns, rather than of component ut1its 
which later evolve into a system. This is espe­
ciallv true of newer svstems such as n1issiles . . 
with their co1nplex guidance and propulsion sys­
tems, as contrasted with 1nost syste1ns based on 
guns, which were not otiginally conceived as 
systen1s but evolved that way. 

The stateinent of rcquirmnents for any weapon 
system or component unit can be considered as 
responses to two questions -

1. \Vhat is the system or con1ponent unit sup­
posed to do? 

2. How well is the systen1 or 00111ponent unit 
supposed to do i l? 

The answer to the ''what '' question is often 
called the " military r()quirements." rt is a·stute­
lll~nt of the nature of the equipment (whether it's 
a gun, a torpedo, a radar, a computer, etc.) and 
its capabilities or what it can do (if a gun, 
its !'tt.l"lge, rate of fi1·e~ etc. i if a to1·pedo, its 
speed, 1·ange, accuracy, etc.; if a i'udo.r, its 
range, accuracy, sensitivity, etc.; if a con1putcr, 
its speed, accLu·acy of solution, Iin1its of oper­
ation, etc.). Obviously, all this is entirely depend­
ent on the nature of t he systein or co111ponent 



PRINCIPLES OF NAVAL ORDNANCE AND GUNNERY 

unit. l\'Ioreover, in a system, each component's 
requirements depend on the characteristicsofthe 
other components and on the requirements of 
the system as it whole. Thus, the capabilities of 
any system are li1nited by those of the '•weakest 
link" in the system. (For exa1nple, a computer 
in an 1\S\V system can solvefirecontrolproblems 
beyond the ranges possible to the sonar equip­
ment in the syste1n; the sonar's range thetefore 
establishes the systen1's range.) 

Aside f1·otI1 what we have here called the 
n1ilitary requirements that depend on the nature 
and task assigned to ,.;eapon systems and weapon 
systen1 con1ponents, 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. 
\Ve can state tlle1n here only in qualitativetenns, 
since this is a general discussion; in syste1n 
specifications these requirements ii.re l'educed to 
specific values: 

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

2. FLEXIBILITY. The system must be capa­
ble of fwictioning satisfactorily in spite of failures 
in quality of power supply, ammunition, etc. ; it 
may also be 1·equit·ed to function satisfactorily 
with certain con1ponents omltted or disabled, or 
with others substituted. 

3. SAI•'ETY, The system must be perhaps 
not foolproof, but hazardous conditions must be 
elilninated by interlocks or other ineans; it must 
not endanger· fl'iendly ships and aircraft or own­
ship structure or personnel. 

4, SI:.VIPLICITY OF OPERATION. Comple:x 
modern weapon syste1ns caJmot be made inher­
ently simple, but they s hould be designed for· 
facility of operation by human beings. These 
considerations influence design of cont rol ar-
1·angements, in·ovisions fol' safety and co1n(ort 
of operating personnel, and functional design to 
make the equipment as sim:~le to operate as its 
nature v.'ill permit. 

5. MAINT AlNABILITY. This l'equires not only 
design using long-life components, but also con­
venient (and in many cases almost entirely auto­
matic) testing and trouble-dia.,onosing gear that 
is either part of or is easily connected to the 
equipn1·~nt. !l'Ioreover. this requiJ·ement has led 
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to the development of the unit i·eplace1nent prin· 
ciple-thus, if an a1nplifier, for example, burm 
out, the procedure is not to test each component 
in it and make repairs as necessary, but to pull 
out the whole a1nplifier (which is a cornplere 
plug-in unit) and plug in a replacement. The 
defective unit can then be repaired late1· and pu: 
back in stock as a spare. 

Note that in weapon component 01· system de· 
sign these requirements often conflict with each 
otllel'. For example, a fuzing system may lx: 
made so safe that it won't function reliabiy. 
Much of the work in weapon design is concerned 
with attaining practical compromises between 
conflicting requi reme11ts. 

The evnluation of a weapon system or compo­
nent unit can be defined as the study of the sys· 
tem or unit, 1neasurement of its effects, anc 
P.ppraisnl of its effectiveness. As in development 
of ordnance n1aterial, the tl'end is toward evulu· 
ation of con1plete systen1s rather than independ· 
ent units; in syste1n testing and evaluation, how· 
ever , component units are tested individually as 
well as with relation to their systems. Before a 
system or component is accepted for fleet use, 
it 1nust go through both TECHNICAL (i.e., engi· 
neering) and TACTICAL evaluation, following 
standard prescribed procedures. 

COORDINATION AND DISPERSION 
IN \X/EAPON &'YSTEM El\.1PLOYMBNT 

Concurrently with tile increasing complexity 
of wenpons and weapon systems, naval opera· 
tlons lla,,e becorr1e 1nore complex. The variely and 
the effective ranges of weapons are increasing, 
and the speed and n1aneuverability of targets are 
increasing. 

As the ranges and eiqilosive effect areas oi 
n1odern weapons have increased, they have 
dictated increased dispersion of formations of 
naval ships. Convoys and task groups arranged 
according to present day doctrine have ships 
n1uch 1nore widely spaced than wu,i; the practice 
before aJld during \Vorld \Var II. An attributable 
factor is the development of atomic weapons, 
which add to the blast and frag1nentation effects 
of forn1er conventional weapons (but, of course, 
on a 1nuch 1nagnified scale) the threat of racUo­
aclive contru11ination. Another factor which 1nakes 
wider dispersion necessary is the increased 
speeds of aircraft and missiles which rnay attack 
the formation. More dispersion is needed, in 
the direction of the threat, so thutouterperimeter 
units tnay give early warning of au attack. 



Chapter 2-SHIP.BOARD \\IEAPOJ\S AJ\'D \\IEAPON SYSTE:MS 

The effects of this dlspersioo requj rement 
are to Increase the difficulties of coordinntion 
and to increase the requirement for improved 
long-range underwater target detection perforrn­
ance. 

DE."fECTING DEVJC.l!:S 

The !l1·st steps in the functioning of a weapon 
system are the detection, location, and identifi­
cation of lhe larget. Ideally, the device performing 
U1ese functions should detect the target at maxi­
mwn raugo, and estul:llisb tho target's location, 
orientation, and velocity with r espect to own 
ship, "1th maximum accuracy and minimun1 delay . 
At the same time this device should identify the 
target as to exactly what lt Is and whether it is 
enemy or friendly. Ideally, the device should be 
equally efficient regardless of which medium It 
ope.rates In, regardless o{ the conditions in that 
mediu1n, and regardless of Interference originat­
ing with the enemy, with friendly forces, or 
\\ith natural causes. 

No detecting (for the present Jet this term 
include locating and identifying) device or system 
yet developed measures up, "1thout p0ssibiUty 
of improvement, to any of these ideals. The 
ideals 11re useful chiefly as s tandards by which 
the effectiveness of detoctlng devices can be 
jud,.aed. The principru detecting devices now used 
in the fleot include: 

1. Opllcal devices. 
2. Radar. 
3. ECM (electronic countermeasures). 
4. Sonn.r . 
5. MAD (magnetic anomruy detection). 

,\ll except the last of these depend on detoc­
tion of radiation- the first three on electromag­
netic ra.(Jlallon, the fourth on sound radiation .. 
llAD depends on detecting dlfferences in mag­
netic fields. 

Optical devices nl'e invariably passive, i .e. , 
they detect i·adlation emitted or reflected by the 
target, but don't p1·oduce the radiation they de­
tect. 

EClli equipment falls inlo lhe passive cate­
gory when used for detection. But EC'.\1 gear also 
has an active mode for use in jamming the 
enemy's electronic detection equipment. Sonar 
may be elthe1' passive or ll(ltive when detecting 
subsurface targets . Its aotlve device produces 
radio.lion which it detects as a reflection l'l'om 
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. 

OPTIC1\ L DEVICES 

Optical devices in weapon systems function 
to establish target bearing and (for air targets) 
target elevation. Some optical devices can nleas­
ure the range to the target. Except for highly 
unusual atmospheric conditions, in which light 
rays r eflected from the target to own ship are 
pel'ceptibly bent by refraction, the line of sight 
(a s traight l!nc fron1 target to observer) is u·uly 
straight . Optical devices which incorporate Jens 
systems are designed to magnify the image o! 
the target; this ex-tends the capabilities of the 
human eye In target detection and identification. 

Since optical devices depend on visible light 
reflected fron1 the target, they are handicapped 
by darkness (unless the target ls luminous). fog, 
and visible 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 target by firing gun pro­
jectiles which release parachute-supported flares 
in the vicinity of the target, or by using airc rnft 
to drop such nares. 

At the present tin1e, only a few U.S. Navy 
ships have night observation devices, but even\.­
ually, most Nav-y ships will have these. Night 
observation devices actually intensify the bright­
ness of nn lnlagc and are used for observation, 
surveillance, and for the aiming of weapons 
during night operations. They use natural light 
1·adio.tions of a very low level to produce a use­
ful , visible in1age. 

Since light, in general travels in straight 
Jines, a tru·get cannot be optically detected if it 
is entirely below the hori 1.on (like target 2 in 
figure 2- 2) . 

110.l 
Figure 2-2. - Limits of optical detection. 



PRINCIPLES OF !\AVAL OHDNAKCE AND GUNNERY 

RADAR 

In our s hort cliscusslon of radar wc '~ill 
concentrate on its ability to measure the range 
OJ' distance to a target . Niwy 1·11.daes cnnmeasure 
the target's nngle of elevation above the surface 
horizontal, its altitude, and Its true or r elative 
bearing. This is, of course, if they a.re designed 
to do so. The tnrget•s speed can also be quickly 
detern1ined if we add some minor computing 
units. In chapter 6 you will learn more about how 
radar works, but fo« now let's find out how it 
measures range. 

Every naval ship is equipped with a powerful 
sound producer -its whistle . Suppose that the 
whistle on your own ship sounds a short, sharp 
blast while it Is a niile or two distant from 
onother ship. If you listen c:u·efully after the 
blast sounds, you will hca.t• an echo reilected 
fron1 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 
t.he range to the other ship. This Is a simple 
application of the distance, rate, and time equa­
tion which you learned yea.rs ago. You'll notice 
one slight variation however; the product of 
rate and tin1e must be divided in half to account 
for the two-way ti·avel of the sound wave. 

If instead of a sound producer you use a 
powerful radio transmitter, and Instead of your 
e:u·s you use 11 radio receh•et, you have the 
essentials of radar. (The name "radar" is an 
acronym for RAclio Detection And Ranging.) Figure 
2-3 shows one trnnsmitted pulse and one re­
flected echo as they travel between our own 
ship and the tai·get. Notice that the trnnsmitted 
pulse covers a larger area ici space as it gets 
farther away from own ship. The amount of this 
increase depends on mnny variables, one of 
which is the type of ttansmltling antenna used. 
Notice also that the reflected echo is smaller in 
arnplitude since only a portion or the transmitted 
energy is reflected by the t!l.l·get. further, the 
echo expands as it approaches own ship and only 
a portion is actually received by the 1·ccelver. 

To be of any use the reflected echo must he 
gr·eatly !l.lnplificd In the radar receiver before 
it can be displayed 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 i·ange infor­
mation only, und it could be the results or the 
situation in figure 2- 3. The vertiC!ll "pip" or 
"blip" at the left of the sweep trace in figure 
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110.2 
Figure 2-3. -Principle of ra.da.r. 
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2-4 represents the trMsmltted pulse; the center 
pip is the target echo. The sawtooth like shape 
at the right of the display is the range measuring 
dc,,icc, wrJch Is called the "range step" in this 
case. Yot1 will see In a n1oment how the range 
step is moved to the echo to n1ensure range, but, 
first, let' s lC!l.l'n a little more about the sweep 
t1•ace. 

Even though tho display appears to be con­
tinuously lllumlnatod, It is in fact caused by £ 
pencil-point beam of electrons which !l.l'e ma.d& 
to "sweep" across the fncc of the scope ft·om 
left to right. The sweep frequency is the same 
as the pulse repetition frequency of the radar. 
In laymnn language thls simply means that every 
time a t ransmitted pulse leaves U1e antenna, 
a sweep is started. Actually, the sweep starts 
Just a little earlier so the transmiltod pulse CM 

be viewed. The apparently continuous picture is 
the result of a property of the scope face called 
pcrsistency, which means that a given point on 
the scope face continues to give off light fo.r a 
short time after the beam of electrons has passee 
it. You have seen this effect befo1·e when you 
turned oif a 'l'V set nnd watched the illuminntion 
slowly fade. 

The t.i·ansmittco pulse, echo, and rnnge step 
a.re traced by bending the bca.m of electrons 
above and below the vertical cente1· of the scope, 
which is the normal verticul position of the sweep 
trace. Vertical deflecting plates or vertical de­
flecting coils are used fo1· this purpose. In our 
exa1nple, the transmitted pulse n1ust have been 
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110.3 
Figure 2-4. - !\ common type of r adar display . 

applied to the vertical deflecting plates before the 
reflooled echo, and theechowasappliedbefo1·ethc 
range step. This ls how the stopwatch i s replaced. 
The designers simpl)• arrange the scopo so that 
a given portior1 of the sweep traco equals a certain 
nuinbet· of yards (in son1e cases, miles) . Then 
we can measure the trace distance, which ls based 
on time, between tho transmilled pulse and the 
echo. The sweep is nlade to move from left lo 
right on the scope by horizontal deflecting plates 
or coils. The sweep movement is !!near. It is 
based on time, and it is accurately matched to 
the range measuring circuitry. 

Jn the preceding paragraph we mentioned 
"based on tin1e• '; let's explore this a bit further . 
The speed at which radar energy tra,•els is 
186,000 miles por second 01· 300,000,000 meters 
per second - the speed of light. Because of this 
great speed, the time elapsed between trans­
mitting and then receiving an ooho is measure<! 
in microseconds (milliontbs of a second, or 
µsecs). Obviously, a stopwatch \\111 not do the 
job. r.s you have seen, a cathode- ray tube is 
used Instead. \Vith the speed of light as the 
reference, we find that radar energy travels 
328 yards in 1 µsec . F'rom this we can say 
that l nautical mile (about 2,000 ya.rds) will be 

21 

traversed by the energy in 6 .1 µsecs . This ls 
the time s tandard upon which most radars, and 
ce1·talnly most fire cont.rol 1·adars, have been 
designed. Once again, it takes 6.1 µ secs for 
the energy to travel approximately 2,000 yards. 
These 6 .1 µ secs representl,OOOyardsofRADA!t 
RAKGE. 

Now levs measure the range to the target. 
A range count.er is attached by mechanical link­
age to a rilllge handcrank, or to a range drive 
motor which drives the mechanical linkage. 
Moving the mechanical linkage by either n1ethod 
moves the counter and positions the range step 
t.o the corresponding position on the sweep. All 
the operator has to do to measure range ls 
position the r.i.nge stop unde r the target echo 
and read the range from the counter . l\'lovlng 
the r.i.nge linkage changes the time relationship 
between the transmlued pulse and the range step, 
and thc,.efo1·e controls the horizontal position 
of the i·ange st.ep on the sweep. If the i·ange step 
were under the trans1nitted pulse, the range 
counter would read app roximately ze ro yai·ds . 
It would increase as the nu1ge step moves from 
left lo right ac1·oss the sweep in response to 
the operator's Input. 

Radar transmission is made from a n\ctal 
structure called an antenna. Unlike the sound 
from a ship's wlllstlc, which radiates almost 
equally in a.II directions, n1ost of the energy in 
a radar pulse is directed along the bearing on 
which !he antenna is pointed at the instant of 
transmission. The same a.'ltenna also picks up 
tile coho. To get 360° coverage, radar antennas 
rotate continuously; antennas on radars designed 
to concentrate on a narrow angular secloi· ai·e 
instead aimed by an operator. In addition, many 
of the latter type also oscillaic 01· nutate through 
a s1nall angle. 

Radar s ignals are conducted lo and from !he 
antenna by special tubular wn,•eguldes that look 
something like ordinary air or water piping. 
Some use c.oaxial cables. 

Radar shares ma.'ly of the characteristics of 
optical detecting devices. Except fo1· certain at­
mosphe l'ic conditions which to n minor extent 
distort the paths of the tr·ansmittcd and re­
flected pulses, they t1·avel in straight lines. As 
compare<! with a sound-ranging system like the 
one 1nentioned briefly by way of example at tho 
beginning of this arllcle, radai· has much more 
range, functions SC\•cral thousw1d times more 
quickly and much 1nore accurately, and is not 
affected by audible noise. It Is quite nccu1·ale 
{to within a degree) In measuring target bearing 
and elevation (though not quite as accurate as 
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oplical devices). Jt, is the most accurate and the 
longest In 1·a11ge of our range- mensuremenl de­
V:ices . It Is not severely affected by adverse 
weather and fog, is just as usable nt night as in 
the daytime, and Is virtually immune to static 
and electromagnetic disturbances that plague 
communications radio and TV. Also, its signals 
can be used to guide missiles or to guide target­
tracking equipment. 

lJut radar has disad11Mtages too. It CM be 
jammed or interfered \•,ith by enemy radar trans­
missions and other countermeasures. It does 
not permit easy identificalion by target silhouette 
or other visible cha.t"actorislics; it shows only a 
blip for a target, and may show but one blip for 
several targets. As compared with optical 
methods, it requires skills in inlerpretation of 
Its displays amounting al1nost to an art. Its 
complex electronic circuitry, waveguide plun1b­
ing, and mechanical rotating and nutating gear 
require constant attention to maintenance . . 4.s is 
true of any revolutionary technical advance that 
is depended on heavily, Its Joss through n1al­
function or battle damage Is an especially severe 
handicap. Lastly, radar pulses can be detected 
by the enemy at much greater rMges than those 
at which the pulses will reveal to the originating 
ship the enemy's presence. As the discussion 
later of EC.M will inclicate, radar pulses e..i·e a 
telltale that may reveal a great deal of other 
information to the enemy also. 

Jn spite of these disadvantages, radar is the 
primary n1eans of detection used in the Oeet 
today. 

ECM 

ECM ( F:loctronlc Counl;ennce.sures) have been 
defined as the n1eans by which your own forces 
attempt to nullify advantages of enemy electronic 
devices, and to obtain all possible information 
concerning enerny electrornagnetic racli ations. 
ECM may be either passive or active. 

Passive ECM are n1easures not detectable 
by the enemy. The most Important is intercept 
seuch, by sensitive receiving equipment , of all 
electromagnetic wavelengths that the enemy might 
use, detection of electromagnetic radiations, and 
determination of their source and character­
istics . Intercepl search will detect radiation 
from any kind of electronic equipment- radars, 
radios, electronically controlled weapons, and 
electronic navigational aids, It will s how the 
direction from which the r adiation is coming, 
and display and record the radiation so Uiat it 
can be analyzed. From such analysis can be 
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determined information such as the type o1 
cquipn1ent radiating, what its fw1ction may be, 
and the number of transmitters involved. Y<:1. 
can think of ECM as a kind of passive radar. 

Other passive ECM methods iu·e tactic3! 
evasion (to avoid detection by tbo enemy) ani 
control of electromagnetic racliation by own shi; 
(i.e., silence imposed on own-ship electroni< 
t1·ansmitters) to avoid telltale r adiation detect­
able by enemy ECM. 

Active ECM Includes those methods which the 
enemy can deleot. In fact, its purpose is to im· 
pair the operation of tho enemy' s electronic 
devices (such as radar) by feeding them fala; 
signals. One method is jan1ming- radiating in· 
terferring or deceptive signals lly electronic 
transmitters. The other is deception-using me· 
chanical reflecting n1aterial to mislead his radars. 

EC M does not have as in1portant a role ir. 
weapon systems as optical device:;, radar, and 
sonar do. \Veapon systen1s can incorporate active 
ECM; there are gun and rocket projectiles de­
signed to scatter l'udar-reOectivc niateria!. Pas· 
sive ECM may be used for direct guidance d. 
weapon systems. The COllllnonest present naval 
application of passive ECM is the use of inter· 
ccpt seai·ch in preliminary guidance of weapon 
system detecting equipment. OtheJ' passive EC'll 
methods are use<! to prevent enemy interferenCE 
with weapon syston1 functioning. 

SO KAR 

Radar cannot be used under water . because 
water absorbs radio waves. But water does con· 
duct sound- better than sir does, in fact. Alli 
sound is what the Navy uses to detect under­
water ta1·gets. 

Jl is possible to detect a submarine ope rating 
under power by merely listening-with the aio 
of a suitable microphone. But present -day sub-
111arinc detection equipment more often functiom 
somewhat like radro: -it en1its 11 pulse of sound 
energy, then picks up echoes. The equipment ls 
called SOl'AR-SOund NAvigation and Ranging­
and it not oPly detects underwater targets, but 
also locates thein in tenns of range, bearing, 
nnd depth . 

The main uni ts of the sonar equipment (fig. 
13- 6) are a tr ansducer housed in a waterfille-0 
don1e (a streamlined housing protruding from 
the ship's hull) and console (STACK), manned 
by a sonarman. The stack periodically produces 
a powerful pulse of alternating current, which is 
transmitted to tbe transducer. The transducer 
converts the current into a pulse of high- frequency 
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sound (around 20,000 Hertz -one Hertz = lcycle 
per second) and projects it into the water. The 
transducer then switches to receive echoes, which 
are amplified in the stack, However, sound vibra­
tions of 20,000 Hei·tz (Hz) are too high in pitch 
to be audible to people of normal hearing. Con­
sequently, the stack's electronic circuits conver t 
the echo to an easily audible 800-iier tz note, 
which the sonarman hears over the stack's loud­
speaker. A visual indicatot ptesents an image of 
sonar echoes as blips on the face of a cathode­
ray tube (much as with radar). Additional sonar 
equipment determines the depth of the target . 

Sonar is most frequently active- that is, an 
ultrasonic sound pulse is transmitted and the 
echo detected as described above. However, the 
son·ai· transducer can also be used to pick up 
sounds in the water, such as the sound of a 
submatine•s propellers beating the water, the 
sounds of n1acltinery in the sub1narine's hull, 
or sounds from subsurface animal life, such as 
whales grunting or squealing, 

Sonat is the principal rnethod now kno;\•n for 
detecting underwater targets that are not thern­
selves radiating sound signals. The principal 
factor limiting the success of ai1tisub1narine wal'­
fare at this time is the limitations of sonar 
equipment. Although sonar is in s01ne ways 
analogous to radar in the principle of its opera­
tion, it ls n1ore llmlted in range, less accurate 
in establishing tasget bearing and range, n1ore 
severely affected by envi ronmental factots such 
as variations in water te1nperature and flow at 
various depths, and is much n1ore responsive 
to spurious echoes (as fro1n schools of fish, 
wakes, air bubbles released by the target, and 
from the ocean floor or surface). Sonar echo 
interpretation (using both audible and visual re­
sponses) is exacting and requires much skill 
and experience. 

Sonobuoys are used in one application of pas­
sive sonar. They are floating unmanned radio 
transnutters which lower microphones into the 
water and broadcast the sounds that they pick up. 
Sonobuoys are generally dropped by fixed-wing 
aircraft. Analysis of the sound pattern broad­
cast from several of them will indicate the loca­
tion of sound-radiating submarines in the vicinity. 

Sonar gear is carried aboa1·d surface vessels 
and submarines. A special adaptation called 
DIPPING SONAR, in which the transducer can be 
lowered by cable from a helicopter, is used to 
supplement surface ASW fo1·ces. 
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MAGNETIC ANOMALY 
DETECTION 

J\ny ferrous object will distort the earth's 
magnetic field. This di start.ion can be detected 
by a sensitive device- Magnetic Airborne De­
tection (iYIAD) equipment -that cru1 eithei· 1~ 
towed by a ship or carried in ru1 aircraft. At 
present, MAD gear is even nlore limited in 
range thai1 sonar . Its principle of operation is 
applied also in ~uidance of some weapons. 

D ELlV ERY DEVICES 

Broadly, deli very devices l aunch, carry, or 
project a dest ructive device to the target, Ex­
a.>nples are guns, torpedo tubes, rocket launchers, 
projectors, and depth charge ri1cks. The term 
weapon is with one major exception properly 
applied to the destructive tinit that is launched, 
carried, or projected. Thus, a rocket. launcher 
is not, strictly speaking, the weapon in a weapon 
system, but the rocket itself i s; the torpedo tube 
is not a weapon, but tl1e torpedo is. The n1ajor· 
exception is the gun. The gun is normally called 
the weapon in ru1y syste1n bused on gtms; a gun 
projectile generally is not. called !l. weapon. Also, 
it should be noted here that gun systems aJ'e 
called batteries (e .g., 5" battery and 3" battery) 
and missile systems are culled weapon systems 
(e.g., Tartar weapon systcn1 and Tnlos weapon 
system) . 

The term " deli very device" for such a weapon 
as an aircraft bomb or a ship-l aid nline refers 
to the bo1nb rack t111d dropping gear or to the 
minelaying gear, not to the bomber aircraft or 
minelaying ship-which at·e vehicles. 

FUNCTIONS OF DELIVERY 
DEVICES 

To funct ion effectively on their targets, all 
weapons (and projectiles) must either be directed 
to their targets 01· to the target area, or pro­
gr anuned so that they will operate properly in 
the target approach- or they n1ay require both 
directing and prograin ming. This is clone by or 
through the deli very de\'ice either at or before 
the time of launching. Directing the destructive 
unit to the target may be done simply by aiming 
the delivery device (gun barrel or rocket launcher 
guide, for example), Or it inay be done without 
aiming (US in torpedotubesandmissilelam1chers) 
by conveying program instructions into the weapon 
either mechanically or electrically. Progi'arnming 
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of (unctions to be performed by the weapon after 
launching (Including U1c setting of devices which 
"~II initiate its e>.-plosion upon app1·oach to or upon 
contact with a t o.rget) is done electrico.Jly ln some 
weapons, mechanically in others. 

,\nother functio11 of niany dell very devices is 
to propel lhc weapon or projectile over all or 
part of its cour·sc . Most niines and all 1urcr aft 
bornbs, fo1· example, are conveyed to theit· tlll'­
gets by their \'ehicles, and the deli very de\ice 
functions only to drop them. 

TYPES OF DELJV I:;RY 
DEVICF.S 

Delivery devices now in use include: 

1. Guns, which provide all the propulsion 
energy to their projecLiles , direct them (by the 
position of theiJ· bar1·eJs), and program their 
functioning by adjusting some f uzes or causing 
thern to arm (i.e., become set for action). 

2. Rocket launchers , which direct rockets by 
positioning them. Similar launchers are also 
'used with other weapons that are not clas sified 
as rockets . 

3. Missile launchers, which position missiles 
for the initial s tages of flight, and feed into 
U1ern electrically steering and prognunrning in­
i:orn1ation up to the instant of fi r ing. 

4. Depth charge and thrown weapon projec­
tors, wbicll propel depth charges or thrown 
weapons to t• selected point on the surface of 
lhe wuter. The weapons sink and function under 
water . The projectors may fm1cLion on the princi­
ple of either the gun or U1e tocket. 

5. )finelaying gear, wl>Jch sets mines to per­
forrn a rming and other functions afte1' l aunching. 

6 . Bo1nb release gear, which initiates the 
arming p1·ocess in bornbs at the time of release. 

"I . Torpedo tubes and other I aunching de­
vices, which set torpedoes to r un in a specific 
direction, and n1ay program them to arm at a 
specific r ange. llnderta.l<c a selected search 
patter n, or perform othe1· functions. 

Som·~ delivery devices which you may cn­
counler on stirface vessels will be discussed 
further in later chapt<! rs . 

CONTROL UNITS 

As preViously defined, control units in a 
weapon system develop, compute, L'elny, and 
introduce data into n delivery unit, weapon, or 
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both, in Ol'der to direct, cont.rol, ox· guide Ill£ 
weapon to the target and cause it to function i! 
the desired manner. 

The devices that perfo1·m these or nlliet 
functions, in whole or in part, include: 

1. DATA TRANS?.USS!Ol\ 1.l'STB~IS(generallJ 
electrical) to convey the target data developed 
by detecting units into the reniainder of the 
system, to eotn,ey these and other data among 
the coniponents of the system, and to conve: 
aim i ng and prograrnming data to the delivery 
device ancl to the weapon. 

2. COMPUTER DEVICES (either mechanical 
or electrical, sometilnes both) to process the 
input data from the detecting tmlts and other 
sources and put out aitning and other progr um· 
ming data required to cause the weapon to r eact 
its target and function at the proper time, 

3. INDICATORS (sometlrnes called repeaters! 
to display data inputs and outputs as i·equired 
at various locations on the ship, 

4. DlftECTOHS, which with the !lid of de· 
teciing devices discussed earlier in this chapter 
establish target locaiion, whicb may incorporate 
computer devices to function as desct'ibed in 
Ko. 2 above, and which always incorpo1'ate dal$ 
t.i·ansmis sion components. 

5, HEF BRENCE !)EV ICES, Sllch as stable 
elements, which establish reference planes to 
stabili ze lines of s ight, aim!11g pos itions, etc. 
These arc always gyroscop!cslly stabilized, 
though devices basecl on other pi: inc\ples ma)' 
be used in emergencies. 

6 . ELECTHONIC CONTHOL DEVICES in· 
tended to contt·ol guided missiles. These !ll'o 
generally r adars or r adio transmitter s and J'e· 
ceivers. 

7. TI\AlNIKG 1\ND ELEVATll\G GEAR. Most 
types of delivery units n1ust be positioned to 
specific angles with respect to reference plllllCS 
and lines in order to lnitiateeo1Tectlytl\e launch· 
ing of the weapon or p1·ojectile. This may be 
done through gear trains d1'i ven by hand, and 
this kind of manual operation is generally pro­
vided fo1· emergency use or for adjustment oi 
the equipn1ent. In normal service, howe\fer, this 
function is performed by electric or electl'ic· 
hydraulic power drives, controlled through data 
transmission systems by computers or directors. 
T raining ge1u: positions the delivery unit by 
rotating it in a plane parallel to the ship's deck; 
elevat ing geai· positions it by rotating it in a 
plane perpendicula1· to the deck. 
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VlCR:pOn or i>rojecl4.le l'ropulsion incorporated Cuidnnce-control 
H)'WLOm tncorporalcd 

Gun projcctll<: ..... 

AireraCt bomb ..•. . 

2 Rociu'l ... . .... . 

Guittecl n'i1Stillcs3 
{•nd IJullixtic 
nliSfJl lC& ...•••• , 

0C})I h c h1' l'gC '1 
nuc.l o thCl' AS\\' 
I h~'O\•;n WC:\).IOH$ 

'l'Ol"Jll~Cto •• • .•••.. 

Minos • . ..• . ••••. 

l ~<•ne or rocket ..... . 

None ... .. ...... . 

Rocket p1-opella..t)t . 

Rocket or jet ... ..•.. 

Either oonc, gun -lypc 
pro1><~lling c':h:-trgos, 
.t'OCl<et p tOl>l1lSi01l. 

ScrC\\' propeller driven 
b-y electric mot.or or 
steam turbine; so100 
types have rocket 
propuli;,ion for initial 
:;lag~. 

Us~lly none: one has 
electric motor 
propulsion so it <::tt~ 
reach a location 
luacccssiblc to the 
rninelay~r. 

Fu1t"; no guld..-..nce 
COtllJ"OI . 

F\J1c; no gui<~wce 
c:ontml. 

Fuze; no guidance 
control. 

F \1ll guldn.-tce, 
vnrlous Lypcs. 

f>l stol {cqulval cnt 
h• fu·1.e}; 110 

{tt1 i •lt\t'ICO con-
\ r·ol. 

Cyt·oocop\c, 
pro~rn n1J1lcd, 
:'Ind homtug ; 
tilted wllh 
('Xplodcr. 

1>rogrammcd 
opcratlOf•: 
filled "''Ith 
pistol. 

~U.scd !ur· J'O<"kct assist i>rojectile:j. 
3soo tiOCO•\d voluol c o[ lll.ls series. 
ti.On~ lYl)C rockeL-1>rop~ll~d; severa l typi.!:-> µ;uu - taunch<td. 
' All n1lnc1.-1 arc vassive •.i.•eapo11s that l ie in \\•;iit fur l<Lr"~tK. 

Usual lYfJC of 
target 

Ai.r, Sllrface, or 
land target. 

Surface or sub­
merged target. 

Air, surface or 
land targcl. 

Air, sui-face, sub-
1t1a_r·in~. or land 
I.a rgc~ t.. 

Subnlcrgcd la r­
gets. 

SurCate craft and 
sutnnergcd t.ar­
gets. 

Surf3ce er-alt and 
submarine:;. 

Dt:fl\'<:ry unit Vehicl e 

Oun . . . . . . . . Aircraft <•r sur­
fa.ce crafL 

Romb release Aircraft . .... 
gear . . .... . 

lhtekcl l~urichcr Aircraft or sur­
face craft. 

f\.flSi:illc ln.uuchcr 

lt 1.: l ('!ll't(} l'll('k, 
f~111ltypo 

}l rOjoctOI', or 
tOC'l{(Ji 
la unchCJ". 

'l'or1>cdo or 
rock cl 
launcher, 
tort)('(lo 
tul~, 
launching 
racks . 

Mlnelnylng 
tccar .. . ... . 

Aircraft, .sur ­
face era.ft, or 
s ubn1atlnc. 

Surfac•~ c r:l(t .. 

Ai1·cr3-ft, s ur­
face craft, or 
sub1na.rines. 

Surtacc erafl or 
al rcr:lft. 

110.135 

Guidance-conlrt>I 
S}'S.LC?n in \•ehicle 

Gun fire control 
syatem or g:uc"I 
mOWtl J:tighti. 

l'l<1mb :Jighl. 

SpPclal flre 
COl\(rOl 
syslcm. 

SpC!Ci:l l f\l"(' 
COl\tt'Ol a n<l 
guidance 
.':J)' 8t(~ Jl). 

AS\V flro r:on .. 
ll'Ol :1ySIC:tll . 

'f'OrJ>Cd() C)r 

. .\S\I/ rtrci 
<:C)l1Lro1 
system. 

None (except 
for proprllf"<t 
type). 

> 
Y. 
t 
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\VEAPONS AND PROJECTILES 

The encl purpose of detection equipment, de­
livery units, and control syste1ns is to get the 
destruction unit (weapon or projectile) to hit 
the t,u·get. It is then the function of the destruc­
tion unit to dest roy or inflict maximum damage 
on the target. Except for small-size gun pro­
jectiles (those ltsecl in small anns, and those 
used in calibers up to 40-mm), rnost weapons 
and projectiles used in combat operation are 
loaded with explosive and equipped with devices 
Lo set off the explosive at the proper time. \Vith 
some weapons and projectiles, the proper time 
is the instant the ta1·get 1nakes physical contact 
with the weapon. \Vith others ( especia.lly those 
designed •o penetrate tu.rgets protected by armor 
or concrete) the proper time is after penetra­
tion, Still others are intended to explode when 
they are in the vicinity of the target. 

ELEMENTARY \VEAPON 
COMPON'ENTS 

All weapons and projectiles have the follow­
ing functional c01nponents, which take different 
physical form in different varieties: 

1. A CONTAIJ\ER OR BODY which houses 
the other internal components. The body may 
l1a\1e sucl1 other !unctions as pie1·cir1g a .. rmor, 
breaking up into high- velocity f r ag1nents when 
the weapon or projectile explodes, or (by its 
streamline shape or by aerodynrunic fins) in1-
proving ballistic chara.cteristics. 
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2. A DETONATING DEVICE (called a fu:z.e, 
pistol, exploder, detonator, etc.) which initiates 
explosion at the proper time, and includes safety 
devices to prevent explosion pren1aturely. 

3. A BURSTER consisting of a quantity of 
explosive material, The main "payload" of tl\e 
weapon n1ay, more rarely, be a chen1ical agent, 
, .. ~th a small a.mount of explosive to release or 
scatter it. Weapons for training purposes 111ay 
contain still other payloads. 

\Veapons of so1ne types have the i1· own pro· 
pulsion systems, The outstanding examples are 
~"'ided missiles, torpedoes, and rockets. Guo 
projectiles, aircraft bo1nbs, and most mines do 
not incorporate propulsion systems. Except for 
rockets, weapons with propulsion systems incor­
porate guidance and cont rol devices. 

CHARACTERISTICS OF \VEAPONS 
AND PROJECTILES NO\V lN USE 

Table 2-1 sununarizes in general terms the 
char acteristics of the principal types of weapons 
and projectiles now in use. In interpreting the 
table, bear in mind that it is intended only as an 
aid i n understanding the usual characteristics of 
contempor ary weapon types. Son1~ weapons com­
bine tho characteristics of more than one type, 
and don't fit neatly into the pigeonholes. Also be 
wary of non1enclature; e.g., some weapons uot 
called rockets are at least in part rocket pro­
pelled. 



CHAPTER 3 

BASIC SCIENCES FOR NAVAL 
ORDNANCE AND GUNNERY 

lt-."TllODl!CTIO:-; 

This chnpt.er may not be needed by all students 
because o! Its basic nature. ll deals ";th the 
scientific prlnclpleff - and pnt•tlcularly thcpracu­
cSl uppllcnW.ons of those principle~ - thnt s hould 
bs parl of the background of e"ery Junior naval 
dlicer. \Vlthout an un<lerstan<llng of thescprlncl­
ples, a navuJ officer would be at a toss to com­
prehend the operation of oven the oldest nnd 
s!mplest bhlpboud weapons. As for the new 
"fophisticatcd" ordnance, even the ca.sull.l 
skimmer of newspaper headlines knows that our 
reconUy developed weapons demand a bi·oad o.nd 
scwxl scientific ~kground. 

This chupter will not, In and of ltseU, enable 
the 1·eader to explain every detail of n speciCic 
weapon or Installation. Jt Should, however, pre­
psre hin1 to read, without great difficulty, the 
ordnance publications that do gl ve complete 
de(alls . It &hould also help him to understand a 
nriety of stllndard components- such, for exam­
ple, as gear tralns-tbiu are u.sed In many lypcs 
ol machinery, ordnance and non- ordno.nce nlikc. 
Finally, I\ should help him to understand the 
geoexal operational cycle (though not the fine 
details) of so complex a system a!> a train or 
elevation pow~r drl ve . 

Fol' convenlenco, the chapter has boendlvl<led 
Ir.lo separate sections dealing with mechanics, 
t.)'draulics. electrical devices, electronic devtces, 
optics, nnd sound. In any specific ordnnnce device , 
principles !rom more than one o! these nreas 
are frequenur combined. 

Whenever practical, the illu.slratlve examples 
bs»e been selected from naval ordnance. Some 
lypes of ordnance equipnicnl, however, ai·e nol 
well suited to serve as prclimina1 y examples, 
and simpllfled examples have been used instead. 

A reador who ha.s studied general physics will 
recogni'.e mnny of the topics in this chapter. 
He may also notice that the cbaptel' passes lightly 
o~er large classes of conventional textbook mate­
rial, and otnits some classes nllogcther . An 
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onusslon does not mean that a topic lacks Im­
portance. ti simply means eithc,. (1) that lhe 
omitted topic is not closely related to ordnance 
problems or (2) that il \\ill be covered later in 
this lei-1, 01· possibly in another text. 

Some readers may deslre ainpllllcv expln.na­
llons al the present lime. J\bundn11l supplemen­
ta1-y reading In the bac!>ground sciences n\ay be 
found in the physics section of college libraries 
Mel In certain Buf>ers publicatlont1, Sl1ch as: 
Fluid Power, :-;avPers 16193; BDBlc Machines, 
:-;a,· Pers IOG24; Basic Electr icity, Na,· Pers 10086; 
Basic Electronics, NavPer1:1 10087; nnd Digital 
Computer Basics, )<avPers 10088. 

$0:\lc FUNDA:\fENT1\L DEr'Il\,TIOl\S 

Jf ono specialis t is to understand another 
specialist correcUy, the two men must agree 
exactly as to what they mean by corlaln Impor­
tant "technlcu.l" words. ln the scl~nocs, including 
physics, some of the specialized words are 
long and dlfClcult. Frequently these long words 
have been derived from classical Greek or 
Latin - lnngua,,<>es which, l.>eing "dcrul," n•-o 110 

longer subject to chllJloue. Or they mtty be derived 
from tho nnmcs of renow11cd scientists of lhe 
past. Thls Is especially true of units of n1eas­
uren1enl such o.s oh.In, volt , ~nd ampere . 

Other sclenU!le words look dccepti vely sim­
ple, for they have been taken from everyday 
speech. The sclentlst, however, does not use 
common words In a loose sense. He gives each 
a single precise meaning, thus restricting the 
word to one out of the many values It m:iy ba¥e 
In social conversation. This meaning the student 
must leo.rn nnd remember . Such words are gen­
erally used In this text in their precise scientific 
sense. 

The pu.ragraphs below give a fow b11sicdoflni­
Uo11s that arc used in the several branches of 
physics. Other definitiotis, more speciall x.ed in 
their applications, will be given In later scclions 
of this chnptor. 
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!'ORCE. A force is n pull or push on a mate­
rial object that causes (01· tends to cause) the 
object lo move or (if moving) to change Its 
direction or r ate of motion . A force can be 
prc1:1ent even if no motion 0 1' changes in n10tion 
aclulllly result from it. This can happen if the 
fol'Ce is balunced by a.n equlll force in the 
opposite dlJ'ection. An ex:unple is a ma11 s tanding 
on ii floor. The floor exerts an upwa1·d force 
equnl lo the downward force exerted by the rnll!l. 

PRESSUH ~ is force per unit area. Obviously, 
the amount of pressure depends on two Utln~ -
the amount of force and the area it's applied lo. 
Jmoginc a 10-pour.d weight on your desk. It's 
applying a Corce of 10 pounds to the desk lop. 
But what pressure is it upplylng ? If the bottom 
of the weight has an area of 10 squa,.e inches, 
the wcighl applies a pressul'e of one pound per 
squnre inch. But if the bottom of the weighl has 
an area of only one square Inch, thon it applies 
a pressure of 10 pounds per square Inch. 

\VOHK. AS understood by the ph) slcist, work 
is performed when (and only when) a force called 
an effort ~IOV ES a material object against an 
opposing force called a resistance. ;\lotion is 
lhe Important idea in this definition. A seaman 
who simply s tands nnd holds a 50-pound pro­
jeclile may become tired, but he ls not perform­
ing wo1·k in the physicist's sense of the word . 
Liut, H ho lifts this project!le lh1·ee feet in 
opposition to the 50- pound downwru:d pull of 
gravl ty, he ts working. The exact amount of work 
he does ls 50 x 3, or 150 foot/ pounds. Jn short, 
work is Corce acting through distance. 

PO\VER. The wo1'd power, as used by the 
physicist, adds the idea of Lime to the idea of 
work. If our seaman hoists his 50-pound pro-

jcclilc 10 tect in 2 seconds, his powoT' is 50 ~ lO, 

or 250 foot- pounds per seeontl. Power , then , is 
lhe T'l\le , or speed, of work. \Vhcn lime is 
impor lo.nt, as it us ually is In combat, power 
becomes 11 major consideration. Many shipboard 
operations are mcchani zed because a machine 
has n\ore power-that is, can move a heavier 
load in 11 shorter time-thon the human labor 
available. 

E!-IEHGY. The capacity for doing work is 
known as energy. There are many sources o~ 
energy. The CHEM1C1\L energy released by a 
burning. propellant moves a projectile t-Oward 
its target . This chapter will be concerned with 
mechanical, hydrnulic, electriclll, radiant, and 
acoustic forms of energy. 

A substance or mechanism thnt ls ready to 
perform work, but ls not actually performing it, 
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-
has POT I>NTIAL energy. l.ly virtue of the:. ~ 
chemical composition, propellants and high ei.- E 
ploslves In magazine stowage have potentii, 

1 energy. 
1 

Gnergy in action is called KINETIC enerlt' c 
A burning propellant has klnelic energy. i 

The total amount of energy in the world rt< 
mo.ins always the same (except that matter cu 
be converted l-0 ene1·gy In nuclear reaction~1 
This stat~ment is the Jaw of lhe conservation~ ( j 
cne1·gy. Energy can be converted from one fo!t 
to another, as when the kinetic energy ol 1 

waterfall drives a generator to produce elec­
lrlcal energy, which in turn drives a motor k 

1 produce mechanical energy. In any of tiles 
1 conversions, at least a smnll amount of energ; 

becomes lost to the user , bccauso rndlation c1 
i nternal friction causes it to be dissipated e: 
heat. Designers of power equipment try to ke~ 
the Incidental losses of energy as low as possible 

::11ASS. :llass is a fundamental property of !ii 
matter. In elementary tern\S, the mai:.s of a ~ 
is the qunnlity of matter in It. \\~ten 11force11e11 
on a mass. it tends to move ll or to change I~ 
niotlon (depending on the direction of the force: 
Grn\ity octing upon a mass at the earth's 5'.lr· 
face cxerls a force tending to pull the mas 
lOward the center of the earth. Tho amount. d 
lhis pull we call weight. If we ti·w1sferred th< 
mass to the moon, whose gravity i~ only n frac­
tion of the earth' s , its weight would l>e clifferenl, 
but the mass would be the srune. 

ll\ ERTIA A).'D ACCEL I>R/\ TlON. As we ha" 
satd, it ttlkes n force acting upon a mass lo g~ 
the m9.llS Lo move, or l-0 change the mass' mOtio:. 
In this sense, the mass resists U\e force. Thi! 
properly of mass is inertia. For a given force, 
the greater the mass, the g1·eater lhe inet·ti& 
and the smnller the change In motion. Any chang! 
in tho motion of a mass is occeleratlon (speediq 
up) or deceleration (slowing down) . 

MOMENTUM. A nuiss in rnotlon continue; 
moving !Jecause of its i nertia, and will resi~ 
forces that t.eud LO stop ii. This t.endoncy to cor.o 
tlnue n1ov1ng is mom~ntun\, :11omo?ntum is pro­
portional to both mass and rate of moven1ent 
and is equal to their product. 'fhuts a projeclili 
weighing S pounds and moving at 2,000 feet pe: 
second has the same momentum as 11 moto: 
laut\Ch weighing 2,000 pounds and n1oving at b 
feet per second. These a.re oxrunpios of momen­
tum in masses nioving in a straight line. A 
rototlng mass also has momentum . Jn ndditior 
t.o the effect o[ its mass- Inertia, the rotntionai 
m:>n\~ntum of a spinning mass such as a hea•-y· 
rlmn1ed wheel will cause it to resist any forci 
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that tends to change the direction in which its 
axis of rotation is pointing. This is why a top 
remaius upright as long as it maintains sufficient 
rotational speed, This effect constitutes the 
operating principle of the b'Y roscope, desc1·ibed 
in the uext sect ion of this chapter . 

CENTRIFUGAL FORCE. This is a special 
case of inertia, Any spinning object develops a 
centrifugal force. The rirn of a turning wheel, 
for example, pulls outward on its spokes. The 
strength of the centrifugal force varies as the 
square of the speed at which the wheel is turn­
ing. For double tile speed of rotation, for exam­
ple, the centrifugal force will inc.rease four 
times; for triple the speed, the centrifugal force 
11111 be nine tim•3S as great. 

J:\EWTON'S LA\VS OF MOTION 

Sir Isaac Newton is famous for his enunciation 
of the law of gra;itat ion, but equally fundamental 
in physics arc his three laws of inot ion. These 
are Uie basis fol' the sciences of inechanics and 
statics. A clear undetstanding of the1n and their 
implications is essential for the realistic com­
prehension of any inechanical dev1ce or sy:;tcin. 
The laws are: 

1. First law. A body at te~l tends to rerni1in 
at rest and a body in motion tends to continue 
moving in a straight line unless (in either case} 
the body is acted on by some unbalanced force. 
(In applying this law to practical examples about 
you, always rc1ne1nber that friction, gravity, 
and air or water resistance nntst be ta.'<en into 
account), 

2, Second law. A body acted on by an un­
balanced force will accelerate in the di rection 
of the force, and the acceleration will be di­
rectly proportional to the unbitlunced force and 
inversely proportional to the n1aSs of the body. 
(Note that this idea has already been presented 
impllcilly in the preceding article's discussion 
of acceleration and momentum. In fact , the law 
can be restated m:>re brieflv in terms of momen-. -
tum.) 

3, Thi1·d law. To each action there is a." equal 
and opposite reaction. ("Action" here is the 
force . which body No. 1 exerts on body No. 2; 
reaction is then the force which body No. 2 
exerts on body No. 1. A book lying on a table 
exerts a ,push downward on the table equal to its 
weight; the table 's reaction pushes the hook up­
ward with equal force . The rotating :;crew of " 
ship pushes the water rearward; the water re­
acting against the screw exerts an equal forward 
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push. The combustion clnunber and exhaust 
nozzles of a rocket exert backward thrust on the 
exhaust gases; the gases react with an equal 
forw!lrd push On the t'OCket,) 

B1\SJC PRIKCIPLES OF i\IECHANICS 

All machinery - no matte1· how complex it 
may be - can lle broken down into simple compo­
nents or basic mechanisms. These inclur!e the 
lever, the wheel and axle, the pulley (block and 
tackle or block and falls in Navy parlance), the 
inclined plane, the screw, the gear, the sh!lft, 
the cam, the spi'ing, the clutch, the pawl and 
ratchet, the piston and cylinder, the friction 
brake .. the roller or bull, the bearing, a.n<.l so on. 
Son1e of these are actually applications or re­
arrangements of others. (Bxamples: the wheel 
and r.xle is n special type of lever; a screw is a 
special type of inclined plane.) 

Figure 3- J shows representative examples 
of five of these basic mechanisms. They illus­
trate one olljecti ve-to do work or transmit 
nlotion l>y nl~ving a load (often called the re­
sistance) through application of force or effort. 
(Or the force inay be used in the mechanisn1 to 
counte rbalance another force.) 

Historians and others have attempled to re­
dl\ce all mechanical de,ices to six (or son1c 
otl1e1· numt)er) 1 tt)asic macl1ines, 11 bttt since dif­
fe rent. Jis ls include different mechanisrns, a.nd 
frec1uentl); O)l1: t n1ecl1a11isms as irn1>0!'taJ)t as 
those they include, we shall concentrate on those 
pa1·ticular ly applicable to ordnance devices, with­
out attempting to develop universal genernli7.a­
tions or niceties of classif ication. 

Al\ALYSIS OF CEHTAIN BASIC llIECH­
ANISMS. The lever principle is probably the 
most basic one in n1cchanics. The drawing of 
the lever (fig. 3-1) shows that a resistance 
acting at one side of the pivot or fulcrun1 can 
be counterbalanced by an effort applied at the 
opposite si<le. (ln this particulat class of lever, 
the effort is a downward push.) The distance 
fro1n the fulcnll11 to the point at which the push 
of the resistance seems to be concentrated (that 
is, to the center of gravity of Lhe resistance) is 
called the resistance arm. The distance from 
the fulcrum to the effort is called the effort nnn. 

Balance is achieved when the product of the 
effort and the effort 11rn1 becomes equal to the 
product of the resistance and the resistance 
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arm. This principle is called the lever formula. 
It may be expressed mathe1natically as follo\v.s: 

RxdR= Ex dE 
in which E = effort, 

R = resistance 
d E = effort arm, 
dR = resistance arn1. 

(Not all texts use the same sy1nhols for the two 
arms, but all texts teach the same funda1nental 
relationship.) 

Th t . H ( .. h . ·1 1 . e i·a io E \vn1c , as is eas1 y s )O\\ri1, i -s 

equal to dE/dR) is the theoretical mechanical 
advantage or a machine. In actual practice the 
mechanical advantage is always lower than the 
theoretical figure, since part of the effort rnust 
be consumed in opposing the machine's internal 
resistance, 01· friction. 

The wheel and axle can be analyzed as an 
application of the lever idea. By the term " wheel 
and axle" the physicist does not mean a wheel 
that turns about an axle, as in a wagon. He 
means, instead, a wheel (or part of a wheel) 
and a shaft that are fir1nly secured to each 
other and turn as a single unit . The ordinary 
doorknob is a wheel and axle in the physicist 's 
sense. So is the crank, which is really a single 
spoke that acts like a wheel when it is turned. 
In a wheel and axle, the effort arin is the radius 
of the wheel (or wheel segment) that the operator 
turns. The product E x de is known as torque 
01· twisting force, ru1d is expressed in pound-feet, 
ounce-inches, or s imilar units. The tool called 
a torque wrench acts auto1natically to warn the 
operator wheu he has applied the set value of 
torque to a screw, 

Not all basic mechanisms are applications of 
the leve1'. The inclined plane is the basis of the 
wedge, of the screw (i .e., the inechanlcal com­
ponent, not the fastening device), of son1e types 
of cam, etc. To unde1·stand the relation between 
the screw and the inclined plane, note how figure 
3-1 shows that in effect a screw is an inclined 
plane wrapped around a cylinder, as the hypoten­
use of the paper triangle is wrapped around 
the pencil. 'l'he pitch of the screw (P in the 
illustration) is the distance between tlu·eads. 
A screw niust make a co1nplete turn to 1nove a 
load along a resistance a.r1n equal to P. 

The geai· principle is the act of meshing teeth 
to permit mechanical engage1nent of rotating and 
reciprocating 1nechanical components. This 
makes possible the linking of a number of in­
dhidual components such as screws, wheels anct 
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axles, etc. A wheel becomes n gem· when its 
rim is cut to form 1·egularly spaced teeth that 
mate with corresponding teeth on another wheel. 
Usually (but not necessarily) the shaft is firmly 
fixed to its gear. Gea.rs and shafts "ill be dis­
cussed later in the chapter. 

Though they cnn be - and often are - used 
alone, the b!lsic n1echanis1ns are frequently 
co1nbined to form machines or n1echan!cal sys­
tenis. The next article will deal with these more 
con1plex systerns. 

MECHANICAL SYSTEi\llS 

There are two major classes of mecha.nicol 
systems-driving 1nachi11es (often called p1•ime 
movers) and driven machines . An electric motor 
is a driving nlachine; a sun1p pu1np powered by 
the n1otor is .a driven machine. In many small, 
compact 01·dnance devices, such as bomb fur.es, 
compressed springs act as driving niechanisms. 

Some 1nachines act silnultaneously as drhing 
and driven components. The pump in a {,'1.111 's 
electric-hydraulic drive is driven liy an elechic 
motor . The pump, in turn, acts to drive a 
hyd raulic n1otor , and this 1notor drives the 
training or elevating devices. 

There niust always be son1e connecting link 
to transmit power between a driving rnacbine 
and a driven n1acbine. \Vhen the two rnachines 
are nea.r each other, the link is f1•equently a 
mechanical one, such as a belt, a chain, or a 
system of shafts and gea.rs. Under some concli­
tions, enclosed fluids are used to transrni.t 
mechanical motion. This use of fluids will be 
taken up in the section on hydraulics. \Vhen the 
driving and the dr iven machines are widely sepa­
rated, electrical t1·ansmission is norn1ally used. 

BASIC PURPOSES. All mechanisms serve 
one or n1ore of the following purposes: 

1. They may transmit motion, force, or power. 
As already inentioned, belts, chains, and gearing 
systems are used for this purpose. 

2. ~vlechanisms with a high n1echanical ad­
vantage are used to increase a s1nall force to a 
la1·ge one, at a corresponding sacr·ifice of speed 
and distance, By using the block and tackle 
shown in figure 3-1, a man can hoist an 80-powid 
weight by giving a 40-pound pull. But, to hoist 
this weight 12 feet, he "ill ha\'e to haul in 24 
feet of line. 

3. Provided a low 1n0chru1ic11l advantage (some 
fraction less than 1) is acceptable, a machine 
can increase the speed and extent of motion. 
If a crank l 0 inches long acts through a com1uon 
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shs!t to turn a wheel 20 Inches in r adius, a point 
on the rim of the wheel will travel twice as 
many Inches, In a second, as the cranl< docs. 
Since the effort arm this lime , l s only half the 
resistance a.rm, the applied effort will have to be 
double lbe resistance. 

4 . }'lnally, a machine n1ay change direcUon 
or typo of motion. In the lever shown in figure 
3-1, a downwa1·d effort 1novcs the r esistance 
upw:1rd. As will be shown later, gearing systems 
are effto:ctivo In changing the direction of motion , 
and evon In converting circular motion to 
straight-lino motion, or vice ve1·s a. 

PlUNCIPAL COMPON ENT!:\. T he paragraphs 
following den! with the principal con1ponenls of 
complex mechanical systems. As "ill soon be­
come evident, those con1ponenls are either basic 
mechanisms or connecting devices . 

A SHAFT Is a cylindrical rod used to trans­
nlil turnlng motion. A shaft may be pinned to 
Input or output gears, or it nlay have splined or 
toothed ends that m'!sh with gears. A shnit Is 
mounted to \u1·n without interfering with other 
components. Figure 3- 2 shows a common type 
of shalt mounting used in mechanical computn­
t.ioual devtce11. 

One shaft may be Joined to another by a r igid 
s leeve, by ll floxilile coupling, by a w1iversal 
Joint (descrillcd later under pivots), by gears , 
pulieys, or clutches , e tc . 

BEARll\GS permit rotation of a shs!t wilh 
respect to a support that does not rotate with the 
shnil. A plain or Journal bearing (not illustrated) 
uses a sleeve with.in whioh the shaft turns. To 
reduce friction, I.be sleeve is generally of softer 
metal than the shaft. Ball and roller bearings 
(figure 3-3) substitute rolling friction (which Is 
compllJ·a\l vely small) for sliding fr iction between 
surfaces. Thrust bearings a.re designed to take 

Ull 
lEARING 

COlWI 

MOlJNTlNG rtATE 

12.49 
Figure 3-2.-A representative shaft !llld mounUng. 
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OUTER V.CE 

INNER RACf 

- . 
'rMJ 
i1@J, -.. ~ ,1::!1 iii~ I 
· ~I _r .. .;.t 
·. am · ·-· . . 

12.5-0 
Figure 3-3. - lteprescntat1ve benrlngs. 

up an axial tl>.rust while pern1illing shat\ rota­
tion . There i s a variety of thrust bearing de· 
signs . Jewel bea1·ings are used in very fine 
machinery. Tho pointed end of a hard s teel 
sha!t rotates i n a v - shaped depression In u~ 
fixed jewel (usually a sapphire 0 1· xuby). 

A PIVOT is a fixed pin or short axis that 
permits one part to turn with 1·espect to anolhor. 
Pivots ar e closely r elated t-0 bearings. The main 
distinction between them is that pivots are gen· 
erally associated with limited ru·cs of rotation. 
;\n arrangement of 9ivots called a unlvorso.l Jolnl 
(fig. 3- 4) is used lo connect rotating components 
{for example, a pair of shafts) that must be 
permitted to swivel as they rotate . 
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PIVOT PIN 

PIVOT PIN 

G.34 
Figure 3-4. - Pivoting arrangen1-~nl in a universal 

joint. 

A CRA!\K is an arm (01· pa.Ir of arms) keyed 
to a shaft In such a way as to Impart or receive 
motion. The common exterior or side crank is 
manually l'Otnted to introduce hand inputs Into 
a mechanical system, A~ mentioned earlier, this 
Is essentially one spoke of a wheel. internal 
cranks take \'arious forms. One of the commoner 
forms found in naval ordnance is tho bell cren.1< 
shown In figure 3- 5. This lype Is used to carry 
push-pull motion around corners. Cranks may 
also be used lo con\•ert turning motion to bnck­
and-forth (reciprocating) motion (for example, 
in certain types of motor-driven reciprocating 
pumps) or vice ve1·sa (for example, in Internal 
combustion engines). 

A LINKAGE is a system of bars, cranks, 
and other lever- like components, connected to 
!ixed menibers and to one anothor In such a way 
that an input force causes a desl red movemm1t 
of the movable members . Figure 3-5 shows a 
linkage used in the loader for the 3-!nch rspl<i­
iire gun. \Vhen the vertical sha!t moves upward, 
the horizontal gates are pulled together to close; 
when it moves down, they open. 

Of all the mechanical com:x>nents used In ord­
nance mnchlnery systems. few are more numer­
ous or more varied than the gears. They are 
used to lransmit niotion, to change the dil·ection 
or type of motion, and to Increase or decrease 
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110.5 
Figure 3-5. -A typical ordnance linkage (gate­

operating linkage, 3- inch rapid-fire gun 
loader) . 

speed. Also, as a later article will explain, they 
arc used to perform t.he four arithmetical proc­
esses (addllion, subtraction, multiplication. and 
division). The serious student will regard the 
discussion of gears in this chapter as a m·~1-e 
introduclio11 to n large and fascl'nating topic. 

As has been said before, nla.ny (but not all) 
gears are wheels with teeth that mesh and permit 
one wheel (the driving gear or driver) to turn 
the other wheel (the driven gear) without slipping. 

Figure 3-6 shows a sin1ple gearing nrrange­
m ?nt. Here the d.ri ver and the driven gear bave 
the san1c dia1ueter and the same number of teeth. 
Kecessarily, therefore, they turn at the same 
speed, though hi opposite directions (one clock­
\•ise and one counterclockwise) . The shafts, 
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5.22.l 
Fig(tre 3- 6. -Spur gears with a 1:1 ratio. 

likewise, turn at lhe same speed and in opposite 
directions. 

The rut lo of the numbe1· of teeth on the dr iver 
to the nu.mber of teeth on tho dr iven gear is en.lied 
the gear ratio. In figure 3- 6, the gear ratio Is 
1:1. 

Gears that have 1·adial teeth, as in figure 3-6, 
are called spur gears . 

1\ designer may wish two parallel sha!ti, to 
turn in the sanie dlreclion. They w!Jl do this If 
be places nn idler between the driver and the 
driven gear , as shown in £1gure 3- 7. This Idler 
serves only lo change the direction of motion; 
It has no other use in the &y&tem. 

To produce a difference In speed between two 
gears (and the related shafts) the designer makes 
the dr iven gear larger or smallerthanthcdrlver, 
as required. If the driven gear has four tln1es 
the circumference (and four times the num bcr of 
toelb) of the driver. it wUI take four times as 

IDLER 

\ SAME DIRECTION J 
12.55 

Figure 3-7. -The principle of the Idler gear . 
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many seconds to make a complete revolution; 
that is, lls speed will be a quarter of the speed! 
of lhe driver. 

To turn a driven gear and shaft faster Ula11 
a driver, as is frequently desired, lhe designer 
makes the driven gear smaller than the driver. 
The smaller gear o! a meshing pair Is frequenllf 
called a pinion. 

T he s hafts in ll. gear ing system need not he 
parallel. ... s figure 3-8 shows, lhey 1nay be 
placed at right angles or at sonle other desired 
angle. Devel gears (fig. 3-8) can be designed 
lo trMsmit n1otion at almost any angle . De~el 
gea1·s thal are at right angles arc Called miter 
gears. 

Some gears clo not need to tur n through a 
complete c!rcle. T he mechanism may have l!mi: 
stops lhat restrict the travel of a pinion to l 
certain number of revolutions clockwise nnd at 
equal uumber counterclockwise. To sav;; space 
and weight, the gear driven by this pinion can be 
:i. segment, or sector gear, rather than a ci r ole. 
l'lgure 3-9 shows n sector gear. 

5.22.4 
Figure 3-8. - Be\•el gears . 

SECTOR GEAR 

• 

• 

•• . . 
• ·-

5.24.6 
Figure 3-9. - How n sector gear :;aves space. 
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Undor some conditions a l!mlted-ll·o.vcl gear 
need not be o.n arc. Sometimes It can (and Indeed 
MCST) be a straight bar wilh gear teeth, or a 
rod with a SPflCially designed screw thread. The 
bar-t}'pe gear Is called a rack (fig. 3-10); the 
screw-type gear Is called a wo1·n1, and Its mating 
gear Is 0111led a worm wheel (fig. 3-11) . 

A single-thread worm lurns Its wo1·m wheel 
one IOOth for each turn of the worm, and a 
t!oublc-lhread worm turns its wheel two tcelh for 
esch turn of the worm. \'iorms may have three, 
lour, or more threads . The number o! wheel 
ttetb turned for each revolution of the worm 
tlways corresp01lds to the nun1bor of threads on 
the worm. 

Worms art:i o(tcn used where great reductions 
in amount of rotation are needed , because the 
raUo of rotaUon between the worm and Its wheel 
is usually large. ::>ince each ~brood of the worm 
mores only 0111> tooth of the wheel the gear ratio 
be!l\-cen worn1 and wheel is: 

The nun1bcr or threads in the dri vi 
T 

Jn a slnglt1-thread worm \\ith a 100-tooth wheel, 
the wot·m must make 100 revolutions fo1· one 
complete tu1·n of the worm wheel, (Tho gear 
ratio ls 1:100.) 

Som~\lmo~ lhe worm wheel dt•lvos lhc worm. 
This ls posslbltj only when the slope or tho worm 
threads Is grcate1· than 5°. 

Tbe rack converts roi.ary n:otlon to linear 
:r.«lon when It Is driven by a pinion. A rack \\ith 
tw0 sets of teeth n1ay serve slm·1ltlllleously as a 
driver o.nd a driven gear. \\'hen the rack dri..-es, 

,,_, ROT ARY MOTION 

5. 22.13 
Figure 3-10. -A rack makes convcrslo111s between 

rotary motion and linear motion, 
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WORM 

WOP.M 
SHAFT 

WOP.M 
WHEEl 

S.22.9 
Figure 3-11.-A worm u.d worm wheel. 

lhe mechanlam converts linear motion Into rotary 
motlon. 

Another dovlco for converting rotn1·y motion 
to linear motion is a screw with a traveling 
block (fig. 3- 12). The block is restrained In such 
e Wft)' that It cannot turn \\1th !he screw. As the 
screw lurns, the block walks along the threads. 
Screw- type ele,·atlng gear In older gun turrets 
uses thll> principle, which has other ordnance 
applications. 

Figure 3-13 shows spur gears or sevorol 
sizes, bevel gears, a screw with o. traveling 
block, a rack (lhe T-shaped meml>er) moved 
backward and forward by this block, and, finally, 
a gear that converls the strnight-l!nc motion of 
the rack to rotary motion. For tho sake of 
simplicity, the draftsman has not shown the teeth 
on the ' '&rlous gears. 

The input enters this system through the 
handcrank. The designir:g engineer has assigned 
an arb!tro.ry Input volue of 400knotstooach com­
plete rovolutlon of the handcrank. Numerals 
indlcale thu gear ratios other than the 1:1 rntlo 
of the Clrst pai r or l>evel gears . Tho Clgure ls 
introduced at Utls tin1e to show a repro~entative 
but fnJ r ly simple exan1ple of Uic gearing and 
shafting usod In naval ordnance. Somowhnt later, 

ROD TO PREVENT 
TURNING Of atOC~ 

110.6 
Figure 3-12. -The principle of the travelling 

block. 
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I TURN •5 KNOTS • 80 TURNS= 400 KNOTS • 4 MOTION OF PIN 
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200 
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INPUT 
TURN "400 KNOTS 

110. 7 
f'igure 3-l 3. - /\ rcpresenh~tive gearing systcn1 used in nnval ordnance. 

the n1athen1atical aspects of the figure will 
i·cceive some attention. 

A ll!FF ERENTIAL is an arrangement of 
gear·s ru1d shafts that accurately and continuously 
combines tw<l variable inputs to produce a s ingle 
output or, conversely, as in the re:u· end of an 
ordinary auton1oblle, breaks a single input into 
lwo outputs U1at vary as required. 

In figure 3-14 a typical differential has been 
partial ly cut away to show the four bevel gears 
atld the spider shaft that nro the heart of the 
mechenism. This is a common differential de­
sign, though there are othe1·s . 

The s im;1lified drawings in figure 3- 15 will 
clarify the relationsltips within the diffel'1:mtial. 

The two l>evcl gears on the s ides of the dif­
ferential are its end gear s . F;ach end gear is 
firmly joined to a corresponding spur gear . This 
spur is the input gea1· through which inputs fro1n 
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another psst of the inechanism enter the di!· 
fercntial . Each end gear and its input gear mak~ 
up a side of the diffe1·enli nl. 

The two bevel geal's above and below, meshil~ 
wilh the end genrs, are the spider gears. Th,; 
cross s haft and the spider gears make up tlw 
spider. The cross shaft is pinned to a long shai1 
en.lied the spider shaft. 

The spider gears are not pinned to the cros1 
shaft in the usual gear-and-shaft relationship. 
Instead, these gears ate free to rotate about their 
shaft on precision bearings. Likewise the ti>~ 
sides arc free to rotate independently about the 
spider shaft. Tho output gear of the differential 
however, is secu1·e1y pinned to the spidei· shait 
and rotates with It. 

Figure 3-16 shows how the spider gear; 
work . \Vhen a side receives an input, the input 
gear and its attached end geai· turn. This aciioi 
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'""" """ 

l 2.87 
Figure 3-14.-A typical dltrei·ential . 

drives tho two spider gen.rs, and In so doing 
turns the spider and the spider shaft, with its 
attached output gear. 

If only 01io of the two sides receives an input, 
the opposite end gear will remnln stntion111·y 
while t.ho two spider gears walk around it. The 
output will then vary with the s ingle input . 

If both sides receive inputs In the same 
direction, the movement of the spider will be 
proportional to the sun1 of the two inputs. 

If the two sides r·eceive inputs In opposite 
directions, the movement of the spider will be 
in the direction of the larger input, and will be 
proportional to the difference between the two 
Inputs. 

If the two inputs are equal and opposite, the 
spider gears will turn, but the spider shaft will 
not move . 

Because the spider gears llre free to roll 
between U1e two end gears, the revolutions of the 
spider always represent half the sun1 (Or differ­
ence) of the two inputs, 

This short description has shown that the dll­
ferentlnl can be used to perform additions and 
subtractions. Jn fire control devices It is used 
for that purpose. 

Like a gear· and.shaft, a C AM Is a mechru1ical 
device fol' l'eceiving inputs and tr ansmi tti ng out­
puts. As will be shown later , can1s a.re capable 
of showing mathemntical relationships that can­
not be expl'essed in terms of simple gearing and 
shafting. 
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INPUT GEARS 
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SPIDER GE .. RS 

110 .~ 

Figure 3-15. - Gear relationships within a dif­
ferential . 

Cruns vary greaUy in de~ign. F:very crun, 
however , hns some sort of sllaped surface - a 
groov<:l , n ridge, or a contou1· - lhnl is positioned 
by the input fo1·ce. Every cam has also an output 
device, called a follower, that bears against the 
shaped surface and is positione<I by il. 

One type of cam has a unifonu 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 tho lower right in 
figure 3-J 7 . The can1 followel' is the small 
cylindel' shown as a phantom in the illustration. 

The cam shown in figure 3- 17 can rotate 
eilht:r clockwise or counterclockwise , depending 
on the direction of the input . Rotation in one 
di rection fol'ces the follower (and with It the 
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110.9 
Figure 3-16. - How a differential works. 
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attached follower block and the output pin) out· 
ward from the center, along the straight-Jin& 
slot. A reversal of the direction of rotati0<1 
forces the follower back toward center. Thoug)l 
the follower itse.lf never touches the zero pOSi· 
tion at the exact center of the cam, the output pin 
is offset enough to allow a zero reading to l:B 
taken. 

Thi s can1 is a positive-action type. This 
means that its follower is keyed to the groove 
in s uch a way that it ls forced to 1nove every 
time the cam moves. So1ne cams, l10\\.'eve1·, })ave 
follower s that move only when they are held 
against the cain by gravity, spring action, or 
some other force that is free to operate only ac 
some stages of the mechanical action. 

Can1s can be used to control OJ' position other 
mechanisms. Shipboard guns, for exa1nplc, have 
firing cutout cams that act to interrupt firing 
when the gun is pointing in a di rection that en· 
dangers permru1ent shipboard installations. !lul 
many can1s are special-pul-pose 1nathen1ntical 
devices. As such, they will be discussed in thf 
next section. 

MECHANICAL COll'JPUTING 
DEVICES 

The problem of hilting a distant, rapidly 
moving target from a maneuvering ship is n1uc1 
too complicatetl to be solved by mental nrithn1ctic, 
or even by hand-operated slide rules. \Vhen t 

conventional gun is fired, s01ne two dozen factors 
may enter into the fire control problem. (For a 
di scussion of the fire control proble1n see chapter 
6.) If the weapon is a guided missile and the 
target is a manned aircraft or a guided missile 
n1oving at superr;onic s peed, the problem is 
s till more complex and the futility of longhand 
methods is obvious. 

MACH!Nl!:S CAN SOLVE THE PROBLE:M. 
AS the reader has prol>t1bly noticed, certain basic 
mechanisms can hardly be described, even in 
their simplest terms, without some reference oo 
their potentialities as problem solveJ·s. 

In figure 3-13 the designer of the gearing a11d 
shafting decided arbitrarily that one 1·evolution 
of the input crank should rep1·esent 4QO knots. 
He could have selected any other figuJ·e, had he 
found it better suited to his purpose; a crUJl}: 
r evolution, as such, has no mathematical signifi· 
canoe until one ht1s been assigned. \Vhen lUl 

input value hns been selected, however, every 



Chapter 3-BASIC SCIF:l\CES FOR l\AVAL ORDl\A~CE AND GUNNERY 

fOllOW!R 

OIITTUT PIN 

CONSTANT lEAD CAM 

mPUT 

CAM f~fUT 

OUTPUT 

• 

. •• 

110.10 
Figure 3- !7. - A positive-action splt·t\l earn. 

lransmlUod value In the entire gearing system 
varies with the input, following the fundamental 
law of proportion: 

a:b = C:d. 

A GEAR 'fl'lAJl\', then, Is one me1u1s of rcp1·e­
senUng m.!ithcmaticul relationships. 

Unfortunately, many f11Ct.ors in the fire control 
pro!llem do not v8.l·y in nccordenoc with lhe 
laws of dlrecl proportion. These factors, too, 
can be expressed in terms of mechanical motion. 
By uslng lhe bn.sio n1echnnlsms described thus 
far, plus certain specillltr.ed moclificat!ons of 
those mechanisn1s, tlie Navy's mechanical com­
puters set up and solve proble1ns that involve 
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algebra, trigonometry, and even calculus. He­
lated mechanism-; either position the gun or 
launcher automatically or give operating por­
so:mel tho information they need. 

TYPES OF COl\IPUTERS. A computer may be 
of the dlgltul 01· the. analog type. It may be 
n\.~chanicol, clectrlcnl, or a con1blnation of botli. 
\Ve are here converned only with mechanlclll 
computation. (l'or some further discussion of 
fire control computers using electrlctll or elec­
tronic elements, see chapter 6.) 

A digital computer essentially performs the 
basic aritlunetical processes- addition, subtrac­
tion, nlultlpllcatlon, and division- by counting. 
The ordinary office cnlculnt\ng n1achlne is a 
mechnnlcal digital computer. 
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An annlog com:Juter represents m'l.lhcmaciclll 
relationships by analogous mechanics! motions 
and positions. These mo.y vary from moment to 
mo1nent by large or small amounts, but lhe solu­
tion ls pl'oduccd continuously. !ls output at 2ll}' 
g! vcn i nstunl nieasures the values nt that Instant 
of tho two or n1ore cho.nging qunntitles In the 
problcn1 It ho.s been designed to solv., , A simple 
exaniple will help to m!ll<e this clearer. ~upposc 
the hypotenuse of a right triangle rems.Ins con­
su.nt In value bul the two r.cute a.ngles are con­
U nuously changing. One of the computing devices 
described lat.er In this sect!on \\Ill tell tl'.eopera­
tor (or the re!aled computing mechrullsn1) the 
exact vnlues or the base and altitude of chis 
triangle, whenever these values are needed in 
the solution or a larger problem. 

Fo1· solving the firo control problem, the me­
chanicut nnnlog co111putcr is much Cu~ter than any 
combination of mechanical dig!lnl units. It is 
not as versatile as a digital computer, but n fire 
control computer ts required to deal only \\~th 
fire cont1·01 problems. The fact that It Is not 
adopted to other problems is not a drnwback. 

The following tsbulation Usts some or the ship­
boord con1puting de;ices (usually mechanical 
or electromechanical analog types) that n junior 
officer Is likely to encounter. In gun systems: 

!"ire cont1·01 computers 
Gun dJ rectors 
Gun elovation indicators 
Gun train I ndlcators 
Para.llllJ< cor1·ectors 
Rangeflnders 
Rangekcepcr!> 
Receiver- regulators 
Sightsettor•s indicators 
Stable clements 
Stal!le verticals 
star- shell computexs 
\\'ind transmitters 

In torpedo and AS\\' systems: 

Course directors 
Depth computers 
:\ttack directors 
Range recorders 

Later chapters will explain the functioning of 
many of these computing dcvloos. The par11graphs 
following wi ll ta.ke up a nun1ber of their 1·opre­
sentatl vo ni ~cbantcal components and tell bric..fly 
how lhoy work, 
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ADDl:\G AXD S\;BTRACTING DF:VlCES. As 
was explalned enrlier, the output of a differential 
(figs. 3-14, ~15, 3- 16} mca.sures tho sum or 
the d!frerence of two inputs. 

Finely constructed n1echnn!sms \\ith ligt 
loads sometimes use a compact jewel dlffcrenlifll 
that hns spur gears instend of bevel geiu·s. The 
operating principle is exnctly tho snniP. as in th! 
bevel type . 

A shaft cnn be designed to ad<l some selecwc 
constont to the value It would uorn1ally transtnll 
Figure 3- 18 shows a two- shaft combination ar· 
r£ged to h'nnsn1it an output of range- m:nus- 50, 

1>11ch shaft In iigure 3-18 has a mechanical 
counter showing !ts output. In the flrbt view, li1f 
two shafts have been zeroed, coupled, and turnec! 
ns n unit until the output of enoh ts 50 yards, 

I n thti ctinttir view, the crank~hnft J'omuilu 
clamped lo the sleeve coupling, but the inpu: 
shaft has been unclamped and reset at 2ero. 
\\'hen the loose clamp ts 1ighten(..'<1 agnln and W 
two shafts turn as one, the varlnble lntrodu~ 
by the crankshaft \\ill be J'(lduced by 50 when tbt 
Input shaft transmits It. For cxoruplc, In ~ 

llllll (OIJltlll6 

lll 
0 I 

Mi(l!J,~ 

POSlllOlllO 
ll IUO 

lOO!I -St ClfM 

110.l! 
Figure 3- J 8. -A coupling used to Introduce a 

constant. 

I 
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l01>er view, a cranksh:lft reading of 150 yards is 
l!'ansmltted by the input shaft as 100 yards. 

Th.is uso of a sleeve coupling is called 
"pultlng a constant offset on the line.•' The offset 
can be either negative, as here, or positive. 

CAMS, Ml:LTIPLIEHS, AND DIVIDEHS. The 
use of s hafllng and gearing in solving problems 
in 1·atlo und pt•oportion has o.lre:lcly boon ex­
plained, and it Is an extremely important use . 

By tho use of cams, quantities ihal vary ac­
cording to other laws can frequently be intro­
ruced into the gearing, either for transmission 
to a dial or for further use in sohing the prob­
lem. 

A great many mathematical relationships can 
be expressed, nccu1·ately and compactly, as graphs 
on squared paper, It is possible lo construct 
cams that reproduce these grnphs. The spiral 
cam In figure 3-17 is only one of n great variety 

5.29 
•·igure 3-19. -Some representative computing 

cams. 
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of pessible types. Three commonly used cams 
are shown In figure 3- 19. 

In computing cams, such as the thre_si shown 
in figure 3- 19, the output is a function of the 
input; thnt is, it varies wilh the Input., but not 
in direct proportion. The output of tho reciprocal 
cant Is one-divided- by the input. The input of 
the secant cam is lhe value of n given nngle ; the 
output Is tho secant of that angle. Carns can, 
of course, be cut to represent other tr1gonometric 
functions . The square cam multiplies the input 
by Itself. The subject of cams is much broader 
and more complex than this nooessarily Un1ited 
paragraph would indicate. 

Som<::tlmes earns cannot be designed to show 
the output values for an possible inputs; but they 
onn still be used tc take care of Inputs within 
certain ranges that are adequate for the needs 
of the system. 

The SCRE\V-TYPE MULTIPLIER shown in 
figure 3-20 is a device lhat computes. con­
t inuously 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 Jaws of proportion as exemplified 
by a pn.ir of similar triangles, 

The multiplier Illustrated hero receives one 
of its Inputs lhrough a slotted slide thatis wlllkcd 
out from (or back toward) it~ 7.ero positlo11 by 
two screws that are turned by bovel gears. The 
second Input enters through a slotted arm lhal 
pivots on a stationary pin, and is jolned at Its 
oppeslt.e end to an Input rack. 

rE . i GIOM.• 

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 z.ero 
posl ti on whenever the input rack Is moved by the 
Input spur gear. 

A n1ultlpller pin passes through the slots in 
the Input slide and the pivot atm . This pin also 
passes through a third slotted member- the 
T- shapod output 1'ack. 

Whenever the input to the slide, the input rack, 
or both ls zero, the multiplier pin will lie at 
some point along the zero line shown In figure 
3-21. Tho slot In the output rack will also lie 
along tho zero line. This is correct, since any 
quantity multiplied by zero equo.ls zero. 

Whenever the input slide and tho Input rack 
DOTH move from their respective 7.ero posi­
tions , the mtJ!Uplier pin will be above the zero 
line by a vertical distance that, as will be shown 
in the next paragraph, measures the product of 
the two Inputs. The output rack "111 be displaced 
by this same amount, and will transuul the 
measured product as its output. 

Figure 3- 22 shows bow this particular mul­
tiplier utilizes geometric truths. In this figure, 
the constant K is the distance, along the zero 
lino, from the stationary pin to the vertical line 
of tn1vol of tile right encl of the pivot ann. 
Solid line n ls the dislance the Input rack has 
moved from zero, Dotted li ne b is the distance 
the Input slide has moved to the right of zero. 
Ooll.(.'CI lino x is the disto.ncc the uiultiplier pin 
and , with It, tho input rack has moved up from 
Y.ero. 

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

x b 
a = K 

and 

x = ab 
K 

That ls, x, which represents the output, is the 
prod\lct or the two inp\lts, divided by a constant. 
;\ p1·opet choice of geari ng ratlos oan remove the 
effect of the constant. 

Jn actual practice, to save space, n multiplier 
ls often designed to deliver ti fixed fraction (sey 
a tenth) of the whole product. Genrlng converts 
this fraction to the full value. 
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Figure 3- 21. - How the m\lltipllor works. 
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0 

12.93 
Figure 3-22.-Similar triangles in the multiplier . 

L"\TEGRATORS. In some phases of the broad 
fue control problem- and in m:my other situa­
tions as well - a quantity that obeys the laws of 
proportion (and therefore can be transmitted by 
a geai·) must be 1nultiplled by a second quantity 
that varies nt a constantly changing r ate of 
change. \Ve say that the second quantity ac­
celerates, or decelerates, or changes by incre­
ments. The integrator, one type of which Is 
shown In figure 3- 23, is a device that performs 
this special kind of m·Jltip!ication. 

The hori zontal disc is driven at a constant 
speed U1at measures the non-accelerating input. 
A gear-and-rack arrangement receives the ac­
celerating or decelerating input and uses this 
input to drive a movable carriage backward or 
forward along a sele<:ted diameter of the disc. 
The carriage contains two balls, one directly 
above the other, that are free to turn. 

Except when it is above the dead center (zero 
point) of the disc, the lower ball rotates whenever 
the disc turns. The speed of the ball depends 
on two fact.ors - the constant speed of the disc 
itself and the variable point nt which the car­
riage Is positioned at the given instant. The 
nearer the ball is to the edge of the disc, the 
faster It will rotate. 

The lowet ball drives the upper ball. (The 
designer uses a pair because the two ba1ls roll 
more smoothly than a single one. In other de­
signs a 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 vo.ry ing output to 
the next stage of the geal'lng system. 

At one side of the center of tho disc, the balls 
transmit positive values; at Ute opposite side, 
negative values. 

COMPONENT SOLVERS. A vect.or is a llne 
drav..n to show both the direction and the magni­
tude of a force . Such quantities as target speed 
and wind motion tu•e shown on graphs as vectors. 
for practical purposes, a \•eotor can be treated 
as the diagonal of a rectangle that has one corner 
at the zero point of a conventional graph, one 
side along the x- a.x:is, and one side along the 
y- axis. These sides of the rectangle represent 
the two components that make up the ve<:tor. 

The two components can be computed by 
simple trigonometric methods. \Vhen it is de­
s irable to perform this operation automatically. 
a component solve1· con1putes 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 O\Vn- ship outline can be rotated 
about the zero point of the graph. This dial is 
set at an angle represenling the relative target 
bearing (m,gu lnr offset of own ship's centerline 
from the lino of sight). The vertical pin is posi­
tioned at a distance front center that represents 
O\vn ship's speed. Thus the vector Is established. 

Two L-shaped slides, arranged as shown in 
the iUustrat!on, are slotted to receive camming 
action from the vertical pin, The slides move 
whenever the pin moves, but they are so mounted 
that the range slide al ways moves parallel to the 
line of sight and U1e deflection slide always moves 
perpencllcular to the line of sight. The distances 
tra,,ened by the two slides always measure the 
values Xo and Yo, which are the two quantities 
this particular component solver ls designed to 
transmit. 

A mechanical component solvel' can resolve 
a vector rapidly; but a wi1•e-wound resolve r, 
const ructed on the principles of the synchro, can 
receive an Input that measures the ''ector and 
instanta.,.,eously transmit a pair of outputs that 
measure the eompenents. 

l\OTE: In addition to elaborate gearing and 
shafting, and also in addition to a large number 
of electrical de;;ces, the Mark l computer, a 
\Vorld \Var II design, contained 9 component 
solvers, 10 integrators (representing two types) 
15 multipl!el'B (both simple ru1d oornplex types) 
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Figure 3-23. - A disc-type integrator . 

8 cruns, 24 handcranks, and more than 150 
diffc1·entlals. 

GY l\Ol:iCO J> ES 

A gyroscope (colloquially called s gyro) is 
fundarnentally a rapidly spinning wheel. Its ro­
tntlonal n1omentwn gives It two useful proper­
ties: 

1. l'lgldl ty Jn spnce 
2. precess ion 

The first property was clescdl>ccl earlier 
ai; being caused in any rotating body by its rola­
llonal mon1entun! . It can be demonstrated easily 

in tt toy gyroscope (figure 3-25, p:u·t A) which, 
when spinning 1·apidly and supported at one 
encl, will appear to defy the law of gravity by 
remaining borir.ontal whlle the other end is 
w1supporte<l . 

At the srune time, though, the gyro will 
demonstrate the effect of tl1e second property, 
precession, by rotation In a hod1.onta1 plane 
about Its point of support, n.s shown In part B oi 
figure 3-25. Gravity pulls the unsupported end 
oJ the spinning gyro wheel's axle verUcally 
downward. But the axle doesn't move downward; 
Instead il reacts by 1noving ho1•i wntnlly (1.e .. 
at 90° to tho pull of gravity). 

To understand precession, consider the spin­
ning mass of the large wheel shown in figure 
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Figure 3- 24. -The principle of the component 

solver. 

3-26. An applied !~rce symbolized by t!>ick 
arrows labeled A PPL!ED FORCE (at the top and 
~m of tbo wheel• s axle) tends to lip the axle 
(i.o., rot.ate It about the axis Y-Y) . P1u·licle A 
ls part or the spinning wheel 's rim. At some 
instant Its Inerti a is movlng !t In the dir ection 
AC. But the applied fo,.ce tends to move It in the 
direction AB. I\ cannot mO\'e In two directions at 
oooe. It responds to the two forces acting simul­
taneously upon It by moving in lhe dlrcot\on AD. 
But to do lhls the wheel's plane o£ 1·otst!on must 
sl:llt as shown In the smaller diagram In figure 
3-26, If the wheel's plane of rotation shifts, so 
does Its axis of rotation (X- X). This shHt is at 
an angle of 90° to lhe aJo.is of the applied force 
(Y·Y). By turning figure 3- 2~ 011 !ls side and 
comparing lt w-ith figure 3-25, part ll, you can 
see how I.he for ce of gravity pulling \he axle 
downward co.n cause the axle lO move horizon­
lally. 
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Gra vity 

A 

B 
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l•'ij,'lll'C 3- 25. - 8Jemcnto.ry l(Yl'O action. A. Rigid­
ity In spnce; B. Precession. 

The gyro's first property (rigidity In space) 
mnkcs it desirnblc to use for cstnblishlng a ref­
e 1·encc direction (as in a torpedo or gy rocom­
pasS) or a reference pl ane (u.s i 1 11 stnlile ele­
mmit), In these applications the gyro wheel is so 
n1cuntcd thnt It will not be affected by chan,,aes in 
the direction of the vehicle tho.I ca1·1·!os i t . Since 
the precesslom•l force is related to thodeflectlng 
force applied to the gyro, its second property 
(precession) ls used (in lead- computing fire 
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Figure 3- 26. - Gyro precession. 
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control equipment) when it Is necessary todeter­
n1jne the runount of lead r equired for a gun pro­
jectile to hit a moving target. These applications 
at·e discussed in later chuptcrs of this text. 

In these npplications, it Is necessary to mounl 
tho gyro whcol with the :unount of freedom r e­
quired in each case. This is done by using 
gi1nbals. A glrnbal is a 1neta.1 ring (or pa.rt of a 
ring) eupport.ed so that it can rotate about an a.'Cis 
formed by two points 180° apart on Its circum­
ference. Figure 3- 27 shows a gyro wheel sup­
pertcd in two gimbals so that it has three degrees 
of frce<lom . 

The gyro rotor Is free to spin on Its axis /\- /\ . 
Tllo.Vs ono degree of freedom. The rotor axis is 
supported In bearings in tho inner gtmbal r ing, 
which Is free to turn on the axis B- B . That 
n1akes two degree~ of freedom. Theoutergimbal, 
pivoted Oil the support, is free to tur n on axis 
C-C. That gives the gyro Its third degree of 
fre<Xlom . \Vltb three degrees of freedom, the 
gyro can maintain its rigidity in space no matter 
how Its support n1oves. 

P!UNCIPL BS OF HYDRAULICS 

DEFINITIONS 

Fluids are materials that continuously adapt 
their shape to fit their containers. Fluids include 

46 

c 

WHEEt; 

INNER GIMBAL 

c 
4.101 

Figure 3- 27.-The principle or gyro mounting. 

both liquids and gases. In this section lhe ma:i 
emphasis will be on liquids . 

Hydraulics. in the strict sense, deals "ith ti:< 
behavior of liquids in motion thl'ough a close< 
(that is, liquid-filled) system of connected cor.· 
talners. Jn its practical applications, hydraulic! 
is conco1•ned wi th the uses of fluid-filled systen:; 
in transn1il.ting applied forces and producing O! 

controlling mechanical moHon. 
J\ closely related science, called hydro­

statics, deals with the behavior (Including cspe­
cinlly the pressure aspects) of fluids at rest it 
open containers . These may be such large "coo­
tal nor s " :1s lake or ocean beds. In uctual prac­
tice, the Navy lllDJ> ordillarlly expands hyclrnulici 
to include hydrostatics. Following a1·e some <It· 
finilions used in hydraulics. 

HYDROSTATIC PRESSURE, ,\ny liquid in ru 
open container exerts prcssu1·e equally in 8lJ 
dlrections from any givell poinl "1thln the llquit. 
The degree of pressure on a submerged objee: 
vnrics dlrectly "ith the depth the object h5 
reached. At a depth of one foot In sea water, ll( 
bottom of a 1nir.e case Is under hydrostali< 
pressure of 64.3 pounds for ench square foot d 
its surface. At a 10- foot depth, the pressure !1 
10 tinies ns great, or 643 pounds per square foo!. 

Underwater weapons - po.rliculurly mines am 
many depth charges -have val'ious con1ponenl! 
that remain inactive until the hydrostatic pres· 
sure Oil the exierior of the device becomes gl'et: 
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enough to overco1ne a built-in resistance, such as 
that offered by a spring or an ei-1ianded bellows. 

APPLIED PRESSURE. A liquid in a closed 
system also exerts hydrostatic pressure, but 
IJ>.is is not a major consideration i11 any con1-
ponent except the storage reservoir . This reser­
voir must contain enough liquid (and exert enough 
pressure or head) to keep nll the enclosed spaces 
lilied during a co1nplctc cycle of operation . 

The really ilnportant fact about pressure in a 
closed system is the capacity of the liquid for 
l1'ansro\tting - rapidly and in ~ul directions - a 
force that is applied to one con1ponent of the 
system. Because it can do this, ln1 enclosed 
liquid can be used, 1nuch as a basic 1nachine is 
used, to overcome resistances and move loads. 

B;\SJC PRESSURE-MOTION RELATIOl\Sli.lP. 
l'he system shown in figure 3- 28 t s not. equipped 
to produce a wol'k output that has any practical 
value outside the classroo1n. lt doe$, however, 
hsve teaching value in that it shows the basic 
principle behind n1any 1nore elaborate and highly 
practical syste1ns. 

In fig"re 3-28 a total downward force of 25 
p0unds is applied to the small piston, whose 
head has an area of 5 square inches . The ptes­
sure applied through tins piston to the enclosed 
liquid is 25 pounds for each 5-square- inch area 
of container surface . The unit pressure is, 
therefore, 25/5 or 5 pounds per square inch. 
[This unit pressure n1ay be abb1·eviated 5 psi; the 
letter symbol is pronotmced p-s-i, not like the 
oame of the Greek letter Psi.) 

The input, trans1nitted equally in all direc­
tions throughout the liquid, acts on the large 
piswn head with an upward pressure of 5 psi. 
The large piston head has an area of 250 square 
inches. It is, therefore, subjected to a tolaJ. 
upward force of 250 x 5, or 1250 pounds. 

The syste1n is similar, in effect, to a lever in 
which E is 25, R is 1250, and the theoretical 
mechanical advantage is 50. [lut, just as in the 
levee, the distances ttiwelled llv the effort and 
the resistance are in inve rse proportion. 

For example, if the small piston n1ovesdown­
ward an inch, it displaces 5 cubic inches of prac­
tically incompressible liquid that must be ac­
commodated son1ewhere unless the system is to 
l>.rst. The large piston is the only component 
thst can move to n1ake roon1 for the displaced 
liquid; but it needs to move upward only 5/ 250 
ot 1/50 inch to accommodate the 5 cubic inches 
of fluid. 

This syste1n lacks so1ne of the essential co1n­
oonents of a useful hydraulic mechanis1n. The 
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Figure 3-28. -The bnsic principle of hydraulic 

pressure. 

next article will n1ention and briefly explain 
those con1ponents. 

SY~T EM COM PON l>NTS 

FLUID HESE!lVOlH. Because certain work­
ing n1cmbers of a hydnrulic system n1ove up and 
down or in and out, the amountofspace inside the 
syste1n varies. To keep the available space filled 
at all limes, the system must have a storage tank 
or reservoi r to accomn1odate back- up fluid and 
return it to the system as needed. The depth (or 
the elevation, which runounts to the san1e lhing) 
of the stor:1ge reservoir 1nust be designed to 
futnish enough hyd1·ostatic pressure or head to 
keep all enclosed areas filled during a con1plete 
cycle of operation. 

PISTONS AND CYLINDERS. Figure 3-28 shows 
elementary examples of the working parts present, 
in one forn1 or another, in all hydraulic me­
chanisms. These are the cylinders that ac­
co1n1nodate varying ainounts of fluid and the 
pistons (short, closely fitted interior cylinders) 
that nlove, in response to mechanical 01· hy­
draulic pressure. 

usually the piston is attached to a rod that 
projects through a leakp1·oof opening in the 
capped end of the enclosing cylinder. The usual 
purpose of the rod is to receive a mechnnical 
irlpttt or to t1·ansmit an otttt)ttt. 
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C0l\NF.CTl::-1G LlNF.S. The systcn1 n1us l have 
connecting lines joining the working coniponents 
to one :l.llother and to lhe reservoir . These 
Ji nes, like the one connecting lhc two cylinders 
in figure 3- 28, may sometimes be pal'.'tot a single 
casting. If the working eleinents arc a distance 
apart, pipes are used to connect then1 . 

VALVF.S. {I wo1·kable hydraulic systen1 must 
hiivc valves that open and close to keep the t1uid 
moving in the right direction, in the right amounts 
and at the propet pressure. T he val ves mus l 
also p1·evcnt the liquid froin moving away frorn 
certain areas until it has accoinplished its 
work, A lack of valves robs the device in figure 
3-28 of prac tical value . 

There are many types of valves, varying from 
ext1'en1ely simple to f ai r!y complex designs. 
Some have stems that permit an operator to ad-
1nit fluid, to cut it off, or to ·a11ow flow at a re­
duced r ate. Others are operated by the internal 
pressures that develop within tbe system. At 
this tln1e only a few valves of the s impler sort 
will be considered. 

The COCK is a plug-type valve permanent!)• 
seated wi thin n pipe. /\ cylindrical opening in 
the plug can be turned at will, to pennil flow 
or to block it. Figure 3-29 shows the top view 
of a typical cock. 

A GATE VALVE, like a cock, cnn l)c turned 
by an operato r to admit or obstruct flow . Instead 
of staying within the pipe i n its open condition, 
the gate valve occupies a projecting "bOnnet," 
as shown in figure 3-30. 

A NEEDLE valve has a tapered point to pe~ 
mit gradual openi ng or closing in an urea wher1 
a n1orc sudden change of pressure would bl 
dangerous . 

fl CH ECK valve, responding automatically t~ 
pressur e changes within the sys tenl , opens k 
per mit flow in one direction and closes to checl 
or prevent flow In the opposite di rection. Spri~ 
or gravity act ion somethn es hastens the closur< 
of thi s valve . Figure 3- 31 shows a check \·al~ 
hinged at the top to allow flow toward the riglt 
Md prevent flow towat·d the left. A check val>! 
is sometimes called a di ,·ectional valve. 

A SAFETY or a HELIEF vnlve (the two type1 
are similar liut not identicfll) is a spring-toadc: 
che<:k valve thal keens :in exhaust or bleedel 
pipe closed unt il an excessively high pressure' 
within the main line overcomes the built-!{ 
spring resistance and opens tho valve. 

SPOOL valves and ROTAitY valves may, 
depending on design details, be ope rated Ii! 
hydraulic or electrical actuators, or may (less 
frequently) be hand- operated. These valves an. 
used in more complex hydr oolic systems ~: 
di rect fluid t1ow as des ired for system oper:ilioo. 

SHV!l'LE PRACTICAL APl'LlCATlON 

Before ta.l{jng up the pump, the r eader may be 
interested to see that t.he addition of devices 
described thus far- a stor ngo reservoir, a con· 
nectit>.g line, two check valves, Md a gate vulve­
cn.n turn the device s hown in figure 3-28 into th! 
llighly useful hydraulic jack shown in figure 3- 3i 
and, somewhat later, in fib>Ure 3-33. 

TOP VIEW 

OPEN 

110.15 
1··1gure 3- 29. - How a cock controls flow. 
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OPEN CLOSED 

110.16 
Figure 3-30. -How a gate valve opens, 

The valves numbered 1 and 2 in the illustra­
tion are check valves. Va.Ive 1 is hinged at its 
left-hand side. It is opeil because fluid under 
pressure has been forced against its lower face 
by the down stroke of the small piston, \Vhen 
Open, this valve adn1its displaced fluid to the 
large cylinder . Valve l cannot swing do'Nnward 
beyond its horizontal or closed position. 

Valve 2, s hown closed in figure 3-32, is hinged 
at the top. It opens by swinging toward the 
small cylinder. It ca1mot swing open in the 
diNlction of the storage tank. This val ve is 
closed by the pressure exerted during the down 
stroke of the input piston, for this applied pres­
sure exceeds the hydrostatic pressu1·e exerted on 
the opposite face of the valve by the liquid in 
the storage tank. 

Valve 3, the GATE valve, is kept closed whi le 
the operator is using the jack to lift a load. Act­
ing as a pair, valves 1 and 3 keep the displaced 
fluid trapped in the large cylinder. Upon con1-
plelion of his work, the operator opens vr•lve 3, 
thus allO\\ing the displaced fluid to r eturn to the 
reservoir as the large piston sinks by gr avity to 
its normal position. 

Figute 3-33 shows the relationships within the 
jack during the up stroke of the input piston. 
As this piston is pulled upward, the pressure 
within the small cylinde!' drops, and a partial 
vacuum is formed. The hydrostatic pressure of 
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OPEN 

CLOSED 

11.319(110) 
Figure 3-31. - The operating pri nc iple 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 pisto11 is risir1g . 

Because the pressure in the sn1all cylinder 
has dropped below that in the large cyli nder', the 
large piston tries to drop and restore llalance; in 
technical language, the large pislOn exerts back 
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Figure 3-32. - A hydraulic jack-down stroke of the input piston. 
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110.18 
Figure 3-33. - A hydraulic jack - up stroke of the input piston. 
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pressure, forcing valve 1 downward t.O its hori­
zontal or closed position. Because this valve 
cannot swing below the horizontal, it Simply ro­
malns closed until it Is opened (and valve 2 Is 
closed) by the next input stroke . 

The cycle s hown in Cigurcs 3-32 and 3- 33 I s 
repeated until the liquid trapped in the largo 
piston bas lifted lhe load as high as the operator 
wishes, within the capabillUcs of the jack. 

TUE SIMPLE PUMP. A pwnp is a mechanism 
that uses an external source of power to apply 
force to a fluid , /\II pumps In open hydr aulic 
systems take odvantnge of tho fact that the e arth' s 
atmosphe1·e , a gaseous nuld, exer t s a static 
p?essure whose existence becomes noticeable 
'61\enovcr a partial vacuum Is created. 

Anybody who drinks through a straw is msklng 
use of this phenomenon. By !>'UCking on tho 

VALVE 1 

CYLINDER PISTON 

SURFACE -+-
~ 

straw, he creates a partial vaeuu1u . Aunospherlc 
pressure, acting on the liquid In the tun1blcr, 
forces enough of It up the straw to dispel the 
pnrtiu.I vacuum. 

In a commo11 hand pun1p, figure 3-34, the 
lever- type pump handle i s jol ned to a piston rod 
with a simple upward-opening check valve (num­
bered l) in the piston. The downstroke of the 
piston appllcs pressure to the wat.er in the pump, 
opening valve 1 and c losing another check valve 
(numbered 2) at the bnse of the pump. 

On the up s troke of the piston, pressure Is 
reduced, and n par lial ''acuum is created, in the 
area between the two valves. Valve l closes. 
AL'!losphcric pressure in the well forces water up 
the pipe. The upward thrust or the water opens 
valve 2 but Is not strong enough to open valve l 
as long as the piston continues to rise. The 

VALVE I -tJJ¥il 

VALVE 2 -lf-.,., 

., 

t 

• 

• 

110.19 
Figure 3- 34, - u ow a slrnple hand pump Operates. 
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excess water thus drawn Into the punip nows 
frolll tho spout. 

There is a grcnl difference In structure, 
though not in fundamental operating principle, 
between the simple hand pump in figure 3- 34 and 
Lhu Waterbury constant- speed, 3Xial- piston, 
variable-delivery pun.p that conslltutes the A­
ond of a gun's eloctt·ic- hydraulic train or elcva­
tlon power d1'ivc . 'l'hc summary below will pre­
pare the way for the description of the A- end 
In tho ne""t section. 

SOME FACTS ABOUT l'l:~l I'S. Pumps thnt 
an; de~lgned to perform work operations nrc 
in11talled as integral parts of closed hydraulic 
sy11tcms in which fluid from a reservoir is re­
peatedly clrculntod by pump action. These punips 
m·o divided into two nHu n clns~cs-the reclp1·0-
catlng and the rotary type. 

HECIPROCATING pumps deliver liquid by a 
ba.ck-an<l-iorth n1ovcment or mechanical parts. 
ROTARY pumps deliver liquid by a circular (01 
other cur"ed) motion of mccbanlcal parts. The 
A-encl Is a reciprocating pump, '!'he following 
nwHlt<.>t'ctl statement!; apply to it . 

!. By lengthening or sho1~tc11ing the wo1k 
f>ll·oi-e o! its piston(S), a reclp1·ocat>ng pump can 
be mode lo dellve1 n Ja..-gcr or smaller \'Olumc 
of liquid per stroke. 

2 . llt.-Ciprocatlng pumps can be constructed 
lo ulilizo lwo, lhrcc, or even many piston-nnd­
cylinder units arranged in a cyllnc.te1· block and 
driven by an ordlnai·y power tnotor. 

3. An • .\XIAL-l'lSTO:\ reclprocntlng pun:p hns 
a cylinder block that rotate~ on 11 central shaft 
In sut;h a way that tho pistons move back and 
fo1·U1 in a dh·ecllon parallel to tho shrut. 

4. {\ VARl1\ULf:- DELl\ ERV a.xinl- piston 
pun1p contains 11 nican~ or varying the piston 
Htroke (and theroby varying the output of the 
pwnp) automatically In response lo con'.!'01 sig­
nnl8 . 

ACCl:i\JULATORS. An enclosctl hycln1ul10 sy~­
U::m usually contnlns an nccun1ululor that stores 
u ccrlaln amount of fluid unde1· a.!1 pressure. 
\Vhen there ls a sudden hea\)' dcn'nnd for iluid, 
In t:XCOSi> or the capacity or the pumps, iluld 
from the s.ccurr.ulator enters the sy~tcm and tends 
to cqunll 1.e the now. 

ORDNANCE HYUR1\l.:LIC 
~U·:CJIA'.\IB:l.IS 

This article will lake up, in r11.tl:e~ general 
t..nns and without fine detu.lls, some of tht: hy­
d1·aulic dc\>lces lhnl nre found associated with 
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gun m-:>unl8, turrets, and nilssHe-launchlng sys· 
toms . Becnuse the wo.y hus al ready boc11 pre· 
pared for It, !he hydraulic pump or A- end will 
be described first . 

HO\V THE A- !::ND \llORKS. Instead of hnvtni, 
a single piston like the ordinary hand pump, IU 
A- end often hns nine piston rods, each wllh it! 
own cylinde1-. These cylindet•s are nrrnngcd In 1 

oylinder lJu.rrel that rotates In a fixed plnne 
perpendicular lo Its centrnl shaft. 

The ends of the cylinders aro jolncc.t to l 

socket ring that rotates with the cylinder barre: 
but at thtl sanie time tilts ot an nngle that can b; 
\'aricd from 20• on one side of the position of zerc; 
Ult to 20° on the other side. A universal join~ 
similar In principle to the one shown In flgtm 
3- 4, nllows the socket ring lo be driven 9.lld 
tilted simultaneously. The amount and dlrectioc 
of tilt depend on the control signal the A-crx 
receives. 

The shnpliflcd dt·awing In figure 3- 35 Sholl'! 
one possible angle of lilt between the oyllnde1 
b111Tel and the socket ring. The yoke-like stt-uc­
ture in which the socket ring is beu.rlng-niountci 
Is czjlcd the lilt box. The ring Is tilted In~ 
cor<iance with signals frorn the Indicator- regt.~ 
la\or. 

\Vhen the A- end is In operation, the oyllndc: 
liarrel rotates In the vc1•llcal plane, and th; 
~ocket ring rotntes -.ith It, al an angle deter­
mined by the Input signnl. t:nless the cyllnde. 
barrel and the socket 11ng are exactly pat·nJJc', 
each piston rod, during a complete cycle, will be 
pushed Into Its cylinder (thus increasing lho 1,,. 
tcrnal prei-.sure) for a half- cycle and then \\1111 t.e 
drawn toward the opposite end or the oyllnde: 
(lhus reducing the internal pressure) for the nCl.1 
hnli-cycle. The cylinder bnrrel a.s a wholo wi[ 
have a high- pressure side and a low- pressure 
side. 

To get pumping action, then, It ls only neces­
sary to llrrange pipe II nos and val vc ports i: 
such a wny lhut hydr1iullo Ouid can always be 
Clrawn Into the cylinders as the inlernnl prcssur> 
decreases nnd can alwuys be forced out as lb< 
pressure tnc1 <iases. The vslve plnte shown ii, 
figure 3-36 mal<es the necessary arrangements, 

To mlnimi?.e letLl{ago, the rotating cylinder 
barrel bears closely against tha fixed valve pla~ 
~t all thllt!S . Fo1· the angle of tilt shown In fl(!\lre 
3- 36, the lower pipe line Is the intake nnd lhe 
upper Ii nc Is the output. J ands, correspondi~ 
to the neutral-p1·essure (9 o'clock and 3 o'clocl!; 
positions or the cylinders (figure 3-36, part .~1 
prevents short-circuiting of the two sides. \\lhec 
the angle of tilt reverses, the high-pressu1·e sl~ 
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CYLINOER 8ARREL 

NOTE. VALV( PLATE NOT SHOWN 

--MOVEMENT CONTROLl.£0 SY A·ENO 
GONTROt. UNIT WHEN IN HANO 
OPERATION 

r-- VARIABLE PLANE 

'---SOCKET fllNG 

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

becomes the low-pressure one, ond the clir ecUon 
oi flow reverses . Figure 3- 36, part D, shows the 
assembly in phantom. 

Jn somo lmstallalions, the D-end or hydraulic 
!DOior Is separated from the A- end ns shown in 
:igure 3-37. In others, the B- end ls directly con­
r.ected to the valve plate. Jn either t:vent, the 
action of the two ends ls the srune , 

B-l>'ND. The I.I-end, shown us u phsntom in 
iigure 3-38, ls much like the A-end 111 design , 
e.'!Cept that the W'lglc of tilt is built In and cannot 
be changed. The valve ports on the Intake side 
recel\·e oil under pump pressure f .-om tho A- end. 
ms oU exerts forces al right angles to the faces 
ol Ille pistons open to the intake ports. These 
forces cnn each be broken into two components­
(!) a thrust component along the axis of rotation 
that serves no useful purpose und ls neutralized 
by bes.rings and ( 2) u lu1·ning con1po11ent that ro­
tates the socket ring imd, will\ it, the cylinder 
barrel and the output shaft. 

Af\Qr a given piston hru; taken all the fluid it 
can from tho intlll<.e side of tho valve plate, it 
paSSes the land and begins to discharge fluid 
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through tho oullel ports of the u-end to the intnke 
(sucllOn) side of the A-end. 

The dlrcctlon of turrting of the .B-end and Its 
output shnft depend on the direction or lurnl.ng 
of the A- end. 

Ri:.'COIL A~D COUNTERRECOlL DRVICES. 
The recoil and counterrccoll sysLerns of naval 
guns ope1·11to without pump or 1110(,()1· notion. De­
t ails of these piston-and-oyl\ndcr systems vary 
with the sl r.es and types of guns. Figure 3- 39 
is a rcprcsentnli11e sketch, based on a conven­
tionu.J 5-inch gun. 

The recoil cylinder contains flui<I and has a 
piston whose head Is precision-filled to the 
cylinder wnll. '!'hecoonterrec.-oil cylinder contains 
air (or some Inert gas) under pressure and has 
n partially hollow plunger whose outer end ex­
tends th1·ough an airtight fitting In the end of the 
ci•lindo1· , 

The 1·00011 1ind counterrecoll unit~ w<H'k to­
gether lo k eep the "kick" of the g\>n wiU1iu 
ron$onahle bound$, lo restore the gun to baUery, 
and to hold l l there until the next 1·ow1d is fi reel. 

Ii the student understands two simple and use­
ful hydraulic dc\;ceii-thc hydraulic recoil brnke 
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Figure 3-36. -/\-end operation. A. Cylinder bar-

1·e1, valve plate, nnd socket ring. B. Phantom 
view of assembly. 

and the diffe rential cylinder -he should be able 
to study, with little difficulty, the specific recoil­
counterrecoil mecba.nisms in nny naval gun. 

In a hydraulic recoil brake, the head of a 
piston fits closely within a fluid- filled cylinder. 
The passages from one side of the piston bend 
to the other arc few and small. These passages 
may be holes through the piston head, or they 
may be grooves in the cylinder wall. Ii an applied 
force (such as the shock of firing) acts to move 
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the piston with respect to the cylinder (Or vloi 
versa) the n1ovcment can take place only as fall 
as the small passages allow fluid (which is 
practically Incompressible) to flow from om 
side of the head to the othe,.. 1\-tovement, there· 
fore, is throttled, because much of the applieol 
force has to lJe used up in overco1ning resistance. 

This principle is applied in the gun's i·ecot 
cylinder. The design features n1a.y va.ry from ore 
gun to another , but the purpose remains the s ame, 

A nun1ber of other ordnance braking devicei, 
including, for exSlnple, the dashpots tha.t deln1 
the operation of cei·tain linkages in moon!< 
n1ines, ma.l{e use of the throttling effect of small 
orifices. 

To absorb the final shock as the gun returns 
to battery, some guns have a dashpot- typc counter­
recoil buffer that is physically associated wiU 
the recoil cylinder . 

As previottsly mentioned, the oounter1·ecoil 
cylinder contains air or possibly some inert gs.$ 
Gases, of course, are fluids; but unlike liquidi 
they are capable of being compressed unde1 
pressure. · \Vhcn the pressure is removed, thei 
expiuid. As can be seen in figure 3-39, recoU 
inovemeut decreases the an1ount of space In th( 
counterrecoil cylinder, thus putting the air undu1 
greater than normal pressure. In mnny gum, 
the increased internal pressure would tend tr, 
cause an air leak, except for the waling effect a 
a comparatively small differential cyl!nder tha~ 
acts to lighten the packing through which ~ 
plunger end e>."tends. The next few paragr aph; 
will ta.l{e up the differential cylinder. 

The device in the lower pa.rt of figure 3-~J 
is a typical differential cylinder. The fl"ee· 
floating piston lo this cylinder ruways takes J 
position where the thrust of the ail· (directly 
connected to the air in the counte rrecoil cylinderi 
exactly counterbalances the thrust of the oii 
(directly connected to the oil gland at the centei 
of the chevron packing). But part of tho a.rea cl 
the oil side of the differential cylinde1· head i; 
occupied by the end of the piston rod, and there· 
fore cannot receive thrust from the trapped oil 
whereas the enti1·e a..i·ea of the air side of tltis 
head receives thrust from the trapped air. 
Therefore, a.tall ti1nes, the pres sure in tenns 0:: 
pounds per Square inch on the oil side must b; 
greater than the corresponding pt·essure (in ps~ 
on the air side. 

\Vhenevcr recoil action raises the a.Ir pres· 
sure, the unit pressure of the oil-including, or 
course, the oil in the packing glnnd-rises pro· 
portionately. Thus the oil at the center of too 
specially shaped packing acts to "inflate" i t ruJJi 
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Figure 3- 37. - The hydraulic speed gear. 
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Figure 3- 38. - A phantom view of the B-end. 
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84.147 
Figu1·c 3- 39.-Hcprcsentativc l'ecou and counter­

recoil systen1s. 

prevent leakage of air. Any lenkage that occu .. s 
"111 be an oil leak, not rol ail' leak. 

AS soon as lhc recoil aclion is comph;tcd, the 
nil' In the counte1Tecoi1 cylinder begins toe"-pand 
an<l return the gun to baltcry. The oil side, of 
course , conti nues to exert gn:ater unit pressure 
lhnn the si1· Side, and therefore acts to seul the 
counterr ecoi! plurlger . 

RAS!C PRl NCIPL};S OF EL ECTRICITY 

Elect ric ity is a form of energy. As such, it 
can be h21·nes$e<l to do work. 

Electrons make electricity available for use. 
::\ormnlly an electron revolves within a parent 
ato1n, son>cwhnt like a planet within a solar 
system. Every electron bears an electric ehn1·ge . 
lf set free from its atom- whether by chemic el 
action or by other means- the electron takes its 
ch:u-ge With it. 

All suostm1ces have resist ance, which is a 
tendency to block the moven1ent of Cree electrons. 
Conduct.ors have a r elatively low resistance; in­
$ulators, a high resistance. The unit of re­
sistance is the oluri . ln electrical cquaUons, H 
represents reslsUJ.ncc in ohn1s. 

CURltENT is a s tream of free elect.rans 
mO\•ing through a conductor. Current flows when 
(and 01tly when) there is a closed circuit h'on1 
the current source back to the source. Current 
is measured by the uumbor of electrons ths.i 
pass i~ given point in a second. The unit of 
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Figure 3- 40.-Principle of the differential cy!ir.­

der. 

current is the runpcre. In equations, I stands fo: 
Cul"ront in amperes. 

Ee.ell point in an e lectric circuit has a poter.­
tial or nn e lectromotive ("electron-moving", 
force that corresponds roughly to head in :l watef 
system . Elec tromotive fo;·ce is commonly abbre· 
viatc<! emf; its unit is the volt. In equations, r 
stands for an emf in volts. Tho emf at any po~ 
Is mathematically equal to the product of t~! 
current and the resistance; thi s pl'inciple ii 
Called Ohn1's law. It may be expressed iu tlu'e; 
equ11t1ons: 

E " IR, or by simple algcb1·a, 

B 
l ~ rt' and 

R - E -y· 

The unit of electric power is the watl. Th! 
powe r in watts is equal to the product of tll 
cul'rcnl and tile voltage. P Is the symbol fo: 
power in watls. It mny be expressed in th: 
equation: 

P " EI, or, by substitution from Ohm's la• 

E £'" 
x R ~ 1f" and 

P • IR x l • 1• 1t 



Chapter 3- BASIC SCI!::NCES FOR NAVAL ORDNANCE ANO GU NNEHY 

Electric current is of two types-direct and 
alternating. In direct current (d- c) the electrons 
mo,·e conllnuously in one direction, though not 
necessarily at a constant speed. In alternating 
current (n-c) the direction o£ electl'On moven1cnt 
reverses rapidly and repeatedly. The number of 
times the electrons reverse in one second is 
called lhe l'HEQUENCY. Navy ships commonly 
use frequencies of 60 H:< (He1·tz) or 400 Hz. 
One hertz Is equal to one cycle per second, 

Electricity and magnetism arc closely re­
lated. Any conductor carrying electric current is 
rurrounded by a magnetie field.1 Furthermore, 
a magnet wUl Induce a voltage in any conductor 
!hat is moved in its magnetic field. Conversely, 
ii a current-carrying conductor is placed in a 
magnetic field, the conductor .. 111 tend to move 
at right w1glcs to the field. 

When a conductor is twisted Into a coil and 
energized by current, the coil, as a unit, has a 
magnetic Held. \Vhen tile field of nn energized 
ooll is changing in strength (because of a change 
in current), it can induce a voltage ln a second 
coll that ls not physically joined to the £i rst one. 

A THANSFORM t::R is designed to make practi­
cal use of induction. In the tran&1'orn1or a current­
carrying coll, called the prin1ary, induces a 
roltage in another coil or group of coils , called 
the secondary . 

An induct.Jon device called the synchro is 
taken up late r in this chapter. 

SOURCES OF ELECTHICAL 
E!'ERGY 

Batteries and generators are the two usual 
sources of electric current. A batlery uses 
chemical energy to produce electrical energy 
that becomes usable when an external conductor 
is joined to the two pole pieces of the battery. 
Batteries are used to energize the small, self­
conto.ined cloctrical systems in flas hlights, in­
dependent mines, some depth charges, and numer­
oos testing devices . Larger batteries al'e used to 
operate electrically driven torpedoes. (See 

1 A piece of iron or other magnetic material 
may have its own permanent 1nagnetic field in­
dependent of any electrical cutrent . This pheno­
menon, n.s dis tinct from the magnetic field 
surrounding a cur rent - carrying conducto1", is 
discussed further in chapter 12 in connection \\1th 
degaussing. 
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chapter 13.) Very large instrulallons arc de­
signed to furnish propulsive powe1· for sub­
marines. Batteries produce direct current only. 

A GENEHATOR uses n1echanlcal energy (as 
fro1n a sLeam or gasoline engine) to produce 
electrical energy by causing r·elativo motion be­
tween an armo.ture and a powe11'ul magnetic field. 

In most d-c generators the armaLu re is the 
roto1-, or turning member, o.nd 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 a commuta­
tor on the armature shaft. Stationary brushes on 
the stator contact the rotating cominutntor so as 
to receive electrons n1oving in one Cli r ec ti on only. 
Thus the commutator- brush arrangen1ent con­
ver ts the a- o armature output to direct current. 

::ion1e a- c generators are construc ted much 
like the d-c generator, except that they use 
solid annular insulated slip r ings (instead of 
segmented commutators) nnd brushes. These 
directly transfer the n- o output to the exte1·nal 
circuit. Larger a-c generators, however, use 
rotors with d- c excited electromagnets fed through 
brushes and slip rings, while the arn1ature 
windings n re in the stator . Jn still another 
variation, some special-purpose a-c generators 
have neither slip r ings nor brushes; i n these all 
windings, both armatu1·0 and field, tu•e in the 
stator, while the rotor consists of 11 metal core. 
The a-c damping generator mentioned below is 
of this kind of co11struction. 

Figure 3- 41, part A, shows the amplidyne 
train drive 1nolor aS$embly on a 5- inch gun 
mount. The amplidyne system will be deS<:ribed 
in a later section, but this part of tho figure ls 
intended chiefly to illustrate examples of two 
types of motor and a d- c generator, 

In general, ordnance systems Clo not generate 
electricity except for relat.i vely s mall control 
voltages employed in "damping" (stabilizing) 
the oporation of servosystcn1s . Jn the n.mplidyne 
system, which is a d- c se rvosystetn, the sta­
bilizing voltage 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 ln the figure, the 
generator possesses the armature, £\old, com­
mutator , and brushes mentioned above. In this 
illustration the tachometer generato1' is too 
s1nnll to s how all these features clenrly, but the 
student can inspect the corresponding fentures 
(which are s imilar in appearu.nce and con­
struction, \hough larger) in the main d-c drive 
motor. 



AC VENTILATING ...OTCR' GLOWER HOUSING 

FltLO WINDING - ------, 

MOTOR JVNCTION BOX 

END $HIELO ---~~ 

GREASE CUP ----~ 

aR<JSH HOLOfR - --......._ 

JUNCTION eox - - - --.. 

0C TACHOMETER 
(OAMPINGI OEN ERA TOR 

TO SERVO 

AMPLIFIER 

CONTROL 
'NINO ING 

COUPLING 

COO.WT ATOR A$$EM8L Y 

CAPACITOR 

REFERENCE WINOl"G 

ROTOR 

A 

' f 
TO 

RE•EREllCE 

SU?"'M.Y 

B 

GLO .. ER W!iEEL 

ENO SHIEL!) 

,..-------- fN< 

FRAME ASSEU.8LY 

ARMATURE 

TERMINAL 
BLOCK 

1:1.161 
l .. lgure 3-41. -Generators and m:>tor:>. A. 1\mplidyne trainm1)for assembly. (Note the d-c tachometer 

(damping) generator on the left and the a-c ventllntlng motor on the top of U1e assembly.) 
B. Typica l small a-c Instrument servo motor and its circuit d\11gram. 

58 



Chapter 3-BASIC SCIENCES I'OH KAVAL ORDNANCE AND GUNNERY 

Small a-c damping generators (not illus­
Lraled) al'e used in some a-c servosystems. In 
external appearance as well as internal con­
struction they resemble the servomotor illus­
trated in figure 3- 41, pa.rt D; or they may be 
b!ilt on cylindrical rather than square- ended 
frames. 

:II OTO RS 

Structurally, motors in general resemble gen­
erators. i\ motor has a fixed stator and a rotor 
that can revolve. Instead of producing current, 
the motor receives current and uses it to en­
ergize its windings and produce torque . In ne;u'ly 
all types of motors, the torque normally causes 
the armature to revolve. In all large motors 
(i.e., larger than a fraction of a horsepower) 
locking or stalling the rotor so that it cannot 
turn viben the motor is cncrgi zed by its rated 
roltage will burn out either the motor or its 
current source, if not protected by fuses (and 
oornouts can often occur even with fuse pro­
tection, too). Some sn1all specialired types of 
motors are designed to withstand locked-rotor 
currents. In- one such type of motor, called a 
torque motor, the rotor can turn only a few 
degrees in normal operation; in other types it is 
e.~pec~d that the rotor will stall for a time in 
r.ormal service. 

Motors used in ordnance gear always have the 
field winding in the stator; if there ls an arma­
ture winding, it is in the rotor . \Vith the rare 
~ptlon of some machines that use permanent.. 
magnet fields, d-c motors always have arma­
ture windings, commutators, brushes, and field 
windings. The n1ain 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
action between the inugnetic fields produced by 
lbe stator and those pro<iuced by the rotor. In 
oearly all d-c rnotors and 1nany a- c motors the 
ioteracUng ma&.,,etic fields are produced by cur ­
rents fed to the rotating ar1nature windings and 
to the stationary field windings. In some a- c 
motors, however, currents are fed only to the 
field. The fluctuating magnetic fields produced 
by tlie a- c field currents induce other currents 
lo tlie rotor; in turn, the induced rotor currents 
develop magnetic fields that interact with those 
of tlie field to develop motor torque. Motors 
thal function on this principle are called INDUC­
TION MOTORS. The ar1nature for such a n1otor 
may consist of a cage-like copper structure i1n­
tedded in a lan1inated soft iron core (these are 
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called "squirrel-cage" motors), or of an alumi­
num or copper cup surrounding an Iron core. 
Large a-c induction 1notors nlay have rotors 
with coil windings (these are called "wound­
rotor" induction n1otors). 

There are, in contrast to the restricted num­
ber of fundamental types of electric generators, 
a greal variety of types of electric motors (in­
cluding a-c, d-c, and "universal" motors ope1·­
ating on eitbCl' type of current), some of them 
quite different in principle from others. The 
types most frequently encountered in ordnance 
equip1nent are: 

1. Polyphase a- c induction 1notol'S. These 
are the l argo motor s, developing from 5 to over 
100 horsepower, used to operate gun power 
drive electric-hydraulic and amplidync systen1s, 
hoists. rammers, and the like. Figut'e 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 sin1ilar principles. They 
comprise tho fractional horsepower 1notors used 
to operate s1nall blowers, windshield wipers, 
etc. The blower motor in part A of figure 3-41 
is an a-c Single-phase squirrel-coge induction 
motor. 

3. Synchronous a-c motors. (Not illustrntecl.) 
Synchronous motors can be very large (they 
have been used to drive 5hip's screws) but in 
ordnance equipment you will find only very small 
induction- type units designed to drive lightloads, 
such as computing n1echanisms, at absolutely 
tmvarying speed. On inost ships a special a-c 
constant-frequency supply ls provided to drive 
such motors since they can hold a constant 
speed 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 its rating) substantial 
starting torque, and ( 3J its output torque must 
be at least roughly commensurate with its elec­
trical input. (These characteristics arc by no 
means applicable to all types of electric motors.) 
Servomotors used in ordnance equipment are 
near ly always of either of two main typos: 

n. A-c instrument servon1otors. These are 
small fractional-horsepower induction motors 
powered by two inputs-(!) the ship's u.-c power 
supply and (2) the output of the servoamplificr . 
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Figure 3- 41, part B, illustrates one type of 
a- c servo motor and its circuit. The motor is 
alweys directly geared to the load, which may 
be a small indicator or computing mechanism 
co1nponent, a synclu·o, etc. (Synchros will be 
discussed later in this section.) lt in:iy slso lle 
gea.t·ed to an a-c damping generator. conven­
tionally, the motor has two windings . One, the 
1·eferencc winding, is continuously energized by 
the ship's a-<; supply (which is often called the 
REF F.HENCE VOLTAGE.) A capacitor is usually 
in this circuit . The other winding receives the 
amplifier output, wllicb is an alternating current 
of' the same frequency as the reference supply, 
but differs in phase from the current In the 
refel'ence winding. This ineans that at any instant, 
it will differ in ntagnitude and often in polarity 
fro1n the reference s upply. In most servon1otor 
circuits the capacitor functions to develop this 
phase di fference. \Vhen only the refere11ce supply 
is fed to the motor, its rotor (which has no 
winding but is only an aluminun1 or covper cup, 
shell, or cage secured to the output shaft) will 
not turn. \Vhen the amplifier puts out n cur rent, 
the motor will develop a torque whose direction 
will depend 011 the phase relationship between the 
reference and an1p!ified output currents. Since 
the power developed by a-c servomotors is quite 
s msll, the motot· output may itself be used to 
control a hydraulic servo which develops greater 
1)0\V~t . 

b. Direct current mount power drive 
motors. 'l'hese inotors are high-powered tu1its 
used as described below in conjunction with 
amplidyne generators to drive gun inounts in 
train and elevation. The mrun drive motor shown 
in figure 3-41 , par t A, is of this type . 

P0\!!8R T RANSMISSION 

In a small electrical system, like that in a 
torpedo or mine, the power source , lhe t rans­
mission lines , and tile s imple or elaborate op­
erating eq,uipn1ent must all be scaled down to 
fit a li1nited space. Jn an electrical system 
serving 11 city or a count ryside, the power 
demands a.re heavy , and large-size components 
!ll'e necessary. Alternating current from huge 
gene1·utors may .be transported for long dis­
tances over high- voltage lines . 'l'ra.nsfo rme!' 
stations, making practical use of the principal of 
induction, convert U1e cur rent and voltage to 
values safe for industrial and residential use. 

Shipboa1·d electrical systems occupy a posi­
tion somewhere between the:;e two extremes. 
The Ship's 1nain generators, connected to a 
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cable system through two or more switchbonr-Oi 
supply current for many routi ne uses. Tl 
total power available must be great enough t 
meet the demands of varying conditions, b 
eluding battle. 

1\ll possible safety precautions are observe: 
The cables pass through special packing glSt.<l 
between one ship unit nod the next. Junctiei 
and splices are made through special boxes 8l> 

terminal boards . Tests are frequent and tborou~ 
Turrets and mounts have their own very el!l 

01·ate wiring systems. Specific wirlng syste!ll 
are described in the NnvOrd publications (cj 
and OD) for the ordnruice installations . 

ALT ERN/\T!KG CUHRl:;NT 

In alternating current, as previously mer· 
tioned, the di rection of electron movement 11; 
verses riipidly and r epeatedly. Though stil 
applicable, Ohm's law no longer dea.ls with sin 
pie resistance as the Single obstructive effel 
that limits current flow at a given volt.age . In S\ 
circuits, specific types of clrcult elements als 
have other obstt·ucllve effects on current noi 
and these effects vary with the a-c frequena, 
These effects a.re called C/\I>AClTANCE and I! 
DUCTANCE, and in any a-c circuit they must Q 
taken into account along with resistance. The~ 
effects al'e not rest.l·icted to obstruction of cw. 
rent flow; as we previously noted in connectit 
with the explanation of the capacitor in a; 
servo motor operation, they c an change ti 
phase of one a- c volt11ge with respect to anotbel 

ln addition, there are Still other rainificatiott 
to this subject. Though they are important I 
detailed consideration of the functioning of ~ 
electrically operated ordnance equipment, theol 
aspects of s.-c theory are beyond the scope o 
this course. Junior officers assigned to com­
munications or fire control will find that lb 
enliS!e(I men specializing in these fields art 
well grounded in theo ry, as well as in ii 
practical applications. The ordnance publicl· 
tions on specific i terns o:f equipment frequentt; 
cover those aspects of the theory that !ll'e ~ 
sunied to be new in the reader's experieOO!, 

SYNCHROS 

A synchxo is an a- c energized device th! 
looks like a small mot.or 01· generator, but 
closer in operating principle to the transfornie· 
All synchros have a wound rotor and a woun. 
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slator, with s lip rings and brushes to connect 
the rotor vlindings to the ren1ainder of the 
~'stem . 

Jn terms of functioning principles, there are 
five types of synchro: 

Synchro transmitter 
Synchro receiver 
Synchro control transformer 
Synchro differential tr ansn1itter 
Synchro differential recei vei· 

Any synchro systen1 includes two or more of 
these units, one of which must be a synchro 
transmitter. Synclu·os are made in standard 
sizes and electrical characte1·istics , in two main 
varieties - one designed ror operation at 60 
Hz, the othe1· variety designed for operation 
al 400 Hz. Principles of functioning apply re­
gardless of difference in size and frequency 
rating. To unde1·stand these principles, we'll 
discuss first a system comprising a transmitter 
and a receiver, then go on to the other types. 

SYNCHRO THANSMITTERS AND SYNCHHO 
RECEIV EHS. A synchro transinilter (nlso called 
a syncbro generator) transrnl!s an electrical 
signal that varies with lhe angle of rotation 
of its s haft, This signal goes through thr ee 
conductors to a synchro receiver (also called 
a synchro 1notor) . An additional pair of con­
ductors furnishes excitation voltage from the 
a-c reference supply to bath the recci ver and 
tile trans1nitter. See figure 3- 42. The synclu·o 
receiver responds by causing Its own shaft (if 
oot too heavily loaded) to rotate through an 
angle corresvonding to the signal . The two 
e!Wta turn through the samP. angle nnd in the 
same direction (for example, both 30° clockv.-ise 
or both 15• counterclockwise, and so on) . See 
figure 3-43. 

The two drawings in fif,'Ure 3-43 show how a 
transmitter or receiver (these arc electrically 
similai') ls constructed. The stator contajns 
three evenly spaced, electrically connected coil 
11indings, The centrally located rotor is also 
wound as a coil. The rotor wi nding is excited 
bj' the a-c reference supply. 

When alten1ating current flows il' the rotor, 
it creates a r'!-!)idly reversing magnetic field. 
This field induces cutrents In the stator coils; 
ti',e stator currents produce fields whose total 
e1£ect, or resultaut, at auy given instant, directly 

t ewoses the field of the rotor. 
if To form a conventional trausmlttcr- receiver 
r. arrangement, two synclu·os are "ired as shown 
,; In figure 3-44. Normally, however, the distance 
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1!010ft 

=f::=:. 1,11<1:i 
Il l ~ 'IA(I 

~===========::! } STATQlt ll tl f S 

12.156 
Figure 3-42 . -An elementary s ynchl'o system. 

separating the synchros is much greater thau 
the drawing indicates . 

Jn their at- rest position, t.he two synchros 
are as shown in part A of the illustration. An 
input (th.tough gearing or a handcr ank) turns 
the rotor of the synchro t ransmitter as shown 
in part B. Th.is upsets the balance of the mU{,'l'etic 
fields throughout the system. 

In restoring the system to mai,metic balance, 
the clcctron1agnetic forces acting on the synchro 
r eceiver turn its rotor to a position co1Tcsponcl­
ing exactly LO the position taken by the rotor of 
the transmitter. soc pa.rt C of figure 3- 44. 

\Vb.en the si1.rnaJ changes again, this sequence 
of events is repealed. 

A synchro receiver of the type just described 
can be coru1ected through shafting and gearing 
to turn a very light load, such as a dial . If, is not 
powerful enough lO turn a heavy load like a gun 
mount 01· a missile l auncher. A special kind of 
synchro receiver called a control transformer 
can, however, act tlu•ough a rnoto!' to turn a 
fair ly heavy load. 

SYNCHHO CONTROL TRANSFORMER. Like 
the l>asic synchro receiver , the contt·ol ti·ans­
fon nex recei\•cs an electrical input signal from 
a synchro trunsniitler . In the control trans­
former, however, the rotor is designed to pro­
duce an output voltage proportionnl. to the in­
coming signal . After being :unplified, as shown 
in figure 3-45, !his output voltage dri\•es s rnotor 
(called a servomotor) that operates a gearing 
system to turn the load. 

SYNCHRO D!Ff'EHENTIALS. Two types of 
synchros used in fire control are similar in 
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pu."PQse to the mechanical differential that <Xlt• 
tinuously adds or subtracts t\>o changing inputl 

1'he synchro differential transmitter (nlsi 
called n differential generator) receives two 100; 
puts: (1) a mechanical signal thal turns its ~ 
and (2) an electrical signal tblll Is fed into UI. 
stalor windlngs. The output of this syocbJ·o is Iii 
electrical signal that cxacUy measures the Bill. 
(or, if wired £or this purpose, tho differen~ 
of the two Inputs. 

The synchro differential receiver (also cnlle< 
a cUiferential motor) corublnos two electrlcll, 
signal inputs to produce a mechanical outpul 
This output consists of a rotor torque or mo-.~ 
ment that accw-ately represents either the swr 
or the diffel'ence of the two inputs. 

12.170 
Figure 3-44. -A representative synchro system. 

USll\G PAiltS OF SYNCllROS. 'l'be accuracy 
with which a synchro receiver or control lrant· 
forn1er will duplicate the signal r .. om the tran&­
mitler is on the order of n few minutes of nn 
differance between the signal ns transmittc~ 
and the signal Bs received. In some applications. 
a few minutes• Inaccuracy Is not Important, Ill:, 
i.n others It Is. For high-precision applications 
a pair of synchro tranem!Uers ls geared to­
gether In the ratio of 3&: l, and is corutectel1 
electrically to 11 pair of l'cceive1·e or control 
transformers similarly geared together. In eocli 
pa.ii', tha unit that rotates mo1·e slowly is tl'l! 
low- speed or coarse unit; the other is the 
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Figure 3-45.- f>..-c instrument servomechanis1n. Pictorial functional schematic. 
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high-speed or fine unit . You can liken this ar ­
rangement to the hands of a clock, with the 
clock hands geared 36: 1 r ather than 12: 1. The 
boor band corresponds to the coarse or low­
speed indicator, and the n1inute hand to the fine 
or high-speed indicator. When pairs of synchros 
are used, the coarse unit covers the full range 
11ilh which the system deals , while the fine 
unit, which rotates a number of tin1es for one 
rotation of the coarse unit, makes it possible 
to transmit with n1uch better accuracy than would 
be possible with the coarse unit alone. 
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SERVOMECHAN!Sl'"!S 

\VHAT THEY ARE. Electrical arrangements 
that cause nlecharucal action to take place nuto-
111atically in res ponse to synchro signals are 
called followups or servomechan.i sms. A servo­
motor is one of the con1ponents of a followup. 

A ser vomotor is a reversible n1otor that 
oper ates in a slave-to-n1aster relationship "ith 
the synchro equipment from which it receives 
it s input signals. There are both a-c and d-c 
types of servomotors. The one mentioned late1· 
in this chapter , in co!lllection with amplidyne 
power drives, is a d-c type. Certain dials and 
n1echanisms in computing equipment are turned 
lly a-c types. 

Figure 3-46 illustJ:ates in a simplified sche­
matic the elements of a ser vosystem. The func­
tioning of such a system is described below 
with reference to how its principle is utilized 
i11 positioning a gi.111. 

At a re111ole station, all available informa­
tion about the target is collected and combine<!. 
To the gun n1ount is transmitted a pair of 
order signals telli ng, r espectively, what \"'alues 
of t r ain and elevation will put the gun in :firing 
position. The gun has two power drive systems ­
one for train and one for elevation. One of these 
is shown in figure 3-46. Each system receives 
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Its own order signal :ind performs, lndependenUy, 
the actions outlined below. 

1. The order signal is compared with the 
actual position of the gun. The result of this 
comparison Is a cornmand (cnllod the error 
slgnlll) telling how far and In which direction 
the gun musl move. 

2. \Vhen properly o.mpliflcd, lhc orror signal 
operntcs tho controls of a power drive. 

3. The po,.er drive moves tho loud In such n 
way as lO reduce the error. 

4. \\'hlle the load ts being driven. a response 
signal Is senl bsck continuously a.nd automatically 
for comparison "ith the order slgnnl. 

5. \I/hen the two error signals (train and 
elevt1tlon) have been reduced lO zero, the gun is 
In lho ordered pos ition for firing. 

/\-C INSTRIJ:\IEJ\T SEHVO~IECHAl\1S:ll. Xow 
consider bow the servo principle Is npplied In 
a typical Instrument servomechanism or '•follow­
Up" using an a-c reference voltage. Compare 
figure!< 3-45 and 3-46. In figure 3-45 the parts 
In tM: mechanism corresponding to lhe diagram 
of figure 3-46 are a synchro control transformer 
which serves as the signal rt:cct"er and com­
parison device, an electronic amplifier and a-c 
servomotor which together 001·respond to the 
powo1• drlvo, and gearing from the motor which 
drives the load and the synchro conlrol trans­
former rotor. The amplifier mny be of the tube, 
n1agnct1c, or trnnsistor type, or a comliinalion. 
The load 1nay be a dial, a computing de,icc, 
a hydraUlic valve, a synchro lransmlttcr, etc. 
\Vo omit ll number of components used in many 
systems to ln1pro..-e the stablllly and response of 
the servo, such as damping generators, amplifier 
feedback nnd stabilizing circulll;, discrimination 
circuits whlch aulomatically select the appro­
prlnto Input signal, capacitors for Improving 
eloot.r.·loal chnrncterisllcs and fo1· changing phase 
relallonships, etc. 

The Input lhat starts tho servomotor is the 
output volt.age of the synchro control trans­
former. This voltage has to he amplified before 
It can be used. .>.s the servomotor turns, In 
re~ponsc to the input voltage, the rotor sbaII 
furnishes a mechanical output to the gearing 
that turns tho load. 

The load In figure 3- 45 18 connected back, 
through gearing, to the rotor or the synchro 
control ll"ansfo1·1ner. Tho result or this mechan­
ical fecdbook is to drive tho rotor In such n 
dh·eouon as to reduce tho electrical output of 
the conlrol transformer. \Vhtjn the load reaches 
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tho position originally ordered, the output of Ult 
control transformer becomes zero, and tho nlotc: 
stops. 

The cX11mple chosen is a common typo a! 
servomcchnnism, but many other vs.rletles ~ 
combinations or components ai·e possible. Jt I! 
p<>ssll>lo lO use a mechanical dU!ercntilll, # 
electrical resolver, a synchro differentlnl trans­
former, a speeinl type of movable-core triw,. 
former, or any of severnl other dovloos for lb! 
error-sensing unit. The variety possible in an:· 
pllflers has already been hinted nt, as v.11 
as In auxiliary cll'Cuits and devices. Severt! 
kinds of molors arc available, and so on. OU, 
the servo principle underlies all these com­
binntlons. 

Now let us consider iai·gor and inorc elall­
orato sorvoi:.yslems used for n gun mou~ 
law1cher, or fire control director. 

A:llPI.IOY:'.'( F. SERVOSYSTEJ\IS 

Hea\'y guns can be (and sometimes ~ 
trained snd elevated by dire<:t handwhecl :ictlci 
through the gearing system. Naturally this ... 
latlvoly slov. and dlf!lcult method Is not nor· 
mnlly ubed In bstUo. But It Is necessary lo: 
ce1·tllln adJu~tment or mllintonanco operationt 

F'or naodorately light loads-such as 3-lool'. 
and smn!!Ol' gun mounts and gun dlrectors­
amplldyno power drives SJ'e reliable and 00o 
curnte. Th"Y are easier to maintain than Ill' 
elcctrlo-hydraUltc systems designed for hea,1e: 
guns. 

In figure 3-47 an amJ>lidyno follO\\-up systt:i, 
bas been reduced to Its bare essentials. T~ 
are a pair of syncbro control transformers (fl. 
lust rilled as a single unit for the sake of shrr 
pllelty), sn nmplifior, an amplldyno motor-geo­
eratoa·, nn() 11 followup d-c se1·vomoto1'. 

In the synohro control transformor the lnpJ 
to tho stator Is an order slgnnl fronl a rcmoll 
synohro trunsmitter, The position of tho roWI 
repro~ents the response of tho load. Tho outpJ 
of the synchro control transformer Is the a·· 
error signal. Actually, twosynehrocontrol tra» 
:ormors-a 1:oarse and a lino one-are useci 
\\'hen the gun Is within 3• of II& ordered positlc., 
the tine synchro ls automatically connoc~ ' 
control the t>ystem Instead o! tho coarse Ollt 

The control amplifier useR gas-filled cler­
tron tubes (Culled thyrntrons) for two purpose! 
First II rccllfles the a-c input; lhnt Is, It cc» 
verts thls Input to a d-c output whose magnitu~ 
and direction measure the o.mount nnd Clil'eCti<J1 
o: error. Second, it L'TlpllUei; the slW1al ~ 
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Flgui·c 3-4·7. - Es:;entinls of an ainplidyno followup systen1. 

9roduces two d- c outputs that are fed to the 
control field v.1ndings in the am:)lidyne gen­
erator, as explained In the paragraphs following. 

The amplldyne generator is a Special adapt.­
won of one lype of ordinary commerical d-c 
generator. such n generator has a wire- wound 
rotor that turns \\1th1n the field of an electro­
magnet on the stator. The upper part of figure 
:}-48 shows a conventionally connected d- c field 
schematic. D<cilalion power to tile field is 100 
watts d-c to p1·oduce field FC. The arrow shows 
the direction of this field. 

The large r circle between the two poles 
respresents tho rotating armature, which is 
driven at constai1t speed by a n1otor (not il­
lusLra~). Rotation in Held FC induces an a-c 
voltage in the armature winding. 

The inner circle In figure 3-48 represents 
the commutator. In the conventional d- c gen­
erator, the commutator connects the armature 
rulput to an external d- c load circuit by contact 
'ilh a pair of stationary carbon brushes, 180° 
apart. The generated (or load) current as it 
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po.sses through the armature winding creates its 
own magnetic field, F'S. Tl>is field, called arma,­
ture reaction. sen'es no useful purpose; Indeed, 
it is a nuisance. 

Normally, other things being equal, the power 
output of the generator will be proportional to 
the excitation power. This generator is assun1ect 
to be a 10- h•v n1achinc (10,000 watts oulpul), Bnd 
the excitntion required is about 100 wnlts. 'file 
"amplification," therefore, is 100 to 1. 

The first step in transforming this orctlnnl'y 
cl-c generator into an amplidyne generator ls to 
short-circuit the two i.>l·ushes as shown in the 
second part of figure 3-48. Now an i111n1ense 
armuture cu1Tent will flow, but if excitation is 
cut down to about 1 watt, FC is reduced, <1Jid 
100 amperes again flow through the armature, 
producing the same armature reaction FS as 
before. 

The next step is to add a second pol r of 
brushes at right angles lo the short- olrcultcd 
pair, and to connect the load circuit over these 
brushes, as sho"n in the third pa1' t of the figure. 
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Now, however, the output voltage becomes ve~ 
low, because the- new output circuit has crealel 
its own ar1nature reaction, FA, which opposea 
FC and greatly reduces its effect. 

Now put n compensating winding, so COR· 
nected that armature cut·rcnt passes tlu·ough i\ 
on the second pole of the electrom agnot, as in tre 
final part of the figure. This winding produc~ 
iield FB to nullify FA thereby allowing FC \J 
become fully effective again. The ordinary d-~ 
gen er nto1' hns 11ow become a basic amplidym 
generator in which full- load output is develope: 
with 1 watt excitation ("am;>lification" of 10,00 
!-0 1), '!'bus it can operate on very low excifa· 
tion (e.g., the output oI the amplifier in figul\) 
3- 47) and still furnish enough power to dr i\"e t 
large servomotor (the followup motor in figun 
3-47). 

Tho an1plidyne gen.,rator must control the di· 
rection of its !o!lowup inotor's rotation, as we. 
as its torque . To accon1plisb this, the ampli<lyllb 
generator has two control fielcls instead of tlu 
one shown in the last part of figure 3-48 . One cl 
these Is wound in the opposite direction to th! 
other. The direction of l"C and of gcneratm 
output depend on which receives more currert. 
from the an1plificr. [;f the an1plificr s upplic; 
equal currents to both control windings, genera­
tor output is zero and the followup nlolor stand; 
still. \'v'hen control winding cur rents dil'for, tb 
followup motor will develop a torque who~t 

direction depends on which current is greater, 
and whose magnitude depends on the amount al 
the diff e rencc. 

The iollowup motor opeJ·ates in a slave- tc­
tnaster relationship with the ainplidyne gen· 
erator . Under a given lond, its speed and tlirec­
tion of turning depend on the amountand dlrectioi 
of its d- c input from the generator . Its outl)lt 
is mecha.'liCal. power · to drl ve the load in till 
r ight di r ection unlit the error s lgna.l has beet 
reduced to zero. 

BLECTRIC-HYDRAULIC 
SERVOSYST EMS 

The electric-hydraulic power drive has beeil 
developed to pet•forrn heavy gun la.ying r eliably 
and r apidly. Previous po1·tious of the chnpte: 
have taken up the components of electric- hybrauli( 
'_)ower drives. \Vhat i·en1ains lo be done is ~: 

>how how the several types of coinponents wort. 
'.Cgether in a unified system. These paragrapbt 
will not go into fine details, but will lirr1it them· 
selves to sun1marizlng major functions. 
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The order signals to an electric- hydraulic 
system normally originate at a reu1ote station. 
'Ibey enter l.hrough a complex unit sometimes 
called an indicator- receiver- regulator, but more 
often sho1·tened to indicator-regulator. Th.ls unit 
contains syncbros and related devices for (1) 
receiving tile order signal and the 1·esponse, 
(2) computing the error signal, (3) run:ilifying 
the erro1· signD..l, and (4) transmitting th.is signal 
to the hydt·aulic system through an arrangement 
of valves nnd pistons. 

Figure 3-37 has already shown a typical gun 
i:oont electric- hydraulic power drive. The student 
s!lould now be able to see how the various units­
whether mechanical, hydraulic, or electric in 
nat.ure-work together. 

A convent ional a-c electric polyphase in­
duction power mot.or, connected to the sh.ip' s 
regular pOWEH' s upply, through a system of re­
duction gen.rs drives the hydraulic pump (A- end) 
at virtually constant speed, regardless of A- end 
output. 

The output of the A- end is hydraulic pressure 
to drive the B- end, The output of the B- cnd is 
rr.echanical act.ion through a :;haft and pinion. 
Tile input the n - end receives from the A- end 
determines the direction and duration of its 
output. In lurn, the direction and amount of 
motion in train or elevation depencl on lhe output 
of the B-end to the i,,>un's gearing systen1. 

To meet varying conditions, n gun mount's 
eleclric- hydraulic system allows a choice of 
se"eraJ methOds of control. Ordinarily the re­
s;xinsible officer or petty officer selects the 
:oosl completely mechanized method that will 
.-ork. Tho four n1ethods of control that may be 
llpplied to a representative 1nediwn-calibe1' gun 
mount, the 5" / 38, ar e designated as AUTO 
(automatic), LOCAL, HA1'"D, and ll'IANU1\L. 

Hgure 3- 49 s hows the sequence of operations 
when the mount is trained in AUTO. (The train 
d!'ive is illustrated, but the same principles 
'PPIY to the elevation drive.) The gun order 
signal from a remote source enters the in­
d:calar-regulator. There the order signal is 
co:npared v.1th the response, and the error 
iignal is generated and amplified . Tho !llnplified 
error signal positions t.he A- end socket r ing, 
tbas regulating A- end output. A-end out:putdrives 
!be lJ-end, which drives the tr !l!nlng pinion and 
rack. Mechanic al response fro1n the gearing ls 
ar. input to the indicator, where with the order 
5ignal it helps to generate the er1·or signn.I. As 
~ position approaches synchronism with the 
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ELECTRIC 
POWER MOTO~ 

'

ELECTRICAL 
GUN OROER 

110.27 
l"igure 3-49. - A train power drive In aulomntic 

control. 

gun order signal, the e rror signal decreases, 
becouting :rero or null when gun position equals 
gun order. 

Jn LOCAL control the trainer's hnndwheels, 
t'ather than a ren1ote source, transmit the order 
signal to the indicato r- regulator. As before, the 
i ndicator - regulator compares the order signal 
with the response and tranJ;mit~ the error signal 
to the A- end. Fron1 that point on, ns shown in 
figure 3-50, the sequence of ope1·ations is the 
same as in AUTO control. 

In HAND control (not available in all mounts) 
the trainer bypasses the indicator-regulator com­
pletely. The handwheels are geared to a nlcchan­
ical followup on the A-end control unit, which 
still receives power fro1n the electric motor. 
In response to the handwheels , the A-end oper­
ate~ the B- cnd until the trai ner's dial system 
(o r , alternatively, his oplical equipment) as­
sures hi1n that the gun is at the ordered posi­
tion . Figure 3-51 shows this sequence. 

The fourth n1ethod, MANUAL control. is used 
chiefly to tro.!n the mount when repairs, alter­
ations, or adjustments, are in progress. In this 
n1eihod the handwheels are geared directly to the 
tniining rack, bypassing the entit'e electric­
hydraullc system. 

OTHJ;H CONTROL SYSTEMS 

The foregoing examples of amplidyne and 
electric-hydraulic control systems have been 
taken £ rom gunnery. Guns, however. are far 
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1-' lgure 3-50. -A train powe1· drive in local con­

trol. 

tl<CT•IC ....... •o•o•~ 

110.29 
Fib'Lll'C 3-51 . -/\ train power drive in hand con­

trol. 

fron1 being the only nlllilary equipment that 
must be moved smoothly, rapidly, and accurately 
in response to lncom'.ng signals. :llissile launchers 
and ccrtttln typos of project.ors have control 
arrangements similar, in many features, lo 
those used with con\·enlional guns. By their 
natu1·e, systems designed to launch guided mis­
siles n1ust be capable of operating even more 
swUtly, accurately, and dependably than any 
except the newest gun systems. As in con\'en­
tionnl guns, the designer's choice of ainplidyne 
or elcctr1c-hydrnulic drives is governed largely 
by the weight and other physical features of tr.e 
given system. 

;\lnny types of lightweight equipment, both In 
the fleld or ordnan¢e and outside it, contain 
electronic ampU.fier- rcctifiers, synchros, servo­
motors, and simple 01· elabor:ite computing de­
vices. Katurnlly tills chapter cannot take up 
these types of equipment one by o:ie. A reader 
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who understands the basic mechanisms used I 
gun ii re control, hOwevcr, should have lllll 
troJble in following an lnstruclional pn.mpb!J 
that tells how similar mechanisms are deslp 
to set a fuze, lo train an nnteru1a., or to sue 
a ship. 

BASIC PlUNCJPL~ AXD 
APPJ.ICATIOXS OF ELF:CTROl\1CS 

All principles that apply to electricity oi• 
apply ro electronics. Elcotric9J prl11clples 11 

concerned mainly with d-c voltages and '' 
voltages with frequencies of 400 hertz and bel<11 
Elect ronios deals \\-itll voltages or all h·cquencle 
and with devices involving the emlsslon, be­
havior, and effects of electrons In vacuwnil 
gases, and semiconductol's. Technically spoaklt.1 
electronics extends into many occupa~lonal ficldl 
In orclna.'lce some of lhe places whel'e clect1·onl. 
principles arc used nrc In gun, to1•pedo, Ill: 

1nissile iirc control systems and sonu.r set! 
Radars use numerous electronic Cil'cuits. 1111 
though 1nosl circuits iire too complex to discu1• 
in this text, sonie basic electi·onlc circuits u: 
devices (both analog and dlgit!tl) are \liscuss<I 
here . 

ELECTRO::\ Tt;BES 

An electron tube is an ru rtlght en\•elope 11 
whicll the conduction or electrons take plMc 
Electron tubes are classified as vncu11n1 GI 
gas-filled. The vacuwn tulio's envelope is 1 
highly evacunt.ed glass 01· metal shell, whlc1 
encloses two or more elements (electrode!: 
The gas- filled tube contains a specific gas­
usually nit.rOj_,<en, neon, argon, 01• mo1·cut•y v:i.por­
ancl nornially has two or three elc1uents. 

\'acuum tubes nrc used more widely lhll 
gas- filled tubes. There are many types of el~ 
tron lubes, ench of Which can be made lo per­
form m1my functions. Some applications nre co:>­
vert!ng a- c volta,,«e lo d- c voltage (re<:llficauoa; 
runplirying weak signals, and generating fro. 
quencies that arc much higher than Uiose tl\I; 
can be produced by conventlonlll a- c generators. 

Vacuum Tubes 

All vacuum tubes have at lt:ast a cuthod<, 
an anode (plate), and n cathode heater (filnmonl)j 
ln most applicalions, the rllament 111 soparnt~ 
fl·on1 the cathode, but In some oases tho !Ila.med' 
anci cathode are common as shown In figure :l-5t 
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Figure 3-G2. -Methods or healing the cathodes o{ 

elect1•on tubes . 

DIODE. -The simplest vacuum tube Is the 
diode (fig. 3-53). ,\s its name implies, it bas 
two elements- the cathodo and the plate. The 
filament serves only as a henter for the cathode 
and is not considered to Ile an elcnient. One 
version of the diode is s hown in figure 3-53A; 
another version is shown In figure 3- 53B. The 
diodo in figure 3-53A bas a directly heated 
ealhode, 11nd the one in figure 3- 53B bas an 
iDdlrecUy heated cathode. 

In ilJ'l electronic circuit the two electrodes 
of a diode act in the ::;anie mrumer as a flow valve 
in a wale1' pipe. (The Britis h 1·efer to the elec­
tron tube us a valve i nstead of a tube.) 

The operation of a cliode is best illustrated by 
eonnecUng the plate and cathode in series with 
batteries and a n1illinmmctcr as shown in figure 
3-M. First the cathode Is brought up to normal 
operating temperature by applying the rated 
rnltage ncross the henter tel'minals. If the baLtery 
is connected s o that the plate is posillvti In 
respect to the cathode (fig. 3-541\), the mete" 
will indicate cur~enl flow. Ji the battery ii; rc­
conneckld so that the plate is negative in respect 
to the cathode {fig. 3- 5•1B), the meter "ill indicute 
M current flow. 

As long as the plate rcn1ains negative in re­
spect to the cathode, no plate current "ill flow 
in the circuit , although the cuthode is einitting 
electrons . Whethe r the tube IS conducting or not, 
at a given heater temperature, the number of 
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IN DCRCCTLY H EA TEO 

4.140 
Figure 3- 53. -Cutaway of 2- clemeni tul>es. 

electrons em!Ltcd by the cathode "cmains conslnnt 
regardless of the plate voltage (assuniing that 
the tube is operuling "ilhin Its designed limits, 
of course). The total number of electrons attracted 
to the plate (thus plate current) depends on the 
relationship of plate voltage to cathode voltage. 
As plate voltage becomes more positive in respect 
lo the cathode voltage, plate cur rent flow in­
creases until saturation (maximum current flow) 
is r eached. As it beco1nes less positive, plate 
current flow decreases until the tube's cutotr 
(no current flow) point is reo.chcd. {Cutoff is 
reached when the plate voltage goes negative in 
respect to the cathode voltage.) 

Because current can flow In onlyoncdirectlon 
through n diode its basic use Is as a rectifier·. 
If the \Jattory In figure 3-54 is replnced with un 
a-c voltage source, current will Oow through 
load resistor It only on alternate half-cycles­
when the plate is positive with respect to the 
cathode. The rectified output Is hail- wave pulsat­
ing d- c voltage (fig. 3- 55). 

By inodifying the circuit ns shown in figure 
3-56, full-wave rectification (and twice the aver­
age d- c voltage output) can be obtained. In lhis 
application, 0 11 one alte .. natlon V1 conducts 
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(passes current) up through H while \~ is cutoff. 
On the next alternation V3 conducts up through H 
while \~ is cutoff. 'l'his type ci1·cult rec tifies 
both the negative and positive alternations of a 
cycle of a.-c voltage . 

\Vi th the addition of a f!lter circuit, oon1prising 
ener gy- storing devices (capacitors) and de;ices 
that r esists change:; i n current (Coils), either 
the half- wave rectifier or the full-wave rectifier 
may be used as a d- c power supply for various 
ordntu1ce equipn1ents. The type of power supply 
filter circuit used depends on the requi rements 
of the circuit. Some equiptncnts require s1noolh 
d-c ,·oJtage whereas others do not. Some equip-
1nents require large an1ounts of cur rent , but 

70 

ll~'I ~ G 
!N?UT 

VO!.. TAG! 
(f iJ 

1c: 
I 
'2 

I 

,, 
/". ''y'"\ vv 

[\ 'V\ 

20.2; 
Figure 3- 55. -Si mple half- wave rectifie r circua 

and wavefoi·ms. 

·ti '• ~" .. ,,,,. 0 0~11 V'¢t.lA.k 
~ 1'0 \' l 

.. _'. ti. tt l) 

t)\-JA~~~ 
\'1 · . .. i 

ll 

A 

.. . . "" ' f'l .. ,,. 
I : ~ ~!1111,1,,....;:• @'-

vi a= :::.L'.l ll 1_.:=t :_~ 

l , \t t, 
4ifl1r\ l • Q.rR~t.\" 

-:-- J '--~ ; lll Vt . , . ' \ ; \ .. ...... ·.~ 

- ---TIME -- -

8 

20.28 
Figure 3- 56.-..'limple lull-wave circuit and wave­

fonns. 



Chapter 3-BASIC SCJ l~NCES FO!l NAVAL OHPNANCE AND GUNN EHY 

oihers do nol. An example of a full- wnve rectifier 
Ind filter ls shown in fig<lre 3-57. 

Olher applications of the diode arc d\S(.-ussed 
m Basic Elcclronics, KavPers 10087 series. 

TRIOO I':. - The t<iocle, a 3- elernent electron 
tube, is Similar in const1·uction to lhe diode, 
except that a grid of fine mesh wire (the control 
grid) is added between the cathode and tho pin.ta. 
Tbe space between the meshes is lnrge e11ough 
w allow electrons to flow from cathode to plate. 
But the spnce is suffioienUy small and the grid 
i$ close enough to the cathode lo control effec­
ti•ely the flow of plate current when the proper 
•ollage is appllcd between the cathode :Ind grid. 

The schematic representation and construc­
tion lentu1·os of a typical triode nre shown i n 
figure 3-58. F:lcctrical connections to lhe elec­
trodes are rnndc through wires to the base pins. 
The cathode sleeve surrounds the filv.n1ent, and 
is insulated fs·oru it. The control grid Is placed 
closer to tho cathode than to the plllte. 

Although they ba,·c other uses, triodes are 
UEed mainly 118 runplificrs. Plnte current In a 
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Figure 3- 57, - \V1iveforms of current :i.nd voltage 
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tube, 

triode ampllfler is controlled by \he grid- to­
oathode voltage-whether n-c or d- c . ;\ smill 
change in grid voll.3,,ae produces a reJalively 
large change in plate current. This grid voltage 
can be either lhe a- c signal voltnge or the nega­
tive d- c voltage referred tons tho bins and applied 
between tho control grid and cathode. Figure 
3-59 i1Justr11tcs the effect on plnte ourrent of 
making lhe control g1' id voltage JJJ'<>gi:cssively 
less negnli ve with resvect to the calhode. \\.'hen 
Ute negative bias is high (Cutoff or o.bovc), as 
in figure 3- 59A, no plate current flows, because 
the negative charge on tho control grid is suf­
ficient to repel the electron back to the cathode. 
As the bins is reduced (fig. 3-59ll), current 
begins to flow, and with zero bla~ (Clg. 3- 59C) 
curr·ent flow ii; maximum. The grid may be con­
sidered M elect ronic control vflJve Lho.trcgulut.es 
the flow of elect1·ons through tbc tul.Je and through 
the load In the plate circuit. Thus on o.- c signal 
added to (or subtracted fron1) tho grid bias 
causes the platclonclcurrcnt(ip)- snd, therefore, 
the pl ate voltage (ep)-to vnry in tb.e same 
ma.n.ner (fig. 3- 60) . This is true. or course, 
only o.s long as the input signal Is small enough 
that it does not cause the tubol to satu,.ate or 
cutoff. The relatively large vnrl uUons in plate 
current und plate voltage, which ooneUtutc the 
output signol, are caused by small vari1ttion in 
the input signal to the control grid. Thus the 
cont1·ol grid signal is said to be Wltilllfied in the 
plate cl rcull. 

In 11.ll tt'iodo amplifiers the plutt! voltage (and 
current) d~8 not vary in Ute smno manner as 
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the signlll applied to the grid. If tho applied grid 
signal voltage and bias voU.~gc are negative 
enough to prevent plate current now, the output 
voltage will not vary in the smne 1nanner ns the 
i nput voltage. Tho stuue will be t r ue if n combina-
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tion of the voltages causes ma.ximlll'n curi:el'i 
now (saturation) in tho plate circuit. 

At high frequencies the triode is l!mited 111 
an amplifier, because of certain undesirabl; 
characteristics appearing at high frequencies. 
This chnraoteristic causes the a-c reslstano< 
( reactnnce) between the elements of lhc tube tt 
decrease as the frequency increases. Arter lb! 
frequency has increased sufficiently to make tlw 
intereleotrode l'eactMce small 01• near ?.oro, th! 
tube is no longer useful as an amplifier. Thi! 
efiecl Is similar to connecting the clement! 
togethcl' with wire. To overconie this undesirable 
effect, special rr1ulti-eloment electron tubes wer1 
developed for use al frequencies of 100 megJ.· 
hertz (:llHz) and above . 

iVJULTl- 8LF.MENT TUBES. -Many desirabl! 
characteristics rnay be attained in electron tu~ 
by using more Uian one gi·id. Sonic conunon typer 
oI multi - ele1nent tubes Include tetrodes, whk) 
oonta.in four elcctrcdcs, and pentodes, wbicl 
oontaln five electrodes. Olhcr tubes oonlainil\ 
ns many a.s eight electrodes are used for certait 
applionlions. Schen1atic r eprefientntions of lb! 
tetrode nnd pcnlode are shown in figure 3-6L 

Other tubes including diodes and triodes an 
constr ucted especially for high frequency oper!· 
tion. The tubes have very smallelectrodcsplacel 
close together, thus dcoreasingthe intercleotroct 
capacitance (which inorcsses tho reactanoe bo.7 
tween the cl ecti·odes) without alfccting the tube'; 
amplifying ability . Tht:sc tubes ( referred to si 

acorn tubes) ru•e very small physically and w. 
not used e:>.-tenstvely because of theh· limit<~ 
powe1·- handling cnpnbilily. 

Gas- Filled Tubes 

Gas-fl! led lubes (gas lubes) have many <LSe, 

such as, voltage regulntors, rectifiers, elec­
tronic switches nnd triggers, and indicators. 
They nlay have e ither a heated (hot) cutho<le-0: 
nn unheated (cold) cathode. }>lost gas tubes m 
diodes or triodes and capable of handling rnon 
current than vacuunl tlibes of tho srune physic~ 
dilnensloiis . 

Gas tubes conduct when ioni r.ation oc=. 
(Ionization is the process by which a parliole­
gas i n t.h.is caso- loses or gains an electr01 
thereby having a positive or negative char~ 
lt can be produced by collisions of parlioles.i 
l.iy radintlon, and by other means.) 'l'hc ioniza­
tion point (firing point) varies with tube con­
struction and type of gas used. 



Chapter 3-BASIC SCJE!\CES FOR NAVAL OHDNANCE AND GUNNEHY 

•26 "24 -22 

A TRIODE 

NON•LINEAR 
PORTION 

- 20 · 18 °16 -14 -12 

GRI 0 VOLTS Ceo) 

lp -e9 CURVE 

ip=8mo 

ep : 
250v 
J_ + 

350V ~ 

'---lj 1i---+---­
ec•-6V _ 

8 SIGNAL VOLT AGE ZERO 

-10 

.. 20 .. 
:; 16 

NON -LIN S:AR 
?ORT ION 

·s -s 
0 

90' 

14 

12 

-4 - 2 

... ZV S IGNAL 
I NPUT PEAK 

ip -: IOrno 

ep= 

22r V 

+l 

-r 

Op 
ov 

0 

p 
0.0080 

0 

0 

•o 
-6V 

C SIGNAL \ 10LTAGE 2V POSITIVE 

go• 

QOIOo 

90• 

go• 

- 4V 

72.10 
Figure 3- 60. - Triode an1plifica.tion. 

73 

275V 

225V 

ISO• 27 

160' 27 

180" 270 

-sv 

-ev 

5V OVTPVT SIGNAL 

250V 

360' 

0.0060 

0.006 

360" 

360' 

-6V 

ip= 6mo 

+ 
350V = 

l1r--...,.....--
ec =-6V -

D SIGNAL VOLTAGE 2V NEGATIVE 



PRINCIPLES OF NAVAL ORDNANCE !IND GUNl\I::ftY 

A -PLATE 

~SCREEN 
I GRID 

----.--+ - - -

CONTROL 
GRID 

CATHODE 

B 

HEATER 

...-PLATE 
SUPPRESSOR 
GRID SCREEN GRID 

----'-+ - - -...\----"--/ __ 

CONTROL / 
GRID 

CATHODE----<~1 

20.9: .11 
Figure 3-61.- Schcn1atlc diagrams of a tetrode 

( !\) and a pentode (n) . 

After ionization has started, the action 1nai11-
tai11S itself at a voltage lowe1' than the firing­
point voltage. 'To mainlain ionization, however, 
vollai,.-e musl be kept alJove a certain 1ninimum. 
Ii lbe voltag-e across lhe tube falls below this 
minin1urn, the gas deionizes and current flow 
stops. (The voltage at which current ceases to 
flow is known as the deionizing potential .) The 
gas-filled tube 1nay be used as an electronic 
switch that closes al a t:ertain voltage and per­
n1its current to flow and opens at a lower 
voltage and thus blocks the flow of current. 
These Lubes have a ver y high resistance before 
ionization and a very low resistance Pitcr ioniza­
tion. 

GAS DIUDE:;. -The cold- cathode diode re­
quires a higher fil' ing potenti nl than the hot­
cathode diode . The neon glow lamp or neon 
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bulb i s such a cold cathode diode. lts cathoO! 
Il'Hty have the same shape as iLs plate so thu 
the tube can conduct in either di rec ti on dcpcndiq 
only on tho applied potential; or the tube mi1 

be constructed to pennil cur rent flow in ou 
direction only. The passage of current theou~ 
the tube is indicllted by a glow. 

Glow tubes have several applications . The) 
are used to indicate the presence of n voltag<, 
as a source of light, as a rectifier. and asi 
voltage regulator. A schenialic representation<! 
a voltage-regulato1· glow tube is s ho"n in figtui 
3-62A. The black dot denotes that the tube o 
gas- filled . 

Hot- cathode, mercury- pool diodes (fig. 3-6211 
are especially designed to serve as 1·cctifier• 
These tubes have a n1uch higher currcnt- handli•J 
capability than vacuum tubes. Mercury vapor~ 
the gas used in these tubes; it is formed wh~ 
tile small amount of liquid mercury i nclosci 
in the envelope is co1npleLely vaporized by ti!! 
hot cathode. These tubes are not capable d 
supplyi ng tllei1· rated output until the n1ercu~ 
is co1npletely vuporl zed. To prevent damagt 
to the tube, sufficient time niust be allowed fo: 

A 
v-R TUBE 

• 

B 
MERCURY- POOL POWER 

RECTIFIER TUBE 

20.l& 
FiJ,>ure 3-62. - :;chcnintlc dio.grarr1s of two gas· 

filled tubes . 
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the mercury lo \'apori7.e before applying plate 
supply voltage to the tube. 

THYRAT!!ONS.-A gas- filled triode (flg. 
3-63), or tetrode, in which a grid is used to 
control the firing potential is called u lhyratron. 
The firing potential depends upon both the plate 
potential nn(J lhe grid potential. The grid- control 
characteristics of a typical thyratron ru-e shown 
in figure 3-64. Thus it can be seen that the 
firing potential increases as the grid bins in­
creases (beco111es n\ore negali\'e). A grid bias 
oi -4 volts requires approximately 35-0 volts 
on the plate lo cause conduction. A grid bias 
of -7 volts requii·es 700 volts on the plate to 
cause tube conduction-thus plate cul'rent flow. 
When conduction s tiu·ts the grid loses control 
and no longer is effective as a control element. 
To stop plate current flow the plate voltage 
must be reduced to the deionizing voltage. \\/hen 
conduction starts, the grid loses control and n 
positive ion sheath is lonncd uround the negative 
grid. This sheath neutralizes the negative grid, 
t!Ns destroying its cffeclivencss as a control 
element. 

Thyratrons have many practical applications 
in relay and t1·igger Circuits. 

SEMICONDUCTOll OF.VIC ES 

Semiconductor devices or se!nfconducto1·s 
(Sometimas 1·eferrcd to as solid state devices) 
are being used in ahnost all tn)es of military 
electronic equipment. Virtunlly all new equip­
ments incorporate lhem. :'.!any equipmenls use 
!hem exclusively . 

ln addition to replacing the electron tube in 
mauy circuits , the se1niconduclor has no<:>lectron­
tube counterpart for many of ils uses . Transis­
tors and most other semiconductor devices a1·e 
more complex than electron tubes and requi re a 
substantial amount of background knowledge to 

20.18 
Figure 3-63. - Thyratron. 
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Figu1·e 3- 64. -Grid control chaJ·acteristic of a 

represento.tive thyratron. 

understand completely their theory and operalion. 
Some publications (such ns Basic Electronics, 
NavPcrs 10087 series, G. E. Tronsistor };JanUiU, 
and Electronics by Chi rlian and ~emanian) ex: 
plnin semiconductors in detail andcnn be obtained 
from UuPers or the public lib1·ury. 

Semiconductors DiO<les 

\Vhen 1'- and N-types of semiconducto1· mate­
rials are combined in n\anufncturc, the 1·esult 
is a se111iconductor diode . (P- type se1nlconductors 
are inaterinls treatccl-dopcd-with an impu1·ity 
to give the111 an overall positive charge, and 
:-I- type semiconducl01·s are those treated to give 
the1n an ove rall negali ve charge.) Jf the proper 
bias voltage is applied, the diode will conduct 
heavily in one direction and ver·y little in the 
other direction. 

Like electron- tube diO<lcs, semiconduclor 
diodes serve us rectifiers, voltage regulators, 
Md in other uses . Semiconductor diodes hav<:> 
additional useful appllcalion , Semiconductors vary 
in si"e 1·nnging fron1 smull ones with current 
ratings of less than one 111illi runpere (.001 an\per·s) 
Lo large 500-runpere rectifi<:>1·s. 

Sen\iconductor diO<les arc classified according 
to construction as the junction typo or point 
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contact type. Both types a1·e represented pic­
tor io.lly in figute 3- 65 . Modifications of these 
cliodcs are used for various purposes, some of 
which a.re represented in figure 3-66, Figure 
3-66A is a diode (called zene1·) voltage-regulating 
circuit, figure 3- 661.1 is a zener diode tempera­
ture compensation circuit , and figu re 3-66C is 
a basic photodiode circuit which uti!i7.es varia­
tions in the light impinging on the junction to 
produce output current variations. 

Transistors 

A sin1pJe transistor can be constructed by 
placing two s emiconductor diodes back to back 
v.'ith the center element common to both junc­
tions. 

Transistors are made of PNP and NPN mate­
r ials. The Px P transistor and the :\Pl\ transistor 
operates basically the s aine except that current 
flow in one is in a direction opposite to t..liat in 
the other type, and bias- voltage polarities are 
reversed (refer lo figure 3-67) . 

P·TYPE 
CRVST'AL 

JUNCTION 

____ .,,.. __ 
, 

,,. ,,. ,,. 

N-T YPE 
Cl!YSTA!. 

PICTORIAL 

A 

POINT 

CATWHISKER 

CONTACT P-REGION 

~ 

N REGION 

- LEAD 

P REGION AROUl·-10 POINT CONTACT 

B 
20.23: .25 

Figure 3- 65.-Junction (A) and point contact (D) 
transistors . 
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Figu1·e 3- 66. - Diode uses. 
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Trans istors are small, yet rugged . They can 
withs tand very high centrifugal forces . Reing 
solid devices, they requil'e no special envelope 
and no filantent power. Ellln lnating fil runent 
power greatly increases the efficiency (com­
pured to electron tubes) . They are c apable of 
operating at frequencies far above the cperniing 
limits of any conventional electron tube . 

T1·ansistors also operate well with low­
voltagc power s upplies (some at a fraction of a 
volt), and they are capable of operating with 
powe1· outputs greater than 100 watts. Finally, 
transistors have a very long luetilne - some­
times over a hundred thous and hour s . 

TETHODES. -A tetrode lransisto1· is pro­
duced lly adding a four th olement to a 3- eleinent 
transistor . In the junction tetrode, the fourth 
electrode is essentially another base, whe1·eas 
in the point-contact type, it is essentially aiiother 
emitter . The tet rode t ransistor permits a highe r 
frequency response and a higher power output 
titan the 3-eleinent transistor . 

Comparing Tubes and 
Semiconductot' S 

Sen1iconductor diodes have an emitter and 
a collector , cor1'espondi ng respectively, to the 

Pl.ATE 

GRID 

INPUT CATHODE 

- + 

-c .---=----., 

p 
8ASE .. -e 
I NPUT 

p 

COLLECTOR 

E EMIT T! R 

~ - • -

OUTPUT 

--

OUTP\IT 

E 

0 
P NP 

c 

1.2SO 
Figure 3-68. - Corresponding elements in triode 

and transistor. 
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cathode and plate of an electron tube diode. 1'~ 
t ransistot has a collec tor terminal that corr~ 
sponds to the triode plate, a base terminal tllr 
corresponds to the grid, and nn emitter terruir.# 
that corresponds to the triode cathode. 

Figure 3- 68 shows the similarities lletwe 
basic circuits using the triode tube an(l Ute S 
ele1nent transistor, both XPN and P!\P ty~ 
The direction of electron flow is fro1n thecnthodl 
to the plate in the tube and from the colle<:I.: 
to the emitter (against the arrow in the entittcj 
terminal) ill the PN P and from the emitter ~ 
the collector in the N PN. 

BASIC ELECTHON!C CIRCUITS 

Son1.3 hasic elect1·onic circuits ai·e used I• 

this section to show the principle of opcrntton a 
the more complex circuits such as those fou: 
in radars, con1puters, nnd v.reaporl pO\\'eJ· dri~ 
arnplifiers. The circuits usec.l hero arc sin1plifiJ 
for instructional purposes . 

Hectii ier an(l Voltage-Regulating 
Circuits 

Basic rectifier circuits and voltage- t'egulaliJ\ 
ci rcuits using electron lubes were dis cusael 
earlier in this section and are not discus&.e 
further. 

uasic semiconductor rectifier circuits ~ 
shown in figure 3-69. Their operation is the sami 
as that of the electron- tube rectifier circuits 
There may be a small difference in citcuit cot· 
struclion howeve1' . The se1niconductor rectifiei 
circuit n1ay have a Snlall surge resistor (R~ 
connected in series with the diode to limit iu 
peak cur1·ent . 

The bridge rectifier circuit in figure 3-6~t 
(or F) is a full- wave rectifier that with n s imilt: 
input has twice the output of the full-wave, center· 
tapped circuit s hown in figure 3-698 (if bolil 
circuits use the sante input t ransforn1ers). 

Each rectifier has advantages and disadvant· 
ages. The half- wa,•e rectliier is the least GX· 

pensive but tile hardest to regulate. The lul!-wa'~ 
bridge rectifier is tho most cxp~nsivc but ti; 
most efficient rectifier . 

The bridge rectifier uses the entire seconds.r; 
winding of its input transformer on each hall· 
cycle of operation. On one half- cyc le cut"t'ent 
flows from point 2 to l , then in numerical se· 
quence fro1n 3 to 8, and then on the next hall· 
cycle it flows in sequence from points l to z 
8, 4, 5, 6, 7, 3, a.nct back to point 1 con1plctir{ 
the circuit. 
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Figure 3- 69 . - Basic semiconductor rectifier 

c!rc.iits. 

A simple voltage r·egulator c ircuit employing 
a zene1· diode is shown in figure 3-70. The 
Zenet diode has properties that make it an 
excellent 'i'Oltage re&'lllator when the p1·oper bias 
voltage is applied. lf the voltage between points 
1 and 2 increases, the current flow through the 
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Figui·e 3-70. - Simple shunt v-oltage- regul ato:r. 

Zener diode increases, but its resistance de­
creases. The voltage across the Zener and the 
parallel load (R Ll remains conslnnt. The addi­
tional voltage would drop across the series 
xesistor H. 

Other ' 'Ollage regulato:rs such as those in 
figure 3- 71/\ use both Zener diodes and h·nnsis­
toi·s. Still others, such as that in figure 3-7111, 
use a regulating 11.rnplifier fot· improving voltage 
stability . 

.~n1plifiers 

Amplifiers are classified according lo use, 
bias , f!•cquency, response and circuit configura­
tion. Generally, amplifiers 1u·e a combination of 
these classifications. An exarnpl<:> of this wollld 
be a class A (bias), grounded-cathode (circuit 
configur ation), audio fr equency (f1·cquency re­
sponse), voltage (use) amylii!er . 

When classi fied according to use, amplifiers 
fnll into two general groups-voltage amplifiers 
and power an1plifiers. Voltage arnplHier·s are 
designed to pr·oduce a large change in output 
''oltnge, across the plate Joru:l by applying a 
smnli input voltage (signal) between the grid and 
cathode. The gain of r1 volt.age arnplificr is the 
ratio of the a- c output voltage to the n-c input 
voltage ('loltage-oul/voltage-in). Voltuge ampli­
fie r s are con)monly used in rad:u·s and com­
puters. 

Power amplifiers are designed to delivei: a 
large amount of power to the load in Uie plate 
ci rcuit of the tube or the collector (or e mitter) 
Circuit of a trnnsistoL'. 

They are used: (J ) to driv-e servo motors in 
computers. (2) in output stages of r adru·s, and 
(3) output. stages of power-drive 1unplifiet s on 
gun mounts and other ordnance units. 

Amplifiers that are classified acco1·ding l:o 
bias fall into three mai n classes of operation, 
A, 13, and C. 

CJai;s A amplifiers are biased (grid- to- cathode 
or base- to- emitter) so tllat with a normal signal 
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Figure 3-71.-Rasic semiconduc tor voltage r egu­

l llto1·s . 

input Uie tube 01· tran~lstor will conduct during 
the enli re grid signal cycle. As long as the 
runpliflcr ope1·ntes within its limits the output 
will be a 1·eplica of the input. Class A amplifiers 
are used in audio circuits where a reproduction 
of the input is desired . 

Unlike the class A un1plifier a class Il ampli­
fie1· is biased so that no plate current flows in 
the absence of a signul to the g<id or base. 
Plate current flows for approximately one half 
of each cycle (positive alternation) of grid signal 
voltage. Plate current Is cul off for the duration 
of the negative al ternat!on. 

Class C run;>lificrs are biased beyond cutoff -
a.bout 2 to 3 limes the cutoff value. This an1:>1i ­
fier requires a large input signal to cause con­
duction. It conducls only for a :;mall portion of 
the pos itive alternation of the Input signal . Class 
C operntion is used principally In radio- frequency 
amplifiers :lnd l s never used for audio runpli ­
fication. 

Amplification may be classified according to 
the frequency range over which they are designed 
to ope1·ate. These are known, ns direct-cur rent 
(d- c); audio- frequency (AF); lntenneulatc-fre­
quency (IF) ; r·nd!ofrequency (JU•); and video­
frequency amplifiers. U!rect- current ampl ifiers 

so 

at·e used when the slgno.J current is in but oru 
di rectlon. Audiofrequency amplifiers operate ii 
the audiofrequoncy 1'nnge-from approximatel) 
20 hertz to 20,000 hertz. Intermediatc-frequenv/ 
a1np!Hiers and HF umpllfie1·s operate within a 
parlicular fi·equency range. The_se runplifien 
usually are tuned to a c;;ertal 11 frec1uency (cane: 
n1idfrequency) which varies according to appl:· 
cation. An A?>·t •'adio uses 456 kHz as its IF. 
whereas an F~l radio uses 9.1 MHz. Video ampli· 
fie1·s (used in 1·adnrs, tru·getdesignation di splay$;! 
and TV) operate within a range extending froit 
the lower audloft•equencies to about 5 :\fHl 

Another niethod of classifying amplifiers l! 
accotding to circuit configuration- how the tui. 
elements are connected in the ch·cuit . There are 
three circuit configurations: grounded- cathoa 
(or common- emitter), grounded- grid (or cotr.· 
mon- base) , and grounded- plate (or commor.· 
collector) . 

,o,. grounded-cathode ainplifler circuitis sho>il 
in figure 3- 72A. The cathode may be conncct&l 
to ground directly, ns shown In figure 3-72! .. 
or through a resistor (ft) with a bypass cnpacito: 
as shown in figui·e 3- 72B. (The bypass capacito: 
holds the cathode at ground potential l n respeci 
to the input signal .) Gomn1on-ernittcr trans isoot 
an1plifiers for PNP nnd NPN ci rcuits ai•e show• 
in figure 3- 73/\ and 3-731'1. 

Grounded-grid amplifiers like the one sho~> 
in figu re 3- 74A a1·c used as radiofrequ011cy 
aL't!plHiers in the lower radnr frequencies an: 
in wlc,rision Ci rcuils. The signal is applied ll 
the cathode in series with the bias voltage. Too 
output is taken between the plate and ground. 
A conimon-basc circuit Is shown in fii,'Ure 3- 745, 
Resistors R1 ond R4 develop fo1·ward bias, 
making ihe emitter positive In 1·espcot to th; 
base. 

The other circuit configuration is the 
grounded-plate amplifier (fig. 3-75A) or th 
com1non-collector an1pllfier. This type circui: 
is used in high-frequency applications . The inpd 
signal is to \ht> grid, and the output is taken fr.x. 
the cathode. Com1non-collector a1nplifiers u~io1 
PNP and :NPN transistors ;u·e s hown in fi.gure; 
3- 758 and 3- 75C, respectively. 

Direct-current amplifiers are used c>."ten· 
sively in some analog computers. A ty1>ical d-; 
a_rnpll flcr circuit is s hown i n figure 3- 76. In this 
c i rcuit a fixed portion of the output (feedbacl;j 
is taken from across R ~ and fed back to tbl 
base of Q 2 • This provides stable galns over a 
wide range of frequonoles. 

A high-gain d- c an1plifiex called an opera· 
t.ional amplifier is used in some applications. 
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Figure 3-72, - Grounded cathode amplifie1· cir­

cuits. 

It usually consists of tlu·ee d- c amplifier stages 
in series (cascade), and it bas a gain of up to 
50,000 to 1 01· higher. A typical operational 
amplifier circuit is illustrated in figure 3- 77. 
Resistor R2 is the feedback resistor . 

Some uses of d- c ainplifie r s in analog com­
puters are: (1) to solve equations; ( 2) as algebraic 
adders in summing :unplifie1·s; and (3) as inulti­
p!iers and dh'iders. ,\ schen1auc diagram and 
the equivalent circuits of the summing amplifier 
are shown in figure 3-78. The summing ampliHer 
works on a similar principle ns Lhe mechanical 
dilierential, which was explained earlier in this 
chapter. If thel'e are two or more voltage inputs 
oi the same pola rity, as shown in figure 3-78B, 
the output is the algebraic s um of the input voltages 
11iih tbe polarity of the output reversed ( +5 and 
;3 • +8. By reversing the polarity, +8 beconics 
·8). If the polariti es of tho input voltages nre not 
the snrne, as in figure 3- 78C, the output is Sti ll 
the algebraic sum of the input voltages with the 
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Figure 3- 73.-Comnion- emitter circuits; A. PNP; 
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polar! ty of the output revc1·sed (- 5 and +3 • 2) . 
(The output of a swnming ainplifier is oppesite 
in polarity fJ·om the input, which means thnl if 
the Input to a unity gain amplifier is +2 volts, 
the output will be -2 volts.) 

DIGITAL DEVICES 

Digital computers function in the llina.ry­
numbering system using tile digits 0 and L Their 
components represent data that can only be in 
one of two s table states -OK or Off, conducting 
or not conducting, energized or dcencrgi 7.ed. 
The action of a digital device or digit (ll-compute1· 
component cnn best be illustrated by the action 
of a common light switch; it is either OJ\ or 
OFF. 

Binary Nun1bering System 

A brief reView of tl1c binnry nwubering sys­
tem may help you to better uoders tlll\d the digital 
devices that will be discussed later . 
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Figure 3- 74. - Groimded grid an1plifier ci1·e:ult 

and single supply, common-base fixed-bias 
circuit. 

The binary numbeJ'lng syslctn ues the base 
2 and not the base 10; that is, il uses only two 
digits, O and I. Thus, the sequence followed in 
counting up to 1000 (base 2) uses: 

base 2 base 10 base 2 base 10 

0000 = 0 0101 - 5 
000! = 1 01!0 • 6 
0010 = 2 Olll = 7 
0011 ~ 3 1000 = 8 
0100 c 4 

Of course you can easily see that 1000 to the 
base 2 (1000, ) is not equal lo ! O 00 to the base 
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Figure 3- 75. -Grounded plate (A) and cornmoc1 
collector circuits; (R) PNP; (C) NPN. 

10 (100010) . f t is equal to 8 to the base l•l 
A quick look at the number sequence shows tbtl 
the terms are powers of the number 2. Thu; 

dec!rnnl binm·y 

l = ' 2- = 0001 
2 = ·) l - ~ 0010 
A 
~ = 22 • 0100 
8 = 2~ - 1000 

).6 = z< = 10000 
3? . - = 2 c. :: 100000 
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INPUT /) 

-
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-
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~ 
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100 Jl. 

15K 
v 

. 
.f.IZV 
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22~ \. ' IOI<. ALL I ' TRANSISTORS -

ARE TYPE 13V JN717 ~ 
'., 't --~ 2Nl2 33 L.. +25V 

't25V 
+25Y FEE08ACK 

110 .131 
Figure 3-76 .-A typicnl d-c amplifier . 

R2 

RI 
A 

A= 50,000 

110.132 
Figure 3-77. - The typical operational amplifier 

circuit. 

Oinary addition, subtraction, division, and 
multiplication is accomplished in the saine man­
ner !1$ the decin1nl operations. An example of 
addition follows: 

binary 

([l@ 
llO l = 
1001 

10110 

0.) CD= carry 
13 
9 

22 
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Boolean Algel.Jra 

Boolean algebra is used in the study of 
digital devices to determine the "truth value" 
of the combination of two or mo1·e statements . 
Because Booleun algebra is lJased upon elements 
having two po~sil.Jle stable s tates, it becomes 
very useful in representing s witching circuits. 
This is because a swit.chlng circuit can be ln 
only one of two possible stable states nt a given 
time- open or closed. These two states may be 
represented as O and 1, respectively. AS the 
bi nitry numbering system cons! sls of only the sym­
bols 0 and 1, we can llSe these symbols with the 
Boolean algebra. 

In Boolean algelH'a there are three basic 
operations- AND, OR, and :N'OT. The basic ope1'­
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, pai'entheses, or other multi­
plication signs) . The l\OT fu11ction is i ndicated 
by n solid line over the letter Ol' letters-cx­
a1nple: A and .w. 
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Rf 
RI IM 

e, JM 

-A 
R2 eo 

e2 IM 

1 
A SCHEMATIC OF TH E SUMMING AMPLIFI ER 

AND ITS EQUIVALENT CIRCUIT. 

+5V 

i21 R2 IM 

+ -Aeg 

+ 

B AN EQUIVALENT CIRCUIT OF THE 
SUMMING AMPLI FI ER. 

Rf 
_ IM + eo 
--.,... .. 2v 1, rpi i1 

. 
RI t'' 12 J R2 
IM I M 

+ 

- 5V +3V 

- - -
C EQUIVALENT CIRCUIT USING A 

SECOND INPUT CONDITION. 

110 .133 
Figul'e 3- 78. -A. Schematic of lhe sumrr1ing 

a.tl\')lifier and its equivalent circuit; B. An 
equivalent cil'Cuit of the sumining iunplifiet' ; 
c. Equivalent circuit using a second input 
condition. 
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Table 3- 1. - Logic symbols . 

·I 
OPBHATION MEANll\G 

' -~ · B A and J3 

A + B A or B 

A A NOT 
I 

110.134 

Logic Operations 

The three basic logic operations and four a 
the simpler combinations of the three (KOP, 
NAND, INHll.HT, and EXCLUSIVE 01\) are sho'1 
in figure 3-79. For each operation a representa· 
tive switching circuit, a truth table, and a bloc\ 
diagi·am arc given. A l at the input indicatil 
the presence of a signal (corresponding to 1t\ 
switch closed). and a O indicates the absenci 
of a s ignal (switch open). In the outputs, al 
indicates a signal across the load, and a O 1001· 
cates no output. 

For the AND operation every input line (I" 
in thi s case) must have a signal present ' 
orde1· to prorluce an output (or Ill! switc~.ef 
1nust be closed to produce an output). The OE 
circuit produces an output whenever a sig111 
is present nt any input. The KOT operation :; 
simply an Inversion, an input signal produces rt. 
output, while no signal input produces an outpu~ 

The NOl\ circuit operates just the opposi~ 
fi·om the OH circuit, and the KAJ:\1) opera!~ 
just the opposite from the AND circuit. Thi 
EXCLUSI V E 01\ circuit ha.s an output only whE\ 
there are a combination of a 0 and a l input ~ 
not when all inputs are the saine (either O~ 
or l 's) . An EXCLUSIVE Ort logic dingrsm ~ 
shown in figure 3- 79. 

Positive and l\egativo Logic 

Logic circuits mny be utili zed to provide 
''ycs 11 or ''no'' or 11true' 1 01· ''false'' ans\\1er; 
specific questions. l\ ' 'yes' 1 01· 11t1·ue 1

' ans"' .. 
is usualli• r epresented by a binary 1 , and a "no' 
or " flllse" answer is usually a binary O. /I. 
fai· as the circuitry is concerned, howeve,.,' 
i s possible to use either a positive voltage or( 
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FUNCTION SWITCHING CIRCUIT TRUTH TABLE RI 11 CK DIAGRAM 
ANO _r>->: A B .. 

0- l E;> 
0 0 0 ~ ) AS 
0 I 0 
I 0 0 
I I I 

OR ' _p. A s .Q.18 

D l ·e 0 0 0 

~ I I I 
I 0 I 
I I I 

~ • 

NOT 

"f··~ f 21>---1--
l • 

-©-- I ~ 
~ 

Fi 
• ra 

NOR '$ 
A e ..,, 
0 0 0 I 

~ l ~~i 0 I I 0 s 
I 0 I 0 
I I I 0 

-; ';< 

.(-> 8 •• -A AB 
NANO 

l ~--·i}v " 0 0 I 

~ 0 I 0 I 
I 0 0 I 

I I I 0 

INHIBIT j 
•• 

- -r" ~ 1 A 8 AS 

0 0 0 

I 
.... l 

0 I 0 • 
J ) AS I 0 I 

8 I I 0 
~ . 

EXCLUSIVE A OR A I 8 AtS :.a l A.;B1{i8l AtB • 

D-
0 0 0 0 0 8 • 0 0 I {~ •B>(!OJ ~ I ' I 0 I 0 I ) • 0 

~ 

I I I I 

I lO'oll) 

A e 1•3 ~ A§,.~ A 
0 O'O 0 0 :.8 
0 I 0 I I -
I o I ' 0 I .\B•AB 
I I 0 0 0 8 ,/ 

'- AB 

20.47! 
Figure 3- 79 . - Logic operations, comparison chart. 
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negative voltage to represent either binary digit . 
Therefore some distinction inust be made re­
garcling the s ystem of logic for a pRl·ticular 
application. The term POSIT JV E LOGIC is used 
to denote a circuit in which the voltage level 
repi·esenting a blnary l is positive in respect 
to that used to l'eprcsent a binary o. Nt;GAT!VE 
LOGIC is the term used to denote circuitry in 
which the voltage level representing binary 1 
is negaLl ve in respect to that representing bi nary 
o. 
Basic Logic Circuits 

Many of the basic circuits used in digital 
devices are conventional elocti·onic circuits gen­
e,.ally applicable to electronic equipment , Ci 1·cuits 
which perforn1 the logic operations 9reviously 
discussed, provide an output only if certain Input 
conditions exist. They can be classified gcnertl.lly 
as gate circuits and may c1nploy electron Lubes, 
transistors, scmiconductol's, nnd/or magnetic 
co1·es. 

The basic circuits of the inverter, OR, AND, 
NOR, and NA::-ID gates are discussed briefly. 

The inverter or NOT circuit is nothing more 
than a gate an1plifier that produces an invl;)rSion 
of the input signal and has unity gai n. The i n­
verter circuit shown in figure 3- 80 uses a !'NP 
tl'ansistor biased at cutoff by the divide1· H~ 
and R .1 • '!'he input signal is divided by H 1 nnd 
Ro to make circuit gain unity. This circuit 
repre$ents a negative logic ci1·cuit because the 
i nput must be negative tO cause conduction. An 
lnvexter using an electr on tub<: is shown in 
figure 3- 81. 

An OR circuit or gate with four inputs is 
shown in figure 3-82. Many OR circuits hiwe 
only two inputs 01· any other practical nunibe r 
of inputs. The OR circuit shown has 16 possible 
input signal combinations ( 2 4 ~ 16) as illustrntod 
in the truth table. \Vhen any one or inore or the 
inputs receive a positive sibrnnl, the diode (or 
diodes) 1·eceiving that input conduct(s). Tl'ls 
results in a positive-going output at f, measured 
ac ross it L· (This cll·cuit uses positive logic.) 

A ti·ansistorized Al\D gate is illustrated in 
figure 3- 83, This version uses two inputs and 
positive logi.c. The transistors are bia~cd so 
that they conduct down across Rt with no input. 
\Vith either transisto r conducting, there is o.n 
output across RL . The a!Jplics.tion of positive 
signals at A and B at Lhe sRlUe time, however, 
w;n cause both transistors to cease conduction 
and the output at F to rise to ground or zero 
potentitl.I representing a logic l. 
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- 12v 
+ 

Rl 

R3 

RI OUTPUT 

INPUT 

R2 

. 
-. 

0---- -- -------

-12 v 

IN?UT 
o----d 
A 

OUTPUT 
>-----<> 

F 

12. !~5. 2 
J'igure 3- 80. - Tra.~sistorirecl NOT circuits. 

A KOR gate is a combinution of an on ty;• 
circuit and of nn inverter . The NOH circuit i 
figure 3- 84 uses positive logic . \Vith no sigrct 
input (0) the NPN transistor is biased to cut.of; 
and the output at F is positive (1). A positil1 
signal (1) to any of the input termin:>Js (A,~ 
c, 01· D) will cuuse the transistor Lo coudll: 
and Lhc output to go negative. 

The NAND circuit combines the ACliD functi~ 
and the l\OT (inverter) function. In figui·e 3-.:i 
the PNP transistors are biased for maximurr 
conduction in the absence of signals. When posl· 
tive Signals are applied simultaneou$Jy to bot 
transistor bases, both will be cut off, and ta 
output voltage at the collecto1·s goes relotivel! 
negative . (Note thnt both transi stors must be ci;; 

off a t the snme tilnc in Ol'det' to chwgc th!! 
output.) This is a positive-logic );AND circui: 

Flip- F lop Circuits 

!'lip-flop circuits (bistable multivibratori, 
are used in digital device:; to supply an outpi. 
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• 1sov 

INPUT 

RI 
OOTPUT 

R2 

0 

.. 150 v - --OUTPU1 

0-------------

INPUT 
o-----l 
A 

OUTPUT 
/0---oF 

12.135.l 
Flguro 3-81.- F.lcct.ron tube NOT circuit . 

A 

8 
. .. 

c . 
0 

. 
F .. 

. 
R~ 

12.134.'1{2013) 
Figure 3-82. - OR cl rcuits. 

l.nd Its eon\plement at the snmti time. They arc 
tSed also u off-en triggers nnd ior storage 
purposos In counting cl rcult~. 

Two logic synl'.>0ls used to Identify flip- flops 
(regardless of the lnternal circuitry) :ire Sho\\11 
in figure 3-SG. T he symbol in figure 3-66A ha& 
two inputs, set (S) und reset (H) . The symbol 
in figure 3-86B has three Inputs-set, reset, 
l.nd trigger or toggle. Thu output from both 
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A 

6 

QI 

Q2 

-
12.133.J (20B) 

Figure 3- 83. - AXD circnitt. 

A 0--"IVV--, 
BO--'V'<Ar-~ ~-:;...._._o,F 
CO--¥J""-1f--f-[ 
00--N.,..._~ '~'-, 

67.89 
Flgu1e 3-84.-~0R olrouit . 

F 

R,_ 

--

arc the si1me->.et (1) and reset (0) . The set 
input is ust.-d to get a "l" from the t.tll output; 
the reset Input ts u.scd to reset lhc flip-flop 
ior a "l" out of the reset output . nic trigger 
input is used to ehunge the flip-flop from ono 
stable state to thi. othi.1•. This Is accomplished 
by applying tho same signal to bolb transl1:>tor 
bases nt the i.umc tlruc. 

The schcmnUc of e simple tr31lsistor fltp­
Oop is shoY.11 In figure 3-S7. Output1:> :1re taken 
from points l\ o.nd Y. Inputs nre rup1-csentcd 
by switches /I uncl B which tcmpora~lly gr·ound 
these peint" when the lrlgg&t Input Is to be 
applied. Tho trigger input may be applied In 
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A 

-

SET 

s 

SET 

+ 
67 .90 

l'lgure 3-85. - J\,\ND circuit. 

INPUTS TOGS LE 
OR 

TR.GG!R 
INPUT 

RESET SET 
(CLEAR) l"?UT 

c s T 

FF FF 
0 

RESET 
SET 

OUTPUT 

© OUT?UTS ® 

F 

B 

RES<T 
JN PUT 

c 

0 

RESET 
OUTPUT 

124.26 
figure 3-86 . - Flip- 11op symbol . 

R2 

y 

8 

- - - -- -
20.473 

}'igure 3- Si.-Transistor flip- flop circuit, 

88 

several different ways, such as by diode, lransi~· 
tors, switches, relays , 01· otherwise. 

In one of the two stable stales of lhe flip-fl~ 
translslOr Q2 conducts heavily and transiStOr 
Qi is cutoff. \Vith this arrnngomcnt, point Y w!I 
be at ground or zero potonllal, whoreas pointl 
will be nt tho Vee potential. AS you can see, thl 
negaUve potential at point X Is directly connectel 
to the base of Q., keeping it forward b>ase; 
and conducting heavily. If switch A Is now clos« 
momental"ily (sin1ul ating a SF;T input), the bS!f 
of Q 2 !e grounded and the forward bias is re­
moved. Thls causes Q. to cut off and came; 
!ts collector to go negative. applying forwc: 
bins to Q 1 . Then tronslstor Q 1 conducts heavil!, 
mnlntalning the bnse of Q, at ground potontia! 
Jf switch B is closed mon1entnxlly, the c!rcw: 
wil! chango back to its other stable state- Q, 
conducting and Qi cut off. Thus whonQ. conducl~ 
the X output iS negative or n bl nary 1, and YU 
a binary O; when Q 1 conducts, the Y output~ 
l and X output is 0. (This circuit uses 11egnth1 
logic; the \'Oltsge level I.hat rep1-esents a bilWli 
l is nt:gall\·e In respect to the level that i-epn.­
sents e b!nai'Y 0.) 

Flip- flops, along wil.h other devtces, are use 
extensively In digital computers . 

!Store.go l\cslster 

1\ st.or ago regi ster cons! sts or a group if 
Olp- Oops (fig. 3-88), each capable of handli~· 
one bit (a l or a 0) of Information. lt is used ti 

COUNTER 

RESET 

20.41' 
Figure 3- 88.-A four- bit 1·egirster and nssociaie' 

counter. 
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store u word (two 0" mo1·e bits of infonnn.tion) 
temporarily. 

The register iti figure 3- 88 represents a 
storage register that is capable of storingafour­
lil (or less) word such as 1011. The lower g1·oup 
al flip-flops co1nprises the register, and the 
upper group forms an associated counter . Othe" 
storage registers are designed to handle longer 
wor~s. and therefore they have 1nore flip-flops. 
The number of flip-flops depends on the n1a,..i111wn 
.-01·d length expected. 

Storage registers together with other devices 
are used in digital computers to perform mathe­
matical logic computations such as addition and 
atbtractlon. 

Storage Devices 

Digital equipment utilizes var ious storage 
de11ces. This brief discussion is limited lo sonie 
common magnet.ic devices used for stor·ing in­
formation over a period of lime. 

The on- off p1·inclple using magnetic de,;ces 
!s easily understood if we let the magnctl7.ed 
condition represent binary l and the nomnag­
netized condition represent binary 0. In the case 
of m'J.Snetic cores, each core is s mall, and the 
entire core is magnetized in one direction to 
represent 1 and in the opposite direction to 
represent 0. 111ngnetic drums a:nd tapes repre­
sent data as srni<ll magnetized or nonmagnetizcd 
areas on their surfaces. 

A representativo rnugnetic core is shown in 
!igure 3- 89. Its outside diameter is .050 inch; 
its inside diameter is 0.030 inch; its thickness 
Is 0.015 inch. The core is n1agneti zed by current 
flowing th!'ough wires thal tu•e threaded through 
the core. Severa! cores are arr•anged In a flat 
panel inside a frame to niake up n matrix. A 
computer that uses magnetic cores for its com­
P'ltations contains many of these matrices. 

A magnetic drum (compared to a core) pro-
1ides an inexpensive method of storing large 
amounts of data. The amount of data the dr um 
is a.ble to stow, however, depends on the si ze 
of the drum. A representative drum, which may 
have a diameter froni 5 to 24 inches, Is shown 
in figure 3-90. The surface of the d1·un1 is 
dh~ded into tracks or channels which encircle 
it. A number of read/write heads (at least one 
ior each lrack) arc used for recording and read­
ing out information. The heads are placed a 
specified distance froni the drun1. For p1·opcr 
operation, this distance 1nust be constant; tl1ere­
lore, the drum must be perfectly balanced. Ench 
read/wt'ite head is connected in a separate circuit 

89 

DRIVF. 
LINE , 

\~ }'-,, 
0.0SC IN. D ·~ 

......,, 
9.0l51N. 

!..,_/ 
I , 
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' 

COllE __, 

124.54 
Figure 3-89. - A m'<gnetic core. 
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TRA<:!C 

} 
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READ I WAITE CIRCUITS 

TIMING TRACK 

124.60 
Figure 3-90. - Mngnetlc drwu. 

so that rend or write operations can take pla<:e 
on any or a!l tr acks s imultmcously. 

A thii·d type of storage device is uuignetic 
tape. It ls sin1ilar to tape used with commercial 
tape recorders. except that a very high quality 
tape is required for great.er accuracy. Sevcn­
channcl tape (conimonly used In coniputers) is 
<tsually 1/ 2 Inch wide and has a reco,.dingdensity 
of 100 to 500 bimisy bits per inch. This enables 
a 2,400 foot roll to store 3 to 16 n1illion chn1'­
neters (bi ls of infornintion) . The main advantage1 
of magnetic tape i s its ability to store niillions 
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of data bits inexpensively. Under ordinary oper­
a(,ing conditions, 1nugn<:1tic tape is reusable many 
times; data on a used tape may be l!·ansfcrred 
to a new one. 

Another ston1ge device, commonly used in 
digital <:on1puters, is the magnetic disk. Several 
or these disks are used in each computer . They 
rese1nble phonograph records ru1cl are arrar.ged 
in n1uch the saine way as a record stack in a 
n1odern "juke llox." The n1ai.n advantage of 
in::tgnetio disk storage is the high s tor age capacity 
obtainable ft·om a bank arrangement of scve1·aJ 
disks. Some 1nagnetio disk systems can store 
over 5,000,000 coded cligi~s . 

l'lUl\CJPLES OF OPTICS Al\D 
OHL>NA~C e OPTICAL INSTflUM ENTS 

The optical Instruments used in naval fire 
control present a magni.fled image of the target 
to the observer 's eye. At the san1e tinw, the ol>­
s orver ~ees an image of a reticle, or reference 
mnrk, located inside the Instrument itself. By 
accurately supcr ilnposing the reticle image on 
the target image, lhe observer can establish an 
accurate line of s ight to the target. The ra.r,ge­
finder, by establishing two separate lines of 
sight, mal\es i~ possible to find tho target r ange 
by a fonn of triangulation. 

To form the reticle a.rid tro:get images, an 
optical inst.rUlnent must control the patil of the 
light th:1t passes through it. It does so by the 
use of 1011ses 1 prisms, or mi r 1·01·s, 01· so1l1e 
combination of these clements. This section 
briefly reviews the behavior of light as It passes 
through optical elmnenls . Fainiliurlty with these 
basic principles will nu1.ke possible a general 
understanding of most optical instruments. 

NATURE OF LIGHT 

Light is a form of energy. It travels from 
one point to another In the form of waves. Ex­
cept for· their wavelengths and frequency , light 
wa\'eS are identical with other types of electro­
magnetic radiatloii. such as radio waves and 
gnnr!na l'ays. The wavelength of visible l\ght 
ranges !roin 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 increasing wavelength, the 
colors a<"e violet, indigo , bllte, green, yellow, 
orange, and red. Radiation of longer wavelength 
than visible 1·ed ls called infrared, or heat radi­
ation. Beyond infrared are the r adio waves. 
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Hadiations shorter than visible violet arc (in the 
order of decreasing wavelengtJt): ultJ'aviolet, 
X-rays , gamma rays, and cosnliC 1'ays. 

If a s1nall object is dropped into water, i. 
series of concentric circular waves will spread 
out from the point of lnlpact. This pro,ides a 
familiar ru1alogy for the behavior of light waves. 
\Vaves in \Valer , 110\\'ever, mo\•e on a t\\'O· 

dimerisional su1·face; light ,,,.a,,es rr1ove i11 th1·00 
ditnensions . The wave:; that move outward froma 
stnall source of light mey be thought of a.s a 
ser ies of concentric, rapidly expanding sphe=. 

Jn the study of optics it i s convenient to trace 
the path of light rays , rather than wa\•es. Al 
any given point, n light rsy is an in1aginacy 
line used to show the direction in which the llglli 
wave IS m'.>ving. Since the wave is an e>--pandiri 
sphere, its direction of movement at any point is 
along a radius of that sphere. A ray, then, is a 
radius of the sphere fornled by the wa\•e fron~ 
and is at r ight angles to the wave front. 

A ~lesoope or similar i nstr ument will re· 
ceive only a small part of the light emitted 
by the source. Each wave that enters the 1 .. 
strun1ent, therefore, is only n small part of i 
sphere. If a wave con1es from a nearby source, 
the part of it that enters the instrunient will ~ 
strongly cur ved. And the rays (radii of th; 
spherical wave) that enter the instrument will t~ 
diverging. But if the source is at a gi·eut distance, 
the part of the wave that ente1·s the instrumer.l 
will he nearly Ont; for all practical purposes ii 
can be conside red a piano. Since the rays al'e 
perpendicular to the wave f1·ont, the r ays U1al 
enter an optical Instrument fron1 a distant pciot 
can be considered parallel. FigL1!'e 3-9l should 
make this clear . 

In the drawings in this ~tion only a fet. 
r ays are used to represent the light that eniers 
the i nstr un1ent. But rememoo1· that light rays 
ente r an optical instrument at every polnt on i~ 
ilrs t lens . In diagrams of optical inst.nunenls, 
only a few of these rays will be shown. Three 
rays are usually enough to show the path of llghl 
and formation of ln1ages within the instrument. 

Light travels at about 186, 000 miles per sec· 
ond in air. In n denser medium, It ntoves m01~ 
s lowly. For example, the velocity of light t 
water is about 140,000 miles per second; in 
glass It ranges from 95,000 to 127,000 mile> 
per secon<t, deponding on the optical density cl 
the glass . This diiference in velocity makes i: 
possible ior ail optical instrument to conL>'ti 
the path of light, to form l1nages, and to magnif) 
thenl. 
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12.230 
figure 3- 91.-Light rays from nearby and dis­

tant sources. 

REFLECTlOl\ 

When light traveling in air strikes the surface 
of a mirror, mor;t of it i s reflected back into the 
air (fig. 3- 92) . The incoming ray is the incident 
rsy. The normal is an imaginary straight line, 
at right angles to the mi rror surface, passing 
through the point of incidence. The angle of in­
cidence is the angle between the incident ray and 
the normal, u.ncl the angle of reflection is the 
a..gle between tho normal and the reflected ray . 
The law of rellection states, firs~. that the 
angle of incidence is equal to tho angle of re­
flection; and, second, that the incident ray, the 
reflected ray, and the normal all lie in the same 
plane. 

When light traveling in air strikes the sur­
face of cleat· glass, a part of the light will be 
reilectcd; the rest will enter the glass. If the 
incident ray l!os on the normal (zero angle of 
incidence), o.bout 5% of the light will be reflected. 
AS t.be angle of incidence is increased, the 
an1ount of refleclion increases. As the angle of 
locidence approaches 90°, lhe reflection ap­
proaches J 00%. 

\\-'hen light traveling in glass strikes an air 
surface, part of the light will be reflected back 
into the glass; tho rest will enter tho air . At 
rero angle of incidence, about 5% of the light 
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110.30 
Figure 3-92. - Reflection at a mi rror surface. 

will be reflected iiack into the gluss. As the 
<mgle of incidence is increased, the amount of 
reflection inc1·eases rapidly. \Vhen the angle of 
incidence becomes greater than the critical 
ai>.gle, all of the light \~ill be reflected back 
into the glass; none of it will enter the air . (The 
critical angle for various types of glass, at an 
air surface, varies from 37° to 43°.) 'l'his prop­
erty of a glass- air surface, called total in­
ternal re!Jection, is used In niany optical in­
struments. f igure 3- 93 shows how the line of 
sight may be deviated through an imgle of 90° 
by interno.J reflection at the diagonal face of a 
right- angle prism. 

If the p1·ism in figure 3-93 is rotated (in the 
plane of the page) th1'ough any angle, the angle 
of incidence will be changed by the sainc angle. 
The angle between the incident ray ;ind the re­
flected ray will therefore be changed by t\\ice 
that runount. 

REFRACTION 

\Vhen light passes fro111 nit· into glass, its 
speed will decrease. It will reswne its originnl 
speed when it leaves the glass and enters the 
air . If a ray of light strikes 1m air-glass or a 
glass-air surface at an oblique angle, its chunge 
of speed will result in a change of direct.ion. 
Figure 3-94 shows why this is so. 

The dingona.I lines i n the figu:re r·epresent tl1e 
approaching light waves . Since they are coming 
from "distant source, they are ps1·al!el. As each 
wave enters the glass, varioos paints along the 
wave front will slow up successively, and as a 
result the entire wnve front will change its angle . 
~ince the direction of movement, sho\\11 by the 
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Flgu•·e 3- 93. -Tolul Internal 
p1·isn1. 

110.31 
reflection in a 
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l'IKUrc3- 94.-Path or wuve fronts through a sheet 

of gin~~. 
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ray, is at right o.ngle to the wave fronts, lbe 
tight bends as it enters tho glass. Tho opp0sitt 
effect occurs when the \\&\'CS leave !he glua. 
Xow I.he ••arlous points along the wave succK· 
slvely lnc1·easo their speed. As a result, ti;) 
emergent wa•·es are parallel to those that entered 
the gla!>S. \r.d the emergent ray 1s paralk: 
to tee Incident ray. although It has been dlt· 
placed on one side. 

t'igute 3-95 illustrates !:IOme or the tcnr, 
used to describe the refi action. or bending. d 
light. The LA\\' of ref1•ncllon states U1at llgt· 
bends toward U1e normal when It pnsses Into a 
den.ser medium; it bends n"ay Crom the normli 
when it passes into a leas dense medium. Th 
exact angle o: bending may be cn.~lly calculated. 
11 depends on the angle of Incidence, nnd on 11>1 
optical density of the two media. OpUcnl den51~ 
is expreRsecl as index or refraction. (Tho lndt:X 
of rcfracllon of a vocuum Is I; the Index of r~· 
frnction of ni r Is approxlmotely l. The vnrlOUI 
types of opUcnl glass range C.·om approx! matcb, 
1.5 to 1.96.) 

\\oen tho two glass sul'lnces a1·0 pnrnllel, u 
in iig-..ire 3-94, the emergent rftY ls parallel to 11~ 
incidnct ray . \\"hen such ;,lenients occur In ~ 
iical instrumenls (as, for exrunplc, In the end 
windows or rnngefindc1·s), they do not dovlo~ 
the line or sight . 1loweve1-, If tho two glasg eul' 
faces m·e no~ parallel. the lino of s ight will bo 
deviated, ns in figul'c 3- 96. Thin prisms o.1·eus&l 
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Flgul'e 3-95. -Tel'ms used to describe the rt· 

iract!on of light . 
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110.32 
Figure 3-96. - Hefraclion In o. prisin. 

ct rangeflnders to de\iatc the line of sight 
through a small angle. 

DL\GE FORMATIO::\ 

Figu1·e 3-97 shows the path of parallel rays 
oi light on passing through two prisms mounted 
bsse to base. Each r ay will IJe devl ated towa1·d 
the baso of the p1·isrn it pa:>se:> through. Th~' 
upper rays deviate downward, and the lowor 
Ilj'S upwai·d. All the rays emerg1ng fron1 tl:e 
upper prism axe parallel , and all the rays emer­
gi.ag from the lower prism ru·c pru:n.llel. But 
~ the surfaces of the two prisms in figure 3- 97 
are rounded oft to form a convergent lens, as in 
figure 3-98, each l'!ly will have a different :ingle 

110.33 
flg>u-e 3-97. - neviution of rays In two prisms. 
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12.234 
Figure 3-98, - De\•iation of ruys passing through 

a convel'gent lens. 

of incidence, nnd will therefore bend lo n di!­
iei ent degree. The r·ay that pas:>cs through the 
center ol the lens is normal to both surfaces, 
and does not bend. such a rny is said to lie on 
the optical a.xis of lhc lens. The greater the 
distance fl·om the axis, the greatc1· the nngle of 
incidence at each surface. and the g1·eater the 
deviation towul'd the ax.is , lf tht: lens is perfect, 
all roys pnrn.llel to the axis "ill meet ut a single 
point , called the foc al point of the tons . 

Evel'y lens has two focal points, one on each 
side. Tho two focal points nre equally distant 
from the lent-.. The distance !ron1 either iocal 
point to the ccntel' of the lens is the focal dis­
tance or focnl length or the !em:;. 

Figure 3-99 sho\•;s three rayt-. ot llght diverg­
ing from n point source and passing through a 
convergent lens. ( . .\n infinite number of rays 
str ikes the lens, but three suffloc to show wh at 
happens .) All the n1ys from A lhnt pass through 
the lens coverage and mcel at point J.l. l'oint B 
i s tht:refol'e the in1nge of A. Note that R is i~self 
a soul'ce of light, since rays ulv"'rge from it just 
as they do from A. If a sheet of pa.per is held al 
13, the imoge may be seen as abrlg.hL point on U1e 
pa!'el'. If B lies between the len6 and the ob­
son·er•s eye, the ims,,ae may be lns1>eeted di­
rectly. 

In figure 3- 99 the distance fron1 point A to U1e 
lens Is greater than the focal Jenglh. If the 
source were ut or closer than lho focn.l point, the 
r ays emeq,-ing from the lens would not con­
verge . 

J\ target or other object is visible when it 
reflects light toward the ohscn·er. For each 
point on the ln1·i.:et, a convergent hms will form 
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110.34 
Figure 3-99. -Image of a point . 

a corresponding image point lJchind the lens . 
These Imago points together fon11 !I r eal image 
of lho whole target which would appear inverted 
on a flnt sheet of pnper held at this location (seo 
figure 3-100). 

VIRTUAL ll\IAGF.S 

Figure 3-101 shows the path of se,·eral rays 
diverging rron1 the 90lnt of an arrow wben the 
arrow lies between the lens anel its first focal 
point. The lens makes the rays less divergent, 
but docs not bring them to a focus. However, all 
observe•· on lhc right s ide of the lens may see the 
point (and tho rest of the arrow) by looking 
through the Jeni;. Since the obser,·er is ac­
customed to assuming that light travels Jn straight 
lines, It will appear to him thal the rays from 
the arrow are actually com!ng from P, and he 

110.35 
Fi.guro 3-100. -Formation of a roBl Im~ by 

convergent lens. 
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110.30 
Figure 3-101. - Formation of n vh·tual image by 

a convergent lens. 

secs an Image of the arr·ow nppllt'enUy located 
at P . However, if a sheet of pnper is held ~I 
P, no in1sge will be formed on the pa.per. Tbe 
arrow lmnge at P is therefore not a real image. 
,:\o rays nctuBllr di verge from the nrrow at P, ~ 
1hcy do front a real image; they merely appear 
to. The arrow st point P is so.Id to be a virtual 
imngo. 

::-lote the following charucterlstlcs of the vir· 
tual Image formed by a convei•gcnl lens : 

1 . It is erect. (The renl image formed ])y 
such a Jeni; 18 inverted.) 

2. ll appears to be forther behind the ler.s 
than the light source. 

3. It Is enlarged. 

A single convergent lens may be used as! 
simple mngni!ying glass by holellng it closet,; 
the eye. The object distance Is ndjusted un1:1 
the imago appears in sharp focus when the 
niuscles of the eye arc con1pletoly relaxed. TM 
object dislnnce will then be cquul to the focru 
length of the lens, an<! the virtual Image will Ii~ 
at infhiity. 

l::LF.MEN'l'ARY Tl::LESCOPES 

A telescope provides, lO an observer"s e)'t, 
an enlarged image or a clistanl obJect. A singli 
lens cannot be used to provlele an enlar·ged im:l%t 
of n distant object. However, a telescope can ix 
nindo by using a combinnUon of two or mo:e 
lenses . The fi rst lens, cnllocl lhe objective, 
forn1s a real in1age of the dlst1U1t object . Th 
obse1·vcr may cxai,,ine the rcBl lm~'O through t 
second lens, called the ocular or eyepiece !en;. 
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The oculnr serves ns a s in1ple magnifying glass. 
It forms an enln1·ged vl1·tual image of the real 
image fonned by the objective. 

Figure 3-102 shows tiie path of 1·ays from a 
distant target through a sin1ple telescope. The 
drawing shows two rays from the head of the 
arrow converged by the object! ve to meet at 
point I) . A 1·eal, inve rted image of the target 
lies in a ve1·ticnl plane llll'Ough B. After cross­
ing at B, the two rays diverge and s trike the 
ocular lens, which makes these rays less diver­
gent. To the observer's eye, the two rays appear 
to diverge f1·om point C. The virtual image of 
the tnrget therefore lies in a vertical pla.'le 
through C. (The ocular is usually adjusted so that 
this im:ige is at infinity; the drawing shows the 
Image at c only for convenience.) To the ob­
server, the virtual image appears to be con­
siderably larger than the Object itself. Tho tele­
EOOpe therefo1·e forms an enlarged i1nugc of the 
distant object. 

ln some instrunients, the ocular is so mounted 
mat the observe,. n1ay adjust its distance fron1 
the objective to focus on the real image of a 
close tru·get. In the sight telescope , this focusing 
ncijustmont is unnecessary, since the target 
is always at a considerable distance . 

The t·eal in1nge formed by tho obje-Oti ve lens 
and tlle enlaJ'ged virtual lmnge seen by the ob­
server are inverted. To function as a useful 
fire control instrument, the telescope 1nust pre­
sent an erect image. One way to do this is to 
add an erector lens, used as a ~ccond object! ve 
with the first real iniago as its target. The 
erector forms n real image of the first real 
Image and inverts it a second time. The ocular 
then forms an e nlarged, erect, virtual !niage 
cf the second real inu1ge. 

A few telescopes, and most binoculars, use 
?!isms to erect the image, by internal reflection 
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110.37 
Figure 3-102.-Slmple telescope. 
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at the various prism faces. Figure 3-103 shows 
typical ways in which prisms may be used to 
erect an in1age. 

To provide a fixed line of sight thT'ough a 
telescope, a reticle may be added. The reticle 
is a flat piece of glass on one surface of which 
suitable reference nla1·ks. often two lines (called 
crosshnirs or erossw!res), Intersecting at a 
righl angle, have been engraved. 

l n practice, it lakes more than four optical 
ele1nents (objective lens, erector lens, oculai· 
lens, reticle) to nlake a sighl telescope. Ad­
ditional lenses are necessary to correct the 
aberrations or ·distor tions of the optical system. 
Or an individual lens may be constructed of 
several carefully cemented pieces of glass. In 
a " simple" telescope, the objective n1ay consist 
of t.wo or three separate lenses, ce1nented to­
gether . The erector and ocular are each made up 
of from two to four separate lenses. The spacing 
of the various elements must be maintained 
precisely; nloisture must be excluded, and the 
interior parts and cementing co111pound:; 1nust be 
protected against t.ampering, and corrosion and 
other causes of deterioration. All Navy optical 
equipn1ent is therefore her1netictlliy sealed. Fixed 
equipment such as gun and di rector sight tele­
scopes, rangefinders, etc., is in addition charged 
with dry heliun1 or nitrogen gas. 

SIGHTS 

The primary purpose of any sight on a gun 
or di rector is to establish a line of sight from 
the observer to the tai·get. \\'lien the target is 
distant, the sight n1ay in addition provide an 
enlarged image of the target 1.0 i1n:lrove the 
accuracy of the line of s ight. In the type of tele­
scope described above, this can be done by 
using the reticle crossha.irs to establish the line 

110.38 
Figure 3-103. - Pxisn1 erecting systems. 
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of sight, while the rc1naindcr of the oplical 
system enlarges tho tn«got image . 

Chapte1' 6 will explain lhe geometry of the 
ft re control problem and the function of tile optical 
sight and U1e line of sight in it, Here let us 
concentrate on the opLicnl systems used in 
sl~'hts. l\o Specific marks and mods of sight 
nre described here, but. we cn11 Identify three 
general types of sight: 

l. Simple sights withoul optical :;ystoms . 
2. Telc~copic sights with fixed opticnl com­

ponents . 
3. Sights with movable optical co1npononls . 

Sl~l PLE SIGHTS \\ll'fHOUT OPTICAL SYS­
TEMS. J\n exan1ple of lltis is the peep sight 
used on ltlfantry small-at·n1s weapons, or the 
i·lng sight (figu1·e 3- 104) inSlallcd !01· cm9rgency 
use on some anliaircrait gun n1ounts. The ob­
server looks through the eyepiece. \Vhen he has 
the target in line with the cent.er of the front 
sight, the line of sight to targeL is parallel 
with the gun bore. To provide for brulistie 2nd 
OLher tire control corrections, the observer 
niust offset the line of sight so that it diverges 
from the gtm bore by a ce1'taln ongle. Ho can 
judge the n1nount of offset in th!:; Sin1pie sight 

by using the concentric 1·inbrs and spokes of the 
sight instead of the sight's cente1· to nllgn the 
line of sight to tn..1:get. Use of this type of sigh~ 
is restricted to targets at short r1mges in 
en1ergencies when other methods are not 1wail­
able. Effective use of the sight to direct gunlire 
requires consldei·nble training, and at best ills 
not as accurate as other systems. 

TEL llSCOl'IC SIGHTS \\'ITH FIXED OP­
TICAL CO:'vlPONF.NTS. Sights o[ this typo Ill'& 
used in nntta1rc1'9:ft rapid- fire gw1 mounts, in 
£ire control directors, and in heavy tu1·ret mounts. 
Two typical systems are diagl'ntnmed in figure 
3- 105, The main difference between them Is that 
one has all the elements in n straight Une, 
while tho other uses prisms. In the direct sys· 
ten1 {part A in the figu re). the ob]eotivt lens 
Corms 1ui inverted real image of Ulc target. This 
Image ialls on U1e engraved surface of the cross­
line lens, or reticle. l.letween the reticle and t~ 
erecting lenses nre three color filters OJld a 
plain glass filte1', so n1ounted that the opcrato: 
can bring ony one of them into the line of sight. 
A filter \\111, under some concl!tlons, lnel'eare 
the conLl'ast of the target image , nnd doo ,.ease 
glare from sky and watc1·. The erecting lenses 
erect the ta.rgct itnage , and for m a real Image 

EYEPIECE AND 
REAR PllP SIGHl 

I { 
SIGHT 8AR 

I 

...__SIGHl MOUNT 

0 0 0 

84.206 
Figure 3- 104.-0 pen ri11g sight . 
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B 
110.39 

Figure 3-105. - Optical systems of telescopic 
sights with fixed optical components. A. Dil'ect 
(no pl'isms); B. Inclireet (pr is1natic). 

neat the eyepiece of the crosslines super­
imposed on the tar1,>'E!t. The sealing window, 
of plain glass, helps to keep out dirt and tnois­
tu.re. The eyepiece may be moved to focus the 
image without affecting the seal of the r est of 
the instrument . 

The indirect optical system, shown in part 
B of figure 3-105, is basically similar. The 
principal difference is that the line of sight is 
t•1ce rellected by pris1ns, so thnt most of the 
telescope lies at right angles to the line of 
sight from gun to targel. Two separate ob­
jective lenses, or two lenses cen1ented to­
gether, form the fi1·st real image. Other varie­
ties of this kind of optical systein may use a 
single pr i sm. To adjust the offset to the gun 
l'Ore, the telescope is moved as a whole. 

SIGHTS \VITH MOVABLE OPTICAL COM­
POKENTS. There are two main varieties of sight 
with movable optical components . 

Jn one, which is used in heavy nntiairc raft 
gun mounts, the optical systmn in principle re­
sembles that illustrated in part B of figure 
:f-104, except thal an additional pris1n as well 
as the objective or head pr ism are linked me­
c.hanically to a sight setting system on the 
gun mount . Thus the line of sight can be offset 
v.~thout rnoving the entire telescope, (Such a 
~ystem may additionally contain erecting and 
other prisms.) 
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In the other variety of sight with movable 
optical componeiils , shown in figure 3-106 .• the 
optical sys tem includes a reflecting glass, a col­
limating lens, nnd a lnrnp. This kind of optical 
syste1n is used with gyroscopic lead-computing 
sights (explained in a later chapter). The two 
windows seal the inslt'ument to keep out dust 
and 1noisture. The system illustrated here does 
not magnify the target image. The open1tor 
observes the target directly , through the two 
windows and the cle:ir reflecting glass. The 
lamp illuminates the reticle, which is located at 
the focal point of the collimating Jens. Rays of 
light from the reticle ar e ther·efor·e parallel 
after they pass through the lens and are re{)ected 
toward the operator by the reflecting glass . 
Because these l'ays w·e pantllel , the reticle 
iinag;e appears to lie at intinily, and the reticle 
will not change its apparent direction when the 
operator n1oves his head fron1 side to side. The 
sight' s gy roscopic rneehanis1n rotates the rc­
!1ecting glass so that it will deUect the reticle 
ilnage as seen by the ope1·ator. The operator 
then trains and elevates the gun inount, to keep 
the reticle on target; thi s automatically offsets 
the gun bore as required by the computed solu­
tion to the fire control problem. 

In another val'i ant of this pr! nciple, the 
reticle iinage is transmitted th rough Lhe re­
flecting glass, while the t31·get i1nagc is re­
flected. The pri nciple re1nains the same, except 
that it is the target image rnU1er than the 
reticle i1nage that is apparently shifted. It is 
also possible to use two n1ir rors, one for ele­
vation nnd one fol' trai n, combined with a true 
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110,40 
Figure 3-106. - 0ptical system for a lead-com­

puting sight. Simplified. 
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telescopic optical system, filters, and an addi­
tlonal device called a "pellicle" (actually a 
kind of half-mirroi:) which can reflect a r adar 
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 
is avrulable. 

11ANGEFINDERS 

As you will find in chapter 6, one important 
item of information needed for sohing the fire 
control problen1 is the range to the t vxget . One 
way of getting thls Information is to use an 
optical 1·nngefinder. Let' s briefly discuss the 
principle of operation of the most used type­
t.he stereoscopic r ang·efinder. (Another type , not 
taken up here, IS the coincidence rangefinder, 
which is sim!llU' in externsl appear ance, so1ne­
what different in opt!cnl principle, and not as 
versatile.) 

The rangefinde\' consists essentially of a 
systen1 of optical units assembled in a long, 
cylindrical tube, mounted in a turr et or director , 
so that only the pr·otruding ends are exposed. 
On its forward surface, the tube has a window 
at each end. Through these windows, the operator 
establishes two separate lines of sight to the 
tD.I'get . The distance between the windows is the 
bll$e length. 

The r angefinder determines range by solving 
a right triangle in which one s ide (the base 
length) and two angles are known. Range is one 
of the unknown sides. ln figure 3-107, TPS is 
the range triangle . PS is the known base length 
(13) of the range:fincle r . The targ·et lies at T; PT 
is the tru:gct range (:R) . TPS is always a right 
ruigle; the line of s ight from the left end wi ndow 
is at a right angle to the rangefinder tube axis. 
The two Unes of sight converge and n1eet at the 
tiu·get, fo1·ming angle of convergence e. SI is an 
ima::,".inary line par sllel to range line l'T. Angle 
TSl i s therefore equal to angle of convergence 
e. The rangefinde1· n1ensu1·es the R!'.glo of con­
vergence by tneasuring angle TS!. 

Because thi s is a right triangle, i t is apparent 
thnt R = 13 cot e. The equation n1ay be solved 
for R, then, as s oon as the angle of convergence 
has been measured. 

A pai r of human eyes uses several clues in 
its perception of relative distance. Of these, the 
one on which the functioning of the stereoscopic 
rangefinder depends is convergence, i.e., the 
s ensing of angle e (fig. 3-108) by the n1uscular 
effort required for both eyes to see :i. sir1gle 
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Figure 3- 107 .-The range triangle. 

fused imnge. You can demonstt·ate this to your­
self i n exaggerated fashion by firs t holding your 
finger a foot in front of your nose, and focusing 
on it; then, without shifU ng your line of visioo, 
focusing on an object ten feet or n1ore distant. 

The " bas e leni,>th" (or pupil-to-pupil dis­
tance) or a pair of human eyes is about 2. ~ 
inches. Ileyond a range of about 450 ya«ds or so 
the lines of sight of the two eyes converge so 
little that ch!Ulges in angle e ru·e too small to 
sense. If the base length could be increased, 6 
could be relinbl:y measured for much longer 
r anges . Jn one sense, as shown in figure 3- 108, 
that is what the rangefinder is designed to do. 

"'"~~-­
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55.289 
Figure 3- 108. - Function of tl1e rangefinder . 
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Figure 3-109, shows in simplified schematic 
form the optical system of a stereoscopic rangc­
finder, (Each of the two telescopes contains an 
erector systen), which has been 01nitted fr01n the 
drawing for the sake of simplicity .) The dia­
monds represent the reticle pn.ltern; the arrows 
represent the two images of the target, Because 
the apparent angle of convergence of the two 
reticle~ 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 uppeai' to be equally distant from 
the observer, If the target's convergence angle 
differs fron) the reticle's, tho right-hand line of 
Sight to target must be tidjusted till they match. 
To do this, the knob on the right is used to rotate 
two compensator wedges- thin prisms with sides 
nearly parallel-through which the light from the 
target passes . But since they are not parallel, 
rotating the pl'i.sn1s will deflect the line of sight. 
This corresponds to changing angle Q (fig. 3-106) . 

Figure 3-110 shows the ilnage as seen in the 
stereoscopic rangefinder eyepieces. This repre­
sents two in1ages (ono for each eyepiece) blended 
stereoscopicruly to form a single impression. If 
the rangefinder operator turns his range knob 
until the target appears to oo at the san1e range 
as the large central diamond, the range scale 
~ill read the acb.lal range 1.0 the target. The 
olher reticle n)arkings (wander marks or ranging 
marks) are used in cslimnting how far from the 
lsrget projectiles are bu1·sting or fnlling, and 
io correcting fi i·e accordingly, 

ELEl\1ENTS OF SOUl\D 

sound is the physical c ause of your sensation 
of hearing. Anything that you hear is a sound. But 
lilere are also sounds that you CSlmOi hear. 

Sound travels in the forin of waves , Those 
waves vary in length. A long wave length is 
illlard as a low- pitched sound, a short wave 
lenglh is heard as a hlgh-pitched sound. A com­
plete wave length is called a hertz. If the sound 
is below about 20 hertz (abbreviated Hz) or above 
15,000 hertz, rnost people cannot hea1· it. The 
~ange between, which cnn be heard, is called 
ll\e audible range and the sounds you hear are 
kt-01m as sonics. Sounds below this range-below 
20 hertz- are subsonics. sounds above tllis 
:ange-above 15,000 hertz - a.re ultra.sonics. 

In order to have sound, it is necessary to 
b2ve n sound sour-ce which can vibrate, and a 
!l!OOi.um to transmit the vibrations. And, for our 
~"rposes, it is necessary also to have a detector. 
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Anything which moves rapidly to and fro, or 
vibrates and thus disturbs the medium around it, 
may become a sound source. Bells, radio loud­
speaker diaplu•agms, the human voice, and irmsi­
cal instnm)ents al'e familiar .sound sources. 

Sound waves are passed along by the particles 
of the ina.terial through which they travel. There­
fore, a material substance, a mediu.m, is neces­
sary to transmit sound waves. A sound mediun1 
is any inaterial substance tlirough which sound 
energy will travel. It inay be a gas (such us 
air) , a liquid (water), or a solid (steel) . Tho 
medium n1ust be something material, or the 
sound wilJ not be transn1itted. Sow1d will not 
tnwel through a va.cumn. ;\'Jost of the ti1ne you 
are mainly concerned with sounds triu1smitted 
through air, but in sonar, you a.re interested 
in the liquid medium-water. 

Co1n1nonly, the detector of sound is the hmnan 
eai·. It receives part of the sound wave energy 
from the mcdiu.>n, nnd converts il into an im­
pulse that goes to the brain. Electrical devices 
like microphones or other transducers can also 
respond to sou.rtd waves and convert them into 
electrical impulses. (In genero.1, a tr:lllSducer Is 
any device that conveJ'ts electrical signals to 
some other fonn, or •ice versa.) These impulses 
mny be reproduced again as sow1cls or in some 
other way-for exmnple, as spots on a cathode­
ra.y tube. Although the hmnan car cru1 detect as 
sound only vibrations in the audible range, 
microphones can be mnde to detect sounds of 
any wavelength. 

CHAl{ACTEHISTICS OF \VAYES 

TRAKSVERSE \\I/\ V ES. If you t11row a stono 
into n quiet pool, series of circulai· waves will 
travel away fron1 the disturbance. Figure 3-111 
shows such waves di agrrunmed as though seen 
in cross section. The water waves are a suc­
cession of crests and troughs. \\later waves arc 
known as transverse waves because the motion 
of the water 1nolecules is up and down, at right 
Mgle to the direction in which waves a1·e travel­
ing. A cork on the water bobs up and d0\<11 as the 
waves pass by. 

Although som1d waves are not transverse 
waves, tr ansverse waves (fig. 3-111) like the rip­
ples on a water surface illustrate clearly the no­
tions of an1plltude and cycle. Before you threw 
the stone into the water, the water level (if 
pe1fectly undisturlJed) was just halfway between 
the crest and the trough of each wave. The maxi­
mmn displacement of the surface from this'' zc1·0 
level" is the amplitude of the wrtve motion. A 
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55.294 
Figure 3-110. - f\eticlcs and Larget as seen in 

stereoscopic rangefindcr eyepiece . 
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Figure 3-111.-'l'i·ansverse wate r wave. 

cycle Is one con1plete double villralion- in this 
case measured from one crest through zero, the 
troogh, zero again, and the next cresl. If you 
take 1.ero as your re(er·ence or starting point, 
you must include one tJ'ough and one 01·est. If 
you measure the number of cycles I.hat pass n 
fixed point in one second, you have the frequency 
in her tz. 

LONGITUDINAL \VAVES. Sound waves are 
longitudinal 01· con1presslon waves, set up by 
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some vibrating object such as a sonv.r tr·ons­
duce". In its fo1·wnJ·d movement, tho vilJ1·aUng 
transducer pushes the water particles lying 
against it , and thus produces an nrea of coni­
pl'esslon or high pressure . The backward .move­
ment of the lnuisduccr produces an area of 
low pressure, 01 a rarcfact!on . This action 
goes 011 and on, nnd sels up a spreading series 
of comp ressions and r ai•efactions. In figure 
3-112 the conipressions are rep1•escntcd \)y dtlrl< 
rings . As the sound waves spread out, thch· 
energy at the siune time is spread through an 
increasingly l arge area, and the wave molion at 
a distance is weaker (i.e., iu11plit\1dc decreases). 

The wavelength Is Uie dlstnnce fron1 one 
point !\long the wuve to the next point of simil:U' 
coni:>ression. The particles of lhe medium vihrnte 
longitudinally-that is, parallel to Ute direction 
in which !he sound ts p1·opagated. 

You alruacly know that tho frequency of tho 
wave Is the nun1ber of cycles pcl' se~ond. In tl10 
motion of the sound wa\'e tht·ough the mediu111, 
the particles of the mediuni move back and 
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RAREFACTION 
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DIRECTION"" 
OF VIBRATION 

4.221 
Figure 3- 112.-Longltudinnl sour.ct waves. 
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fort.h In a Umttcd spnce, passing the wave along, 
as it were. 

Sound waves can go Uu·ough all gases, liquids , 
an() solids, but not th1·ough a vacuum, because 
thoro are no particles In a vacuum to bo sub­
jected to o.llernnte compression and rarefaction. 
In dUierenl substances and al different tempera­
tures ond pressures sound travels at different 
s~eds. In air, the velocity (speed) of sound Is 
about 1,090 feel per second at 32°F. at sea 
level . For e!lch 1° rise In r' llhrenhelt tempera­
ture , the velocity Is lnci·eased by 1.1 feet per 
second. For instnnce, in air of 72° l" ., sound 
travels at the rate of l,090 + (72 - 32) x 1.1, 
or 1.090 + 44 = l ,134 foot per second. 

In pure water, the velocity of sound ls ap­
proximately 4;708 feet pe1· second. Jn sea water, 
tho velocity depends on salt content (Sailnlty), 
p1•essure, and temperature. Sound travels at a 
speed of about 4,800 feet per second In sea waler 
at39°F. 

\VAVF.L1£NGTH 

If a sonar transducer vibrates at the r ate of 
25,000 vibrations per second, and if the lempora­
ture ie 39°F., the fit'St wave wiJJ be 4,800 feet 
awey u.t the end of tho first second. Between the 
transducer and this wave lhere will bo 25,000 
other compressions. Thus the wavelength, that 
Is the distance between points of similar com­
pression, must be 4,800 .;. 25,000, or 0.149 foot, 
lx!cause there are 25,000 compressions extend­
ing through a distance of 4,800 feet. The wave­
length always can be found if the ftequency and 
t.he velocity are known, according to the follow-

ing r·clationship: \V = T• where \Vis wavelength. 

f is frequency. v is velocity . 
Example: suppose that the wavelength ls 0.4 

foot nnd the frequency ls 12,000 hertz. 
\Vhat is the velocity? 

0 - v 
·4 - 12,ooo ; or• 

v = 0.4 x 12,000 = 4,800 feet per second. 

Sln11larly, if the wavelength and the velocity 
arc known, the frequency con be found . 

04 =·4,800, Ol' . t , ' 

f • 4,800 . 0 ,4 = 12,000 hertz. 

CH!IHACTERJSTICS OF SOUKD 

As already indicated, the hu.man ear detects 
vibrations in the audible rnnge as sounds, Con­
centrate for a 1n01nent on what you hew· as you 
read this. No matter how quiet a place you ai·e 
in, you will hear something. '.\lany of the sounds 
"ill have some kind of pattern or organlznl.ion­
for example, speech, music, Morse code, auto­
mobile horns, police or fh·e sirens, ship's 
whistles, humming motors, el(: . These either 
have patterns that cnn ba Interpreted l1y your 
mind into specific feellngH or thoughts (o.g. 
speech or :'llorse code or music). or at least 
bn\Oe idcnti!lable pitches or rlt)rt.luns. Other sourxls 
may be quite \\rjthout pattern, !hough not neces­
sarily meaningless- for example, rushingwat.er, 
radio static, applause, rustling leaves. such 
disorganized or patt.ernlcss sound is, in contrnst 
to "organized" sounds, ca.lied "noise." (How­
e\Ocr, the lern1 " noise" in connection with the 
problems of communications and signal detection 
is used In quite a different sense, ns will be 
explained later.) 

A musical note has a pattern of regular vibra­
tions. &.!ch a sound has three charaeterislics­
piteh, int.enslty, and quality. 

An object that vibrates ut high frequency pro­
duces a so1md wilh a high pitch, as, fo1· instance, 
a police whlsUe. The slower vibration of a ship's 
whistle cuuse!> a low-pitched sow1d. \Vhen the 
frequency Is low, the sound waves are Jong; 
when It Is high, the waves are short. Velocity ls 
not affected by pitch. 

Intensity (roughly equivalent to loudness) al 
any seloctcd frequency \'at'les with amplitude. 
\Vavelength and amplitude are independent vari­
ables. 

Now consider sound quality. As we defined iL 
above, a noise bas no ldenUfinblc dominalingfre­
quency or pitch. It is composed of a large nwu­
ber of frequencies sounding sin1ultuncously. Bui 
all sounds of identifiable pitch that you no1·mally 
hear can IJe analyzed into more than one fre· 
quency. In n note sounded by a musical instru· 
ment, the lowest (and prl ncipal) frequency ls 
the fundamental, and other, higher, frequencies 
(called harmonics or pa1·lials) present in tile 
sound give the sound much of its characteristic 
color or quality. Quality depends In large cle­
gree on just what frequencies are present, and It 
what proportion. Hence the difference IJetw­
the sounds produced by a trumpet and a viollo 
both playing the same sust:llned note. Other 
factors nlso affect quality, such as how the sound 
begins, how It en<ls, and how It fluctuates in pltct 
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and intensity while sounding. Such considera­
tions make sounds recognL~able even when the 
pitch cannot be identified. Niagara would sound 
different from a leaky bathroon1 faucet even witli 
its sound intensity reduced to comparable level. 
Ability to recognize differences in sound quality 
is an extremely irnportant characteristic in 
sonar and hydrophone wor•k . 

SOUJ:\D TR/\NS1USSION 
IN WATER 

As you may have infer 1•ed by this time, one 
o! the main reasons for i ncluding this section on 
sound is its i1npor tance in the sonar method of 
submarine detection and location. This is done 
either lJy detecting sounds made by sub1narines 
in the water, or )Jy radiating sound pulses i nto 
t.he water and ana!y zing the echoes that i·eturn 
oo identify those from ::.-ulnnarines. Details con­
cerning sonar gear appear in chapter 13. Jn this 
article we discuss briefly the characteristics of 
sound transmission through water. 

V.'hen sonar's sound pulse travels Uu·ough U1e 
water , and when the echo returns, they encounter 
hazards which reduce their strength. Signal 
strength lost in this manner is known as trans­
mission loss. 

ABSORPTION. Some of the sound is absorbed 
in passing through the water . The amount lost 
this way depends on the state of the sea. Ab­
sorption is high when the winds al'e great enough 
to produce white caps and cause a concentration 
of bubbles in the sur face layer of the water . 
Absorption is also gre<lt in wakes and strong 
currents, such as rip tides. Absorption is greater 
at high frequenc ies than at low. 

SCA 'l'T I>fUNG. Sound waves are weakened 
when they t1·averse sea water that contains 
seaweed, silt, animal life, air bubbles , etc., 
which scatter the sound beam. Scattering re­
d'lces echo strength, especially at long range . 

REFL ECTION AND REVERBERATION. Sonar 
sound pulses behave somewhat like light in that 
Ibey can be reflected and refracted. The targel 
can reflect a sotmd pulse, but so can other under­
wnter objects, and so can the sea lJottom and 
the sea surface ("total reflection" much like 
that of light in glass, as described in an earlier 
section of this chapter). The co1nbined echoes 
from such disturbances are called reverbera­
tions . Since they are reflected from various 
ranges, they seem to be a cont inuous sound 
•i;hich is stronger at fir s t and gradually fades 

away. Reverben1tions fro1n nearby points n1ay be 
so loud that they interfere with the returning 
echo fron1 a target. 

REFRACTION. Refraction can distort the 
path of the sound pulse in the water . Sound 
speed varies with 1neditm1 density, and this can 
cause bending of a "ray" of sound nluch as it 
bends a ray of light. This effect is desc ribed in 
further detail in chapter 13. 

SOUND PERCEPTION 

It is no news that when some one is talking to 
you in it noisy room it is more difficult to hear 
him than when the room is quiet. T o m nke him­
self understood, the speaker n1ay turn his face 
directly toward you, or move closer to you, or 
ta!k louder , or eliminate or tone down U1e source 
of noise. So far as your own sensing of his voice 
is concerned, all of these boil down to one thing: 
He is increasing the strength of his signal i'eal­
tive to that of the disturbing noise, or increasing 
the signal- to- noise ratio. 

In communication work and in sound detection 
you will find that this r atio is extremely impor­
tant. The ratio is expressed in decibels (abbre\•i­
ated db). Ten decibels inake a be! , a large unit 
named after the inventor of the telephone, 
Alexander Gr ahan1 Bell. A decibel is a log~ 
aritlunio expression of the difference in level 
or intensity between a "reference" signal and 
another signal , or between a signal and noise or 
inter ference. The intensity level of signal A is 
n decibels higher than that of reference signal 
B if 

n = 10 log A/f3 

Under laboratory conditions (i.e ., completely 
quiet room, with no sound-reflecting surfaces, 
use of "pure" tones- fundamentals with no har-
1nonics- of constant pitch in the most sensitive 
range of the human ear, etc .) 1 decibel is the 
n1ini1nun1 difference in sound level that tho 
aver age observer cn» detect. As a practical 
1natter, under fairly quiet (not laboratory) con­
dit ions, an attentive, acute observer cannot de­
tect differences in level of such sowids as speech 
and music much less than 3 db- and a signal 
3 db highe r in intensi ty than a second signal 
has twice the sound energy of the second sound. 

\Vhen an audible signal is equal in level to the 
noise or interference acco1np1mying it. and is of 
sin1ilar characteristics to the interference or 
noise as regards frequency, pulse rate (if any), 

103 



PRINCIPL ES OF NAVAL ORDN ANC R AND GUNNERY 

etc., the hunian car cannot dis li nguis h it fro1n 
the 11oi~c . (111 tJ11s sense, ' 1noise' 1 can it1c lttde 
nol only unorgiuil zed sowids that we pre,'iously, 
defined as noise, but also OLher unwanted signals 
such as speech, even though such signals are 
not noise in the sense of (ln earlier definition . 
I'roni lhls poinl of view, noise is nny sound 
that interfere s with reception of the desired 
sib'llal.) Sorneti1nes, if the noise is in a different 
f requency r ange ft·oni the desired Signal, co1nes 
from a different direction, or is different in 
some other fundmnentnl characteristic, it 1nay 
bCl possible to filte r it out to some degree 
niechanically , cleclr ic<tlly, or by "Selective 
Usteni11g." Thus, you may be able to communi­
cate on lhe phone through a loud high-pitched 
S<tueal or low-pitchect hum, but it' s inuch harder 
to do this if there's another lively conversation 
on !he wire at the same time. 

In general, however, there inust be a sizable 
cll fforence in level between s ignal and noise for 
effective reception. In this connection, "sizable 
difference in level" doesn't mean a 50% differ­
ence, or even a 100% difference . You s imply 
cannot perceive satisfacto1· ily a signal that is 
only twice as loud as tile accompanying noise 
(i .e ., a signal at 3 db level). Bear in mind thal 
in a quiet room Ol'dinary speech Is about 60 db 
higher in level thnn barely audible background 
noise, and this represents a signal- to- noise 
xatio of about one million to one . Under ex­
cellent r a.dio conditions, the signal 1nay be 30 db 

ubove the interference ("static ") level; this 
signal- to- noise ratio is nbout 1,000 to one . \Vhen 
the signal- io-noise 1·atio in sonar reception is 
10: l (i.e. , l 0 db), only a well- t r ained SonaL"man 
with excellent heal'ing can reliably get the s ignal 
a.\Jove the interference . A Sonarmnn wi lh less 
training won't gel the signal unless it's at n level 
of 15 db. The lowest level signal that any 
Sonar1nan has ever l>een able to perceive is on 
the ordel' of 5 db (three times us loud ns the 
interfe•·ence) . 

These ratios npply also to r adio comrnunica­
tion. The signal-to- noise ratio concept (nod even 
measurement in db) has been applied even to 
video (visual) signal pJ·esenlation and in gClner·al 
to other a reas in which power levels musl be 
compai·ed, or inlelligible Signal reception through 
" noise" (audible, visible, or electrical) must 
be measured. 

The huma.11 enr's sensitivity differs lhrough­
out it.s frequency r ange, and thi s characteristic 
is utilized in sona1· to provide for optin1um per­
forinance. Although sonar pulses and echoes nre 
often in the ultrasonic parl of lhe sound fre­
quency spect rum, sonar equip1nenl convei·ts the 
received signal to a selected frequency, usually 
in the range of 600 to 1,000 Hz, where the hwnan 
ear i s at its best with respect to sensiti vity, 
pitch discr imination, and ability to recognize an 
echo by its characteristic quality. 
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CHAPTER 4 

EXPLOSIVES AND AMMUNITION 

This chnpter is des igned to introduce to the 
student the pr inciples of those naval weapons 
that depend for their functioning on the use of 
chemical explosives and propellants . These in­
clude gun projectiles, torpedo and rocket war­
heads, and e>.-plosive trains in n1ines, and bombs. 

The next section of this chapter discusses the 
characteristics and nomenclatu1·e of chemic al 
explosives in general . (Since much of the second 
'iOlume of this text is devoted to nuclear weapons, 
such weapons and the principles of nuclear 
reactions are not discussed here.) The section 
following that discusses gun projectiles and 
weapons other than guns. 

As the preceding chapter brought out, many 
words that have precise technical ineanings when 
used in specific fields of science and teuhnology 
have much broader, and sometimes quite dlfier­
ent, meanings when they appear in more general 
oontexts. This is worth repeating here because 
in this chapter and throughout the remainder 
ol this texl you will continually enuounter words 
oi this kind, such as range, booster, e>qllosive, 
and detonate . 

Note also that there have been soine relatively 
recent changes in nomenclature and definitions 
in the s ubje<.:t n1atter 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 
indicated where appropriate, for your con,ren­
ience. However. 111ake It a habit to avoid using 
older terminology and colloquialisms; rest rict 
yoorseH to the up-to-date vocabulary of the 
navlll officer 's profession when discussing tech­
nical matters of this kind . 

EXPLOSIVl>S AND RELATED 
.ll"lAT ERIALS 

Broadly, if used w!Lhout further qualification, 
the term explosive includes all those substances 
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that. when initiated (by spark, friction, shock, 
or other n1eans), undergo a rapid chemical re ­
action that results in the formnlion of gases and 
the release of a great amount of stored ene1-gy. 
The reaction is accoinpanied by high pressure 
and usually by high heal. In this sense the term 
e>-"J)losive is broad enough to include all t.hc 
substances described in this section. 

Note that ttols us age of the term, though 
broad. excludes as explosive substances such 
things as high- pressure steam which may IJuJ·st 
(or coUoquially, "explode") a boiler, 01· high­
prcssure gas that under cert.nJn circumstances 
may ruplu1·e its container. 

In strictly technical us age, however , the ter1n 
explosive includes only those substances that 
detonate. This n1eans that when their reaction is 
initiated they produce a sharp s hock wave that 
releases a.II the stored energy almost instantan­
eously. AS it appears herea!ter in this te1'."t, the 
term explosive will be used In this strict sense 
only (when applied to chemical explosives). 

High explosives are classified by use into three 
broad groups: ( 1) primary (initiating) explosives, 
(2) Auxiliary (booster) explosives, and (3) burst­
ing char~s. Primary explosives are the most 
sensitive of l>Jgh explosives and are used to 
detonate other charges. They are particularly 
sensitive to shock, heat, or other physical dis­
tu1·banues and are the1·efot·e used in initialing 
devices (such as fuzes. described later in this 
chapter) to set off chemical reactions in Jess 
highly sensitive substances. Boosters itre used 
to detonate explosive charges when the initiating 
e1'.'jllosion is not sufficient to cause n tho1·ough 
(high-order) detonation of the main charge. Burst­
ing charges are con1paratively Insensitive to beat, 
they ai·e the explosive payload of the projeutilc 
(or warhead), detonated by the initiators or 
boosters. J3urster charges dan1nge the target by 
blast, heat. or fragments from the container 
(such as. projectile body, bomb case, el(;.) . 
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Propelling charges or propellants are explo­
sive- like substances that burn rather than deto­
nate. The rate or burning, though rapid com­
pared wllh the burning or common combustible 
materials , is much s1owe1' than detonation. (For 
example, a high explosive like TNT detonates 
at the rate of several thousand yards per second; 
a typical gun propellant burns at a rate meas­
Ul'ed in inches por second.) .l\n important char­
a.ct.eristic of any propellant's burning rato is that 
under a given set of conditions ii \1111 always be 
the same. t>ropellant bu1·nlng rate Is controllable, 
and, in contrast to explosives which detonate 
rutber than burn, co.n be predetermined within 
close limits by adjust! ng the propellant's com­
position, the conditions of burning, and related 
factors. 

Note that the distinction between explosives 
and propellants rests as much on the condll!ons 
under which they react as upcn differences in 
compos ition. Explosives that norn1nlly detonate 
cs.n be made to burn, un<ler certain conditions 
not char acter istic or their usual application; con­
versely, unde r abnormal conditions, propellants 
can be niade to detonate. To underllne this point, 
consider gasoline vapor mixed with air. Unde1· 
optlmU?n conditions In an Internal combustion 
engine cylinder, this mixtu1·e burns like a pro­
pellant to produce usefu l thrust. Under less 
favorable conditions it detonates with dan1agit>.g 
Impact, evidenced by a ohnrncterlst!c " knock" 
Ol' 1 1ping .' ' 

Propellants may be liquids or solids (but 
such fuels as gasoline ai-e not propellants in 
the sense defined In this article) . When a pro­
pellant burns, it produces hot high-pressure 
gas. In such applications as rockets and JATO 
unlls the thrust produced by the gas as it escapes 
through a suitably shaped nozzle is used to drive 
a load (I.e ., the rocket head or aircraft) . In 
such applications as mortars, guns, and depth­
charge p1·ojectors the thrust produced by the 
gas directly propels the projectile. 

\Vith specific rcfen:nce to propellants used 
In guns, tbc term cool propellant is used to 
do scribe one that burns at a relatively low 
tentperature. This ls an advantageous char­
ucte1·istic. 

For reasons which will bccon1e evident lalcr 
in this text when explosive ordnance ts described, 
practically an explosive and p1·opcllent units 
contain two or more explosives and explosive 
devices, arranged so that they function in se­
quence whon the unit explodes. This sel'ies of 
stages is called an explosive or propellent train 
(flg. 4- 1). 
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CHARGE 

56.36(110) 
Figure 4- 1. - Explos ive and propellent t1·alns. 

Simplified schematic. 

In explosive devices like bombs and gun 
projectiles , the explosive train typically consists 
of an initiating device called a detonator, con­
taining a relatl vely sn1all quantity of pr imary 
explosive; a booste1· which contains a larger 
quantity of less sensitive explosive and ts set 
oif by I.he functlonlng of the detonator; the 
boostc1· detonates the burster, which is the main 
charge of tr.c device and Jn generlll ls much less 
sensitive than the preceding stages. In specit>c 
devices there are variations on this basic se­
quence of stages; in sinall gun projectiles the 
explosive train is simpler, with the l>OOster 
omitted or combined wit.h the inlliating device, 
while lat'ge aircrafl bombs and mines ha,·e 
additional auxiliary stages. 

Propelling charges use similnr trains . The 
ln!tlatlng stage is cnlled a p1·ime1·, and produces 
a hot flame wl\ich seti; off the next stage, called 
the ignitei· . The Igniter in lu1·n sets off the 
main charge. 

l"YROT ECHJ\1CS are chomiclll devices that 
produce l!ght {ot Illumination or Sib'1lnli11g. or 
smoke for signaling, and may utlll ze eXplcs ive 
01· propellent substances in performing their 
funct.ions. Specific pyrotechnic devices used by 
the Kavy are desc1·ibed latcl· in this chapter. 

CH E~llCAL AGENTS Include a va riety of 
gaseous, !!quid, or solid substances used for 
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Signaling, for screening, for hara~slng or attack­
lllg the enemy by asphyxiation or other chemical 
dEmage to personnel, or for burning enemy 
targets. The three main groups of chemical 
agents are war gases, sn1okes, and Incendiaries. 
Further detail on specific c hemical war fare 
devices und substances appears later in this 
chapter. 

DE:\IOLITI0::-1 AGENTS are explosives issued 
and used In specialized demolition equipment 
other than ammunition. Certain military explo­
sives like Tl\'f arc used both in ammwtltion and 
in demolllion equipment, bul In general tho re­
IJ.riremenlb of an explos ive for demolition and 
for use In ammunition are not the same, and 
many o>qlloslves, such as Explosive D and nltro­
staroh respectively, urc used either in ammuni­
tion, or in demoli tion equipment, but not In bOth. 
The Navy use~ dc1nolition explosives in such 
'A'Ork us destruction of obstacles or hazards to 

navigation (such as the sinking of floating hulks) , 
blasting preparatory to construction, destruction 
of classiCled equipment if capture by tho enemy 
is Imminent, or destruction of designated enemy 
tugets by specially trained personnel such as 
frogmen. 

OUTMODED TERMS. Older textbooks on ord­
nance, and even current texts dil'ectcd to supply 
personnel und activities , use the expression 
low explo8ive to include the vnl'ious explosive­
like substances whose reaction is o. burning 
process rather than a detonation. The term is 
no longer correct In military context. Jl is 
retained In shipping instructions and similar 
doo1ments because the law still recognizes it 
as a valid blanket term covering propellants 
and pyrotechnics. 

BASIC CllEJ\'llSTHY OF EXPLOSl V ES 
.'\KO PROPt;LL AJ\TS 

fxplosl ve substances include a large number 
ol chomlcal compounds and mixtures. Helatively 
:ew of these have the characte1·isllcs that mukc 
them pract1oal for military use, and the discus­
sion In this chapter applies only to those actually 
osed in the J\avy. 

Most explosive• and prepellants used by lhe 
Navy are organic compounds or mixtures of 
explosh•o organic compounds, most of them 
oosed on nitrogen, (Hence the prtlsonce Of' 'nitl'O'' 
in the chemical names of 1nos~ Nu.vy explo­
sii;es .) A few u.rc inorganic compounds (the 
chief example is lead azide, used os the sensitive 
initiator In detonat-Ors) . One explosive used in 
!be Xa''Y ls a simple mechanical n1lxture (not a 

chemical compound) of chemicals IYhich Indi­
vidually are not explosives-th!slsblackpowder. 

It Is important to note the distinction between 
m\xtures and chemical compounds. A mU.'l.ure 
consists of two or more distinct substances , 
either chemical elements or chomicuJ. com­
pounds, 1Yh!ch mny be mixed In various propor­
tions as described. The components In a mixture 
(of solids) can always be idenUfled lndh'idually, 
even though a microscope may be necessary 
to do it; no matter how nnc the components 
may btl ground and how thoroughly they may 
be conglomerated, the mixtUre cannot be truly 
bomogeneous. In a chemical compound, on the 
other hand, (1) the substance (if pure) is always 
homogeneous down to the poinl where i t is 
broken up into its constituent che1nicnl ele­
ments; (2) the components, when Isolated, are 
invariably chen1ical elements; and ( 3) the con­
stituents are o.lways present in exnctly the same 
pr oportions. 

BroaClly, two kinds of chemical ret•ctlons 
account for the functioning of both propellants 
and eXploslves. one is combustion-the com­
bination or oxygen with other atoms or atomic 
groups with the accompanying release of energy. 
The other Is a molecular breakdown or dis­
integration (followed by some recombination) of 
the relatively unstable nitrogen compounds that, 
as mentioned above, muke up most Na''Y explo­
si ves and propellants. 

In propc!llants, m·Jch of the enol'gy developed 
by the reaction chnracterlslloally comes from 
oxidation. ~o slgnirtcant proportion or the oxygen 
comes from the atmosphere. In black powder, 
the oxygen comes from potassium or sodium 
nitrate, which yields oxygen \\hen heated; the 
oxygen combines with the other two components 
of tho mixture (charcoal ru1d sulfur) . In other 
propellonts, the oi--ygen is pa1·t of the or iginal 
coniposltlon, and recombines with other cle­
ments when the composition brenks up. 

Jn high e"'Plosives, oxidation ls not so in1pcr­
tant a feature of the reaction, though it is 
usually present. The important ene1·gy sou rec Is 
in the b1·eakup 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 respecllvcly) Include 
the usual products of complete combustion (1;:.g., 
car!Jon dioxide, water vapo1'), products of In­
complete combustion (e.g., ca.rbon 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 conlposi­
llon. Some of these products are harmless, some 
are suffocating, somr: are comwstible or .;ven 
<olxploslve, and some are dangerous poisons even 
In fairly low concentrations. These ai·e dan­
gerous substam.:es, part1¢ular ly in enclosed 
spaces (where , for ex1uuplc. a high-exp!oslvc­
louded projectile n\ay have burst). They are also 
dangerous In enclosed gun mounts, which are 
therefore fitted with g:u;- e:<pelling de,·iccs co 
elilninato the1n. \Vhen such gases are not pi·onipt­
ly expelled they mny Ignite while the gun is 
being reloaded, causing n burst of name inside 
thti mount called a l'larebnck . 

C HARAC'l' ERISTiCS OF "X PLO!:;!\. F: 
A:\U PRUPELLEl\T RE1\CT!Ol\S 

• VE!.OCIT Y. An e:<plosive reaction differs 
from propellent reaction in its velocity. The 
velocity of comuustlon of e>--plostves n11d ill'O­
pellnnts may vary within r11ther wid<; limits, 
depending upon the type of substance and upon 
its physical state . The burning rate of colloldPJ 
ccllulo:sc nitrate powders used as propellants in 
n1octern guns is in the order of 24 centimeters 
per second and up at average gun pressures. 
The velocity of reaction of high explosives 
ranges from about 2,00() to 8,500 1no3lers per 
1:1ccond. 

• HEAT. An explosive reaction is alllilys 
accompanied by the rapid liberation or heal. The 
amount of heat represents the energy of tile 
explosive and hence its potentiality for do:ng 
work . The quantity of heat given off by nn explo­
sive or µr<)pcllent reaction IS not as luxgo :is is 
popularly supposed. /\ pound of conJ. . fo1•ex:u11ple, 
ylelclS five times as m·Jeh heat as a pound of 
ntw•oglycel'ine . However, coal canuol be used as 
an explosive, because it fails to liberate heat 
with sufficient rapidity, and because i l docs not 
incorporate 3n oxidizing agent. 

• G1\l>l::S. T ho main materiul products (as 
disLinot froin energy products) of explosive or 
propollen~ i·eactions are hot gases and :.1 small 
amounL of solid residue . The pressure chul' ­
acteristlcs of the ga6eS evolved arc discussc<I 
below: their composition was discus::.ed In t!'.e 
preceding article . Jn gun barrels, propellcnl 
gatses have an a<ldtUonnl c1·osi\'e effect, which 
contributes significantly to the wenr of the gun 
bore. The effects of such "ear on gun pcrform­
w1ce are taken up in further detai l later, !n 
chapter 5. 

• PRt::SSUHt:: Al\U $HOCK \\AV.t::. The high 
pressure accompanying a propellent 01· explo­
sive reaction i s due to the formation of gases 
which arc expanded PY the heat H berated In the 
reaction . The work which the reaction is capable 
of performing depends upon the volume of tho 
gases o.nc.l the amount or henL liberated. The 
mr.xinum pressure de,·eloped and the wny In 
"hicb the energy of the e>.i>loslon is applied 
depend further upon lhe velocity of the ,.eaetion. 
When tho 1 eaction proceects at u low velocity, 
the gases receive heat while being evolved, and 
t.lie 1nAXlmum pressure Is a~Latnecl coir>pura­
ti vcly late In the reaction. lf, In the cxµloslon or 
another suhstnnce, the s1uue voh1n\e ol gas ts 
produced nnd lhe same amount of heat is Ul>­
crated, but st a greater velocity. 11'.e ma.ximum 
pressure will be reachetl sooner and will be 
quantitnllvcly greater. However, disrcgnrding 
heat loi;o;cs, the 11ork done will be equal. 

The 1·apldily wilh which an ex1>1osivc devol­
ops its m:i.ximun\ pressure determines its hrls­
ar.ce. A brisant explosive is ono in which the 
ma.ximum pressure is attnlncd so rapidly that 
Its shock wave shaUers mater! al su rroundlog 
it . 

!l\IT!ATTO!\ 01' EXPL OSTVG ;\l\U 
PROPF.L.L ENT RE1\CT IOl\'S 

E>--ploslve :u1d propellent 1·eut'tions ru·e ini­
tiated by the application of some i;timulus which 
provides energy rcqui red lo get the reaction 
started. In general, propellont substances are 
commonly lnit.iatcd by heat. The re~•1lting rc­
neti<>n is n burning process, which occurs on the 
cxµoscd :surfaces of th"' sub!ltance and p1·<>­
gresses tlu·ough the mass as e11ch layer is 
consumed. However, some high 1;xplosivcs will 
react when sufficient he11t i~ applied, especinlli· 
if heat ls appli«J suddenly throughout the mass. 
ln!t:auon 1,y 1x:rcussion (dl re<·1 blo"1• or by 
friction, lb a form of initiation hy heat d,,1·1ved 
from U1e energy of the blow 01 friction. 

High explosives, such as the un1in chiu:·ges of 
mines or i.orp.,docs, in gcne,.al r equil·e the 
suciden appllcution of a strong shock or dcton1~­
tion to lnllintc the explosive 1·eact.ion. This 
delonaUon is usually obtained by exploding t 
smaller charge of a more bcnsilivc high e~plo­
sh•c in contact with or close to the niain charge. 

Detonullon of an e>.-plo~ive m~ss can also Ile 
transmitted lo other high e~1>losl\•es in the 
vicina y, without actual contact. The expJ<)Sion 
1·esulling is sa id to be initiated by influence, 
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and la called a sympothelic explosion. \\hen this 
hf4>JM!nS with mines or depth chargci. lhal are 
located too close together In the \\atcr, the 
phenomenon I& called countormining. 

Tho amount of enet•gy nooessary to initl ato 
the reaclion Is the n'c:asu 1·e ol the scn~l li vlly or 
the oxploSi•e or propellant. $en~iti\'lty is tr.-­
portant In &<olecting an cxploslvt: for a parlioulor 
purposo. Fo1· example. the explosive in o.n armor­
piercing projectile mut>l be relaU..-el)' tni.enslll\'e 
or the shOck of impact "ill detonate It beto1 e 
penctralion. Too muoh sensitivity is also 1m­
deslr·nbl0 because minor shooks or temperatul'o 
n rlallons Incident to normal handling would 
illiUatc the reaction . 

Sensliivlty has llttlc rclntton 10 the powol' 
defoloped by a given weight of explosive. T:>:T, 
'.or example, ts quite lllSeUSltl\'c, but Is pOW:.d 

'.or poond a much more pQ\\Orful c:>.1JlO!>ive Utan 
mei•cury fulminate, 11.n liilth•li ng compound of 
great senslUvl ly. 

CLA~::iH'lCA'l'ION OF N1\ VY 
EXPL05JVE ANO P HO!' t::LLA!\TS 
BY I.SE 

In lhe rcmnlndcr of this section, the charac­
:erlsUcs of Individual chcmlcul explosives nnd 
;:ropcllan1s now in use in the Xa''Y "ill be 
de.crlbed. These arti Ill 1·angocl in the follo'' lnl( 
claijij(flcalion llased In each c11se on their prin­
cipal use: 

I . PROPELLAXT::.. Propellants are used to 
propel projectiles from guns, to propel 1·ockel8, 
!rlmch iorpedocs, and catapult ILircraft. F.xampks 
ue timokelt>~S powder, bnlll1>tlte, Cordite, and 
clack powclo •'. Figu1·c 4- 2 i,hows smokeloir.~ 
powdor grain~ of vadous siios. 

2, PRlllAHY (L'\JTL\TlXC) E:XPLO:>I\ F.S. The 
tutlatlon of nn e»-ploslvc renctlon !"equircs the 
~lcatlon of energy in some form . JJ1·opellru1t1 
are comnlOnl)' ignitod by the application or 
fi!..-ne, whil e e:xplosn·us are ~et off by a ~""'" e 
st.ock. Many prilnary cxplosl v1is can be used for 
initiating ell.her propellant~ or· explosives bo­
ClllSC they produce both 11 flume a.nd a shock 
den exploded. 

A PRIM f'R Is used IO inltlatc the burning of 
1 propellent cxplo:.1ve. :\ si111ple primer <:on­
>.>U. or a Iman amount of lead a~:de and a 
smnll chn ,.gti of black powder. When !Ired, tho 
primor produces the name required to ignlte 
Ile oext component in the lraJn. 

- -... ... • • • 

• 

53.144 
Figu1 e 4- 2. -Smokeless i>O"der R"r&lns (call ho,. 

.30 lO l 6" /50); tbe two whii.e gi·ains arc 
SPCG powder . 

A llETO~A'fOR I~ used to inltllltc the re­
action or a high (disrupting) explo&l\'c. II m11y 
consist of a charge o! icad 07.lde 01 lead styph­
nale, either alone or with grnnuln1· Tl\T 01· 
tetryl in a container. \l'hen fired, t.ho detonnl<>r 
produces thu shock neccs~ary to imtiatc the 
explosive ronctlon. 

3. AliXl t lAHY EXPLOSIVES. L~q;e propel­
lent chuget and relati,·eJy lnS(;fls:lll\'<' hlgh ex­
plosives require an lntern1cdlato ch1ug1::, so th~t 
the Increased flamti or shock will ensure 1·0-
act!on of the main explo&he che.rgc. Thh. 
a.i.~llary, \\hen used \\itb prop1<lhu1ts, is called 
an Ignition chn,.ge. It consl11ls or a quantity of 
fl lltne-pr o<luol ng black powclc1-. The aux.ill l'.\l'Y 
e.X!JIOsi,•e u1cd with high explosives I» called a 
IJOOste1 . Jt consisti. or a quantity of mo1·e sensi­
tive high explosi\·o, such 11£> h1lryl or granular 
T:>:T. 

4. BliR~IEJts. J;xplosi\'ct of this classiflca­
tion are all cmi:>loyt:d 10 create dnmnge to the 
to.,.gel undel' att.ack. They U1'0 used nlone ot• ns 
pa1·t of tho explosive cbargo 1n mines, bomb~. 
ftnd torpedo warheads, and In proj~tiles as n 
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burster charge. There is a wide variety in tltis 
category, but the nlol·e common exainples are 
RDX, TNT, 9.lld tctryl. 

Propellants 

The primary function of n propellant is to 
produce gases under pressure which can be used 
to develop a propulsi\•e thrust. This gas pressure 
1nust lJe controlled to avoid exceeding the 
strength of the contai uer 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 t his problem led to 
the development of today•s SnlOkeless powder. 
Nitrated cotton (pyrocotton), the main constituent 
of s mokeless powder, is itself a high ex-plosive 
entirely unsuitable as a propellant. It is com­
bined witli an ether-slcohol mixture to control 
its burning rate. 

Smokeless powders are now used nln1ost 
universally for propellent charges. !'or military 
pu rposes (especially for weapons larger than 
small arms) there are lhree main classes: (1) 
single-base, (2) double-base, and (3) multi- O>' 
ti·iple- base powders. 

In single- base powders, cellulose nitrates 
(nitl·o-cellulose) form the only explosive ingre­
dient. Other matel'ial.s in single- base powders 
are included for suitublti forul, desired burning 
characteristics, and stability . 

Double- or multi- base powders include nitro­
glycerin to assist in cUssolving the nitrocellulose 
during mMufact'Ure, as well as to add to the 
explosive qualities . Single- base nitrocellulose 
powders have lower burning temperatures and 
cause Jess wea.r in the gun bore tha.ri double- ba.se 
powdeJ·s . Pres ent multi- base powders, with a 
large proportion of the "cool"- bur ning explosive 
nitroguaitidine, produce maxiniuni temperatures 
con1pa.rable to those of single- base powders. 

Propellants for p1•esent- day u. s. Navy guns 
l!lrger than small arms are composed either of 
single-base or nlulti- base powder. Double-base 
powders are used as rocket propellants . 

l:lingle-l3ase Smokeless Powder 

'!'his type of powder Is used by the U. s. 
Navy as a propellant in guns 20-mm and larger . 
It is a uniform ether- alcohol colloid of pur ified 
nitrocellulo:;e, plus a small amount of diphcnyla­
mine as a stabiHze1· to ,·etard deterioration of 
the powder . The grains are cylinders about four 
to five tin1es as Jong as their diruneter s. Larger 
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grains burn n1ore slowly and ru·e used fo1 
la.i·ger calibers. Figure 4-2 shows the ranged 
sizes. Smsll grains have 1 longitudinal holo; 
large1· grains have 7. The nu mber and size of 
holes determines the burning area of the gi·ain 
(in addition to its ends and convex sul·fnces) Md 
therefore its bul·ning rate; these have been care­
fully calculated for each caliber. The grains 
have a hard, smooth finis h, and have much lM 
same texture ns horn. Newly rnanufncturedgtaillB 
are generally translucent and amber. As the 
powder ages it darkens to opaque dark brown, 
tiien black. These changes do not, however, 
Indicate any Joss of stability . 

Snlokeless powder deteriorates in two ways, 
9.lld particulaJ·ly in the presence of moisture. 
First, it decomposes slowly in storage becauSll 
it is not entirely stable chenliCally, and even· 
tually will burn spontaneously if decomposition 
is allowed to run its course. The decomposition 
products include nitrogen oxides which tend to 
form acids, thus facilitating further decomposi­
tion . Diphenyla.rnine is slightly alkaline in effect, 
and neutl'sli zes the acid products. This doesn't 
pre11ent furthe1· decomposition, but prevents the 
process from acceleraling. Short of lhe extreme 
of spontanaous combustion, this chem·icsl dete­
rioration does not muJ<e the powder du.nget'OUS 
to use. Jts princlpsl effect is to weaken the 
powder slighUy, since some of the decornposltion 
that should have laken place in the gun has taken 
place slowly in Uie nlagazine, and the poy,'Cler 
the.refore cru1not produce as much heat energy. 

The second type of deterioration is loss of 
volatile components (ether and alcohol). These 
tend to evaporate if the powder is in U1e open, 
A loss of volatiles increases the burning speed 
of the powder; severe increase in 1Ju1·ning speed 
will cause the powder to develop excessive 
pressures in the gun when it is fi red. Thus loss 
of volatiles can make the powder ballistically 
dangerous. 

Sn1ckeless Powder Designations 

Letter des ignations fol· some of the single­
base smokeless powder (SP) used with !\avy guns 
are as follows: 

l. SPD- smokeless powder that consists of 
colloided nitrocellulose and diphenylarnine (the 
stabilizer). 'l'hls powder is con=only known as 
PYRO powder by the U.S. Navy and has been 
used in standard service ammunition. 

2. Sl'DN - smokeless powder coniposed of 
nitrocellulose and dinitrotoluene. lo wtlich ls 
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added other ingredients to control the potent ial 
of the powdet and to aid in plasticization. This 
composition also contains cliphenylan1ine, which 
acls ns the stabilizer . 

3. SPDF - a modification of the basic com­
position of either SPD or SPDN made by adding 
a coolant or flash inhibitor, generally potassium 
sulfate. This c01nbin:ttion of n1aterials results 
in a flnshless charge for the gun in which the 
powder is designed for use. 

4. SPDE- smokeless powder containing lead 
carbonate for de-coppe1·1ng purposes; otherwise 
it is simllar to SPD powder. 

5. SPC - a recently perfected cool- butning 
po\\'der of special nitrated nitrocellulose con­
taining centralite as a stabilizer. 

6. SPCF - a powder s ln1ilar to SPC powder, 
but containing ingredients that render the powder 
flashless. 

7. NACO-a unique cool- burning propellent 
of the SPC type. This powder was developed in 
lhe latler part of 1950, and it was proofed and 
accepted by the Navy n few yea1·s later. NACO 
(Xa•'Y cool) gun powder burns at a tcmperalu1•e 
300 degrees cooler than standard gun powder. 
Consequently the barrel life of rapid- fi re guns 
!s more than doubled . Another important char­
acteristic of NACO powder is the elimination 
oi most of the n111zzle blast and sn1oke usually 
associated with gunfire . The virtual absence of 
smoke p1·ovide the Nll\'Y, for· the first time, wi\h 
• universal propellent suitable for round- the­
clook oper·ntions, 'l'o prevent detection, ilring 
ships will no longer have to employ two kinds 
of powder - a smokeless type for daytime and 
~ flashless type for nlghttinie use, NACO serves 
l:oth putposes, elimlnnting many handling and 
storage proulems, 

NACO propellent is now being produced for 
5"/38, 5" / 54, and 8" / 55 guns. 

Multi-Dase Powder 

Multi-base powder is used in inany caliber s 
of guns. It is con1n1only ca.lied Cordite N or 
SPCG and i s composed of four principal in­
gredients - nitrocellulose (19 percent), nitro­
glycerine (a little under 19 percent), nitro­
guanldine (55 percent). and a stabilizer called 
carliamite Ol' ethyl centralite (a little over 7 
percent) . of thei;e 4, the first 3 are explosives. 
A small an1ou11t of potassiu1n sulfate may be 
added as a flash inhibitor. !ti some cnlibers 
otJier minor ingredients may be added. 

111 

Multi-base powder grains xc::iemble pyro 
powder grains in size and shape. They have 
smooth, chalk-white surfaces. After consider­
able time in storage, the surface color 1nay 
tend to yellow, but this Is not a sign of dete­
rioration. 

i\'lulli-base powders are rar more stnule in 
storage than eqttivalcnt pyro powder, becnuse of 
relatively low nitr·ocellulose content, srnall con­
tent of volatiles, and Jow hygroscopicity, They 
a.re more suitable as gun propollants than double­
J;ase powder (described below); gases produced 
by a inultl-bnse powder with nitroguanidine are 
much less erosive than those of double- base 
powder. Multi- J;a.se powders also are cheap to 
produce , have little residue after );urning, and 
are relatively insensitive to high teni:ieratures 
in stowage. 

Storing Gun Propellants 

In storage, smokeless powder must be pro­
tected Qf."9.inst high temperatures, and sealed to 
prevent enti·ance of moistureandlossofvolatiles. 
To protect against high temperatures, all n1aga­
zines in which ammunition containing smokeless 
powder is stored must be adequately insulated 
and ventilated, and if necessary refrige.rated. 
Moreover, recording or rnax.in1un1- n1inimurn 
thermometers are installed and read dai ly to 
verify that the ainmunition Is uniformly main­
tained at the lowest practlcaule temperatures . 
To protect against entrance of moisture and to 
prevent excessive loss of volatiles, runmunit.ion 
containing sn>0keless powder is kept in seale<l 
tanks or equivalent sealed containers. The tanks 
are not expendable; they 1nust be periodically 
inspected and repaired if necessary . They must 
not be opened when loaded except for inspection 
or if the ammunition is to be used . 

Solid Rocket Propellants 

The stream of hot gases that propels n rocket 
is pl'Oduced by chen1ical r eactions; the fuel may 
be either solid or liquid. In tMs chapter we nre 
concerned only with propellants used in ballistic 
rockets (i.e., those that do not incorpornte 
systems for guidance after launching). Propel­
lants use<l only in guided or ballistic missile 
propulsion are described in ?rinciples of Guid<.'<I 
:Missiles and Nuclear \Veapons, NavPers 10784 
se1·1es, 

Solid rocket propellnnts a1·edouble-1lnseco1n­
positions with added i ngredients for plastiCi>Jng, 
control of burni ng rate, and reduction of flash . 
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Oas pressure during bu1·ning is about one- tenth 
of that in a gun l'Alrrel, nnd erosion effect is 
not hnportant in th.is app!icatlon. 

A typicru propellent gi•ain Is made up of a 
con\po ~ltion ldentlficd us Type ::\-2 (Jl'1'1). It.s 
m ain ingrcdic!lts lll'C nitrocellulose (Slight.ly over 
51 pei-ceut) and nit•·ogiycerine (a little less th211 
43 percent). lt also contains two pla:>tlcizers 
for homogeneity of con\posiUon, stabili zcr (ethyl 
cent ral!te), potassium sul fate to r educe flush, 
arc carbon black to control burning rate. De­
pending on the particular rocket n1otor in which 
it ls to be used, a grain is an extrusion cf either 
crucifo1·m (cross-shaped) or hollow cylindric2.l 
cross scclioll, n1achlned In a special lathe to the 
dimensions 1•equl red for mounting. Single ex­
truded rocket propellent gra!ns range up t.o 60 
inches in length and G inches in diatnetcr. Larger 
grains for other a.ppllcallons n111y be cast rather 
than ext1•uded. 

From l to 4 grains of ballistite propellant are 
used as the propelling cha ,.ge i!I a rocket motor. 
The gr:•ins are Clesl1,'1led to burn at a uniform 
rate to provide unlfon11 thrust during burning. 
In crucifor1n gruins wilh suituble plastic inhibi­
tor st1·ips, the burn Ing area, nnd hence the rate 
of gas production und thrust, tend to ren1ain 
co11stru1t throughout the burn t11ne. In hollow 
cylindr ic:ll gr ains, plastic inhibitors bonded to 
t11e grain linlit burning area during the first part 
of the bur n period. Cylindrical grains have holes 
al regular i ntervals to equalize pr·essures inside 
and surrounding the cyllnder . 

Like gun propel ling charges, l'O(:kets must 
be stowed under conditions f:tvoruhle to storage. 
Noxmally . rocket motors are stowed in different 
magazine:; from the heads with which they are 
used. Like py1·0 powder, doublc- lmse propellants 
such as ballislitc must Ile protected fron1 exces­
Si\'e heat and fl·on\ moisture . Rocket n1ot.or 
magazines arc ventilated, cooled, and inspected 
daily just like smokeless po\\'dcr magazines. 
!locket pi·opellnnts a1·e not subjected to surveil­
lm1ce 01· oven tests aboard ship. A shelf- life date 
is stencilled on the 1notor, if r ec1ui red. Jf the 
motors have short- circuiting tabs on the leads 
to the Firing squ i\I, the"c must be left on the 
rocket until U1c rocket is to be fired. 

on n1any rocket n1otor tubes is prinu;d the 
critical tenipcrature above which the rocket 
s hould not be fired . Xor should a rocket moto1· 
be us ed If pi~rt::; are mis~ing, if the propellent 
g1·ain is fractured , or if It is loose in the motor 
tube, 

High f).-plosives 

A high ex-plosive for use in burste rs must 
ideally h:11re the following qualities: 

1 . Low sensitivity to shock of hundllng, gun­
fi re, and impact against ai·mor . 

2 . Maximum powe 1·. 
3. Good fragmentation characteristics (i.e., 

ability to hreal< up its container into lethal 
fragmc11h; upon detonation) . 

4. Low cost for manu!actun1. handling, and 
loading. 

5 . .:Vla,'dn\um stability for good durability and 
resistance t.o adverse conditions like moisture, 
hent, etc . 

l\o single e>-plosive meets all these requ1re­
ments suilably for all applications, so the Na~;· 
uses a number of explosives. The important 
ones which will be sludied here are T NT, RDX, 
HRX, tctryl , and F.xpJosive D. Explosives used 
only for demolitions will not be discussed. Of 
the five explosives named, the firsl four often 
arc used in varying fo1•ms or with other sub­
stance~ intermixed. 

TNT (trini trotoluene) . the best knowll of mili­
tary explosives, is ma.de by treating the orgll.llic 
con1pound tolue!le with ni tric acid . At tempera­
tures below aboul l 70°F, TJ\T ls a crystalline 
substance (whito when pure, but yellow to brown 
as found in mullilionSJ, chemically quite stable 
(it won't r eact with metals or become unstable 
even in ten1perntu1·es approaching 150°F'.), and 
quite insensitive to shock. However, excess 
moisture makes it hard to detonate ; it should 
be kept dry. Jt is loaded by custing-pourlng 
the n1olten substance into n cavity In tlie pro­
jectile or cxpJosh·e device . Its detonation rate 
is about 7 ,000 meters per second. After pro­
longed storage, cs.st TXT may give orr a.n oily 
exudate that is not Itself oversensitive but com­
bines with cellulose m:1tcrinl such as wood or 
natural fabric to 1nake an easily con1bustible 
and son1elimes e,·en explosl\•e con1pound. This 
exudate on the exterior of n projectile or other 
explosive device is n real !iJ·e or ex-plosive 
hazt11·d. li. nms t be wiped off pl'ornptly (hut 
without using soap or other alkaline compounds, 
and without using sltlcl scrapeJ"S). 

Cast T:"T can be used as a liursting charge 
in gun projectiles (other than armor-piercing), 
torpedo, rocket, and missile warhcu.ds, :md mines. 
Ir1 granulated form It is mo1·e sensitive and can 
be used as an auxiliary explosive (booster). 
T:-IT is also the mnin component of two other 
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explosives- amatol and tritonal. Amato!, used 
mostly in very large aircraft bombs, is a mix­
ture of TN'l' with anunoniurn nitrate-the mix­
ture is cheaper than Sl!'aight Tl\T. Tri tonal is 
a mixture of T NT and alu1ninum powder . Though 
the aluminum does not significanUy affect the 
powder of the explosive, iL increases brisance. 

ROX, nlso known as "Cyclonite" and "Hexo­
gen," is made by ttitration of a complex organic 
cornpoimd, and is substantially n101·e powerful 
and more sensitive than T l\T or Explosive V 
(which is de~cribcd below). When pure, coating 
ROX crystals with wax makes il insensitive 
enougti w handle, but its pure crystalline form 
is nonetheless too sensitive for use as a n1ilitary 
explosive. To 1nuke it usable, other 1nate!'ials 
must be added. HUX ts available In the folJowing 
forms: 

1. Composition A. A mixture or HDX and 9 
percent wax. Since this composition Is ns insen­
sitive as E>.-plosiv1;1 V but is more powerful, it i s 
used us a projecli!e filler i n place of F.xplosove 
D. 

2. Composition B. A mixture of about 60 
percent ROX, 40 percent Tl\T, and less than 1 
perce14t wax. It is used as a projectile and bomb 
filler. 

3. Con1posit ion C. t\ plastic mixlure of about 
90 pel'cent ROX and 10 percent emulsifying oil, 
used as n dcmoliLion explosive. 

HBX. There are in service use two varieties 
ol HBX: HBX- 1 und HBX- 3. HBX- 1 is a cast 
e~'J)los!ve, consisting of a mixture of ROX, TNT, 
alumlnwn powder, and a dcscnsitizer (chiefly 
wax). Stable , relatively insensitive to in1pact, 
and more powerful than TNT, lt Is used as a 
!OCket hoad burster . HBX- 3 has a much larger 
pfllpOrtion or aluminum powder w increase bris­
ance, and produce much greater destructive 
effect underwater. It Is used in some under·wiiter 
explosive devices. 

Tetry! is produced by nitration of an •u1iline­
bs.scd organic con1pound, and is both more power­
ful and more shock-sensitive lhan TKT. lt is 
'ISCd as a burste1· in small gun projectiles 
(40-mm and 3"), l1ut ts more generally employed 
as an [Ulxilia1·y or, v-1he 11 mixed \\'i tlt tl pri111s.1·y 
explosive, in detonators. 

Explosive D. This nonco1nmil\al nppcl!alion 
continues lo reflect the nura of secrecy that once 
i.arrounded this explosive, in lhe closing years 
ol the last century. What made It the subject of 
closk-nnd-dagger concealment was its then re­
volutionary combination of high power (neal'iy 
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that of TNT) with sensitivity so low that an 
nnnor- piercing projectile containing ru1 Ei.-plo­
slve D burstei· can l>e fired U1rough anuor plnte 
without being detonated. IL Is n phenolic com­
pound in c1·ysta1line powder forn1, chem lcally 
stable up to 150°F. when not exposed to w1-
protect.ed 1uctal. (Burster cavities in annor­
piercing projectiles nre protected by varnish 
before Explosl vc O is loarled.) 

Prin1ary (Initiating) Explosives 

The :'.irst chemical reaction in the train or 
series of stages which culm!nntcs in the detona­
tion of an explosive bursler or the burning of a 
prope1lu11l occurs in the primar y explosive . The 
prilnai·y explosive is the 1nost se11sitive in the 
train, and is present in tho sma11est quantlty. 
(Detonation of a "blockbuster" bomb "ith thou­
sands of pounds of high explosive bu1·ste1· begins 
with the nliniature explosion of n few g1•nms of 
initiator.) The prilna1·i· exploslvo 1nay lie :;ct off 
by the impact of a small firing pin, by the hent 
produced by the pu.ssuge o.f a firing current 
through a platinum filament, or by some other 
appropriate stln1ulus. To Ignite a propellant, 
the primary element in the train (the prln1er) 
must produce a hot flame of sufficient tempera­
ture, size, and durat ion for reliable act.ion. To 
detonate a high explosive, the pl'irnaxy clelllent 
!11 tlle train (the detonator) must produce a shock 
sufficient to detonate the succcccling elements. 
The pri..ma.ry explosi\'es most often used in naval 
amn1unition OOday are lead a~ide, lead styphnntc, 
OD~P. tctracene. and 11ilromannl!e. (Mercury 
fulminate, once the leading prilnary explosive, 
has now been supe1·seded because of its <lls­
advantages.) 

Detonators and prin1e1·s differ chiefly in 
auxiliary ingredients. Thus, oxidizing agents 
such as nitrates or chlorntes are added to in­
crease shock effect and sens ithit.y; abn1sivcs 
li ke ground 01· powdered glaS~ increase sensi­
tivity to fil'ing pin action; fuels such as antimony 
lrisulfide increase flame energy. Explosive 
binders like nilrocellulose or nitrostarch arc 
used to provide structure [01· the pdmnry mix­
ture and to hold it in place, and graphite or 
other electi'icu.J conductors are used to inci·euse 
conductivi ty for clectl'ical initiation. 

Auxiliary Explosives 

Au»iliary explosives are the middlen1en of 
the explosive or propellent tro.i11. They function 
as "an1plifiers" to transmit the l'el at.ivcly feel>lo 
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ei.-plosive s hoe!< or the intense but ephc1ne,.al 
flame proclucecl by the primary element, increase 
i t , and get Uie main charge of insensitive explo­
sive to detonate or the propellant to star~ burn­
i11g. 

In explosive tr ains, the auidliary e1q)losive 
ele1nent is generally called o. booste1'. For deto­
nating large masses of bursting charge (as in 
some aircriut bombs and mines), more than one 
booster may be used. Auxiliar y explosives widely 
used in n1uni tions include purified granulated 
TNT (which is n1ore s ensitive than cast TNT), 
tetryl , and black powder. 

Dlack powder is tho principal mi.xiliary ex­
plosive in propellent trains. It is the olde>;t of 
explosives; its use in guns dales back to the 12th 
century . It is a niechanical nlixture (not a com­
pound) consisting ma.inly of saltpete r (sodi um 
nit1·ate) with lesser proportions of charcoal and 
suUur. The exact ratios of the components vary, 
deJ>Cnding on the application. It comes in varying 
grain sizes, which are used as indicated: 

l. Large grains. - l mpulse churges. 
2. Granulnr. - Ignition charges for propcl­

hmts and for saluting charges . 
3. Fine- gt·ain . - Primer char ges; ei..'j)elling 

charge in illtuninating project iles. 
4 . Meal . - Pyrotechnics and fuzes. 

Except for application No. l above (which, as 
later chapte rs in this tei..-t wi ll mention, is 
r apidly becoming obsolete) , black powder is no 
longer used as a propellant. \Vhen it was so used 
in guns, it fouled tile bore with unlmrnecl residue, 
ntade lar ge quantities of irritating a."d easily 
visillle black smoke, produced a brilliant Qush 
when fi1·ed, caused excessive erosion, and even 
with sci<;ntifioally shaped grains to r e tard burn­
ing r ate, it burned much too fast for efficient 
use of the energy developed. 

Dlack. powder is considered the most dan­
gerous explosive handled aboiird n niun- of-war . 
1\lthou1:.'11 it posses ses practically unlimited chem­
ical stability if stoxed in ai r tight containers, 
it deterior ates irr egularly when exposed to mois­
t'llre, which it absor!Js readily. Black powder 
Is not affected by mo<ler ately high tempera­
tures , nor is it subject to spontaneous com­
bustion at 01'dina.ry storage te1nper nt..n·es . It 
is, however, highly combustible, very sensitive 
to friction, shock, sparks, or flmne , and ex­
trcm·>,ly quick and violent in its action when 
ignited. Bluck-powrle r dust is exceedingly dan­
gerous, and its accun1ulation during the handling 
o.f any bl ac:-.k powder should lJe prevented. 
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PYROTECHNICS 

Pyrotechnics is based on the Greek nanl< 
for fireworks. The x avy uses pyrotechnics noc 
for celebration but for illumination, and signal· 
ing. A pyrotechnic charge is a mii.'ture of chemi· 
cals (generally oxidizing agents ru1dcombustibles1 
which reacts to produce light or s mol<e. Other 
che1niCals may be added to the ntixturc to color 
the light o r s1noke. Some pyrotechnic devicoo 
have sn1all quantities of explosive or propellou. 
materials to project the pyr otechnic co1nponents 
in a desired direction, or to scatter them. 

The Navy utili1.es a large variety of pyro· 
lec hnics, l~t only a few common examples, all 
used on surface vt:ssels, c an be taken up here, 

Illuniination Device 

The ill\lrniuati ng projec t!le (colloquially called 
a "star shell" ) i s a br ight-burning fli1.rc thnt is 
conveyed to tile desired location by fl ring II in 
a projectile body froll1 a b'Ull. A tin1ing del'ice 
causes the nare to be ejected from the pro­
jectile ancl ignited. It falls slowly, supported 
by a parachute. Tho illuminating projectile is 
tile only pyrotechnic fi•·ed f1·01n <i gun. T he light 
of its fhu·e is intended to illuminate the tSJ.0gel 
and make it easie1· to ai1n other guns. 

Signaling Devices 

Three Important pyrotech!Uc signaling de­
'ices are signal lights, Navy lights, and distress 
signals . Signal light.s (often Called by thei r older 
name of Verylights , but not l.>ecauso they are very 
light) look like shotgun cartrid.gcs, and are fired 
from a speci al s1nall projecto1· 01• n special 
pistol to a height of nbout 200 feet, at whiclt 
t in1e <t i·ed, \Vhite. or g1·ecn ''star' r or small 
flar e ignites ru1d !.>urns for 5 to 7 seconds . The 
Navy light is a hand- held flare, either blue or 
red, which burns steadily for 1 to 3 1n inutes. 
The dis n·ess signal is a hand- held double­
ended affair which functions, llke Uie famous 
pyre in Exodus, to produce smoke (orange colored) 
by day (fron1 one end) or a !Jright light l1y 
night ( r ro1n the other end) . 

CHE~-T!CAL AGEXTS 

Chemical agents are of !ive mai n types, as 
described oolow. They n1ay be used in nny of 
seve ral types of arn1nunition (depending on tho 
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target on<.! lhc effects desired). or may be re­
leased a.~ free liquids or gases r rotn project.ors 
or spray<u·s . The types :u'C: 

Group A. Persistent vesicants. YesicMts 
blister the skin. The usunl ones are must.ard 
gas and lowl~ tte. (1'hys icnlly, l><>lh or these are 
liquids, not gases .) 

Group .~-1 . l\onpcrsislenl lethnl gnses . These 
gases, such as phosgene, Injure the body "hen 
applied externally, breathed, or taken lntcrnally . 

Group B. Lacrlmat.ors and smokes. A lacri­
mator such as CH causes weeping and lrrllaUon 
of the throat nnd lungs. Smokes such as !''.\! 
:ind FS arc used for screening but h11vc nn 
lrritant and, In enclosed spaces, n toxic effect. 

Group C. Spontaneously inflammable agents 
1>hich can be used as incendiaries, such as \VP 
(white phosphorus). 

Group 0 . Readily inflrunmablc mixtures 
such as TH (lhennite), or napalm, a syrupy 
gasolinc- plaslic ntixturc, l>olh of which bu1•n 
rapidly and with ext reme heal and are used 
zs incen<11arlcs. 

Chemical wnt•fare is a specialized field which 
calls for considerable special training. The 
storage ot chemicals r equl res tlXlruordlnury 
safety )lrccautlons. AIUtough poisonous gases 
were not used In \Vorld \Vo.1· II, the Nnvy was 
prepared for defense and ror reprisal In case 
the encmy lntlinted such tactics. Chemical wnr­
fare creates many problen1s in ~hip protcctton 
Md decont:uutnation which arc the responsibility 
of lhe Oiunagc control officer and are outside 
the scope or this book. 

DE~10Ll'l'IO~ 

Explosives intended for such uses as hlustir1g, 
eliminating haY.ards to nav!gallon and obstacles 
to amphllllouo; lunding, and destroying gear to 
p~vent capture l.Jy the enemy, comprise dcmoli­
non mate a tul . 

Demolition techniques are tnught in special 
!ia>)' schOols nnd will not be discussed in detail 
io this text . For major blasting operations, vari­
ous forms or dynl\lllitc a.re used; but dynnnaite 
~.ormally ti; not cru·ried allonr<.I s hip, 

Half-pound <lenao!ition chnrge blocks, con­
~sting of either pressed TKT or cast TNT and 
tctryl, a.re Issued to ships for genernl use . Ll)J'b>e 
demolition charges, also consisting of TNT, nnd 
tssemble<I \\1th half- pound booster charges, are 
also issued for major projects, such as scuttling 

vessels. Charges of both of these types arc det­
onated by mcnns of blasting cnps, set o!f by 
electric current. 

Highly classified instruments must be com­
pletely destroyed 1f cnpwre or nu:o1don ship is 
imminent. They are therefore equlpp<X! wilh tiny 
bombs cruJect destructorS, Which O(UI be actuated 
at a ntomont•s nO\ice . {;sually. they co11tnlt1 lead 
azide or TNT- telryl, with appropriate electric 
Ignition elements. 

Ai\L'.11U~ITIOX 

Jn n general sense, am1nunition Includes any­
thing thnl is intended to be tlU'0\\11 at the eneiny 
or put In his path, to deter, injure, or kill his 
personnel. or to destroy or damnge his materials . 
Jn this hook, U1e term ts user! it1 a inuch narrower 
and moro technical sense. Ammunlt1on Includes 
any projectile or ei..-plosl ve wen110n, as well as 
components or ports thorcof, hul not guns or 
weapon launchers and their parts. 

The next sec lion is devoted chiefly to gun 
amm11nlllon. Other types of ammunition to be 
taken up Inter in this book includo nitnus , tor­
pedoes, antisu1Jm1U'i11e weapons , bombs, rool<ets, 
and grenades. This book, as mentioned In chapter 
1, does not cover two other types or nmmuni­
tioµ - nuclear weapons 1111() guided missiles . 

service ammunition Is !llllmunlUon Cit for 
service use and including all explosive and 
propellent components. Inert (i.e ., lsok1ng explo­
sive and propellent components) and parlially 
icert ammunition of several types Is used for 
lest, training, and practice purpo~s. Dummy or 
<lrill :unmunttion (completely lnsl'l) which re­
sembles se1 vice ammuntlion ln ap1>carnnce, sire, 
and weight, may include functioning components 
that contnln no explosive or propello.ut . It is 
u~ed fo1• training unr.l lest pul'po~os. Cutaway 
am1nunltton (completely inert) has a seclton cut 
away to ~ho" Inner oonstroction D.ll<1 components; 
ti is used for training and dl~plu.y purposes. 
Plnsler-lo3decl or sand-loaded anununtlton lacks 
the cxploMve burster charge. but Is othcn•ise 
not inert; It Is used for target prnclice and for 
testing of launchers, rnounts, or projectors. 

Two mlscellnneous types of onn nunillon de­
serve brief mention for the sake of completeness. 
They nro trench- warfare nmrnunitiou and blnnk 
amntunttlon . Trench- wfU·fare uinmunllton in­
cludes hand and riOe irrenades, mOl'laJ' pro­
jectiles, and similar infantry weapons (Issued 
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to Marines and landing forces) for ground com-
bat. Blank iunniunit!on is a type of g\m 11mmw1i­
tion with propelling charges but no projectile; 
it is used for saluting batteries, signaling, and 
training. 

'l'YPES ANl) COMPONENTS OF 
GUN A.Vll\IUNIT!ON 

Components of gun ammuni tlon ai·c called 
an11nunition details, and all the amniunition de­
tO.ils requi red to fire one shot arc sa!d to 
compr ise a cornpletc round, Amm1.1n!tiOn detalls 
Include propelling ch:l rges, projactlles, prim­
ers, boosters, cartridga cases, etc. 

Gun amn1unilion co1npriscs four types: lxlg, 
scmifixed, fixed, and small ar n1s (fig. 4- 3) . The 
d!stinction belween tho fi1·st th!"ec depends on the 
manr1er in which the charge is assembled. In 
bag (fo1·n1erly called scpa1·ate- loading) ammuni­
tion, the prin•tff, propelling charge, and projec­
tlle are separate units . In semifixed amm\lnltion, 
the pl'imer and propelling chai·ge are contained 
in one unit, while lhc projectile ls separate, so 
that the complete roLmd comprises two pieces. 
In fixed anu1mnillon, all three components are 
assembled in one unit. Sni!tll-orms amm\lnltion , 
used in :;mull-nrms weapons, will not be dis­
cussed in thi:; text. 

Tho p1'incipal l:Omponcnts of gun aminunition 
a.re propelling charges :uid projectiles. The 
propelling charge functions to develop thrust that 
ejects the projectile al the proper initial \'elocity 
or I. V. (defined as the velocity, generally meas­
ured In feet per second or Fps, at which the 
projectile is moving at the instant it leaves the 
m\lzde of the gun) . 'l'he projectile gene,·n!ly 
contains explo~ive , or it may contain an Inert 
filler or n9 filler . The propelling charge as rut 
asscn1bly is con:;ldcred to Include the propellent 
train as well ns the propellant it:;elf with its 
container. The projectile as an assembly in­
cludes the fuzc, the burster, and the explosive 
t rain, as well as lhc projectile body. 

Ung Type Propel Uni: Chawge 

A coinplete round of bag nntmunitlon (fig. 
4- :lA) consists of three separ·ate :unniunltion 
details as follows: 

1. /\ lock l:Ombination primer (so culled be­
CRusc it fits Into n rtring ntechanism called 
R firing lock, and bus a combination ai·range­
menl which cnubltls it to fire either on nn elec­
tric firing impulse or by percussion) . 
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Figure 'i-3. -Complete rounds of gun an1munl­

tion, A, Bag. B. Semil'ixed. C., D. Fixed. 

2. Two or more p0wder bagl>. 

3. A projectile. 

Large guns must burn large quantities ofpl'O· 
pellant to develop the projectile initial velocity 
required. Jn a g·un as large as 16-inch, scvernl 
hundred pounds of propcllnnt nre needed for one 
full service 1·ound. By dividing this inlo several 
fabric bngs, each of which cnn be handled by 
one ml\ll, the i,•u.n can be loaded in a relatively 
brief time. Ench bag is made of silk (because 
silk will b"rn without leaving a smolder ing ash), 
has silk straps for b:tndling and silk lncing lo 
cinch It lip, and in r cd- clycd quilted silk pockets 
al one end has coarse black powder to serve 
as tho igniter in the propellent train. The bags 
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are kept in airtight steel tank:; until just before 
use. 

Even as late as the bel,\inning of \Vorld \Var II, 
manv naval "1111$ 5- inch and 6-inch i n caliber . ., 
used b<ig propelling charges. \Vith the increased 
mechanization of runmunition handling, to which 
propelling charges in bags ai'e not well suiled, 
the use of bag arnnnmition has declined until it 
now is rarely if ever used in the active fleet, 
and then only in 8- inch turret g11ns of cr uisers. 

;\ complete loaded round of bag arnmunition 
is sl10\\11 i11 a c1·oss-sectioned b:run in figure 4- 4. 
The prirner, a smnll cylindrical meta! container 
•.1th one end open and the opposite encl closed 
and r·immecl, is loaded manually into a firing 
lock in the breech plug. The projectile is pushed 
into the gun by a power-driven inanunlly con­
trolled rimuner. Next, the gun crew rolls the 
propelling cha1·ge into position for the rainmcr 
to push it into the g1m behind the projectile. The 
last step in Jou.cling iS for the gun crew to close 
the breech inanually by swinging the breech plug 
jnto place a11cl locking it. The gLtn can nO\I/ be 
iired. This is done either by passing n small 
electric firing current tlu·ough the pri1ncr , or 
manunlly operating a n1echanical percussion de­
vice on the fh·ing lock (not illustrated). The 
primer produces a spit of flan1e which travels 
through a bore or vent in a mushroom-shaped 
spindle in the breech mechanism and sets fire 
to the igniter in tho after end of the reannost 
bag. This sets off the reniainder of the charge. 

After the projectile has left the niuzzle, the 
l)1·eech cru1 lJe O!)ene<I, tln<l an ai r l)lftsl frorn a 
gas ejector clears the gun bore of residual g1Lses. 
After inspection to verify that there is no burning 
residue i n the bo1'e, the next round crin be loaded. 

Ciise Type Propelling Charges 

Gun runniunition which has its propellent 
charge in a inetnl case or cartridge instead of 
a bag is called case ammunition. (The term 
"c11ttridge" may also he applied t:o a complete 
rou11d of small-t11·1ns 1:u11mt111i tion.) Bc)Lh se1r1i­
fixed m1cl fixed mnmuntions are of this type. 
The prilner in all c ase ainmunition is inserted 
in the base of the case at the ammunition depot 
and is not removed or changed alloar·cl ship. 

The designs of various sizes of case nm muni­
tion arc similar , as 1nay be seen fro111 study of 
figure 4-5. The case asscinblics arc si.1nilar up 
to the poini at which the inouth is ~ealed. In fixeu 
anununition the projectile is the seal; a mouth 
plug is used in se1n if ixed ainnmnition. 

There ar·e four steps in the asseinbly of case 
arn111unitio11: (1) pri1ning, (2) loading the pro­
pellant, ( 3) fitting a wncl and so1neti1nes a dis­
tance piece, and ( 4) inserting the projectile or 
mouth plug. In priming, the pri1ner used iseither 
sc rewed ( 40- mm and laq!;Bl') or force-fitted 
(smaller ear t riclge mnmunition) i nto \he !lase of 
the case. The desired weight of 'imokeless­
pov.1der gi•ains is the11 dum1)ed looscl~1 itlto the 

84.5 
Figure 'l-,l. - Complete round of bag ammunition, loaded and ready for fi l'ing. Cross section. 

ll'i 



PHllSClPLES OF _x ,\VAL OHONi\NCh AlSO GLl\J\!::RY 

~--POINT DETONATING 

AUXILIARY 
DETONATING 

FUZE---

f'lr---MECHANICAL 
TIME fUZ:E 

:t--ADAPTER 

EXPl.OSIVE "O" 

iiiT--8ASE DETONATING 
FUZE ROTATING BAND FUZE 

A ANTIAIRCRAFT 
(COMPLETE ROUND) 

PERCUSSION 
PRIMER 

ANTIAIRCRAFT COMMON 
PROJECTILE 

CORK PLUG-~=~ 
CARTRIDGE CASE 

i;...;;-OISTANCE PIECE 

=--- COMBINATION 
PRIMER 

B CARTRIDGE 

{•'lgu1·c 11-s. - Casio ammunition. Cross section~. A. Fixed nmm\lhltion (40- mm). 
munition (5"/ 38) . 

3.117 
13. semifi.Xed run-

caso. In 40- mm and largos guns, a cardboard 
or wad Is forced into the cnsc nod a distance 
piece, if one i s needed, placed on top. (This 
pt•e vont:; ~ hilting of the powder during han<l!!ng.) 
The mouth of a somlflxcd case is then ~csJcd 
by a mouth plug. Jn fixed amo\uni\lon, the mouth 
of the cnse Is sealed by forcing the base of the 
p1·0Jectile Into the ca..c . 

'l'he cn!>C is cyllooricnl but t:1pc1·~ slightly 
from !lose to top, Md bas sn an. ... ular groo\'C and 
l'l1t1 at tho bnse e nd. Cartrlctgo cuses havt1 In the 
past gcnornlly bct:n mat.lo of brass (hence the 
tcrn1 spent brnss lo dcslgiuuc used cnses aboard 

ship) . Steel cases nre now the standard in most 
calibers. Plastic cases nre willer dovelopmt:nl. 
Regardltl68 of whnt it'R made of, regul ations 
require thnt spent " br ass" must be conserved. 
After u brief venti lation pe riod (lO cli spose oC 
re~ldual powde r gases) . It must be s\Q\\'ed unUl 
the ship can return it to un ummunition depot 
to be reused. 

The prin:er- igniter arrangement in case 11111-
m in I ti on Is different r l'Olll thnt in lxlg ammw1l­
t!on. Tho prime1· Is aJwnys secured to the center 
of the ba1>c of tho c ase . l' l'lmcr s (01' 1uno1unlt.ion 
of larger caliber than 3" Include an Igniter 
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charge (black powder); smaller an\n1unition gen­
erally docs not 1·equire an ignile1, although 
black powder mny he present in the Initiator 
ml1(t;ure. 

Figu1·e 4- G shows the lhreo types of prirner. 
In percussion primers, the impact of n firing 

pin (in the gun) on a primer cap imparts a blow 
lo a sensitive lnlUntlng n\b.1u1·e between the cap 
and a metnl nnvil. T!>is inilinles an explosh'e 
reaction whose Orune ignites the remainder of 
tlle primer charge. Jn e lectric pri111ers, a brief 
pulse of firing current heats a smtl.]I bridge wire 

PRIMER CAP 

PRIM!:R STOCK 

IClHI TIOM fl.EME"HT 
(INCLUDING BRIDGE WIRE) 

rRIMER CAP 

P ERFORATIOHS 

ELECTRIC FILAMENT 
(IRIDG E WIRE) 

PRlllER CHARGE 

P RlllER $TOCK 

PRIMER CHARGE 

1ClHITIOH TUBE 

PERFORATIONS 

110.44 
Figure 4-6. -C11se prim~rs . ;\ . P<:rcusslon pr·im;;r . B. F.lcctric primer. C. Co1nbin11lion 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 und the cap- anvil arrangement; 
either can stai·t the reaction . Electric firing is 
preferred witn combination p1·1mer ammunition. 

PROJECTILES 

The projectile is the part of a complete 
round of service gun am1nunition that is expelled 
at high velocity from the gun bo1•e by the burning 
of the propelling charge, ~lodern projectiles are 
cylinders with pointed noses. Such a projectile 
can give stable ballistic perfol'mance only if it 
spins about its long axis while In fllght-other­
wiso it will tumble errallcally, As will be ex­
plained later in further detsJI, the bores of modern 
guns are spirally grooved (rifled) so that the 
pl'Ojectilo will develop this spin ns it travels 
along the bore , 

.Modern small-arms and machine gun pro­
jectiles o!ten 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 bursting 
charge, and the fuze which sets off that charge . 
There may also be n tracer to make the projec­
tile more 1·eadily visible during flight. 

The solid bullet damages by impact alone. 
Assembled projectiles, however, in..f!ict dmnage 
primarily by the blast of the high- explosive 
charge and resulting high-velocity fragments. 

EXT ERNAL FEATURES OF PHOJECTILES. 
The external shape of the projec tile is designed 
to obtain the desired flight characteristics of 
slllbilit:y and minimum air resistance, The fonn 
of forwiu·d end which best fulfills these conditions 
is the ogival curve {gene1•ated by revolving an 
arc of a circle about a chord) . In a projecLlle the 
chord is the axis of the projectile and the radius 
used is about nine times t11e diameter {caliber) 
of the p1•ojectile. In small-caliber projectiles a 
cone is sometines used lnstead, but tl>.is part of 
the projectile is still called the ogive. Abaft the 
ogive thci projectile is cylindrical. The cylindri­
cal shape may continue to the base (making a 
square base); or the after portion may be slightly 
tapered, (making It boat- tniled) . Near the after 
end of the projectile is the rotating band; for­
wnrd or this is the bourrelet {fig. 4-·7) . These 
two surfaces, slightly larger in diameter than 
the body, support and s teady the projectile in !t-s 
pussnge through the gtm. 

BJiS! 

110.45 
Figure 4-7 .- External features of gun projectile. 

In small projectiles the entire body forward 
of the i·otating band may Ile finished to bourrelet 
diruneter . On large-caliber projectiles acldi­
Llonal bourrelcts, forward of the rotat1ng band, 
are added to provlcle better support. The bour­
relet is very slightly sn1aller (0.015 to 0.03-0 
inch) than bore diameter. 

The rotating band, on the other hand, i~ 
actually larger than bore diSincter. Its three 
main functions are (1) to seal the bore, (2) ro 
position and center the rear end of the projectile, 
and ( 3) to engage the helical rifling grooves lo 
the gun bore so as to i1npart rotation to Ille 
p1·ojectile. It also holds the projectllo in position 
in the gun after loading and ramming so that it 
will not slip back when the gun is elevated. 

Rotating bands arc generally made of copper, 
either pure or alloyed. (Experiments have been 
made with rotating bands of sintered metal; the!e 
hnve not been adopted for service at present.) 

ProjecUle Identification 

Distinguishing colors and markings are neces­
sary to properly iu1d rapidly idenUfy projectiles. 
Ident ification of Amm\tnit!on, OP 2238 (latest 
reV!sion), serves as a guide for Identifying by 
color, markings, and lettering p1·ojectiles and 
other Navy arnmunition. 

Presently there are two different color- coding 
systems used by the Ka>-y to identify ammunition. 
These systems sre classified as the old :lnd the 
new systen1 and arc explained in OP 2238. The 
old system applies only to ammwiition manu­
factured before the new system of color coding 
became effective. All projectiles (and other 
ammunition) newly produced must have the new 
color code a!'.d markings applied. 
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Projectile \Vclgbt 

WHhln limits, u gun can fire p1·0Jcctiles of 
different weights. Tho weight of U. S. l\avy pro­
jectiles Is detentuned by the formula 

\V = d3 
2 

in which: \V = weight of projectile in pounds, and 
d = caliber of gun in inches. 

The weight of the projectile per squnre inch 
<i llo1-e is called sectional density. It ts repre­
sented by the expression 

SD = :::!.... 
A 

in which: SD = section density. 
\V = weig,hl of projectile In pounds. 
A = an:m. of bore, Including grooves 

in squnre inches. 

This ratio varies with the sizo or the i;un, averag­
ir.g approximately six- tenths of the caliber . 

The distribution of weight in a projectile is 
a matter of considerable in1po rtance. The cente1· 
of gravity should b1;1 in the longitudinal axis and 
close lo or abaft the center of fonn . 

Clasaiflc:ttion of Projectiles 

All gun projectile", <>!her than s1rn11l arms, 
shal'tl ~he ch!\J:actcrl~tlcs so far dosorllled . Since 
•ai·gets diffet' in ohnracter, projectiles musl 
differ in desib"' to defeat them most effectively. 
There ore th1·ee general classes of projectile::>: 

1. t>enet.rating. 
2. ll"t·ng111et\tiug. 
3. l:ipecial purpose. 

In each class arc one or mo1 e types, each 
designated by n specific letter code. 

Penetrating projectiles. Peneti·atlng projec­
tiles include :i.rn1or- plorcing (Al') ru1d co1nmon 
(CO:li). They ru·e <lesigned to penetrate, re­
spectively, hcn\'Y an<l light !lrmor. 'l' he usual. 
1:1.rsUng ch!ll'ge fol' these types hi Explosive 
D, which is insensitive enough to pcr1nit pene­
tr&lon withoul preni:!lture detonation. 

Figure 4-8 shows lhe construction of n typical 
AP pt'ojectile. T he l>otly has thick wulls. a reln­
tiYecy small bu.1·stcr charge cavity, a nose cap, 

J 21 

SASE PLUG CAVITY FOR BURSTER 

84.10.1 
Figure 4-8 . - 3-inch armor- pl"rcing projectile. 

Cross section. 

and a thi n ntctal wi ndshield. To function ef­
fectively. an armor-piercing projectile must 
keep its burster charge intact until it bas pene­
trated its target. The projectile body, of tough 
steel, backs up the hardened but somewhat 
brittle steel nose oap. which is so shaped lhat it 
will dig i11l-0 and cut through an :trmor- pluled 
tiu·get, rather than t'icochet . uowevcr, in flight 
lhe blunt nose cap. which Is ljhuped for pcnctr·a­
tion of arn1:>r, not for streamlining, would give 
tho projectll" the ballistics of a brick. Hence 
the windshield, which collap~as upon lm?act with 
the target, Is scl'C;wecl on to give the exterio1· of 
the projectile a sntisfacto1·y ogival shape. AP 
projectiles in larger calibers are not efficient 
against lightly ar1nored targets, bccnu:;e of U1eir 
Smull burstcrs. The projectile is tlelay -fuv..'<l lo 
burst after penetration. 

The conuHon projectile, !llust,.ated in figure 
4-9, has n hood Instead of the armor - pie;'clng 
cap, a larger burster, and thinner walls. anel is 
suited for more lightly armored targc~ than 
Al' projectile::>. 

F ra,,"1llentlng projectiles. Fragmenting pro­
jectiles are designed to damage by both blast 
eficct and f rngrnentation - that is, break! ng up 

HOOD 

84.10 .3 
Ftgur·e 4-9. - 3- !nch common projectile. Cl'oss 

section. 
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into high- velocity fragments. Such projectiles 
ch!ll·acte1·istica.lly have relatively thi n walls and 
large c avities for the burster. Under this gen­
eral clas::;ification arc the following types: 

1. High- capacity (HC). ,\ typical HC pro­
jectile ii; illustrated in figure 4-10. This type is 
used against unarmored sur face targets , shore 
objectives, or personnel. Since no penetration 
ability is required, explosives more sensitive 
than Explosive D rnay be u:;ed . 

2. Antiaircraft (AA) projectiles are designed 
for use agai nst airplruies in ntght. Except for 
fu2.ing they a.re substantially the sanie as l!C in 
the larger cnlil.Jcrs. Jn smaller Sizes the explo­
sive often contains s.n incendiary clement. 

3. Antiaircr3.!t cominon (AACJ projectiles are 
a dual purpose design, combining the qualities 
of antiair<>raft projectiles with the toughness 
necessary to penet rate steel plating not of ru·1nor 
thickness. The type of fu><ing will clepencl on the 
use. The walls may be heavier than those of 
tho other thin- walled types, and the filler is 
usually £xplosi vo D . 

Special purpose projeeti lei;. The special pur­
pose classification hl<>ludes types not intended to 
inflict cltunage IJy blast or h·agrncntation. If the 
.filler includes any e>.t'lOsive, it is a S!nall charge 
desib>Ued to expel the contents of the projecti le. 
See fi6'1ll"C 4-ll . The common varieties iu·e: 

1. Illuminating (II.LUM) projcct\lcs , often 
called star sJiel!s (SS), contain a bright flare 
attached to a parachute; these are expelled fron\ 
the p1·ojecUJe by a sm3ll black- powder charge 
which also lights Uie Hare. As the parachute 
slowly Jowe rs the flare, it ilhur1\nates the tnrget. 

2. Srnoko p1'ojectiles <>Ontains tubes of white 
phosphorus (\VPJ which are scattered and burst 
lJy a smnl\ black- powder charge. \Vhite phos­
phorus produces a screening smoke, and has an 
i ncendiary effect. 

3. ll'indow (W) projectiles contain inetaJ foil 
:strips, which at·c scaticrecl high in the ai r by a 
sm!ll\ ll<lrster charge to confuse enemy radar . 

4 . Non.f n1gmenting ( "nonfrag") projectiles 
<U'e used for antiai rcraft gun practice. They con­
tain a s1nokc- producing substance, available in 
v:lt'ious co\or1<, to ninke o!Jserv<lhle bursts 1vith­
out destroying the target by frag1ncntation. 

5. 'I'a1·get or blind-loaded (BL) projectiles 
contain sand or other inert substance 10 give the 
o;an1e weight and balance characteristics as ex­
plosive fillers. 

ADAP T ER: 

AUXILJARY DETONATING FIJZE 

COMPOSITION '8' 

PROJ £CTILE BODY ----

SASE DETONATING FUZE--

ROTATIHG &AMO -----

. . . . . 
:-:·:. .,, :·:·:· 

·'.·:·:·:· 
:·:·;.:: 
~·:·:• ...... 

' :·:·: 

110.46 
Figure 4-1 O, - 6-inch high- capacity projectile. 

Rocket Assisted Projectiles 

.. 

A rocket assisted projectile (HAP) Is fired 
frollt a gun at the san\e initial velocity as a 
standard projectile . 'I'he RAP is not n replace­
ment for existing gun- type nmmu1tition !Jut an 
addition to It that extends its range several hund­
r t:d yUl·ds. Rocket assisted projectiles a.re used 
prinHn·ily against per sonnel nod light-1naterial 
shore targets . A secondary use, however, is 
against enenl)• shipping at ex1ended range:;. Ope1-
ational skill and niaintenance level required 
aboard s hips are not affcctecl by tl1e addition oi 
the HAP. 

H/\ P DESCRI PTION, - Each RAP round eon­
sists of a projectile and a. gun cartridge (full 
charge). The proje<:tl!G consists of a solid­
propellenl rocket nlotor "ith a delayed ignition 
element, un cxpJosi ve filler warhead, and either 
n control!ecl variable time fuzo (CV'I') or a point 
detonating fuzc (PD) . Cart ridges used to fire 
RAPs are the s ame as those used to fire .stand­
ard projectiles. F'igure 1-12 i:; a cutaway view 
of a 5" /38 rocket assiste<:I projectile. 
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110.47 
Figure 4-11.-Spechu- purpo$<; projecliles. 

RAP OPEHATION. - \Vhcn lhe p rojectile is 
fired, gun chamber preissure flexes a sp!'ing 
•itlch slrikes a percussion prin1er usseinbly i n 
lite base of the projectile. The primer in turn 
ignites a pyrotechnic delay column that burns 
for a definite perio<l of time (23 seconds fo r 9. 
5"/33 RAP) . A!ter the delay period, lhe delny 
oolumn burns the ignlt!on charge which ignites 
lite rocket motor. Tho rocket motor gives tho 
f<rojectilo o, "boosl" , increasing its velocity 
Uld its range. The details of the ignition elomenl 
used in the HAP are illust rated in figure 4-13. 
The igniter is a gun-gas-triggered, pcreus sion­
activaled delay igniter, sealed into the base of 
li!e motor case and blown out upon motor igni­
tion, 

SAFETY PRECAUTIONS. - R;\ P runtnunition 
should be hnndled carefully at 11.JI tinl•~S . Sto'.vage 
oonditions for· l\A Ps must meet the snrne rc­
:iuirem.~nts applicable to standard projectiles. 

l.lecause of the s imilarity in appoa 1·unco J.x.,­
twecn ~' standard projec t ile nnd i< RAP imd the 
dissitnilarity of irnpaot points, posit.i~o and c;or­
rect identification by handling crews becomes 
a major s afety factor . For example, c rew:; 
c:oulcl be under the hnprossion that lhey are 
firing RAPS over the bonds of our a.ssnult forces 
when actually they are firing standt1rd projectiles 
into the midst of these forces. 

FU7.CS 

A projectile fur.e is a rnechunical or elec­
tronic device which will detonate 01· ignite a 
charge in a projectile at the time and under tl1e 
circurnstru1ce:; desired . 

Puzes n'lf•Y be clas:;ified according to function 
(impact, time, auxiliary, or p roxin1lty), tho po­
sition of the fuze in Ille projectile (nose or base). 
type of mcchu11ism or principle utilized (n10-
chan1cal time or .,,ariuble titn~ - VT), und spe<:ific 
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WA.RHEAD CASE 
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84.304 
F igul'tl 4-1 2.-5"/38 rocket assisted projectile (RAP); cutaway view. 

OELAY co1.u1.,N 
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84.305 
Figure 4-13. -lgnition clement; cutaway view. 
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actior) at ti111e of ft1nctior1ing 0 1· iriitiation (ig11i­
Uon 01' delonation). Figure 4-14 illustrates loca­
tions of typical fuzes. 

Typical examples of nomenclatu re for Navy 
iuzes arc as follows: 

l. ;\uxilia1·y detonating (ADF). 
2, Base deton<1ling (IlDF) . 
3. Mechanical time (MTF). 
4. Point detonating (PDF). 
5, vi' or proxin1ity ( VTF) . 

Point detonating, time, imd VT fur.es n1ay all 
ile called nose fuzcs because of thei r location in 
t~e projectile. Fuzes are clesignated as detonat­
in~ when they contain wiLhin themselves it h1gh­
ei.;1osive charge sufficient to set off a high-order 
eJ.'J)losion in the bu1·stcr. Ignition fuzcs contrun 
black powder sufficient to ignite the burster of 
smnll projectiles. In larger projectiles . such 
fuzes function indirectly through an auxiliary 
detonating fuz.e. 

Fo1· sa.fet}' 1·easoris a f Ll2.e ffiLlSt be ino1>erat.ive 
until the projectile is clear of the n1uzzlc nnd the 
ilring ship. A fuzc is said to be arm~d whe1~ it 
is set to permit initiation of the explos1 ve t r ain. 
lt is 1u1ai·n1ed when set to prevent initiation. 

A satisfactory fuze niust: 

1. be safe to handle; that is, the fuze must not 
arm if dropped or joggled. 

2. be safe after firing until it is at a safe 
distance beyond the gun bore. A fuze with tl>is 
characteristic is said to Ile boresafe. 

3, function to i nitiate the explosive train at 
the proper instant, and not before or too late. 

POINT 
0£TONATING 

MECHANICAL 
TIME 

AUXILIARY 
DETONATING 

SASE 
DETONATING 

84.13 
Figure •1-14. - Fuze locations . 
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Forces That Operate Fuzes 

Fron1 the instant of firing until it stl'ikes its 
target, a projectile and its components are sub­
jected to a s uccession of fotceR that can be 
ut ilized to stai·t or drive a fuze's mccbanis1n. 
Many fuzes arc complicated and use more than 
one of these forces (listed below), in addition 
to other energy sources. 

l . SE'l'BACK. \Vhen the propelling charge is 
fired, the projectile is (a) accelerated forwar•d 
and (bl twisted clockwise (as seen f !'Om lhe base) . 
Because of thei r inertia, movable parts of the 
projectile consequently develop, dur ing the period 
of projectile acceleration and twist, a rear­
ward force called setback (fig. 4-15/\) and a 
rotational force or torque in tile counterclock­
wise clireclion (i.e., in the direction opposite 
to the twist) . This torque is called angular set­
back. 

2 . C£l\T!UFUGAL FOHCE. In accordance with 
Newton 's laws of 1notion, any moving particles 
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Figure 4-15. - Forces that work on fuz.es . A. Sct­

l>ack. B. Centrifugnl force . C. Creep. D. lln­
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tends to keep moving in a straight lino, Con­
sequently, because of its inertia, a ro,·ol\'lng 
p3rticlo develops o radial thrust (centrifugol 
force) nwny fro1n the center of revolullon. /\S 
shown in fi!,'\H'e 4- 15:U, the fu ze parts therefore 
dev.:lop a continuous outward thrust from the 
rolnting projeclilc's centerline while it Is in 
flight, 

3. CllF.EP. The pro)ectile while In flight is 
gradually slowed by air resistance acling on its 
ext.:rio1· surface. Since the parts inside the 
projectlle a t'e not in contact with the air and do 
not meet this rcsi st a.nee, they tend because oi 
inerlla lo continue in mollon at tho same ,·clocity. 
Thub, us illustrnted in figure 4- l 5C, they exert 
a continuous forward thrust, cnlled creep. 

4. !:\!PACT. \Vhen a projectile strikes, its 
parts because of inertia tend to continue moving 
forwnr<i; this develops considerable forco. Im·· 
pact i~ p;onerally u~cd to initiate the explos!ve 
u·ain (fig. -1- 151)) . 

5. TARGET CO::\TACT (not illustrated). \\'hen 
a firing plunger or other pnrt of a projectile 
contnct.s the ta.rget. il is driven toward the rear 
with respect to the i·cm~lndcr of the projectile . 
Target contact is used lO stll.l't the eiqilo~lve 
train. 

'fypes nnd Applications of Vuzes 

Au.'<lliary detonating fU7AJS are used In con­
junction with all types of nose fuzes in projcctUes 
oJ 3-inch ancl greater calihcr excepL illuminating 
and ~pecto.l purpo.;e p1·ojccUles. They prevent 
detonotion if the nosa l'uzt:i IS acciclarit2lly actual.:d 
before the auxiliary detonating fuz.e Is al'l!1Qd. 

.Base detonating fu•~s ure used alone in .\P 
and COM pt'ojectilcs, and in co1nbinnUon with 
nose fuzo~ in such dual purpose projectiles as 
A:\C nnd HC. In the l:ttter their functioning is 
compldely indcpend.:ntly ol' the nose and auxiliai y 
fui-AJS. All base detonating fu?AJS function on Im­
pact; some, however, have a delay linie (0.02 
lo 0.033 second) nflcr the projectile hits, to 
allow Un1e for armor penetration. 

;\Jcchanical time fuzcs (:\JTF) are clockwork 
mecbnnisms which begin to function upon firing, 
and initiate the explosi vc train at a selected 
tin1P. following firing. They are used In high 
expl<lijlvc , illuniinat.ing, und various spec ial pur­
pose projectiles. \Vhen u~cd in high explosive 
projccl.iles, thesa fur.cs wor k in conjunction 

'.vilh auxiliary detonating fu1AJS. :\lTF's conla:t 
a gear train nnd an escapement mochanisn1 which 
starts lo operate inime<lialely ofter the inertii 
force of Rctback has ceased. Centl'if:ugll.l force 
acting 011 weights, wilh 01· without the aid ol 
coiled spnngs, supplies the energy to run tJie 
clock mechanism. After the predetel'1nlned anl. 
preset tin1e Interval, a spring-loaded firing pb 
is released and strike~ tho initial element d. 
the fu1.o explosive train. 

::llTFs nr·e used in projecti les with high fl'llg· 
nientutlon qunlitlas to p1·ovidc nir bursts. Air 
bursts aro effective against personnel if they ru~ 
t imed lo !x1rst, say 50 feet above a trench or 
other occupied 01ren. Gunfire support requil'e­
ments call for these burslh to be 25 to 50 re.:: 
above the target, 

Even though they can be used in a.ntiajrcrm 
fi1·e, i\ITFs n.re used more oft.en rtgainst surfoce 
or shore targels. Obvious is the superiority oi 
tinied projectiles, t.hrow!ng fragment.; in all 
directions, over those which require target con· 
tact before detonation. A direct hit is improlnble 
on n small, fast-n1oving target, hut the 5'' A/\C 
projectile has been designed to increase Ille 
probability of a hit by utilizing a tin1ed air 
burst. An A/\ common projectiles n1ay have a 
point detonating fu:te, o. llll.se cletonnting fu1.o, 
auxlliru·y dotonaling fu1.e, and mechanical time 
fuze mltklng it a very vcrsntl le projectllcs. 

Point detonating (u<es nre designed to func· 
lion on Impact . They arc faster ncting lhlD 
BOFs and arc usodehiefly ugslnsl lightly armored 
targets in gurJire support. Point detonating fuT.Cs 
are found in higl> capacity (HC), AAC, and white 
photiphorous (smoke) projectiles. These fuzes 
nre inserted into the p1·0Joctile's nose ln 1u1 

unarmed condition; they arc :irn>cd hycentrifugol 
force after the projectile has been fired . 

VT fU7AJS ai'e proximity fuzes, used in all 
of the types of projectiles that can use 1ncchani· 
cal time !u1.cs. except illuniinaling a.ncl windo-6·. 
The VT fu1.o is a self-contained r adio !rans­
milter- rccclver which recel\'es echoes of Its 
transmission as r eflected by n t3rget. \Vllen the 
retu1'ning signal is of sufficient strength, us 
the projectile nears the target, the firing circuit 
closes. The luze is rugged Md co1npac:t; it fits 
Into the nose oi a projectile. 

\"Ts are ll!.;o effective against personnel 
ashoi·c but are used mainly against air targets. 
Ii a \"T bursts in the vicinity of nn air large!, 
it is consldel'cd to be a hit In wnrl!me firing and 
for peact:time firing pnwtico evalunlion. Tho 
burst is co.lied a TTl.I (target- triggered- burs!) . 
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CHAPTER 5 

GUNS, GUN MOUNTS, AND TURRETS 

INTHOOCCTION 

The gun has been used in wnrfnre ashore and 
at1oat for seve1•;Jl hundred years. Its effectl vo­
ness as a weapon \\as increased over this period, 
~Jt 1his development has not. been a slow, steady 
growth. For the first 400 ycai·s Ute technology 
of g11nne1-y changed so little that n sailor of early 
Elizabethan tirnes would have had to learn very 
li ttle that was new to have ser ved ~- gun at 
Tr!lfalgar (!805). Most of the basic features that 
h&~e mnde the modern J\nval gun the effcctivt:: 
u-ea1>0n it is today were developed in the past 
135 years; most of thein begnn lo become in1por-
1ant only after 1900. 

The guns aboard modern United Slates Naval 
vessels, complex though they arc in detail, are 
based on a 1·elatlvcly few funda..tncntal fen~u 1·es . 
Once these are graspe<l, the student will find it 
easier to underslwl<l the delnils of s t ructure of 
a.~y gun 111ouut or turret he encounte rs . 

The fundainontal principles of how guns, gun 
mounts, and tur rets are cons tructed and how 
they work is explained in the first. part of this 
chapter. Details o! their construction nnd func­
tiOO!ng are described later in the chapte1· . 

Features of gun mounts and turrets that are 
<liscussed in the following pa1·agr·aphs a r c those 
that are refer r ed to in this boo!< us • 'convon­
l!oual, " which means that they i·eprcsent Sland­
w practice in the gun and mount design as it 
existed in tho U. $ . Navy about the 1niddlc oi the 
Wth century . New devel opincnls and iinprove­
ments in gLlll.S attcl rnounls a1·0 , of cou rse, al\Vn}f~ 
in progJ·ess. 

SOJ\'I I:: flASIC DEFINITIONS 

Jlclore proceeding with the s tudy of gun mounts 
and turrets, study the following brief li sl of 
definiUons, They 1U11plify or more precisc!y de­
limit some tern1s to be discussed later in the 
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chapter. Other definilions 111ay be found in the 
appendix glossnrics . 

GUN. -The term GUN pr·ope r ly designates 
the lube or barrel , but it is commonly used to 
refer Lo the whole assembly of which t.he b;u·1·e1 
is but a pa1·t . 

:MOU!\T. -The 1nount is the entir e sll·ucturo 
between the gun and s hip's stn1cture . Jt supp01'ts 
the g11n, secures the gun to the ship's structure, 
and provides for the gun's elcvntion, tr(lin, and 
(in guns large1' than 20- mm) recoil and com1tcr ­
recoil. There are several types of mounts, but 
all or the1n must accomplish these functions . 
Larger mounts have other functions as well. 

TR/\JN. -Trn.in angle of a gun is the posH.ion 
of the axis of the gun's bore in a plane parallel 
lo the deck measured fro1n the ship's centerline . 
Traini ng the gun is rotating the gun in bearing. 
The trnine r is the gun crew member who con­
trols the trai ning of the gun. The training gea.r 
is the equipment. usccl to train t.hc gun. 

COMMON ~THUC1'UHAL ARRi\XGEMENT 
OF l\A\!f\L GUN MOUNTS 

Figu•'f! 5- 1 shows the "skeleton" of the 
structul'e of a typical 5-inch naval gun n1ounl. 
In general these pal'tS, their ar rnnge111cnt, nn<l 
their nomenclature !ll'e typicu l ot other naval 
t,rttn !)'lOUt)tS, bot}) la1·g~ r and Sll)alle I'. 

Serving as the mount foundation is the SliU'ld, 
a steel ring bolted lo the deck. Tile training 
circle I~ an internal gear inside lhe stand. 

SupJ.>Ol't.ed by the st.and, nnd capable of r·otat­
ing in !nun in roller bearings on it, is the base 
ring, also cnlled the deep section r·ing or lower 
ctt1·riage . hiour1ted on it is the up1>c1· c!11·ringc1 
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Fig11rc 5-l.-111nJn ilSSemblies of a 5- lnch mount. 

F.xploded view. 

a pnir of inassive brackets br ac:cd to hold the 
trunnion be:•rlngs, large roller bc~rings into 
which the g'm tl'unnions fit . The trunnions nre 
pnrt of Uie sli<Jo, a 1·ectnngulnr wcldn\ent which 
s upport::; all the elevating parts of the gun . T he 
housing slide:> In recoil in the slide ; the barr·el 
fits iuto the housing's forward end, and the 
brcechblock can slide up and down in a breecll­
v.<ay just behind the barrel. Arrows show the 
1noven1ent of which each part (except the b1·ecch­
!Jlock) is capable. 

Figure 5-2 shows how the base ring fits into 
the stand, and how the 1nount tl'u.i ns . Holding­
down clips !Jolted to the base ring flt under the 
stand so that the cal' riagc •.v!ll not tlv when the 
gun fires 01· when the ship pitches and rolls. 
The base ring can turn on the sta.'>d in two 
ln1·ge- dian1ete1· roller bearings. One, the roller 
path, takes up vertical thrust, the otho!', hori­
zontal. The function of the t1·sining clr<:le also 

is illustrated in figure 5- 2. A pinion in tile 
carriage engages the lt·aining circle gear tee'.!> 
to train the mount. 

The carriage asse1nbly comprises tv>'O pal'ts­
the lower carriage (base ring) and upper car­
ri age (fig. 5- 3). The base r·ing supports tOO 
uppel' carriage and plntforn1; the shield (in en· 
closed mo•mts) is secured to It. lt itlso supports 
the mount power drives and other co1nponent~. 
Jn mounts equipped v.ith powder and projectile 
hoists, the hoists hang from the base ring anl 
train with the mount. The upper carriage sup­
ports the trunnion bearing,;. 'fhe trunnion bear­
ings and t1'tlnnions, besides supporting the ele­
vating parts, pro,icle connections for ai r linGS 
(for gas ejection) and niechanicul linkages (for 
percussion firing and for transmission of eleva­
tion movem9nt to fil'ing stop mechanisnis) . 

The tru1mions a.re part or the slide (fig. 5-~. 
The slide Is convcnlionally a 1·ectiingulnr steel 
weldmcnt which houses or supports nll the pnrt~ 
of the gun nnd mount that mo,•e in elevation. 
ln modern mounts designed to engage either air 
or surf11ce targets, the limits of elevation movc-
1nent ure from minus 10 to 15 dcg1·ccs (that is, 
wi th gun barrel depressed JO to 15 dcgn,cs below 
the hori zontnl) to about plus 85 deg1·ees (that is, 
with the gun b11rrel within 5 dcgi·ecs of flOinting 
straight up) . 

The slide (ilg. 5- 4) contains the ainnlunilloo 
feed mechnrJsm (or the powei· rwn1ner if :un­
munition feed is perfonned manually "ith me­
chanical assistance), the recoil brake, the coun­
terreco!I mechanism, Uic elevating a.re, and the 
gun housing. !·'igu re 5- 4 shows how the ele­
vati ng n1·c positions the slide in elevation. The 
arc, o. gear sector secul'ed lo the slide, engages a 
pinion (which may be driven nrn.nually or )Jy a 
power drive) in the carriage. 

As you know from \he Ja:;t of l'ewton's three 
laws of motion, aiiy action produces an equsl 
and opposite reaction. The thrust which pro­
pels the gun projectile out of the barrel is ac­
comps..nicd by an equal thr ust In th.:. opposite 
direction. Tllis thrust produces a r·carw1u·cl move-
1nent, called recoil, of parts of tho &'Un. After 
the projectile and high-pressure propellentgasc. 
have left tho bur1·el, recoil thrust ceases. 'Che 
i·ccoiling parts of the gun are then forced forwa.nl. 
Thls forward movement is call<..'<! counterrecoil, 
and it continues until the p:l.l' ls tl1at l'ccoilcd are 
restored to their original position before firing. 
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A. Roll•r beoring$-. c 
8. Trolnln9 circle ond holding·down clips. 

C. Prin<iplo of training gear. 

Sf ANO 

84.138- .152 
l:'igure 5- 2. - Details of the stand and car ,.iage. 

This Is calle<l bnlte1·y position, and the gun is 
oow said to be in battery. l\ote that in all modern 
oaval guns, only parts of the gun mount recoil; 
\.'>e gun mou11t as a whole does not recoil with 
respect to the ship's struct.ui·e. 

The 1·ecoiling pro·ts of a conventional naval 
gun arc either attached to or housed in the gun 
lloosing or breech housing (fig. 5-5) . (Some 
111rrel gu11s and 20- nun guns differ considerably 
from this lype of conventional desi gn; this de­
sc!'ip\ion Is not intended to apply to them.) 
~ecui·ed to the for ward end of the housing is 

the gun barrel itself. The commonest 1netl1od 
of allnching gun to housing is by use of an 
interrupted- screw joint, with a key to Jock the 
barrel against p0ssible rotntion. The hOusing 
C2ll !llOVe parallel to the gun bore axis in W ... YS 
in the slide. Ji is norn1ally iorccd to the battery 
p0silion by a counlerrecoil mecl\anls1n (described 
later) . 

\Vhcn the gun ii res, the reaction of the bai.·rel 
forces the housing aft; thi s movement is Op­
posed by lhe counterrecoil 1nech211isnt and by a 
hydraulic recoil brnke to be described later . 
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Figure 5- 3. - The carrisge. A. Upper and lower carriage. B. Trunnion be:i.riugs. 
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Figure 5- 4. -The slide. A. )lain features. B. Principle of elevating mechanisn1. 

Fii,.>ure 5-5 also indicates the location a.~d 

son1e features of the breech mechanism. The 
conventional type, illustrated here, is called the 
vertical slidi ng-wedge type . 

DESIGNA'f!ON OF Gll:\S 13Y C.'\LIBER 

The calil>cr (bo1·e diwnetcr) of U. s . Kavo.l 
guru; is cxprcssoo in Inches or 1ni llimcters. The 

length of guns or 3- ineh c aliber and above is 
usutl.lly exp1·esse<l cnliben; that arc equal to: 

!en ,.th of nm in Inches 
iameter 0 J..'llll tn i nc es. 

Thus a gun with o. bore diamcte1· of t.hrce inches 
and n Jengtl1 oi 150 inches would be designated 

150" 3"/50 caliber (""3i" ~ SO) . 
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BAYONET J OINT 

S!..IOE CYLI NDER 

j 11J BATTEnj 

A. How barr~I 5c(1.1rc5 to housing. 

8. l ocation of b reech plug. 

C. Recoil movement. 

0. &reechblotk ri5ing to closed posilion. 

E. Breechblocl( dropping to c pen position. 

84 .140 
Figttre 5-5. - Tl1e lious ing. 
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Guns most likely lo be found on !\avy ships 
loc!ay, in lhe active and/o,· the reserve fleet, are: 

Gmis Carried on 

.Bllttleships. 

.Heavy cruisers. 
* 16" / 50 cal .• 

8" /55 cal . 
6" /47 ca.I . • .Light cruisers; guided 

missile c 1·ulscl's . 
5" / 64 Cal. 

5"/38 c al. • • • • 

3" /50 cal . . . . } 
40- mm ..... 
20- mm . . . . . 

"HeScl've fleet onl y. 

.Li<rge carl'iel'S; de­
st toye1·s; frigates; 
tactical command ships. 

.Buttleshlps; c niisers; 
destroyers; carriers; 
destroyer escorts; 
auxiliaries. 
Any ship from patrol 
crlllt to battleship. 

S!Gl:\TFICAN'f l"EATURb'S OF MODERN 
GUNS AND MOUNTS 

The effectiveness of modern guns, as con­
t rasted with the pl'!ml\lvo naval weapons men­
tioned at the bcgitming of this chapter can be 
attributed directly to the following significant 
and characteristic features: 

1. ln1provcd metallurgy and barrel construc-
t.ion. 

2. Hlfling. 
3. 13reech- loading n1cch!U1i:;n1s. 
4, Percussion 3.lld electrics! firing systems. 
5. Recoil ru1d countc1·rccoll systems. 
6. Powc1·- drlven ammunition hoists. 
7. Powe,· ranimers and mechanical amtnuni­

tion feed. 
8. Stl!cty fcatu1·es-salvo latch, safety lin.1', 

gns ejection. 
9. Sighting and fi re control equipment . 

10. Power drives for elevating and ti·sining. 

GUN B AR!tF.LS 

l."igure 5- 6 shows in cross section a typical 
modern gun barrel. 

At Uie rear 01· breech r:mel of the gun is a 
bi·ecch housing, which houses the ureechblock 
or plug; this can be opened for loading and 
closed (or firing by a b:·cecb n1echanism of 
which it is nn Important part. Just for ward of 
lhe plug is an enlarged cham"ber that holds the 

........ 

84.135 
figure 5- 6 . -!119.in parts of a gun barrel. Cr~ 

secuon. 

p?-opelllng charge. The forwa1'd end of the CMm· 
ber tapers down to the bo1·e, which has n consrant 
diameter to the front or n1uzzlc end of the gun. 
In all but a few specinl purpose 1,'llns U1e bore is 
rifled- that Is. :; set or spiral groo,•es Is en­
g1·aved into its surface. In larger guns, which 
tend to wear more rapidly per round fired Iha.' 
smaller weapons, the rifling is cut in a liner 
which can l.lc replaced when worn . 

T he bulkiest pni·t of the !,'llll is at it:; bl'ee<:h 
end, where the metal Is thickset to withs tand 
high propellent gas p1·cssu1'es. The cylindric31 
after pnrt of tho barrel is the slide cylinde1', 
which moves in beUJ·lngi> iu the slide during 
recoil. Forward of tho slide cylinder the bun·el 
tapers (this tl\pel'ing pnrt is lhe chase) , then (in 
mnny gun designs) thlcl<cn~ to form a bell, 
which discourages any tendency for the metal to 
split. The narrow part of lho barrel just nbaft 
the bell is the neck. Jn newel' gun designs the 
muzzle hns no bell, bol may have lugs which 
serve to snchor n jnck u:;ed in replacing the 
liner. 

llll modern gun bnn·eJs ure of st.eel, and 
they are generally pre~trcsscd to lllnke them 
more resistant to Internal pressu1·es. Prestress­
ing methods v.ill be discussed In further detail 
lat.er. 

HI~'Ll:-IG 

Early cannon were smoothbores and gen­
erally !il'ed round (Sph;,rical) shot. Other Ullngs 
being equal, a. light projectile will tr avel a lesser 
distance, and be more affected by wi nd and air 
resistance, than n more mnsslve one. Since the 
maximum volume of n sphere depends on its 
radius, the mass of Ulc en1·Jy gun projccllle was 
limited by the density of it.s rnaterinl. An clon­
gnted projectile can, of course, be made more 
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massive by nlaking il longc1·, but it will be un­
st.able and erratic in flight-unless it can be 
made to spin on its long a.'<is . 

Pigure 5-7 shows how tlus problen1 is solved 
in a modern naval gun. The projectile is elon­
gated, with an ogival forward end. The gun bore 
is 1•iOed, and lhe rifling g1·ooves are helical 
or spit· al (fig. 5- 7, parl A) . !n all naval guns 
and small arms except the ,45 caliber pistol, 
tho rifling has a right-hand twis t . Tho twist may 
be uniform {gene1·ally around 1 in 15 or 20 
times the bore diruneler), or increasing (as in 
the 40-mrn gun) so that the twist becomes 
sharpe1· as it nears t.h~ muzzle. 

'fhe caliber of a rifled gun is measul'e<l from 
tile top of one land (the high surfaces between 
grooves) to that on the Opposite s ide of the bore. 
Since the rotating band for the projectile is 
sl!gl\tly larger thun the noniinal gun bo1·e cli:un - IA1 
eter, the rifling cuts into or engraves Lhe softer l!!.I 
me\nl of tile rolnting band when the projectile is 
rammed (Iig. 5-7, part ll) . \Vhen \he gun is 
fired, the projectile spins at a.., increasing rate 
as the propellent gas accelerates it . (\\l!th right­
hand twist in the rin1t,g, tho spin is clockwise 
as viewed fl·om the breech,) Moreover, because 
of lhe close fit lietwccn rotating band and rifling, 
the gas is sealed behind the projectile. Figure 
5-7, part C, shows how a p1·ojectile might look 
as it leaves the 1nuzzle, spiruung rapidly and 
·•ith rots.ling band deeply engraved. 

llREECH MJ::CHAKJS.MS 
I 

The breech nicchanlsm comprises the breech­
blocll or plug that closes off the afte1· end of the 
gun, and tbc linkages and other mechanical 
psrts required to operate it. 'l'he breech me­
ch.'lllism, as it happens, invariably incorpon1tcs 
part of the Hring system. 

All naval guns other than srnall n1·ms (which 
are not taken up in this book) utilize one of two 
principles of operation in their breech 1ncch­
anisms. The older, anel nows.clays by far the less 
used, is the i!1terruptecl- screw breech 1nech­
aoism. The newer ill the sliding- wedge breech 
mechnnisn>. 

Only oog-lype guns use lhe inter1·upted- scrcw 
breech mechanism ln loday's !<avy, and only a 
iew heavy cruisers have bag guns . Thls type of 
breecl1 n1echanism wi il therefo re not be clescr ibcd 
In lhis tcx"t. Sliding- wedge breech mechanisms 
are used in all present gun.; !:u·ger than snutll 
ums, up through 8-inch caliber . Larger case 
guns (6- inch, 8- inch, and Uie auton1atic!llly loaded 
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Figure 5-7.-Rifling. A. l\IOcdbore(viewedhcad 
on) . 13. Rifling engraves the 1·otating band. 
C. P1·0Jectile spin in flight. 84.143 
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5-inch :\lk 42) use hydraulically actuated sltdlr.g­
wedge breech mechanisms. Jn other guns the 
sliding-wedge breech rneohanis1n is d1·iven 
!hr o1tgh the camming acllon during recoil and 
co1uite r recoil. 

~'IRING SYST E MS 

Figure 5- 8 ~hows the principal commonflring 
syst.on1 elcn1ents that are housed in the breech­
block of a case gun 110-nu11 or l arger. The 
40- mm niechanism and the n1ecbanis1ns or n few 
obsolescent hand- loa.d<Jd 3-inch f:,>UllS are co.palJ!c 
only or pcrcussiOI• fire, 5- lnch guns eru·lier than 
Mk 42 arc capable of either percussion or elec­
trical fire as desired, and all other case guns 
now in service :ire de~lgned for electrical !ire 
only (except !or special "~hort cases" used to 
clear n gun by percussion fire in an emcrgtmcy). 

Common to all case gun firing sys tems is 
the fi ring mochan!srn (itlso called the fi d ng lock) 
In the breechblock (fig. 5-8). This is secured 
In the b1•ecehblock, but is not considered part 
of the b1·ecchblock, and Is easily remo,·ed for 
servicing or replacement. In combination und 
electric firing systenis the firing pin is elec­
trically insulated and is p1trt of the electric 
firing circuit. The pin rnnl<cs contact with the 
pril11 <'ll' o[ the Loaded j)l'Opclling charge case 
when the gun is lorul1.'(f and the breech Ls fully 
closed. The pin Is withdrawn into lhe b1 eeoh­
block when the breech Is not fully closed. Jn 
com'J!nutlon and percussion firing systems the 
firing pin can deli\·c1· a blow on the primer 
when actuated by a mcohanical firing llnlmgc. 
J>rovided the gun Is in battory, and the br;;ech 
ill fully closed. 

CAlllTRIOGI C.\$E 
(COHTA.l/'flMO PR~PELLIHG CHAltGI) 

f LIClllK 
l !i££CH flAIJtG 
&.LOCK ' ' Mllif.AL 
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Figure G-8. - Sliding- wedgo i)reech clenuintal'y 

firing mcchnnlsm. 
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l l 0.50 
Figur<J 5- 9. -Tlepresentative electr ical firl~ 

cil'Cuit. :;chen1at1c. 

ELt::<.:THI<.: FllUNG CIRC\..ITS. - The firiog 
m~cha.ntsm p1·oper - which has ns electricnl cle· 
menls only nn insulated firing pin and a quiet· 
di sconnec:t terminal to which a firi ng lead or 
cable is attochcd- is only the final par t ol' the 
elcctdenl Ci ring systeni. 

figu1·e 5- 9 shows schen1nt.ioally the elemznlS 
that "111 be found in n typical electrical firi'l 
system for a m'lunL or turret. The diagnur. 
does not sho\\ the physical locnllons or appear­
ance of the elements. 

Undo1· normul se rvice conditions, 1;1ms fire 
by using the s llip's 115 v. o.-c supply. 1'1'nco tile 
circuit bt:glnning with U1!s source. :>wltch1:$ 
(not shown on the schcninUc) in the fire control 
plotting roorn (plot) determine where control ol 
remote fire will be placed. That Is. v.'hethcr tbt 
director 01· plot has control. The1·e are spring­
loade<l normally open f11•! n1t keys at. each st~tioo 
which can nssurnc control , These nre all 011 lhe 
115- volt line to the pl'imtu·y of the firing trans­
former at the mouni . The n1ount captn;n, wheo 
told to do so, open1tes his fir;ng selector S\\1tcb 
to the "plot" (rneaning reniote) or to the "local" 
position. In "local" the primary supply is alW&)"S 
present in the firing lrans!omier. 

The firing tra.nsfonuer•s secondaxy feed& 
20 v. a-c to a firing selector swltch u.l the mount. 
This switch has two p0s!tions, " lJattery"' and 
"motor- generator." Ilatteries In these circu!ls, 
while still part o( the schematic, are no lonstr 
installed due to the extra mlllntenance lhcy 
require. !'O, this iirillg scle<Jlor s"itch will 
always be In the motor-generator position ex­
cept during maintenance . 

The po!tiler•s !iring key is generally on one 
of the elcvnting hnndwhccls nnd is connected 
to the ~lrc" lt by u flexil>Jo cahlo. The fi r ing stop 
mechanl~m switch is pnrt of the firing slop 
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mecbanisrn { to be described l ater) . It opens the 
firing circuit when the gun endangers part of 
the ship's structure. Some mounts have no 
intel'lock switch or i·eJay, but such int.erlocks 
ate comui~n with auton111tlc loading equipment 
or hydraul!c!llly operutccl breech mechanisms . 
The one s hown in the schemftlic may rep1·esent 
up to six Ot' more, each of which rcgiste1·s lhat 
a certain mechanis m or part is in a position 
that is sat:e for firing. The hrcech- closed con­
tact is a com1non varie ty of inteI'lock. in addition 
(and not shown in the schern:itic) are the surety 
devices in b1·eech and fi i-ing mechanisms which 
pr·event contact between pt imer and firing pin 
when the breech is not fully closed 01· the gun 
is not fully in battery. 

The liu!t part of the circuit is the firing pin's 
rontnct to the electr ic primer. T he circuit is 
oom:;ileted through the filnn,.~nt in the primer, 
the cal' lridgc case, and ground return to the 
firing transfor me r . 

FIRING STOP MECH;\N ISl>i. - 1\ t any con­
sideruble nmgc, the ax.is of a gu•!'S bo1·edevlates 
from lbe line of sight to the target. The greater 
the range, the greater the Clevi~tion . This makes 
it possible, particularly in enclosed mounts . 
for a pointer or trainer looking through a te le­
Ecope to sec no obstacle in the line of ~Ight, 
while the gun' s bore may be in l ine with some 
parl of the ship's structure, so that firing the 
gun will clan1age the sh.ip. Il is thc1·cfore neces­
sary eiU1er to prevent pointing the gun bore 
towal'd th~ ship's s t1·ueturc, or to prevent !t 
from fir-ing uncle1· thest1 condition~ . The lat ter 
meU\od is more com111on. '!'his is the function 
ol the fir ing s top 1nccho.nism, which disables 
tl:e firing systen1 when the gun is so aim<?d as 
lo endanger the ship it is mounted on. 

Figure 5- 10 shows the basic meehm1lsm. It 
is essenf.ln!ly a ph•te or disc type can1, in which 
the inputs are gun train (which rotates the cam) 
and gun cJevaf.ion (which moves the c:un follower 
a9proxi1nately r adially ac ross the cam) . The 
elevation input sh,ut moves toward the center 
ci the cum plate when the gun elev«tcs, and 
t.>10-at·d the edge when it depresses. At the end 
of the elevation input shaft is a spring-londt.'ll 
plunger which contacts the can1 plate. Each 
p:>int on the s urface of the cam plate corre­
sponds to t\ specific position {in train and ele­
vation) of the gun bm.·1·el; the coniplete sur­
'ace is a pl'ofile n1ap of the gun's safe and unsnfc 
:!ring :u·eu.s. 

When the gun mo1mt is installed, part of the 
earn plate sur face is cul away so that when the 

LC'N $1Jf<I fa t 

A 

-
84.179:.180 

Figure 5-l 0. - Principle of firing stop mechnn­
ism. A. Mechanical inputs, B. Profile can) 
plate . C. How fire is inter 1·upted. 
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gun is in a position where it is snfc to fire, the 
spring-loaded cam- follower plunger will be de­
presse<l, while in unsroe positions of the gun, 
the plunger will be forced upwa.r<l. Therefore the 
crun plnte arous cor1·cspondlng to safe firil'.g 
positions nre cut away, and the unsrue areas are 
not cut. The plotting of a firing cutout 1nechanisn1 
is explained ill a later chnptor . Figure 5- lOC 
shows how the plunger action can \)()lh open the 
electrical firing circuit and intert'Upt the per­
cussion firing linkage (!f there Is one) wben it 
is rieling ou a high area of the cum. 

RF.COii . AND COUNTEHRl::COII. 
SYSTl::~IS 

Novels about li(e aboard naval vessels of a 
hundred years ago or mor'" frequently have a 
scene Ill which u naval gun mount ll1·eaks loose -
either In battle, during a storm, or both- and 
U1widers, an w1colltrollablo Juggernaut, a.cross 
the deck as the ship i·ous In heavy seas. This Is 
so1nothlng that can scarcely happen a.boa.rd a 
modorn naval vessel; other ge111· may break 
loose, but how can a gun mount ·1 \Vhy were not 
the guns In the days of s ailing vessels sin1ply 
secured to a fixed mounting, as guns a.re today ·1 

The answer is tbat modern guns have recoil 
and countor recoll n1echrutisms, and ancient guns 
did not. A naval f,'Llll oan be rigidly secured to the 
deck, but without so1ne provision for its l·eco!l 
it will break loose when firo<I . 

Note the genersl functions o! recoil brakes 
snd countorrecoil mechanisms: 

l . A recoil brllkc is primarily designed to 
absorb the force of recoil anti "spread., it so 
that the sudden heavy shock ls converted to a 
thrust exe1·ted over an appreciable dlstru1ce 
through which tbe recoiling pn rts of the gun are 
permitted to move. Jn the mechanical sense, 
work Is done by tbe recoil forcu in pushing the 
gLtn nnd housing aft against tho resistance of the 
recoil ll1"akc; the energy absorllcd In the brake 
appears as heat. 

u. A secondary function oi all recoil bral<es 
in naval gun n1ounts is to bring to a smooth stop 
the forwai·d n1ovement (counlerrecoU) thtll fol­
lows rccon. 

2. A counlcrrccoil mechnnism Is a device 
that stores some of the energy of r ecoil and 
usea IL to foi·ce the recoiling parL'> lorward into 
l>altel'Y afte r the p1·ojeotile has left the gun 
mu1.2le, (The energy of recoil cru>, of course, 
be tt·aced ultimately to the combustion of the 
propellant.) 

Recoil and counterrecoil 1ncchnnisms an 
designed to work together . Figure 5-11 sholr; 
in a general way where the recoil nnd cow1ter· 
reooil systems a.re located In n conventiO!l!J 
5- lnch mount. 

There are many cllffcrcnl typos of 1·ccoil a.lit 
counterrecoil mochani sn1 s usod in land a.rtille1; 
and elsewhere. 'rhe U. s. Navy uses, in uavai 
gun mouni.S, one general typo of J"t)OOi! bra!:e 
(in either of 2 variants) ruid two kJn<lsof counter· 
recoil mechanism. 

RF.COIL SYST!!::llS. - All present dny recoil 
~-ystems for naval guns larger than 20- mm ~ 
hydraulic recoil brakes. A hydraulic reco:: 
b1·ake is a mcchanisn1 or lho type commonly 
lerrnod by engineers n "dcushpol." Its piston 
and a cylinder can move with resp"'ct one tc 
the other . The liquid in the cyllndc1· cnu move 
from one s ide of the piston to too other, but it; 
nttc of 1noven1ent is restricted 01· "throttled.'' 

Tho two variru1ts of tllis device are shown !Jl 
figure 5-12. In one variru1l (A in the figure), 
lhe piston is solid, and ouch oyllnder is filled 
'vith recoU fluid (usually a mlxlw·e of wate: 
with glyce1 in) . In tho wall or liner of e:lCb 
cylinder ur'" cut three t11rotUing grooves 120' 
aparl. They a.re sh3IIOW at the forwa<d end of 
lho cyllnde1· 1uld deepen towa1·d the after end. 

The principle of functioning of the U1rottlin&· 
groov1:1 lype (fig. 5-12A) was descl'lbed in chapter 
3. The other inujor type of re<: oil brake (part 
R of figure 5- 12) uses three fixed tapered 
lhrotuing t'ods wl:>jch pass U1rough orifices or 

AICOll .. ll'ISTOK 
t•••t01 -~- ~} . -;·• 

COU,. f(l!lt(CQIL PlUMGtf\ 

84.11? 
Figure 5-11. - R~<>:>\\ anti count<!rr~coll systems 

in a co1n•entionaJ. 5-inch mount. Sin1pllfied 
schematic. 
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B 
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110.51 
Figure 5- 12. - Hydraulic recoil brakes. Sinipll­

ficd schc,:mntic. A. Throttling- groove lype. 
B. Throttling- rod type. 

'>0les in the pi:;ton. (Only one rod is shown in 
fae figu re .) This arrangement functions like the 
tU'ottling-groove brake, except that the fluid 
flow is regulated by the varying cross section 
of the r ods in the holes . 

COU::\TJ::lUtECOIL SYSTEMS IN GENEHA.L.­
Therc are 2 basic types of counterrccoll systems 
used in linltcd States naval b"'ns. Guns smaller 
thll.ll 5-inch use 1 or niorc counte r recoil sp1i11gs. 
(These are so1neti1nes termed recoil spt'ings 
in OP's und t>lsewhere , but the function is the 
same.) Guns 5-inch nnd larger use pneu1n atic 
recupernto1·s, which depend on compressed gas 
(generally nl •' or nitrogen) to provide counter­
recoil thrust. Since the \•ery hlgh-p1·e~sure gas 
used in such systems is sealed by use of pack­
ings under hydraulic pressure, such systems 
are often called hydropneumnlic counterrecoil 
systems. 

The functions of any counterreco!l system 
are (1) to retur n the recoiling purt~ of the gun 
to battery after r ecoil, and ( 2) to hold the re­
coi Hng parts in battery. Thus a counterrecoil 
system must not only provide thrust during 
counter recoil, but n1ust also develop enough 
continuous thrust at all times to hold them there 
except whi le lhe projectile is aclually being 
propelled through the bore. (Recoil brakes de­
velop their "reverse thrust" for b1·aklng only 
while the gun is actually moving in recoil .) 

Because its thrust "fellows through" to the 
end of the cow1terreeoil stroke, any counter­
recoil i;ystem tends to drive the 1·ecoiling parts 
into batter y with considerable s hock. llence all 
counte1•recoil syste1ns for b"'" s 10- nun and up 
n1ust have a counterrecoil buffe t· to tn.ke up this 
terminnl shock. 

SPRING COUNT ERR RCOIJ . SYSTE:\1S. In all 
naval guns smaller than 5- itlCh, coil springs 
provide counlerrccoil thrust. In late 3• ' / 50 mounts 
and most 40- mm mounts, the Springs surround 
the exterior of the bar rel. 

llY DT\OPNF.UMA TIC COUNT i::nn F.COIL SYS­
T EMS. -A pneumatic counterrecoil systcn1 re­
quires a cylinde r 0 1· bore (in the housing) charged 
with inert gns (generally nitrogen or air, never· 
oxygen 01· other chemically active gas). Gns 
pressure in a conventional 5-i11ch system is 
around l,500 psi. A plunger (fig. S- 11) fiUing 
into the after end of Ll?e housing ls forced to 
the rear by the gns pressure against the after 
end of the slide. The thrust exerted by the 
plunger against the slide holds the housing in 
battery und returns it to batte ry niter firing. 

The complication of this arrangement lies ln 
the packing which surtounds the plunge r in the 
housing. Ordinin·y packing, unsupported, will 
not withstand the gas pressure i n the counter­
recoil Chlltnber. Therefore the packing used is 
a chevron type "inflated" by oil under pressure 
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(fig. 5-13). The oil prosswe In the packing is 
always higher than that or the gas In lhe cylir.de!'. 
The device thal ensures this pressure relation­
ship i~ Uu.i differential cylinder. Chapter 3 
explains in detail the principle of this device. 
Gun mount maintenance personnel Inspect the 
cylinder daily, and pump additional oil 1t1 if the 
rod proLrudes n1ore than three inches. 

counterrccoil b1.ufers are dashpot devices 
used lo conirol the velocity and cushion the 
impact of counterrecoiling parts st the end of 
counter1·1:coll. In present designs, they arc physi ­
cally located in the recoil mechanisms, and 
inco1-porate needle \'alves which can be adjusted 
(within lln1its) to modify the speed ofthccounter­
roco!l st1·oko. 

AiVIMl,.'N!TlON TRA!\SPOHT 
EQUIP!IIEl\T 

'!'he effeoti veness of a gun as a wcai>0n de­
pends, other lhings being equal, on the number 
of rounds per n1inute it can put on target. This 
in turn depends on the efficiency of the person­
nel and equipment responsible for transporting 

;....,-
_.. • - • ;i; 
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110,52 

f'!gu rc 5-13. - Hydropneun•atic countcri·ecoil 
lS}'Slem. Detail of oil - p1-essurc type chevron 
packing. 
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the ammunition irom its stowage spaces to ih 
mount nnd feeding it to the gun. 

Figure 5- 14 shows in cutaway form th 
runmunltion transport arrangements !or a ;. 
inch twin mount . At the lowest level is th 
magazine, in which a1·0 stacked the propellio; 
charges . The 1nagnzine pal'IJy i;u1·rounds th 
lower handling room, which Is separated by t 
nnmep1·oof bulkhead from lhc ninga?.lne. 'Powdet 
cases stored in the maga,,lnes arc passed by 
hand through scuUles in the mnga,.lne buL'<beat 
to the lower handling room. (Projectiles are 
normally stored in the lower handling .l'001 
itself, In racks in the upper handling room, 8l!l 
on the gun- house bulkheads.) 

The powder cases and projeetlles arc lhl~ 
loaded i nto the 2 dredg~r hoists ( l for ea.ch o! 
the 2 guns in the n1ount) which haul them tt9 
to tht> uppo1· handling room. F:ru.:h dredger hoist 
handles IJolh projectiles and powder cnses. 

On lhe upper handling room deck are locaU,.:, 
the upper ends of the 2 dredger hoists, snd 
around the central column in the room a.~ 
mounted the 2 sets of projectile hoists snl 
powder hois~s. 1 projectile hoist and 1 powder 
hoiRt for each gun, The handling 1·00111 crew 
removes tho projectiles nncl powder cases frono. 
the <J rcclgcr hoists, loads p1·ojectiles into t~~ 

projectile hoist, 1md loads the 1>0wdt>l' cases into 
tho powder hoists . l"uze seltc1·e In tho projectile 
hoists automaticnlly set the projcctilefuz.eduring 
hoisting. 

Most of the propelling charges arc stored ir. 
the magnzine, and most of the projectiles a."t 
stored ln the lower handling room. To begin 
ammW'liUon ser\'ice without delay, a nun1ber <i 
con1l)lele rounds a1·e nialn\alned i n rendy racks 
In the upper handlir.g room. For long periods 
oJ sustained fir e, however, the entire runmuni­
lion supply sys!.enl must be In action. 

AU hoists arc driven by electric-hydraulic 
power units. 

A:\li\IUNITION FEED 
EQUIP~lF.NT 

A1nmunitlon feedi ng and loading devices on 
the gun or at the gun deck level lnt1ludc power 
rwnme rs, slide-mounted run111u11ition loading 
geur, and equipment used to tx·ru1sf'er am1nuni­
tion frorn aminunition hoists to lhc gun slide. 
These vary considerably in design from one 
type or mount lo a."other. 



Chapter 5-GUNS, GUN MOUNTS, AND TURRETS 

1 MAGAZINE BULKHEAD 

HOIST UPPER ENDS 

PROJECTILE 
HOISTS 

(LOWER END) 

L OWER AMMUNITION HOISTS 
LOWER HANDLING ROOM (DREDGER HOISTS) 

110.53 
Figute 5- 14.-Ammunition s upply system for 5"/38 twin n1otmt. 

MISCELLANEOCS S1\f'F.TY 
FEATCI\F.S 

Some o! lhe safety features o! niodern gun 
mounts and turrets have been taken up in con­
nection with the other mechunisma or systems 
discussed above . But several additional note­
worthy ones are briefly discussed below: 

SALVO L1\TCH. This is a device th::tt locks 
the breech closed. It can be opened only by 
delibernt.e effort . Its ftmction is to prevent 
:occidental manual opening of the bre<!ch 1n 
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event of misfire (i.e ., an apvnrently unsuccess­
ful ntte1npt to fit'e) . The reason for Utis is ex­
p!llinecl in the safety appendix o1 this book. 

Salvo lntches arc part of tJ1e breech mechan­
isms of all guns larger than 40-mm, except for 
automatically loaded guns like the 8- !nch case 
gwi used in Salem class tui-rets. 

The sulvo latch i s a positive lock, cuJ11111cd 
to open automatically during rocol l. It will not 
open m1tonHLlically if Lhe gi111 docs not recoil. 

51\ l"l::TY LI NK. - The safety link is 11 metal 
strip lhal couples the breech yoke (in bug b"'ns) 
or housing (in case guns) to the s lide. ll is 
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i ntendcd to hold the gi.m in battery in the event 
or failu1·e of lho countcrre<:oil mechanism, or 
if the countcrrecoil nlechanism Is disabled . It 
is used In guns equipped with hydropncuniatic 
countcrrccoil systen\s. 

If the gun Is fired with the safely link en­
gaged, th(:) linl' will par t. However, It is part 
of the normal gun opera.ling procedure to dis­
connect Md s tow the link before fi ring . The link 
mus t be replaced when Uie mowit Is secured. 

GAS EJ ECTOH. - \Vhen a shot ls fired from 
a gun, the bore Is filled \Vith residual powder 
gas. The gas Is unsafe to breathe, and is likely 
to be eiUier combustil.>le or actually burning; a. 
is sometimes capable of spontaneous coml.>ustion 
when rniXed with air . The gas ejector, winch is 
installed In eve1·y enclosed mount 6- inch and 
Hu·ge1·, fot·ces this i·esidttal gas out of the bore 
by air blast . 

\~'hen a gas ejector fails, the gun can con­
tinue !iring, but csution is neccssury to ensure 
safety. The rste of fire may hsve to be reduced. 

SIGHTll\O AND FlltE CO:\TROL 
EQUIPMENT 

Getting the gun projectile to hit its tc.rget 
is not as simple as aiming, say, a searchlight 
beam. A projcclile, when fi red, travels In a 
curved path rather than a straight line, and 
many faclors afiecl the shnpe of Its path. ?.1ore­
over, since a projectile requires an appreciable 
tinie to reach Its taxget, the position or the gun 
when fired 1nust take int.o account the distnnce 
that the target and the gun will travel with 
respect to each other during the projecti le's 
flight . 'l'o do this requires that all these data 
be n1ensu1·ed nnd thclr effects solved mathe­
rnatics.l.ly so that the solution Indicates how the 
gun must be positioned for the projectile to hit 
the tru·get. 

The techniques for doing Ulis are called, 
collectively, fire control. i\Iost of the fi.re con­
trol wol·k is done elsewhere than on the gun 
n1ount, but the gun mount docs Incorporate 
cert ain fire control gear-notably the s ights. 
Sights are optics.I devices which can be used to 
position the gu11 with respect to a s traight line 
(the line of sight or LOS) from the gun to the 
t:argct. Certain n1ore con1plex sighting equip­
ments (called lead- con1puting sights) incorporate 
con1puting me1:hanisms which automutically es­
tablish gun position with respect to the LOS 
while a crewman on the gun mount is !re.eking 
the target (i.e ., keeping the LOS aligned with 
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the ta,.get). On-nlounl fil'C conl1·01 gear m~y 
also Include radar, dnta receivers nnd indicators, 
communication equipment, and nux.ilia.ry com· 
puUng equipment. 

TRAIN A!-<1) F:LF.VATlOl\ 
MECHANJS)IS 

In a mqdcrn gun mount , the t.runnions arc 
placed where the g\ln is approxt1nately in bal· 
anoe. In conventional designs, halldwhcel~ coo­
nectcd through gearing to the training and ele­
vating gear a.re !\!'ranged so that the pointer's 
hJUJdwheels are at his station on the left, and 
the trainer's nt his station on the l'ight. Tbe 
pointer's handwheels, in gun mounts, tun1 s 
pinion which rotates a gear sector on the slide 
c alled the elevating ai·c (fig. 5- 15). The trainer's 
hMclwheel , through geaxing, turns a gero' that 
engages the training cl rcle in the stnnd. 

Jn turrets using bag an1munition the elcvatiog 
gear turns U.'! elevating nut which engages a 
screw pivoted t.o the gun slido (fig. 5- l 5 inselJ. 
Turrets using case amn1uuition nu1st be ci1pablc 
of much greater elevations thnn are practical 
with this arrangen\eut . They therefore use arc­
and- pi nlon elevating gear. 

All turi·ets, and mounts !urger tha11 20-nun, 
normtllly use power drives fot' positioning the 
gun. The two main type!! of power drive are 
electric- hydraulic and :unpl!dync clect.ric; the 
principles of these were described in an eal'lier 
chapter. 

The conventional nrrango1ncnts ucscribea 
above in tltis !lJ·ticlc do not npply in the newest 
mounts. For example, in the <lUtomaticaJlyloaded 
3' ' / 50 inounts, the gun crumot be manus.lly ele· 
vated and trained fron1 th<> gun- laying s tations 
on either side of the mount. The cont rols there 
provide only for operating !Jie mount tiu·011.g1t 
the power dri vi;s . The left gun layer •s station 
is used for positioni ng the niount when firing on 
air targets; the right gun layer's st.aUon is in 
control for surface targets. F.ither station, or 
the director, m:i.y be in iull control. \~1ien 
either gunlaying s tation is in cont1·01, mount 
train :md elevation are both conl .. ollcd by that 
station. llcncc there is no "pointer 's" station 
or "trainc1"S" station on this mount. And manual 
elevations and train a1·e used only for position­
ing the mount for maintenance or alignmont­
check!ng pu11,oses. 
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I TRAINER J-~----~ 

f ELEVATI NG ARCI 

r-----_J ELEVATING 
PINION 

PINION 

84.152 
Figure 5-15. - '!'r a ining and clevallng gear (simplified) . (Insert: Screw- type eJevaUng gear .) 
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GUN 13ART\ El. CONST RUCTION 
AKO Mi\ll\T F.l\ANCE 

Conunonly, the term gun applies to the cnti re 
assembly of which the ba1Tcl is but one part. In 
this section, gun, tube, or barrel designates the 
gun tu be only, und not the r emainder of the 
gun assembly. 

F.SSF.:\TIAL REQUIRE:\1El\TS 
or ,.\ GUN 

A. g\Ul nu>.y be considered as a tube designed 
to withstand a i,oiven pressure from within. In 
cOrlStl'ltCti l)g· such a tLtl)e , \VC mU·St :fi t'St C0l1-
sider what p>'essurcs it will have to "ithstand 
al the various points of its length, and then 
,,,!Ike It st rong enough to Insure per fect snfety, 
The bore should also be of such material r.s 
lo stand the wear and tear of firing a large 
number of rounds wit.bout being so damaged 
by expansion or abrasion ae to interfere with 
the s hooting. 

S'l'HRSSES IN A GU!\ 
CYLlNDEI\ 

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 11,re: 

l. A tangtmti ul stress or tension, coupled 
with n radial stress, tending lo split the gun 
open longi tudinu.lly. 

2. A longitudinal stress tending to pull the 
gun apart in t he direction of its length. 

Bxpcr inient.s have shown that the greatest 
stress on the met :ll. of the gun is the tensile 
st ress set up in the direction of its ci1·cum·· 
J'erencc (tangential s tress) by powder gas pres­
sure. In add.ition, the gun also experiences a 
longitudinal stress of r elatively smr.ll value. 
If this longitudinal stress may Ile considered 
cons tant (unct In guns it ni:>.y be so r.:onside1·ed 
without gre:i.l error) we may lay down "Lant·~ ·s 
la\\',•' s.s follows: 

,.o,t any point whatever, In a cylinder under 
fluid pressure , the sun1 of lhc tangential ten­
s ion and the radial pressure varies inversely 
as the squn.re of the radius . 

This law s ays, in effect, that In a sin1ple 
hollow cylinder under internal pressure, points 
in the metal close lo the bore e"-pericncc a large 
propor tion of the st.l'ess, whereas those at a 

(AH.Y POlttT IN 'WAt..L) 

_.--r:::f::::----_-·-

p~ '/'o -.. , RAOIAL PR!.SSURE 

Y..i~·· 

110.54 
l'lgure 5- 16.- Tangentiai nnd radicnl stl'csscs in 

a gun cylinder . Sohe1natic . 

great.er J•adius experience only a sn1all propor· 
tlon . Thus in a simple hollow cylinder of homo.. 
gcneous mew , we soon reach a I iln.\t boyon<l 
which any tl>Jckness of wall aids but little in 
enabling the cyli nder to withstand pr essure. 

Because of this seve1•e limit on the strength 
of a simple hollow cylinder , however thlc~. 
guns must be l>Ullt on a principle which will 
enable them to wilhstand more internal pressure 
thsn would be possible with the simple cylinder 
consl1:ucllon. The problem is to make the ouwr 
lnyers take a proper proportioii of the stress. 

lllF.'I'HOUS OF GUN B AflH F.L 
CONSTT\UC'I'lO;:.< 

Il is possible to m ol<c the oute r layers oi 
metal in the gun barrel bear a g1·eater share 
of U1e load by prcstrcssing the gun tube. There 
are two types of gun constr uction using this 
principle-built-up construction and radial ly cx­
p:u>ded construction, 

The "built- up" method of prestressi.ng is 
to heat steel ring-shaped jnckets, or hoops, to 
high tempe,-aturcs, then slip them ove1· the gun 
tube and allow them to cool. As \he hoops cool, 
thoy cont1·ac t, until at the end of the process 
they squee ze the gun lube "ith a pressure of 
thousands of pounds per square inch. Gm1s so 
constructet.l have been in recent years made 
only in si Y.es over 8- inch. 
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About tho time of \\'orld \Var I, the same 
principle wns npplied to monobloc (one- piece) 
guns In the r adial-expansion or autofrettage 
process. In this process, a gun lube with bore 
slighUy smaller than the caliber desi red ls 
e>qiMded by hydraulic pressure. \Vhcn the pres­
sure Is released, lhe outer layers of the tube 
tend to return to their original Cllm~nsions, 
whilo the enlarged inner layers te1'd to tnain­
tain thell· enlargement. Thus the lnne1· la:•crs 
of metal :i.re severely compressed by Ute con­
traction of lhe outer layers, as If u hoop bad 
been shrunl< on. 

The built- up and radially expanded methods 
ma)· be incorporated in a s ingle gun. The 8" /55 
caliber gun, for exrunple, has a jncket shrunk 
on a radinlly expandc;J tube. 

Slnaller· b"'"s arc made from n single steel 
iorging with neither radial exp:tnsion nor hoops. 
The pr-essuros in Small guns m 1ty be higher 
than In lai·ge guns, but the forging, which is not 
e.xcessivcly lll.l'b'C In any event, can be n1ude 
bigger. This type of construction Is, at the 
present tilno, limited to guns or 3- inch c aliber 
and smaller. 

DETEHIOHATION IN THE GUN 
BORE 

The "WOl'king surfaces" of the gi.111 nrc the 
inlel'ior of Its bore and chamber. i\s time passes, 
and as round afler round is fi r ed, these surfnces 
~ill deteriorate, and maintenance Is required 
to ensul'e their continued usefulness. The main 
causes of deterioration are (1) erosion, (2) 
corrosion and dirt, (3) copper fouling, and (4) 
constrict.ion. 

Erosion 

c:rosion l s the detexioralion and weni·ing 
away of the bore sut•Cuce caused by fir ing pro­
jectiles tlu·ough it. I::rosion Is nol merely the 
direct effect of friction which causes the bore 
surface to wear away as the projectile passes 
through. Th<; exact mechanics of erosion arc 
oot known with precision, but lhe following are 
recognized as the principal causes: 

1. The bore surface l1ecomes Intensely heated 
in firing, 1111cl the rush of hoL gases ncross this 
hot metal has u scouring effect. 

2. The hot powder gases react with tile metal , 
changing the carbon content on the surface of 
!he bore. Since this surface is designed \•ith 

an optimum carbon content, any ch!lllge results 
in a weakening of the metal . 

3. The alternation of intense henl and rapid 
cooling affects tile temper of the met!ll. 

4. The propellent gases EU"c fo1·ced Into and 
out of the pores in U1e met:l.I sul1't1ce as they 
open nnd c lose during the expansion and con­
lr11.ction which r1ccon1panies such drastic tern­
pe1·uturc ehnnges. 

s. Heat crncks may develop. 

G. G:i.ses escaping aro1111d the lll'Ojcctile ucl 
as high-velocity jets, scouring the bore tmd 
causing drun11ge, especially where the1e arc heat 
cracks. 

Erosion ts always greatest at the origin of 
rifli ng (fig. 5- l'i) and the tops o! the lands wear 
awuy fasle1· than do the bottom~ or the groovo8. 

F:roslon al the origin o! rifling, in g1mi; 
using scmtftxed a.>nn1unilion, tends lo permit 
the projectile to sent farther nnd flll' tber toward 
the muzzle , This reduces the density of loadi ng 
(density of loading ls explained later in this 
chapter) and the,.eforc the I. V. (lnltinl "elocil)•J . 
In guns using fixed runmunition, this effect does 
not apply, but in nll b"'ns erosion at the origin 
of l'lfl\ng per1n its gas to cscupe around lhe 
p1•ojectlle, and this in turn lncreoses erosion. 

As the hrnds wear, not only does more g11s 
escape around lhe projectile but the rifling en­
graves tho band less deeply, ri:clucing niuteri:l.lly 
both the lnlUal forcing pressure llJl() the resist­
ance of the projectile to the gns p1·essure. The 
effect is n m~terial drop In 1nuzzlc velocity. 

OftlGIH OF RIF' Llt<.'G 

CHAM.lf:ft PRO..ltCTllf 

FORCING 
CAltT,Ut>OE CASE CON' 

ROTATtHO 
BAHD 

Figure 5-17. - c:roslon nrens 
and bore. 
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CONTHOL OF EROSION. -All erosion factors 
are related to (1) the te1npcrature of the expand­
ing gases and (2) the duration of their confine­
ment ill the bore. Hence larger g\tnS, with their 
slower powders and longer barrels, suffer more 
erosion per round firing than sn1uller guns. On 
the other hand, smaller guns have a. higher firing 
rate, which pern1its less cooling time between 
rounds. 

Chromi11n1 plating of &>Un bores has rectuccd 
the effecLs of erosion; the use of mol.ybdenuin 
will probably make for even better erosion re­
sistance in the future. 

Some smaller guns a.re cooled b-y wat.er 
jackets in·ound the bnrrels, and there have been 
e"-pei·iments on introducing a coolru1t between 
the tubes and the liners of larger i:,nms. Also 
wider development are cooler propellants. Any 
cleveloprnent that !'educes the heat of e"-plosion 
will aid in erosion control. 

There are, for each class of gun, data sheets 
furnished to smps showing relationship between 
the enlargenienl of the bore and the initial 
velocity to be e"'Pected from the gun. The data 
sheets show this information in the form of 
plotted curveei . If the actual clianieter is fre­
quently checked, velocity loss heco1nes pre­
dictable, prope1· allowance for It can be macte 
in a:irni ng, and barrels or liners may be re­
placed before their perfornu\nce becomes notice­
ably erratic . 

In s01no minor - calioor guns, measurements 
of bore enlargement is mnde at the origin of 
rifling only. 1'hls is done with a wear gage, which 
is a truncated cone that CM be inserted directly 
in the breech. Ill liu·ge r b'UllS, erosion is rneas· 
ured at several points in the bore "ith a star 
gage. 

The star gage (fig. 5-18) consists of a he:ld 
mounted on n long tube, with nictnl points 120' 
apart extending radially fl'Om it. These three 
points fonn a Y and press against the bore of 
the gun. Points of suitable length as e p1·ovided 
for each caliber oi gun lo be measu1·ect. The 
bases of the points are spring-loaded to bear 
against a tapered expanding plunger; as Uie 
plunger (operated l>y the vornie r leve1·) moves 
lengthwise, the points are can1n1ed oulwaL"d or 
inward. Measurements a1·e 1·end fro1n the vernier 
scale. 

Stargaging is pelrforined by highly skilled 
personnel in tendel' or shore-based facilities. 
The object is to n1eas ure the amount of erosion 
along the bore (and especially its origin} so 
that the co1-responding predicted loss i n I.V. 
can be included in the solution of the fi1·e control 
problenL Tables, charts, graphs, and equal.ions 
a..re provided in OP 551 (latest revision) for uoo 
in converting erosion losses into usable I, V. 
information . Although this piu·ticulnr OP is for 
a 5" /38, there is a similar publication for each 
type of gun. 

VERNIER LEVER 

/ 

VERNIER SCALE 

POINTS VERNIER L EVER GRIP ADJUSTING SLEEVE 

110.55 
figure 5- 18. -Star gage. 
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Obviously, since stargaging Is done in port, 
and ships ar e usually at sea, a stopgap is 
necessai·y to compute the cor rect I. V, The stop­
gap is called EQUIVALENT SERVICE HOUNDS 
(£.S.R.). Immediately upon receipt of starg~.-e 
data, the ship cono;erts these data into an E.S.H. 
for each gun so gaged. The gun E.S.R. s for 
a battery ai·e then averaged, the applicable OP 
Is con.suited for conversion factors , and the 
resultant I. v. is set into the computer which 
serves the battei·y. This is a usable I. V. only 
as long as no rounds are fir ed from the battery. 
As soon as inore rounds are fired another 
quantity must be added to the I. V. computation. 
That quantity is called PSEUDO EQUlVALF.NT 
SERVICE ROUNDS (P.E.S.R.). P.E.S.H. conl<'.!S 
from estimates which are based on the fact 
lhat each round fired causes a certain amount 
of erosion. Project iles which are p1·opelled by 
full-service powder charges are counted as one 
P.E.S.R., while reduced- charge firing 1nay be 
equi\•alent to alJout 1/6 of a P . E.S.H. per round 
!ired. (The Navy uses reduced ch!lrges for 
reverse-slope fi rilig.) P .E.S.R. is added to E.S.R. 
for I. V. computation, but kept separ ately in 
records so that coinparison C0..'1 be 1nade with 
the E.S. R. from the next stargiig!ng. That is , 
was the P. E.S. R. an accurate estiln ate of the 
actuu.1 erosion'? 

Without periodic stargaging, the J':.S. R, pro­
cedure would not be accurate, mainly llecouse 
the P.F..S.R. quantity does not reflect the rate 
of fire. Rounds fired with ''e1·y short cooling 
Intervals cause inore erosion than the same 
number fired at a nonnal rate. For p1·actical 
gunne1·y, however, this method is considered 
sufficiently reliable fo1· use . 

!.V. MEASUREJ.\I EN'f . -At proving grounds 
gun pi·ojectile velocity is measured by 11 device 
called 11 chl'onogr aph. The proJectile cuts wires 
when It passes through two success ive screens , 
or it pusses through two 1nagnctlc coils , and 
the exact t ilne of each p;tBsage Is r cco1·ded. This 
)ielcls the projectile vcloci ty between the screens, 
and from this I. V. can be reckoned. 

Chro11og1·aphs r equire special setups of coils 
or sci-ccns, careful gun placement and aim, 
much auxiliary equipment, specially ski lled tech­
nicians, ancl a good deal or Lime, They are 
oonsequently not practical for sh lpboal'd use . 
But because erosion and I. V. ar·e s ignificant 
factors in fire control, the Navy has developed 
de~iccs on far different principles which can 
actually incasi1re the velocitie s of service rounds 
!ired on s hipboard. These velocity-ineasuring 

devices are incoq)orated in some b"'n fire con­
t rol systems. 

Corrosion and Dirt 

G1·eat heat, great pressu1·c, and complicated 
chcin\cal changes accoinpnny the burning of the 
propelling charge. Son1e hut not all the residue 
of the burning is blown out of the muzzle aitcr 
the projectile . \l'hat remains in the gun (powder 
fouling) is in the form of corrosive salts. Stand­
ard procedui·e is to remove it by wnshing out the 
bore with a hot soda solution and applying a thin 
film of oil before secul'ing until the next fi l'ing. 
Chromiuin plating of gun bol'es has reduced the 
powder fouling problein. 

Dirt in a gun bore not only encourages cor ro­
sion but is a source of danger if it offei·s suf­
ficient resistance to the projectile. To gunrd 
a.,aainst accidental admission of dirt, spray, or 
moisture Into the gun, a solid plug called a 
tom pion (pronounced torn-kin), is inserted into 
the muzzle. This is only a partial solution, 
because under certain we1Lther conditions con­
s iderable condensation accurnuJates in the bore. 
ln [air, dry we!Lther, to1npio11s 1Lre removed to 
air out the barl'els . 

Tom~)ions cannot be used under combat con­
ditions; a ton1pion accidentally left in u gun 
would be very dangerous if the gun were fil'ed. 
However, di rt and wate:r, especially salt water-. 
n111st lJe kept out of the gun; so canvas or plustl c 
muzzle covers are used. In an em~rgcncy, the 
projectile can be fired through such co\•ei·s with­
out bursting the barrel, subject to certain limi­
tations. Projectiles "ith supersensitive nose 
fuzes cam1ot be fi red through muzzle covers of 
any sort. In cold- weather opel'ations, when canvas 
covers inay becon1e ice coated, they should be 
remo\'ed before firing. 

Constriction 

More imm~diately dangerous than co1·1·osion 
or dirt Is 1nctallic const r iction of the bore. 
Before iu>d alter each fir ing, barrels are tested 
for this condition with a plug gage, which is a 
steel cylinder accurately machined to slightly 
under the diameter of the bQ1·e {fig. 5-19) . ti the 
plug gage will not pass through the bore \\1thout 
undue forcing, the nature of the const1·iction 
must be dctc1·m\ned. If it is caused by an 
accwnulation of copper, it is dealt with as 
descr·ibed in the next topic. This is the moJ·e 
likely cuuse. Howeve r , constriction can also tic 
caused by disto rtion of the steel surface of the 
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-... 
110.56 

F!guno 5- 19. - Plug gage (left) nnd Jnpping head. 

bore. This has been known to occur in built-up 
guns . The friction of the projectile on the bore 
tends t.o drag the liner along with it. This 
tendency Is resisted by the ~houldcrs of the 
liner 11nd lhe tube. \Vith continued firing, the 
shoulders of the liner tend to overr ide those ol" 
tho tu)Jc, forcing the wnlls of the linen· inward. 
As with coppering, steel constriction can be 
rcmovcd by lapping and polishing. 

Continued firing may also e longate lhe Hr.er 
ru1d cause It to protrude from the n1uzY.le. Tllis 
is not serious. \Vhcn the e.'<tcnslon amounts to 
as much as half an inch, it is simply cut off. 

Copper l'ouling 

Copper fouling is esscnLinlly a fo nn of con­
striction. It consi:sis of metoJllc deposits on 
the Jiorc, left behind by thi:i rotating !)ands of 
pl'ojcctl lcs. Even an a1nount of copper too slight 
to impede the projectile will ui'foct it s uccur·acy . 
:\'lclalllc lend !oil in the powder charge, while 
inci·ensing n1uzzle flash, hus Ileen used in some 
powdcr6 to control eoppe1 ing. The lead serves 
3S 11 h1hricant and discoursges new copper de­
postls. while ei-isting deposits will be abraded 
by lhe passing pt-ojectllc. :-icw proiiellanto; in­
corporate n trace of lead ca.rbonatc. 

Copper fouli ng may be removed with an acid 
trcatmont, but tllis is not authori 1,cd for ship­
ooanl use . /\pproved rnechwilco.l monns for <le­
coppcring consist of rubbing with u wil'e bore 
brush or lapping head (fig. f>-19) . The head is 
covered wlth a fine abrasive material a..'1d is 
drawn Ila.ck and forth at the location of t11e con­
striction unUl the plug gage cSJ1 be passed 
through without forcing. special scraping or 
decoppuring heads, fitted with steel blades, nre 
s..1pplied for cert:lln guns . 

a"/50 RAP!f> - Flll E OUl\S 
AND );!OUl\TS 

The 3" / 50 ropid-firc (HF) guns are scnii­
nulomaUo guus \Vith aulomalic power-driven 
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loaders, lnslalled in open or enclosed lwin or 
single mounts. They nre prin1nr1ly intended !or 
nl r defense, but can be used a.gllinsl surface 
targets. 1'hcy were planned during \Vorld \Varn 
when a need developed fo,. a 1·apid-fire gun 
wilh a liu·ger explos ive- projectile that could stop 
suicide plant.:s or dive oombers. The 3• • / 50 mount 
wns not completed in ti mo to lxl u sod in combat 
in \Vorld \Var U, but it has since proved itself 
ve1'Y effccti vc, ru1cJ since \Vorld \Var Ii has 
virtually displaced its predeoessoi·s - 40- nun 
twin and quadruple mounts-on combat vessels. 
ll Is generally used with relaUvc-ratc fire con­
trol systems. 

The 3" / 5() rapid- fire mounts now operational 
in the fleet are the outwnr<Uy ldenttcal tv.ins 
)lk 27 and mods and :Vlk 33 and mod::; (fig. 5- 20), 
OJ1d tho single Mk 34. ,\Jl use the srune gun and 
slmiltir loading mechanisms (except that in the 
twin mount the assemblies a.re of oppos ite hand). 
The two marks of twins are similar in ne-0rl)' 
all dctnll~ except the slide. 

T\I o mods of the Mk 33 are enclosed twin 
mow1ts with aluminum shield. The other mods 
are open twins with nlodificat\ons for install ation 
of a !ire control radnr nntonnn, or for suJ>. 
sUtution of alun1inu1n platforms instead of steel. 
'J'ho Mk 34 mount is an open 01· enclosed single, 
s!mllal' In controls and equip1nent to the t\\i u, 
with a rl.ght- hand slide ;u1d too.dor assembly. 

General Characleristics of 3" /60 RF' l\·lounts 

Bore coliber (inches) ..• 
Length (calibers} ..... 
Initial velocity (feet per 

second) . . . . . . . . 
Range, horlzontl!l (yard») 
Rw1ge, ceiling (feet In Bii0 

elev.) . . . . . . . . 
Design rat.o of fire 

(rounds per minute). 
/\mn1unition type . . . . 

Fuzc type ... .. ..... . 

3. 
so. 

2, 700. 
14,200. 

30,4-00. 

45. 
• :Fixed, 

electric 
primed. 

. VT. 

•Approximate weight, completcmount(pouods): 

'.\lk 27 . . . . . . . . . . . . 31,000. 
~lk 33 . . . .... . . . ..•. 31,000. 
Mk 34 ... .......... . 17,000. 
Train r ate (degrees/second) .. 30. 
t::lcvatton rate(degrees/second). 24. 
i1nximum elevation (degl'ecs) .. 85. 
'.\la.xlmurn train (degrees) •.. . 720. 

•;\ot coo.nling off- mount equipment. 
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COUNTERRECOIL SPRING 

I 

RADAR ANTENNA MOUNT 

MOUNT 
CAPTAIN.S 

STATION 

ELECTRICALLY 
HEATED SIGHT 
PORT WINDOW 

I I OF 2 1-,,~~~ 

MOUNT CAPiAIN.S 
STATION 

I BETWEEN GUNS 
LOADERS 

.. 

3.122 
Figure 5-20.- 3" / 50 f!F twin mount illk 27 t.lod 3. {Mk 33 ls externally similar,) Insert: 3"/50 twin 

mount M!-> 33 )Joel 4. 

CONSTRUCTION 

The b1u·1·e1 of the 3"/50 gun is a one-piece, 
rifled, cham!Jered tube , with breech end locked 
to the housing by a bayonet type Joint. The 
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housing contains the vertical sliding- wedge breech 
mechanism. The slide suppo•·ts the .. ecoiling 
pnrts (gun barrel and housing) on !Jearir>gs. 
Recoil and counterrecoil movtome11t arc con­
trolled by a hyd1·aulic recoil cylindel' nnd a large 
counterrecoll spring surrounding lhe bar .. el. 
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The slide, gun, and housing are supported by 
the carriage. The slide trunnions rest in rolle1· 
bearings at the top of the carriage . The elevating 
arc on the slide meshes with the elevating pinion 
of the inount elevation power d1°ive system. 

The s tand is a deck-flange, base-ring design 
which includes the training ci rcle and the sta­
tionary roller path. In train, the mount i s driven 
by a power motor which rotates the training 
pinion. 

DRF:.ECR Ml::CHANISJV! 

111 OP language, the 3" /50 breech mechanis n1 
is "an nutomalic, vertically sliding, block type 
which is unlocked during gun recoil action and 
i s opened downward by gun counterrecoil ene1·gy. 
Its opening action e>.-trncts the empty cart ridge 
case al\d sets a mechanism that holds the breech 
against the load of a breech closing spring. Rrun­
ming a fresh 1·ound releases these devices to 
automatically close the breech.'' 

The breechl>lock is ciunmed by oper ating 
shaft t·otat!on, as it1 the 5' '/38. In automatic 
operation the breeohlllock Is lowered and the 
operating spring comp1·essed on counterrecoil 
when the operating-shaft crank is rotated by 
the ope1· ating- sbaft cam plate ill the slide. The 
lll·eech is closed by the operating s pring. The 
positive type salvo latch on one end of the op­
erating shaft prevents unintentional operoing of 
the landed breech before the gun has fired . The 
breechblock hous es a firing mechanism. 

The general principles of sliding- wedge breech 
meohardsm cons truction and operation ctescrill<.xl 
later in the sectio11 on 5"/38 mounts apply to 
the 3• '/50 gun, but two design features peculiar 
to tho 3"/50 deserve sonie brief but close ex­
ruuination. These featu res are: 

1. A llREECHBLOCI< HOLD-DO\VN MECH­
AN!SllI holds the bt'eech open until the loader 
cou1pletes deli very of a round, and, with a novel 
extractor a.l' r angen1e11t , Increases the sens itivity 
of the breechblock- unlocking action. 

2. A BRF.ECH lK'l" ERLOCKMECHANISMpre­
venls repetition of the loading cycle until the 
roUJ\d has been fired ruid the l>reechblock dropped. 

AS you ,·emcm!Jer from earlier studies, am­
munition is fed into the chainbers of most naval 
guns by raitiming- by a mechanically delivered 
push that "follows through" until the projectile 
is seated. In contra.st, each gun on a 3" / 50 
mount i s equipped with a inech3J\ica.l loader (to 
be descdbecl later in this section) which catapult 

each round into the chamber. Since there ism 
follow-through, the br·eech mechanism must bl 
" triggered" into closing by the niomenrum a 
the catapul ted round as it is t1u·ow11 forward by 
the loader at about 9 .5 feet per second. Tbi1 
trigger ing function is performed by the hold­
down mechanism, shown in figur·e 5- 21. The 
hold-down lever is pivoted neat' it s center. Wben 
the gun is in battery and the breechblock i s held 
dowiJ, the hold-down lever bcw·:; on the hold­
dOWn arm of the breech operating shaftto prevent 
rotation of the shaft and closing of the l.>reecb, 
The bold-down latch lever interlocks the breech 
tnechrulism with the loader, unlocking the hold­
down device when a new round Is to be catapulted 
into the breech. The bold-down mt.'Chan!s m Whllll 
unlocked will allow the breechblock to rise (to 
brcechclosed position) when the rim of a ca~· 
pulted cartridge case trips one of the extractors, 
which operates a puch rod to trigger the mecb­
a11isn1. 

The b1·eech interlock mechanism, which is 
technically a par t of the !cadet, is 11 system of 
mechanical linkages which functions automatiCallf 
to s top the loader from dellve l'ing another i-ound 
to the breech whenever there is a round in 
the boi·e or the breechblock is up , or the gun is 
out of battery. \Vhen either a round is rainmcd 
or the block is r aised, it actuates the loader 
control lever to prevent the start of a new load­
ing cycle. 

LOAD ER 

The loader (figs. S-20 ond 5- 22) is an inde­
pendent, electric power-driven machine mounted 
on the after part of the slide. It mechanically 
lauds each gun at tho rate of 45 rounds per 
minute as long as ammunition Is ~orved 3J\d the 
fi1'ing control is operated. It is bolted to the (l.fter 
end of the gun slide, and is fed nHmun.Uy by two 
crewmen, who inse rt the fixed ammunition one 
round at a ti1ne into the feed sprocket on each 
side (fig. 5-22/\). The outer sprockets alternately 
shiit the rounds to the center sprocket, which 
ce11ters the row1d to be loaded above a gate 
mechanism. \Vhen the breech is open, the gates 
ad1nit the round to be loaded to n shell carr iage 
mou.nted on a tray which is pm·allel to the 
gun bore axis. The loaded tras swings down 
on its four nrms until it is (l.\igned with the 
chamber, then the shell cai·riage, d•·iven by an 
electr ic motor , catapults the round into the 
breech (fig. 5-22D) . After the round clears the 
carri age, the tray swings upward into position 
to accept another round. 
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HOL O•OONN LEV ER PUSH ROD 
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l.ATOI LEVER 
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HOUSING 

EXTRACTOR 
LUC 

HOLO·DOW'N ARM 
(ON OPERATING SHAFT) 

84.165 
Figure 5-21. - 3 "/50 rapid-fire gm1. J.lreech mechanisn1 and hold-down mcohanisni. 
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Figure 5·22. -3"/50 loade r. A. Sprockets being 
loll.ded. {Center sprocket alternates direction 
of rotation each cycle. Rounds numbered in 
seqttence of loading.) B. Cartridge being 
catapulted into !Jxeech housing. 

The breech interlock automatically blocks 
repetition of the loader operating cycle until thB 
gun has fired, l'ecoiled, and r etur ned to battery 
'Vith breech open for the next round. 

All these functions ru·e mechanically tin1ed by 
control devices in the loader drive unit , and all 
are sequentlally inte rlocked. 

GUN OPERATING C YCLE 

He1·e, briefly, are the main steps in the 
cycle of operation of the 3"/50 gun and loader: 

1. Crewmen load l'OLmds into the hopper of 
the loader (fig. 5- 22A) . Three cycles of loader 
operation are necessa1·y before the loader is 
ready lo catapult the first round of nnimunition 
into the breech, which it does on the foui·th cycla. 

2. As the tray approaches the bottom of its 
swil'.g (fig. 5- 2213), tho shell carriage moves 
forward to c atapult U1e round into the b'Ull breech. 
At the same tinie, a pin on Uie tray can1s a lever 
on the breech hold-down device to unlock it. 

3 . ... s the round flies forward into the breech, 
the cartridge ri n1 engages the extractors. Ex· 
t r actor 1noverncnt. r eleases the unlocked hold­
down device (see p1·eceding step) and the oper­
ating spring raises the breechblock to close the 
breech. The breech interlock and several elec­
trical interlocks keep the loade r from recycling 
until the proper tirne. 

4 . AS the breech closes fully, the firing p!n 
contacts the cartridge primer much the same 
as in the 5" / 38 niecbanism. When the firing 
cir cuit closes, the gunfires, i·ecoils, and counter· 
recoils. 

5. AS the gun counter-recoils, a breech open· 
ing can1 on the Slide engages the oper ating sbafi 
crank. This rotntes the breech operating shall, 
pulling the !Jreechblock down unill the hold- down 
device locks it ope n. The extractors (not shown) 
haul the fired case out while the block goes 
down. The gun is now ready for the loader to 
catapult the next round . 

MOUNT DRI VES, CONT ROLS, 
SIGHTS, ANO C(IE\V 

1\ ll 3" /50 rapid- fire mounts hnve arnplidyne 
power drives for both h·aln and elevation. 

There are no provisions for manual drive, 
except handcrank an·angements (not illus trated) 
Intended only for s lowing and servicing too 
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mount. But there are two types of local control ­
AA LOCAL and SCRFACE LOCAL, plus auto­
matic remote control from a director. Each side 
of the n1otmt has a separ ate control s tation. 

In AA local, the left gun layer (AA operator) 
controls the 1nount in both t1·ajn and elevation, 
and fires the 1nount. The ieft gun layer uses a 
ring sight (fig. 5-23A) and a one- man gun-laying 
control unit with firing key. The right b"'n 
layer's controls (pai·t B) consist of a telescope 
and open sight , and a one-man gun-laying control 
unit with firing key. Jlnndwheels are not used 
in local control for posit ioning the 1nou11t; the 
gun layers trrun the mount by rotating the con­
trol units about a ver tical axis, and elevate by 
rotating the control handles about a hori zontal 
axis. However, automatic conti·ol (with the gun 
layers 1nerely standing by) is the preferred type 
of control. 

The surface sight is a combination open sight 
and telescopic unit with provision for sight 
setting. \Vi th the AA s ight, it is mounted on a 
yoke astride the slide. The s urface gun layer 
uses the open sight to get the target into the 
comparati.vely restricted field 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 s ightsetter can crank 
in deflection and sight angle value$ in accord­
ance with telephoned orders. There are no 
synchros t r ansmitting these values to the sight 
setting n1ecbanis1n (not illustr ated). 

In addition to the AA and surface gun layers 
and sightsetter already mentioned, the 3" / 50 
RF mount crew includes a mount captain, four 
shellmen, and four shell passers (fig. 5- 24) . The 
mount captain is the supe r vising gunner and 
crew capl!•in. His oper ations are dir ected by 
phone by the control officer. He controls both 
guns with the 1nount captain's controls . His con­
trols allow him to s elect the control station, 
switch to single or automatic fire, select the 
gun or guns to fire, and cont rol the loaders. He 
also has powet-drive emergency stop buttons 
and two blinks of neon indicators to enalile hi1n 
to check the loader . His fi r ing key nn1st be closed 
before the loaders will function. ft can be lalched 
closed when control of fire is to be at eithe r left 
or r ight control station or at the di rector. 

Two s hellmen for each gun load ammunition 
into the hoppers of the loaders. Shell passers 
keep the shelln1en s upplied. 
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Figure 5- 24. -3"/ 50 rapid-fire twin mount. Crew stations. 
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HANDLING 

PERSOHNR 

5"/38 GU.KS /\l\D MOUNTS Into a. d11y when i t is fai· outra.nged by spoctular 
new weapons. Many of its de.sign features persist 
In the very newe8t gun designs In the fleet, but 
on lhc whole It can be considered the prol-Ot)•pe 
of the "conventional U. S. naval gun.'' It Is lhe 
we11pon chat acteristically used "ilh linear- rate 
fire control systems. 

Tha 5"/38 gun is one of the most widespread 
naval weapons In the fleet today. It h; not a new 
design, but its rc!lablhty and the essential sound­
ness ol its design hav" continued its useful ness 
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The 5" /38 gun appears in t he following gen~ 
era! types of mounts : 

1. Enclosed t win n1ount with ammunition­
handling room beneath the mount. The type of 
mounts is a standard installation on many c ruis­
ers, and destroyers, and son1e aircraft carriers. 

2. Enclosed s ingle mount with ammunit ion­
bandling r oon1 beneath t he inount . This is the 
old standard destroyer - type mount. It is now 
found on many n1inecraft and auxiliaries devel­
oped from the older classes of dest royers, on 
destroyer escorts, and on many l arge auxi liaries 
\repair ships, dest royer tenders, etc .) . 

3. Open single mount with ammunition­
bandling r oo1n beneath tbe inount . T his mount is 
used on auxiliary s hips. 

4. Open single mount without mnmunition 
noists or handling roon1. Because mounts of this 
type can be i nstalled without extensive recon­
st!.'t1ction, i t is used c)n cor1verted merchai1t 
vessels . 

Anothel' mount similar in design to the 5" / 38 
is the 5"/54 (Nik 39), which is used on Midway 
class air craft carriers. It has a longer barrel 
and an amplidyne all-electric power drive in 
conh'ast to the electric-hydraulic power dr ive 
used in all 5"/38 mounts. Do not confuse thi s 
mount with the auton1atic-louding 5"/54 (MK 42) 
which is covered l ater. 

GENERAL DESCRIPTION OF 
5"/38 MOUNTS 

The 5"/38 caliber gun is i• semiautomatic, 
dual puqiose, base- ring-mounted gun which uses 
semifixcd amn1ltnit iou. Its principal features are: 

1. vertical s liding- wedge breech mechanism. 
2. Hydraulic recoil and hydropneumatic 

counterrecoil systen1s . 
3. Power-operated rammer. 
4 . Power-open1ted elevating and traini ng 

gear . 
5. Movable-prism telescopes. 
6. Power-operated fuze- setting projectile 

hoist. 
7. Power - opet·ated powder hois t on all twin 

1nounts and so1ne singles . 

The 5" /38 inount uses se1nifixed ammunition 
consisting of a 54- pound projectile (Weight var ies 
somewhat wi th type of projectile) and a case 

assembly weighing about 28 pounds, which i n­
cludes a 15- pouncl powder charge. Ballistic por­
fonnance obtained wi th a 15-pound service charge 
(full charge) is as follows: initial velocity, 2600 
feet per second; maximum horizontal range, lS,000 
yards; nlaxin1un1 vertical range, 37,300 feel . 
(the Mk 39 5"/54 ctses heavier anu11w1ition and 
has longer ranges.) The gun ls capable of sus­
tained firing al a rate well in excess of any 
which can be attained by the loading crew. An 
e>-1)erienced crew can load about 15 J"OUJ1ds per 
minute for long periods, and inay attain a short­
pe1·iod rate of 22 rounds per minute. 

The gun has a radially expanded 2-ton steel 
monobloc bar rel. The 1•if1ing has a unifor1n twist 
of 1 tur n in 30 caliber s . The bore is chromiurn 
plated from the forward portion of the powder 
cha1nber to the muzzle. The barJ·el is connected 
to the housing by a bayonet- type joint. 

The housing (fig. 5-25) is a rectanguhll' block­
shaped for ging, with forward podion machined 
to receive the barr el. In the center is a vertical 
well for tho breechblock; and to ils rear is a 
trough- like an11nunition-londing tray. The hous­
ing contains twin interconnected recoil cylinders 
(groove type) and a single countcrrecoil cylinder . 
The housing sctpports and locks the gun in the 
slide, and moves on the slide guides during 
r ecoil and counterrecoil. 

The slide (fig. 5-26) is a large box-shaped 
weldn1ent, open at top and holtorn, within which 
the housing inoves in r ecoil and counterrecoil. 
T he housing is supported and guided by two 
guide rails bolled to the i n.ne1· side plates. The 
elevating arc and the nunmel' a.re secured to the 
slide . Otbe1· mount structure detuils •·esemble 
those of conventional practi0e described earlier. 

All enclosed niotmts are housed in a shield of 
armor plate. The shield is n box-like structure 
that provides weather, blast, and splinter pro­
tection for the c rew. 

Thr ough doors on both sides near the after 
end, the ope1·nting personnel enter or leave the 
mount. Other doors and access CO\'er plates 
provide fol' inspection and repair. A roof hatch 
may be located near the after end of the gun 
mount . \vherc necessary, this hatch has a blast 
hood. Sight hoods on the side shield plates pro­
tect the three sighl telescopes. ,\ ventilation 
syste1n supplies air to the mount and handling 
rco111. 

Lights in the gun and handling roo1n are 
energized by the ship's general illu1nination 
circuit, which al so includes outlets for battle 
lanterns, window- wiper motors on each sight 
telescope, and the batt le illun1inntion system, 
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53.89 
Figure 5- 25. -5-!nch housing anel gun (removed from sllde) . 

which energizes s mall lanip:; at ull i n:;tru1nents 
ane1 controls. 

Gun elevation, gun train, iuz" setting, and 
sight setting synchro signals are supplied to the 
indlc11tor-regulators and the sightsettcr•s indi­
cator In the mount by fire control ci rcuits from 
the computer. 

Comn1unication facil i ties In 5"/38 mounts 
may include (1) a voice tube between gun room 
and uppet hanclli ng roon1, (2) an automati c tele­
phone In the ship's general communications 
syst6m , (3) a sound- powered buttle phone circuit 
between n1ount and fire control stations, ( 4) an 
auxilin1·y sound- powered phone Ci 1·cult with call 

\Joli between mount and !owe,. a.n1munitlon· 
handling l'OOm, and (5) a loudspeaker connected 
to the director and plotting room. 

BR t::ECH :\1 l::CHA::-.ts:Vl 

The Important parts and the operating cycle 
or the 5" /38 breech mechanism arc shown ill 
figures 5- 2i and 5-28. Jn opero.tlngpr1nciplesao! 
general const1·uction the mechanism is similar 
to that or the 3"/50, and In lesse1· degTee thougt 
s till to a significant extent it rese mbles tl'.e 
breech mechanis1ns of the rapid- fire 5"/~l 
Mk 42. 

T he tireechbloc.'< is n steel block which csn 
slids up nnd down on guidas in a brt:cchway in tbe 
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ELECTRIC-HYDRAULIC 
RAMMER ASSEMBLY 
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84.119 
l:'lgure 5- 26.-5-lnch slide removed from mount and minus gun and housing. 

84.159 
Figure 5-27. - 5-incb breech niec hauism parts, 

breech closed. 

housing. It is positioned by nn opera.ting shaft 
in the housing. The tlu·ust of a coil Spl·ing as 
exerted through a chain on the s haft tends to 
drive the block upward to closed posit.ion. The 
s nlvo latch on one end of the c riml1 locks the 
1nechanism in breech-close<) (breech!ilock-uJl) 
position; it is unlocked either by a cam on the 
slide or manually (if ne<:essnry) . The block is 
forced down to breech- open position <lu r ing 
counte r r ecoil by another earn on the slide whicll 
engages the lug on the crank during counter­
r ecoil. The block is locked down lzy a pair of 
extractors, one on each side or the block. A 
hand- operating mechanisni (not illustrated) pro­
;•ides for manual opera.tion of the br eech mech­
anism. The breech must always be opened by 
hand to start iiring; hand oper ation is also r e­
quired in maintenance oper11tions, and when 
mechani cal failure makes semiautomatic ope1·­
ation impossible . 

Now follow the breech mechanism oper ati ng 
cycle. (Some details are omitted for the sake or 
clar ity.) 

l . (Figure 5-28A.) \Ve stat·t with breech 
open. Rammer (01\ly the spade, wllich actually 
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pushes the round , is s hown in the figure) thrusts 
round into chamber. Rim of case engages ex­
tractor lips snd pushes them forward, unlocking 
block. 

2. (Figure 5- 28B.) I) riven by breech-operat ing 
spring, block ri ses, wedging cartridge case into 
chamber . \.Vhen breech is fully ·closed, salvo 
latch locks it closed. (Figure 5-27 s hows s alvo 
latch locking mechanism in closed pos ition.) 

3. (Figure 5-28C.) Gun ready to fire. It 
iires and recoils, but this diagr ru.n requires no 
fhange . Howe ver, salvo latch is c ammed (not 
Shown) to unlock breech (not to open it) during 
recoil. 

4. (Figure 5-28D.) 'l'he gun counterrecoils . 
Cam (not illustrated) on slide engages crank lug 
on operating shaft and rotates shaft, causing It 
t.o lower breechblock. As breechblock drops, ex­
tractors begin to rock rearward. Extr actor lips 
still engage cart1·idge case rim, hence case is 
forced out of chamber . 

5. (Figure 5-28E.J Dr·eechblockdrops further , 
causing extractors to flip case out to the rear. 
When block is fully down, extractors remain 
in reai·most position and lock block down. 

FIRIKG SYSTEM 

The firing system of a 5"/38 mount closely 
follows conventional practice as described 
earlier . There is a firi ng mechanisrn in the 
breechl>lock; Its insulated firing pin is ,in contact 
with the cart ridge prln1er only when the gun is 
loaded, the brcechblock is closed, and the gun 
is in batte1·y. A foot- firing mechanism per ­
mits firing the primer by percussion, but this is 
rarely done. '!'he s tandard 1nethod is to use the 
firing circuit . The pointer has a key which 
closes the s econdarv circuit of the firing trans-
1ormer; the mount ciiptain has a switch to permit 
selection of Joe:;,! or i·e1note firing. In remote­
oontrol firing, the pointer's key is closed, ruid 
firing is controlle<l from either the director or 
~lot. 

The firing stop rnechanism keeps the firing 
circuil open und the percussion firing lin.1<.age 
disconnected unless the gun is on an elevation 
aod Jiearing at which Uie projectile will not hit 
me ship's structure. 

GAS EJ EC'l'OH SYST E:\'I 

Gns ejectors prevent entry of powder gases 
ioto gun mounts, safeguard against the danger 
oi flarebacks, and assist in maintaini ng a rapid 
rate of fire by cleo1r ing the bore of gases. Air 

under pressure of approximately 75 pounds per 
square inch is piped from the ship 's supply to 
nozzles in the breechblock guideways pointed 
toward the gun bore . During counte rrecoil, a 
gas ejector valve In the housing is cammed open 
and ga.~ e jection begins . The valve i s closed by 
the ramnier as the next r·ound is ranuned .. A 
hand leve r permits manual opening and closing 
of the valve . 

HAM MER AND AMMUJ:\ITION 
HA1'1)L!NG CYCLE 

The rammer is a semiautomatic electric­
bydraulic unit on the upper rear part of the slide . 
A 7 l/2- hp electric motor drives a pun1p whose 
output i s controlled by valves to opei·ate the r um 
cylinder. The piston of the cylit1der is mechuni­
cal!y linked to a rubber- faced rammer spade 
which moves forward a.long the loading tray. and 
to the rear In an elevated path along the slide. 
The cycle of operation is as follows: 

l. Two crewmen (the projcctilemru1 and pow­
derm1m) take the projectile and powder case out 
of their hoists and deposit them in the loading 
tray In the slide. 

2. The r11mn1erman depresses a control handle 
(fig. 5-29 A) . '!'he rain cylinde1· fo rces the ranimer 
spade forward (arrow (1)) to ram the round Into 
the chamber . 

3. 'Wben the breeohblock closes and the g\ln 
fi res and recoils (arrow (2) in fig. 5-29, par t 8 ), 
the rammer spade is auto111atically retracted 
(arrow (3)) along an upper path in the slide. 
This lifts the spade so that it \\111 not obstruct 
the extracted cartridge case's path ( a1-row ( 4), 
fig. 5- 29C) to the rear. A crewnian throws the 
fired case out of the mount i n single mounts . 
ln twin mounts , except whengunelevationexceedS 
aboltt 30°, case ejection is automatic. 

4 . The gun captain prepares fo•· t.he next 
round by lower ing the r nmmer spade to r am 
position. 

TRAINING /\ND EL F.VATJKG 
GE/\R AND POWER DHIVES 

The genera.I principles of training and ele­
vating gear were explained e arlier in tluschapter, 
and those of power drives in chapter 3. Those of 
5" / 38 mounts exemplify these principles in 
conventional applications, and will not be de­
scribed in fur ther detail her e. 
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110.62 
Figure 5- 29. - 5"/38 mount. Loading and ext raction operations. 

HOISTS 

ln the amnlunition transpoxt installation fox 
a twin 5" / 38 mount , powder cartridges are 
manually loaded into d1·edger hoists, which lifts 
them to the upper handling room. Her e they nre 
n1anually rcn1ove<l fl·om their tan.Its and trans­
fer red to a powder hois t which lif ts then1 to the 
gun house . In the gun house a crewman manually 
transfers thein front powder hoist to gun slide. 

Projectiles typically are handled similarly, ex­
cept U1at they are not stowed in tanks. 

T he powder and projectile hois\A between the 
upper handling roon1 and the gun house are quite 
dliierent in functioning. The powder hoist (and 
dredger hoists arc similar in principle) consists 
fundamentally of an articulated endless chaio 
with supports or flights secured to lt aL regular 
intcrvnl s (fig. 5-30A) . Powder cases are loaded 
by pushing them into the hoist in the path of 
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Figure 5-30.-Principles of 5•• / 38 hoists. A. 

Powder holsl. B. Projectile hoist. (Fuzesetter 
not shown.) 

Ille flights; when the hoist starts, lhe chain is 
driven u11wa,.d until the next vac11.nt flight is in 
loading position. VVhen the nexL unit is loaded, 
tt.e ltoisl goes up oni;: more flight, and so on. 
lte hoist slal'ts aulon1atic2lly when loaded, ex­
cept instances when a round is at the top of the 
mt. The boibt Is driven by a rotary hydraulic 
:'\'liar whose functioning is controlled by vo.lves. 

Endless-chain hoi:;ts generally can be op­
'~ated in reverse to lower an1munition units, as 
is required in taking ammunition alJoard. In 
«itber mode of operation, the hoisL moves one 
lligbt at a time, inter1nitle11tly In the sa1ne 
direction. Only one side of the chain ls used, 

Tile projecttlo hoi:;t, in conu·ast, has nn cnd­
:$s chain In which both sides of the chain are 

used {fig. 5-30B). There are 2 flights, 11rranged 
so that when one is at the top of the heist on 
one side, the other is at the bottom of the 
hoist on t.he other, The chain runs first in one 
direction, then the other, and the Olghts al­
ways move from all the way al lhc tO(l to l•ll 
the way at tho bOttom (or vice vel'Sa), as in the 
old-t1111e won with 2 oaken buckets, Ont> of which 
descended whlle the other went up. '!'ho pro­
jectile Is loaded into one side, and automatically 
the hoist starts if the top is empty. As the 
loaded flight ascends, the empty comes do"n. 
The cycle reverses for the next projectile. 

Jn addition to hoisting projectiles {It is never 
used for low!lring \hem), lhe 5- lnch pl'ojecUlc 
hoist also sets the pl'ojectile fuze (when a pro­
jectil4' with time fuzc is loaded). As you can 
see in figu1·e 5- 31, tbe projectile hoist hos three 
chains , Tho center one is the hoist ch(l.111. It is 
dri von by a hydraulic motor Lhrough s hafting 
that rotates a sprocket at the top of th4' chain. 
Each of the other two chains is part or the fuze 
setting linkage. They arc positioned by the fu7.e 
setter Indicator- regulator, a servomechanism 
controlled by the fire control compute•·. Each 
proj~tile flight bas a sn1all sprocket wheel 
which engages one of the chains. As tho projec­
tile fl ight ls hoisted by the hoist chain, Its wheel 
"walks" up the fu7.e seUing chain. This rotates 
a ring (not shown) inside the flight . The pro­
jectile ls nianual ly loaded nose down Into the 
flight. If It Is a tlme- fuzed projectile, ltls loaded 
so that a lug on the fuze engages the ring in the 
flight. As tho projectile is hoisted, the fuze's lug 
is rotated by the ring. This adjusts the fuze to 
the desired limo setting. So long as the projec­
tile remains in the hoist, the time fuze setting 
is continuously adjusted by the fu•e setting indi­
cittor-l'egulato1· through the fu?.e selling chain 
and ring. The time lapse from the instant the 
projectile is removed froni the hoisL (after which 
it s fuzc adjustment ceases) until It is n 1·ed is 
called dead time, which is csti11111ted and Included 
in the !ire control computation. 

This discussion of ammunilion supply cquiv­
ment has concentrated on twin mounts, which 
are the most elaborately equipped. Some single 
5-ineh mounts (for example, the slngle 5"/ 54 i\tk 
39 mount) are equipped wi \h one powder hoist 
and one projectile hoist per mount. Othe<' single 
5" /38 mounts may have only a projectile hoist, 
plus (instead of n powde,. hoist) ii deck scuttle 
through which powder cases are pushed hy hand. 
Some auxlliru·les are still equipped with open 
mount& with similar arrangements, or with no 
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Figure 5-31. - 5-inch 9rojeotllc hoist. (Schem'ltiC.) 
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lloists at all, but this is nol lhe normal condition 
aboard combat vessels in the active fleet. 

$IG!iTS 

All enclosed 5-inch mounts, bolh twin and sin­
gle, are fitted wlth C8l-riage- mounted telescopic 
sights in which movable prisms in the optical 
systenl provide for offsetting the gun bore axis 
irom the line of sight (LOS) . All twin tnounts 
ilave three sights-one for the pointer, one for 
l;e lrainer, and one for a sight checker. How­
ever, there are but two optical systen1s- one for 
('e tl'ainer, and one that is shared by the pointer 
!l1d checker. Each optical system has two mov­
able prisms- one to Introduce deflection, the 
oiher to Introduce sight angle. The sighting sys­
tam also includes a sightsetter's indicator oper­
ated by the s ightsetter. 'l'hese units and the ine­
chanical linkages between then1 are s hown in 

figure 5-32, which depicts the front of a twin 
mount with the shield removed. 

The sightsetter 's indicator ls shown in figure 
5- 33. It has a sight deflection handcrank, a sight 
angle handcrnnk, and three sets of dials- a pair 
of deflection dials (one coar se, one fine), ·a pair 
of sight angle dials {one coarse, one fine), and 
a r ange dial. The indicator receives sight de­
flection and sight nngle synch1•0 signals from 
the computer. The deflection dials are calibrated 
in mils (64-00 to the circle), with U1e zero point 
arbitrarily chosen as 500 mils on the dials. 
Sight angle dials arc calibrated in minutes 
(21,600 to the circle) with the zero paint (gun 
bore axis parallel to LOS in a horlzontu.J plane) 
arbitrarily chosen at 2000 minutes. (Using these 
arbitrary values instead of zero eliminates the 
need for using signs to indicate the direction 
of offset.) 

S!GHTSETTER
0

S 
INDICATOR 

CHECKER'S 
TELESCOPE 

DIFFERENTIAL HOUSING 

84.209 
Figure 5-32. -5' •/38 twin inount. Shield retnoved to s how sight components as viewed from f ront of 

l llOttnt . 
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Figure 5- 33. - 5" /38 twin n1ount. Sight.setter's indicator. 

The r ange dial, which is gea1·ed to the sight 
angle bandcrailk, is calibrated in yards, nnd is 
used in en1erge11cies against su1·face targets 
when no s ight angle data are i1vallabJe fron1 fi r e 
control plot. 

MOUNT CRB\\I 

Figur e 5-34 <>hows the c1·cw stations oi a 
single 5"/38 mount. The duties of Ute mouo\ 
crew are described below. 
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80.217 
Figure 5- 34. - 5' ' /38 single mount, crew stations (gunhouse) . 

The 1nount capt a.in i!< the comm!lnd leader. 
ll available a gunner's mate is his principsl 
sssislanl and supervisor of gun operni ion. He 
serves as troubleshooter and chief maintenance 
man. The p0inter is responsi\Jlc for checking 
and operating his sight and when not in auto­
matic the elevating gear; he a lso, in 1nost 
eases, fi res the 1,>un. The t rai ner doe~ similar ly 
for his pRrt of the mount except for fi ring the 
gun. The s ighlsettcr recei vei; and sets sight 
deflection and sight angle. The fuzc setter tests 
Ille iuze- selling inechanism, and operates it 
.-hen the fuze setter is not in automatic. The 
]rojecLll e-and- ran1rner man operate!> the ra.>n111er 
aod louds projectile!>. T he gun captain Jowers 
the ramme1' spade aucl checks the loading opera­
tion. The powdern1an Lakes the castis out of 
boi61 and passes them to the loader- hot- case 
msn, v.•ho puts the cases in the slide. 

in addition to these ten men in the gun house, 
lilere are six in the uppe r handling rooin (not 
diagrarnmed) . Two powder men keep the powder 
boist supplied, two projectilemen do the same 
!or the projectile hoists, and two others operate 
scuttles through which ammunition is passed 
lrom tbe moga:iines. 
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In a t wi n mount n1ruiy of ~hose c rew slntions 
:1.l'e duplicated because there nre two guns imd 
lwo sets of holsls . The crew totals 27. 

5"/54 GUI\ MOt::l\T 

With the coming jet aircraft, it has been nec­
essary to deve lop a r e liable antiaircraft gun 
with increa:;ed r ange, tracking rate, and fh·iug 
rate . The rapid- fire 5" / 54 gun mount not only 
satisfies these requiren1011ts, but it is quit.e 
effective against surface and 1>hore tarv;etfi us 
well. 

T he following discussion ls conce1·11e t.I with 
the 5" /54 Mk 42 and, briefly, the Mk 45 gun 
mounts. 

5" / 54 )lk 42 

T he 5-inch mounl Mk 42 (flg. 5-35) is u 
Sl\ielded, dual-purpose, single- gun mount w!Ul 
an auton1alic firi ng rate of npproxin1ately 40 
rounds or ammunition per minute. The gun is 
t rnined and ele\1ated (laid) by using separate 
power drives that itre electrically controlled 
and hydraulicnlly oper ated. Amm'.lnition is served 
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3.123 
Figure 5-35.-5"/54 Mount Mk 42. Exterior. 

by an autotnatlc, dual-hois t gun loading system 
that Is bydraulicolly operated and electrically 
controlled. 

The gun mount consists of the following main 
component.s: 

1. Gun assen1bly 
2. Slide assembly 
3. Gun loading system 
4. Gun laying system 

Tho gun mo\lllt also contains the following 
auxiliary systems: 

1. Sprinkling systems 
2. Electrical systems 
3. Heating, lighting, conununication, and ven­

tilation systems. 

Basically, the gun and s lide assemblies are 
standard. except that the breechblock nnd ex­
lrsctors are operated hydraulically . The 5" / 54 
gun is unique, in that it has roller bear!!'.gs 
supporting the 1,'1ln housing. The bear·lngs p1·event 
gun !llld mount lateral movement during recoil 
and counte1·1·ecoil. 
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Hecoil and counterrecoil 

The gun recoil and coun1errecoil systems 
are conventional, except that the location of the 
recoil pistons is changed, and the counlerrecoil 
system differs in lhat two air chrunbers are used. 
The counterrecoil system is also arr!lllged so 
that the different ial and air chambe1· cylinder are 
mounted to the slide, and the piston rods bear 
against the after edge of the gun's n1aln housing. 

Gun Loading System 

The gun loading system (fig. 5- 36) extends 
f1·om the ammunition handling roon1 upward 
through the sl>lp to the mount gun rocm. Thi& 
loadi ng syst.ern cons ists of a dual set of units 
which automatically serve rounds of semi!ixed 
ammunition to the gun fron1 both sides of tho 
Slide. 

J'ollowing is a brief descriptionofammunltior. 
movement fron1 the handling room up tlu·ougb 
the loadi ng system (fig. 5-36) . 

1 . Hounds of setniilxed runrnunition are man· 
ually loaded onto the loaders (drums that auto-
1naticnlly feed the lowe1· hoist) . 
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l•'igu.re 5- 36. - 5"/54 moWlt Mk 42 ammunition !>.andlers load A and B loaders. 
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2. The rounds of ammunition are fed from the 
londers to the lower hoists, which raise each 
round to the cll!'rlers (on Mods 1 through 6) or 
to the transfer staUon (on l'llods 7 and 8) which 
positions the l'ound inlo the carrier . 

3. The rounds are then t1·a.nsfcrred froni the 
stntionary lower hoists to the rotatable upper 
hoists (located on the structure of the gun mount) 
by the carriers. 

4. 'Che rounds are alte!'natcly raised from 
the carriers to the cradle by the upper hoists . 

5. The rounds are u ansfcrred irom the upper 
hoists lo tho trnnsfet· tray:;, locuted on ouch side 
of the slide, by the cradle which alternately swing 
upward. 

6. The rounds are held in the transfer trays 
while tho projectile fuzcs are set (on mechanical 
time-fu2.ed projectiles only) . Tho lra..,sfer trays 
then lower the rounds to the ramming position, 
In U ne wilh the gun cha.ni ber. 

7. The rounds arc rammed into the gun 
chnmber by the ra.n1nlers, which extend through 
the trm1sfe1· trays . 

After the gun fil'es :ind the breech is opened, 
the e>.·tJ:actor catapults tl!e en1pty powdor case 
re1u·w1u·d Into the empty case tray . This truy 
then lowers the expended case Into the empty 
case ejector , which ejects the case from the 
mount. 

Gun loading systems are divided i nto three 
g~·oups as foUow.s: 

1. Lower gun loading system. 

2. Upper gun loading system. 

3. Intermediate section (RJnniun!lion car rier). 

The lowc1· gun loading system includes the 
loacler drun\S and lower hoists (refer to figure 
5-36), their hydrauHc power units, u.nd the central 
equipment necessary for their operation. This 
portion of tho gun mount assembly is also re­
ferred to as the stallonary, or non rotating gun 
n1ount components (fig. 5- 37). 

The upper gun 101l.ding syi;tem consists of 
upper ammunition hoists, transfer t.ra..vs, rammer, 
empty ca.so tray, enipty case ejector, and fuze 
setters (fig. 5- 36). All upper gun londing system 
cornponents are part of the rotating gun mount 
assembly and move with the mount when the gun 
trmns (fig. 5- 37) . 
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The intermediate section (Cal'l'IC>') transfers 
rounds of ammunition from the fixed lower h<>lst 
to the rotatable upper hoist. In so doing. lilt 
carrier acts as an independent transferrlng mech· 
anlstn between the stationary gun mount nsseni­
blles (lower b'Un loading system) and the rotatable 
gun mount assemblies (uppergunloadingsystem). 
Physically the cnrricr Is part. of the carriagt 
and receives Its hydraulic power from the upper 
gun loading system supply. 

Design Difierences for 
Different Mods 

All niods o! the mount have the same basic 
design . Th.; only major di!ference In the mOWJt 
Installations (except In the mod 9 and higher) 
is the design of the lower ammunition hoists ond 
ammunition cal'l'icr. In the n1ods 1- 6 mounts, 
the lower hoists and carrier are completely 
di!ferent from those Installed in the Mods 7·8 
mounts. The difference is clearly illustl·nlcd In 
figures 5-37 and 5- 38. 

LO\VER HOISTS Al\'"D CARl\IElt. -In some 
mods (fig. S-37), the lower hoists are straight 
and terminate directly under the lubes o( the 
ammunition carrier . These hoists nre cycled 
by control units that Sl'e operated by hydrauHc 
prcssu1·e from an accumulator system. The hoisl 
cycles are initiated by relay actuators in the con­
trol units. 

In thi s hoist design, the rounds contained ~ 
the hoists move direclly upward from lhe tops 
of the hoist tubes into the carrier lubes. \\'ben 
tbe carrie1· Is loaded, It T'O!.ates to lhe uppor 
hol!ltS whe1·0 the cnrrior ejectors transfer the 
rounds from the carrier lubes to the lower hoist 
tubes. 

In other mods (ilg. 5- 38), some of the lower 
hoists are ourved nnd some aro straight, but 
each hoist has two ammunitlon handling lubes 
(one for hoisting, one for strikedown) and Is 
operated by an electrically driven hydraulic 
power transmission wh.i ch is sti·oked lly a hy­
drsulic servomechanism Installed In a solenoid­
operated control unit. 

In this design. the hoist tubes are capped b)• 
transfer tubes located 11longside the carrier 
tL1bos . The transrer tubes a.re units of tho lower 
hoists and arc ope ro.ted by hyd rnullo prcssuie 
fr<>!;" an accumulator system. 
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Figure 5-37. -Lower !\Oists ancl carr ier in 5 " / 54 Mk 42 rnowits mrJ<ls t-6. 
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Figure 5- 38.-Lower hoists and carrier In 5"/54 .\lk 42 mounts moos 7-8. 

168 



Chapter 5-GUJ\S, GUN MOUJ\TS, Al\'D TURRETS 

When the hoists are cycled, lhe rounds in the 
lloist tubes are elevated into the transfer tubes. 
From there they are ejected laterally inlo the 
opposite carrier tubes, The transfer tube ejec­
tors then retract so that lhey will be in position 
to receive another pai r of rounds fl·on1 the lower 
hoists, and the carrier tube ejectors close over 
the rounds in the carrier tubes. The carrie1· then 
rotates to the upper hoists where the carrier 
ejectors transfer the rounds fro1n the carrier 
tubes to the upper holst tubes . 

The strikedown tubes of the lower hoists are 
used for striking am1nunition below to lhe handling 
room. When thls is being done , the hoists are 
placed in local control so lhat they can be 
operated under power by means of hand- operated 
control cranks installed In the carrier room. 

The c1·anks are arranged so that they can 
re used to sti·oke the hydraulic transmissions 
of their associated hoists . \Vhen either crnnk 
is turned, its hoist v.ill cycle at a speed pro­
portional to the rotational speed of the c ra.'lk. 
When the cr'ank is stopped, the hoist will slop. 

The curved lower hoists iu·e installed in 
mounts where the handling rooms a t·e not located 
directly below the carrier rooms. This condi­
tion exists in all of the mounts In the CV A- class 
'iessels and in the mounts in the DLG-class 
·,·essels. 

The curve in the hoists of the forward DLG 
mount is very slight. In lhe CV .'1 niouuts, how­
"'er, all of the hoists curve through t'vo 90-
degree angles and consist of vertical, curved, 
snd horizontal tube sections. 

MINOR DIFFERENCES IN MOU1''T DESIGN.­
llecause of the variation in the vertical distance 
between the handling room and carrier room 
io different mount installations, the he ight of the 
lower hoists differs from mount lo mount. 

All mods of the 1nount have maxin1um gun 
elevation angles of 85 degrees and, with the 
e.xception of the CVA mounts, have 720 degrees 
of training f1·eedom ( 360 degrees in either direc­
tion from the stowed position of the mount). 

;v1aximum angles of gun depression vary in 
differ-ent mounts from 7.5 degrees to 15 degrees, 
!IS determined by structura1 characteristics of 
t>ie vessel. 

Gun Laying Systen1 

The mount itsell can be operated in either 
:emote or local control. No provision is made 
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for hand- powered operation. Handling drives 
are connected to the training and elevatinggears, 
however, for stowing purposes and for use in 
connection with certain mount ruid gun alignment 
procedures involved In the installation of the 
train and elevation recelver- regulators. 

The training and elevating gear assemblies 
are electrically conlrolled, hydraulically oper­
ated power dr ives that accurately posit ion the 
mount and gun in response to electl'ical gun 
t rain and gun elevation order s. These orders 
can be applied to the train and elevation receiver­
regulators from remote fire control or Gunar 
control stations (on certain mounts only), or 
from the one-man co11trol units ope1·ated by 
the local control men in the inount. 

The training gear assembly consists of a 
training gear, a power drive, and a receiver­
regulator. The receiver- regulator converts the 
electrical gun train order signals into hydraulic 
conlrol inputs to the power drive, which is an 
electrically driven, hydraulic power transmis­
sion. The output s hafl of the power drive turns 
the training pinion, which dri\'es the mount in 
t1·ain. 

The elevating geo.r assembly consists of an 
elevating gear , a power drive, a receiver­
regulator, and a firing cutout. The receiver­
regulator converts the electrical gun elevation 
order signals into hydraulic control signals and 
applies them to the power drive, the drive turns 
the elevating pinion, and U1e pinion elevates or 
depresses the gun. 

Both the training and the elevating gear 
assen1blies are equipped w!U1 li1nit stop mcch­
ruiisms. In the train receiver- regulator , the stop 
mechanism decelerates and stops the train drive 
as the mount approaches and reaches its limits 
of operation in either dii·ection of train. The 
li1nit stop mechanism in the elevation receiver­
regulatol' brakes the gun to a stop as it 1·eaches 
iis limits oi travel in elevation or depression. 

The firing cutout is connected by response 
gearing to the training and elevating pinion drive 
shafts, and oper ates switches in the firingcircult 
to prevent firing when the gun is pointed into 
danger secto1·s. 

Personnel 

The gun loading system and gun laying systems 
are separately controlled, an<i either system can 



PRINCIPLES OF NAVAL ORDNANCE AND GUNNEHY 

GUN 
CAPTAlll 

RICKT 
,_,_ LOCAL 

--._, CONTROL < AFT 

TELE SCOPE 
ANO LEFT --i-t 

0,1\A ,C. 

P9 

MAil 

LEFT 
LOCAL 

,._..-,- CONTROL 
MAN 

P4 

P3 

MOUNT 
CAPTAIN 

84. 75 
Figure 5- 39. - 5"/54 Jilk 42 (mods 1-8) gun room stations and control panels. 

be lndepondontly operated. Responsibility for 
control or the gun loading system is primnrily 
delegated to the gun captain and the londer con­
trol n1nn, whcl'eas control of the gun laying 
sys tem Is the responsibility of the mount captain 
nncl tho two local control men. Duties of the 
ca.rrier cont rol man are dh 'ided between the 
two systems. The duties of the gun crew (less 
amn1unitlon handle1·s) for the 5" / 54 are de­
scribed below. Flgu1·e 5- 39 illustrates the posi­
tions of the gun I'OOm crew and the control panels 
unde1• their control. 

MOU!\T CAPTA!l\. -Tho mount captain Is In 
charge of the enll re gun mount and receives all 
gun mount operaUon orders from weapons con­
trol via JP telephone cl rcuits. He directs gun 

loading, gun firing and gun laying operations cl 
the mount from the P - 3 panel, using either tele­
phone, lights, or a combination of these as a 
means of communication. The P-3 panel , located 
In the an lcft.-hand part of tho g1m Toom. Is used 
pri1n:u·Uy to select the station to control tilo ll'lll 
train and elevation power drives . 

GUN CAP'l'AIN. -Thc gun captain islnohar~ 
of gun loading equipment and gun loading ere" 
l!Jld Is directly responsible to tho mount ca11taln. 
lie controls gun loading by means of switches on 
the P-4 panel. The P- 4 pnnel ls located In the 
a!ter end of the gun mount, on the side of the gui 
opposite the P-3 panel. This panel contUl>s 
switches and lights that enable the gun capU!a 
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to control and znonitoz· gun loading systems 
operation. 

LOC1\L CONTROL !\'TEN. - T he two local con­
trol men (one on the left anct the other on the 
right side of the mount) operate the mount in 
local by means of te lescopes, one-1nan control 
units, and the P- 6, P- 7, P-9, and P-10 control 
panels in the local control s tations . The P- 6 and 
P-7 panels contai n the knobs, dials, switches, 
and lights necessai·y foz· sight settit1g and local 
control operations. 

An auxiliary local control panel is also lo­
catecl at each local control station-P-9 in the 
left station and P-10 in the r ight . T hese panels 
ate used to c;;ontrol the telescope window wipers, 
teleS(;Ope shutter heater , and windshield de­
froster system of each local control s tation. 

A one-man control (011'1C) unit is located in 
each local control station. Either OMC unit can 
provide the gun train and elevation orders neces­
sary for local control operation. T he left OMC 
btls control only when it is r elinquished by the 
right local control man or when the mount captain 
selects the left stat ion by means of a switch on 
the P-3 panel. 

CAH.HlER ROOl\>1 CONTHOL MAN. - He con­
trol~ the mount's electrical power s upply system 
irom the P-1 and P-2 pauels located in the car rie r 
control roon1. The P-1 panel contains the 440-
volt electrical circuits that carry power to the 
vatious units of the entire gun mount systein . 
Lights located on the face of this panel indicate 
when power is available to the system and when 
motors are rw1ning on the gun 1nount . The P-2 
panel houses a1nplifiers for the fuze setter s, 
parallax systerns, and train and elevation power 
drives. On the face of this panel are switches 
and light arz•angements that function as a mea.'\s 
of communication between the gun captain and the 
carrier control n1an. 

LOAD Ell. CONTHOL MAN. - The loader con­
trol m!l!l is in charge o{ the handling roon\ crew 
rutd ammunition handling equipn1ent. He controls 
the loader drums by means of switches on the 
P-5 panel when the loade rs ai·e being operated 
in the nlanunl power mode. The P-5 control panel, 
located between the A and B loader drun1s. en­
ables the loader control 1nan (with permission 
from the gun captain) to ope r ate the loader 
drwus in mrumal power operation. l\or111ally, 
manual power operation is used dur ing loading, 
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unloacling, exercising, 0 1' testing of tl)e loade1· 
d1·urr1s. 

One ~ide Operation 

The gun captain can select one- side, auto­
mittic power operation of the loading systein 
when a casualty occur s to some units of the 
loading syste1n . The procedures necessary for 
one- sicte operation vary according to the unit 
of the loading system that is inoperative. De­
pending upon the nature of the casualty, the 
gun cantain can deactivate one side of the o-un ' ~ loadi ng system or instruct the car l·ier room 
control in an to mechanically deactivate the mal­
functioning unit . One- sicle aper ation (using one 
hoist) will reduce the gun rate of fire to about 
20 rounds pe1· minute . 

One itclvantage of the gun loading system 
us ed \ Vi t11 the 5' '/54 gun mount is tha.t or1ce tl1e 
drums are loaded the ammunition handling crew 
need not be on stat ion for automatic g"n fi t'ing 
operation. This enables a s hip's weapon system 
to function during a condition of readiness with 
a rnini1nu1n number of persomiel. The run111u1li­
tion handling c1·ew, which consists of four powder 
men and fotu' p tojectile 1nen, can be utilized 
for other duties in the event of personnel casual­
ties. Tho handling crew is needed only to 1·e­
plenish the 40 rounds of a1n1nunition (in the 
loader d r ums) after a fi r ing 1nissio11, or the 
men can be left at thei r station i:f mo1·e than 
40 rounds are to be used. 

5"/ 54 MK 42 MOD 9 

The Mk 42 Mod 9 was designed for tlle n1ai11 
gun battery of DE 1053 class ships and is similar 
in many respect s to the previous mods. How­
ever , three major difference" exist between them. 
T he big differences arc in the tl·ain and ele­
vation receiver- regulators, the fuze setters, ancl 
the electrical control system. These changes 
greatly reduced the weight of the mount. As an 
exrunple, the weight of the fuze setter and its 
associ ated Elmplif\ers alone was reduced from 
432 pounds to 53 pounds (a reduction of 3·79 
pounds). 

The electr ical control system was com­
pletely r edesigned. The mount captain's P-3 
panel and the gun captain's P-4 panel (part 
of earlier mods) have been eliminated. ,\ new 
control panel ( EP2) , operated by the mount 
captain and located in the cat1·iec 1'001n (fig. 
5-40), now contain a.11 conlrols previously em­
\>cdied in the P-3 and l'- 4 panels. The local 
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Figure 5-40. - 5' '/54 i\ik 42 gun inount conti·ol 

panels. 

control station on the r ight side or the mount 
was elhninated. As a result, the number of 
on mount personnel was reduced frotn four to 
two (the gun c aptain and the OMC operato1·) . 

The design changes, in addition to weight 
reduct.ion, greatly imp1·oved t.he reliability and 
maintairutbility of the receiver- regulators and 
Increased the accuracy of the fuze setler. 

5" /54 l.\<IK 45 

5" / 54 .Mk 45 light weight gun mount 
(fig. 5- 41) offers out.standing 1·eliability al1d 
maintaimtbility and is served by a n1inimum 
complen1ent of personnel. The mount is operated, 
monitored, and exercised ren1otely; pe1·sonnel 
do not enter the gun house except for main­
tenance. A safety key located on the EP2 panel 
disables all circuits before the crew enters the 
gun house. One mount operator performs mouut 
switching functions (as directed) for complete 
gun mount operation. The ammunition handlers 
load. projectiles nnd powder cases Into the auto­
matic loading s tation. The mount loader drwn 
holds 20 rounds In ready service. The loading 
station permits i·eplenishiug the loader drwn 
during sustained firing without inter rl.\pting the 
fire mis sion. The load and fire cycle can Ile 
interrupted if a special- purpose type of am­
munition, such as star shell, is to be used, or 
if a misfire- clearing charge is needed. 

The mount design emphasizes safety. The 
c rew needs not enter the gunhoui.e to extract 
n1isfires. Misfh·es can be extracted automati­
cally and rapidly. By loading a clearing charge, 
the gun can be cleared and returned t.o service 
without personnel entering the gunhouse. Un­
loading is also acco1nplishecl automatically. The 
rounds not fired are returned to the hoist unload 
doors in the loader drum. 

Gun r.1ount Components 

The mount has twophysicalcomponentgroups: 
the lower s tructure (below deck) and the upper 
structure (above deck). The lower structure 
delivers an unintern1pted flow of ammunition 
to the upper structure. lt i ncludes the mount 
control system, loader drun1, fuze setter, hoist, 
and lower nccu1nulator system. The upper struc­
ture includes the stand, CWTiage, cradle, slide, 
gun bar rel, upper accunmlat.or system, !,'\111 lnying 
sys tem, and i;hield. 

CONTROL SYS'l' E:'l-1 

The n1ount control system consists of two 
control panels-the EPl powe1· panel und the 
EP2 conh·ol panel. The power panel ( EPl) re­
cei\feS power fro1n the ship's supply and dis­
tributes it within the mount 110d other panels. 
'Fhe control panel ( EP2) permits selecting the 
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various modes of mount operation and serves 
as the test board and local control for the gu.n 
laying systen1 and the fuze setter. 

The gun laying system has separate train 
and elevation power drive asse1nblies, which 
position the gun In train and elevation respec­
tively. These assemblies a1·e controlled elec­
tricsl.ly and operated hydraulically in response 
to orders fron1 either a remote fi re contl'Ol 
system or the on- mount local control systen1. 
A firing cutout systen1 opens the firing cir cuit 
whenever tbe 1,>Un is positioned to a nonflring 
zone. 

The mount local control system pennits 
total systen> exericse and tes t . One rnan can 
activate and exercise the mount nnd verify mount 
operation ability In less than 5 minutes. A 
troubleshooting status boa.rd located within the 
EP2 panel is used in conjunction wi th indicating 
lights and dials to pinpoint the cause of n1ount 
sloppage. Standai·dized parts are used "ideJy, 
and nullly of the amplifiers and logic printed 
cir cuit cai·cls are physically and functionally 
interchangeable. 

TURHETS 

Turrets are heavy armored gun stt·uctures 
of al least 6-inch caliber and usually equipped 
with 3 guns. They are the primary offensive 
annament of conventional cruisers and battle­
ships (most of which ar e in the reserve fleet). 
They axe located on the centerline so tbnt they 
can fire to either beam. Each gun of a mul tiple 
gun turret has a separate slide mounted in trunnion 
bearings and is arranged for either independent 
or Joint elevation move1nent. 

Some slmila1·ities exist between gun n1ounts 
and turrets. 'fhe major diffc1·encc· between them 
is that the turrel's struct\1re is protected by 
arn1or plate . 

The i,,•1.mhouse , or turret prope1· (part that 
shows above deck) , is inounted on roller bear­
ings wilhin the armored str'1cture (barbette); 
It is rotated by an electric-hydraulic power 
drive that can be cont rolled automatically or 
manually . The barbette surrounds the turret's 
rotating structure below the gunhouse aitd ex­
tends to the ship's armored decks. 

TUHRET STRUC'l'UH!\L 
ARRA NG EM ENT 

The n1ajor pnrts of a typical tu l'ret are 
illust rated in figure 5- 42. Each part is rnade 
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84.141 
Figure 5-42. -Turret structure fixed and rotat­

ing elements . 

up of separate levels that contain the major 
assen1blles and subassernblies of a turret. Al­
though a turret's construction will vary according 
to its function and differ in many rr1echanicaJ 
details, generally its l nstnllations will contalo 
all or some of the levels shown in the preceeding 
figure and discussed below. 

The fi l'sl level (gunhouse) contains the turret's 
fire control and communication equipment neces­
sary for turret control. Ea.ch gun co1npar tment, 
or gun room, contains lhe power equipment 
necessa.-y to operate and service each gun. 

The second level , c alled the pan floor of pan 
plate, contains the pockets (gun pit s) into which 
the breecll end of the guns are depressed as 
the l,'Ull elevates. It also contains some of the 
machinery foJ· the train a11d elevation systems. 

The third level i s the machinery floor where 
mosl 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 staWons arc located case-Gun Turret 
•ilhln the gunhouse. 

The next thi'ee levels are the upper and lower 
projecW!e flats, and the powder handling plat­
form. The projectiles stowed on tho projectile 
flats are loaded into hoists ana lifted up into 
the guuhouse. The powder handling platforn1 is 
surround<.'<! by powder magazines which stow 
either bag or cnse type propelling charges. These 
charges are passed irom the magazines, through 
flameproof openings called powder scuttles into 
lf.e handling platform (room). The charges are 
loaded into elevator type hoists wbloh deliver them 
to the gunroom. 

The center column (fig. 5-42) a11d the bulk­
head which surround:s it arc fastened to the pan 
i1001· (plate) . They extend through, tl.nd sttpport 
the t.l\ree levels of the suspended struclure . The 
suspended structure contains the last three levels 
mentioned above and is part of the rotating struc­
rure of the turret. The combined weight of the 
rotating structw·e is supported by the roller 
tearing& locat<.'<l on the pan plate. 

The general principles of a gun mount's major 
components discussed early in thls chapter, 
also apply to the turret's components with one 
major diffe rence. Jn n turret , the slide, housing, 
!llld gun bi\1•r·el are supported by girders (fig. 
&-43). They serve the same purpose as a gun 
mount's ca1·rtage cheeks shown In figure 5- 3. 

CLASStf'IC;\TION AND TYPES 
Of TURHt."l'S 

Turrets c1u1 be clossified by the type of guns 
they employ, either case or bag type guns . Case 
guns nre those in which the propelling charge is 
encased wlthln t• metal cartl'idge case; a bag gun 
is ont) in which the propelling charge ls encased 
"ithln a fubrlc oontu.iner called a powder bag. 

foox di!Ce1·cnt types of turret installations are 
on present Navy ships, active and reserve fleet. 
'I1''0 of those turrets (6' '/4? and 8• '/55 rapid fire) 
ue equipped with case guns and two (8"/ 55 
bag gun and 16"/50 bag gun) nre equipped with 
bgg guns. 

llEPRESEN'l'/\TIVE TUHRETS 

Most shi ps havi ng turrets iu·e in the <'eservo 
fleet. Therefore, turrets will be discussed only 
briefly . 
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A 6-inch caliber three- gun turret ts divided 
into four mnnned spaces and requl1'CS forty men 
to man the various battle stations for normal 
turret operation. Twenty- two crew members are 
stationed wtthin the gunhouse (fig. 5- 44) - s ixteen 
in the turret's gun cornpartmo11t and six in the 
turret officer's booth. The 1nc11 stationed in the 
gun compartment are: (1) two gun-lo.ylng opel:'­
ator6, ( 2) a slghtsetter, ( 3) ttu·ee gun operalo1·s 
(gun captains), (4) three powder hoist men. (5) 
three powdermcn, (6) three shellmen. und (7) a 
gunner's mote repairman. Stationed in the turret 
officer's booth arc four turret controlmen-the 
turret officer , turret captain, computer operato1· 
and o.mmunltlon supply talker - nnd two range­
finder operators , (Rangefinder operntors a1·e not 
requi reel fo1· tur rels without r ungcfln<lel's,) 

The duties of the turret's crew (except for 
the computer operator, anununltlon supply talker, 
and rangefindor operators) arc very similar \o 

84.142 
figure 5-43. - Gun girders. 
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Figure 5-44.-Turret personnel arrangement. Gun houso stations . 

the duties of a mount's c1•ew. The duties of 
turret officer and t\lrret captain correspond to 
those of the mount captain and his assistant. 
Other stations compai·e accordingly. The turret's 
:min1unltion supply talker transmits orders fl•on1 
the turret officer or turret captain to anununit!on 
handlers and loaders. 

The computer operator is responsible for the 
computation or the fire control problem when 
the turret ts in locru or hand control. Ile int1·0-
ducos certain Inputs into the auxiliary computer 
to produce sight angle and Sight deflection. which 
are transmlUed to the sightsetter by phone. 

The l'angefinder operato rs are both lnstandby 
duty when the tur1·et is In nutomalio control. 
In local or hand control, they provide ranges to 
designated targets. '!'hey are also called on to 
spot in l'ange and make inilial target angle snd 
speed eslinintes. 

Seven men are stationed on the projectile 
handling level and ten are in the powder handling 
room. 

The 8" calillor three- gun turl'et is installed 
In Salem clnss hoa''Y cruisers. Although tho 
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Figure 5- 45. - 8" / 55 1•apid- fire turt·et . Gunhouse crew stations. 

foundation structu1·e, barbette, and n1agazine 
are .of a standard turret design, the ammunition 
loading system is an entirely new design. The 
guns operate auto1natically and require no shcll­
men or powctermen within the gun co1npart1nent. 
The turret has automatic fuze setting and radar 
equipment instead of opti cul 1·angefinders. 

Forty-four n1en nre required to num the 
battle stations of this turret installation, seven­
teen in the gunhouse and twenty seven in the 
levels belO\\' the g ltriliOLlSe . 1'he gunliouse ere'"' 

members are shown in figu re 5-45. (The checker 
is a n1en1ber of the crew in training operations 
only; bis station is not manned in battle act ion.) 

Bag-Gun Turret 

Bag- guns differ frorn case-i,'UnS in their 
methods of handling, transfe r ring, and loading 
am1nunit ion. Since bag type an11nunition needs 
greater s afety i n handling, each gun within the 
gunhouse and the powder hoist which ser vices 
each gun are nrranged in separate flaineproof 
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Figu1·e 5-47. - Cutaway view of 16- inch turret. 

oompartinents and structures. /\ name seal 
located at the upper end of each powder hoist 
Isolates the lower powder handling 1·001ns from 
each gun coinpat•tment . 

Turrets equipped with !Jag guns are essen­
tially similar. The 8-inch and 16- inch tut·rets 

diffe 1· in 1nany mechanical detnils, but in general 
their install ations and equipment pedorm the 
same basic function . 

cutaway views of the 8- inch [I.net tho 16-inch 
turrets nre shown in figures 5-46 and 5- 4·7 
respectively . 
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CHAPT ER 6 

GUN WEAPON SYSTEMS 

You already know, from rending earlier chap­
lers in this te>.1, that guns were in use hundreds 
of years before the weapon system concept was 
drean1ed of. Guns were, v.ith only minor excep­
tions, 'fli E weapons (in various shapes and 
sizes) for all naval warfare unlit nln1ost the 
begi nni ng of the 20th century . As guns improved 
in accuracy, rate of fi1·e, and r a11gc , the rough­
and-1·eady methods tbat had hitherto sufficed for 
placing gun projectiles with mo.ximum effect 
were r·efined unt il moder n techniques and equip­
ment for fire control were developed. As sub­
marines and aircraft added more weapons to 
the naval arsenal, as well as new varieties of 
targets for the weapons to engage, the gun lost 
its primo.cy as the principal naval weapon and 
became what it is today-one of the several 
major classes of weapons, co.ch with ils char ­
actor lst!c r ange of applications ancl types. 

The weupon system concept as applied to 
guns and their as sociated equipment differ s 
somewhut fron1 its application to s uch newer 
weapon systems as guided missiles and their 
associated equipment. l\Jissile systems are char­
actcrl stieally integrate<.! - they are conceived, 
engineered, and designed as systems. Although 
gun weapon systems function eifecli vely as sys­
tems, lhey a.re more fle>-ible and Jess int.egrated. 
Thus, a given fire cont rol system in ay function 
equally well with any of several types of gun 
mount, or a gun mount muy continue to function 
with an lllter11ate fi re cont rol system or even 
with only the sights in the gun mount if its 
primary ti r e control system is knocked out. 

EL E:l!IE~TS OF A GUN 
\VEAPON SYSTE:l!l 

Functionally a gun weapon system i ncludes 
the following elements: 

1. /\ Cil'e control system. 

2. One or more gun mounts organized ~ 
a BATTERY. 

3. Ammunition supply arrangements . 

Since it is i nherently flexible bath in funll­
tion and in the equipment that goes to make '; 
up, a gun weapon systen1 ls not invnrialJIJ 
composed of t he s ame elements - in fact, 1 

combination of the elements thnt 1n ake up 1 
system may va ry dur ing a s ingle exe rc ise er 
battle aelion. However, a given combination l: 
generally recognized as besl- the.t is the PRi· 
:\'!ARY arrangement - and others (SECONDARl 
arrangements) may be substituted ii require: 
by ballle casunlties or for l1•aining purpose>. 
Tills chapter will concentrnt.e on the preferred 
combinations that make up the primary system . 

Today all but a few gun weapon systems 
are either pr imarily designed for action agaios: 
air to.rgets (these nl·e antla11·cruft or /\A sys­
tems), or are equally well adapted for enga~ 
air or surface targets (these are dual pul'pose 
or DP systems) . A few systems des igned pri­
marily to engage surface targets can be adaptm 
for certain antiaircraft applications, but these 
will not be the focus of attention in this tell.. 
This chapter is mainly concerned with a typiC!l 
dual- purpose and a typical antlo.lrcra.ft1,."1n weapon 
system. 

GUN BATTERJES 

The guns on any naval vessel a.re organizel 
into groups or batteries, each consisting .cf 
several gun mounts of sinlll:U' si1.e and b allistic 
charaetcristies. Tills simplifies the control <i 
gunfire, the supply of ammunition, and main­
tenance. The size and number of guns in s 
battery depends on the type of ship. 

There a.re several ways to cl ass ify gun 
batteries abOard ship. The s implest is U:> us~ 
the bo re diruneter (calibet') and the number 
of calibers as we have done in chapter 5. It 
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pracUce, the nwnller of calibers is very often 
omitted in the ship's battecydeslgnations, at least 
"hen referred t.o by members of the crew. Thus, a 
battery of 6" /47 caliber· turrets !s a 6" batteri•. 
and so on. The length of bore In a 5'' battery is 
also dropped fro1n the designation becauso a s hip 
•ill have either a 5" / 38 or a 5" /54 battery, but 
oot both. Keep in mind that these shortened terms 
are valid only within your ship or for ships with 
the same armainent. The batteries must be ac­
curately identified In other cirournstances. The 
o"/54 Mk •12 and the 3" /50 rup!d fir e, described 
in chapter 5, must be fur•ther identLfied \vi thin their 
caliber because of the operali og differences be­
tween these mou11ts and the older 5"/54 and 
3"/50 mounts. A few cruisers (most, if not all, 
of which are in the reserve fleet) have rapid 
lire 6-i nch or 8-inch turrets that require more 
idcntiiication since they differ from their slow­
ftre prototypes. The 40- mm and 20- nmi guns are 
oot described in terms of their numbe1· of calibers; 
they are designated by bore diameter only, as 
are other guns snul.ller than 3-inch. 

Butteries also arc classified as 1nain, sec­
oadary, and machlncgun batteries, depending on 
1he type of ship In which they are mounted. 
Traditionally, the largest caliber of guns on 
board is the main butter y; the next largest, the 
secondary battery; and the 1·emaining installed 
guns arc either heavy or light machinegun bat­
teries. Thus, a 5" battery is the main battery 
of a destroyer, but only the secondary battery 
of a Cl'uiser. This method of classif~ing becomes 
further complicated when ships s ometimes ex­
tend the term " main battery" to mean the 
weapon of greatest potential ef!ecl; for example, 
lbe planes of an aircraft carrier, or the tor­
pedoes of a submarine. The terms " main arma­
ment" and "secondary armament" are used 
extens ively in call-for-fire gunfi re support mis ­
sions. 

The last (and probably the best) method 
classifies batteries according to their service 
epplication as follows: 

1. SUHFAC E BATTERY- a battery that is 
designed pri1nal'ily to con1bat surface targets 
(including shore-bombard!nent or gunfire sup­
port). This battery, sometimes called single 
purpose, ls eo1nprlsed of 6" or 8" turrets 
mow1ted on cruise,.s . (Turrets can be used 
agains t uir tarb.-ets, but this is not their primary 
application.) 

2. DUAL PURPOSE BATTERY - a battery 
that is designed to combat both air and surface 
targets (including gunfire support) . Dual purpose 
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batteries are 5" guns only. Dual purp0se relates 
not so much to the 5" gun's versatility, as it 
does to the dual-computing devices and n1ethods 
in tile fire control system. 

3. AA B.">TT ERY - a batter-y that is des igned 
primarily to combat air tiu·gets . This battery 
normally has 3" guns . The 3" gun can also be 
used against surface targets, and for "di1·ect 
fire" missions in gunfire suppor~. 

FIRE CONTHOL JK OUN \A/EAPON 
SYSTE:VIS 

Jn any weapon system the fire control prob­
lem is essentially that of getting the weapon 
or projectile to hit the target llnd C:>.'j)lode, or 
at lenst to explode when the ttu·get and weapon 
or projectile approach close enough for maxi­
mum damaging effect. In gun weapon systems 
the problem is to l ay (aim) the gun in such a 
way that the projectile will hit or appronch 
close to the target. In some other types of 
weapon systems the weapon is :;elf-propelled 
and contains guidance equipment so that it is 
capable of homing on the target (i.e., it cnn 
detect the target and follow it, ultimately catch­
ing up with it), or other guidance methods n'lay 
be available. This is not true of g\tn weapon 
systems. Once the projectile has left 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 control problem, 
the elements of fire control systems, and finally 
the process by which these elements are used 
in solving the fire control problem. 

BASIC INT BftlOR BALLISTICS 

First or all, what is ballistics·? Ila.llistics !s 
the science of the n10tion of projectiles. It is 
divided intO two bi·anches, interior and exterior 
ballistics . Interio1· ballistics is thnt branch of 
the science which deals with the 1notion of the 
projectile while it is in the gun. The initial 
velocity (1. V .) of the projectile is a result of 
the forces involved in the general term, interior 
baliistics. Ei..terio1· ballistics pertains to the 
projectile afte1· it leaves the gun. Obviously I.V. 
is the one value common to both interior and 
exterior ballistics. 

Oun design is essentially n compromise. 
The gunner wants ma.ximum l. V. for great range 
and flat trajectory; the designe1· n1ust consider 
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the strength of his gun and desires rnlnimum 
wear and erosion. Interior ballistics includes 
the study of (l) the combustion of the powder. 
(2) the pressure developed within the gun, (3) the 
variations ID pressures and velocities with 
changes in any of the "conditions of loading," 
and (4) erosion of the bore. 

Propellants and Burning Rate 

Propelling cllargos are designed to burn in the 
charnber of the gun in such a way that they will 
develop mnximum projectile velocity without 
excessive hoat, pressure, or erosion. Ideally, 
the most efficient propellant for a gun would be 
so balanced that the charge is entirely con­
sun1ed immediately before the projectile leaves 
the muzzle. 

To approach this ideal, propellant burning 
rate must be controlled, so that the propellant 
v.ill be suited to tho specific gun in which it is 
to be used. 'I'he dominnnt factor in determining 
burning rate or u given propellant composition 
is the surface area per unit weight of pro­
pellant. 'I'hc greater the area per unit weight, 
the faster the burning rate. (Other but less 
s ignificant fact.ors include the percentage of 
nitration, moisture content, content of volatiles, 
and the stablllzo,. used.) 

As you know, gun propellent compositions 
are manufactured as homogeneous cylindrical 
grains of uniforrr1 diameter, length, and numbor 
of perforations (fig. 6-1), with larb.-er grains 
for larger caliber guns. For a given muzzle 
velocity, larger caliber guns require a slowar 
burning propellant than smnller caliber guns, 
since the distance the projectile must travel 
to the muzzle Is proportionately longer nnd 
the powder must burn for a longer time. Other 
things being equal, larger grains have smaller 
area per unit weight, hence slower burning rate. 

P ropellent powder grains for• guns 40- mm 
and larger have 7 perforations. Since burning 
rate climbs rapidly in smaller s ize powder 
grains , tho,.e Is only one perforation, or none 
at all, in grains for calibers s1nallcr thru1 40-
mm. 

A propellant's potential is t he total work 
that the gases of combustion could parform 
while expanding from the solid sLate to the 
space they would occupy when fully expanded 
to atmospheric pressure and when cooled to 
a specified temperature. 

Jn the average conventional gun, some 60 
percent of the potential disappears in muzzle 

53.144 
Figure 6- l. - Perforated propellant powder 

grains. 

loss; 30 percent is transmitted to lhe projec· 
tile, and all other losses- such as beating tlie 
projectile and gun, causing the gun to recoil, 
and so forth- amount to about 10 perceal 

Gun Streni,-th Vs. Propellant 
Pressure Relationships 

Figure 6- 2 illustrates a basic principle oi 
gun design. The figure may be tlllten as typical 
or the strength- pressure relalionship in modern 
guns. Note that the high breech strength ie 
carried well forward of the point of maximum 
pressure. The gun s trength at every point mvs1 
exceed the powder pres sure at tllat point tr; 
an amount t hat will provide o. suitable margio 
of safety. 

llUfllL FCllCtlS 
PllSS\11£ 

PROJECTILE TU1El • 

110.51 
Figure 6- 2. - Typical gun strength and pressure 

curves. 
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The curve as il appears in figure 6-2 shows 
pressure beginning at a value well above zero. 
This indicates the pressure l.>ullcl-up that occurs 
after the prop<:Jlling charge begins to burn but 
before the projectile begin:; to move. (The x­
axis in the figure represents projectile move­
ment in the bore, not ti1ne or bore length.) 
The projectile begins to move o.ily aft1:r the 
propellent gas 1·eaches the initial for·cing pres­
sure required to initiate movc1nnnt of tha pro­
jectile in spite of projectile inertia nncl the 
engage1nent of the rotating band in the riflir~. 

Note that the gun strength curve is repre­
sented as a stntight horizon~al line above the 
area between t11e point of initial forcing pres­
sure and the poi nt of 1n:iximum pressctre. It 
does not vary in parallel with pressure curve. 
Tho «eason is that the same pressure that 
tho expanding gases exert against the base of 
Ute projectile is exerted equally against all 
int.el'ior surfaces of the gun behind the pro­
jectilo . Hence the breech pa.rt of the barrel 
m11$t be designed for the maxin1um str·ess to 
be im:,iosed. 

Afte1· the projectile passes the point of maxi ­
mum pressure, it continues to be accelerated 
by gas pressure until it leaves the nlnzzle . The 
total iu·ea under the curve, up to the point 
where the projectile leaves the gun, is a rough 
maasui·e of initial velocity, and the pnJssure 
remaining at the 1nuz2le ii; an indication of 
lhe nnzzle loss. A high muzzle pressu1·e. in­
creases m11zzle flash. 

Changes In " Conditions of Loading" 

By "conditions of loading" arc nlcant the 
powder used, the weight of charge, the density 
of loading, the vohune and forn1 of the powder 
chaml.>cr, and the weight of the projectile. 

PO\VOER USED AND \¥1::1GIIT OFCl:iARGF:.­
Powders are term1id quick and slow in r eference 
to U1eir rate of combustion in a particular \;\lll . 
For instance, a smnll-gr ain p·~w·lcr is quicker 
U>an a larger gra.in of the sam·~ s hape, since alJ 
lhe grains would IJc consumed in a :;;horter 
time. Not o"lY will the larger grain increase 
I.he t1me l'equired for burning the charge, but 
ll will also c a.use' nu1x.irH'Jffi pressure to be 
lowe1· and to be reached later in the travel of 
the projectl!e. The gun pressure curves show·" 
in figure 6- 3 com:,iare slow p0wdcrs and quick 
powders where the same weight of charge W'lS 
used. 

PROJECT! LE TRAVEL • 

110.58 
Figure 6- 3 . - Typical gun p1·essurc curves show­

ing variations due to qJickncss of powder, 
sam1: weight of cha.rg;e. 

\\lilhin lim:ts, the n1uz,,1e velocity for a 
particular gun may IJc inc.rea6ecl without causing 
excessive pressure by increasing the si7.e of the 
charge and al the sam'• time using a powder 
that hurns inore slowly. See figure 6- 4. 

DENSITI' Ol" LOADli\G. - Density of loading 
is the ratio of the weight of the charge of p.>wder 
to tha~ of the volume of W'lter which, at stand­
ard temperature, would fill the powder chamber. 
l t. is a tn3asur·e of tl)e a nl•?UJ1t oi sp:l~e in \V(1lcl1 
the gases of co1nbustion nuty expund l>efora the 
projectile begins to move. 

l'IOllCTll( tlAlEL t 

110.59 
Figure 6- 4. - Typical gun pressure cun'es show­

ing m·~tho:is of obtaitlitig increased 1nu7.r.lc 
velocity in a gur1 v.rithout incrcasi11g nl:tXi111l1n1 
11 resst1re. 
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A high density of loading leaves but little 
space for initial expansion; consequently pres­
sure bu.lids up rapidly. The maximum pressure 
behind the pl'oject.ile is reached early in the 
projectile's movement through the bore. \Vith 
lower density of loading, more expansion of the 
gnses niay ta\<e place before the projectile 
starts to move. The ma.'timum pressute is 
achieved later, and this ma.ximum is !owe\' than 
that with high density of landing. (Con1pnre the 
curves in figure 6-5.) Other factors rernaining 
equal, increased density of loading increnses 
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 
gxavity of smokeless powder is about 1.6, the 
following relnt.ionship holds: 

Density of loading = 1.6 v, 

\vhere 

v = the proportion of the total chamber volume 
which is filled by the charge. 

Hence it is apparent that a loadi ng density 
of 0.4 would requi re a charge filling 25 percent 
of the charnller volume, and a loading density 
0£ 0. 7 would require a charge filling 45 percent 
of the chrunher volumP.. 

When the density of loading drops markedly 
below the above figures, iL·regularities of rnnz­
zlc velocity may be expacted. Tho pressure 

... ... = "' .. ... 
"' ... 

PROJECTILE TRAYIL t 
110.60 

Figure 6-5.-Typic!tl 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 w1'ong time. 

A practical· example of the ilnportnnce ol 
loading density would be a projectile lodged 
part-way down the bore of a gun, greatly in· 
creasing the effective chamber volume. Besides 
gl'eatly loweJ'ing density, and causing pressure 
waves which n1ay build up beyond a safe limit, 
it extends the area of 1na.x.imum pressu1'e beyoi>:! 
the area of maximum barrel thickness. A nor· 
mnl powder charge used to dislodge a projectile 
so positioned mi.ght cause the gun to burst, or 
11t least bulge, in1mediately behind the projectile. 

Very high density of loading, on the other 
hand, may cause detonation of the propelling 
charge, again resulting in a l>urst gun. 

VOL UME AND FORM OF PO\VDF.R CHAM­
BER. - The designers of the gun, having estab­
lished first the desired muzzle velocity, then 
the limiting maximum pressure nl!OwtJ.ble in the 
gun (determined from study of gun construction), 
can proceed to deter n1ine the volume and form 
of the powder chamber and the weight of the 
charge. In a particu!a.r gun, lhe volurn·~ and 
form of the powder ch am her change only be­
cause of erosion at tho origin of rifling and 
improper seating of the projectile, causing ir· 
regular n111zzle velocity. 

Projectiles differing in weight- for example, 
high-capacity and armor-piercing types-can be 
fi1•ed from a given gun. High-capacity projec­
tiles, being lighter , will have a slightly higher 
muzzle velocity. 

Summary of Inte r ior 13!tllistics 

There is n1nch more to interior ballistics 
than has been taken up in this section, but you 
have rend enough here to gritSp the general 
nature of this branch of gunnery. He1·e are re· 
peated the rriain points of the discusi;ion, by 
\va.y of summa1:r: 

1. Using the same weight of char·ge, a slow 
powder pro:luces a smaller n1aximum pressure 
than a fast powder, and attains this maximum 
pressure later in the travel of the projectile . 

2. Increasing the weight of a chal'ge of powder 
of a given grain size increases the 1n:iximum 
pressure attained and causes this maximum 
to occur earlie r in the tr avel of the projectile. 

3. Because of m<;i.zle loss and irregularity 
of nltl zzle velocity, slow powders are less effi­
cient than fast powders. 
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4. The muzzle velocity of a given gun may 
be increnscd within limitsbyusinglargeroharges 
of slov.-er propellants. 

VAR!Al3Lf,;$ IN THE GUN F ll\E 
CONTROL PROilL E!\>1 

To solve ~he fire control problem, it is 
necessal'y to consider tllrec nia.in types of vari­
ables-

1. Exterior bllllistics. 
2. Target position and relative motion of the 

target and own ship. 
3. Inherent corrections necessitated by the 

physical chara.cterlstlcs of the weapon 
system. 

Each of these is discussed sepa1·ately below, 

Exterior Ballistics 

From the insto...,t it leaves lhe gun muzzle 
lllltil lt ends Its Oight by illlpact or explosion, 
the gun projectile's path or trajectory Is affected 
II)' the following factors: 

1. .MOMENTUM. As you remember fro1n 
>o,.ton's Jaws of motion, any mnt.erlal object 
has inertia, and, if moving, tends to continue 
its motion at constant velocity {Le., at constant 
speed in a straight line) . The important values 
In determining the momentwn of a projectile 
are its I .V. (initi al velocity) and Its m::.ss. 
l.V. is mensure<l in feet per second (usually 
abbreviated fs) os the projectile leaves the 
gun muzzle. Moss ls conventionally me:isured 
In pounds (a convenient ineasure, lf not strlclly 
correct sclcnt.ifically) . If no otlier factors affected 
its motion, any gun projectile would have a 
Slraigl1t.-llne trajectory. Note also lhnt all naval 
guns {except a few spec inl pu1·poso devices) 
are del>igncd to make the projecli lc spin at high 
speed on its long axis. This makes the long axis 
ol lhc projectile tend to maintain a fixed attitude 
in space while in flight. 

2. GRAVITY. On the earth's surf nee a.II mate­
rial objects are subject to the earth's gravita­
tional allraction, which pulls lhcm toward the 
earth's conler. Any unsupported object therofore 
tends to fall at a constant acceleration of about 
32 feet por second per second. Gun projectiles 
arc unsupported once they leave the niuzzle; 
unlike nlrc1·aft, they are not airborne, and unlike 
rockets, they are not supported by propellent 
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thrust. They thtirefore fall with the same acceler­
ation OS If they had been dropped, OOl fired .. 
The idea mny be novel to the student, but the fact 
is that a projectile firecl from n horl1.ontally 
ain1ed gun wlll strike the surface of the sea at 
the same Instant as a similar projcclile that has 
merely been dropped from the $rune height above 
the watel'. It ls, of course, true that the fired 
projectile will hit the water some dlstanoo away 
{fig. 6- 6A) . 

Under the influence of momentum and grnvity 
(but of no other factors) tho trajectory of a 
projectile will be one of a family of sym­
metrlcnl curves called parabolas. For a given 
I.V. and projectile mass, tho pi·ojcctile will 
then travel farthest from the gun If the gun 
barrel Is elevated to mnl<c n 45° angle with 
the hot·lzontal (fig. 6-GB). 

3, AIR RESISTA..'\CF.. A projectlle traveling 
at a speed of up to 3,000 feet per isecond creates 
a considerable disturbance in the a.ir. At such 
speeds. air at sen- level density Is fur from tn­
substanllal. and Its resist(!nce significantly slows 
the projectile thro~ghout its flight. Air resistance 
affects the trajectories of all projectiles, but 
its effects, wltich depend on air density. are 
much greater on less massive ones. 

The trajectory as affected by rnomontum, 
gravity, and air resistance is still more or 
less parabolic, but is not symn1etrlcal; the 
projectile is traveling slower as it approaches 
the end of the ll ajcctory, and (fig, 6-7) It falls 
at a larger angle with the horlzantal (tending 
tO'-'<U'd 90°) ' 

4. \VIND. \Vind i s ai r movem~nt. l\!Iovement 
of the air with respect to the earth Is culled 
true wind. Air movement caused by the motion 
of a s hip Is called relative wind for thnt ship. 
Apparent wind Is the vectorin.l sum of tllese 
two winds, a.'1d it is the quantity read from the 
ship's anemonieter. \Vind speed is measured 
in knots, and wind direction In degrees from 
the reference (true north, or ship's boW) clock­
wise to the direction FROM which the wind is 
blowing. Uy vectorial analysis, apparent wind 
can be resolved into i·elativo wind and t r ue 
wind . True wind is the wind inpul to fire con­
trol computers. True nor~h is lhe reference for 
t rue wind, t hus true wind is lndependont of 
ship's movement; however, both relative wind 
and apparent wind depend on own ship's course 
and speed. 
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12.3 
Figure 6-6. - Projectile trajectory as affected by gravity. A. Projectile (13) fired from horizontally 

aimed gun strikes water surface at same instant as projectile (A) dropped from same height. 
(Height H • height H '.) 13. Theoretical parabolic trajectories In vacuum at various gun elevations. 
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,,,,,,,,.... ... ...... / 
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~ ' 

A
.; AltTitAJtClORY ',,, 

_ HORIZOHTAl ~ 

12.4 
Figuro 6-7 .- Compru·ison of vacuum and air tra­

jec tories. 

Jn fire control co1uputel'S, true wind is rc­
rolved Into two components \\Ith re~-pecl to 
the line of fire. One, called ra.'lge "1nd, Iles 
in the line o! !ire and may either accelerate 
or decelel'ate a projectile . Cross wind is the 
othe1· component; it blows o.t right angles to 
lhe line of fire movl ng the projectile to the 
left or r lg ht of its planned trajectory. The so 
companonts and their effects are automaticully 
C0111puted, and automatic corrections arc made 
to the gun's poSition in train and elevation. 

1\ ship's anemometer moasurcs surface wind , 
but a p1·ojcclllc's trajectory passes through 
various nltlludes. These altitudes, primarily 
because of nir density and temperature, hnve 
different wind velocities than those on the eru·th'S 
surface. A sltip's m;::teorologtst can track lhc 
lligllt of a balloon and measure the velocities 
!!Id directions of tropospheric winds. Or, peri­
odic wind reports are oft.on received by rruiio 
from a shore station which has better wind 
100asuring facilities. MObt ships do not have a 
metoorologtst on hoard; they cteptmd on i·epor ts 
from other ships or stations. ll!lllistio wind, 
wbich ts determined by nerological observalions, 
is the resultant wind vector from zero altitude 
to about 20,000 feet. But iJ' the projectile's ma.xi­
~JUD ordinate is less thnn 20,000 feet, only the 
wind affecting the projectile is considered in 
:he balllslic wind co111putation. Wind velocities 
ll!ld dircictlons ru·e n1easured i n 2500-foot incre­
ments (layers) from tho surface horizontal to 
~.ooo feet. Weighted factors arc provided in 
Ille manual so that any nun1ber of incren1ents 
can be used easily and quickly. The numller, 
ci CO\lr&e, depends on tho projectile's msximum 
lrclinate. All necessary data for air 2nd surface 
targets, including various altitudes and ranges, 
and various guns used, are provided In the 
manual, '!'he final ballistic wlnd calculation for 
t particulru· type of eng:igement, at a specified 

altitude and range, is substituted for true sur­
face \\ind in the fire control computer. In lhc 
absence of ballistic wind data, true wind (Surface) 
is tho compulor Input. 

5. DHIFT. Drift (fig. 6-8) Is a deflection of 
the trajectory to the right, and is cnused by the 
interaction of gravity, air resistance, and the 
projectile's clocl..'\visc syin. (Countercloclrwiso 
spin would deflect the trajectory to the left, but 
all naval guns except the .45 caliber have clock­
wise r ifling.) Drift is directly proportional to 
range . It is lndopendent of wind. 

6. l::.".RTll'S HOTATION AND Cl:HVATt.:R E. 
The discussion so far has hnpltcit\y assumed 
that the earth is flat and does not rotate. Fo1· 
ranges up to 20,000 yards or so, such an assump­
tion docs not C11Use any serious errors in fire 
control . At extreme gun r anges (30,000 yards 
and more) these two factors bccOm8 importnnt 
enough to be tnkcn into account, partlcula.rly in 
firing at surf nee targets. Since such rMges ru·e 
characteristic or the surface buttel'ics of heavy 
cruise1·s (o! which there are only a few in the 
~tive fleet) and those cf battleships (none Qf 
which are in the active fleet), we can neglect lhe~ 
effects in this text. 

Target Position nnd Helative Motion 
of 'l"arget and Own Ship 

In the fire control problem, target position 
at any instant is measured In terms of target 
bearing (a horizontal angle m~asured fron1 n 
vertical rcfettmce plane). t11rget elevation (a 

84.200 
Figure 6- 8. -Clockwise projectile spin causes 

drift to the right. 
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vertical angle measured from a horizontal ref­
erence plane). 3lld range (a linear distance n1eas­
ured along the line of sight (LOS) to the target 
(fig. 6-9)). 

As you noted at several points in connection 
with the discussion of exte r ior ballistics, the 
effect of the f actors listed i n the preceding 
article depends on, among other things, range. 
Another way of putting it is to say that they 
depend on time of flight - i.e., the time lapse 
between the projectile 's departure f1·orn the gun 
mnzzle and its impact or explosion. Duting this 
ti1ne the factors that deter mine the projectile's 
trajectory have their effect; obviously, the longer 
the time of flight, the greater their effect. 
Since, other things being equal, at any specified 
I. v. time of flight is proportional to range. This 
is one reason that it is irnportant to know the 
range to target (generally nieasured in yards) 
as accurately as possible. Range to an ai r target, 
as measured along the LOS, is called slant 
r3llge to distinguish it from r ange measured 
on the surface. 

There are two kinds of target bearing. Rela­
t ive target bearing is the angle , m<oasured clock­
wise in degrees and minutes, between a vertical 
plane tlu·ough the centerline of 0\\'11-ship and 
the line of sight (LOS) to target. (This is illus­
trated in figure 6-9.) True target bear ing is 
1neasut·ed similarly, but fron1 a vertical plane 
containing a line to true north. Figure 6-10 shows 
the distinction and relations hip between true 
and relative bearing, and dernonstrntes that hue 

LINE OF $1GHT 

84.197 
Figure 6-9.-Relative target bearing, slant 

range , and target elevation. 
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110.61 
· Figure 6-10.-Relationship between tnte bearing, 

relative bearing, and own ship course. 

bearing is the algebraic sum of own ship cours~ 
and relative bear ing. 

For the location of an air target with resped 
to own ship, one more value is needed - target 
elevation (gener ally measured in n1inutes of arc 
from the surface horizontal plane.) 

If now we were to assun1e that the target and 
own ship were stationary with respect to eacb 
ot11e1-, it would be necessary to correct only for 
exterior ballistic factors and the gun would be 
laid for a hit on the target. However, such a 
situation is rare. Target moven1ent with respecl. 
to own ship is a part of every practical fire 
control problem, and it becomes inci·easingly 
importru1t as r anges decrease and target veloci­
ties increase. (You can expect some air target$ 
to be moving at over 600 knots.) In fact, at verr 
close ranges (in the neighborhood of 2,000 yards 
or less} the ballistic factors are c01npletely 
o\'ershadowed in iniportance lly corrections for 
target velocity, and n1any 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) time of flight i s short 
(b) angular velocities (i.e., changes in targ>it 

bearing and target elevation} increase as targ>it 
range decreases, even when ta1·get speed as 
1neasured in knots r emain the sanie. 
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(c) tlmc available for ai·rlving al soluUons 
to the fire control problem Is so short lhal 
there ls time only for essentlnl steps ln solullon. 

Inhel'ent Corrections to the 
Fire Control !'roble1n 

Tbe miscellaneous f nctors that \Ve lump under 
the hlllel INHERENT CORRECTIONS include 
oorreoUous tor: 

1. J\totlon of the gun pl alform (i.e., the ship's 
rolllng and pitching mollons ns it floats on tho 
walet'). 

2. Pnrallax- i.e., distance between fire con­
trol system elements localed nt different points 
aboard ship. 

3. Divergence of gun mount roller paths Crom 
the deck reference plane. 

These factors ai·e called "lnherent" oocnuse 
they arc unavoidable. All ships nflont have some 
rolling and pilchingmotion; parallax exist between 
the different clements of a gun fire control 
systom alloArd ship; nnd tho roller paths of gun 
mounts cannot be mechlned perfectly parallel 
to lhe deck of the ship . 

connECTJONS F Oil GUN PLATFOHl\1 MO­
TION. -AS you remember, tho essence of fire 
conlrol Is to position the gun barrel so that tho 
projootllc's traject:-Ory will culminate In Its ool­
lisloa with lhe target. We mllY (as we did earlier 
in this chapter) assume for purposes of analyst!> 
lhat lhe dock on which the gun mount stands Is 
stablo, bul in practice It is not generally possible 
to make lhis nssumptlon. No1· is it practicable 
to sl:llllli7Al tho deck itself. In~tcad, either of two 
alte,.nntlvo cor,.ectioo methods is i1 sed. Ono 
requires thal the gun be continuous ly repos l­
lioncd by its power drive so that it maintQ!ns 
the desired attitude regardless of the ship's 
roll and pitch. The other (less frequently used) 
:s to control the firing circuit so that as the 
ship rolls and pitches lhe firing circuit ls 
energized only during those Instants when the 
gtui hO.ppen~ to be in tho position required for 
hilling tho target. 

Corrections are required for the effects of 
;hip's roll and pitch. They a.re level and cr06s­
level (flg. 6- 11) and trunnion tilt. Level is the 
mglo that the deck plane, which rolls and pitches 
Tith the ship, makes with the hori 7.0ntal, as 
meaBul'ed In a vertiol.1.l piano eonlnining the line 
al sight (LOS). Crosslovel is measured at right 
engles to level. 
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12,46 
Figure 6- 11. - Level and cross- level. 

Inclination of the deck across the line of sight 
causes trunnion tilt. As tlle b"'n mount tilts with 
ship's mollon. the gun no longer elevates In a 
plane pet·pondlcular to the horizontal. This in­
troduces errors, both because lhe gun does not 
elevate to the proper angle and because eleva­
tion in a plpnc not perpendicular tho horizonlal 
causes tho gun to shift in train. Thus at a chosen 
instant, il lhe right trunnion Is lower than Ulo 
left, elevating tho gun by X number of minutes 
with respeol to the horizonlnl will require mOl'e 
than x n1lnutes of elevation In the tilted plllne. 
Additionally, tile barrel, after elevation, will be 
displaced to the right of the plane it was Ln 
before ele\•nllon. Figure 6-12 shows the correc­
tions required to compensnte for trunnion Ult. 

PARALLAX CORRECTIONS. -In general, 
parallax Is the apparent displacement of M 
object (for oxainple, a target) as seen from two 
diffe rent loonlions . Tho pho11omenon occurs In 
several different contexts in fire control. We are 
now concerned with the eUect diagrammed ln 
figure 6- 13. Relative target bearing Is different 
at each gun mount and at the director . The paral­
lax oorreolion compensates for lhese differ­
ences. 

CORREC'!'lON FOR ROLLIJ:R PATH TILT. -
Ideally, tbe roller path of each gun mount should 
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figure G-12. - Corrections for trunnion tilt . 
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12.48 
Figure 6-13. - HoriT.onlal po.rnlla.x. 

be po.rail el to that of the reference unit (di rector 
in most cases). Although th<:> tilt of a gun mount 
v.1th respect lo the reference ls, in 1nodern 
naval conStl'uCtion, always snuul (rarely over 
a deg1·ee, n.nd usually much less), it mus t be 
corrected. Son1e tilt is unavoidal>lo because a 
ship's hull is supported much differently in the 
shipyard than it is when afloat. Individual cor­
rections iu·e required for each gun mount. The 
correction is made in elevation, but its magni­
tude depends on the angle to which tho mount 
is trained. Figure S-14 shows the effect of roller 
path tilt In exaggerated form . 

Rolle!' path tilt correction is performed ine­
chanlcally by a device built into each gun mount. 
The computer in the fite ~ontrol syste1n has 
nothing to do with this correction, which is dif­
ferent for each mount . Chapter 8 illustrates one 
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12.47 
Figu1·e 6-14. - Effect of roller path Inclination 

(much exaggerated). 

type of roller path tilt co1·rector, and briefly 
describes how it is used. 

ELE::llEl'TS OF GU:-< FIRE 
CONTROL SYS'fEi'>1S 

{Is you noted earlier, tho complexity of tbe 
fi re control problem. and hence of the fire control 
sys tem necessary for its successful solution, 
increases \\1th the maxin1um range of the guns 
associated with the system, since ballistic factors 
are re la.ti vely more important when the time of 
Oight IS longer. At the same tlme, at shorter 
ranges the position and moUon of the target 
with respect to own ship become relatively 
more important than the ballistic factors. More­
over, at shorter ranges the tlme available for 
solution of tho problem is much more limited 
thiu1 nt longer ranges . Consequently, instead 
of a single "universal" fire control system or 
type of system ust->d in all appllcatlons, you find I 
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 fast targets at short ranges. The other ls 
the linear-rate type, which is particularly well 
adapted to deal with the mo1·e comple" ballistic 
computations required for distant targets. 

F:xan1ples of both types will be described in 
n1ore detail later in this chnpter , but so that 
you may understand bette1· the description that 
follows of how the fire control system 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 llir targets at much longer rallgcs than 
those foi· which relative-rate systems are gen­
erally used. The system consists of (fig. 6-15) 
a director· located high in the ship' s structure, a 
computer and s tsble element closely linked to 
each other and located in a plotting rooin ln the 
hull, a r ada.r console locstcd either ln the plotting 
room or the di rector, and gun mounls (commonly 
the 5-inch battery, though the system can be 
connected to control other mounts also) . All 
these elements are interconnected by electrical 
data transmission circuits, except that the stable 
element may be mechanicnlly or electrically 
connected to the cornputer . 

Tho director is equipped with telescopes, an 
opticsl nmgefinder, radar equipment (in som.e 
installations). data transn1itters and receivers, 
and power drives, so that it can: 

a. Dete1·mine target bearing, elevation, and 
range either optically or by radar. 

b. Be power driven by computer- generated 
signals enabling the director crew to verify that 
tile computer is developing the proper fire con­
trol solution. 

c. "Lock on" the target for automatic radar 
tracking (i.e., automatically follow the target as 
its location changes with respect to own ship). 

The computer (depending on the specific 
system) may be either an cloctromechanical or 
an electronic-electromechanical unit. It accepts 
all bnllistic factors (including I. V .) a.s well as 
target data and data on own- ship course and 
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Figure 6- 15.- !::laments of a lillcar- rate gun fire 

control system aboard a desti·oyer. 
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speed. It transmits gun position data to the gun 
mounts It controls. And it con send its fire 
conll ol solution to the dii·ector as electrical 
signals that position the di rector optical and 
radar clc1nents to indicate how accurately it is 
solving the fire control problem. The computer 
conto.lns no gyroscopic elements . 

The stable element conto.lns a gyroscope 
which, because it remains fixed in attitude, 
generates a stabilized reference piano to which 
all angular values received and computed can 
be related . 

The data transmission receiver-s in the gun 
mounts control the gun power drives so that the 
guns will be positioned in accordance with the 
signals transmitted from the computer. 

Helatlvc-Rnte Systen1s 

The essentinl parts of u simple rclative­
rate fire control system are n director and a 
transmission system through which the gun posi­
tion data required for accurate Iiring are trans­
mitted to the gun mount. In simpler systems, 
there may be one di rector for one or two mounts, 
and the di rectors are located fairly close to the 
mounts they control. Range is either estin1ated 
optically and craiL1<ed in rnru1ually, or meas­
ured by rndar. The director operator looks 
through Ute opticnl sight on the director (or he 
inay use radtu') nnd tracks the target (that is, 
as ii ll•Oves in his field of vision he keeps it 
aligned with his LOS as indicated by o. reticule 
in the sight, or in the center of his radnr 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 moven1ents , nn<l send elec­
t rical signuls to the gun mounts. The signals 
co1-respond to the gun positions required for 
hitting tho target, and they either control the 
mount power drive so that the gims nssurne the 
desired positions, or the gun c1·ews may control 
gun pos!Uon mMually in aocordnuce with the 
signals as dib']>layed on dials. Simple relative­
rate systems take into account only a few bal­
listic factors-generally gravity, drift, and air 
resistance. 

In some types of relati ve-rnt.e systems the 
directo2· may be divorced from the gyro and 
pendulum devices. The gyro is then a component 
in a separnte computer. Tho iuore complex 
r·elative-rate systems will accept odditionnl bal­
listic data inputs and are more accurate, par­
ticularly nt longer ranges . than the simpler 
systems. 
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The most elaborate systems utili 1,e power­
driven directors rather than the manunJly op­
erated directors of the sin1ple system described 
above. Under radar control, these can track tar­
gets automatically once they are "locked on." 
The more complex systems also inc lude an 
additional gyro fot stabilization, like the one 
described earlier for linea.r-1•ate systems, and 
additional computers for wind data inputs and 
for generation of gun positioning signals for 
two gun batteries simultaneously. 

On-mount fire conti·ol elements include data 
transmi.Ssion 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 optical devices, either telescopic or non­
telescopic, equipped with crosshairs Intersecting 
at right angles in the center of the view field. 
Any target as seen through the sight at the center 
of the view field is on the line of sight (LOS). 
Sight dials on the mount indicate at all tln1es 
precisely the angle that the LOS makes with the 
axis of the gun's bore. In most mowits, dials 
concentric with the s ight dials and d1·iven by 
data tecei vers controlled by the computer are 
automatically positioned to display the angles 
that the gun bore ruds should make with the 
LOS if the gun is to be laid for hit ting the target. 
A crewman 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 fro1n tho computer is 
interrupted, or if the computer or other fire 
control system elc1nents are knocked out. 

SOLVING THE FIRE CONTROL 
PROBLE:M 

As you remember from the beginning of this 
section, the fire control problem consists essen­
tially of tllree groups of variables. In a given 
fire control systen1, some individual variables 
1nay either be taken into account or neglected, 
depending chiefly on target velocity (wi th re­
spect to own ship) and range, and on desired 
accuracy and speed of solution. The main steps 
in solving the fire control problem are: 

1. ME,\SUREMENT of each of the variables 
to be taken Into account. 

2. COMPUTATION of what gun position n1ust 
be in relation to an LOS fro1n own Ship to tar&>'Ct 

so thnt the projectile will hit the target, and 
transmission of this information to the gun 
mounts. (This computation and tJ:ansmission 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 and 
correction of fire control info1·1natlon. 

Now consider each of the steps in somewhnt 
more detail. 

:.'>leasuring or Establisl>ing 
Values of Variables 

Ideally, each variable in the fire control 
problem s hould be obser ved and accurately n1eas­
ured, then entered in the comput ing system. 
As a practical rnatter, smne may be estimated 
and "cranked in" (i.e., put into the system 
n1anually), and some mn.y be considered as 
having a fixed relationship to another variable 
(for example, the effect of g1:avity has such a 
relationship to time of flight), so that they do1l't 
have to be n1easured. (We have already noted 
that in all but the most refined systems some 
variables are omitted entirely because they are 
not considered essential to a solution of prac­
tical accun1cy .) 

1. Ballistic variables are ineasured and 
entered Into the fire control system computer 
as I. V. Most of these variables were discussed 
earlier in tllis chapter. For a detailed discussion 
of how I. V. is determined, refer to appendix 11. 

2. Gravity has a fixed relationship to the 
tilne of flight, which i n turn has a known rela­
t ionship to range. Its effect is therefore "built 
into" the computer as a specially shaped cam 
(in electromecllanical computers) or electrical 
network (in electronic computers). 

3. Ah· resist$ce is in most medium- and 
long- range systems detern1lned by fire control 
personnel who plot observed air temperature 
Md barometric pressure on a no1nogram and 
then detennine the required cori·ection, (Air 
density correction nomograms are printed in 
r ange tables. A speci1nen is J·eproduced in 
appendix 1!, which also contll.lns details on how 
this ru1d several other ballistic correct ions are 
determined.) The correction is put into the 
computer as part of I. V. 

4. \Vind is a factor in medium- and long­
range systems; it is generally neglected in 
simple relative-r ate systems desib'lled for use 
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at short ranges. In long- and medium- range 
systems ballistic wind is cranked into the com­
puter. 

5. Drift is treated like gravity. 
6. Earth's rotation and curvature a.re figured 

from range tables and their effects are cranked 
into tho system as direct increments to sight 
angle and deflection. The computer does not 
solve foi· these. In any case, these vnlues are 
used only against surface targets at extreme 
ranges . See appendix II for details. 

Target position and relative motion of target 
and own ship are important factors in nil gun 
fire control systems, but for high-speed targets 
at shorter ranges they dominate the fire control 
problem. 

Ta.r:get position is fixed by three coordinates­
bearlng, 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 
plano, vert1cal!y to the LOS) are sent to the 
fire control system computer by data trans­
mitters ( synchros). A linear value of range is 
measured at the rangefinder and also sent by 
synchro to the computer. 

Rada.r: can be used to mensure all three co­
ordinates In a Mk 37 linear-rate system. Data 
transmission is generally the Sil.Ille when the 
director Is tracking by radar, except U1at the 
range synchro information comes from the radar 
instead of the rangefinder. The ?>lk 37 (fig. 6-15) 
is the principal linear rate director used in the 
Navy. It can track targets optlcnl!y in train 
and elevation while maintaining an automatic 
radar track in range: this is called partial-radar 
cont1·01. Or, either train or elevation can be 
shiftl:ld into automatic radar track without s hift­
ing the other, provided the director is radar­
tracking In range . 

\Vhen the director ls in full-radar track, 
!be system, Including the computing devices, 
ls !ul!y automatic. Sometimes (particularly at 
long rruigos) the target echo is too smnll for 
full rndar 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 traJner n1ove their power drive controls 
to keep tho target video aligned (In elevation and 
ttuin, rospectively) to the line or s ight refer­
ences on the radarscopes. These references 
correspond to the actual position of the director 

in elevation and train, and are aligned 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, 01· step as 
the case may be. 

There are several types of relative-rate 
di rectors used in the Navy today. Some con track 
auton1atlcally 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 nil 
relative-rate directors is the use of gyros to 
measure angular tracking rates. More will be 
said about this later. 

In the simplest relative- rate systems the 
director operator tends to keep the director 
stabilized as he tracks the target; in any case 
stabilizat1011 errors in such systems are not 
lmporlant at close ranges with high-speed tiu·­
gets. In longer range relative-rate systems and 
in all linear- rate systems the system outputs 
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. rn relative-rate systems the stabili­
zation gyro is incorporated into one of the 
consoles or into the director of the systern; in 
linear-1·ate systems the gyro ls in a separate 
console called the stoble element or stable 
vertical. An alternate manual stabilization ar­
rangement used in emergency in some linear­
rate systems requires that a crewman sight at 
the hori r.on continuously through a telescope 
coupled to the remaJnder of the system by a 
synchro whose output provides the st.ablllzation 
signal. 

Parallax correction is impor·tant only in 
systems where so1ne of the gun mounts arc located 
some dlstance from the director . A special sec­
tion of the computer develops parallnxco1·reetion 
for a base length (distance between di rector 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 parallax. However, 
the base length assumed Cor the unit parallax 
correction is not likely to be correct for any 
one gun mount, since obviously the parallax 
correction ought to be greater for mounts further 
from the director than 100 yards, o.nd less for 
mounts that are closer. Consequently, the1·e 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. Pnrallax 
Is also computed to compensate for vertical 
dlstnnce between mounts and director, but since 
all mounts are more or less equally far below 
the directors, the computed correcUon is ied 
eque.lly to all. 

Computation and Data 
Transmission 

This text docs not go deeply Into tho mathe­
matics of Ute fire control problem and Its solu­
tion. The detalls of functloning of a fire control 
computer wlll therefore not be described. How­
ever, in chapter 3 you learned that such mech­
arilsms as gen.rs, cams, and differentials can 
be used to perform all tho basic arithmetical 
operations 118 well as many trigonometric ones, 
Chnpter 3 also described other mechanisms used 
In n typiclll fire control computer, such as the 
Integrator, component solver, multiplier, etc. 
Those enable the electromechanice.l computer, 
for example, to perform all the mathematical 
functions necessary in solving the firo cont rol 
problem. 

There a.re basically three different varict:es 
o! computer used in present day l\avy gun £ire 
control systems-the GYROSCOPIC, tho ELEC­
TROMECHANICAL, and the ELECTROl'\'!C. The 
fll·st two :l.!'e what computer engineers call 
anlllog computers . The electronic computer may 
be either analog or digiLal dependlng on the sys­
tem in which It Is used. The GF'CS (gun fire 
control system) 1'lk 68 uses an analog computer 
(generally) whereas the GFCS l\1k 87 uses a 
digital computer. The difference between analog 
and digital computation is explained in chapter 3. 

GYROSCOPIC COl\!PUTERS are used in rela­
tive-rate systcn1s. They may be housed In gun­
sight cases wltich are mounted on directors, or 
they tnay be In the director itself. Their func­
tion is to generate the correct lead angles, and 
leud angles (for bearing and ele•'lllion) depend on 
two variables in addition to ballistic corrections, 
The variables a.1·e: (1) the angular velocity of 
the director or gunsight In bearing and elevation, 
and (2) the tlmc-of-flight (or range) to the target . 

A gyroscopic computer uses a rate- of- turn 
gyro as shown In figure 6- 16A. Assume that the 
gln1bal frame in part A Is attached to n gunsight 
case, and In part B is made to revolve rapidly 
( nnd in part C slower) by a motion of the gun­
sight case while tracking a target. :-lotlce that 
gyro is restrained ily two springs, and in pa.rt B 
the precession is greaier than It is In part C. 

12.152 
Figure 6-16, - Functioning of rate-of- turn gyTO 

(simplified). A. Gyro elements. B. Action ill 
tracking fast. C. Action in tl'acking slowly. 

The tension of the two springs is set (either 
mariually or by radar) to be propertional to the 
target's range. The amount of precession o£ the 
gyro, then, Is proportional to the angular velocity 
of the case nnd the range to the target. As range 
increases, tho tension on the springs decreases. 
By this action a larger lend angle Is developed 
at longer ranges for a given angular velocity. 
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 
tracking. 

There arc two basic ways to use the rate­
oi- turn gyro's precession in the fire control 
system. Older systems use the gy1•0 to control 
the optical train of ti1e g11nsight . 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, offsetting the line of sight within the 
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Clllle introduces the lead angle into the system. 
The other way to use these data stnrls is with 
electrical sensors, called pickoff unit-s . A pick­
off unit senses the gyro displacement without 
perceptibly dis~urbing it, and produces a pro­
portionate electrical signal. F.lectr!cal signals, 
proportional to lead angles, are sent to the fire 
control system compute1· where orders for the 
guns are computed in son1e systc1ns. They n1ay 
also be n direct input to the gun in other systems. 

There are various rale- gyro devices in fire 
control 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 fol' the 
ballistic corrections. Discussing all of them in 
this text would obscure, rather than clar ify, the 
basic theory . 

ELJ::CTHOMECHAKICAL COMPUTBUS. - To 
solve 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
spec!flcally, the rate of change of target bear­
ing, tll.l·get elevation, and range. Since own ship 
is usually in motion also, its motion n1ust be 
entered into the computer. Own ship's course 
is transnlltted from the ship's gyrocompass, 
and own ship's speed is trnns1n!tted from the 
pitometer log. Both are synchro-trimsmitted 
inputs te the computer. Rates of chnnge in bear­
ing, elovutlon, and range go into the fire control 
computer as the directer tracks the target. The 
computer solves the problem by performing a 
series of mathematical opernt!ons with the data 
put into It. The operations are performed almost 
entirely by mechanical units of the type de­
scribed in chapter three. The input data are 
usually In the form of shaft rotations or other 
mechanical displacement. The rnechanical dis­
placement may be produced either by manually 
setting a knob or handcrank, or ttu·ough o. servo­
motor (which reproduces relatively weak elec­
trical or mechnnical servoinputs) , or a synct>.ro 
receiver (which reproduces an electrical in9ut 
¥.ithout amplification) . The computer outputs 
are mechanical but are translated Into electrical 
synchro signals (with one exception) that go 
to other systc1n components. The signals are 
also displayed on dials and other indicators. 

In some fire control electromechanical con1-
putatlon equipn1cnt, siinple computation (addi­
tion nnd subt raction) may be perforn1ed by 
synchro units. 

ELECTROl\!C CO!<ll'UTEHS. - Electronic 
analog flre control computers use specific cir­
cuits or electrical elements to perforni specific 
mathematical functions. For exan1ple, two volt­
ages can be added or subtracteel in o.n electrical 
network similar to the one in figure 3-78; ii 
a-c vo!L~res are used, changing their phase 
relationship ycilds a voltage that represents the 
vectorial sum of the voltages. Transformers. 
both fixed and variable, cnn IJe used for multi­
plication or division- changing tho transformer 
turns ratio changes the divisor. Rotary variable 
resistors called potentiometers can vary the 
amount of resistance in a circuit either in 
straight- line iashion or in accordance with a 
selected nonlinear function (for example, the 
effect of C11·1ft) . Such functions can also be cal­
culated by using special nonlinear amplifier cir­
cuits. Smnll rotary transfonners c!llled re­
solvers can either resolve an a- c vol\11ge repre­
senting a vector quantity inte its components 
(for example, yield north-south anel east-west 
comp0ncnts of own-ship course and speed), or 
add the components to yield a solution expressed 
in an a- c volta,,ae 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 
by servomotors energl zed by se1·voamplifiers. 
An electronic analog computer can thus be func­
tionally substituted for an elcictron1echanical 
one. 

By using flip- flops, sterage rcg!stcirs, and 
other digital devices, digital fire control com­
puters can perform the same operntions as analog 
computers. 

DATA THANS:M!SS!ON. - Except for n1echani­
cal connecUons between con1puter and the stable 
element in some linear-rate systems, n.11 data 
transmission between fi re control system ele­
ments Is through synchro systems. These were 
expllllned in principle in chapter 3. All inputs 
and outputs between s ystems nre translated into 
synchro signals of transmission and retranslnted 
into suitable electrical and mechanical outputs 
at the receiving end. 

Thus, for example, the signal voltn,."'ll devel­
oped by a pickoff unit on a train rate-of-turn 
gyro In a relative-rate di reclor controls a servo 
whose motor drives a synchro transmitter. The 
transmitter's output goes tlu·ough synchro wiring 
to the gun mounts . 

Tht: dntll transmitted electrically by synchro 
to the gun n1ounts from the fire control system 
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include at the m1rumum, gun train and elevation 
orders. In some relative-rate systems no other 
data are transmitted; in others, and in linear­
rate systems, transmitted data may include sight 
angle, sight deflection, fuze- scttlng order, and 
parallax. 

POSITIONING AND FIRING 
THE GUN 

With the fire control problem's variables 
evaluated and the solution available, it is pos­
sible to lay the gun so that tho projectile will 
hit the target. Other requirements may limit 
the solution In such a way that fi 1·ing can suc­
cessfully take place only at certain instants, in 
which case the solution must specify those 
instants . 

The process of gunlaying is essentially that 
of offsetting the axis of the gun bore fro1n 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 variable in the gun !ire control 
problem may be or what its magnitude and direc­
tion aro, the only possible ways of compensating 
for it are (a) variation in the propelling charge 
or projectile (which for all practical purposes 
is so infrequently done that we can neglect it 
he1·e) or (b) algGbraically adding an incren1cnt 
in the angular offset between gun bore ru-is 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 plnnes. 

Figure 6-1 7 shows the angular offsets for a 
surface target. The vertical offset in part A is 
called SlG!IT ANGLE; the deneclion offset in 
pai·t l3, SIGHT DEFLECTION. These two angles 
o.ro 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 properties of a " range lead angle" 
since range is a function of the gun's angle of 
elevation. Smaller angular values make up sight 
angle and sight deUection. 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 l s not affected 
by the relative motion of own s hip and target; 
but it Is affected by range and elevation, the 
variables which cause chnnges In trajectory. 

Thus the required superelevatlon, at any given 
range, is determined by tho uncorrected tra­
jectory. ll own ship and target In figure 6- 17 A 
are stationary, and if 'Yi.nd offeots are dis­
counted, then superelevation v.1ll equal sight 
angle. 

Figure 6-18 shows the ver tical offset for an 
incoming air target. Notice that the LOS to tiu·get 
is elevated above the horizontal by an angle 
labeled target elevation. The gun barrel is ele­
vated above the LOS by sight angle . Sight angle 
here not only includes a correction for super­
elevatlon, rut predictions based on relative mo­
tion as well. 

The angles which ultimately position the gun 
are called GUN ELEVATION ORDER and GUN 
TRAIN ORDER, Essent ially, each contains an 
angle equal to target position in elevation and 
bearing, respectively, plus the computed lead 
angle fo r each. Since a gun elevates and t r ains 
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 tn the deck plane measured clockwise 
from the ship's bow. Gun tt·ain and elevation 
orders are outputs from the system computer, 
and their principle computed variables, respec­
tively, are sight deflection and sight angle. 

l\ow consider the effects of fire control 
variables on sight angle and sight deflection, 
and on e levation and train gun orders of which 
they are part. 

Ballistic Variables 

In the following list of ballistic variables, 
we indicate the effect that increasing the variable 
has on sight angle and sight deflection. 

Variable 

Projectile momentum 

How compensated as 
va1·iable increases 

(a) l\lOSS (weight) ...... Increase sight angle. 
(b) I, v,1 ••••••••••.•.. Decrease sight angle. 

Gravity (itseil a con- Increase sight angle 
stant, but its effect with increased time 
is a function of time of flight. 
of flight). 

Air r esistnnce ...... . ... Increase sight angle. 

1 In practice, as the gun wears I. V. decreases, 
hence sight angle must be increased to compen­
sate. 
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A 

B 

Figure 6-17. -Offsets from LOS. A. Sight angle. B. Sight deflection. 84.198 
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84.201 
f'igurc 6-18.-Target elevation and sight angle, 

\Vind . , .. , . , ..... , ...... Depends on w!nd di-
rection. If \v1nd 
tends to inc1·ease 
range, reduce sight 
angle (and vice 
versa); add denec­
tion and sight angle 
as needed for cross 
'''inds . 

Drift ... . ............... Add left deflection. 
Etirth's rotation and Varies with r ange, 

curvature . . . . . • . • . . . . . latitude of gun, gun 
bea.ring. Both sight 
angle and deflection 
may be aifected. 

Correction for Target Position 
and Target Motion 

If you consider bolh you1· ship and the target 
to be stationary, once you know target position 
(beadng and range) you need lay the gun only for 
ballis tic and wind corrections to put your pro­
jectiles on target. For a s tationary ai r target 
you would have to acld target elevation to the 
problem. Figure 6- 19A s hows superelevation 
angle to be l:u·ge for a given target elevation at 
long ranges. But notice what figure 6- 19ll shows. 
Assuming a constant slant range, superolevation 
g-ets smaller as the target elevation increnses . 
Superelevation is zero when the target is di l'ectly 
overhead (090° elevation) . To put it precisely, 
superelevation varies directly as the cosine 
of target elevation. 

Xow let us look at a moving target ns in 
Iigure 6- 20. This figure 01lly shows the basic 
elements in gun elevation order. Notice thut the 
ship's deck is asswned to be horizontal (rarely 
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84. 202 
Figure 6- 19. - Effect on super cle\'ation: A. In­

c1·ensed range. B. Incl"ensed target eleva.tion. 

is this true) and that supcrelevation is not shown 
in the figure. You will recnll that supereleva­
tion is n pnrt of sight angle. Figure 6- 21 shows 
the relationship of the various angles in gun 
train order, These angles ai·e easily understood. 
However, we will discuss two items which may 
be new to you. First, notice that relative target 
bearing (BJ and director train (Bd) are sh01n1 
as equal angles. This is t rue 011ly when the 
ship's deck plane is in the t r ue horizontal (wllen 
there i s no roll or pitch) . Di rector t r ain is 
tneasured in the deck pl!u1e, and reloti\•e target 
bearing is measured in the horizontal plane. 
All of the other quantities , except for gun train 
order, nre measured in the horizontal plane. 
The second item concerns sight deflection (Ls). 
Sight clef!ection cor1·ects for projectile drift 
and for the target' s triwel dur ing the projectile 
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Edg' - GUN ELEVATION OROER 
E = TARGET ELEVATION 

Vs - SIGH T ANGLE 

=~· 
0 / ./ 

/ 
/,.- / E 

I 
tlORIZONiAL RCFERENCE PLANE 

55.228 
Figure 6-20. - Basic angles in gun elevation order . 
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Figure 6-21. -Basic angles in gun train order . 
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time of flight, The correction In our Illustra­
tion Is In the samo direction for both factors. 
If the target were proceeding on an opposlto 
course, sight deflection would bo the algebraic 
sum of the corrections for drift and the target's 
travel during time of flight because the drl!t 
correction is always to the left, In the situation 
shown In figure 6- 21, the gun trllln order angle 
(Bdg') Is less than I.be director train angle by 
tho amount of the sight deflection angle . (Thero 
ru·o viu·lous other angles in fi re control . which 
have been omitted for slmpllclty in figures 
6- 20 and 6- 21.) 

Inherent Corrections 

As you remembor from an earlier discussion, 
Inherent corrections are (a) correction lor motion 
of the gun platform, (b) parallax correction, and 
(C) roller path compons&Lion. 

We correct for motion of tho gun platform 
(I.e., ship's pitch llnd roll) by relating it to a 
gyrostabilized horl1.ontal r eference . You may 
recall from chapter 3 that one of 11 gyroscope's 
characteristics is lls tendency to maintain a 
stable attitude In space (the other, used In gyro­
scopic computers, Is its tendency to precess 
when the direction of Its shaft Is changed) . In 
different gun fire conh·ol systen1s the gyroscopic 
n1echru1lsm that does this Is called n stable ele­
ment, 11 stable vertical, or a vertical gyro, but 
the principle Is tho same. The gyro maintains 
a fixed vertical attitude; electrical pickoff units 
(which roll and pll¢h with the shlp) continuously 
sense their angul11r displacement " i th respect 
to tho sta.ble gyro axis !Uld produce 11 corro­
spond1ng signal . Tile gyro unit receives director 
t rain angle as an Input ; its ma.In outputs are 
level angle and crosslevcl angle. Figure 6-11 
shows le\'el and crosslcvel. 

These quantities are combined In the com­
puter along with tho ballistic and targot move­
n1ont (leod) corrections to make up sight angle 
and cten ection; these, In turn, become part of tho 
gun orders to the mounts. 

Horizontal parall8.X corrections, as pointed 
out earlier in this section, a.re computed on the 
ba&ls of a standard unit correction which i s then 
converted at each gun mount to the proper value 
for that mount. Horizontal parallax cor rection 
Is usually transmitted independently of gun orde1· 
to the gun mounts. Vertical parallax Is con­
sidered equally applicable to all mounts, since 
lhelr height vnriations a.re small, and ls trans­
mitted as part of sight angle . 

Roller path correction Is taken ca.re ol en­
tirely by the mount compensator mechanis ms 
mentioned earlier. 

How the Guns are Positioned 

In most mounts larger than 20- mm, the guns 
are positioned by electric or electric )\ydraullc 
power drives. They 1nay be positioned by auto­
matic control (i.e ., by the powe r drives under 
the complete remote control of the computer or 
direct.or), in local control (by the power drives 
under the control of the mount ere"?• In ruanunl 
control (by the muscular effort of the mount 
ore\\0, or ln hMd control (In some 5-lnch eloc­
tl'lc-hydraullc mounts only; the llydraullc olo­
ment.s of tho power drive arc directly controlled 
by the creW) . Automatic control ls the primary 
mode of control; the other modes nre used ellher 
In mount adjustment or for emergencies and In 
training for emergencies . 

As t.hey come from the synchro transmission 
wiring, the gun order s ignals are fed to nn lndl­
cat.or- rcgulator or a receiver- regulator. These 
perform prelty much the same function; they are 
the control element of the power drive (which, M 
you recollect from chaptor 3, Is fundamentally a 
servon1ccha.nlsm1. The distinction between indl­
ontor- regulntors and receiver- regulators ls not 
significant functionally. From here on we will 
refer to all of them as Indicator- regulators. 
Nnturally the1·e is a separate indicator- regulator 
for the train power drive and for the elevation 
power dr ive In each mount . 

The gun order synchro signal ls usually dual­
speed; that ls, It consists or two scparnte signllls, 
one low- speed (coarse) and one high- speed (fine). 
(These were explained in chapter 3.) The coarse 
slgnal Is generally 1- speed (i.e., syuchro rota­
tion bears n 1: 1 r atio to the value being trans­
mitted), tho\lgh in some systems n 2- speod 
coarse signal Is used for olovation (i.e .. synchro 
rotation bears n 2: l ratio to the value being 
transmitted, so that, for exnmplc, synchro rota­
tion of 200 minutes occurs when an elevaUon 
value of 100 minutes is transmitted). Jn tod~'s 
standard praotlce, t.he high- speed signal Is 36 
tlmes the low- speed signal (I.e . , the fine synohro 
rotor turns 360° fo each 1 o• rotation of the 
coarse synchro rotor) . ln most synchro dual­
speed transmissions, the fine synchro slgnn! ls 
then a 36-speed signal; in I.hose with a 2-speod 
oonrs e signal, the fine signal i s 72- speed. 
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Indicator-regulators now in s ervice in gun 
mounts (other than bag-type major-caliber tur­
rets, which we do not toke up here) 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 arnpluie1• con­
trolling an electric drive. 

Most 5" /38 mounts with power drives have the 
first type of indicator-reg" lator. The incoming 
gun order signal goes into synchro receivers; 
their rotors turn and actuate sensitive hydraulic 
pistons which control 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 s ignal, lvlechanical feedback drives the 
synchro stato1·s to null position. 

The second type of indicator-regulator (or 
receiver-regulator) is used in some turrets, in 
late type autornatically loaded 5" /54 mounts, and 
in 40-mm n1ounts, In this type the incoming 
synchro s ignal goes to synchro control t r ans­
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 to their stators. This a-c 
voltage is then fed into an ainplifier. (In dual­
speed systen1s, a.n electrical "synchronizing 
network'' feeds the sum of the two rotor signals 
lo 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 n1ay be of the conven­
tional vacuwn-tube type, it may use tra.Jlsistors 
instead of tubes, or it may combine a tube or 
transistor preamplifier with a magnetic ampli­
fier . Its output drives a motor, which regulates 
a pilot piston that positions or controls the 
position of the hydraulic A-end. Tbe ren1ainder 
of the cycle (including mechanical feedback to the 
synchro control transformers) is similar to the 
first type described. 

In the third type, synchro control t rans­
formers, synchronizing networks, and amplifiers 
function as in the second type, but the amplifier 
output goes to an amplidyne dl'i ve system (some­
thing like an electrical A-end and B-end) de­
scribed in chapter 3, Again, mechanical response 
ch·ives the synclu·o stators to null. 

How the Guns are Fired 

Fire control does not end with control of 
gun aim. It also includes control of actual firing. 
This n1eans initiating the firing in1pulse and 
originating (or relaying) the operational com­
mands to gun crews. Generally, when a power 
drive is to be controlled automatically by a gun 
director or a plotting roo1n (plot), its firing 
circuit is activated by whichever station is in 
control. Antiaircraft batteries are normally al­
ways fired by their respectl\•e directors. A 
dual-purpose batte1-y is fired from either its 
director or the stable elen1ent in the. plotting 
room, depending on the type of f iring engage­
ment and whether direct or indirect aiming is 
required. A gener al rule here is that when 
indirect-fire i s used (i.e., the LOS is estal>­
lished by the use of maps and charts in the 
plotting room) , firing is contr olled 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 fir·e against waterborne targets Is 
just a little different. A surface target has a 
zero elevation angle, which n1eans that the 
director pointer (the crewman who normally 
n1easures elevation) can be released from estab­
lishing the LOS in elevation. The required gun 
elevation is automatically established when the 
cor rect value of range is set into the computer. 
(Other switching at the computer is necess1u:y 
but will not be discussed here.) In this setup 
the pointer will not know when the syst:.en1 is on 
target, so control of fi1·ing is from the stable 
ele1nent in plot. The stable elen1ent was selected 
because it is the only device in the system 
capable of measuring the two remaining varia­
bles in the problem- roll and pitch. The director 
measured bearing and ra.Jlge, and when compared 
to roll ai1d pi tell they are nearly constant; or 
at least predictable. We can assume that the 
system will be on target in bearing and range 
at the instant of firing. 

iYiost of the t ime the followup devices i n the 
stable element will be in automatic. This n1ode 
provides continuous measurement of level nnd 
crosslevel which are then sent automatically to 
the computer . Si nce level and cross level become 
part of the gun orders, the guns are stabilized 
regardless of the ship's roll and pitch. If the 
firing . selector switch on the stable element i s 
in the " continuous" position, and if the level and 
crosslevel follo"ups a re in automatic , the guns 
can be fired at any time during ship's roll and 

201 



PlUNCIPLES OF NAVAL ORDNANCE AND GUNNEHY 

pitch by closing a hand flrlng key on tho stable 
element. The hand firing key is not electrically 
dependent on the followups, but it wouldn't be 
closed until level and c1·osslevel were accurately 
tneasured. Level and crosslevel are measured 
nuton1atically by followups, or inanually by hand­
cranks. The latter n1ethod ls used in emergencies 
for continuous measurement in case the follow­
ups bocome inoperative, and for two other firing 
modes called selected-level and selected-cross­
levol, whlch we will now c1iscuss . 

When the sen is very rough, nuto1natic follow­
ups may not be able to provide a continuous, 
accurate n1easure1nent of level and crosslcvel. 
Even if they can, the gun power ru·ive may not be 
able to keep up with the changing gun order 
signals. Or, the changes may be so great that 
they drive the gun Into its firing cutout limits 
opening the firing circuit. t:nder these sea con­
ditions we could probably increase accuracy 
by rc1novlng the level ancl crosslevel inputs to 
the gun orders nnd allowing the gun to roll nnd 
pitch with the ship. AL leust we would eliminate 
I.he chnncos for ei·ror mentioned in this para­
graph. 

J.evel or crosslevel, one 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 ~maller 
variable in auton1atic and depend on its followup. 
1\n arbiL1·ary value for 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 at some point between the ob­
servod linllts of the ship's roll and pitch; usually 
about the midpoint. Electrical contacts on the 
stable element automatically close the fi ring 
circuit (if the stable element automatic firing key 
is closed) at the instant ship rolls or pitches to 
the selected level, 01· to the selected cross!evel. 
The method of fire Is chosen by the stable 
element operator who may operate his firing 
selector switch to the continuous, selected­
level, or to the selected-crosslevel position. 

OBSERVATION Al\'-0 COMECTION 
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 
oven to refer to them all) nt the refinements in 
n1odern fire control systc1ns , it is s till t1·uo that 
not all tho factoi·s which affect the flight of a 

projectile can be precisely evaluated in advance 
of firing. Even with the best fire control equip-
1nent available, e:>-'Perienceel gw1 crews, snd eili­
cient fl re control personnel, the opening shots 
tnay not hit the target. It ls therefore neces­
sary to apply corrections to the initial firing 
data. These corrections are called SPOTS. 

The Initial spot is based OD a system analysis 
of inherent errors. Even though the initial spot 
is figured precisely, external ballistic factors 
may still cause projectiles to miss the target. 
\\ihen this happens spots (b11socl on wher·e the 
rounds hit In respect to tho tn.rget) iu·e applied 
to subsequent salvos. Spotting is taken up In 
further detail in chapter 9 of th.ls text. 

SECO:-."DARY ~lETl!ODS 

80 far In discussing fire control, we have con­
centrated on the primary methods of battery 
operation. These are the ones most commonly 
used, an<l the ones which pe rm!t employment of 
the ship's armainent with tho greatest efficiency. 
But battle damage, persormel losses, and acci­
dents can disable any system to the extenl lhat 
some secondary operating methods are essent.lol 
if the system is to keep oporating at all, evon If 
not at full efficiency. Allon.rel ship you will not 
only etnploy such tnethods In lmttle operations, 
but also In training for such emergencies. 

All 3" gun mounts and larb-er are equipped 
with adjustable sights. \Vilh these, it is possible 
to offset the gun bore axis from the LOS to the 
desired sight angle and deflection. This function 
is performed by a crewman called the sight.­
setter , who ma11s the sight-setting Indicator. In 
gun mounts 5-!nch and larger, this unit contains 
handcranks and gearing for physically n1ovingthe 
sight opllcll.l units (or moving optical parts within 
the sights), and two sets of c1ials (fig. 6- 22A or 
6- 22B). Ono set, driven by the Sight gearing, dis­
plays present sight angle and deflection. The 
others arc synchro-driven to display sight augle 
and doflection ordered by the computer. ( 3' ' /50 
mounts do not have the synohro-driven dials .) 
Even in auton1at!c operation the sightsetter 1nans 
his station and cranks the sight geiu·ing to keep 
the sight Indicator dials matched up ,.,.;th the 
computor-controlled dials so Lhnt the L-05 of the 
gun sight.a remains OD target even though the gun 
bore axis Is offset in accordance with the sight 
angle and deflection componenis of gun order. In 
300/50 ancl 5" /38 mounts, SJ1 extra range dial 
coupled to the sight angle crank reads clireotly 
in yards of range to a surf nee target. 
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Figure 6-22. - A. Sight setting co1nponent arrange1nent. 13. Sight angle and deflection dials. 
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In all types of secondary (local) control the 
gw1 must be lnld by gun-laying personnel on the 
moWll. In oldor types like 40- min v.nd 5" /38 
mounts the pointer on the left side of the mount 
elevates and depresses the gun whilo the tra.iner 
(on the r ight) trains the mount. Each gun layer 
bas a gun sight. 'fhey may either control the 
mount power drl ve or position the mount by thel r 
ov.n muscular effort (manual operation) . 

In 3" /5-0 RF (rapid- fire) mounts, and auto­
matically lo:i.ded 5" /54 mounts, there ts no pro­
vision for completely manual operation. The 
1nount can bo operated in local, but only if the 
power drive Is functioning. Manual operation is 
limited only to maintenance 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 n1ust work With 
the slghtsetter. Hero is the basic procedure: 

1. The gun layers position the mount so ths.t 
their lines ot sight are on tlll·get , and they con­
tinue positioning it to keep on target. 

2. Most mounts ha..-e 5ynchro-drlven dials, 
as In figure 6-22A, which Indicate computed 
sight angle and deflection. The sightsotter cranks 
in sight angle and deflection until the outer 
dials (positioned by his handcrnnks) match the 
Inner (synchro-driven) dials. This action simul ­
taneously repositions prisms In the sight optical 
systems, cau&Lng the telescope lines of sight 
to shlft off targot. 

3. The gun layers drive tho mount to koop on 
target. This automatically offsets the gun bore 
axis by the angles that the sight setter bas cranked 
in. 

Figure 6- 22D shows the handcrank arrange­
ment ; figure 6·22A shows In more detail how 
the dials look when matched. The fixed index 
shows the angular values actually cranked In. 
It Is usod when there Is no synchrotransmisslon; 
undor these conditions, the Information Is either 
transmitted by phone or comes from the mount 
captain, based on his estimate of range, bs.llistlc 
corrections, and lead. 

On mounts 5-lnch and larger, the sights are 
carriage mounted. The sights therefore train 
with the carriage, but the carriage doesn't 
elevo.te . To mllke the sights elevate with the 
gun, they must be driven by o. mechanlco.l linkage 
from the elevating gear. Thus the sight angle 
prisms in the optical systems must be positioned 

by the algebraic sum of two inputs- gun eleva­
tion and sight angle. This is the function of n 
moohanical differential In the sight angle gear 
train. 

~Iounts smaller than 5-inch have sllde­
mounted sights, which elevate nod train wl lh the 
gun barrel. The dlffer enllnl is not needed. Kor 
do mounts smaller than 5- lnch have synchro 
receivers for sight anglo and deflection. \Vhen 
nocossa.ry, computed sight values are trans­
mlUed by phone. 

\Vhen the gun bore axis offset is correct, the 
gun layers have been staying on target, and the 
gun Is loaded, the guncanbofiredby the pointer's 
firing key. This may bo done on the mount 
captain's command. In the comploto s.bsence of 
firing current or lf the ammunition fails to fire 
oloctrlcally, some 5- inch guns can be fl rod by 
percussion when the pointer depresses a firing 
pedal, which actuates a mechanical LLnkagc to the 
firing mechanism. Comblno.tion prln1ers In the 
ammu11ition IU'O necessary to provide this capa­
bility. 

Secondary methods used In the director and 
In £Ire control plot are Jimlt.ed. In earlier li near­
r ate fire control systems, the director can be 
driven manually in the event of power drh-e 
failure. Thls is not true in newer systems; 
manual operation Is used In storing tbe dl1·cctor 
or In maintenance only. If synchro transmission 
fa.lls, range, beo.ring. and elevation data can be 
sent to plot by sound powered telephone, as C!lll 
firing orders to the n1ount If the !Iring circuit 
fails. In the event of stable element failure, 
some older fire control systems can be stabilized 
manually by a crewman who keeps a telescOpe's 
lino of sight aligned with tho horizon. Ii synchro 
transmission fails with any computer Inputs or 
outputs, data can be introduced manually or 
rend from dials and telephoned from plot, but 
neither slablo element nor computer can function 
Without the proper supply. \\-'hen any fnllure 
prevents dat11 from renohing tho gun mount, 
secondary methods must be used nt tho gun 
mount. 

Ll~EAR-RATE l''U{E CONTROL 
SYST EMS 

Gun fire control systems can be, on tho bssis 
of their fundamentals of operation, divided Into 
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two main classes-linear-rate and relative-rate, 
as explained earlier in this chapter. There are 
several marks and 1nods of linear-rate systems, 
lncluding two dual purpose types - the l\1k 37 nnd 
the JV!k 68, The main diife1·ence between these 
two is that the Mk 37 uses the Mk lA electro-
1nechanical analog con\puter, whereas the Mk 68 
system uses an elecll·onic analog coniputer, nnd 
it is capable of tracking targets traveling at 
supersonic speeds. 

GUN FIBE CONTROL 
SYSTEM MK 37 

The Gun Fire Control System ( GFCS) Mk 37 
is installed in some destroyers, cruisers, car­
riers, and large aUXiliaries. It is the primary 
means of controlling 5' '/38 mounts for both 
surface and ant iaircraft fire. It may be used, 
with appropriate cross connections, to control 
machinegun mounts, or major-calilJe r surface 
gw\s in special applications, 

System Fw\ctions and Components 

The primary fwictions of the Mk 37 GFCS 
are to pro\'lde: 

1. Cont inuous automatic gun positioning. 
2. Continuous automatic fuze setting. 
3. Continuous sight-angle and sight-deflection 

indication at the gtms. 
4, Continuous-airn , selected-level, and se­

lected-crosslevel fire. 
'" Star shell fire control. 

A con1plete system consists of three major 
units: a l\'lk 37 director with a radar; a Mk 6 
stable elen1ent; and a Mk lA computer, with the 
associated instruments at the gun. Destroyers 
and auxiliaries having l\'1k 37 systems carry 
one complete system (fig. 6-23) . Larger ships 
(such as cruiser s and carriers) mny have more 
than one system. 

84.216 
Figure 6-23. - Mk 37 system, destroyer installation. 
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Director:; are installed high in the ship's 
stl"UCture, and sLnble ele1nents and co1nputers 
ru:e installed below decks in protected plotting 
x·ooms. All elements are connected by a synchro 
transmission system through one or more switch­
boards located in plotting rooms. 

l\ormally, each director In a multiple Instal­
lation controls a designated group of g\mS SJ'ld is 
connected to a designated computer. However , 
switching ru·rangements pern1it any director to 
control any or all guns and co1mect to any 
00~1puter. 

Information Flow 

Figure 6-24 is a sin1plLfie<l s chcn1atlc show­
ing the principal. interconnections of a single 
Gun Fire Control System Mk 37. All electrical 
circuits between uniLs of the system pass through 
the !ire control switchboard. 

The director· Cal'ries sight telescopes and a 
l·angefinde1· und r adar equipment to nleasure and 
transrnit to the computer director elev~n. 
dii·ector train, imd present range. The control 
officer in the director may estimate target 
nngle, target horizontal speed, and rate of climb 
or dive nnd send these values by telephone to 
the computer operators. Hand-operated t rans­
mitters in the di r·ector provide electrical trans­
mission of elevntion, deOectton, a.nd range spots 
(i .e., observed corrections) to the computer. 

The s tnble clement i·eceives directo1· train 
from the co1nputer and measures level angle 
and crosslevel angle. These values are sent 
mechanically to the computer. A third value, 
level plus crosslevel dhided by thirty, is trans­
mitted from the st.able element to the computer 
to make up a LOS stabilization signal lo be 
trunsn1itted to the director. Other elect rical 
inputs to the computer include own-ship cour se 
fro1n the gyro compass and own-ship speed 
from lhe ship speed sensor. Lastly, computer 
perSO!Ulel add manual inpuLs ns required . 

The computer transmits electrically to the 
gun 1nount: 

1. Gw1 elevation order. 
2. Gun t rain order. 
3. Sight angle. 
4. Sight deflection. 
5. Fuze-setling order. 
6. Train parallax for a 100-yard hot'lzontal 

ba.se. 

These values ru·e used for g\ill positioning, 
sightsetting, and fuze selling. 

Jn addition, the computer gene1·ates and trans­
mits to the di r ector changes in r ange, elevation, 
and train. \Vith level and cross-level, these 
changes are used to hold the director optics 
and "ada.r on the target continuous ly . This proc­
ess Includes keeping the rangefinder and radar 
on the target. 

The Mk 37 Director 

The Mk 3·i director is designed, primarily, 
to control 5" /38 dual purpose guns. Its primary 
function is to determine target position in terms 
of: 

1. DIRECTOR THAIN-the angle between the 
for-e- and-aft axis and the vertical plane con­
taining the line of sight, measured in the deck 
plane clock\vise from the bow of the ship. 

2. DIRECTOR ELEVATION-the elevation of 
the director's line of sight above U1e reference 
plane , measured in the vertical plane containing 
the line of sight . 

3. PRESENT RANGR- the distance of the 
target from own ship, measu,.ed in the line of 
sight. 

Br iefly stated, the director's secondary func­
tion is to be the control station for the entire 
fire control system. Normally, all units operate 
by re1note control iron1 the director, and as long 
as the problem ls being solved correctly, only 
the gun-loading c1·ews have work to do. The 
remainder of the c rew simply observe opera­
tions to insure that everything is operating 
correctly. \Vhen changes in the proble1n setup 
are necessary, the dire.ctor crew can accomplish 
them by rentote control. To control the entire 
system, the director ls equipped to do thefollow­
ing: 

n. Spot service projectile fire. 
b. Spot illuminating projectile (stax-shell) 

fi!'e. 
c . Correct computer calculations. 

CONSTRUCTION. -The director (fig. 6-25) Is 
an armored steel box that can be trained (much 
like a gun mow1t) on a precision-aligned roller 
path mounted on an ar1nored cylindrical barbette 
built lnto the ship's structure. It contains an 
optical r ru1gefinder and pointer's !Ind trainer's 
prismatic telescopes , r adll.l' equipment, power 
drives ior positioning the di1·ector, an observa­
tion hatch used by a control offlc,er (wbo may 
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C!S(A•;.•;TJO-'l "J. TCH 
(Clo-"dl 

3.124 
Figure 6-25. -Gun director Mk 37. 

also serve us a spotter), and a slewing sight for 
positioning the director to pick up the target. 

GEKERAL 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 fron1 the centerline of the ship is director 
train. Rotating the telescope prisins, the radar 
antenna and ra.ngefinder, elevates the lineofsight 
to give director ele\fation . 

Train and elevation of the director line of 
slght can be done in four modes: 

1. AUTOMATIC (or remote) control 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. l\1ANUAL operation by clirect gearing from 
the handwheels. 

4. SL EWJ)IG or training and elevating rapidly 
to change targets. 

The rangefinder detennines range oplically. 
The rangefinder operator can adjust the apparent 
position of tho "wander ma1·ks" with relation 
to the t!ll'get ln the rangeflnder field of view. 
This adjustment is transmitted by syncbro to the 
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computer as a range signal. The computer gen­
erates change-of-range signals that are fed back 
to and control rruigefinder adjustment. 

Ro.dar is used for target acquisitlon nnd 
tracking, as explained later. It also provides 
for automatic tracking. 

STABILIZATION. - Directo1· optics and the 
radar antenna are stabilized both in level 1md 
crosslevel. Stabilization in level is discussed 
below. Crosslevel stabilization is done by a 
servo controlled by a crosslevel synchro Signe.I 
received directly from the stable element (fig. 
6-26) . The crosslevel servo motor i s co1mectecl 
to the telescopes, rnngefinder, slewing sight, and 
radar antenna. The crosslevel drive rotates the 
telescopes, the whole J'angeflnder, and the radar 
antenna about the line of sight by the amow1t o! 

+Zd 

+Zd 

RADAR 
'----ANTENNA 

DECK 
PLANE 

HORI ONTAL 
PLANE 

DECK 
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HORIZ AL 
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IAOAl Alliftllllli !lot Tl'lt MOtU:OllTAL Pt.41111. 

55.243 
Figure 6- 26. - Crosslevel stabilization. 
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the crosslevel angle. Thus the telescope cross­
hairs, tlle rangefinder, and the radar anterma are 
kept horizontal, so that director elevation is 
measured in the vertical plane. 

TRAIN, ELEVATION, AND SLE\VING CON­
TROL,-Tbis discus sion is chiefly concerned 
with automatic optical control of the director. 
Automatic operation in regard to data trans­
mission is similai' for radar and optical track; 
radai' will be discussed later. We begin our 
discussion with optical track oper ation. 

Initially, the tai'get is acquired by s lewing 
the director to the target by use of the slewing 
sight. The slewing sight can drive the director 
to the target at a maximum rate of speed; much 
faster than speeds l..-enerated by the pointer and 
trainer handwheels. 'l'he slewsight also bas a 
much wider field of vision than is available 
through the pointer and trainer optics. \\'hen the 
slewsight is on target, the pointer, trainer, and 
rangefinder oper atol· should see the tai·get in 
their optics. They then take over and provide 
more accurate tracking of the target. During the 
tracking process, director train, director ele­
vation, and range (and any changes thereto) are 
automatically fed into the .Mk l A computer. 
C01nputer solution time can be shortened if the 
director' officer telephones estimated values of 
taJ·get angle, target speed, and target rate of 
climb or dive to the plotting room. But, the 
computer can solve the fire control problem 
without these estimates, and that is most often 
the case. \Vhen the co1nputer s tarts generating a 
solution, it transmits computed (gener ated) cor ­
rections to the directot keeping it on target as 
long as the solution re111ains correct . 

Cornputed bearing correction consists of in­
cr·ement.s of computed change in director train, 
including changes in train caused by relative 
target 1notion, changes in own ship's course, 
and the effect of deck tilt. If computed bearing 
correction is correct, the line of sight stays 
on target without handwheel motion. 

If the director while in autornatic lends to 
drift off target , the trainer can, by closing the 
rate control key and keeping the line of sight 
on target with his handwheels, introduce a cor­
rection into the computer. This ls necessary 
if there is a change in target course or speed. 
If the target becomes obscured, the trainer 
allows computed bearing correction to continue 
to drive the director until the target reappears. 

Rate controlling also can be accomplished 
by the computer operator. 

The description of train control applies gen­
erally in elevation control. The telescope prisn1s 
rotate; the rangefinder rotates about its longi­
tudinal axis; and the radar antenna rotates 
about its mounting to follow the tal·get in eleva­
tion. Now director elevation is the su1n of 
target elevation and level angle. To hold the 
LOS on tUl'get, in elevation, director elevation 
must be changed by adding increments of gen­
erated elevation and cont inuous corrections in 
the value of level. These are received from 
the computer and are fed to the sights, range­
finder, and radar, so that the LOS is stabilized 
in level as it tracks the target. 

To shift from one tai·get to another or to 
1nake any other large change in elevatlon and 
train, the director officer may slew the direc­
tor. He does this by operating a key on the 
slewing sight and pointing the sight at the target. 
This takes away control of the director from 
the pointer and trainer, and clrives the director 
at high speed until its line of sight coincides 
with that of the slewing sight. Slewing !)rings 
the target into the fields of the optics, and thus 
designates the tai·get to the director crew. 

RAKGE COKTROL AND SPOT TRANSMIS­
SION. -The rangefinder's optical elements and 
range synchro transmitter are adjusted for range 
by a differential, which accepts inputs both 
from the operator's knob and fro1n a servo 
controlled by a generated range signal frorn 
the computer . Thus the rangefinder operator 
can correct the rangefinder adjustment and trans­
mit an accurate value of observed present range. 
He also can rate control the system by pressing 
a button and operating his range knob, as ex­
plained in connection with tr ain operation. 

The rangefinder operator has a transmitter 
for 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 automatic-tracking fire con­
trol r adar has its antenna and parabolic re­
flector mounted atop the director , with indicator 
scopes and other co1nponents in the director 
and below decks. This radar has three types 
of antenna scan: spiral for target acquisition, 
conical for tracking, and circle for spotting 
shell splashes in surface fire. 

Normally, the automatic tracking featu1'e 
makes rate control corrections unnecessary. 
Tr acking signals- representing target range, 
bearing, and elevation- are generated from radar 
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Information and compared with generated range, 
bearing, and elevation. Differences between com­
puted and i>adar values are transmitted to the 
director as cor rections , to reposition it in 
accordance .vith the radar infoi·mation, and to 
the computer to correct its solution until it 
matches the radar values. Once the target has 
been acqui red by radn.r, this p1·ocess is con­
tinuous and auton1atic . 

DIRECTOR CRE\V. -The director is nor­
mn.lly manned by five men: a control officer, 
pointer, trainer, radat operator . and range­
finder operator. 

The control officer is in charge of the entire 
system wben ~he ctirecto1• is in control. In addi­
tion to his mechanical functions of accepting 
target designation from the designating station, 
slewing the director, and making spots, the 
control officer must originate battle orde1·s for 
the battery, relay orde1·s and information from 
tho weapons control station, and generally over­
see the operation of his battery . A con1pletc 
and detailed understanding of all standard com­
rnands, procedul'es, and safety requisites is 
essential. 

The pointer and trainer keep the di rector 
line of :;ight on target in opticnl tracking; they 
rate coutI·ol as necessary. Each has a firing 
key that can be selected to control the fi1•ing 
circuit, although the pointer is most often in 
control. In radar tracki ng, the pointer and 
trainer cause the system to shift into full-radar 
track by kicking foot switches when tbey are 
on target as viewed on their •'adarscopes. Or , by 
moving their power drive handwheels and watch­
ing their radarscopes, they can keep target 
video positioned and thereby provide an alternate 
method of radar tracking. The pointer and trainer 
also operate special hnndcranks which move the 
directo1· in train and elevation whon sear·ching 
for the target around the designated target 
position. 

The rangefinder operator 1nans the range­
f!nder, may spot in range ancl deflection, and may 
rate contr-ol in range . When the rangefinder is 
not used, he assists the radar operator. 

The radal' operator controls the operation of 
the radar, supervises the pointer and trainer in 
their use of elevation and train r&darscopes. 
operates the radar· in range, and &ssists the 
rangefinder operator when radar is not in use . 

The Computer Mk lA 

The con1puter Jvlk IA is tile mechanical brain 
of the GFCS Mk 3·7. It computes continuous gun 
orders, wl>ich contain all significant factors that 
affect fire. 

The gun orders, fuze-scttingorder, and para!· 
lax corrections are con\! nuously trSJ1smitted 
frorn the computer to \he gun mounlS, where 
they a1•e used to point the guns continuously, 
and to time fuzes so that t.11e projectiles will 
explode at tile predicted tal'get posit ion. 

The computer is bull\ 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 shown in figure 6-27. 
The star· shell con1puter , an independent unit, 
is 1nounted atop the main co1nputer. 

The control section contains the mechanisms 
for computing and controlling rates. This sechon 
has most of the knobs, cro.nks, and dials. The 
con1puter section contains the mechanisn1s used 
to calculate ballistics. The indicator section dis­
plays, on dials and counters, the results of 
ballistic calculations- sight angle, sight deflet.~ 
ti on, fu2e order , and advance range . The cor­
rector uni t c01nputes and indicates gun train 
order , gun ·~levation order. and pnrnllnx. 

The co1nputer's functions nr'e: 

l . To control continuously the positioning of 
dual purpose guns and the setting of fuzes and 
sights for either AA or su rface fire. 

2 . To aid the director crew in keoping the 
line or sight on target. 

3. \Vitb the star shell computer, to permit 
part of the dual purpose battery to be set con­
tinuously for illumlnaUon of a su1'face target 
while firi ng other mounts at the target in the 
usual manner. 

STAR SIIELL co:vIPUT F:R. -The star shell 
con1puter- is an independent &ccessory with which 
it is possible to direct the fire of one mount 
for l liun1inating n target or target area while 
the rest of the battery, under the control of tile 
main comput.er, fires for ef(ect. '!'he n1ount con­
trollecl by the star shell con1puter uses illumi not­
ing projectiles (colloquially c ailed ST,\ R SHE LI .S) 
that are aimed and time- fuzed to burst abO\•e the 
target. 

OUTPUTS AND INPUTS. - Figure 6- 24 shows 
schen1nlicaHy the outputs and inputs of the Mk IA 
computer . Note the dis tinction between electri­
cal synchro signals, electrical signals (used in 
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Figure 6-27. - Mk lA con1puter and Mk 6 stnhle elemenl. 

rate control) that are not synchro s ignals, me­
chanical inputs and outputs {between computer 
and stable element), and inputs manually intro­
duced. 

COMPUTATIONS PERFORMED AND Fl£ED­
BACK EFFECT. - The con1puter reckons rela­
tive target motion rates , whlch are used in 
gene1·ating changes in ta.rget range, b~ni·ing1 
and elevation. Changes in own ship's course are 
taken into account in con1puting changes in target 
bearing. Because rangefinder ranges are often 
somewhat erratic, the computer· uses generated 
range for its calculations, to improve s1ncoth­
ness of operation. Measured relative target 
be!l.l'ing and target elevation are used because 
they can be n1easured accurately and sn1oothly. 
Target elevation is obtained by subt racting level 

fro111 director elevation. Relative target bearing 
is obtained by adding deck-tilt correction to 
di rector t r ain. 

The computer generates incren1ents of r ange, 
relative bearing, and elevation. Incren1ents of 
relative bearing is sent to the director train 
receiver-regulator to position the line of sight 
according to the generated value of director 
train. It takes into account both deck-t ilt cor­
rection and changes of own ship's course. Thus, 
if the solution is correct, beaJ:ing correction 
will keep the line of sight on the target in train 
whlle the ship rolls . pitches, and changescourse, 

Increments of elevation are added-in the 
computer - to the level plus crosslevel function 
quantity. The sun), called elevation correction, 
controls the di rector elevation power drive to 
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hold the LOS on target in elevation, if the com­
pute1· solution is correct . 

Tho changes In director train and elevation 
from bearing and elevation corrections s how up 
in the new values of director train and elevation. 
Tbus there is a continuous feedback into tbe 
computer, since the director continuously trans­
mits director train and elevation to the computer . 
The computer and director together from a re­
generative system. This allows the diI'ector 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 settings are othen•,ise 
based on equivalent ser\ice round (E.S.R.) data­
explained in chapter 5, 

The quantities considered In the computation 
of sight angle, sight deUection, and fuze setting 
a1·e: 

Sight angle 

l. Elevation prediction. 
2. Superelevatlon. 
S. Wind elevation correction. 
4. Initial veloc ity elevation correction. 
5. Complementary error. 
6. Elevation parallax correction . 
7. Elevation spot . 

Sight deflection 

1. Deflection prediction. 
2. Drift. 
3. \Vind deflection correction. 
4. Deflection spot. 

Fu ze setting 

1. Time of flight. 
2. Dead time. 

The details of rate controlling are not dis­
cussed in this text. They are found in OP 1064. 

COMPUTER CRBW.-The full operating crew 
for the computer consists of a range operator, a 
bearing operator, an elevation operator, and a 
star shell computer operator. Jn addition, a 
stable element operator and a switchboard op­
e1·ator are required for each computer-stable 
element combination. 

The J.l.lk 6 Stable Element 

The Mk 6 s table element (fig. 6-28) ls located 
in the plotting room next to the )Ilk lA 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 }1lk 6 
stable element are the sensitive element, the 
measuring group, the 1·ighting system, and the 
followup system. 

SEKSITIV E EL EYJ ENT. -The sensl ti ve ele­
ment is the heart of the stable element; it consists 

212 

Cii'l'RO 
CASE 
f)1vor 

LATITU0£ 
C0RREC'Tt0' 

SYSTEM 

GYRO 
Glt.~BAl 

ROTATING 
C"OAK 

l 10.66 
Figure 6- 28.-The Mk 6 stable element. 



Chapter 6-GUN \VEAPON SYSTEMS 

of the gyroscope, gyro case, gyro gimbal, and 
rotating fork (flg. 6-28). The gyro wheel and the 
ball bearing-mounted axle form the rotor of a 
high-speed (8500 rpm) induction rnotor. The gyro 
assembly pivots within the gyro gimbal on a 
case axis perpendicular to the spin axis. The 
gyro gimbal is supported by the arm of the rota­
ting fork on the gimbal rods. This rods arrange­
ment gives the gyro three degrees of freedon1. 

MEASURING GROUP.-The measuri ng group 
consists of an inner (level) gimbal, an outer 
(crosslevel) girnbal, tr aining gear, and an um­
brella containing two pairs of followup coils, 
one pair for level and the other for crosslevel 
(fig. 6-29). \'lith this girnbal 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 asswne and maintain a t r ue 
vertlcal positlon. It has two principal par ts ­
the 1nercury control system and the latitude cor­
rection system (fig. 6- 28). 

The mercury control system consists of two 
interconnected tanks - one on each s ide - con­
taining mercury and a gilnbal rotation motor that 
rotates the entire gyro assembly at 18 r pm. 
\Vhile the gyro wheel is horizontal, the mercury 
level in both tanks is the saine. If the wheel 
tilts from the horizontal, the tSllks also tilt, 
and mercury flows at a controlled rate from the 
higher tank to the lower . The net effect of the 
mercury flow and gimbal rotation is that by 
the time the mercury has r eached the lower 
tank, the tank has rotated 90° from the low point 
of the gyro wheel, and the press ure exerted here 
causes the gyro spin axis to precess back to 
vertical. Thus the gyro automatically erects 
itself · when put into operation, and remains 
stabilized in a vertical position. 

Now consider the latitude correction system. 
l~igure 6-30 depicts the effect of the earth's 
rotation on n 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 a gyro located 
at the equato1· will, to an observe r standing on 
the earth, appear to turn backward (westward) 
with respect to the earth' s rotation, at the r ate 
of one 1·evolution every 24 hours. At any point 
between the pole and the equator , as the figure 
shows, the gyro wheel will appear to gyr ate 
westward once every 24 hours about an axis 
parallel to the earth's. 

This effect can be compensated for by making 
the gyro precess s lowly eastward at the same 

rate. The gyro's plane of rotation will then re­
main hori zontal. To do this, a latitude weight 
at the north point of the gyro wheel makes it 
preces s eastward. The position of the latitude 
weight is adjustable, so that it can be set for 
the ship's latitude. A synchro which r•eceives 
own ship's course, director train and other inputs 
keeps the latitude weight on the north point as 
the ship turns and the stable element trains. 

FOLLO\VUP SYST Ei\11. -The followup system 
performs the actual n1ensurement of level angle 
S!ld crosslevel angle. The system (figs. 6-28 
and 6-29) includes the Ulllbrella and followup 
coils (mentioned in connection with the ineasuring 
group), a follov,.u p a-c electromagnet on top of 
the gyro case, and a level and crosslevel follow­
up (not illustrated). When (because of ship's 
pitch or roll) the umbrella ls not aligned with 
the gyro, the followup magnet. induces unbalanced 
voltages in the followup coils. The algebraic 
sun1 of these voltages goes to an ainpllfler which 
uses the amplified signal to control rectlfler 
tubes whose output feeds a d-c servo motor. The 
motor drives the Ulllbrella unt il it is aligned with 
the gyro. Thus the umbrella "follows" the gyro 
spin axis. The followup units also drive synchro 
transmitter s and operate firing switches for 
selected level and crosslevel fire. 

FIRE CONTROL SYSTEM 
M K 68 

The GFCS Mk 68 is a dual-purpose, fully 
automatic system used to control 5" /54 and 
3"/50 guns. Variations f rom fully auto1natic 
operation- cliscussed later - are possible, to 
meet certain tactical si tuations and en1ergencies. 

The Mk 68 system discussed here is a repre~ 
sentatlve syste1n only; for a detailed discussion 
of a particular mode of the system (of which 
there are many), refer to the applicable syste1n 
OP-OP2649, OP3836, etc. 

Basically, GFCS Mk 68 perforn1s the same 
functions as GFCS Mk 37 except that it ls capable 
of tracking targets traveling at supersonic speeds. 
The Mk 68 system has numerous dials, hnnd­
cran.l(s, indicator lights, and silnilar operating 
controls, which gives it the appearance of being 
much more complicated than the Mk 37. !\.lost 
of these, however, are for checks and test pur­
poses and for placing the system in standby 
condition. Actually. the system is designed to 
operate very s in1ply and with fewer personnel 
than the Mk 37 system. Testing and 1na\ntenance 
have also been simplified through plug-in module 
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design, built-in testers , and test panels. A typical 
:>Jk 68 system layout aboard a DLG is s hown in 
figure 6-31. 

Inforn1alion !·'low and b)'stem 
Con1ponents 

Systen1 con1poncnts and pdnrn.ry data flow 
are shown in figure 6- 32. The con1ponents nre 
discussed separately as to thei r function in tho 
system. Primary data flow is 1nuch the same 
as in the lV!l< 37 system. 

Beiore discussing each unit separately, a 
brief, ovornll look at the systen1•s data flow 
mny be useful. The dl!·ector, which s erves as 
the battery control station. furnishes present 
target position to the computer am.I stnble ele­
ment. The computer Mk 47 uses this informa­
tion plus own ship' s motion dllta and ballistic 

R/l.OAA SET COMPUlER STABLE STA8' ... E ELEMENT 
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Figure 6-31. - Arrangement of GFCS 1'1k 68. 
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Figure 6-32.-Gun fire control system ::'Ilk 68 data flow . 

data to compute gun orders for the 5" guns. 
The cornputer Mk 116 (Or the gun order con­
ve rte1· Mk 20 and star- shell con1puter Mk 1) 
is used in conjw1ction with the Mk 47 computer 
lo produce gun ordei·s for the 3-inch guns nnd 
star- s hell gun orders. The stable elenient, which 
establishes the stabilized horizontal reference 
plane, provides the director and computer with 
stabilization signals . Data flow between major 
units is routed through the fire control switch­
board and Is continuous as long as the director 
rema.Lns on target-either in radar control 01· 
optical control. 

Gun Oi rector ::'lfk 68 

GWl director .Mk 68 determines the present 
position of the target by either opticu.l means 
or radar equip1nent, part of which Is located 
on the di rector. The opLical equipment cons ists 
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of the director officer's open sight and binocu­
lars mounted on n movable s ight brucket, n 
tracker ' s telescope, and a ste1•eoscopic range­
finder; the radar equipment nt tho director 
(this wi ll vary with different syste m mods) Is 
the antenna mount and reflector (fig. 6- 33) . 
(The radar console is located in the plolllng 
room.) 

The normal tracking mode of the director 
is automatic r adar control. The radar provides 
ranges and angle error s ignn.ls to the train nt>d 
elevation power dr ives. The train power drlvo 
rotates the entire di rector lo position the Hne 
of sight in train; the elevation power drive 
rotates the optical equipment and the radar 
antenna about their elevntlon axis to poslllon 
the line of sight. Anothor power dr ive (cross­
level power drive) positions the di rector shield, 
keeping the olevation axis of tho optics and rtJ.Clai· 
antenna aligned with the horizontal reference 
plane established by the stable element. Thus 
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Figure 6-33. - Representative gun di rector J\Ik 68, front view. 

director elevation is ineasured in the verticrJ 
plane. 

Alternate methods of di rector control include 
powe1· operation by means of handwheel or one­
man control w1its, and computer control with 
regenerative aiding (table 6- lJ. 

TRAIN lv!OV Ei\1ENT. -The telescope, open 
sight, rangefinder, and radar antenna n1ount are 
fastened to the shield and 1nove with it in train. 
The enti re director is rotated about an axis 
perpendicular to the deck plane to n1ove the 
di1•ector line of sight in train. The electrical 
connections between the stationary shipstructu1·e 
and the rotating director are made through a 
slipring assembly in such a n1nnner that train 
moven1ent is unlimited in either direction. This 
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feature eli1ninatcs the necessity for train limit 
stops and electrical lin1its. 

ELEV /\TlON MOVEMENT. - The telescope, 
open sight, rangefinder, and radar antenna are 
mounted so that their lines of sight may be 
elevated with respect to the shield. The eleva­
tion axes of these c01nponents are all parallel 
and the lines of sight of each component al'e 
per pendicular to its elevation axis. For practical 
purposes, all of the elevation planes are pa1·allel. 
The lines of sight and the r adar bean1 are all 
moved through the same elevation so that they 
remain parallel. 

The director elevation gearing can move the 
lines of sight and the radar beant fro1n a depres­
s ion angle of 25 degrees t.o an elevation angle 
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Table 6- 1.-0perating modes 

:\lode Angle Tracking by Ranging by t:sed (or 

Auto-track Auto-radar tracker Auto-radar tracker AA, Surface 

Console Handcranks and scopes at Handcranks and scopes AA, Surface 
radu.r console at radar console 

Director Officer's One-man control Mk 4 ~~od Hadar (at coneolc) or 1\A, Surface 
Control 4 and optics r angefi t1clcr 

Tracker's Cont1·ol One- man control :vlk 4 Mod l\adar (at console) or AA. Surface 
5 and optics rangefinder 

Handwheel Director officer's and Hadar (at console) or Surface 
tracker's handwheels rangefindcr 
and optics 

Local control Director inoperative, tracking by Computer Mk 47 Surface 
(Indirect fire) 

ol 95 degrees. Limit stops and electrical limits 
in the power drive protect the drive mecha.n.isms 
from damage I.hat would result if these limits 
were exceeded. 

The telescope is constructed so that the 
instrurnent body does not move in elevation. 
EJeva~ioo of the t.elescope line of sight is affected 
by rotating an object! ve mirror mount.ed on 
boarings inside the telescope body. 

The open sight contains a binocular and 
peep Sight al •he end of the sight arm. The line 
o! Sight is moved in elevation by rotating ti:e 
open sight about an axis pnrallel to the telescope 
elevation axis. 

The range(inder line oC sight is moved in 
elevation by rotating the entire rangeflndcr about 
its longitudinal axis. An independent elevation 
mechanism in the rangelinder drive permits 
rangefinder elevation to be offset from director 
elevation when it is necessary to adjust the 
reliclc 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 ru-is parallel to the elevation 
axes of the oplical equipment. 

A level angle is geometrically added to the 
elevation of the lines of sight and radar be:un 
to cancel the effect on elevation of roll and pitch 
of the ship. The level angle is generated by 
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a stable element below decks and is automatically 
transmitted to the director. 

CRO&:l-LEVP.L MOVEMENT. -Tho director 
shleld is mounted on trunnior\s so that the entire 
shield can be rotated In cross-level lo keep 
lhe elevation plane's lines of sight and the radar 
beun in a \•ertical position rega.rdlcss of the 
ship's rolling and pitching. The axis of the 
crosslevel trunnions ls parallel lo the deck 
plane. 

The di rector crosslcvel gearing can move 
the shield through nn angle of 34 dcgt'ees 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 control of firing is at Control Panel 
Mk 110 {fig. 6-34). A two-section, three-position 
selector switch controls firing and cease firing 
circuits . \Vhen t.his switch is in the NOHMAL 
position, the gun firing ci rouit may be com­
pleted at one of two positions in t.he director 
shield: the director officer's firing key or the 
tracker's ono-1na11 control. When the selector 
switch is in the Ct!ECK position, both gun firing 
and cease firing circuits a.re open. Opening 
these circuits results in a check fire tone signal 
being sent to gun p0s!t!ons, which indicates 
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Figure 6-34. -Director officer's control pnnel :Mk 110. 

that firing is ten1porarily suspended. \Vhen the 
selector switch is in the CEASE position, the 
cease firing Circuit is completed, sending a 
tone signal to the g\Ul positions indicating that 
firing is indefinitely s uspended. All firing circuits 
from director to gun positions are completed 
through the fire control switchboard, 

The director is equipped with two one-man 
control units (fig. 6-35), Each unit may be used 
for slewing U1e director or for one-man tracking 
ln both trrun and elevation. The one-man control 
unit is x·otated about a vertical axis to control 
the director train rate and the handgrips are 
rotated about a horizontal axis to control the 
elevation rate. The rates generated are pro­
por•tional to the runount of rotation. 

Director Crew and Their Duties 

Gun director .Mk 68 is operated by a director 
officer, tracker, nnd rangefinder operator . The 
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di rector crew's operating stations are inside 
the s hield (fig. 6-36); they perform all procedures 
necessary to place the director in operation. 
Additionally, t he director officer is responsillle 
for selecting the operational mode of the director· 
ancl controlling and supervising the operation of 
the GFCS Mk 68 and gun batteries controlled 
by the syste1n. 

The director officer, in addition to being in 
charge of the g\lll fire control system, maintains 
sound-powered telephone communication with 
other stations of the llattery plus combntinforn1n­
tion center and air defense stations. He reports 
directly to the air defense officer. He notiiies 
the gun stations when firing . is to commence 
and can initiate fi ring from the director, and he 
supervises the director crew during all phases 
of operaeion. 

The tracker assists the director officer, 
during optical search and target acquisition, in 
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controlling director movement in train and ele­
vation. Under certain conditions, he can cancel 
o.utomatio r adar control at his station. The 
tracker normally initi ates gun battery fi r ing 
with his firing key. He also assists in starting 
and securing the director. 

The rangefinder ope1·ntor has very little to 
do in automat ic radar control. During surface 
engagements or gun fire support, he may be 
required to observe sat vo splashes, supply spot­
ting information, and identify targets. During 
air engagements when the radar is inoperative 
and sho1·e engagements when the radar is unable 
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to track the target, the rangefinder ope,.ator is 
usually required to furnish ranges to the target. 
The rangefinder operator also is responsible 
for energizing the heating and anti-icing, de­
frosting, and illumination systems. 

Director Control ancl 
Op er atlng Modes 

The director has two basic types of control­
handwheel ancl normal . The type of control is 
selected by the di rector officer at his control 
panel (fig. 6- 34). Hanclwheel control is used 
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against stationary and slow moving surface tar­
gets. The director officer operates the elevation 
h!llldwheel , and the tracker operates the train 
handwheel. Norm al control is used agnh1st all 
other types of targets and hns the following 
modes of operation: 

l. Auto-track. The radar is locked on tnrget 
and has control of the powor drives . 

2. Console mode. The radar has cont1·01 of the 
power drives but not locked on target; the hand­
wheel and the Indicator sccpes on lhe radar con­
sole are used lo establish and position the line 
or sight. 

3. Directo1· 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 
cont1•01 unit and telescopo are used to establish 
and position the li ne of s ight . 

5. Target designation mode. In this mode the 
power drives slew to the designated position. 
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In XORlllAL. the train and elevation brakes 
remain s et until the director officer (a} closes 
his right trigger switch, or (b) presses the 
target designation button, or (c} presses the 
COXSOL E button placing the systom in the 
director officer one-man control mode, the target 
designation mode, or the console mode, re­
spectively. If the radar console footswltcbes have 
been cycled to AUTO, transfer from the target 
designation mode and the console mode toAUTO­
HADAR track will be automatic when the director 
gct.s on target in range, bearing, and elevation. 
The directol' officer can as1>un1e control fro1n any 
other inode by pressing and holding his r ight 
trigger switch; he can relinquish control by 
momentarily pressing his left trigger switch. 

The target designation mode is usually em­
ployed when an accurate or approximate target 
designation is available during acquisition, ln 
the designation 1node after the clirecto1· slews 
to the designated position, search can be made 
abOut that position by means of train and eleva­
tion handcranks at the ccnsole. 
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The mode:of-operu,l.ion precedence ci rcuits 
determine the order in which the operators can 
asswne control of the director. The order of 
precedence in normal control is (1) director 
officer 's one-n1an control unit, (2) tnrget desig­
nation, (3) radar-auto tr ack, (4) tracker's one­
man control, and (5) console. The mode of oper­
ation is selected by the di rector officer and is 
detennined by the tactical situation. 

Radar AN/SPG-53 

The AN/SPG-53 radar is a part or the )1J< 68 
fiJ·e control system. It affo1·ds cont1·01 of the 
entire system from the radar console . The radar 
supplies present range to the computer and 
angle-error signals to the director train and 
ele\lation power drives. In the console mode of 
operation the two radar operators (range operator 
and radar trainer). using bandcranks and slew 
conti·ols, keep the line of sight on target by 
observing the target echo on Indicator scopes. 
The r adar console is shown In figure 6-37 . The 
handwheels and s lew controls are also used for 
modUying target designation signals in the target 
designation mode. 

In the automatic trackingmode(normalmode), 
the director position is controlled by the angle 
tracking loop. The target- video signal is applied 
to the angle error detecting system, which<leter­
mines the tracking error and generates bearing 
and elevation error signals. These error signals 
are s ent to an an1pllfier, which supplies power 
to the director muplidyne. 

Co1nputer .Mk 47 

Computer )1k 47 Is housed in two aluminum 
sections bolt.eel together to fonn a single cabinet. 
Each section has a front and a rear con1part­
n1ent. The front compar tments house the electro­
mechanical assemblies, and the rear compart­
ments house the electronic uni ts 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
putor . 

The computer utilizes target present position 
to compute future target position. Gun and fuze­
s etllng orders based on this infonnation are then 
computed and transmitted to the gun moUlltS 
(fig. 6- 32). 

Auton1at!c control is the normal method of 
computer operation. The computer has three pri­
mary modes of operation determined by the type 
of target- 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 computer can also be 
operated In local control, manual rate control, or 
optical range submode . In auton1atic control the 
computer receives continuous target position data 
from the director, stabilization data fro1n the 
stable element , and own-ship course and speed 
fron1 the ship's compass and speed sensor. It 
solves the relative motion problem by auton1s.tic 
rate control, and it supplies the director "ith the 
generated quantities and stabilization signals 
necessary to keep the line of sight on target. 

The maJor difference between the modes of 
operation is a sea.le factor used to change the 
operating limits of the rate generating computing 
loops. The scale factor enters into the relative 
motion problem by way of the time line and is 
increased ironi the surface mode to the AA super­
sonic mode . Another difference is that in the 
surface mode of operation the output from the 
vertical rate of target inotion computing loop is 
not used. 

Once the computer has been set up for uuto­
matic control, the operator's main function is 
to monitor It for smooth and correct ope1·ation. 
But during certain types of fi re, particularly 
surface fire, the computer may have to be shifted 
to local control, manual rate control, or the optical 
r nngc submode of oper ation, depending on the 
tactical problem to be solved. A brief desc ription 
of each follows. 

LOCAL CONTHOL. - 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 fro1n outside the gun 
fire control system. Target position Ls manually 
set into the computer by handcranks. Local con­
trol is used for indirect fire . 

MA:NlJAL RATE CONTROL. -\Vhen tracking 
targets with slow relative i·ates, it is sometimes 
advantageous to manually r ate control; solution 
time Is reduced, a.nel a smoother solution may be 
obtained. Because the computer ope rator 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. !\ate control 
corrective inputs are introduced by the computer 
handcranks. 
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166.124 
Figure 6-37. - Radar operating stations. 

OPTICAL RANGE OPEltATION. -In the opt i­
cal range subn1ode of operation a continuous, 
correct, observed pl'esent range is not available 
to the computer . The range servo receiver isde­
energized so that the computor's present range 
,,111 not follow the observed present range signals. 
'l:he computel"S range syste1n becomes a regener­
ative network, where inc rements of generated 
range are used to keep pl'eSent r angc up-elated in 

the computer. \Vhen a 001-rect observed range is 
available, the c01nputer operatoi· uses his hand­
cr:uL'- to 1nake present range co,.rections. 

Functionally, the computer can be di\idecl 
into three main sections-the present position 
section, the prediction and ballistics section, 
and the trunnion l ilt and parullax corrector 
section-as shown in the flow block diagram 
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(fig. 6- 38) . As shown in this figure, the computer 
performs the following basic operations: 

l. J\orth- soulh and east- west stablllzedcoor­
dlnnt.es o! 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 
sensor), the ship's co1npass, tho stable element, 
and the wind system. 

2. Target position data are compared with 
corresponding data generated by the computer; 
differences between compared quantities are uti­
lized 118 orror signals to correct target rate 
quantltlos until the correct motion rates are 
establishod In the cornputer. 

3. Tho target motion rotes are used to deter­
mine lal'get position at the end of lime-of-flight. 
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4, The computer determines n line of fire 
that will hit the predicted target position at the 
er.d or lime-of- flight. 

5. Gun orders are computed (based on the 
determined line of fire) and transmitted to the 
gun mounts. 

6. 1-'u•.e-sctUng order ts determined when 
mechanionl time fuzes arc to be used. 

A brief description or each functional section, 
in the order of the iire control problem solution, 
follows. 

PRESl:::-:T P051TION SECTION. -Theprosent 
position section or the computer receives un­
stabilized, pola1• coordinate nieusurements of 
tn.rget present position (rruige, dfr~ctor train, and 
ell rector elevation) froni the director electrically. 
The first step by the computer is to convert th.is 
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Figure 6- 38. -Compute r ::>Jk 47, flow block diagram. 
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data, except range, into stabilized quantities. 
(Range is men.sured from the system's reference 
point; therefore it requires no stabilizat ion.) 

'fhe next step in the solution of the gun order 
problem is to convert these stabilized, polar 
coordinate quantities into rectangula l' coordinate 
quantlties of target height, east-west horizontal 
runge, and north-south horizontal range. The 
conversion ts performed in two steps: (1) the 
determination of target height and horizontal 
range and ( 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 target 
elevation. The r·esolver receives a mechanical 
input of elevation fro1n the elevation servoloop 
and an electrical input of range from the director . 

Target height , one output of the resolver, is 
used in the 1·ates section and the wind track 
section. It Is also transmitted electrically to the 
prediction section. The other resolver output, 
horizontal range, is used in the second step of 
coo1'dinate 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 mechani­
cal input of true target bearing. The outputs of 
the resolver are the required north- south and 
east-west components of horizontsl i·ange. These 
outputs a.re transn1itted, electrically, directly to 
the p1'ediction section of the computer and to the 
Computer Mk 116 (discussed later) . These outputs 
also actuate servoloops that provide mechanical 
inputs of no1'th- south horizontal range and enst­
west horizontal range to the rates section. 

The present position section also develops 
stallili zation aid signals for transmission to the 
di rector, where they are used to co1npensate for 
roll ru1d pitch and change of ship's course. They 
maintain the line of sight on a 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 
deterrnine(I. This is done by comparing the rates 
of change of the tlu·ee s tabilized rectangular 
coordinates- ta.rget height, north-south hori­
zontal range, and east-west hor i zontal range ­
with cotresponding rates generated In the com­
puter. By correcting the generated rates until 

they agree with the rates of change of the n1eas­
ured coordinates, the correct tnrget motion rates 
are established for use in prediction. Th.is cor­
rective process, cnlled rate control, Is entirely 
auto1natic in AA-sonic and A.'\-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 , Fot' AA­
supersonic it is 2.5 and for surface it is 1/10. 
The value introduced is determined by positioning 
a selector switch on con1puterpanel 53 (fig. 6-39). 

Three separate rate loops operate in the 
present position section of the computer to derive 
target rate quant ltles. These loops compute the 
north- south horizontal range .rate, the east-west 
horizontal range rate, and the rate of ve1·tical 
linear movement. 1\ll three loops operate in the 
same 1na11ner; lherefore only one, the rate of 
vertical linear movement, will be described. 

\Vhen tracking begins, taxgct height is com­
pared with generated target height. (Actually, 
only incremental changes in these two quantities 
are con1pa1·ed.) 'l'he system immediately operates 
to bring these rates into agreement. Once the 
rates are in agree1nent, they will remain in 
ngreen1ont unt il the target's height rate changes. 
If the tnrgel maneuvers, thus changing tru·get 
height rate, the resulting difference in target 
height Md generated target height causes an 
error signal proportional to this cllifet·ence to be 
transmitted to the corrective target height servo­
loop. The corrective setting of target height 
changes generated target height by an ain ount 
necessary to make It agree with target height. 

PREDICTION AND BALLISTICS SBCTION. -
Although prediction and ballistics are discussed 
separately in this . section, the computer groups 
nutking 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 computer. 
At the saine time, the ballistic computer uses 
target future data to detel'mine time of flight. 
The prediction group and the computer operate 
simultaneously to make these two solutions. \Vind 
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 tai·get at the end of time of flight) 
lhe assumption ls made that the target follows a 
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straight line course at constant speed during 
time of filght. 

The precllction group performs two clistinct 
steps in the fire control problem solution. First, 
the future target position is established in rects11-
gular . coordinates with respect to the north­
south and east-west planes and in the vertical 
plane. Second, these quantities, together v.~th 
ballistics corrections, are used to determine the 
gun's ain1ing point-the point in space at which 
the gun must !Je rumed for the projectile to hit 
the target. Figure 6-40 illustrates some of the 
quantities determined by the prediction section. 

For the first step, the prediction group re­
ceives the target linear movement rates (height, 
north-south horizontal 1·ange, and east-west hori­
zontal range) from which it determines the cor re­
sponding linear displacements of the tsrget during 
projectile tin1e of flight, Three potent iometers 
operate to determine these displacement quanti­
ties. The potentiometers receive the target linear 
movement rates as mechanical inputs and are 
energized by time of flight received from the 
ballistic coniputer. 

AIMING POSI T ION 

HORIZONTAL RANGE 

Adding the linear displacement quantities (ver­
tical linear movement, north- south linear move­
ment, and east-wes t linear movement) to the 
respective rectangular coordinates of target 
present position (target height , north-south and 
east-wes t components of horizontal range) pro­
duce rectangular coordinates that define the 
position of the target st the end of tin1e of flight. 

Jn the second step, the co1nputer's prediction 
g1·oup uses true gun beai·ing, gun elevation, and 
aiming posit ion range to determinethegun'sain1-
ing point. 

\I/ind System. - Apparent wind r ates, neces­
sary for ballistic solution, are co1nputed in the 
wind system. The wind systern receives inputs of 
O\V11-s hip speed and course, wind data, and t rue 
gun bearing for computing apparent horir.ontal 
wind in and across the plane of fire. 

Ballistics. -The bnllistic con1puter uses ad­
vance tai·get position coordinates (aiming position 
range and aiming position elevation) from the 
prediction group ancl apparent horizontal \\ind, 

I 
I 
I 

,-AIMING 
/ POINT 

AI MING POSITIOU 
TARGET HEIGHT 

OEAO TIME 

110.136 
Figure 6-40,-Coinputer prediction quantities. 
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in and across lhe plane of fire, lo co.lculate t he 
following functional quantities: 

1. Time of flight - upon which all prediction 
computat ions are based. 

2. Superelevatlon-elevation of the gun above 
advanced posi tion elevation, necessary to con1-
pensate for the curved trajector y of the projectile. 

3. Horizontal linear deflection correction­
the displacement of the lineoffi refron\the future 
target p<>sition. 

The relationship between the ballistic con1-
puter and the prediction group is shown ill figure 
6-41. The computations perforn1ed by the ballistic 
computer are based on data fur nished in the 
bo.llistic tallies. These tables give values of tin1e 
of flight, drift, and superelevation for projectiles 
fired under standa.r·d ballistic conditions in s till 
air ; they also give the effects of deviation from 
standard conditions. 

Fuze Setting Order. - Fuze setting orders are 
trans1nitted to the gun mounts by the computer 
for use when firing projectiles with mechanical 
tin1e fuzes . Fuze setting order or fuze t ime 
corresponds to time of flight and can be computed 
as a function of fuze r·ange. 

The computation of fuze range is based on the 
assumption that the target continues at a cons tant 
cour se and speed. The pl·ediction solution used 
to determine fuze range (thus fuze lime) is similar 
to that used to determine aiming range. The inputs 
for fuze prediction are the sa1ne as those for 
the prediction of aiming rnnge except that dead 
time is used In computing fure prediction. Dead 

time is a hand input that is added to fuze­
setting order in the fuze tin1e computer. 

TRUKJ\ION TILT AND PARALLAX con­
RECTOR SECTION. - This functional section of 
the computer solves for gm1 trrun orde1·, gun 
elevation order, and parallax. 

Ain1ing position elevation and true gun bear­
ing, obtained in the ballistics and p1·ediction 
sec tion solution, located the !lne of fire relative 
to true north and the horizontal . Consequently, 
trunnion tilt corrections ure required to sta­
bilize the gun orders in the deck plane. 

Figure 6- 42 i s a spherico.l diagram showing 
the relationships of the quantities involved in tile 
trunnion tilt and gun order solutions . The steps 
performed in converting pr·ediction quantities 
(aiming posit ion elevation. superclevation, and 
true gun bearing) to gun orders a.re as follows: 

1. Gun elevation, aln1ing position elevation 
plus supe1·elevation, is computed in the verticnl 
plane measured from the horizontal. 

2. Horizontal sight deflection is computed. 
This is the angle between U1e line of sight and 
the line of fire, measured In the horizontal 
plane. 

3. ,\s po.rt of the conversion f1·om the hori­
zontal piano to the deck plane, functions of level 
angle and crosslevel are combined with functions 
of horizontal sight deflection, gun elevat ion, and 
director train . 

4. Gun train order is established and main­
tained in the deck plane by some of the quantities 
obtained in step 3. 

5. Gun elevation order is obtained in asimilar 
nuumer as gun truin ordex. 

HORIZONTAi. LI NE: .:OR DEFLECTION CORA!.CTION 

. 
• 

f PREOICTION 9ALLl $TI C 
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Pi:tESENT POSITION :O.IMING ?OSlilON ii>:·*··~-· SUPERELEVATION ... 
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110.137 
l'igure 6- 41. -Helationship of prediction group to ballistic con1putel'. 
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Edg' = Gwi elevation order (between deck plane and line of fire). 
Belg' = Gwi train order (measured in deck plane). 
LOS = Line of sight 
B = Relative target bearing 
Bel = Stabilized director train 
Co = Own ship course 
ily = True target bearing 
Bgy = True gtui boa.ring 
E = Target e levation 
Ed = Director elevation 
E g = Gun elevation 
El = Level angle 
Ld = Deck deflection 
Lh = Horizontal deflection 
V4 = Superelevatlon 
Zd = Crosslevel 

170.21 
Figure 6-42. - Trtuinion tilt solution , spherical diagram. 
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The coniputations are performed by a series 
o£ re:;olve1·s and \•cctor resolvers ln the gun 
order computer step by step. 

Pru·allnx corrections are computed for a gun 
displacement of 100 yards forward of the refer­
ence point. Jly making a standard 100-yard 
displace1nent computation, only one computation 
need be made and transmitted to all gun 1nounts. 
At each mount, unit parallax is modified auto-
1natically to represent the actual displacement 
of the niount from the r eference point; tho 
individual corrections are then applied to gun 
orders at tho gun mount . 

Computer Mk 116 

The computer Mk 116 (fig. 6-39) is designed 
for use with some mods of the 1!k 47 computer. 
The :\!k 116 computer discussed here functtons 
in three different modes of operation-NOR:llAL 
3"/50 mode, ST1\R-SHELL 5"/ 54 mode. and 
RAT (rocket-assisted torpedo) mode. In NOH-
1iAL 3" /50 mode, it operates in conjunction with 
the ~Ik 47 computer to derive gun orders for 
3"/50 caliber guns; it transmits these gun orders 
directly to the 3-ilich g;un n1ounts. In STAR­
SH ELL 5" /54 niode, it operates with the Mk 47 
computer In sudnce 1node to derive 5' '/54 
cruil>er gun orders ond fuze-setting orders for 
ilJuminating £ire, and it transniits these orde1·s 
directly to the 5-inch gun 1nounts. In HAT 
mode, il supplies relative target bearing, which 
ls used as an a.id in the control of ant i-submarine 
rockets. 

Except for a few hand inputs (spots and I. V.), 
the :Vlk 116 computer receives all inputs from 
the :\lk 4 7 computer . 

The primary funclion of the l'dk 116 computer 
is to produce gun orders for the 3" / 50 caliber 
ball.ery. The computer contains a prediction nnd 
ballistics section for determining target position 
at Uie end of time of flight, and a deck tilt 
section for converting and transmitting gun ordors 
in the proper coordinates. 

Converter Mk 20 

Converle" :Vlk 20 is used with some Mk 47 
computers that a.re not s upplied with Mk 116 
con1puters. The converte r , which is installed 
in the plotting roon1 adjacent to the Mk 47 com­
puter, is used to change 5"/54 calibergunorders 
to 3" /50 crulbcr gun orders. AIJ power and 
inforn1atlon (other than spots and I. V.) necessary 
to perform the conversion computations are re­
ceived from the J.lk 47 computer. Therefore, 
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the converter wiJI operate only when the com­
puter is on and transmitting gun orders. Except 
for setting In spots and I. v .. operation of the 
converter is automatic. 

Star-Shell Computer ~ik 1 

In some syste1ns not supplied v.1th Mk 116 
computers, Star-Shell Computer ::Vlk 1 ia used 
to compute star-shell gun orders nnd l'uze­
setll ng orders for 5" /54 caliber gun mowits. 
It can be operated in two modes-controlJed 
fi re or search. In the controlled fire mode, em­
ployed when a specific target is to be illuminated, 
the Mk 47 con1puter must be opern~lng. In the 
search mode, the star-shell com-outer can be 
operated independently of the ~lk 47 compute r. 

Stable Element Mk 16 

The primary function of tho Mk 16 stable 
clement and its associated equipment (fig. 6- 43) 
is basically the same as that of the :lik 6 stable 
element, that is to provide a stabilized reference 
plane independent of ship's nlovement. The con­
struction and operation, however, arc quite dif­
ferent. The basic principles and problem to bo 
$Olved are explained in Fire Control Technician 
G 3 & 2, NnvPers 10207 and OP 2209. 

The stable element contains the sensitive 
element, gimbals, pendulums, pickoff cons , and 
servo inechanisms that mllintaln 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 tut corrector to comput.e 
position angle nnd true target bearing. Crosslcvel 
Is used to keep the direct.or stabilized in cross­
level. Level and crosslevel are sent to the rate 
t r ansmitter ~lk 36 (fig. 6- 43), where they n:re 
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 r nle transtnitter. 

Dynamic Tester and Error 
necorder 

The dynamic tester provides a simulated al r 
target for the fire control system. It n111y be used 
to check the performance of the entire GFCS :\lk 
68, or the performance of the director power 
drives, the computer Mk 47, or the gun order 
converter. 
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RATE TRANSMITTER MK 36 

170.26 
Figure 6- 43. - Stable element :Ilk 16 and associated equipment. 
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Figure 6- 44.-Stable element Mk 16, cover removed, 

The error recorder uses gun order and fuze 
order error signals from the dynamic tester to 
record the runount and direction of error In 
system 01· system component performance. This 
error is recorded on a roll of graph paper. 

RELATIVE- RATE FIRE CO~TROL 
SYSTEMS 

Relative-rate fi re control systenis are based 
on gyroscopic lead-computing sights or computing 

232 

mechanisms. A number of fire control systems 
that work on this principle are in use In the Navy 
al the present time. Most of them are generally 
associated with 3-lnch and smaller guns although 
some are set up to control larger weapons also. 
This ls in contrast to the :.Vi k 37 and l\>lk 68 
linear- rate systems, which nre primarily asso­
ciated with heavier weapons. The general char­
acteristics and principles of relative- rate gun 
fire control systems (especially a.s comp:u·ed 
"ith linear- rate systems) were cllscussedeaxlier 
in this chapter. This section is chie!ly devoted 
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to v. i;omewhat more comprehensive description 
of one such system-the GFCS :\Ik 56. However, 
it ls not Intended as a fully detailed description 
of the system. 

GUN J."U\F. CONTROL 
SYST El\1 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 targets. It is 
most commonly used "ith 3-inch guns, but can 
control S-inch guns also. ll is a dual-OOllistic 
system-that is, it can provide elevation, train, 
and fuz.e-setting orders simultaneously to two 
different batteries of different calibers. It can 
pr<Xluce a flre control solution within two seconds 
after tracking begins. The system is O!l{)able 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 ncqulslUon of 
obscured targets and for blind firing (I.e., firing 
without visual contact) . 

The system consists essentially of a two­
ax.ls power-driven, direct- line- of-sight director 
located above decks, and various co1nputing units 
located In a control roon1 below decks. Con1plete 
radar equipment Is included ns an integral pSJ:t 
of the system. The radar antenna Is mounted on 
the director, and all radar indicators are In the 
conlrol room (fig. 6- 45) . _ 

The system is operated by a crew of 1our 
men, Including the control officer. The latter 
and the pointer are stationed ln the director 
for optical acquisition and the tracking of visible 
targets, and the two other men nre at a console 
In the control room. On the console 111·e all radar 
indicators and operational controls for handling 
1·anga and positioning the director . Acquisition 
of obscured targets is accotnpllshcd 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 lend angles is based on di rector 
angular rates of motion in stabillzed coordinates . 

Mk 56 G~'CS fire Control 
Problem Geometry 

The £ire control problem is expressed some­
what d1Herently In the ll'ik 56 GFCS than In the 
linear- rate .systems. Figure 6- 46 shows the 
planes ln which the values aro expressed and the 

solution Is developed in the director and com­
puter. Two gyros in the director are used during 
tracking to establish the planes and values used 
in the solution of the fire control problem. 1\ 
vertical gyro, similar to the stable clement of 
the :Ilk 37 system, est ablishes and maintains the 
true horizontal and true vertical reference planes. 
A r ate gyro precesses during t racking to develop 
angular 1·0.tes proportional to the movement of 
the di rector. 

The angular velocity or the LOS during track­
ing can be resolved into angular rates In two 
mutually perpendicular planes (fig. 6- 46) . One 
of these sngular rates is elevation rate; the 
other Is traverse r ate. The solution, however, 
requires the use of linear rates of target motion, 
in a piano perpendicular to the line of sight at 
tar get's position. This plane Is callod the cross­
traverse pl ane and contains llneo.i· e levation rate 
and l!neo.i· deflection rate. Since the target is not 
moving entirely in the cross- traverse plllJle, the 
range changes at the rate of 1\ANGERATEmeas­
ured along the line of sight. Linear elevation 
rate, linear bearing rate, and range rate are the 
three basic linear rates of target motion. 

!v1k 56 GFCS J.<'ire Control 
Problem Solution 

The firel step In the solution of the problem 
is determination of t ar get position. Target bear­
ing and elevation ar e measured by the director. 
As the target is tracked, dln-'<ltor train and 
di rector elevation are measured and transmitted 
by synchros lo the computer. Target range is 
measured by radar and transmitted outomatically 
lo the computer. 

Tracking the target Is done either optically 
or by radar . A tracking control w1lt and a tele­
scope on Lhe director are used for optical track­
ing. Jn automatic radar ti·acklng, the tracking 
signals originate in the radar equipment, and are 
accurate within one- half mil. 

The primary purpose of the vei•tlcal gyro is 
to establish a stable reference plane called the 
true traverse plane (fig. 6- 46). It also measures 
true elevntlon of the direclo•' line of sight above 
the horizontal, and cross-traverse angle. Like 
crosslovel, cross traverse Is motion about the 
line of sight due to movement of tho deck, but 
cross t.raverse is measured in the cross­
traverse plane, which is perpendlcul:u· to the 
line of sight, and therefore cUffei·s from cross­
level. The values of true elovatlon and cros s · 
traverse angles are picked otr electrically and 
are transmitted to the computer, where they 
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Figure 6- 46.-Geoinetry of the Mk 56 GFCS statement of the fire control problen1. 

are used in calculating ballistic corrections and 
gun orders. Cross traverse also goes to the 
c1•oss-h'ave1·se drive gear of the rate gyro. 

The rate gyro controls the dr ive 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 
signals and by c01nbining these signals 'kith the 
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stabilizing signals of true elevation nnd cross 
traverse f rom 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 )l'lk 6 stable 
element discussed earlier in tilis chapter. 

The second step in solving the fire control 
problen1 is measuring the rates of target mot ion. 
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As described earlier, the target is tracked in 
elevation and traln, and error voltages generated 
in the pick-off coils go to the computer as 1•ates 
of target motioll (angular elevation rate nnd an­
gular traverse rate). As for range data, the i\llk 
56 director bas no optical rnngefinder; range 
information is normally supplied by radar, or it 
can be cranked in manually if necessary. As 
I.he radar tracks the tn.t'b<et, changes in range 
("ange rate) drive a tachometer generator- a 
generator whose output vtllage is di rectly and 
accurately proportional to speed- that produces 
a l'Mge rate voltage signs.I. From these three 
rate signals (angular elevation, angular tra­
verse, and range) the computer can calculate 
lead angles in true traverse and true elevatlon. 

The remainder of the solution process takes 
pince in the computer, which Includes the ballistic 
computer, wind transmitter, parallax corrector, 
and gun order converter, with associated ampli­
fiers. Co1nputntions are performed by electrical 
and 1nechanical networks distributed among these 
uoits. Any of these Ullits or nil of them together 
1nay be considered as the computer. 

From present target position and the rates of 
target motion tho compute1· oalculates super­
elevation ancl drift. To correct for wind the 
computer recel ves by sync bro own ship coul'se 
fron1 the ship gyro compass, and manually intro­
duced values of true wind speed, true wind 
direction, Md own ship speed. Initial velocity 
and dead time are also cr(Ulked in inanually. 
Iln!listic corrections are computed in terms of 
rates . Angular rates (elevatlon and traverse) 
from the di rector are multiplied by range to 
give linear rates of elevation and deflection. 
The li11ear rates nre corrected and used to cal­
culate superelevatlon and other prediction quanti­
ties . 

The Jl-lk 56 .system's geometry is based on the 
tTue elevation and true traverse planes as de­
scribed earlier, but gun orders must be ex­
pressed in deck coordinates. The computer there­
fo1·e converts the c01nputed lead angles to deck 
coordinates. Additional co1nputer units simul­
taneously convert these values 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-rale sys te1ns, 
with standard horizontal correction computed on 
a 100- ya.rd base and converted at each 1nount to 
the proper value. The ?.lk 56 system also com­
putes vertical parallax correction. 
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Mk 56 GFCS Summary 
of System Operation 

Figure 6-47 shows the Dow of basic quantities 
in the systen1 when using automatic radar track­
ing (the usual method of op;:iration). Hadar re­
cel ves target echoes from the antenna and trans­
ml ls traverse ai1d elevat ion error signal to the 
gy ro unit as tracking signals, iu1d to the computer 
as rates of target ll)Otlon. SignU.ls fro1n U\e opti­
cal tracking control unit in the director mny be 
salected in pince of radar. The radar equipn)ent 
transmits range and range rate to the computer 
during both radar and optical tt·acking. 

In the gyro ullit, trackh1g Signals are com­
bined with stabilizing s ignals to control the 
director power drives. As the director tracks 
the target, cti1·ector position is measunid by 
synchros, and director train and elevation are 
trMSmitted to the computer. '!'he gyro unit also 
transmits vslues of true di rector elevation and 
cross- traverse angle to the co1npute1>, 

Own-ship course is introduced to the com­
puter electrically, while own-ship spc0d, true 
wind speed and direction, initial velocity, and 
dead thne are Introduced 1nanually. The com­
puter calculates lead angles and lmllistlc cor­
rections. The secondary computers n1ake up and 
transmit gun elevation orde r , b"'n train 01·der, 
fuze time order, and unit pai·allax cor1·ection. 
\Vi thin two seconds of the start of steady tracking 
(either opt ical or radar). the co1nputer is pro­
ducing accurate gun orders. 

OTHER GUN \VEAPON SYSTEMS 

Thus far we hnve discussed representative 
linea.r-rate and relative-rate gun fire control 
systems. Although these systems are typical 
and v.1dely used, they are not the only ones 
employed in the fleet. In the following paragraphs 
we shall briefly discuss other systems used in 
the fleet. 

SURFACE F'IRE CON'rROL 
SYSTEMS 

Surface fire control systemsareusedtodirect 
the fire of turrets . Most ships having these sys­
tems (cruisers and battleships) arc in the1'eServe 
fleet. These systems are designed to control guns 
of 6- incll caliber and larger. They are, in general, 
sin11lar to the Mk 37 linear-rate syste1n. They 
use 1·nngekeepers instead of computers and stable 
verticals instead oi stable elements; fron1 the 



GUN 
DIRECTOR 

POWER 
DRIVES 

t " 

£LE VAT/ON 
TRACKING 

SIGNAL 

GYRO 
UNIT 

TRACKING 
CONTROL 
CIRCUITS 

TRAVERSE 
TRACKING 
SfGNAL 

ELEVATION 
£1111011 
Sl(;NAL 

TRAVERSE 
ERROR 
SIGNAL 

RA();.R ECHO 

AUTOMATIC 
TRACKING 
CIA CUI TS 

RA OAR 
EQUIPMENT 

1 
,! 

~ 
i 
" .. 
' ' 

rnue DIRECTOR ELEVATION 

CROSS TRAVERSE ANGLE 

SECONDARY OEAO TIME_ 

ELEVATION RATE 

TRAVERSE llAfE 

INITIAL VELOCITY 

~PRIMARY DEAD TIME 

cu 
TlllJE WINO SPEED 

TlllJE WINO OlllECTION 

OWN SHIP SPEED 
PIT LOU ~-;..,,;~------!~ 

OWN 
$HIP'S SHIP COURSE" 

GYROCOMPASS 

I/ANGE 

COMPUTER 

PRIMARY 

UNITS 

; 
j 

n _______ _,,., 

Primary 8olli5tics 
Gun Mount 

: PRIMARY FIJlE 0110£11 

. 
PRIMARY GUN TRAIN ORDER 

PRIMARY GUN ELEVATION ORO(R 

IJNfT PARALLAX AN(;LE 

SECONDAR Y GIJN ELEVATION ()ROEii 

SECONDARY 1-.P..~S~E~C~O~N~O~A~ll~Y-G~U~N;:.,.~Tll~A~f~N~O~ll~O~E~ll .. 
UNITS 

, SECONDARY FUlE ORDER• 
1... ____ ....1-' ·----------, 

~! 111 Tro11smitt•f only If r•4ulr•d I 
t by 9vn1, I 
·1 

Secondary Ballisttcs 
Gun Mount 

-:" 
.~. -:.>:·· .... ,. , .... : 

~·igure 6-47. -CFCS l\lk 56. Simplified data flow schen1atlo. 53.116 

"' I 
c 
c. 
'7, 



PRJNCIPLES OF NAV/\L OI\DNANCE .'\NO GUNNEHY 

point or view of lhe student of this book, these 
are differences in nomenclature rather lhan 
general function, 

HELf\T!VE-RATE SYST EJ\>!S 

The1·e !ll'e several relative-r ate fire control 
sysf.en1s used in the Navy . None, howeve1-, ore 
used as extensively as the I"-lk 56 system dis­
cussed earlier in lhe chapter. Some, such as 
the Mk 63 and 311k 87 ru·c used to a lesser degree 
than the Mk 56 syste1n, and some (such as ::.1k 
52 and Jvlk 57) ure almos t nonexistent. '!'his 
dis cussion will be confined to lhe Mk 63, ;v1k 86, 
and Mk 87 systems. 

Mk 63 Gun Fire Control Systen1 

Th"' Mk 63 system (fig. 6- 18) is designed to 
cont1·ol 40-rnrn and 3" /50 guns and is equipped 
lo deal wilh air targets from 800 to 7 ,000 yards 
range, moving with speeds up to 800 knots. The 
major units in lhe systern are 

1. Lead cou1puling sight . 
2. Director pedestal (on which the sight is 

mounted). 
3. Radar eq<tipment (with the radar antcnlla 

located on a gun mount) . 
4. Wind trans111ltter - actually n computer 

which calculates and introduces wind cor rection 
into the syste1n. Its inputs 3.l'e own- ship course, 
gun train order, own-ship speed, wind direction, 
and wind speed. 

5. Target acquisilion unit (TACU) . This unit 
aids the sight pointer in localing the tal'get when 
visibility is poor or there are many targets in 
sight. 

The director operator tracks the tai·get man­
ually (the directo1· has no power drive) by 
training and elevating the lead computing sight 
on the director and keeping the target Image 
centel·ed in the reticle. The lead angle generated 
by the sight is transnli tted t.o the gun mount 
pOwcr w·ivc, so that the guns will lead the tar­
get. Lead angle is also transnlit ted to the radar 
antenna's i ndependent power drive on lhe gun 
inount, but here it is applied lo cause the anteirna 
axis to lo.g the gun bore axis by an angle equal 
lo the lead angle. The result of ti'js, of course, 
is that the radar u.ntenna is always aimed at 
the turgct (as is the director line of sight) ; 
Ute axis of lhe di rector case (with no paralla.x 
input) is parallel to the gun, which poinls to 
the future position of the target (fig. 6-48) . 

Mk 86 Fire Control System 

The Mk 86 fil·c contr·ol systen1 is designed to 
control lightweight 5"/54 guns and otherweapons 
against surface, shore, and air targets. The 
system is very flexible; it can-with minor 
changes- be adapted for use \vith a variety of 
weapons against all type targets. So1ne mods 
function "ith guided missile systen1s In the 
controlling of scmiactivc hoining mlsslles such 
as TARTAR. 

The )lk 86 system has operating modes to 
cover just about all possible conditions of readi­
ness. It can operate in (1) Radar Surface Fi re, 
(2) Visual Surface Fire, (3) Indirect Shore l3om­
bardment (with or without a beacon), and ( 4) Air 
Aclion radar, visual, or a combination of both. 
Three men, a control officer and two gun con­
trollers, operate the systern froin below decks. 
On ships with single gun installations, one gun 
controller's console (and thus one gun controller) 
is eliminated. 

Components of the Mk 86 fire cont1·01 system 
are shown in figure 6-49. A detailed description 
of lhe Mk 86 system cun be fow1d in OP 3645. 

:Ilk 87 Fire Control Syston1 

One of the n1ost recent developments in gun 
fire control Is the GFCS J\>lk 87 (fig . 6-50). It 
is a dual-pu1·1iose, lightweight system designed 
to control 3"/ 50 and 40 mm guns. Like the :Mk 
86 system, it can easily be inodified to control 
l arger guns. In i ts principal operating modes, 
all systein functions are •\utomatic, fl·oin the 
tirne of target designation to systen1 ready to 
fire. The components of this systen1 were de­
signed to operate as a balanced and completely 
integrated weapon control systen1. The system 
Is self-contained and llas three operators-two 
at the fire control console and one at the optical 
sight topside. 

Of the two manned stations, the fire control 
console is the heart of tJie .Mk 67 system. It 
houses the computer (a solid- state digital ma­
chine). displays, and control panels. The optical 
sight, the other manne<l station, is mounted on 
a stabilized platiorm located topside. It co1nprises 
various components including gear trains, se<vo­
nlotors, synchros, and a binocular mount fo1· 
optical tracking and visual observation. 

'fhe system can engage two targets simul­
taneously. It can engage two surface (or shore 
largcts) or one air target and one surface target 
at the sainc time. 

Addi t i on al iniormalion on the Gl:' CS Mk 87 can 
be fowid in OP 3452, 
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110. 72 
Figure 6-48. - :Vlk 63 GFCS. Principle oi iire control problem ~olutlon. 
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CHAPTER 7 

DETECTING AND ASSIGNING AIR TARGETS 

lNTHODUCTION TO AJ\TJAIR WARFARE 

Antialr warfare includes all measures de­
signed to nullify or reduce the e.£fectivcness of 
attack by hostile aircraft or guided missiles. 
The following broad capabilities are necessary 
to defeat the airborne threal. 

1. Ability to elin1inate the enemy threat at 
its base before it is airborne. 

2. Ability to defend tactical units by deieating 
airborne attacks launched against them. 

An enemy may attack with aircraft, or with 
misslles launched from land, from water, or 
from air. Tho trend in missiles and aircraft is 
for higher and hlgher speeds, and more distant 
weapon launching capability. Consequenlly, t.he 
tltne avallo.ble for surface units to defend against 
an attack is becoming shorter and s horter. Sur­
f nee units must be deployed ill formations that 
tal<e advantage of the defense- in-depth concept. 
This moans (1) beginning the effort to counter the 
enemy attack at as great a distance as practicable 
from the forces to be defended, and (2) contlnltil".g 
this effort ago.inst the attack until II Is defeated, 
or '"itbdrawn. 

An AA \V operation may be di vlded into three 
phases occurring successively as the attacking 
aircraft approach the force being defended, 

FIRST PHASE. The first phase includes 
search.lng fo r, detecting, or receiving knowledge 
of, and evaluating and reporling the enemy at­
tack force. 

8ECOND PHASE. The second phase encom­
passes employment of initial active defense 
measures taken while the attacking aircraft are 
at a considerable distance from the forces to he 
defended. Long-range surface-to-air guided 
n1issiles (SAMS), and/or combat-air-patrol in­
terceptor oJrcrnft are used in this phase. 

THIRD PHASE. The thi rd or final phase is 
tho use of AA guns, shor t-range guided missiles, 

and evasive action. During this phase the at­
tacking aircraft are near or within AA gun 
range of the main body. 

Assoclat.?d with these three phases is a de­
signated AA \V 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 a vi tnl area. The actions 
taken In these areas generally adhoro to the ex­
planations of the thn:>e phuses above, with the 
surveillance area akin to the first phase, and so 
on. figure 7-1 does not describe the area 
diametric limits; these change, depending on the 
nature of the expected attack. Following is a 
brief description of the areas: 

SURVEILLANCE AREA. The surveillance 
area Is an area in which search, detection, evalu­
ation, o.nd tracking are accomplished. Its outer 
limits are the outer limits of tho AA \V a.r·ea. 

DF.STHUCTION AREA. The destruction area 
is the area within which destruction or defeat 
of the enemy airborne threat should occur. Jt 
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 area is the area 
within the destruction area occupied by the forces 
for which defense is planned. The radius of this 
area is the enemy E\VRR (estimated weapon re­
lease range). 

Throughout this discussion of A/\\V, we \\ill 
consider the force in question to be a fast carrier 
task group, controlled in AAW matters by one as­
signed officer. The A,\ w 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 AA W responsibility will 
most likely be split into sectors and there will 
be an officer in control of each. 
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110.73 
Figure 7- i . -AA\V areas. 

Al\ \V l:l\lTS 

Ships and airc raft are joined In a task group 
to accomplish the mis sion of the group. The 
mission ls Cllctated by st rategic necessity; its 
accomplishment depends on the proficiency of the 
group In antlai r and antisubmarine warfare, and 
on the group's offensive striking capability. The 
number and type of ships and aircraft (hereafter 
called units) in a task group depend on the opera­
tional objectives of the group. Other groups, 
with similar or different obJect.ives, !U'e joined 
as needed to fullfill a mission. 

An AA \'I form ation is designed to protect an 
attack car1·1er, which is the offensive s tr iking 
unit of a fnsL-carrler task group. The group ls 
comprised of guided missile and conventional 
cruisers and destroyers; various fighter, strike, 

and A E\v (aircraft early warning) aircraft; and 
the c arrler itself . Submarines on radin·-picket 
duty may also be part of the All \V formation. 
(An actual formation shm~ing the locations of the 
/\A \'I 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 must be prepared to direct CAP (com­
bat air patrol) to a target, or to use its own 
armament. The unit must also engage in passive 
AA \V as regards target detection and evaluation, 
and tro.nsmltling target information to the AA\V 
command ship. 

Aircrnft arc the front line oI defense; they 
have the speed, flexibili ty, and striking power 
necessary to engage the enemy at a considerable 
distance fro1n the friendly force. These fighter 
airc,.aft are classified as interceptors, day 
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fighters, nnd all- weather fighters. Inter­
ceptors are high-speed, short-range aircraft de­
signed to destroy the enemy before he reaches 
the vitnl area. Day fighters are designed to 
engage tho enemy aircraft under ,1sual flight 
conditions. Day fighters also perform Interception 
and a:rea patr·ol missions. All-weather fighters 
dest roy enemy aircraft under any weather con­
ditions. They arc large!' and heavier than the 
other fighters and have greater endurance. 

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 nirborne 
threats, to conduct EC:M search, to control 
fight.ors, and to serve as radar and communica­
tion links be~ween pickets and the main body. 

b'HlPBOJ\RD /\A\I/ \l/EAPONS 

After aircraft, guided missiles and guns are 
the next lines of defense. 

Missiles are classified ncoordlng to their 
effective range as follows: 

1. Short-range guided missiles have an ef­
fective range of 20,000 yards and augment the 
AA guns In defense of the gun zone. 

2. Medlum-l'ange guided missiles have an 
effective range of up lo 100,000 yards and en­
gage air targets inside the fir-st lino of pickets. 

3. Long-range guided missiles have an effec­
tive range greater than 100,000 yards. 

For further details regardlng the use nnd 
classification of guided missiles, refer to the 
next two volumes in this series. 

Guns are used against targets that are re­
lali vely close to the ship-within 25,000 yards. 
T bc most common types of guns used for AA \'I 
are 3" /50, 5" /38, and 5"/54 (descl"lbed earlier) . 

Tho 8" /50 Rf' is a postwar (V.'\VII) product, 
whereas the 5" / 38 was v.idely used during \Vorld 
War n. The 5' • /54, a newer gun, will, in time, 
replace the 5" /38; primarily because of its 
faster rate of fire. This does not mean that 
5' • /38 guns will be removed from ships, but 
rather that those combatant ships with 5' '/38s 
will gradually be phased out of the fleet. At 
present, most newly constructed ships do not 
have 5" /38s, but some converted missile c1•uise rs 
do. 

Auxiliary 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 1nachinegun in the 

Navy ru1d mounted on small ships. 
3. 40 mm-called a heavy machinegun and 

mounted on smal l ships and larger auxil­
iaries. 

~Jachineguns have a high rate of fire, short 
effective range, and a limited AAW capability. 
The 40mm has a maximum effective range(MEfi) 
of aboul 4,000 yards, which Is greater than that 
of the other t\•10. T he 4-0s and 20s use impact­
detonating projectiles, and a lead computing gun­
sight to control their fi re. 

C:ach type of AA gun has a range (lts effective 
range) at which that gun is most effective. How­
ever, It Is Impossible to set this range precisely. 
One Caclor of primary in1portance is that the 
effect! veness of gunfire increases as 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 
damnge, no matter how insignlficnnt. increases 
the probability of a kill and hns a detrimental 
effect on the enen1y. Opening fire beyond effec­
tive range also may effect operation of the 
equipment and gunnery personne l by the time the 
target reaches effective range. 

Consequently, the maxiruu1n effective range 
of opening fire has been 11.1·bltrarily set as the 
range which will permit approximately 10-second 
time of flight for the projectile. The approxi­
mate M Efi of opening fire for presently installed 
Ai\ guns is tabulated in N\VP 32. 

Tho probability of kill on targets r equiring 
angles of elevation above 70° Is small. because 
of 1neohnnical limitations of lhe power drive 011 

AA guns. Therefore, high position-angle cross­
ing targets are extremely difficult to hit . A 
closing air tai·get at high altitude Is also diffi­
cult to hit. As a general rule, any enemy air 
target above 15,000 feel will be assigned to 
the combat air patrol or to the missile battery 
for destruction. 

THE AA\V PLAK 

Defense agaihst nn air uttack de1nands a high 
degree of coordination between widely dispersed 
units in the formation. The o.ttnckors can climb 
to very high altitudes, or they oan come in just 
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over the wave tops. l\o matter what their alti­
tude, their speed in ma.'1y cases ls supersonic. 
This means that instantaneous reactions and 
quickly con1puted solutions are absolutely es­
senli o.I to the defenders . Evon ruter attaining 
maximum proficiency, a ship 's individual efforts 
would' probably p1·ove futile unless she were de­
ployed In a defense-in-depth formation. Defense 
in depth requires intensive coordination. Teru.n­
work is then the order of the day and the captain 
of tho team ls the .4-".\V commander. 

The ~' \V commander and his staff are usuallv 
embarked lo a missile cruiser where the entire 
AA \V plcturo is presented on various display 
plots , He maintains communications, except dur­
ing somtl conditions of electron.Jc silence, with 
all of tho AAW units . He receives all " bogey" 
(unfr iendly air contact) information from the 
detecting ship or aircraft. Speed of co1nn1uni­
cation and cllsscmination of ~arget duta are es­
sential. Therefore, l\TDS (Naval Tactical Data 
System) was developed to fulfill these require­
ments. 

KTDS General Jnformation 

The KTDS i s fast and accurate In evaluating 
and processing navol combat data . It rapidly 
correlates tactical data frorn a number of collect­
ing points to provide force comml!lldors with ru.1 
essentially complete picture of their curr ent 
tnctico.I environment. NTDS has three basic 
purposes: 

1 . Generation of target descriplions. 
2. Presentation of the tactical situation. 
3 . Communication of tactical data, 

System con1ponents include a val'iety of elec­
tronic equipment, as follows : 

Automatic highspeed, general purpose, stored 
program, solid state, computers. 

Displays. 
High-speed digital data communication facil-

ities. 
Radar video processors. 
Hendout devices. 
Magnetic tupe handlers. 
:vw.nual data entry devices. 
Analog- to-digital converters . 

Peripheral tO the system arc a wide spectru..'!I 
of sensors and weapons systems. Data derived 
from radar, lFF (identification friend or foe), 

sonar, EC:ll (electronic countormensure) inter­
cept oquipment, 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 compute1· performs data- handling c alcula­
tions and derives info1·mntion required for threat 
e\•aluation, weapons assignment, dead-reckoning 
navigation, and communications by way of data 
links. It also pe1·forms tl1e functions of tracking, 
identification, and height and slz.e dotorn1ination 
of an unknown force. All tactical data aJ'e pre­
sented visually on all diSp!ay consoles. A rcpre­
sentati ve l\l'DS di~OTam is shown in figure 7- 2. 

NTDS Communications 

NT OS provides three separate communication 
links: 

1. The A- link (link ll) . 
2. The AN/USC-2 link (link 4.A) . 
3. The Fl- link (link 14) . 

The A-link is a long-range digital con1muni­
catlon link between tactical data units (ships and/ 
or aircra!t). Three basic types of Information may 
be received and transmitted via this link-

1. Tai· get tracks. 
2. \¥eapons status and orders . 
3. Control 1nessagcs which regulate the ope1·a­

~lon of the data link network. 

Under normal operation, the data exchanges 
between l\TDS ships proceed automatically and 
continually on each ship. Tho unit computer 
that controls the link equipn1ent Is in direct 
contact, via radio, with unit coniputers on all 
other l\TDS s hips in the force . 

The AK/USC-2 data link is used to corn1nuni­
cate auto1natically l>etween the s hlps and aircraft 
equipped with this data link. Gu icJancelnstr uctions 
to interceptors or bombers may be trnn.smitted 
via this link. 

The 13-llnk provides automatic broadcast of 
tactical data from KTDS-equipped ships to non­
NTDS-equlpped ships via radioteletypefacilities. 
Generally, one NTDS ship is designated by the 
officer In taclical conunand to broadcast KTDS 
track information LO non- NTDS units in the 
task force. This link may also be used to trans­
mit NTDS data to s hore instnllntions. 

\Vith the entire tu.cticol situation on visual 
display before hi111, and the status of all weapons 
indicated, the tactical commander is able to best 
employ his defensive units (ail·c1·aft, 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 trnns1nltted to the assigned ulllt to effect­
ively engage the target, The ulllt assigned to 
engage the unfriencUy aircraft (bogey) may be 
a Combat Air Patrol (carrier-based patrol air­
craft) or a surface unit. 

\Veapon Employment 

If the bogey does pose a definfte threat. the 
AA \V commander decides which weapo11 in the 
defense arsenal is to be used. J:\ormally, CAP 
is vectored to the target if in the target area. The 

intercepting aircraft n1ay be al>le to visually 
ide11tify the target, thereby collfirming its bellig­
erent status. 

\Ve can miss ;vith CAP Just as we can miss 
\Vith the guns or missiles. CAP may be out of 
pos ition, the relative speeds may be so great that 
the attacker might slip l>y , and concilt.ions of poor 
visibility or poor radar reception during the 
terminal phase of the i ntercept n1ight render CAP 
useless. Now comes our second line of defense, 
the surface- to-air n1issile. 

Many things were happening on the missile 
ship while the CAP intercept was attempted. 
Extremely accurate fire control radnrs ·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
tion) to the fi r e cont rol dir ectors In the gun and 
mis sile systems . T he dir ectors then "locked 
on" (shifted to automatic r adar track) and be­
came electronically independent of the weapon 
direction system, A con1putcr solution started 
generati ng simultaneously with director lock-on 
in oach fire control system. The computers 
solved the fire control problem 11.nd comput.ed the 
required launcher, missile, and gun orders. 

\Vhen a ship is ready tO engage the target "ith 
missiles, It reports this fact to the AJ\ \V com­
mander. L"pon receipt of n1o re than one such re­
por t, the comn1u.11der decides which ship is to take 
the target under fire. He considers which s hip 
is in the best position fot a kill, and the type and 
numhe1• of nii ssiles temaining on board. If the 
target ls not destroyed after multiple missile 
slll.vos have been fired, r eliance must be placed 
upon the last line of defense- convenUonaJ gun­
fire. 

Conventional guns are still very much a part 
of the Navy 's armament and they conlinue to te 
effcctivo in AA \V as indicated by target practice 
results against high speed jet targets . Gunfire 
can o.lso d lsrupt an otherwise orderly mass at­
t ack. A gun is not invalidated by a target's speed, 
but i t ls set'lously limited when the target 's 
RELATIVE MOVE:\lEKT in bear•ing, e levation, 
and range exceeds the des igned limits of the gun 
fire control system. 

ST EPS IN THE SHIP'S 
DEf' ENSE PHOC ESS 

The preceding section s howed how units are 
integrated to pr otect the task t:P'Oup•s ''ital ar ea. 
13ut the plan of act.ion for any one unit is nec­
essar ily more pr ecise; its broad outline neatly 
dovetails Into the overllll ,\ A \V plan. In or der of 
occurroncc, a ship must detect, display, e\'alu­
ate, disseminate target information ("ithln the 
ship), and destroy air targets. If a ship is the 
first unit in the formation to detoct a target, 
most of its Inter nal steps become steps in the 
AA \V seque11ce for the t ask group. Detection, 
evaluaUon, dissemination within the task gr oup, 
and (passlbly) destruction of the target become 
one and the same for the detecting sllip and the 
task group. Other ships will par·ticlpate in de­
struction 01· evaluation if directed or needed, 
respectively; hut they will all use the san1e in­
te1·na1 scqucnco as outlined above. Not.e that 

displaying and disseminating within a ship are 
always internal steps. Follo\\ing Is a description 
of the internal steps: 

l. DET F:CT!l\G. Detecting the target is the 
fi rst and probably the n1ost difficul t part of the 
problem . \Ve have devoted the next section iu 
this chapter to detecting. ,\I r search rudars (of 
various designs) are the primary detecting means, 
but su1·face sear ch radars very often detect 
low flying lllrcrnft. Two other detecting methods 
are visual, and passive with EC:\1 (electronic 
countermeasure) equipnient. 

2 , DJSPJ,AYING. Target data ai·e displayed in 
the CIC (combat infor mation center) of eachship. 
There iu·e three n1ain di splay bo1trds, which are 
called phnse 1, phase 2, and phase 3 s unirnary 
plots . (Smnller ships s uch as DDs use only two 
displays.) Phases 1, 2, und 3 stond for long, inter­
mediate, and short range respec1.ively; or, if you 
prefer, the first, second, and third phases of the 
AA\\' 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 outer perimeter 
ship may be in its phase 3, while units in the 
vit al area are in phase 1 01· phose 2. 

l"igu re 7- 3 shows a phase 1 plot. Each small 
squoire has sides which are equn l to GO nautical 
miles. Since ther e are 100 Smull squares, the 
square mile area covered by the plot ts 360,000. 
GEOREF coordinate identifying letters are in­
scribed on the edges oi the bonrd, 11.nd gl'id lines 
connect the coordinates vertically and hori •.on­
tally lo "checker" the board. Tho resulting 
GEOREF squares make it possible to !ix a con­
tact's position in nitich the sa1ne manner us a city 
is located on a standard rond map. You will see 
later how num\Jer s are used to fix the position 
within a squar e. 

The main purpose of the phase I board i s to 
provide a long r 20ge look at the siwaUon. All 
U.t1!dentifled air contacts beyond 100 miles fron1 a 
ship are plotted here. Also plotted 1.s the where­
abouts of the formation center . Flagship B in 
figure 7- 3 ls the formation cente" of the Cour­
ship t11sk group shown (ships B, C, s , and T). 
NoUce ~hat certain intelligence ite1ns arc plotted. 
Even though the southeaster n United States and 
the grid lines are drawn approxlm ately to scale, 
the l ette1·s used her e are not the not.ual letters 
fo1· thnt loclll.e. l:logey C- 8 was detected by ship 
C at 201S local time and lost aft.er lime 2023-it 
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Figure 7-3, - Phase 1 plot . 

was then said to be in a " fade" (depicted by the 
wavy line). Ship T picked up bogey T-3 and 
made continuous reports to the formation. 

Locate ship S. Notice that it is within a s mall 
square that has GEOREF coordinates of JM. 
(The longitudinul coordinate ts always given 
first.) Ship s is a little nor thwest of center i n 
the JM square and exactly in the center of a 
larger square which is shown by the broken lines. 
The broken-line square represents the area that 
will be covered by the phase 2 plot on board 

s hip S. The phase 1 plot is ulso the one on board 
ship S. !.\ow shift to figure 7-4, !he phase 2 ploL 

Ship S is in the center of the plotting board 
and northwest of center in the JM square. Bogey 
T-3 is maki ng an attack fron1 the southeast and 
his position in the KL square is the same as that 
which he occupied in the phase l plot. The 
physical di1nensions of the squi•res on the phase 2 
plot have been enlarged but the geog1'aphical area 
they represent r emains the same. Now there is 
a quick and convenient way of relating bogey T-3 
to ship S. He beai's 135° true at about 90 miles. 
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Figure 7-4. - Phase 2 plot. 

Knowing the approximate bearing and range 
enables ship S to make an inlensUied search in 
the area with her own airsearch radars . 

The phase 2 plot shows the surface units of 
the formation plus all friendly aircraft (AE\V and 
CAP) v.1thin Its radius., This plot differs from 
phase l ln that the center of tho plot Is n1t1de to 
represent the geographicul position of the ship 
(ship S in this case) . The grid coo1·d1nates are 
adjusted pei·iodically as the ship moves over the 
ground. Unlike the grid lines that are inscribed 
on the phase l board, these are wires which are 

attached to rods that border the bca1·d. Jt is a 
simple mutt.er for a Radnrmun to adjust the 
wires and change the grid letters to mnke the 
center of the board correspond to the approximate 
position or the ship. He gets his "posil" informa­
tion from the DRT which has boon s0;it to ngree 
with the ship':; :radar, loran, or navigntionnl fixes. 

The phase 3 plot is ru1 enlargement of the 
close-In nren of the phase 2 plot. Unidentified 
ai r contacts within a 50-n1ne radius are dis­
played here, The phase 3plo~is ilnportantin ships 
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that do not have a long range target acquisition 
capability. 

Figure 7-5 shows how to !lx a target's posi­
tion within a GEOREF square. Tho square is 
divided Into equal increments in both latitude and 
longi tude. Bogey T-3 would be reported as 
KL 23. Tho mun be r s sho"~' in the figure are not 
insc d!Jed on the plotting l>oard or on the grid 
wires. It is useless to scrlbe wires that can 
move wiLh respect to one another. The Radar­
man who is reporting the bogey's positionmerely 
estimated the di visions of the square. Other 
numbering systems which have about five incre­
ments are used, but the principle remains the 
same. 

Finally, GEOREF posits are not "right on 
the noso.'' Inaccuracies stein from repor ting 
delays 11.nd from grid wires that have been in­
correctly set. Moreover, the actuo.l position within 
a squiu·e is an estimate by the person r eporting 
the contact. Since )f'fDS was developed, however, 
reporting delays have been greatly reduced, and 
the actual target position within a square is 
more accurate. 

3. EV ALUATJl'<G. The process of evaluating 
is continuous from the moment of detection 
to tho subsequent intercept of the target. The 
tools used moat often are the target' s relative 
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position, his course, speed. and altitude. and 
his response to an lFF (idontlflontion friend 
or foe) ohallen,,ae. 

As we have seen, a contact may first ap­
pear on our display as a GEOREF report from 
another AA \ V unit. Included in this r eport will 
be a calculation of the contact's course, speed, 
and altitude. This information is sornetimes 
hastily computed because of the need for imn1edl­
ate dissemi nation to the other units in tho task 
group. lnitio.l minor inaccuracies will be noted 
quite often when compared to the subsequent re­
ports from that same reporting unit. 

The mere mention of a contact on the re­
porting net indicates that the reporting unit is 
unable to receive the corTect !FF response. it 
is quite possible that the !FF cqulp111ent may be 
functioning improperly. The only reasonable re­
course in the event of no !FF return would 
be to get as many AA \V uni ts as possible on 
the contact. Per haps they onn 1·ecolve the correct 
!FF response or locate the contact on their 
ECM gear. If the !FF equipment !ails to identify, 
maybe tho contact can be recognized by evaluating 
EC:\! radar characteristics. You might also 
identify the bogey by accounting for all of the 
known friendlies in the aren. This process of 
elimination ancl the evaluation of EC'.M Information 
consu1ne Ume, ancl time i s not always available. 
If lime ls s hort nncl we can' t 1·ec1:1lve the correct 
!FF response, we must a.ssun10 that the contact 
is nn enemy. 

l\lost of the defensive decisions for the group 
\\'ill be mnde by the AA \V commander, but 
each ship is set up to evaluate independently, and 
to make its own decisions I! necessary. The 
factors and questions which follow are consid­
ered simultaneously by the AA \V oomn1ander 
and enoh ship's CIC evaluator. 

Tho evaluator is respons ible !or identifying 
the co11tact, and for determining the type of 
attack he is n1ost like ly lo make. He is also 
responsible for an estimation of the target's 
weapon release range. Generally speaking, the 
determination of the target's weapan release 
range is not of paramount importance when 
intercepting with aircraft, since the practice is 
to got out there with CAP as soon ns possible. 
it would be a definite. facto1· however, in the 
case of a saturated raid when the evaluator 
must select the inost c r itical target. The most 
critical target, excluding the type of weapon he 
carries, is usually the target with the nearest 
or quickest CPA (closest point of np1>roach), or 
n target involved in jamming. 
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The target's radar characteristics , along 
with his speed and altitude, may reveal his air­
craft type and, therefore, his weapon capability. 
/\rn1ed with this information, the evaluator, who 
ls well versed in aircraft tactics, can make an 
educated guess as to which is the n1ost critical 
target in regard to weapon type and release 
point. 

I\long with the selection of the mos t critical 
target comes the necessity to know the ship's 
defensive capability. The evaluator 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. \Vhat are the weapon 
limitations '/ How high and how far can the inis ­
siles go? ls the missile control equipment locked 
on and ready ? Will the target enter the missile 
blind zone (firing cutout area caused by ship' s 
structure)·? If so, will the ship have sufficient 
time to change course and unn1ask her missile 
battery? Or, would it be better to fire a nuclear· 
missile in the face of a concentrated raid? Are 
these nuclear missiles available'? For that matter, 
what is the actual count of all missiles reniailling 
on board? 

Further, are all of the missile directors 
engaged? Can AA gunfi re cope with a particular 
target? Once again, how high is he , what i s his 
relative movement, is he in the blind zone, or 
will he reach his weapon release point beyond 
the range of AA gunfire·? In the latter case, 
perhaps a shi.Cting of targets at one of the 
missile directors is indicated. These are only 
some of the many questions confronting t11e CIC 
evaluator. 

1\il intelligence information is collected and 
made available to the evaluator. A knowledge 
of eneniy aircraft capabilities a.'ld limitations, 
both in equipment and tactical applicat ion, is 
essential. The evaluator must be able to estimate 
the target's priorities and probable intentions. 
He must 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 fiight operations and 
radar performance. 

Evaluation is a process which involves a 
continuing appraisal, or estimate of the existing 
air threat. Jt terminates with the " splashing 
of the target .. •' \Vith very little time available 
to detect and successfully counter a raid, it is 
mandatory that responsibilities be decentralized 
as much as possible . 1'here may be no time for 
the commanding officer to reques t permission 

from the AntiAir \Varfare Con1mander to l aunch 
short range missiles, and there may be no time 
for the evaluator to ask the commanding officer 
for permission to take the rold with CAP. 
And sometimes, when confronted wilh a surprise 
attack, there is no time for tho weapons officer 
to wait for Information from CJC. AS a matter 
of fact, the director officer may commence 
firing if the situation warrants. 

4. DISSEMINATING. Transmittlng information 
to the other units in the group, and keeping 
s tations on a ship informed, is disseminating 
externally and internally, respectively . External 
dissemination to other AA \V units, and tile AA \V 
commander, Is the responsibility of CIC per­
sonnel. Internal dissemination ls of more con­
cer n lo the readers of this text. 

All ships use sound-powered telephones to 
complete the com1nunications Ii nk between CIC 
and weapons' battle stations. Newer ships, specif­
ically those armed with missiles, often have 
closed-circuit television equipment on board. 
A television camera is focused on the phase 
2 plot in CIC and receivers a•'e located in 
various control stations throughout the ship. 
r:;xamples of receiving stations are: 

a. \\leapons Control Station 
b. Commo.mling Officer's Tncticfll Plot 
c. Flag Plot 
d. Air Control Section of CIC 

Tele\'iSion equipment has done much to elimi­
nate the excessive time consumed when trans­
fe rring bogey data exclusively by sound-powered 
telephones. But telephones are still used for 
action commands and to provide an audio backup 
for visual information. They continue to be the 
sole info rmation link to stations that do not 
have a critical evaluation or a weapons control 
assigt'.ment. 

The most important information dissemina­
tor for weapons personnel is the weapons liaison 
officer (WLO) . This officer is stationed in CIC 
at a Location which con1mands a good view 
of the phase plots and facilitates direct conver­
sation with the evaluator. The \VLO is on the 
weapons battle control telephone circuit, which 
also includes all officers who are assigned in 
weapon control stations. It is his responsibility 
to keep all stations on the circuit fully infol'med 
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. \Yarning conditions 
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are prescribed further by "weapons light" or 
"weapons free." \Veapons tight means that ship­
board weapons will not be fired (unless enemy 
aircraft arc comnlitting hostile acts) because 
friendly forces (usually CAP) are in the firing 
area. Weapons free means that there are no 
weapon delivery restrictions, and may be used 
as the authorization for a s hip to ''fire when 
ready.•• The latter usu age depends on the standard 
operating procedure for the task group. The \VLO 
performs other, more mechanical, actions in 
getting directors on targets; these will be dis­
cussed later in this chapter. 

5. OESTROYJKG. There is very little we can 
say here abOut destroying targets. Once a gun 
projectile is launched it follows a ballistic 
flight plan which cannot be controlled by the 
la\mchlng ship , Effective gunfi re depends on 
solving tho fire control problern, aiming the 
guns correctly , and maintaining a continuous 
nmuiunltion supply . The destruction of tai·gets 
by missiles will be discussed in the next two 
volun1es or this series. 

TA!lGET DETECTION 

It is possible t-0 detect a tnrgct by using 
pass! ve equipment such as electronic counter­
meo.sul'e (ECM) gear . This s upersensitive equip­
ment dotccts electromagnetic radiation , indicates 
its dlrcctlo11, and measul'es the transmitter' s 
frequency, pulse width, and pulse repetition rate 
(PlUt). We can even determine the a..".lte~.na's 

rotation rate with this gear. 
The t::CM operator i·efers to a publication 

which described the operating characteristics 
of known radiating equipment. lie then sscertains, 
what type of eciuipn1ent he has detec ted and, 
inore important, what type of vehicle the equip­
ment Is probably mounted on. In other words, 
he makes ru1 educated guess as to whether the 
contact is a particular type of enemy aircraft, 
subnuuine, or perhaps a member of his own 
operating rorce. 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. 

1\ir search radar is the primary mer.ns by 
which we detect targets. The al r search radar 
fixes thti target's position in Lwo coordinntes ­
rang<J uncl bearing. Some CIC uir search radars, 
particuliu·ly those associated directly with fire 
co11Lrol equipment, have a height- or altitude­
finding capability. ·The three cooi·d.!nate radars 
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b.ave 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 ha,•e a weapon direction system 
which can designate in three coordinates, The 
result is a decrease in tho target acquisition 
time required by the fire conll·ol director, pro­
vided the search radar has been correctly aligned 
with the FC radar . Since radar is such an inte­
gral part of modern weaponry let's discuss 
it in more detail. 

ELl!:Mt::NTA HY RADAR THEORY 

As you r emember from an earlier chapter, 
radar essentially is a method J'oi· determining, by 
radio echoes, the presence of objects, their 
range, bearing, and elevation, for recogni:r.ing 
certain of their characterisl!cs. and for making 
use 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 a radar system'sopera­
tion are s hown in figu1'e 7-6. A high- powered 
transmi ller s ends out a short pulse of intense high­
frequency radiation from a special antenna so 
that It issues more or less us a beam, Then 
the antenna is switched by a duplexer to a sens i­
tive receiver , which picks up radio echoes 
renected 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 
tube. (The tube is like that of a television re­
ceiver, but doesn •t present a picture- only blips 
or pips .) The functioning of the system is coor­
dinated by a tin1er, which transmits pulses to 
the receiver and kcyor . The keyer in turn 
starts and stops the transmitter. 

\Vilh electron1a,,unetic radiation traveling at 
the speed of light (186,000 miles per second), 
it's obvious that all of this happens quite fast. 
In 1/1.000,000 second ( I microsecond) radio 
ene1·gy travels 328 yards. Since the pulse of radio 
energy has to travel to the taJ·get and return, 
a time Indication of 6.l inicroseconcls represent 
1,000 yards range, although the pulse has traveled 
2,000 yards going to ancl from the target, 

Now that we have a general idea of the function­
ing or a basic radar, let us discuss ( briefl~1 
search radar . 
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Figure 7-6.-Elen1ents of a Radar System (block diagram). 

SEARCH RADAR AND !FF 

Aboard s hip, radar equip1nent has two general 
applications - for search and for fire control. 
Search radar displays are centered in CIC. Al­
though we a.re primarily concerned with firecon­
trol radar, you must in order to understand the 
target detection and acquisition process know 
something about search radar . The three ty1)es 
inost comn1only used in surface ships are air 
search, height-finding search, and surface search, 
A representative search radar presentation is 
shown in figure 7-7; this is the commonly-used 
PPl (planned position indicator) display. 

An air search radar's primary function is 
warning of the presence of aircraft at extreme 
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r anges. It is called a two-coordlnate· radar 
since it measures only range and bearing. 

Height-finding r adars are three- coor·dinate 
radar s. They are capable of discriminating be­
tween targets that are close together, and they 
are capable of measuring r ange, bearing, and 
altitude. The altitude quantity is converted in the 
weapon direction systen1 to an angle of ele­
vat ion by the fir e cont rol directors, thereby 
decreasing their target acquisition time. 

Surface search r adars measure the range and 
bearing of surface contacts to assist in navi­
gating the ship, or to send surface target in­
formation to the weapon ditectlon syste1n. They 
are also effective in detecting low flying air­
craft, since theil' radar energy is concentrated 
at low angles of elevation. 
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Figure ·i-7, -PPI Scope presentation. 

AS we stated earlier, on a r adarscope presen­
tation a target is a blip, not a picture. It 's 
either a shapeless. blurred spot or patch, or a 
jagged distortion in a line. Around the blip is 
''grass'' - the visual equivalent of audible noise 
in a radio transmission. {It's called "grass" be­
cause in an A-scope presentation electronic 
noise in the line traced by the electron beam in 
the cathode- ray tube does appear as wavering, 
moving filaments reminiscent of blades of grass.) 
In search radar units, any target smpJler than 
a geographical feature has no discer nible shape. 
This is especially true of aircraft targets. \Vhen 
aircraft con1e within search radar range, there's 
nothing in the blips to indicate whether they're 
friendly or enemy. 

To deal with this proble1n we have !FF. !FF 
equipment aboard ship functions in conjunction 
v.'ith a search radar, but the !ff system includes 

also equipment aboard the aircraft. The radar 
beain from the interrogating ship "triggers" 
autoinatlcally the !FF equipment on the friendly 
target. The latter then transmits a coded signal 
which shows up on the indicator scope of the 
regular radar set on the interrogating ship. 
The i nterrogating ship and the target must carry 
matching !FF eqltipn1ent. For security, we use 
coded signals, 

FIRE CONTROL RADAR 

Fire control radars must be able to deterrnine 
raJ1ge, beai·ing, and ele"·ation of a target 'vith a 
high precision to achieve dest ructive gunfire. 
They must also have good target resolution; i.e., 
they must be able to distinguish between blips 
wl>Jch a re very close together. This is necessary 
to permit accurate pointing, training, and spotting. 
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Surface fi1·e control radars (e.g., Mk 13) 
are used in conjunction with s utface batter ies on 
cruisers, This radar must inensure range and 
bearing accurately to provide data for the solu­
tion of the su1•face fite control problem. Figure 
7-8 shows a B-scope of the type used in surface 
fire control radar. The transmitted pulse and the 
start of the time- bruse sweep are on the bottom 
horizontal line. The sweep is made to move 
from botton) (nl.inlmum range) to top (maximum 
range) on the scope face. The range line i s an 
electronic measuring indication which is inade to 
move up and down the scope face in response 
to mechanical gearing and electronic Ci rcuitry 
controlled by the radar operator. To n1easure 
range, the operator rotates a handwheel until 
the range line just touches the botton1 edge 
of the target echo and then x·eads a range 
counter; we are slightly under ranged in the figure. 

Notice the five vertical lines in the figure ; 
these are not sweep traces. The intensity of the 
sweep traces bas been dec re3.$ed by the opera­
tor so that he can better see the target pip. If 
the intensity were increased to ll)a,'timun1, the 
scope face would Ile illuminated within the limits 
of the horizontal transn1itted pulse line. This 
tells you that the1'e exists a vertical range sweep 
for each n1inute horizontal segment of the tra.01s­
mitted pulse line. The actual number of range 
sweeps is determined by the pulse repetition 
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LINE 

.. 

•, 

.~ 

BEAR I NG 
LINE 

• 
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53.109 .2 

Figure 7-8,-B-scope. 

frequency of the radar and the antenna scnru1ing 
frequency which will be covered in a moment. 
Jn figure 7- 6 we learned that a timer fires the 
transntitter and starts the range sweep simul­
taneously. The pulse i•epetition frequency of a 
r adar is the operating frec1uency of the timer 
measured in cycles of ope ration per second. 

Now let 's measure l>ear ing. The cente r ver­
tical line is called the bearing line; it always 
represents the exact trained position of the 
di rector . Or you could say that it is align<:,'(! 
with the ve r tical crosshai r s in the director's 
optical telescopes. If optical t racking is impos­
sible the director can get on target lly training 
right (in the illustration) w1til the bearing line 
exactly bi sects the target pip. The target would 
appear to m.ove to the left on the scope as the 
trainer inoves the director and its antenna on 
ta.rget. If optical t r acking we re used. the bearing 
reference would be the vertical crosshair in the 
di rector tnuner•s telescope, but the radar pic­
ture would be the srune as if radar tracking were 
used. 

The bearing relationship between the target 
echo and the director's line of s ight (or tho bear­
ing line) is obtained l>y causing the radar antenna 
to scan horizontally. Scaru1ing in sud'ace radars 
n1eans oscillating the antenna back and forth 
rapidly through a small angle; the center of 
which is the beari ng li ne of sight of the directo1'. 
\Vhen the director is exactly on target , the target 
is illu1ninated on the scope when the nntennais at 
the iniddle of its scanning arc, thus causing the 
bearing line to bisect the target echo. In figure 
7-8 the target was illmninated when the radar 
bean1 was positioned to the right of the line of 
s ight . To present this relationship electronically, 
the vertical r ange sweeps (without which no pip 
indication is possible) are 1nade to scan left and 
right on the scope. \Vhen the antenna is at its 
far thest rightward position, the range sweep will 
be farthest to the right on the scope. \!/'hen the 
antenna scans back to the middle of its arc, the 
range sweep occurs co incident with the bearing 
line, and so on. '!'he sweep is made to scan left 
and right by applying an a-c signal to the scope 's 
horizontal deflection plates: the same a- c signal 
which dr i\'es the antenna back and for th. The 
other vertical Jines in the figure are spotting 
reference lines for deflection spols. 

Antiaircraft fire control radal· is n1ore com­
plicated than surface fi re control radar. This i s 
due pri1nar ily to (1) greater target velocities, 
(2) target elevation measu1•ernent, and (3) a need 
for automatic r adar tracking. The automatic 
tracki ng feature ls not found in all AA systems, 
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but it is i ncluded in all n1issile systems and in 
the newer gunfire systems. In this discussion 
we'll concent1·ate on the automatic ttacking lvlk 
35- the radar used with the Mk 56 GFCS. 

The Mk 56 systen1 hnsfourdisplays-adouble 
display for range (the A/R-scope), a display 
for bearing (the B-scope), and a display for 
elevation (the E-scope). 

The ,\/R-scope displays two traces-the A 
trace and the R trace. The A trace extends 
frorn zero to 30,000 yards. The significant 
features of the trace as illustrated in figure 
7-9 are: 

1. Outgoing transmitter pulse blip. This is 
an up-down jog of the trace at the zero r ange 
point. 

2. Range notch. This is a depressed portion 
of the trace . By c ranking a control on the radar 
console the operator can shift the notch in range 
so that target blips may fall within it , as illus­
trated in the figure. \Vhen 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 ,\ trace. Only the left side of the range notch 
shows on the H trace; this is the range step. The 
R trace is 1000 yards long; the1·e is a small gap 
in the trace to represent the location of the 
nearest even 1000-yard point in range. As the 
radar operator cranks the rMge notch uprange 
or downrange, it n1oves correspondingly on the A 
trace, but on the R trace the range step re1nains 
fixed in the center of the trace while the blips 
and i·ange mai·kers move past it. Jn addition, 
the blips move leftward or r ightward on both 
traces to correspond to their movements down­
range (decreasing range) or uprange. 

The diagr an1 above the illustrated A/H traces 
in figur·e 7-9 shows the spatial telntionship of 
J"adar and targets wbicb the traces indicate. 

The E-scope (fig. 7-10) shows range (hori­
zontally) from O to 30,000 yards, and clirecto1· 
true elevation (vetticnlly) in degrees from -10° 
to 90°. 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 co1nplete spiral 
scan cycle, the trace covers a 12-deg1·ee band, the 
center of which is at the angle corresponding 
to the true elevation of the director. In conical 
scan, the trace covers a 3-degree band. The range 
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s trobe line (range mark) appears as abrightver­
t ical llne extending from top to bottom of the 
sweep. Ta1·get echoes appear as short 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; target on the upper li ne is at 30,000 
feet altitude. Other target altitudes can be esti-
1nated. 

The B-scope presentation (fig. 7-11) shows 
bearing (horizontally) 6° either side of director 
train, and range (vertically) 1000 yards cithe1· 
side of the range n1ark. The trace appears 
as a vertical band, with its center always nt 
the center of the scope. The tl'ace width in 
bearing depends on antenna scan: 3° for conical 
scan, and 12° for spi ral scan. The range mark 
appears as a horizontal line at the center of the 
scope, extending across the ent ire width of the 
trace. Target blips appear as hol'izontal lines. 

\Vhen searching for a target, the radar tracker 
watches the E-scope. Since spiral scan is used 
for searching, the target blip will be visible on 
the E-scope when the director line of sight ls 
within 6° of target bearing and 6° of target 
elevation. In addition, for the blip to be visible 
on the B-scope, the range 1nark 1nust 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 blip 
within the B-scope. When the rad!ll' t r acker 
sees the target in the B-scope, he turns the 
rru1ge crank to bring the blip up or down to 
the range line, ruid sinntltaneously turns the 
bearing crank to bring the blip right or left 
to the director bearing line. 

Figure 7-12 shows the appearance of all three 
r ad!ll' scopes for different positions of the target, 
The equipment is on tai·get C; therefore the blip 
fron1 target C is against the r ange notch on the 
A sweep, at the step on the R sweep, at the cen­
ter of the trace in the E-scope, and at the center 
of the B-scope. All targets covered l.>y the 12-
degree spiral scan appear on the A sweep tmd E­
scope. Target E does not nppear on any scope 
because it i s more thM 6° from the antenna 
axis. Targ-et /\ does not appear on the B-scope 
because it i s more thim 1000 yards f:ro1n the 
range 1nark. Targets A and D do not appear on 
the R sweep because they are more than 500 
yards away fro1n the range step. 

\Vhen the target selected is gated in the A/R 
scope, and is (as target C i s) on the intersection 
of the z.ero lines in the B-scope, the radar 
operator can by operating a foot switch cause 
the system to track the target automatically. 
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DIFFICULTIES IN DETECTll\G 

Atmospheric conditions will sometimes af­
fect target detection. A moisture-laden cloud 
might nppear to be an ai r contact on the scope. 
This false target would soon be discounted by 
the rado.J· operator since it will have a very low 
speed. Rain squalls, storms, etc ., may tempo­
ra1·i!y obscure actual air contacts. But if we are 
han1pe1·ed by weather, the attackers are also. 
Extreme adve1·se weather conditions lend come 
doubt as to the feasibility of an air attack. 

Target detection is 1nade n1ore difficult when 
the enc1ny is "jamming" our radar . One fonn 
of jamming is 1nore or less sen1iaotive and con­
sists of d1·opping "rope" or "chaff" from an 
aircra!t. This jamming material is made of 
aluminum !oil strips which 11t•e cut to resonate 
at a particular frequency. The effect is similar 
to what we would see if numerous transmitter s 
were retadiating our air· search enetgy back to 
us. This type of januning is easily recogni1,ed 
on the scope because of the almost linear pattern 
it presents. Its success lies in the aircraft's 
ability to saturate our scope with false targets, 
thereby obscuring the real ones. 

Some electronic countermeasure equipments 
can be used for active Jamming. \Ve 11t•e more 
concerned with enerny aircraft acting in this 
capacity than surface units because of the lat­
ter• s range restrictions at radar frequencies. 
EC!'11 equipments ca." automatically find your 
transmitting frequency nnd pulse repetition rate, 
and then transmit "down your throat." On A­
type radarscopes this typo of interference shows 
up as " railings" 01· "fence posts." On B- type 
scopes Lt inay look like sine waves or " snow." 

To be effective, the chaff aircra!t musL pene­
trate our entire AA\V network. It is doubtful thnt he 
can do this since the chaff pinpoints bis position 
to practically every fire control director in the 
task group. Also, he wouldbcrecognizedlm1nedi­
ately as an cne1ny, thus eliminating the nonnal 
eviµ11at.ion time. If he chose to drop cha.ff outside 
of our defenses, he would be announcing an 
attack. Moreover, i'i re control radllrs have been 
known to look right through this chaff. Some 
methods of combating chaff and other jamming 
are discussed in the next section ( counterniea­
sur·es). 

The most pronounced s ingle 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) "~11 follow the curvature of tbe 
earth for great distances provided the waves are 

propelled by sufficient power. This is accom­
plished by bouncing the radio wave between the 
earth's surface and the ionosphere. Since the 
ionosphere curves around the e~·th, the r·e­
flecicd 1·adio waves will cui·ve also. 

Shornvaves are in the high frequency range 
of the spectrum; radar waves aJ"e conside1·nbly 
bighe1· in frequency. The higher radar frequencies 
will penetrate the ionosphere with little or 
no reflection occurring. They penetrate primarily 
because of their shorter wavelength. \Ve will 
not get involved in a discussion concerning the 
" whys" of this penetration. \Ve are n 101·e inter­
ested in the end result. which is a dcsi rable 
straight line of sight transmission. 

You may have decided at this point that a 
low frequency r adar, malting u:.-e of the iono­
shpere reflection phenomenon, could provide 
adequate coverage of the blind area beyond the 
hori z.on. Perhaps it could . The tecbnic1U prob­
lems encounterecl in this atten1pt however, would 
be stnggorlug. \Ve would have to know the height 
at which reflection of the wave occurs, and the 
primary factor in this determination is ti1e 
ionoshperic density. Density of ionization at 
different altitudes makes the ionoshpet·e appear 
to have layers. Actually there is no sharp di­
viding line benveen the layers of ionization. 
Suppose we could predict how much density is 
required to reflect the wave, could we then pre­
dict \\ith accuracy at what height reflection 
would occur? Even with an educated guess, we 
would be further victimized by !>1JOradic ioniza­
tions which occtu· at varying density in each 
!aver . . 

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 aircraft standing out in bas- relief a,,a-ainst the 
water. Electronically speaking thi s is not the 
case. It would be difficult indeed to detect a 
target, say. 50 feet abOve such a massive re­
flecting surface. 

If we dicl not have a line of sight transmis­
sion in radar, the time factor would be in error. 
E1·rors In time mean errors in range. Errors 
in elevation and bearing would also be not<."<l. 
To sum it up, current knowledge and the need 
for accuracy forces us to use higher frequencies, 
thereby making the blind area son1ething with 
which we'll just have to live. 

A straight line extending from the air and 
surface search antennas a11d tangent to the ho1·i­
zo11, rep1·esents the maxi111u111 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 r·ange could also be extended 
hy rai.sing our antennas' heights. Unfortunately 
we cannot depend on the targets accommodating 
us by flying at high altitudes, nor can we raise 
the heights of the transmitting antennas beyond 
the restrictiol)S in1poscd by the ship's designers. 
\Ve must make another tack. 

Instead of considering the f\A\V unit and its 
"low flyer" detecting limitations, let's look at 
the unit as an integral part of a whole. The 
whole in this case is a task group. Tactically 
speaking, it is our mission to protect the vital 
Ul'ea of the task group ru1d not the units com­
prising it. Protecting the vital area is easier 
than protecting a single s hip when we discuss 
the problein in terins of target detection. 

The task group is deployed so that some of the 
units are operating many miles fron1 task group 
center. These outer perimeter uni ts extend 
greatly the task group's radar su1·veillance. 
They can be used to destroy a tat get with their 
ship's arman1cmt or to vector CAP. Still other 
units with the saine capability are strategically 
placed between the outer perimeter and the task 
group cenlet·. 

AE\V tlircraft are stationed above the task 
gToup as insurance against the penetration of the 
surface units' radar network. This aircraft re­
presents a great increase in radar antenna 
height; consequently, its radar range capability 
ls lin1ited only by altitude and the design char­
acteristics of its radar. The AE\!/ is a flying 
station; and by utilizing the NTDS, rapidly and 
accurately it can be used to vector the coinbat 
air patrol plane. 

Let us next discuss soine counte!'measures 
against jaintning. 

DETECTION' COUNTERMEASURES 

!\'!any antija1n circuits have been incorporated 
in om· modern radats to combat active jamming. 
Frequency control power de,ices change trans­
mitting frequencies at the touch of a switch on 
soine radars. Electronic differentiating circuits 
cbtmge the "fence posts" into narrow spikes be­
fore they are displayed on U1e scope. Manually 
operated pulse repetition controls vary the repe­
tition rate of our radars. So1ne radars have an 
automatic pulse tepetition variance that operates 
at a random rate, n1aking it virtually impossible 
for countermeasure gear to lock on. The fence 
posts would then wander across the s cope but the 
target's movement would be consistent in direc­
tion and therefore easily discernible fr·om the 

wandering fence posts. Circuits such as fast­
tim(~ constant (FTC), instantai1eous auto1natic 
gain control (!1\GC), ai1d sensitivity time con­
trol can all be used to reduce abnormnl signals 
while proces sing normal signals without appreci­
able loss. A relatively new developinent in elec­
tronic counter-countermeasures for gun fire 
control radars is the rnctar signal processing 
equipinent (RSPE), which is explained in the 
following parngraphs . 

R/\D/\R SIGNAL PROCESSING EQUIPMENT 

As stated above, RSPE is a relati\'ely new 
development in the field of electronic counter­
countern1easutes (ECCM). It is added to existing 
gun fi re control r adars used for the automatic 
cont rol of antiaircraft guns. RSPE consists of a 
cabinet containing its circuitry (fig. 7-13), a 
ran&-e oper ator's control unit (fig. 7-14), and a 
trainer's control unit (identical to the range 
operator' s control unit). RSPE can be discon­
nected from the fire control radar \vith a single 
pushbutton. 

The main purposes of RSP1£ aretogivefnster, 
nlore accurate tlu·get acquisit ion and provide 
continuous target track through high level inter­
ference. Ench received echo of a transmitted 
pulse is digitally processed, and the results are 
stored in a 1ne1nory to provide the radar with 
ti1e follo\ving: 

1. Coinplete autoinatic target acquisition with­
in the spiral scan of the radar bearn. 

2. Virtually instantaneous r ange tracking of 
ta1·gets . 

3. Auton1atic passive truck against almost 
all forms of noise and jamming. 

4. Logarithnlically processed 'ideo ai1d sup­
pression of most forn1s of ja_1nn1ing signals for 
imp roved scope display. 

5. Autoinatic transmltte1· frequency slew when 
active jalnming is sensed. 

The auton1atic acquisition capability, which 
is a necessary function of r apid reaction to 
various jamming envi romnents, also enables 
faster fire control action in a clear environment. 
Using auton1atic acquisition, the r•ndar will acquire 
the nearest target within the spiral scan beam 
(e.g. target A in figure 7- 12); lock on in range, 
bearing, and elevation; and shift to conical scan, 
all within aJJCut one second. If, after about 3 
seconds of tracking, the target is determined to 
be opening or closing at a speed less tl1an 100 
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Figure 7-13. - F.lectronic equlpmeut cabinet for 

RSPE M.k 1. 

knots, the RSPE wlll reject it, return to the 
acquisition mode, and search for the next closest 
target (e.g. target 13 in figure 7- 12). The opera­
tor ID!IY overrldo the RSPE and continue t0 
track a stationary or slow- moving target if 
desired, 

This brief look at the RSPE is intended 
only to i,rive you an ove1'all picture of what the 
equipment does. Additional information on its 
description and operation can be found In Fire 
Control Technician G l / C, NavPei·s 10208. 

DIRECTOR ASSIG~:l>IENT WITH A TDS 

Perhaps the term' •targetdesignntlon'' evolved 
from the designation, or target numherlng pro­
cess In CIC. Or, perhaps designation Is related 
to assigning ships to formation stations; such 
ass!gnn1ents are often pr efixed by " dos!g." 
l3ul In weapo111-y, designation means assigning or 
directing a fire control system to a specific 
target. A target designation system (TDS) or 
a weapon direction system (WDS) does tb\s job. 
A TOS directs gun fire control systems and will 
be discussed in this section. t\ \VDS di reels gun 
fire and missile fire control systems, and It will 
be covered in the next section of tl\ls chapter . 

The Naval tactical data system Is used to 
supply Information to the TDS and \VDS by a 
communications lin.1< (fig. 1-15), ns explained 
ear Iler in this chapter. 

Toward the close of \Vorld \Var 11, the usual 
method of designating n target was by sound­
powercd telephone. Usually the designation orig­
inated with CIC, which plotted target r·nnge, 
bearing, and approximate elevation from Informa­
tion provided by search radar. The \VLO (then 
the GLO) stationed in CIC would call the selected 
di rector and give it the target coordinates. The 
di rector would then slew in manual control to 
the coordinates specified, senrch In that vicinity, 
and begin tracking the target when It was located. 
Once a director tracks a target (lhen and now) 
the designation process is complete. fire control 
system mechanis ms and personnel then control 
all matters prior to target destruction. 

l•:arlier in the chapter, we did not list tar­
get designation as a separate step in the ship's 
defense process because it broadly falls witl1in 
the " disseminating" category. The snme is 
ti·ue for " target acquisition," which Is the term 
used to desc ribe the actions of dlrccto1·s In ac­
quiring targets . Because of their interrelation 
the 11ct1ons foT designation and acquisition will 
be covered together in the following scot.ions. 

FUKCTION OF A TARGET 
DESIG:-IATIOX ~'YSTE'.\f 

As you may recall from chapter 6, the ac­
qui sill on part of this sequence of operations 
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Figure 7- 14.-Control unit for RSPE :'Ilk l. 

could, in such systems as the :'Ilk 56 GFC~. re­
quire no more than a very few seconds. With the 
increasing speed of aJr targets, it becamencccs­
sai·y to shorten the time required !or the \VLO to 
communicate target coordinates to the director, 
and for the director lo find and track lbe target. 

In most cases this in effect me11ns trsnsfor­
ring target data from one radar system (vtz, 
the broad- beamed search radar) to another (viz, 
the relatively narrow-focus fire control radar on 
a specific director). Several syston1s were soon 
devised for performing this funclton. These 

systems also p1·ovide for target deslgnallon 
based on target data derived from visual sightings. 

The target designation system doesn't elimi­
nate the necessity for the decisions that must be 
made in target assignn1ents. \Vhct it does (along 
with the NT D::.) lo; to: 

1. Present 11 co1nplot.o pictu1·e of the AA \V 
situation on which the decisions can be b!Uled. 

2. Enable t arget assignment to be mado \vith 
a minimum of delay, with a maximun1 of ac­
curacy, and with a posilive Indication that the 
director has ongaged the des! gnated target. 
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Figure 7 -15. - NTDS data link between ships 

having NTDS and ships not having NTDS. 

Thus any target designation system is essen­
tially a special-purpose high-speed communica­
tions and display system, specially designed to 
perform these functions . 

Since there ls more than one fire control 
system and there may be more than one target , 
deciding which di rector should track which target 
can be a difficult decision to make. The officer 
inaklng these decisions inust be quick and re­
sponsive to the battle situation. He must keep 
foremost in his mind the kill capability of the 
fi 1·e control system so designated. He must 
di;ide the tracking load between syste1ns as much 
as possible, and he must have some idea as to 
which is the iuore cr itical target . \Vhen (as in 
a satur,1tion ru.id) the number of targets is 
greate1· than the nun1 \Jer of directors and gun 
mounts, assigmncnt of targets beco1nes a matter 
requiring quick, accurate judgment of telative 
threat from each target and of the ability of 
ench di rector and gun inount to deal with the 
targets. In protracted air attack, as in a in ajor 
strike, such decisions must be made ahnost 
continuously. 

In the preceeding paragr'nph, we mentioned 
"the officer inaking these decisions" without 
na1ning his title. This is because controldoctrine 
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, 
r aclar-detected targets are desi(,'Ilated to the fire 
control systems by the WLO and the CIC evalua­
to r who works as a teain. The weapons officer 
in the AA \V station topside may intercede in 
radar designations if he deen1s it necessary 
to do so. Jl:Iost optical designations will come 
from the weapons officer, l)ut this does not 
mean that di rector officers or even mount captains 
have their hands t ied in weapon control inatters. 
In war ti1ne emergencies (as outlined by ship's 
doctrine} they may even commence flr•i ng on 
their own initiative, 

GENEHAL DESCRIPTIOK 
OF A TYPICAL TDS 

Because the J\.1k 5 TDS shows the steps re­
quired for· manual or automatic target designation, 
it will be the equipment discussed in this section. 
In the Mk 5 TDS, target infor1nat ion (other than 
NTDS inputs) put into the system o!'iginates in 
CIC (where the target designation station for 
r adar-or iginated designations is located) and at 
the AA \V station topside (where optical desig­
nations originate). The AA \V station topside is 
called Air Defense on destroyers and rnay be 
called 5ky One or Sky Two on cruisers. Figure 
7-16 shows graphically the key points of the sys­
tem aboard a 9 31-class destroyer. 

The system is controlled from theAA\V station 
and from the target designation station in CIC. 
Figure 7- 17 illus trates the flow of signals through 
the system. Opt ical designations are tr ansmitted 
from the target designation t ransmitter (TDT) 
and control unit, through a target designation 
switchboard to the gun director; radar desig­
nations (fron1 local radars or N'fDS link) are 
trans1nitted fro1n a search radar display on the 
designation indicator, through a coordinate con­
verter, and through the target designation switch­
board to the gun director. 

Operators at the designation indicator display 
(a PPI display) in the target designation station, 
or operators at the TDT and cont rol wilt in the 
AA \V station, tr ack the target and select directors 
to receive designation. 

Each operator at the designation indicato1· 
views the search radar and tactical data on the 
plan position indicator (PP!) display and controls 
a " joyst ick" which trans1nits signals to the video 
generator and the coordinate converter, 

At the converter s ignals are changed f rom 
rectru1gular coordinates to polar coordinates, 
and then transmitted through the target designa­
tion switchboard to the gun directo1·s. 
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Figure 7- 17. -TOS Data Flow (schematic) . 

Repoat-lmck data follow a rcvcr~e path from 
gun directors , through the target designation 
switchboard, coordinate convert<ir, and video 
generator, to the designation Indicator . 

SPECIAL FEATCRES OF TliE SYSTEM. ­
The system is a flexible one. Each designation 

operator may transm\t the same ta..rget infor­
nuition to one 01· 1nore gun fire control systen1s, 
This allows 11 maximum concentration of ship 
fire power. Jntcrdirecto1· transfer ls also pos­
sible. This can be used to provide increased 
fire powel' on a target already being tracked, or 
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to transfer a target from a director approaching 
its training limit to a director better able to 
track on the target. 

The system furnishes director repeat-back 
inforn1ation on a PP! scope and on indicators 
that inforrn designators how long their assistance 
is required after designations have been made . 
Lun1 i.nous semicircles (repeat-back hooks) re­
presenting director tracking coordinates are 
projected on the PPI display. The position of 
the repeat-back books indicates hearing and 
range from the director. 

To avoid duplication of designations, opt ical 
designations have priority over radar designa­
tions; and opt.ical desii:,'llations from the star­
board side have priority over optical designations 
fro1n the port side. This pennits only one 
designation to any specific director at any one 
time. 

'l'DS l>'Q UIPJ.\ll!:NT IN CIC 

Two of the main mrits of the target designation 
&-ystem, the designation indicator and the overhead 
control unit, are located in CIC. These units 
(fig. 7-18) ser·ve as the display and control center 
of the CIC TDS s tation, which is manned lly four 
1nen- a supetvisor and three designators. 

The designat.ion indicator has a PP! display 
and four joysticks (one in each corner) on its 
top surface and a control panel on one side 
(fig. 7-18) . (The super· visor stands at the cont rol 
panel.) The PP! display (shov.'ll schematically 
in figure 7-19) includes the following: 

1. Bearing dial (calibrated in degrees) and 
th1·ee concentric range marker·s, permanently 
mru·ked above and around the PP! tube face. 

2. The PP! in1age originating wi th the search 
r·adar, and including the evolving r adar beam, 
tiu·get blips, and other features of Lhe original 
nl.Clat display . 

3. Foul· designate books. Each consis ts of 
semicircle with a dot at its center. The position 
of each hook on the display can be cont rolled by 
manipulating one of the joysticks. 

4. Four repeat-back hooks. These are like 
the designate hooks , but lack the center dot. 
The positions of the repeat-back hooks on the 
display <Ire controlled by selected gun fire 
control di rectors. 

5, The ship heading marker , which indicates 
the true bearing of the ship's centerline. As the 
ship turns, the line revolves around the display. 

110.76 
Figure ·i - 18. - TDS target designation station. 

6. Data manually plotted by the supervisor 
'kith grease pencil for use by the designators. 
The mar ki ngs a.re made on a 1•eflection plotter 
asse1nbly mounted over the face of the PP! 
scope. This assen1bly is a nonparallax, concave, 
partially inirrored surface, so designed tl1at any 
marks placed on it.s surface are reflected to the 
face of the PP! display. The mar ks reflected 
downward appear at the s an1e point xegru:dless 
of the viewing angle. 

The overhead control unit is located directly 
above the designation indicator . It consists of 
thtee designator panels and one superviso r panel. 
lt enitllles director selecLions and inte1'di teeter 
designat ions to be controlled from this location. 
The panels are equipped with director status la1nps 
that indicate the n1ethod of designation being used 
and di rector selector switches and estimated ele­
vation swi tches for designating the approxin1ate 
elevat ion of the target. (Target elevation ls not 
transmitted auton1atically .) 
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TDS EQUJPMEJ\T AT THE 
AA\\/ STATJO)I 

All TDS equipment at the f\f\ \V station ls used 
for designating tn.t·gets acqul red optically or- for 
lndlcoting the status of the directors (fig, 7- 20) . 

Targot Designation Transmitter 

The target designation t1·nnsmittcr (TOT) 
t rnnsrn lts target ben.t•ing and elevation data by 
synchro to the control unit and the target designa­
tion switchboard. The TUT ls essentially a 
weather- protected pedestal on which a pal r of 
binoculars can be quickly mounted or dismounted. 
As the operator manually trains and elevates 
the 'l'DT to put the binocula l' line of sight on 
target nnd track the target, synchro transmitters 
inside the TDT pedestal continuously register 
the position of the line of sight. A pushbutton on 

one of the T DT's handgrips can be used to signal 
the target designation station in CIC when the 
TOT has its line of sight on target. The TOT does 
not provide for direct transmission o! r ange 
data; r ange estimates are nor mally trnnsniitted 
from the AAW station' s co11trol unit. Two TDT's 
a1·e installed at the AA \V station, one on the 
starboard side and the other on the port side. 

1.learlng and Ro.nge Indicator 

The bearing and r ange indicator is a n1ultiple­
indlcating device , consisting of a group of several 
similar units-one for each director that can 
r eceive designations from the TDT's. Bach unit 
has dials which display own-sh.lp course ; di rector 
bearing and rruige; the designated valuesoftarget 
position; and an indicator lamp to show whether 
the director is tracking the target. The indicator 
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Figure 7- 20. -TDS AA \V station. 

group is located in front of the AA\V officer's 
station, thus enabling him to monitor the status 
of the directors. 

Control Cnit 

The control unit is a three dial unit; one uni t 
is associated with each TOT. IL displays bearing 
and elevation inforn1at ion for the TDT and a 
selected di rector (one of three may be selected). 
Signal lights indicate director status. ;\ selector 
switch can be set to indicate estirnated range; 
this indication is transmitted to the director to 
which the control unit is switched. 

Director f\epeat-Back Selector Switch 

This switch selects the director to which the 
cont rol unit is to be connected. 

OTHER UNITS ASSOCIATED 
\\/ITH THE TDS 

Other units associated with the TDS include 
bearing, range, and elevation indicators located 
in the fire cont rol systern directors; i ndicator 
panels; a video generator unit; a coordinate con­
verter unit; and a target designation switchboard. 

BEARING, RANGE, AND ELEVATION INDI­
CATOi\S (not illustrated) - located in the gun fire 
control (lirectors-display designated range, 
bearing, elevation, and own ship's course. Signal 
lamps indicate whether the designation is origi­
nating with a radar or nn optical source. 

INDlCATOH PAKELS (not illustrated) are 
located in fire control di rectors; they are used 
to indicate, by flashing lamps, the source of 
target designation, and they provide ru1 audible 
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signal that alerts d.irector personnel to desig­
nations . 

The VIDEO GENER1\TOR and COOHDINATE 
CONVERTER (fig. 7-17) are unatter.ded units 
located in an equipment room near CIC. The 
video generator provides target information and 
di rector data, whlch are displayed on the PPI 
scope of the target designation indicalot'. The 
coordinate converter has four channels - one per 
director . Each ohmmel has two sections- an 
input section and a repeal-back section. The 
converter receives target inf or·rnatio!! in the form 
of rectangular coordinates and converts them 
to polar coordinates, which are tra..,smitted 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 trMsmitted to lhe videooperator 
for presentation on lhe PPJ display . 

The TARGET Dl.iSIGNATION SVvlTCilllOARD 
has automatic rotary switches that provide r apid, 
remotely controlled, flexible switching of la1·i..-et 
designation and repeat-back circuits. The 
switches may be operated autornatically from 
Uie CIC or the Ai\ \V station or manually fron1 
the s wi lchboarcl . 

l"!\011'1 Ti\RGET DETECTION TO 
TARGET DESTRUCTION 

Let us now trace the entire process from the 
n1omcnt the la.rget is detected until it is destroyed. 
.uear in mind that there are many details omitted, 
and that many steps will be different with different 
ships and equipment. \Ve are assuming for the 
slike of illuat"' ntion that the target designation 
system is being used with a Mk 56 GFCS and the 
target infoi·matlon orisinates with CIC. The 
entire process is shown graphically in 20 steps 
in nsu1·es 7- 21 through 7-31. 

If the target information originates in the AA \V 
station, the procedure differs slightly. 

The target is asslgned to a port or starboard 
TDT opera.tor lo track \fig. 7- 32) . The TDT 
operator tracks the target and presses the TDT 
on-target pushbutton when the target is centered 
ln the binocular. This illuminates the on- target 
larnp on the associated control unil. The TDT 
operator keeps this pushbutton depressed during 
the en lire time he is tracking. 

The operator at the control unit selects the 
director to rece ive the designation and turns 
the director set-up switch on. This sounds a 
buz7,er to inforn' director· personnel of im­
pending designations . The control unit's " busy" 
lndicator lamp for· the selected di rector flashes. 

The control unit operator posi tlons the " est imated 
range" switch to the approximate target range, 
and sets the director repeat- back selector switch 
to cause director information to appear on the 
repeat-back dial s . 

The director officer accepts designation by 
pressing the target designation p11shbutton, which 
allows the director to slew lo lhe designated co­
ordinates (fig. 7-33). 

\Vhen the radar operator at the radar console 
has gated the target he presses the footswitch. 
This shifts the director to automatic tracking, and 
causes the 11trackir1g11 la...'lll) on the cont1~01 unit 
to go on. 

E~IEHG!>l\CY OPERATION. If equipment or 
circuit iailure in the radars make normal opera­
tion impossible, the 'fDS can still function to 
coordinate the target designation operation. fly 
setting a. test switch 011 the video generator so 
that it develops a " synthetic" trigger pulse 
(which i s normally used in checking and aligning 
the equipmenl), the designate and repeat- back 
hooks can be made to appear on the PP! display . 
\Vith all hooks properly indicated, even though 
search radal' infonnation is nol available, \nter­
dir'ector designat ion is possible . 

D!RECTOH ASSIGJ\MENT WITH A \VDS 

A \\IDS ls l.>asicalJy a TDS. llowever , \t is niore 
sophisticated since more stations nnd electronic 
components arc involved, and since a \\'DS 
controls both missile and gun fire control sys­
tems, You'll notice major refinements, particu­
larly in the a.rens of director assignment and 
CIC tracking prior to director asslgrun ent, One 
PPJ scope did U1ese jobs in the TDS; approxi­
mately four separate consoles a.:re used in the 
\VOS. Three of these consoles (those used to 
track targets prior to director assignment) are 
called Tnrgel Selection and Tracking Consoles 
{TS1'C). The other console is used to mnke 
director assignments and is appropriately nnmed 
the Di l'ector Assignment Console (DAC) . 

A \\I.US includes an clect .. onic and optical 
devices used in designating targets. The optical 
devices are TDTs in the i\A \\I station(s) whose 
operation we ha\'C previously discussed. The 
electronic devices are all po.rt of a sub-equip­
ment called the \Veapons DI 1·ecuon Eqllipm<lnt 
(\VD E) , J\ \VD E has as its major uni ls the four 
consoles mentioned above and another console 
called the \Veapon Assignment Console (\Vi\C). 
The \V 1\C has no designating function. !ls put'pose 
is to provide it means !01· assigning the missile 
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3 

l THE TARGET IS DETECTED BY RADAR 
OR OPTICS 

0 
\ 
I r 

2 THE TARGET DESIGNATION SUPERVISOR RECEIVES 
EARLY WARNING TARGET INFORMATION FROM CIC. 

HE INDICATES ON THE PPI DISPLAY 
WHERE THE TARGET WILL APPEAR 

110.78.1 
Figure 7-21. - Steps in target designation, acquisition, tr·acki ng, and attack procedu1·e. 
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. . . 

/ 

4 THE OPERATOR AHO SUPERVISOR POSITION THE IR OIRECTOR SELECTOR SWITCHES .. . .. 

~; 

~-..... :i• ·· '! •.. ••: ...... 

. 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 

ANO COMMENCES TRACKING . 

. . . . HE THEN POSITIONS THE CALL SWITCH. 

110:78 .2 
Figure 7- 22. -Steps in target cleslgnntion, acquisition, trackJng, nnd attack proceduro-Continued. 
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6 RADAR TRACKER PRESSES TARGET DESIGNATION BUTTON TO ACCEPT 
DESIGNATION. 

Repeat back 

:\<,-\Ii-hook slews to 
meet desi9not1 
hook 

Range dial matches designated 
rang e pointer. 

RADAR OPERATOR 
OBSERVES LIGHT 
ON INDICATOR PANEL 
MK 5. 

INDICATOR PANEL MK 5 

Scon coolral 1n SPIRAL 

C2 light indicates that 
SEARCH RADAR No.2 
is tra nsmitting 
designa tion 
data. 

Targel 
desiqna1icn 

button 

Oirectot slews to, and 
synchronizes with 
designated bearing 
ond elevat ion. 

Director train d ial mafc,hea 
designated bearing pointer. 

..... . .. . . 
~:·:.:..~ .. -. .... _ ... 

110. 78.J 
Figure 7- 23. -Stcps in t.argel designation, acqu1s1uon, 1rac1<1ng. ana attac!i proceaure-ConUnued. 
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7 IF PIP DOES NOT APPEAR WHEN RANGE, 
BEARING,AND ELEVATION HAVE BEEN SYNCHRONIZED, 
RADAR OPERATOR SEARCHES IN ELEVATION 
WITHIN Z. 20• OF DESIGNATED VALUE. 

El evation 
Crank 

"E" 
____ ..;•.-cope 

RADAR OPERATOR ANO 
RADAR TRACl<ER LOOK FOR 
TARGET PI P ON"E" SCOPE . 

8 IF PIP DOES NOT APPEAR DURING ELEVATION SEARCH, RADAR TRACKER 
SEARCHES WITHIN :!: 20° OF DESIGNATED BEARING. 

9 IF PIP 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 
. l"igure 7-24. - Steps in target designation, acquisition, tracking, and attack procedure- Continued. 
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10 WHEN TARGET PIP IS 
VISIBLE ON " E" SCOPE ••• 

••• OPERATORS 
STOP SEARCHING; THEN • .. 

11 .. . RADAR OPERATOR • . . 

• • • SLEWS RANGE MARK 
CLOSE TO TARGET PIP,ANO • • • 

• 

' 

••• CRANKS ELEVATION TO 
CENTER PIP ON TRACE • 

110. 78.5 
Pigure 7-25.-Steps in target designation, acquisition, t1·acklng, and attack procedure-Continued. 
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1 2 AS SOON AS PIP IS VISIBLE ON " B" SCOPE ••• 

• • • RADAR TRACKER ••• 

Ron9e 
crank 

13 

• • • CRANKS RANGE 
TO CENTER PIP 
VERTIC A L LY, ANO • •• 

0 ~t ·~ ,, 

.. 
. :·: 

. ' : ' 
,. ·, .. 

• , • CRANKS BEARING 
TO CENTER PIP 
HORIZONTALLY; THEN ••• 

..• PRESSES SCAN CONTROL FOOT SWITCH 
TO SHIFT TO CONICAL SCAN FO R AUTOMATIC 
RADAR TRACK ING 

Bearing 
eronk 

'II 
l 

110. 78.6 
Figure 7-26. - Steps in target designation, acquis ition, tracking, and attack procedure -Continued. 
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14 WHEN TRACKING CIRCUITS "LOCK ON" PIP ... 

... RADAR OPERATOR REPORTS •.• 

• I " A R scope 

. . . TO CON TROL OFFICER. 

15 CONTROL OFFICER ORDERS ... 

16 

MATCH POINTERS 
''MOUNT 52 ··· AUTOMATIC" 

... AND SHIFT TO 

HANO MICROPHONE 

DIRECTOR OPERATOR RELAYS MOUNT CAPTAIN'S REPORT OF 'MOUNT 52 
IN AUTO" TO CONTROL OFF ICER THROUGH VOICE TUBE. 

110. 78. 7 
Figure 7-27. - Steps in target designation, acquisition, tracking, and attack procedure- Continued. 
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17 AUTOMATIC RADAR TRACKING -

CONTROL OFFICER : DIR ECTOR OPERATOR : 
WATCHES RAN GE DIAL. LOOKS FOR TARGET 

IN TELESCOPE. 

"E" scope 

RADAR OPERATOR ; 

WA TCHES PROGRESS 
OF TRACKING ON "E" SCOPE 

ANO "AIR' SCOPE . 

AUTOMATIC TRACKING CIRCUITS 
KEEP DIRECTOR ON TARGET 

AND PIP GATED; 

CREW ONLY OBSERVES 
PROGRESS OF TRACKING . 

• 

' 

" 

\ 

Scan control in CON ICAL 

. 
' 

ii .. 

B scope 

RADAR TRACKER : 
WATC H ES PROGRESS OF 
TRACKI NG ON •a• SCOPE. 

110.78,8 
Figure 7- 28. - Steps in to.rget designation, acquisition, tracking, and attack procedure- Continued. 

279 



18 WHEN ttOPEN FIRE" RANGE IS REACHED, CONTROL 
OFFICER ORDERS ••• 

MOUNT CAPTAIN CLOSES 
HIS FIRING KEY. 

'.~ 

DIRECTOR OPERATOR 
UNLOCKS SAFETY LOCK 
AND CLOSES FIRING KEY. 

GUN FIRES. 

110.78.9 
Figure 7-29.-Steps in tar·get designation, acquisition, tracking, and attack procedure-Continued. 
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19 DUTIES DURING FIRING-

CONTROL OFFICER: 

OBSERVES FIRING • 

Pip from burst 

• 
'.~ :· ...... 

I """ '1'.r ,_ 
.. -

DIRECTOR OPE RA TOR: 
HOLDS FIRING KEY CLOSED. 

I' 

RADAR TRACKER: 
SETS RANGE SPOTS 
ON FUZE SPOT DIAL, 

ELEVATION ANO DEFLECTION SPOTS MAY BE ESTIMATED FROM "E" AND "B" SCOPES 
ANO INTRODUCED ON ANGLE SPOT TRANSMITTER. 

ALL SPOTTING SUBJECT TO SHIP'S DOCTRINE. 

110. 78.10 
Figure 7-30.-Steps in target designation, acquisition, tracking, and attack procedure-Continued. 
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20 WHEN CONTROL OFFICER OBSERVES THAT TARGET IS DESTROYED OR HAS 
PASSED BEYOND EFFECTIVE FIRING RANGE, HE PULLS CEASE FIRING 
HANDLE ANO ORDERS ... 

. :·cEASE . . 

.,Y,'<"'f'!..ti!!/ 

,/ 
Aeose­

/ Firing" 
/ Sig no I 

// 
MOUNT CAPTAIN OPENS 
HIS FIRING KEY. 

CONSOLE OPERATORS: 
SWITCH TO SPIRAL SCAN ANO RESTORE OTHER 
PRELIMINARY SETTINGS IN PREPARATION FOR 
NEW TARGET. 

110.78.11 
Figure 7-31. - Steps in target designation, acquisition, tracki ng, and attack procedtu·e-Continued. 
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3 

1 

2 

THE TARGET IS DETECTED BY PERSONNEL IN THE AAW 
STATION ANO ASSIGNED TO A TOT OPERATOR TO TRACK . 

THE TOT OPE RATOR TRACKS THE TARGET ANO PRESSES THE TOT ON­

TARGET PUSHBUTTON WHEN THE TARGET IS CENTERED IN THE B INOCULARS. 

THE OPERATOR AT THE CONTROL SELECTS THE 

DIRECTOR TO RECEIVE THE DESIGNATION ANO 

POSITIONS THE DIRECTOR SET- UP SWITCH TO ON 

. ... THI$ 

- . 

I 

I 

SOUNDS A BUZZER INFORM ING GUN FIRE CONTROL SYSTE M 

PERSONN EL OF IMPENDING DESIGNATIONS • 

/ 
/ 

'" \ \ 
"'-' 

.. 1 

.. . THE BUSY DR OWN CONT. LAMP OF THE 

SELECTED DIRECTOR FLASHES 

110.79.l 
Figure 7-32. - TDS steps in target designation procedure (AAW station). 
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I 
I 
I 
I 

lj 
I 
I 

I 
\\ 

' 

~ 

4 THE OPERATOR ALSO POS ITIONS THE ESTIMATED RANGE 
YARDS SWITC H TO THE APPROXIMATE TARGET RANGE 
ANO POSI TIONS THE DIRECTOR REPEAT-BACK SELECTOR 

SWI TCH TO THE DIRECTOR RECEIVING THE DESIGNATION. 

==Y I 
-~ 

5 

~ 

THE DIRECTOR OFFICER ACCEPTS DESIGNATION 
SY PRESSING THE TAR. DES. PUSHBUT TON 

.. . THE DIRECTOR SLEWS TO THE DESIGNATE 
COORDIN ATES 

THE RADAR OPERATOR AT THE RADAR CONSOLE 
GATES IN THE TARGET ANO PRESSES THE 

FOOTSWITCH . 

. .. THE DIRECTOR SHIFTS TO 
AUTOMATIC TRACKING 

.. . ANO THE DIREC TOR TRACK! NG LAMP 
ON THE CONTROL UN IT ILLUMINATES. 

110. 79.2 
Figure 7-33,-TDS steps in target designation procedure (AA\V sta.tion). - Contlnued. 
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Chapter 7 -DETECTING AND ,\SSlGNll\G AIR TARGETS 

launcher (an act which is similar to putting 
guns into automatic) and to fire the missile at 
lhe optimum time. 

Keep in mind that many weapon direction 
systems are linked to naval tactical data syste1ns, 
Therefore, they m ay receive designations from 
externals sources (fig. 7-15). 

GENERAL DESCRIPTION OF A \VUS 

Don' t be distnayed 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 abbrevlattons) are used. 

figure 7-34 shows the major units in a \VDS 
that are used in radar designations (Some were 
eliminated for simplicity) . Notice that a missile 
flro control director ahd its compute r , and 
gun fire control di rector and its computer, are 
depicted along with their respective delivery 
devices; i.e., a missile launcher and a gun. 
You'll recall that once a target is acquired by 
a fire control system, the system functions 
Independently of the \VOS in \tacking the target, 
and in computing ~he launcher or gun orders. 
The function of the \'IDS, then, is to direct the 
Cire control i;yste1n to the target initially. 

An air search i·adnr detects targets and sends 
the video data simultaneously to three TSTCs. 
The TSTC in CIC selects the targets to be 
tracked by the other two TSTCs In ihe weapons 
control station. Th.ls is done by assigning elec­
tronic tracking channels to the targets. A tracking 
channel is assigned to a target based on eva!­
uo.tion by the CIC evaluator and the WLO. Each 
TSTC operator in the weapons control station 
has a prearranged responsibility for establisl>Jng 
a track in one- haU of the total number of 
channels- a division of the tracking load results , 
A target movement 1·at.e is electronically available 
within a chaimel after a few seconds of manual 
operation by a TSTC operator". The establis hed 
rate enables the TSTC to track the target auto­
mntically as long us relative motion facto rs are 
constant. Additional minor cor rections are re­
quired by the operator if the relative motion 
factors vary. Tracking channel data are sent 
automatically to the director assigrunentconsole. 
These data include range, bearing, course, speed, 
altitude, and estimated weapon release range for 
as many targets as a1:e being tracked. The system 
can track ns many targets as the number of track­
ing channels permits . 

It is from the director assignment console 
(where all target dnta arc collected and displayt.'<I) 

that a specific director or fire control system 
is selected to destroy the target. 'fhe selected 
director slews (i.e., n1oves at an accelerated 
rate) to the target' s present position in r ange, 
bearing, and elevation. If all equipment Is aligned 
and functioning properly, the ta1•gel echo is now 
visible on the fire control system's radarscopos. 
The crew refines director position and causes 
the fire control system to shift into automatic 
radar t.rack. When a systen1 shifts into automatic 
track, its associated computer starts computing 
precise gun or launcher 01·ders. Synchronizing a 
gun to its ordered position, and its subsequent 
loading a.nd firing are processes that are con­
trolled by the systen1's director officer . Loading a 
launcher, synchronizing it, and firing the 1nissile 
are steps that ai·esupervisedby the\V1\Coperator 
(nominally, the missile officer). Control doctrine 
nonnally i·equires these officers to receive orders 
from the s hip's weapons officer before firing 
ordnance. 

\Ve'll now take a close1· look at the operation of 
a TSTC, and in the following section, a DAC. The 
W.t:o,C will be covered in the second volun1e of this 
series . J::ven though figure 7- 34 is representative, 
it does not show the exact number of WDS units 
installed on all n1issile ships . The number (and 
the location) of these unHs depends on the ship's 
arman1ent. 

THE TARGET SELECTION Al\D 
TRACKl~G CONSOLE 

There Is a typical TSTC and its PP! display 
in figu1·e 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 \VLO. The 
console displays targets on PP! presentation 
which can be shifted to monitor vru:ious radar 
seai·ch displays. Shifting of the radar display 
permits systen1 flexibility in the event of mal­
function or poor reception of any one search 
radar. If the ai1' search radlll'S are equally 
receptive, the console oporator will select one 
that has a height-finding capability and tho 
narrowes t rad!ll' bean1. 

As mentioned previously, the target height 
quantity is eventually converted into an angle of 
true target elevation for use by the directors. 
\Ve observed that this eliminated large sector 
searching In elevation by the directors and 
therefore greatly reduced target acquisition time. 

Using the search radai· that has the narrowest 
beam further reduces target ncquisition time In 
that it 1nore definitively pinpoints the target's 
position. Search 1'adars have a much larger beam 
width than fire control radars. This means that 
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AJI SEARC'H: ..... 
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CON. 

I 

D ESIGNATION 
· --- ----- - - - - - --- - __ J r -- -- - --- -- - - ------- - ----- - - -

GFCS 

DIRECTOR 
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' TRACKING 
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l- --- - -- -- -- ------ ~ I 
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0 

63.19 
figure 7- 34. - \VDS s implified data flow. 
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SIGHTING 
RIHG 

TARG!T PIP 

' 

B 

r 

P AMTQGRAPH 

I 

{ 

~l'Me!OLS 
IH "PARKE;[)" 

POSI TION 

12.42 
Figure 7-35.-A. Typical target selection and 

tracking console; B. TSTC display. 

a certrun amount of refining or searclting by the 
fire control director is. required after it has 
been designated to a target by a relatively broad 

beam search radar. Correct radar alignment 
reduces the searclting 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 alert the other two to 
the threat of an attack. That is. the \\'LO'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 dlrectly over 
the target video on the radarscope. A small 
illuminated dot, which represents the position 
of the pantograph arm, will then be ::.-uperim­
posed on the tar&-et video. If evaluation indicates 
that the contact is a threat, the \VLO will order 
his console operator to assign a tracking channel 
to the target . 

There are a number of t racking channels in 
this equipment, Several tracking channels are 
necessary in order to separate the n1ove1nent 
data of one target from another when the console 
is used 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, etc. To activate a tl'acking 
channel for a particulal· bogey, the operator 
presses a channel button which is not in use, 
A small illuminated ci rcle with the channel 
letter designator wi thin will then appear in the 
same position on the radarscope as the dot from 
the pantograph a rm. 

The two target selection and tracking con­
soles in the weapons control station have more or 
less the sa1ne radarscope picture as the console 
In CIC. Tracl<ing channel C for exaniple, shows 
up in exactly the same position on sll three con­
soles provided the individual console controls 
are set alike. Dispar it ies in console pres­
entations occur when different r ange scales or 
radars are selected by the console operators. 
However, the true position of both tl1e symbols 
and targets is unaffected by the console controls. 

To reiterate, the presence of a t racking 
channel symbol super imposed on target video 
will cause the t r acking operators to commence 
tracking that particular target. Upon assigning 
a channel to a target, the console opetator In 
CIC parallels vi sible information 'ia sound­
powe1·ed telephones. It is i n this way that the 
\VLO can select the target to be tracked by 
weapons control. 

The evaluator or WLO estin1ates the target's 
weapon release r ange and the console operator 
manually inserts it into the system. Insertion 
of E\VRR (estimated weapon release range) is 
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accomplished at the \VLO's console by pressing 
the appropriate channel button and simultane­
ously ma.king tbe input at an attached panel. 
This channel circuit activating prerequisite per­
mits each tracking channel to have its own 
E\VRR. Knowing the target's EWRR aids weapons 
control in making a director- to- target assign­
ment. This is partlculatly true if multiple targets 
have been detected. 

Pre-battle intelligence relating to the enemy's 
aircraft types and weapon capabilities s hould be 
availuble to the ovaluntor, Studies will have to 
be made, based on all available inforn1ation, 
to provide E\VMs for different aircraft types. 
Standards will have to be developed for use in 
the absence of target amplifying data. The evalu­
ator , who is a very busy individual, may delegate 
the detormlnatlon of EW HI\ to the \VLO. Jn 
any event, the \VLO is responsible for its in­
sertion into the equipment. 

\VDE designation- accept circuitry has no way 
of knowing automatically which search radar 
is being used by tho target selection and tracking 
consoles. This presents a problem when search 
radars without height-finding capabilities are 
the sourco for target designation. Obviously, 
target height date. In this case are unreliable . 
Some means ls then necessary to infonn control 
personnel and lnoreasc the limits of the fire 
control directors' e levation search arcs. A s"itch, 
activated by a tar·get select ion 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. Thro\\'ing this switch is 
unnecessary on destroyers because the absence 
of height data aulomaUcally activates elevation 
unreliablo circuits. 

\Ve mentioned before that the \VLO selects the 
target to be tracked by weapons control. /\ctually 
his is n mochanioal selection which is an execu­
tion of the evaluator' s 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 \VLO wo1·k together ns n team. The \VLO will 
sometimes be required to ta..lte control of weapon 
direction when the evaluator is involved in an­
other facet of tlus extremely complex battle 
station. An alert \VLO may observe a tbreat 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 st8.l't shooting. The \VLO is merely establish­
ing a TS and TC track on the contact. 

Tracking at the target selection and tracking 
consoles is rate-aided. That ls, a target movement 
rate Is established whlch subsequently aids the 
operator in tracking. The rate ls generated by 
repositioning the pantograph arm lo coincide 
with the target's movement. \Vb.en the panl.ogroph 
arm is moved, and a rnte-nid switch Is activated, 
present target position data are inserted Into the 
tracking channel, Successive changes of panto­
graph position are electronically compared with 
p1·evious 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 lll'e nooded to 
establish a fairly accurate rate. ?;llnor correc­
tions are necessary as the track progresses to 
compensate for chan,,aes intiu·getcourse, 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 
\VCS are responsible for tl'acking in channels to 
which they have been assigned. The practice is to 
assign half of the channels to each operator. lt is 
then up to the selecting console In CIC to split 
up the tracking load. A tracking opel'litor can in­
sert target data into a charu1el only II he has ac­
cess to that channel. \Ve are spelll<lng now of 
electronic access and not predetermined re­
sponsibiliLy. Channel access Is electronically 
indicated by the presence of a small circle 
around the channel letter designator on the 
radarscope. A tracking console operator can 
gain access to a channel tbrough 11 switch on 
the pantograph arm or by presslng the desired 
channel pushbutton. 

!l is possible to display access circles for 
a particular channel on more than one console 
and fo1· more than one operator to nu1ke alternate 
corrections to tile channel's rate. It Is not 
possible for more than one operator to make 
rate corrections silnultaneously in that parti­
cular channel. In the event simultnneous Inputs 
a.re attempted, an electrical order of prcccdonce 
takes over and permits the channel to receive 
data from one source only. The console with the 
highest precedence is understandably in CIC. 
Precedence is also established for the two con­
soles in \VCS. 

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 from bottom to 
top on the scope with each increment equal to 
5,000 feet. If a 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 1·esponse to target height Information 
from the rnd8l'. Target height Is then visually 
apparent tc the operato1· when he compares the 
dot's ve1·tlca1 position to the inscribed indices. 

To put height intc a channel, the operator 
gains access, rotates a height cursor knob to 
align a height measuring spot on the scope to 
the vortlcal position of the video dot, and then 
operates a "height data in" sv,.ltch that stores 
height Into the channel. If a 3-coordlnate radar 
Is unavailable, the equipment can continue to 
send height data to the WCS provided height has 
been received in GEORE.E' report. The kno\Yn 
height data are s ubstituted for the vertical 
position of the video dot. The height cursor 
knob Is rotated until the measuring spot agrees 
with the reported height and tho rest of the 
Operation remains the s ame. Hel&ht data from 
another ship are not as accurate as that received 
from our own ship's radar; therefore the console 
operator throws a S\vitch that energizes the 
" elevation unreliable" circuits , except for de­
stroye1•s where this is unnecessary. 

THE DIRECTOR ASSIGNMENT CONSOLE 

Assinging the proper director In time is very 
important in A.fl. \V. The officer operating the 
director assignment console must be extremely 
well qualified. He must be aware of tactical 
considerations, and be able to comprehend the 
eJectronlo difficulties which sometimes beset 
this very complicated equipment . Ills elect ronic 
knowledgo mus t extend to all phases of di rector 
assignment and the director's ability to receive 
designations. 

Tracking data from a channel are fed auto­
matically from the tracking console 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). 
Turget video Is not present on these plots, 
but the plan plot shows target r ange and bearing 
by displaying the same cha1U10l letter designators 
we have discussed before. Tai·get course and 
spt.'Gd for a p91·t1cular channel oun be approxi­
mated on the plan plot by a vector which has its 
tail aUached to the channel letter. The vector's 
magnitude and direction correspond tc target 

speed and course. (See channel A in plan plot.) 
!\umbers which show the range and bearing 

of the di rectors are also displayed on the plan 
plot. The director numbers are always present, 
but 11. channel letter shows up only when that 
chnnnel is used to track a target. All of the 
symbols (numbers and letters) nro intensity 
modulated: that is, they show up on the scope as 
a vidoe presentation. The directors are num­
bered In Increasing numerical order from forward 
tc aft on the ship. All directors that arc used 
in AA \V have their numbers displayed on the 
director assignment console. The director num­
bers are also di splayed on the target selection 
and tracking consoles prov-tded the dlrector is 
tracking. If director 1 is tracking channel B. 
a l would be superimposed on the 13. 

The plan plot also presents a ship's heading 
mai·k, which is a 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 
bead marker represents the n1tssile blind zone 
for an aft.er launcher inslallaUon. 

The multipurpose plot is u5e1! for making 
time compBl'isons which enable the operator to 
select one of several targets for designation to 
a director , This plot permits tho operator to 
plan ahead in case the di rectors are occupied and 
cannot be assigned in1mediately. Tar&.-et 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 vertical 
length or height of the line is compared to 
inscribed indices on the scope which i·epresent 
time. The vertical t ime lines are "program­
med" to show when a director must be desig­
nated to a particular channel, so that a missile 
n1ay be fired to intercept bcforo the target 
reaches bis estimated weapon release range. 
The factors which affect the height of the ver­
tical line are target range and Speed, fire 
control directer acquisition time, weaponassign­
ment time, and E\VRR. Computations for these 
lines are based upon their application to missile 
fire control systems; however, approximations 
can be made which will apply to gunnery fire 
control systems as well. 

Pushbuttons on the left side of the di r ector 
asslgrunont console are used to "designate fron1" 
a tBl·get data sou1'ce. The source may be any 
one of the tracking channels, one of the optical 
target designation transmitters (TOTS) , or one of 
the AA \V directors which has p1·eviously acquired 
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Figure 7-36. -Director assignment console display. 

the target, Your ship may have two or four 
TDTs located at topside AA\V s tation(s). TDTs 
are used to designate targets which may have 
escaped radar detection. Designating fron; a 
director to another director is called inter­
dlrector designation; it is by far the most 
expeditious method, since the target is more 
accurately pinpointed by fi re control radar. 

Pushbuttons on the right s ide of the console 
are used to "designate to" a fi1•e control system. 
There is a pushbutton for each AAW director 
arranged in numerical order from top to bottom 
on the console. 

To assign a di rector to a target data source, 
the console operator merely presses a • •desig­
nate from" Simultaneously with a "designate 
to" push button. For example, if we wis h di rector 
1 to track the target in channel C, we would 
depress the C in the "designate from" column 
and the 1 in the "designate to" column simulta­
neously . If we want director 1 to track director 
2's target, we would depress the 2 in " designate 
fro1n" along with the 1 in " designate to." (The 

total number of directors and data sources is 
not showir in ftgure 7-36.) 

Circuits are then activated which automat­
ically slew the director to the target in range, 
bearing, and elevation. Remember, the accuracy 
of the elevation information depends on the 
reliability of target height data. Range and 
bearing accuracy depends primarily on the track­
ing ability of the target selection and tracking 
console operator. \Ve are assuming that your 
equipment is aligned and functioning properly. 

A director is released from designation when 
it ••sees•' the target with its own equipment or 
when the DAC operator presses a designation 
"release" pushbutton on the right side of the 
console. The "release" pushbutton will have 
to be depressed at thesametin1easthe director's 
"designation to" pushbutton. 

A tracking channel is "dumped" by using 
1nore or less the same procedure. Another 
release button, on the lower left of the console, 
must be depressed simultaneously 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 selection and tracking consoles by using 
the same procedure; however, a good practice 
would be to dump channels 01lly from the director 
assignment console. Undesirable accelerated 
moven1ent at the director may result if a channel 
is dumped when the directo1· is attempt ing to 
acquire the target. For this reason it seems 
advisable to dump channels fro1n the DAC, since 
it is the only console where director acquisition 
of the target can be viewed. As you will recall, 
the director's nu1nber i s not present on the 
target selectlon and tracking consoles until the 
direct.or shifts into the track 1node. 

An ever-present problem in weaponry is the 
limitation placed upon firing arcs by the ship's 
superstructure. For obvious reasons , launchers 
and guns are elect rically cut out if they are 
aimed at any part of the ship. The cutout area 
in bearing and elevation is referred to as the 
blind zone for a specific weapon. An after 
launcher cannot fi re dead ahead and a forward 
gun is cut out directly aft. The blind zone 

problen1 is still p1·esent even when sin1ilar 
weapons are located fore and aft, provided an 
attack is overloaded in one direction. The di rector 
<•SSignment console oper ator solves this proble1n 
by making course reco1nmendatlons to the pilot 
house. :Maxin1un1 fire power will be brought 
to bear if the ship places her llea1n to the 
expected attack, however , this is not always 
feasible. To rec01nmend a course, the director 
assignn1ent console opet·ator rotates a "course 
recon)mcnd" knob to the desired course, ac­
ti\.,.ates a. 11cou1·se rec1nd1

' sv.•itch. and an elec­
t rical signal positions a course in.dicator ln 
the pilot house. Course reco1nmendations are 
paralleled via the JA telephone circuit for general 
ir>ior mation and to give the officer of the deck 
an opportunity to intercede if the new course 
would endanger the ship. Jn making course 
recom1nendations, the DAC operator must con­
s ider the dead time before a. steering 01·der 
is given and the t ime it takes the s hip to complete 
the maneuver . A course is recomn1ended generally 
as soon as the target' s projected track indicates 
that he will enter the blind zone. 
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