
Chapter 1 

INTRODUCTION TO ORDNANCE AND GUNNERY 

A. General 

!Al. Definition of terms 

This text is concerned with the study of Naval Ord­
nance and Gunnery. Together, the terms 0 ordnanceH 
and "gunnery" embrace weapons and their use. 

Ordnance comprises the physical equipment per­
taining to weapons. This equipment is further classi­
fied as explosive ordnance, including such elements as 
gun ammunition: torpedoes: 1nines) bornbs, rockets, 
and the like, and inert ordnance, which includes 
projecting devices (such as guns, launchers, and re­
lease gear), protective armor, and all the equipment 
needed to operate and control weapons. Aboard ship 
it rders to all clements that come under the general 
tenn "ship's arm.ament." 

Traditionally, gunnery is the art and science of using 
guns. However, in the sense used in this book, the 
term is broadened in agree.1ncnt \vith modern usage, 
to include the operation and control of all elements of 
armament. Gunnery is concerned with the practical 
use of ordnance. 

1A2. Navy Department responsibilities for ord· 
nance and gunnery 

Within the Navy Department, the responsibility for 
ordnance material re.5ts chiefly in the Bureau of 
Ordnance. As defined by Navy Regulations, 1948: 

"The Bureau of Ordnance shall be responsible 
for the following, except as otherwise prescribed in 
these regulations or by the Secretary of the Navy: 

"The design, development, procurement, manu­
facture, distribution, n1aintenance, repair, altera­
tion, and material effectiveness of naval ordnance; 
the research therein; and all pertinent functions 
relating thereto, including the control of storage and 
tenninal facilities for, and the storage and issue of, 
am1nunition and ammunition details." 
The Bureau of Ordnance maintains field activities 

which contribute to the performance of its mission. 
These field activities include research activities, such 
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as the Naval Ordnance Laboratory and the Naval 
Proving Ground, inspection facilities, manufacturing 
plant<, such as the Naval Powder Factory and the 
Naval Gun Factory, and various storage and <listribu-
tion facilities. · 

The operational use of weapons is controlled by the 
Chief of Naval Operations through the fleet and force 
commanders, with appropriate liaison with the tech­
nical bureaus concerned. This control includes cogni­
zance over operational and team training. 

The Bureau of Ships and the Bureau of Aeronautics 
are concerned with the problems of design caused by 
the in-stallation of ordnance on ships and aircraft, re­
spectively, and their plans are coordinated with those 
of the Bureau of Ordnance in the satisfactory solution 
of these problems. 

T he Bureau of Naval Personnel is charged with the 
responsibilities for training both officers and enlisted 
personnel as individuals in the performance of their 
professional duties, except as otherwise assigned, and 
for the procurement, distribution, and record keeping 
of all personnel of the Navy. Training programs for 
all gunnery personnel, except aviation, are maintained 
by this Bureau. 

1 A3. Department of Defense responsibilities 

In ordnance and gunnery, as in aH other matters> 
the Navy functions not alone but as one member of a 
team. The Army and the Air Force both maintain 
ordnance establishments and both are interested in the 
art of gunnery. Ordnance equipment is usually de­
veloped by and procured by the service primarily in­
terested. Doubtful or borderline cases arc assigned 
to one service or another; for development \\'Ork> by 
the Research and Development Doard; for manufac­
ture and procurement, by the Munitions Board. 

T here are hundreds of cases in which an item of 
ordnance equipment is used by all three services. For 
instance, the Navy and the Air Force both use Army 
rifles and pistols; the Air Force carries Navy mines, and 
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the Navy. Air Force bombs; the Army uses some l\avy 
projectile fuzei, and the Navy, w.ttal Army rocket 
fuze<. When one service drvclops and procures a ce­
vicr. for another, it usually furnishes all appropriace 
spare parts, tools, and instructional material as '""ell. 

Neither the Marine Corps nor the Coan Guard 
maintain> ordnance departments. Each of chese serv­
ices ha~ upon occasion developed and proruN"d highly 
spccialii.d equipment for it.<elf; ordinarily, however, 
they are dependent for their ordnance upon the Army, 
Navy, and Air Force. 

1A4. Function of the gunnery department aboard 
ship 

The 1·equirements for battle arc the basis for the 
organizntion of the combatant ship. Under Navy 
R•gulations, 1948, in ships whose offensive charac-

ttri<tics arc primarily related to ordn:u>« or aircraft, 
one of the major .-ommand dcpanments is the gunnery 
dcpanment, headed by the gunnery officer. He is 
conttrned primarily with the mo.intenancc, upkeep, 
and operation of all the equipment in the ship'• arma­
ment ( with the exception of that of the ship'• aircraft 
in ships hoving an air departm•nt). His department 
is organized into divi~ions, the numhcr and function 
of which dcp<:nd upon the class and purpo,;e of the 
ship. 

In auxiliary v•sscls, and certain other types whose 
offensive charactcrinir.s are not primarily related to 
ordnanc• :ind aircraft, gunnery is a secondaiy fun<tion 
oi the deck dcf>"rtment, which is headed by the fim 
lieutenant. In this case such ordnance equipment as 
is carritd is the responsibility of the first lieutenant, 
usually cxcrrised through a gunnrry officer who i< one 
of hi~ assistants. 

B. Scope of the Text 

1B1. General 

This text is planned to satisfy se•·cral needs. It is 
intended 3~ a training t°'\ for mid~hipmc:n :uid officer 
candidates. It will be useful to gunnery department 
officer pcrwnnel as a referrnce and as a guide in the 
gunnery 0<pecu of shipboard organization. And ic i; 
intended to serve as a convenient refrtence for all 
office!'$, other than those in the gunnery department, 
who have ocrasion to deal with any aspect of United 
Stat" naval wcapons-liSCAI, supply, pa-sive, de­
ft:ruivc, etc. 

Thi• text is not intended tn supc11•de or supplant 
otr.cial publicatiom of the Chief of ~aval Operations, 
the Bureau of Ordnance, ar the Bureau of l\'aval Per­
sonnel with ttgard to doctrine, weopons and ammwi­
tion, shipboard organization, or shipboard op<-ratioru. 
TI1c reader is referred to official publications of these 
authorities for instruclions on these n·i:1tters. This text 
\\:ill, hc)\vt.vcr1 serve as an introductory guide to the 
official publications on these niatte11. 

182. Prutnlation of the subject 

It is difficult to present a clear understanding of the 
structul"t" of ordnance mecha.nisms \\'ithout some con· 
sideration of their operational use. Similarly, the 
suc:ce<Sful Study of gunnery depends upon a thorough 
understanding of the weapons and inst.ruments used. 
In this book a compromi.c is efkcted: Volume I con­
centra1es upon the srudy of \\•capnn~, ,,.,ith rninimurn 
rcfcrcnc:e to control, \vhile volume 2 as~Ul''llCS knovv]. 
edge of the fim part and is concerned with fire connol. 

Emphasil has been placed upon functional opcracio:l 
of ba.ic •y•trrns rather than upon the detail< or a wide 
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variety of individual instrumentJ. This book was not 
\vritt~n for the maintenance man or the repair ttt.h­
nician. Ordnance Pamphlets arc a•-ailable for all 
equipmtnt discussed in this ~xt and should be con­
~ultcd when more detailed informati<m is required. 

183. Naval weapons 

The weapons to be discussed in the first part of the 
book include: 

Cun1. A gun typically consists of a tube, closed at 
onr rnd, from which a pmjectil• is fired by the burning 
in an <'nclosed space of a propellent charge. Guns are 
gencral-purpo<e "ta pons used 'lgainst ships on the sur­
fare, aircraft, shore iiu-.allation-, and ~rsonnel. 

Rockm. The rocket is a self-prapelled weapon 
"ha>c ab.<:ncc af recoil maktt it p•rticularly suitable 
for firing from srnall craft or aircraft. 

Cuid•d missiles. These are new weapon.• undercur-
1·cnt development. They may travel great distances 
with heavy loads, and self-propelled, and contain a 
mcchanilm capable of directing their own Right. 

Torptdots. A torpedo is a self-propelled under­
water missilt used against ships. 

.Wints. Minrs are typically static weapons u..d to 
hinder enemy operations.. 

Dtpih chartts- These are :inti•ubmarine weapons 
which arc exploded at a set depth or by proximity to 
a submarine. 

lJomb.r. The tenn bombs covers all mi.<silcs 
dropped from aircraft except torpedoes, mines, and 
gu ided missiles. 

Chtmicals. This term is ulCd to describe a variety 
of solidi and gases which can be finod in projcctiles 
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from guns or mortars or dropped from aircraft. In 
World War II they were u•cd chie.fly for screening and 
as in(cndiaries. 

184. Ballistics 

Bnlli<tics is the science of projectile motion. ft falls 
naturally into t\ .. 'O aspecu; interior ballistics, \vhich 
treats of the motion of the projectile within the bore 
of the gun, and axtcrior baHistics, v .. hich considers the 
action of the projectile in Right. 

Each of these fields is the subject of careful and de­
tailed study by specialists. Their findings are of 
enorxnous irnportance in gun desig·n and in the de­
velopment of fir<~-control instruments. A general 
understanding of ballistics il cs.<ential to the naval of­
ficer afloat, so that he 1nay achieve the best results 
\ .. ·ith his ordnane-c equipment. 

1 BS. Fire control 
The practical application of exterior ballistics, and 

the n1ethods and devices used to r:ontt0l guns and ocher 
"vcapons are knov,,.n as fire-control. 'fhe second part 
of the book treats of this subject in some detail, but a 
brief listing of some types of fire control equipment at 
this point may help the student fom1 a better picture 
of the ordnance equipment found ahoard mo<t ships. 

Rangefi11d1m. Rangefindcrs are optical instruments 
used to measure the distance to the target. 

Rodar. Radar, using eJt.ct.ronic means> provides 
rnore accurate ranges and, in addition, rn.ay mca.1iUl't: 
bearing and elevation of the target. 

Directors. Directors are mechanical and electrical 
instruments which control guru from a remote sta­
tion. T hey arc us11ally located at a higher level than 
the guns to provide greater range and better visibility. 

Rangekeepe·rs and computers. Rangckeepen and 
computers are mechanical and electrical, or electronic, 
instruments v.•hich automatically and continuously 
compute information needed to direct gunfire. 

Stable el•mentI. Stable elements are gyroscopi­
cally controlled mechanisms which measure movement 
of the ship with respect to the horiiontal and compen­
sate for the effect of this motion. 

Transmission s-ysterr1s. Transmis..sion systems are 
used to send information fron1 one station to another; 
for example, to transmit gun orders automatically from 
the computer to the gun mount. 

186. ldentiflcation of ordnance equipment 

Each assembled unit of ordnance equipment is 
identified by a name, a mark number, a modification 
number, and a serial number. This information is 
stamped either on the equipment itself or an attached 
plate. Whenever a basic change in design is made, a 
new mark number is assigned. Modification numbors 
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arc added ,.,.-hen a minor alteration of design has been 
made. Individual units of identical design have the 
same na1ne, mark, and modification numbers, bul have 
different seria1 numbers. 

An example will help to illustrate the use of this 
identification system: Computer Mark I Mod 0 is 
the first compurer designed. The Computer Mark 1 
Mod 1 is similar to the Computer Mark J Mod 0, 
but difkrs in some details. Serial numbers a.re usu· 
ally assigned on the basis of finished assemblies. The 
n:tme of a gun includes its caliber. as 3-inch 38 caliber 
G 1in Mark--12 Mod I. . 

When the Navy uses items of Anny ordnance, the 
Anny nomC'nclature is retaine.d. In Army non1encla· 
turt, M corr•-<ponds to Mark, A to .Modification; for 
c:.x:1mple, the Carhine MIA I. 

r n f(:fcrring: to a piece of ordnancr., the information 
required for idcntHi.cation depends \1pon the circum­
stances. If reference is made to functions only, (he 
name_, mark, and modific.atton ""ill be sufficient. If_, 
hov ... cver, spare parts are being request.Cd frorn the Bu­
reau of Ordnance> the: ~~rial numher ni.."l.y aho be 
nete.ssary. 

187. Knowledge of material 

The operation of much ordnance equipment calls 
for detailed knowledge. Some details are included in 
this text, but the officer working with the gear should 
not be content with the coverage given here. 

Shipboard installation.• can seldom be disassembled 
for the purpose of instruction, but a young officer 
should miss no opportunity to observe the disassembly 
of equipment for repair. At other times, he must 
study pamphlets, blueprints, ordnance circular letters, 
and other sources. He should not be satisfied until 
he is entirely familiar with the equipment assigned to 
his charge. 

'!'his infor.rnation is essential to the gunnery division 
officer, not only because of his responsibility for the 
equipment itS<:lf, but also because he is responsible 
for the training of the cnlilted men assigned to him 
for the operation and maintenance of the equipment. 
Without this knowledge, he will lack the nece-.ary 
confidence, and his men will be quick to notice his 
deficiencies. Of course, much confide-nee can and 
rnust be place.d in the senior petty officers, but this 
does not relieve the division officer of his responsi­
bility. 

1 88. Care of material 

The Bureau of Ordnance issues complete instruc­
tion for prop<::r maintenance of ordnance inatcrial. 
These instrurtions should always be consulted and 
followed in detail. 
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All ordnance material is c;irtfully manufanured, 
u~ul-\lly co clost tolerances. Any l'.areless treatment i~ 
Jiktly to damage scrinusl)' a valuable piece of equip­
rll<"nt, disabling it when it may t>.. needed most. In 
win~ any rme apparams, it ;, wise to be go,·erned by 
C"C>1tln1on sense. The equipment was built to funcrion. 
If it dnes not, llOrncthing is wroug, and physiral forc­
ing \\lilt c..i.usc trouble. Levers, knobs, buttons, and 
switches <hould not be tourh•d by a person who does 
not know what th•y wm do. The Burtau of Ord­
Mn<t' ~1anual ~latcs: 

"The pennancn1 damage don• in a single day of 
txpcrirncntation by incxperit"ntl"d personnel has 
frequenily exc~-cded 1 hat which. with proper care, 
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might be cxpc<"ted during the entire nonnal lift of 
the: rnaterial.11 

189. Safety precautions 

0\-CT a period O( many yea"" various ru)cs h3\0 C" bf".(".n 
•>1abli!hed to prt"·ent a.-ualty to pcrsonnd through 
c~rtl~ness or i1uproper use of cquip1neru. ·rhcse 
111lcs are railed $3fety Pre<:autinns and arc published 
br th~ Bureau of Ordnance, having the full forrr of 
rtgUlatioru. They ha,·e b«n fonnulat•d through 
altual C'.xpericncc '' ith ordnanN"~ and are rtviscd as 
nN'ded. 

Selected safety pr<'"cautions arC' included iii app<'n· 
dix A of this book. 



Chapter 2 

EXPLOSIVES 

A. Introduction 

2A 1. Fundamental ideas 

The value ol ordnance fa-s in itt po,,.., to dct!roy. 
This d<optnds on the 'use of explosivM more than on 
any other fortor. The gun projectile rcarh"' the tar­
get bc<-au.,... of th• energy rtlcascd by the proJl(lltnt 
charge; it di<rupts ddenso:s and hara>"' enemy per­
>Onnd priml\rily to the •xtent that the bumiog charge 
it carrie• ls cITcctive. .Mines and torpcdoc• t•ar holes 
in the ;tee! •kill of a sh.ip b<:rausc of the force ,.leased 

by the great quantity of high explo>ivcs they contain. 
Onr ol the molt importallt aspects o( the history of 

ordnantc i1 the dc•-..Jopmcnt of ex1ll0ti,·es lrom the. 
weak and unstable gunpo" der of Rngcr B.•con to the 
highly sp<'<'ialized expl0$ivcs of today. The latest dis­
cover)· \••4u nuc-lrar fusion and its relrasc of trctnf'ndous 
explo.h-c energy. 

Tht present rhapter is confined to ll di!Cul\!ion of 
the charnricristir•, use, and handling ol chemical " · 
plosive> turrrntly used in the United Stat« Kavy. 

B. Explosive Reactions 

281. Prelimlnary 

Most people know that chemistry and ph)~ics are 
sciences which deal with malttr and tn• rgy, •nd that 
mat1er and encrizy arc dose!)' related. Chemist!)· 
deals with the con1position and changr.• in composit ion 
of •ub31nnr•s, and a chemical change i< a definite 
permantnt change of certain properti•s, with the for­
mation of nc,.,· sub.stances.. Such chnn,gc~ arc ah.;ays 
accompanied hy a gain o r lo~• of energy. Whenever 
a chemical change takes place. there is a thcmicai 
reaction. 

An cxplc><ion is one kind of a chemicol change. It 
is a rapid •nd violent rdeast of energy, produced by 
the rapid rhcmira1 decomposition ""d O)(idation of 
an)' of several •ubstan r.l'S called explosiutt. It is true, 
o f counc, tha t the term explosion is oftrn applit.d to 
\•iolcnl rcJcn1C":!l of cn<-rgy not involving cxplosi\e sub­
•tanccs. In the explosion of a boiler, for example, the 
Mller (or •t•am) is not considered an cxpJ.,sivc 1ub­
stancc. But in this text, the term cxpl01ion is reserved 
to describt a chemical reaction that produces heat, 
and fomis decomposition products, some or all of 
which are gases. An explosion is simply a rearrange­
ment prort<'- whet hex it ;, a rapid bu ming ( as io 
some cxplo>ive•) or a violent det.onation ( as in others) . 

r..1an}' niodcrn explosiveli are based on c.:l1cmical 
compound• containing nitrogen. Though nitrogc:i 
it.elf is chemic.ally a relatively inert gas (it makes up 

4il8,l1 ()-$7--2 7 

most of the atmnsphe.n:), its oxidized form combines 
with other clcmcnL\ to form (among oth~r product.s) 
mort' vr lcs~ un"Jt~tb!e chern!cal compound~ '"hich e.x­
plode 'iolcntly in the sern;e of the ""rd as U\rd in this 

Fu:ai~s 2R 1 .-Srnolie!es.s J>O'~·der grains (caliber .30 to 
16"/30); the two y.·hitc grains are Sl'CO powder. 
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text. This violent explosion (or decon1position and 
rearrangement) liberates lar·ge a1nounts of heat and 
produces large volumes of gases, which expand and 
occupy a great d~al n\ore spa('.e than the c:xplosivc did 
originally. An explosive reaction, therefore~ al\·.·ays 
produces a sudden rise io pressure because of the for· 
1nation of gases and the.ir expansion hy the heat lib· 
eratc:d in the reaction. The sound and shock vlaves 
associated \.\1ith an explosion are caused by this sudden 
ri5e in pressure. 

It , .. ·ill be seen latr:r that the t'ise in pressure 1nay bt 
r.ornparatively sJo"" or it may be so fast as to be alrnost 
in .. ~tantancous. . But whether ar1 explosion is fast or 
slo\ .. \ it is a decomposition and rearrangetnent of sub­
sta.nces and is thert.~forc basicallv a chen1ic.al reaction. 

For a discussion of atomic exP1osive-.si see volurne 2 
of th is cours~. 

282. Classification of explosive substances by re­
action 

Explosiv<.' substanres inr:lude a large nurnbcr of 
chen1icai ('.0111pounds and mi..-..tures. 1"hc greater nurn­
ber of military •xplosives fall into the following 
groups. 

I. Explosit;e inorganic compounds. Lead azide is 
an ~JC.arnplc. Lead azide is used as tl1e detonator in 
n1a jor-r.aliber fuzes1 because its relatively lo\\' sensjtiv­
ity permits the projectile to penetrate annor plate be­
fore the detonator funct ions. 

2. Explosive organic compounds. In this group are 
the main military •"f'losives. It includes nitrated de­
rivatives of the carbohydrates (example: nitrostarch) , 
and the nitrated derivatives of aromatic compounds, 
such as trinitrotoluene (TNT). The prefix nitro ap­
pears in the chemical names of several modem explo­
siv<.·s, such as nitroglycerin~ nitrocotton ( the main con1-
ponent of smokeless powder), trinitrophenol ( picric 
acid), and others. 

3. ;,\fixtures. This group includes mixtures forn1ed 
.. by oxidiiable and oxidizing bodie.~, solid or liquid~ 
neither of these being explosives separately. Black 
po, .... der is an cxarnple. 

\'\'ith regard to their type of reaction, ho,,..,•evcr, e-x­
plosives arc classified as low (sometime~ called burn­
ing or pro~rP.ssio;t) and high. This speed of burning 
or breaking up is consider~d the rnost in1portant c.har. 
acteristic of an explosive substance. 

1\ lou.J explosive reaction is a true burning, \\*h ich 
proceeds from point to point throughout the explosive 
substance, accelerated by the he.at and pressure pro­
duced. Since a low explosive bums, it builds up pres­
sure cornparatively slo\\.'ly, delivering a povverful but 
controlled push to the projectik, following through all 
during the projectile's n1ove1nent in the bore. Lo,.,. 
explosives aJ,.,·ays contain a source of oxygen> and one 
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or 1norc con1bustive e!en1cnts such as carbon or hydro­
gen. Because the explosive. itsdf contains all the oxy­
gen required for the reaction, the combustion can pro­
cee.d 'vithout support from outside sources. Among 
the \\•cll·kno\'1n burning explosives are black pov.·det~ 
ballistitc., United State; Navy smokeless powder, and 
Cordite. 

NOTE.: The term ' 'lo\•/ explosive" is no longer recog­
ni?.ed by specialists as a distinctive term denoting a 
cJas.s. of explosives, since many explosives of this type 
c:an be n1ade to react Jike- high explosives under cer· 
tain c.onditions. Ho, .. ·cvr:r, the tr.rn1 continues to be 
used i11 thls text be,causc the classification, though per­
haps no longer accurate enough for the spec.ialist: is 
sti ll " usd ul t'onccpt for the student. 

Hip,h explosivf.s give r·ise to reactio11s that proceed 
a1rnost instan tan<.·ously throughout the explosive inas..(j;. 
They produce their pressure (with a shattering effect) 
alrnost instantaneously, in ""hat is called a de.tonation. 
If a high explosive wer• 10 be used for a propellant in 
a cartridge cas<.· ~ aH its energy '"ould be use.d in shat· 
tering the gun before. the projeetilc had a chance to 
rnove, Combustible eJr.mr:nts and oxyge.n are usuall)', 
hu t not a)\vays, present in high explosives. 'l'hese sub· 
stances arc charac:teri1.ed hy unstable molecules that 
includf. \':eakly attach<'<l parts such as nitrate and nitro 
groups. The initiating impulse. bt'ings about a break­
ing do""'') of the c.hemical bonds, and a moleculat re­
arrangement occurs so rapidly that the evolution of 
hot gases is almost sin1ultaneous througho\lt the mass. 
Some examples of high explosives arc: TNT, RDX, 
HBX: tctryl, and ammoniurn picrate. 

Primary explosives, like high explosives, detonate 
'"'he.n in itiated, but they arc extremely sensitive and, 
as a class, have less power, weight for weight, than 
high explosives. Hov.'ever, there. is no abrupt, sharp 
dividing line between primary and high explosives. 
Pri1nary explosives are used chiefly to initiate explo­
sive t rains. Primary explosives in current use in the 
Navy include lead az.ide, tne.rcur)· fulntinate, lead 
styphnate, diazodinitrophenol ( DDNP), tetracenc, 
and nitrornannit.e. 

283. Classiflcation of explosive substances by com­
position 

Front the standpoint of their cornposition, explosives 
ntay be divided into 1:xf>l.o.tivc rnixturr,s and 1::cplo.~io1: 
con: pounds. 

Explosive n1jxtures are an inti111ate 111ixture of dis­
tinct substances, carefully prepared and n1echanicall>• 
c:onglon1erated in varying proportions. Explosive m ix­
tures n1ust have some oxygen supplier sucl1 as nittat.e 
or chlora te> and son1e combllstible such a.(( carbon or 
sulphur. lllack powder is a typical example of an C.X· 

plosive mixture. 
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Explosive compounds arc homogcncou.s substances 
whose mole<"ulcs contain ..,;thin themselves the oxygen, 
carbon, and hydrogen necessary for combustion. 
\\'hercas the characteristics oi explosive mixtures can 
be varied by changing the proportions of the com· 
ponenrs, the clements constituting an explosive com­
pound are ah .. ·ays present in the molecules in the same 
propo1·tions. Therefore, the nature of the explosive 
compound cannot be changed by varying the quan· 
tides of the constituent elements. ExpJosive com­
pounds of different characteristics can be obtained, 
however, by nitrating the basic substance to different 
degrees. Expl®ve compounds consist very largely o~ 
organic compounds (hydrocarbons) into which nitric 
(-1\0, or -0-:-10,) groups are introduced by the 
procc>s of nitration. Examples of cxplosi,·e com· 
pound' produced by nitradon arc cellulose nitrate, 
nitroglycerine, TNT, ammonium picratc, tetryl, and 
RDX. 

284. Characteristics of explosive reactions 

The most important character[stics of explosh•c re­
actions arc as follO\.\<-S: 

I. V e/ocuy. An explosive reaction differs from 
ordinary combustion in the velocity of the reaction. 
This i.! abo the basis for differentiation between high 
and lo•• explosives. The velocity of combustion of ex­
plosives may vary \.,·ithin rather ... .,.ide li 111its, dcpe.nd· 
ing upon the kind of explosive substance and upon its 
phys[cal state. The hurning rate of colloidal cellu· 
lose nitrate po\vders used as propellant~ in modern 
gum is in the order of 24 centimeters per second at 
a\•erage gun pressures, whereas the velocity of reaction 
of high explosives ranges from about 2,000 to 8,500 
meters per second. 

2. Heat. An explosive reaction is al\ ... ays accom· 
panied by the rapid liberadon of heat. The amount 
of heat rcprc•cnts the energy of the explosive and henr.e 
its potentiality for doing work. It may be supposed 
that the quantity of heat given off by an explosive reac· 
tion is large, but this is not necessarily the case. A 
pound of coal, for example, yield< five times as much 
heat as a pound of nitroglycc.rinc. I-IO\\'c;vcr, coal can .. 
not be used as an explosive, becau~ it faib to liberate 
heat \vith sufficient rapidity. 

3. Gaus. The principal gaseous products of the 
more cornmon explosives are carbon dioxide, carbon 
monoxide, \•tater vapor, nitrogen, nitrogen oxides, hy­
drogen, methane, and hydrogen cyan ide. Some of 
these gases a re suffocating; some are actively poison· 
ou~. 'J'he gases from low explosives arc rarely danger­
ow, 'inee they usually escape at once into the open and 
are dissipated and diluted with air. Generally speak· 
ing, the commonly used high explosives produce a large 
proportion of noxious gases, which are particularly 
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dangcrow, since under nonnal conditions of use these 
gaSC$ do not dissipate rapidly. Projectiles filled .,.;th 
high explosives often burst after penetration into con­
fined ;paces lrom which the ga.<es arc not easily 
evac:uat!d. 

Some of the gaseous products of explo<ive reactions 
are themselve$ ffammable, or form explosive com· 
pounds with air. Among these arc hydrogen, carbon 
monoxide, and methane. The. Oame a t thr. muzzle 
of a gun when it is fired results from the burning of 
these gases in air. Similarly, residue• of the explosive 
mixture rrmaining in the gun, or blown back by ad· 
verse winds, have been known to ignite when brought 
into contact with air as the breech is opened. The 
ignition may come from the high temperature of the 
gas or from the burning residue in the gun bore. The 
r~sulting explosion may transrnit flarne to the rear of 
the glln, producing what is called a fl,areback. Flare· 
backs may ignite fresh powder charges being served to 
the gun. This danger has led to the adoption of gas· 
fXJ"'lting devices on guns installed in enclosed com­
partments or mounts. 

4. P1,,suu. The high pr<SSurc accompan)•ing an 
•"•plosive reaction is due to the formation of g-..cs 
which arr expanded by the heat liberated in the re­
action. The work which the reaction is capable of 
performing depends upon the volume of the gases and 
the amount of heal liberated. The maximum pres­
sure developed and the way in which the energy of 
the explo•ion is applied depend further upon th• 
velocity of the reaction. When the reaction proceeds 
at a low velocity, the gases receive heat while being 
evolved, and the maximum pressure is attained com­
parative!\• late in the reaction. If, in the explosion 
of another subsrance, the same volume of gas is pro­
duced and the same amount of h"1t is liberated, but 
at a g·rcatcr velocity, the ma.ximurn pre:Mure '"till be 
reached sooner and .. viii he quantitatively greater. 
Ho\vcvcr. disregarding heat losses, the "'Ork done \ .. ·ill 
0,, equal. The rapidjty with which an explosive 
d(~vel<.>p.s its maxin1u1u pressure is a mrasure of th.c 
quality knohrn as brisance. A br;jant cx/1losit.'t; is one 
in which tht' maximum pressure is i\ttainr.d so rapidly 
that thr effect is to shatter 1natcrial surrounding it or 
in contact \vith it. 

285. Sensitivity of explosive substances 

Tht. amount of energy necessary to initiate explosion 
is the measure of the .ensitivity of the explosive. Sen· 
sitivity is an in1portant conside:ration in selecting an 
explo•ivt. for a patticular purpose. For example, the 
explosive in an arrnor-pie.rcing projcctilr must. be. rela­
tivt'l}' insrnliitivc; otherwise the shock of impact \\7ould 
detonate it before it had penetrated to the point de­
sired. Again, if the mole.cular groups in the CJ>l'losivc 
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are jn s.u<:h unstable <'quilibriu1u that the n.:.a.ction startS 
spomanrnuslr, or in rcspons.- to a slight blo"·· the 
substance ~n have no practicaJ application '' hatever. 

Tt Wtti> originally considcrt'."d thi\t thl· f.X>'-'·cr of an 
c:xplosivr , ... n, n1f"asured by the sensitivity and that th.e 
rnost p0~\1¢r[ul explosives "'er~ the 1nost .sensitive. ln­
\'Cstigati<>n has proved that this is not. tn1t. TKT is a 
good <:xa111plc of a v<:r>' po"'•etful t'Xf>losivc \\1hich 
undC'r ()rclinnl'y circu1nstanc.cs req11i1'C"S a $Cverc shock 
10 initiate i:xplosion. 

286. Initiation of explosive reoctions 

1\n expl<Xive reaclion is initiated h>" tht> application 
of en~rgy. The preferred method of initiation de­
pend~ on the <haracteristiC"s. of tht inclividu;'ll <:xplo­
:;l1,·c. llo\vrvrr, in accordant·c "'·ith the dual f'lassf. 
fl.cation <>r Pxplu . .,:ivt'S into lou: and hi.eh, t h1.: '"'O n1eth­
ods of initintion romrnon ly distinguished arr: 

I. Ry heat. Lo\v explosiv~ tire" ('011u11onl}' initi· 
atcd by heat: a.ncl the resulting reaction is a hurning 
})fOCC:~), \\1hith occurs on the exposed surfact:s of the. 
substanrc and ))rogrcsscs L'1rough thl' rna\) a.s ._.-ach 
layer is t:onsumcd. Sorne high explosives ,,;11 t"C'aC't 
when <ulli<'it•nt heat is applied. "P<'Ci•llr if heat is 
applied suddenly throughout the mass. Initiation by 
pcr<"1u~it>n (di re<'t b lo\ .. ·) or by friction i'i .)irnfJly an­
oth«r Conn of initiation by heat deri,·ed fronl: the 
energy of th<' blov.· or frictl~n. 

2. Dy .tltock. High explosives. such a" the 1uain 
chargf"~ t1r 111iucs or torpcdoesJ it) gencrt1 I require the 
sudden applira.tion of a s.trong shock nr detonation lO 

iniciatr the i;:xplosivc reaction. Thii. d~touo.t.tion :s 
usually obtainl'd by exploding a smallrr charge of a 
O)(')ft' SC:fbitivc high E".xpl~ive 1hat is in c:ont<.t(.\. ,,-ith 
or in clost prox,irnity to the main chargt. The !IInaller 
charge can readily he exploded by heat or •hock. 

11. has frequently hef'"n de.rnon.stratt.:d thnt detonation 
of an txpln.sivc- 1nass can br. tranoi;rni~t<:d to othl·r 
nlil.sS<:s of high ~xplo~iv<.: in the near vicinity, '"ithout 
artuil.I conhtt't. '"fh~ $r.<:ond explosion oc<·urring unde.:r 
these c-nndi1ions is said to br: initiat~d by infl11~nce, and 
it has bctn gtnrrally accepted that thr ini1ia1in.g cffctt 
it\ the rei.ult of the pass.age of an t.•xplosiYc pcrcus.~ion 
,,,·a\·c frt>m ont 1nass to the otht"r. Tiic: ic.·cond ex­
plosion is rnllcd a sympathetic .xplosion. The dis­
canre through ,,.·hich thi'> action rr1ay take place varies 
\11·ith the kind.c; or exµlostve, th~ inttrvtning 1n1.:diun1, 
and t·c:rtain (')thcr condjtions. 1'hc- trernrndous energy 
of the pcrt·ussivc \ .. ·ave in an under\''attl' txplosion is 
evidenced by tht· i1n 1ne.diate upht'aval uf the "''ater 
v.·hcn thP rxplosion occurs. 'l'he g~yser·l ikt.• erupt ion 
\vhich (.)<.'curs ~hnrtly aften .. ·ards is caus.l'd by the rise 
of the g~e' of the explo•ion to the surface. 
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287. The txplo•ive train 

'.\fodtm c.,plosi,·e dt?\·i<'e<, even of simple types, 
very rnrtl)' r<>ntain one exp!osivf" nr f'xplo:sivc com· 
pontnt only. Thry commonlr apply tho principle of 
chain rtaction: in \ .. ·hich a chain or train of t•lcments 
functions in srquc-nce. The first part of the train, 
called the initiator, pritnet, (;ap, or d(•touator, begins 
the accinn "·hen set off by an electri('. current, shock, 
h~at1 fric tion, or !iorne othc:.r stimulation. --rhe heat or 
shock of ''Jllosion of this fit<t part of tho train set• off 
one or rnorc surett'ding parts in scquenre. Dtpending 
o:i thrir functioning. these are <"alltd i1rnition booster 
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or auxiliar1• <'harge$. Tho final link in this intennedi-
atf' te-quc-n<:c: ( ,,·hi<'h mar consi:>t of one or more such 
links) i.~nilt~ or dctonah:s the main (bu r1lt1, disrupte.r, 
or proprllcnt) rharge. 

'1 'hert" n rt ''"0 1n~tin types of explosive tr•,.in, depend­
ing <.ln tt:t· purpo!ic and nature of thr. rnain cJ1argc. 
ProprJli l'\g'. nr iinpulse rhargcs are 1¢\V (;..xµlos ives in. 
tendtd to dovd<>p, through rapid burning, energy to 
bf" 1~s.e-d fur propulsion. .A.n e.xpJosivc train for a pro­
pdlmg rharge generally begins with a prin1cr which 
pmdur<-s a hot flam~. This ms off the ignition charge 
( comJ'O<"d of " flamc-p:-odur;ng explooive- black 
powd<r) Last in the explosh-e tmin i• th• propel­
lent f>C>"d<'r or grain itsf"lf, \vhich bum1 to produce 
the· hm high-pr.1sure gas.:s which proprl the gun pro­
j•ctile or rcx·k1:t. 

In t ho' explosive t rain designed to detonate a high 
explosive. thr M"<Jl.lf.'11<.·<; of opcratinn in g<:ntral de .. 
pcnd!i nn tht transmission and au11>1ification of sh()(.k 
rathl·r than n hol Aarru:. The initiating c.lcvicc con­
tains :\ M'n)iti,·c explosive \-vhicl1 producr-' c:hock \vhen 
set off: 1ht initiating s.hoc.k $el$ off the booster or a 
series of boo.tr.-. or auxiliaries; th• rnagnifi~ shock 
dc:onau• ... th(; 1nain charge. Tht> booster mny be com­
posed O( tht" '3111C l"Xplosivc a.c; thf" Jllain charge, but 
in n1orc 5cnsitive fornl:. Thus, granulntrd TNT> 
\vhich i~ Jll()f(" ~cr1sitive than th~ cac:t vnricty, is used as 
a boo,tcr in depth charge.. 

288. Classification of explosives according to serv~ 
ice use 

N:ival rxpln1.ives rnay be rlas.c:ificd according to the 
use to ,,·hich thf'}· are put.: 

I. Prop,1Ja11ts and im.bulu explosives. These ex­
plosivti are uYd to propel projectil~' from guns, to 
propel rt>(keb, launch torpedoe,, launch depth charges 
'.rom projt.cto.-., and Ci<tapult airrraft. They are all 
1Jur1ung or lou.,• explosives. Examples nre srnokeJcss 
powdrr, ballistitc, Cordite, and black powder. Figure 
2B1 shO\\'S srnr,keless povvdt·r grainio o f various sizes. 

2. Disrupting explo.<iues. Explosives of thi, classi­
fication 31't all cJnpJoycd to create darnagc to the tar. 
get under attack. TI1ey arc all of thr hi11h explosive 
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l>'JJC and arc uicd alon~ or as part of the explosive 
rha rgc in n1 inr~, bornbs, depth ('.hargcs, and to rpedo 
\ .. ·arheads: and in projectiles as a burster charge. 
There is- a \vidc; varic.ty in this category. hut the n1orc 
comruou cxa1nples arc RDX, T :'\T! ammonium pic­
ratc, and tetryl. 

3. Tnitiatirtg {f;rimary) expfosives. A< explained 
in a.1·ticlc 2B6, the init iation of a n explosive re.action 
requires the ap!Jlicacion o( energy in sorne for1u. P ro· 
pellants are cnnlrn<>nl}' lgnit~<l by th<: 3.pplir;)t ion oi 
Aarne; \•.:hile disrupting c..xplosives nrf> set off by a 
severe s.hock. lvf.nny prin1a ry explosi\•cs can he used 
for initiating either propr:IJants or di~rupting explo-. 
sives, because lhC)' prod ur(' both a fin.mt- and a -shock 
wh•n exploded. 

The d e:vic(' used to initiate the burning of a propel· 
1f':nL explosiv..- is •"":\lied a pritner. /\. sim ple pritner 
consist~ of <i srn~dl ;unount of lead azidr. and a smaH 
charg<.' of b lack pO\Y<lcr in a contairu:r. \\lhe:n fired~ 
the priu1cr produces the lo ng; hoL fla1nc.· required to 
ignite the propellant. 

·rhe device \Jl\(•.d to initiate tht·. reaction of a di~· 
r uµting r xplosive i~ called a detotta!or, and in tnost 
<"ase.s it r.on::;ists oi a chal'ge of lead a:1,i<l1,: or lead 
styphnat< cichcr alon<" or '"ith granular T:-<T or tctryl 
in a container. Whrn fired. 1hr. detonator produces 
tht shock ne<'essary to initiat<.· the cxplosivc r{;ar tinn. 

4. A uxilia1-,: iJX,f>lQsic,·t·s. r .a rgc propcJlenL charges 
:lnd relatively insensitivt:. disrupting t' .. xplosives f"f.qui rc. 
an in tfrrncdiate charge. !iO ll'lll t the Barne or :;hock of 
th<: in itia ting explo$lvt' may be iucr<:ascd to <:Jl~urc: 
proper reaction of the n\ain l"Xplosive charge. 'J'hc 
intC":-rnediatf' or aoxiliary explosive used ,,,•ith pro­
pellan!S is calkd an ii:nition charge and comi.<t< of a 
quantity o! flame·producin~ black pov.'de.r sufficien t to 
l'ngulf tht' p ropeHenl gr~ins. The a.uxiliary exp1osivt 
used ''"·i!h d isl'upt ing C'x plosivc:; is ca11e.d a booster an d 
ron"il;ls of a q uan t ity of mol'f. sensitive high ~xplosiv .. ·, 
such as l<'~l)'l or granular TN'l'. The booster in­
cr¢asc~ 1he shoc.k o f the detonato r to a deg ree suffi<:ir.n t 
to explod~ the disruptive rharge. 

C. Service Explosives; Propellants 

2Cl . General 

The pri1nary fu ru.:cion of a propellant i!> tn p .. ov idt· 
pre!i~ure \v}Ut:h, a.rd r\15 against the ohj~ct to be pro­
P<'llcd, will accekr:ttc 1h• object t<.> thr required ve­
locity. T his prC'~t!rt- u1ust be so C'OntrOllt'd tha: it 
\\•ill never ex('eeJ the surngth of the containe-t in 
\v}Uch it is produred (e. g.: guns, torpedo tol>es~ and 
d•pth charge proj~ctors) . T he ~ontr<.>I o f pre<Sure 
produce-cl b)' propellant~ and irnpulsc c:ha1-g(,:s is t reated 
in considerahlt' de ta il in the. chaph.:r o n in te1ior 
ballistir.<. 

It \vould be possible to use any t•xpl<>~ive fo r pro­
pell•n t purposes if the vdoci<y of explosion could he 
controlled. Investigat ions of this probl•m led to <he 
devclopmt·nt of stn(')krle.ss po,,,·dcr as \ \"C kno'"' it today. 
Kit rated <'Ottori1 the· lnain constituent n( srrtok..-less 
po'"·der~ is a bi,i;h explosive by itsel ( and <!l'Hir~ly t 11) ­

suitable as .... proj<•c:tilc propellant. Ho \vr.vcr, it '"a~ 
discovered that this high explosive cvu!d he colloided 
\Vith an etht·r-a lfohol rn ixture to produ("c a riburn ing" 
explosive. ()nly a srna!l nu mber of chcn1i('a.J corn­
pounds can l>c $0 1reated as co permit wn1rol of the 
V<"locity o f explosion. FurthertllOrc, the suhiaanec in 
its final ~Late: JJIU.!it not only be efficient, but n1ust he 
snf(' in use .• easy lO hand IC', nnd stable under varying 
condit ions of st()r:tgc for protra<:ted periods of t i1ne. 
Smokel~ss po1,vdcrs of one fonn or ano1 her a rc no\v 

u~~d alinost un.ivPrsally fo r propellt·n t charg e:;. For 
military purpv•cs ( r-<pecially for guns larger than 
srnall anns) ther may he considered to be of two 
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classes : ( I ) single-base powders, and (2) m ulti- (dou­
ble (1r Lri pie) base p<.n v<lcr:>. 

In the singlc·base pO\vdcr.s) ccHulooc; n itrate:$ ( rt · 
ff'rrf'"d to hcreafu:~r ;,-..s nitrocell ulose) for1n the- only 
<.~xplosivt- ingr .. ·dient. ·rhr other materials pr<:scnl in 
single-base powd"~ ar<· inelud.,J to obtain suit•blc 
forn"I, dt".!\ired burning ('har:tc:t<.·Y-:stic-s, and stability. 

In the dotJh le:- or triple-hn!>~ p(1\\'dc~, nitmglyccrin 
is p rt.1'st'nt to assist in dj~solving th..; n itrorclJulose dur­
ing manufa('.tur<'. as \\'ril fl~ to add to Lhe expl<.>sivc 
q ualities. ·1·hl"' singll·-basc: nitr()('eJlulo.se p()\.Vd~rs p ro­
du<O a gr<ater volume of gas. bu1 less heat than the 
<luublc-ba5:<' po\,·t.h:rs. .Frnru a thcnnodrnamic stand­
p<"lint, singlc-ba.~ nitro<.·<·llulow. po, .. ·dc.-rs arc somt,,,1hat 
!t·ss tfficir"nt, lx-caus.e ()f their lo' "·cr bun-.ing tc.mpcra· 
lures. l~ut they ha -.·c the advanlagc of C'a.u~ing Jess 
\v('ar in the gun b()re tJ1an douh1e·base povtd<· 1~ do. 
Present t riplt··base po"'·d~1'S 1 hov.•cv<:r\ have ~\ larRc 
p1·uportion of th f' acool" -bu1·n ing explosive nitrngunni~ 

d inr; they therefor(: produce 1na:xirntJu1 t .. ·n1pcrature-s 
comparable to those of 'ingle-basc powde"'. T riplc· 
h;a$('" pov~·ders also have other ~dvantagcs, \\•h ic.h ar(' 
rncntit'u"lcd in artirfe 2c;5. 

2C2. Smokeless powder manufacture 

The <mokeless pvwdcr u.rcl b)' the U nited Staces 
Nn vy is a uniforrn e thc:r·alcoho1 C()IJoid o f ca refully 
µurifi<'d nitrot·t·llulosc to \vhich is added a sn1all t.1tn1n· 
tit)' u( d iphrny1an1in._· to assist in p rt':-)Crving the ('he1rti · 
ral stability of the powder. T he prin~ip"I raw 
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materials uS<?d in the manufacture of United States 
Navy smokeless po"der arc: 

I. Cotton. 1br c•llulose material to be nitrated 
consLm of bleached and purified short-fibered cotton, 
which is 90 percent pure cellulose. 

2. Acids. A mixture of about I part nitric acid 
to 3 of sulphuric acid by \•;eight is used in the nitrating 
process. 

3. Ether and alcohol. A mixture o( ethyl ether and 
et!i)•l alcohol is used as a solvent for the nitrocellulose. 

4. Diflh~t1yla1nina. ·rhis substance, used as n $ta­
bilizcr, ha.• a slightly alkaline reaction and is incorpo­
rated in the powder to neutralize any acid products 
which might be fonr1cd as a result o( gradual decom­
position ol the powd"'" Since it thus prevents decom­
po<ition f root becoming progressive, it adds to the 
nability o( the powd~r. 

T he principal steps in th• 1nam1facture of U nited 
States Navy smokeless powder are as follows: 

I. Prtparing the ullulosc. The purified cotton is 
passed through picking machines which tear apart the 
knots and tangles, and then through driers which 
reduce the mois.turr content to about 1 percent. ntois­
turc being undesirable in th• nitrating process. 

2. Nitrating. TI1e cotton and acids are thoroughly 
n1ixed and agitated in n itrators. The cotton is con­
verted into nitrocellulose containing about 12.6 per­
cent nitrogen. 1"hi~ is commonJy called "pyro." 
Afttr nitracing, thi; pyro and excess acids are sent to 
n centl'irugal ,.,·ringer below the nitrator, .,.,·here the 
spent acids are removed. 

:l. Purifying. The pyro is immersed in water and 
run through flum"" to boiling tubs where it is given 
a preli1ninary boiling for about 40 hours to remove 
the remaining fr<:< acids. It is then transkrrcd to 
pulpers which cut and grind it to the desired con­
sistency. T he pyro is then boiled in water in poaching 
tubs for 12 houss, during which time the "atcr is 
changed at regular inte.rvals. 

4. Dnliydrating. After the final stage of purifica ­
tion in the poaching tubi, the pyro i~ transferred to 
the d~·atcrcrs ( large rotary filters equipptd ";th wet 
vacuum p111nps) nnd to centrifugal wl'ingers v.•hich 
renlovc -.vater. ~rhc rcmaindrr of t!1c '"racer is (orccd 
out by pla(ir!g the: pyro in the cylinder of a hydrauEc 
press and forcing alcohol under prc'5ure through it. 
T he pyro cake formed is subjected LO a final preMu1-e 
~reat111enl to reu10\'C e:xcE"SS alcohol~ lraving only suffi­
rient akohol for making thr d<Sired colloid. 

!'">. lvfi,ting. ']"ht c.omprt·s~ed pyro cake i5 r\O\\' 

placed in rotating drums and blork breakers and 
broken up into a coarse, flurry ma.u. It is then put 
into n1i"<ing machines v•ht"n.: ether and diphcnylamine 
are added. The charge is mixed for about 30 minutes, 

during which it becomes partially dis'<Olved or col­
loidcd b) the ether and alcohol. 

6. Grartulation. After n1ixing, th<; t·harge i5 re­
formed into a block and taken to a pre" whore it is 
first forcrd through the snull holes of a strainer 
(macaroni) press to er.sure a thoroughly mixed and 
uniform colloid and to eliminate lumps and foreign 
matter. It is again reblockcd and taken to a gr«ining 
press, where it is forced through the die and e.<truded 
in the fonn of a continuous cord of cir<:ult\.r cross f>ec­
tion with sevl~n longitudinal perforations. ·rhe cord 
inuntdiatcly pa.~es to the grnin cuttt.r, -.-vhich cua it 
into grains of unifonn lrngth. In this fonn, it is 
knov.'11 as "grern'' powdt'r and i$ stiJJ fairly soft and 
pliable hccausc of the. excess of solvents \vhich it 
contains. 

7. D•ring. After a sprcial heat treatment for re­
cov«ry of most oi the solvcntlli, the green pov.•dcr is 
rrn1oved to large dry houses, v.•htre the solvent c.on· 
ten: is reduced to a prccetcnnined amount. The dry­
ing pre>c<:S$ take,; 4 to 6 month<, depending on the 
percentage of residual volatiles des.ired and the size of 
the grain rrquired . The perrtntage of residual voJa. 
tilt$ retnaining in tac:h J>O"'dcr after drying varies 
from 3 to 7 p~rccnt, being greatrr in the larger 
~rnnulations. After drying, the powder is blended 
with oth., poacher lots to make up one unifonn lot of 
powder. Sample> of this lot arc proof-fired, and after 
acceptanre che lot is assigned an index nurnber. It is 
then ready for issur to the F leet. 
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2C3. Chorocteristics of smokeless powder 

Grains (')f snl(')kclcss po\vdcr have a hard1 smooth 
finish and look very much like horn. When new, the 
grains ar~ amber in color and are translucent. As the 
)>O\vdcr ages, hs C'olor becomes dark hrov.1n, then black: 
and finally opaque. These changes do not indicate 
any loss or stability. 

Smokeless powder is <ubject to a very gradual (hem­
ical dec-omposition v.•hich may in t in1e he a source of 
danger ( spontaneou.< combustion) unless mea.ures 
are tak•n to arrest such action. Like many explo­
sive compounds, s.rnokeless povvdcr is in a state of un· 
stable chemical equilibrium and is readily a<:ted upon 
unfavorably hy impurities which may be present with 
it. If decomposition take> place in any panidr, the 
dccompn~ition products v.•jl1 include nitrogen oxides 
-.vhich h;.tvc an aC'id reaction and \viii facilitate furtJ1cr 
drcomposition. The use ol diphenylamine, whose 
aetion has already been explained, has greatly in­
c,.eascd the stability life of smokcks• powder. A 
powder which may have become chemicalby dangerous 
through partial dtc.omposition is not dangerous for 
us~ in a gun, since a pare of the decomposition '""hich 
should take place in the gun, with sudden evolution 
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of heated gases, has already taken place and the po,,-­
der has loot a corresponding numbtr of heat units. 

&xces.i\'e heat has a most unfavorable influence 
upon the nahility of smokeless powder. At tempera­
tures below 60° F., the .iability is not appreciably 
affected, but a t tem1leratures above: i0° F'., the rate of 
decornpO$ition rises quickly, becoming high at 90° F., 
and dangerously accelerated at temperatures over 100° 
F. P1':cnut ions mu~t therefore be taken to ensure the 
m:aintrnanrt of a unifonul}' lo\ ... tcmpcrn.ture in the 
1nagaiincs in \Vhich po\~tder is kept. 

Sin<'f" the presence of moisture fa,·on dtco:nposition 
of $lilokCl6.~ po\\'der, the containers in \\•hich it is 
stored an: made airtight, and every effort must be 
made to maintain th<ir tightness. A leaky container 
1nay not only admit undesirable moist air to the po\~'­
dor, hut may also permit the loss of vola tiles through 
eva purution, r.spr:r:ially if the air in the~ container is 
subjrcted ~o alternate expansion and C'Ontrac.tion due 
to chnngc in temperature. S1.u.·h a loss of volatiles \viii 
incl'ease the speed of burning of lhe f>Owder to such 
an extt-nl thal excessive pressures ,.,..ill be produced in 
lhc gun. In tht< ev<'nt the f>OWdcr is ba!luticall>· 
dangtrous. 

2C4. Triple-base powder manufacture 

T riplc-base powdor, conunonly called Cordite ]\' or 
SPCc;, is c.ornposcd of four principal ingredients­
nitroccllulo<e ( 19 percent), nitroglyr•rinr (a little un­
d" 19 percent), nitroguanidinc (55 IJcreent), and 
ethyl ccntra lite (a little over 7 perrent). Of these 4, 
the fir.; t 3 arc explosives. Ethyl ccrnralitc ( also called 
carbamitt) is the stabilizer . A small amount of potas­
sium sulfate may be added as a flash inhibitor, and for 
some calibers other ingredients may be added in small 
amounts. 

The manufactul"ing process is in gcn!ral 'imilar to 
that for pyro powder. le begins with passing the de­
hydn<ted nitrocell ulose through a block-hl'taker screen 
(or this r11ay be done before the n ilroccllulosc reaches 
the Cordit• production plant ). T hM the other dry 
ingredknts (except the ethyl ccntralite) arc m ixed 
\vith the n itrocellulose for 6 minute,. Next, a mi.x· 
tun: of nitrogly<erine and acetone ( which desensitiies 
the normally very touchy nitmgl)'cerinc) is added to 
the dry mix, and mixing continues for another hall 
hour. Then the ethyl ceniralitc is added and mixing 
goes on for a nother S hours. :'\·fort acetone and alco­
hol mny hr, added if required during th is step. This 
Sta~ rnay end \vi th n1aceration of the n1ix, if required. 

The rni:<~ \\1h ich is by no\v nlo:;tly in colloid forln, 
next goes to a " macaroni" press \vhich squeezes it 
th rough ~trainers to remove uncolloided nitrocellulose 
and bit• of foreign matter that may be prc•cnt. T he 
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.. macaroni" is then pressed again into blocks., and is 
extruded through dies to give the final grain cross 
section. After rhis the extru$ions arc cut co proper 
grain l•ngth, and the powder gD<!s to the final stages 
of iu processing. 

·rhe 11green" po\\l'der next goes through a combined 
screeni ng.drying stage, in ' "hirh clustered grains arc 
separated, undcrsize gralns and dust are screened out.: 
and forced dry~air current.$ r'f"n1ov\~ volatiles. After 
drying, the powder is blended with other lots and 
pa<kl'<i. 

2C5. Characteristics of triple -bas. powder 

T riplc-ba5e (Cordite) powder grain< l'C$Cmble in 
size and <hape conventional pyro powdt·r grains for the 
same calib.r, except that they have smooth, chalk­
'"hite surfaces. .A.fter considerable time in storage, 
the surfnr.r color n1ay tend to yello\ .... , but this is not a 
sign of c.Jc..,tcrioration. 

T riplt-basc powders al'e far murc 5toble in storage 
than equival•nt pyro f>Owder, partly because of their 
relativdy lo" nitrocellulose cont<nt, part!)· because 
of thtir extremely small content of w>latile c.om­
poncnt.<, and partly because of their low hygr(JS(-opicity. 
They arc much more >uitabk as gun propellants than 
double-bo..<e powder; lL~c ballistite (described below) 
because nitroguanidine1 in contrast to the n1ixtun· o f 
nilr()glycr:1in1.· and nitrocellulos1.~ in doub1e-hase }>O\\.'­
ders, is 11 ,;Cfl-01"-bu rning explosive. T he gases pro­
<l ut·t:d by n t riple-haise po,,vdcr \vith nitr()gua nidine 
ha\C 1nuch less erosive ~fTecl tl1an those of a double­
base po"der. Triple-base powder$ also have advan­
tages in ~duced production cost and l'ffluced residue 
after burning, although they do in general require 
a Jara:cr varict)1 of ingredients than P>TO powder. 
They are also less sensitive to high temperatures in 
stovvage. 

2C6. Shipboard tests and Inspections of smokeleS1 
powder 

T he 811rta11 of Ordnance M anual gives the required 
periodic tests and inspections preSC'ribrd for smokele~ 
J>0'''d\·r aboard ship in order to ensure its safe storage. 

For carh index of po" der a hoard ship, a sample is 
pro,-idtd in a glass bottle "1th a tight gla$S "OPP".r, 
and is stored in th~ magazine containing that powder 
ind~x . Tht"SC magaz.1'.ne saniplt.f provide a n\eans for 
daily visual f"x~nii nation of c..·ach po,,,.·der index on 
board. A strip of methyl violet paper is kept in each 
<ampk bottlo. Oxides of nit rogen, emanating as a 
gas fro1n d~C'nrnpQsing srnok<:lcss JJO"•'dcr, \\lill d is.color 
the paper, changing it from violet to \•;hit<:. Such a 
change i> a warning that the powder in th• bottle and 
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the po\vder of •vhi<:h it is a ~an1plP. h <Jve h~gon to 
decoutposc. 

. .:\dditional sigrlS of deco1nposltiou .. vhich u1ay be 
l)otcd by <laily visual l:Xa1ninat ion arc: 

I. DisC"'olora.t il)I\ or grain~, espc~ially gl'ains \Vith 
orange or y~:llov• .spots, o r grains diffe ring n1arkedly in 
<'olor . 

2. G·rains sho\.,:ing finr cracks, esprrially if th~)' lar'k 
their nor1nal glo~~. 

3. Friabll· or easily crumbled grains. 'fh i~ applies 
cspcriall}1 to the distolored spots on gr;,-dus and to the 
o ff-(olore<l grains. 

4. ·rhr: un1nista kahle prescnc<.· of nit r<.n1.s furncs. as 
cl<:ter1nincd by sight or s•n<'ll innne<liate!y on opening 
the r.onta.i n~r. Only in the very \.,.·orst cases are thr: 
rc:ddish-bro\vn colote<l f tuues likt.~lv to be visible. 
c:arc: should be taken not to 1ni~takt'! ;h~ norfnal ~th~l"­
al<.:ohol odor for lhe characteri->tic p ungent odor of the 
oxides of nit rogen. 

5. "lhe n-ietal of the conta iner sho\ving signs of a 
g re<'!n or t.,.·h itc co1T<.lsion o n t hf. in~ide. 

6. The pOt\'(ler is in a soft or mushy c;ondition. 
Cr)nditions. f; 2~ and 5 indic~-\t<: .s<>Hl<.' dr.~cotn(Xlsition 

ha s tak~n plate1 b ut tht· pov.•der n1ay ~till h e: u5ahlc. 
Sl!rvC'illi1nc:e tests should hP. tnade inuned iatelv to de­
term ine the extL~nt of dc:compos.ition. Cond,i£ions 3 
~~nd <} indirate advanced decornposition; the µov.1dcr 
should be turned in to an atntn unicion d epot for dis­
p<•sidon. Po\,:der in condition 6 is very dangerous 
and should be throt .. ·n overboard inHnP.diatelv. 

Tl1c surveillance lt'!SC COrl.')ists in putting a' san1pl<' 
of the po,vder in a tight. glass-scoppercd bnu.le into an 
eJectrically heated surveiHanct· ovc:n, and e xposing it 
to a constant t(·mperaturc of 65.:1° c: { 1501'.l F.}. Tiu .. ~ 
s.a111plc unde.r test is t·xamined once <lai lv until red 
fume. appear, or 60 days elapse. If the' red fumes 
appt·~tr \.Vichin a ffiiOilll ttlrl t ime as Specifie.d jn OP :t 
for cha.t parcicular pov.rdcr (for exa1nplt\ 16 days for 
j''./38 po\ ... dt!r ) , notify t he Durcau of () rdnance and 
requc>~~ disposition in~tructions. 

If fumrs appear after the m ini1n u rn period specified 
by ()p +~but before 60 da>·s~ the pot~·d1..·r is rea~onah!y 
saf(;; but s1.1rv<·i1Jance tests. n1u.st be <."Onductcd at fre­
q uent jn tervals. If t'<'d furnes do not a pp(';a!' in GO 
days; the po\ ... ·dt·r is safe. 
Surv<::iU~tncc testing· equiptnt·nt is rarrie<l ~t pre:St'•lt 

on relativ~ly f t · \1,' t ypes. of :>hips-BB's; CA's, CL's, 
CA(~'.s, t\D's; and seve1·a l types. of rarl'ie1·s. The: 
('(Jttip1nent is op tional on :'\E's. Other types of ship~ 
seoncl sa1npJcs to arn1nuu ition depots for test. 

In gcn~ra.I, C:ordite t ype (triple-base} pov»ders <lrt· 
not t<.·stc d in survciHancc e<1uiptneut. At presrnc, 
Cordi~e po'"''dt'rs a re: subjcct<.·d to n1echyl vio1c:t papt'r 
te!its JUSt as P>'ro po1,vders a l'e.. HOt\'<:ver, hr.cause 
tdple-ba!;e: P<>'''dcrs contain lt·ss than 20 percent n itre-
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cellulose~ and arc nnH.:h 1nore stable t h an pyro, violc·t 
paptr is not as reliable an jndicator of t riplc-basr. pro­
peHant stability as it is for pyr:l po\vders. ln1provcd 
indit.ators and er.st rnet ho<ls art· no\\>" under 
dcvcloptnf' nt . 

2C7. Black powder 

Black powdel' (ol'igi nally called gunpowder), the 
o ldest of explosives, h as u ndergone little change in its 
romposition frorn carlit·st t imes to t he ptesent. It 
<~onsist:; <.lf a n1eC'hanit~aJ 1nixturt.-. of appro:<in1at~ly 75 
p<.>r<'ent ~altpet<:r (sodium n itrate), 15 percent char­

coal and JO !'"'"'"'· >ulphur, although thes• prupor­
cion~ rnay be:. varied s.o1nrv.,hat, dept·.nding on the use 
for \vhi<'h the po-..\1der is inten<lPd. Fir'>t used in guns 
in the early l2 th C<-nt ury, b lack potvder ,.,.as the only 
prop<:llam for fi rearm• un til the< latter half of the 19th 
ccnt u !)\ v.i~H.:n nitrocellulose pov ... c)ers \\'(:re d(·velopcd. 

Black pO\\·det is unsuitabl<.· as a. propellant for se.vetal 
reasons : 

I . ft le.aves~\. large amoun c of J't'!l\iduc~ th us fou ling 
the gun bore. 

2. It makes large q\Jant ities of bla c:k sn1okr \.,·hrn it 
ho rns. 

3. lt;; h igh trrnpe.ratur<- of cornbuscion eau~es rapid 
(•tosi<.)n of the gu n bore. 

4. I I.$ velo.city oi r<:action is coo rapid, even with very 
h\rge granulalions. 

Although b]ac k pov.·df:r poss<:S$Cs practic:ally unlim­
i£ed l'hf' rn ic:al stability if stored in airtight <::on t.;1inc~1 
it deterioratrs irl'f'guJarly \\·hen ex p<.lscd to n1oisture> 
\.,·hic.h lt ab~orbs readily. BlaC'k po .. vdc>1' ls not aff<:ctr.d 
by n1oderate ly high tl'Irtperaturcs, nor is it suhjer.t to 
spontanrous cornbustion at o rdinary storage tetnpera­
tur<.·s. It is, ho\\1ever .. highJy Oanunabh: and very 
s~nsi ti\'e lo frit·tion! shock, spar ks, or ftarne. r ( is ex­
t rcntely q uick an<l \1ioltnt jn its action \•.:hen ignited. 
The la rge'< the granulation of black powder, e>pecially 
\\•he.n p ressed ot· cut into pc11cts, the slo\<1.t'er the rate of 
burning. Black-po\vder <lust i~ exceedingly dangerous: 
and jts a t ctunu lation during t he hand li ng of any bJack 
po\vdt>:r shook~ Ue prcvr:ntt·d. Black poeoder -iJ the 
1nost dangerous of all t xplo:;h..'t!S h<:ndle.d aboard a 
rHan-of-~1.1ar. ... 

'l 'he uses o f black po\vdcr arr: d1..·pcndent on the size 
of its granulation s. 1 n Lh~ order of decreasing gr<1in 
~ixe~ lhe types a nd uses of b lack po,~·dcr in t he U nited 
States Navy are as follo\.vs: 

I. Grained. Torpedo and drpth-charge. impulse 
charges. 

2. (; ra12ul<ir.-Ignition cJ1argcs ior prop(·lJants and 
for saluting c harges. 

3. Fine-grain.-Primcr charges~ expelling charge in 
~ llun1inating projec.t i lt~s . 

4. J\1eal.- Pyrote<'hnic~ and fui.cs. 
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2C8. Solid rocket propellants 

Sc>lid rocket propc!lams are douhk-ba,.,. tompos:­
tion." '' it.h :ldded ingredients for phtsticizin~. rontro! 
of burning rate, and r~dt1cdon of flash. Cas µrcs.s-urc 
during burning is about one-tenth nf 1h:n i r\ a gun 
b<trrC'I,. and rrr1sl<u\ effect is nut important in chis 
applic:1tion. 

A typical propt·llcnt grain is mad'- up l,f a t·o111-
position idt1\t i li~cl a:; Type N-2 (J P?\T). and its 1nain 
iugrcdlcnts arc nitroccEuJosf" {slightly Ovt"r j 1 per­
cent; and niirngly<erinc (a little less than 43 p<r<e:n) . 
It al!IO tvntain~ t\,·o plastiC'i~.f"N- to Cfl(Urt· ltornogc~t"ity 
of cnmp<>sition ( these arc dirthylphthal>t~, around 
~ per<<nt, and a trace of Candclilla wax ) , about : 
pt'r<.:<.:nt of ~tabilizer ~e1 hyl centrali lt ) , a litdc o\·cr 
1 per~t'lll of potassium sulfate t(') rt"durt- flash . a•ld 
a s1nall amnu1H of carbon hla<.:k to c.:on t rol burning 
l'iltt.~. Th1.:rt· arc a nu1nbP:r of othPI' <:0111pr1.,itioos a lstl 
uS<d for rocket propellent grains, but thf)' nre d~s.,i­

ficd, and thi~ ()rl t \•;ill Serve as a spccirn1..·n for study. 
As manufarrured, the propellant is produe<d in the 

fo11n of a shcc1 about 5 inchf"s \\ idt", 33 inches Jong, 
and 0.06 10 0.09 inch thick. To be ronverted into 
the grain , .. -hich actually goe.\ into the rocket JrtQtO: , 

sr.\rral sht.~1~ an: rollc.d into "'carpet roHs" ~nd put 
into a pre:~~. Cnd~t high teinpcratt1rc and pressure 

the propcllan1 i< extruded r rom the press titre-ugh a 
di~ 1ha1 gives it 1hc cruciform ( cro<Mh31lt'd) or hal­
lo,\· c\'lindrieal c-ross section rt-quired for thr particular 
ruotur <.<.>nci:rncd . 1""he rha.1'C°f" is exl rudC'd as a homo· 
gC'nC'OU!\ lt"ngth <.l( µrope.Jlan!, which i' thf'I\ rut and 
trimmed to graim of •ppropriatc kngth. The grains 
are i ht.~n tu111ed in a sper:ial lathe to giv<· thcrn the 
proper diii·u•n$.iOns. for 1r1ot1nting in the niocor. Single 
c:xtrudc:d rock<'t propellent grains rang<.' in size up to 
60 inrht"S iu length and 6 inchr.~ in d i;uneter. 

From l 10 ~ grains of balli>tiic propellant are used 
as 1h• propelling charge in a rotktl motor. The 
grains arc dwgn•d lO bum al a uniform rate to pro­
vide a uniform 1hnrn during burning. In cruciform 
grain~ pmvidt'd v .. ·ith ·suitable plat.tic: inhibitor $trips 
tht· buJ1"ling area, ~nd hence <he rate of gas production 
anrl lht> thrus.t 1 ccnd to remain c:onstanl thl'ough<.lut the 
bu111 time. In hol10\\' t'ylind1iral ~rBini;, 1)lai;tic in· 
hibil01:» bo ndcd to the grain li1uit tht· burning area 
during thr fin;L part of the burn period. Cylindrical 
grains have holri; at regular int<.:rvt1l1 to t.qualize th~ 
pre\S\ltC) in.side and ~urmunding the c.:ylinder. 

Singl• grain; for JATO uniL< or for u~ as missile 
~u,taint1' propcllanL\ are made a::. large a.t 2~> inchf'5 
in diamtttr and JO feet long. Surh grains arc made 
by a casting p1-ocr.~s> an<l 111ay contain ingredients other 
than the double-base mix1ul'e described above. 

D. Service High Explosives and Primary Explosives 

201. General 

The list o f substance< which <an ht grouped under 
thf" lt"rua JajgJa explosives is a long on<" \,h?ch, hO\\C'ver: 
may be ma!'rially reduced by eliminating cxplosh·cs 
not suit~'<! for military purposes. Tht following <.On· 
diti(')n~ nlu~t be considered in choosing a miJitary high 
t:."\.plosivc. l )epending upon its use, it u1ust: 

1. !lave proper insensitivity t(') \\•ith ,t.and : 
a. Shock of gunfire. 
b. Sh(')r.k of irn pact agajn~t arrnur, if used for 

projectile filler. 
c. Shock of handling. 

2. Hnvc maximum po\ .. ·er. 
3. llave nability co witbs:and ad' •rv <torage con-

dition~~ ht.at, rn<>i~ture, e-tc. 
4. llc easy t(') handle, loa<l1 and u1aoufactun~. 
5. Produce proper fragmrniation. 
6. Se cheap aml available in quantity. 
.~ nunihf"r <.lf high exp losivt·s arc derived froln coal. 

tar prod11ct~. \'Vhen r.oa l is subjeclcd to destructive 
dlstilhttlo n. coke, gas; and c:oal tar are ol>tti inc:<l. Coal 
Lar is a hca\'y liquid of a complex nnture, ""hich on 
further distillation will yidd arom•tic hydrocarbons 
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( henztne-, tolul'ru:·; xylene;- naphthnlt"r)t, and anthra· 
ccnc \ and aromotic alcohols (ph enol and <re<ol }. 
F roru these substances, or f rorn other substances ob­
taint-cf fron1 them, cxplosi\'es may bf' made by nitration. 

High-.. plo;ivc chargt-s arc usually loaded hy melt· 
ing and pourinR, if the kind of cxplosi\'c substance 
\J$ed J>t"r1nils this t rcat111ent. '1.his givM; greacer dc:n­
sity of thC' c:harg~ and henct· grt·atcr cxplo~vr. effec:t 
in a container o( given volum~. 

202. TNT (trinitrotoluene) 

TNT. 1hr m<><t familiar of all military high ex­
plo~h. c~, i, obtained fron1 the nitrnti()n of toluene in 
three surrt"~'-i\·e steps.. TNT is a \\lhite <'rystalline 
~t1h.)tan<.c \\'hen pure> and vari~ in ~hade frou1 a light 
ycllo,,· to a dirty bro"·n ,,.·hen impurities are present. 
\\'hen pure, it mr.lts at ahou1 80.5° C. (177° F. ) . 
1·N·r i~ 1it>ut1'";1) in reartion and, even under unfavor­
abk: rundit ions of n"loistute and te111pcraturc, docs not 
form ~rnsilive cornpounds by romhin~tion \vi1h 1nrtals. 
It has high <:h~n)i<'a l !itabilily evc11 \\'hen subjected to 
tempertLt Urt:s as high ai: J.10° F. (or con~iderablc 

pt·riods o( tin·u·, and can v1:ithst;.f.r1J great variations in 
ternpcralurc. 
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T~T i$ rc:lativ'°ly inser1sitive to shock, rriction, or 
prr.ssul'e. ' ·\!J1c:n ignited~ unconfined, it bu1·ns slov,1ly 
with a dense black smoke and wi1.hout explosion. 
Ho\vever~ in a hot fire it will explode \Vith violence. 
Tf\'T can be mtlttd and rast inio any form desired. 
Thi• property make< it a very convenient •uh<tance for 
e.x()losive charge.. The ratr. of dttonation of Tl\T 
is about 7 ,000 mt.tor< pcr•econd. 

In a cast form. T NT is rathn difficult to dttonate 
and usually rcqui,... a booster •uch a.< refined granular 
TNT to provide the shock ntc:"""ry to eruuro com­
pltt.e high~ordrr dl"'tonation. 1'="1'f is not., hov•cvcr, as 
inscnsitivf': as one may suppcs('. Small pnrLirJ,._;:; of 
Tl\'T have her.n known to detonate when •Cra()cd with 
a knife. 

The prcsenre of moisture in TNT adds greatly to 

the difficulty of detonating it and probably dtcreases 
it< explosive fort•. I t is, therefore, of greatest im­
portance that TNT ooostm; be kept dry. 

A dark-brown oily liquid frcqutntly separate< out of 
tait T !\"T, and may exude frorn the containtrs after 
a period of storage. This exudate consists of i"'mers 
of 1'Nf and lov~·er nitrotoh.u:ncs. ( lsorners arc sub­
stances having the same chcrnic:a) formula but \vith 
1no lccular a rra ngements and melting point~ different 
from those of the original substnnce.) Such exudates 
arc relatively inscn.~itive, but when mixf'd \\ith an 
absorbent cdlu)O>c material, form a low explosive 
whkh i~ easily ignit~d, bums rapidly, and may even be 
detonated. An accumulation 0£ exudate is considered 
both a fire hazard and an cxplosiv~ hazard. Exudates 
discovered when cast T )IT is inspected should be im­
mediately rcmov~d. Large cast TJ\1 charges must 
not be sto\"·ed on , .. ·ooden or linoleum-covcn:d derks, 
nor on any material that is likd y to absorb the 
exudatcs. Exudate may be removed with carbon 
tetrachloride or alcohol, or, i£ disco,·ercd before it 
harden., by water and a stiff bl'U$h. Because of its 
s.cmirivity, exuda1e must nrvtr be removed by steel 
~rapers, nor should i;oap or other alkaline M)futions 
be u.;:;~<l to ren1ove it. 

T f\lT ha~ u1an}' us~s. It may provide rnain dis­
rupting chargf"s in projcrtiles, torpedo \\.'ar heads., 
depth charge$, mines, hombs, grtnade$, boo.t<r<, dem­
olition charge<, rte. lt is more frequently uS<.-d a< a 
co1riponent in othrr explosives. For fuzcs and boost­
er•, only a r.f-ined granular or <'ry"allinc TNT of high 
ulclting point is usrd. For Jargt charges such as those 
in mines, hombs, eir_, cast Thi of one of the lower 
grnd•s and lower mclring points is ordinarily used. 
TNT is not suffiriently insen$itivc: to he a satisfactory 
fi llo.r for am1or·1>iercing pro jectile<. 

'l'NT 1nay be mixed t•;ith other n1ate1~als for certain 
applications. For example. Tr\T, with its relatively 
low melting point (80.5° Centigrade when pure) can 
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be east-loaded-that is, it ron be poured inio the 
bum.r cavity of a projectile and prnn itted to harden. 
Many other high explosives have melting points too 
high for this t.rhnique. But hy using TNT as a 
vehicle, it is possible to rast-load a mixture o! T.NT 
and <.Oll!c othrr txplosive. Thu< a mixture of T NT 
and RDX (to be di« us"d below) r an he cast-loaded. 

T \\•O other fairly comrnon niixtures ineludi11g TNT 
are amalol and :ritcnal. A1natol i§ a 1nixturc of .-!'NT 
and ammoniuua nitrate, and is used in largt aircraft 
bomhs. The mixture is )c.,. cxpen.<ive than straight 
TJ\T. Tritonal is a mixturf" or T~T and alurninum 
pO\\•rler. In thi~ a.nd other 1nixtures <:ontaining alu-
1ninunl po\vcl<:r. the alurniourn has che eITect of irn­
proving the bri1antc of the explosive components, 
although it docs not significantly affect the power of 
th~ cxplosi\·e. 

203. Explos ive D (ammonium picrate) 

'J'hi5> explosive. pat~n~ed in 1888, \\'a~ for 1na.n}' years 
the secret high <Xplosivr of th< United Stntn Its 
particular imponance as a military explosive lir< in its 
marked insen~itivity to shock and friC'tion. It is only 
<lightly inferior tn T NT in explnsive strength. It is a 
<.:ryscaHine po,.,.·dcr of light·ycJlo\'i colo1· \vhich is 
loaded in projectiles by pressure tarnping. It is only 
sli(hll~ hygroscopir, but! \...-hen \\'ec, fonns sensitive 
and dongerous pi<rate< with copper and l••d. Al­
though it docs not fonn dang•rons compound• with 
iron, it does c.;:1.ust. rorrosion; the intrriors of projectiles 
arc therefore painted or varnished lx:forc being fi lled. 
It has high chemical stability, cvtn when subjected for 
considerable periods of rime to tempcrat:Uf($ as high as 
150° F. It <annot be melted and cast like Tl\T . 

Explosive D is made by saturating a hot solution of 
picric acid (trinitrophenol) with ammo11 ia water 
(ammonium hydroxide) or ammonia gas. 'J'his re­
sults in neutralhi:ing the acid, ,,•hirh is sllo,\·n by the: 
formation of (·ry'1t.als. This solution, \"·hen the reaction 
is cornp1ete, is du1nped into <"ry~talJizat ion tanks, v.•here 
thP aounoniun1 picrate cry::;taUizcs out. ·rhe crystals 
arc rcrnove.d, dra ined, and M"1·rrned. Th<: po\\•der is 
thtn ready for packing. 

F.xplnsivc D is used primarily as a burner charge for 
large-caliber arnior-piercing projectile~, and armor­
pitr<'ing bombs, as it will withstand the shoc•k of im­
pact against any thic.:.k11css of armor. Thr= advantage 
o( this is, of course, that the annor-piercing projectile 
"'ill have partially or complettly penetrated the plate 
h<:forc i: is detonated by the luze action. 

Aboard ship, F.xplosive D is found only in loaded 
projectiles or bornbs and rr<1uires no special care, 
except to see that the projectile rooms are kept thor· 
oughly dry and at moderate ttmperaturcs. In rase of 
fin: in the \'icinity of projecti1C1, care should be taken 
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that they do not become heated to a l1igh tc1npcrature .. 
~o special tests or inspections of f.xplosive D are re­
quired afloat. 

204. Tetryl Urinitrophenylmethyltrinitramine) 

This high explosive is another aromatic nitrocom­
pound. It is a ye:IJo,.,. crysca11ine substance usually 
produced by the nitration of dimcthylaniline. 

Tet.ryl is rno1·e pov .. erful lhan TNT and rnore sen­
sitive to shock. It is stable at all ordinary tempera­
ture<, melting at 130<· C. (266° F.). Tetryl is an ex­
cellent cxpJosive for booster charges, cspecia11y in 
111ines and torpedo , .... ar heads> \1.•hich do not have to 
undergo the heavy shock of firing. Sometimes a mi.x­
turc of tetryl and a prirnary e.xpJosivc is used as a 
detonator. 

205. ROX 

l'his high explosive, knov..•n also a.~ "Cyclonite» and 
"Hexogen~'> is a fairly rer.ent development. It is a 
fairly sensitive explosive, and is more po\vcrful than 
either TNT or Explosive D. It is produced by the 
nitration of hexarn~thyJene.tetramine, an org2nir: r:om­
pound derived from ammonia and fornlaldchydc. 
P<H'iflcat ion is accomplished by crystallization from 
acetone. "fhe crystals are then coated ""'ith becsv.ra."\ 
or similar \•.:axes to reduce the se.nsitivity of the ma· 
terial. In this form, RDX is insensitive enough '° 
perrnit handling. Further additioni;. of lesi;. i;.eni;.idve 
materials are nc:ccssary before it can be used as a 
1nilita.ry explosive. The forms in v.•hich it appe.ars in 
service are : 

I. Composition A. A mixture of about 91 percent 
RDX and 9 percent beeswax or synth•tic wax. Since 
this compqsicion h ai;. about the same sensitivity as Ex­
plosive D but is n1ore pov•erful, it is nov• being used 
a< a projectile r.JJer in place of Explosive D . 

2. Composition B. A mixture of about 60 percent 
RDX, 40 perc.ent TNT, and less than 1 percent wax. 
It is used as a projectile and bomb filler. 

3. Composition C. l\. plastic mixture of about 90 
percent RDX and 10 percent emulsifying oil- used to 
advantage as a demolition explosive because of its 
plastic form. 

206. HBX 

'J'here are in service use t\ .. 'O varieties of IIBX­
IIBX-1 and IIBX-3. HBX-1 is a cast explosive, con­
sisting of a u1ixture of RDX, TNT, aluminum powder, 
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and « desensitizer composed chiefly of wa.x. It is 
stable, rr:lat ive1y insensitive to impact, and more 
powerful than TNT. It is u<ed in rocket heads as 
a burster charge. 

HBX-3 differs from HBX- 1 in having a much 
larg<.~r proportion of alunUnun1 po\\lder to jn('.rease. its 
brlsance. It is othcn•.:ise sin1iJar to HDX- 1, but has 
rnur.h greater desttuctive e.fl'ect undcn .. ·atcr. It is 
therefore used in depth charges and other underwater 
e-xp1osive devices. 

207. Primary explosives 

Primary explosives are used in the e_,'lrly part of the 
explosivt· train> \\~ht~rc sensitivity is irnportant. :Fo1· 
many years fuhn inate of rntrcury ,.,·as the most im­
portant explosive used for this purpose. Because of 
its relatively poor keeping q ualities, parti<:ularJy under 
higher Lel~)peratures and in th.e presence of e.vc11 a 
small amount of moisture, it is g1·adually being elimi­
nated. ..o.\lnrnunition no\',' being procure.d does not 
contain mercury fuhninatc:. 

The important primary explosives used in t:. S. 
nava) ammunition today arr: lead azide, lead styphnate, 
DDl\P, tet racene., and nitromannite. To ignite a pro­
pellant, the prirnary elernr:nts in an explosive train 
must produce a hot flame of sufficient temperature> 
si:1,e) and duration for reliable. action. To detonate a 
high explosive, the pritnary elemenlli. in the train 1nust 
produce a shock sufficient to detonate the succeeding 
e.lements. The }>rirnary explosives 1ncntio11ed above 
~'re used in these applications. . 

Detonators and primers differ chiefly in the auxiliary 
ingredients use.d to produce th<' effects desired. Thus, 
oxidizing agents such a~ nitrates or c:hJorate.s are-added 
to incrcast" in1pulse (shoc.k effect) and sc.ns.itivity; 
abrasives like. g round· or powdered glass increase sensi ­
tivity to firing pin action; fuels such as antimony tri­
sulfide increase flame energy. E"-plosive binders like 
nitroc.ellulos<." or ni trosta.rch arc usc:d to provide struc­
ture for the primary mixt\lre and to hold it in place, 
and graphite or other electrical conductors are used 
to increase conductivity for electrical i nitiation. T hese 
co1nponents are us<~d in va.tious conlbinations, de1w:nd­
ing on the characteristics desired in the initiator. 

For details concerning specific prirnal)' c.xplosives 
and the design of explosive. trains, see the Ord1,attce 
Explosive Desig11e.r's Handbook, published hy the Navy 
as NOLR/111 l. 
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AMMUNITION 

A. General 

3A I. DeAnitions 

Ammunition ii the complete •sscmblnge of the com­
ponent parts, or amniur:i1ion drtails, \\hirh, together, 
noakc up n r ha1·gc or round for any type of wrapon. 

An'lrnunition deu1il.s include primt~> hoo~tCr5) deto­
nators, p<>1A•der, J,Jo ..... ·dcr hags, ca)ts, fuzcs, pmjectilts) 
etc. 

lA2. ClaulAcalion of ammunition 

Amm11nition i> dassifitd b) type stowai:•. The clas. 
•ifir.ation con<i't' of the folio" in~ t)·1>cs: 

1. Gun a1nmunition. 
:?. Domb-t>J" ammunition. 
3. Rocket-I)'/'• ammunition. 
4. Guided missiles. 
5. Pyroteohr1ics. 
6. (;h~nliCld :ll'nn'luniLion. 
7. Dcmnlition ruatcrial. 
8. Miscellaneous. 

3A3. Gun ammunition 

Gun ammunition compriS<s 1 types: bag, Y111i6xed, 
fixed, and sm:ill arms. The di<tinction between the 
fir&t 3 d•P<'nd• on the manner in which the charge. 
are a~sentblcd . tn bag nrnmunition, the prin1cr, pro­
pelling rhnrgc, and projectile nn: •eparatc units. Jn 
JL1nifixrd ammunitiun1 t ht printer and propelling 
charg~ are contnin,.<I in one unit, v.'hile the projectile 
is .st:paratr. In fixed 11n1rnunition, o.11 3 C'01nponents 
are ~nblcd in I unit. S1nol/ .. arms arnmunition \ .. ·ill 
not be diJ<:u»<.-d in this text. 

3A4. Bomb-type ammunition 

Bornb-typc :Lmmunition is rh:lraCtt'rizc."CI br thi~­
walled contaiucn. l0:1ded with rclathrl) l•rge burst­
ing charge• 111is ammunition depend< for it> e/Iect 
upnn the deotru~Live blast of th• explo.ivc, rathrr than 
any pen•trat ing qualities of the OMtaincr. Included 
io the group ar·c torpedo war heads, rn inrs, de1;th 
charges, and $Om• aircraft bombs. Some bomb• are 
discus.~ed in this chap~el'; for furthe-r info11nation on 
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bombs,~ Naval Airborne Ordnanct, :-I av Pen 10826. 
Other bomb-type :unmunition i• taken up in chapters 
12-M of this text. 

~AS. Rockot ommunition 

A rocket <.:onsi~t~ tt~~tntially of a head and a 1notor. 
T he h•ad may be solid or noay C<mtain a bursting 
charg<" The motor contain• furl, tither in the form 
of a large gr:iin of powder or a liquid. The burning 
of the fu•I r<'ie"St'S the cnrrgy nt<:<'SS.<ry for propul­
sion. To srabili•t its Right, the rockoi .,thrr has fins 
on its"'"' tnd. or is m3dt to >pin b)' t?Chausting tht 
motor g=• through cant<-d noulM. Rockets are de­
scribed morr fully in chapter 11. 

3A6. Guided missiles 

1\ guided n"lissile is ~.ul unm;:•nned vchjcle nloving 
above thr Pa1·1h'.s ~urfaCl", \\1ho~r trt1jt"('.10•)' <.lr flight 
path is capable of being altered by mcchnnism• within 
the v•hirle. Guid<·d mi,.ilr1 include, be•ides such 
control mcch:ini~rns. cxµ los.ivc '''ilr htnds and pov.-cr 
plan~<, usually of tht rocket or jct t)'pc. For addi­
tional d3ta on this subjcrt, '" rhaptcn 11 and 29. 

3A7. Pyrotechnic ammunition 

Pyrotcrhni(' .uurnunidon may be tlO.~'iifi<'d aceording 
to u;e into three types: (I) signaling, (2) illuminat­
ing, and (3) marking. l'yrotr<hnic matcrit1ls arc 
mixtur«s of oxidizing agents and combu!tihl•s (pow­
de~ '\UC'h a.) mngncs.ium ;ind chloral<.· mixtures) to 
which other r<>n1pounds may be :idded for <uch partic­
ular purposes ~ to t.olnr 1hc flan'l<: or 5mo.ke. 

3A8. Chemicol ammunition 

Included under thu cl=ification aro all projt'Ctilcs, 
bombs, ,l(l'f'nadt1. candk.,, or other ront•in•r. or com­
pounds the purpo<e of which i> LO produce, when 
liberated, ga1, smoke, or firr. Also, free nuids or gases 
releai;ed frorn air<.'raft t~\nk.s, projecu.,r:i;, nr sprayers 
arc dei;igna.tf'd fJ.$ Cht•1nical agc.;nts. 

Chemical am1mrnili<>n may he ck~ignatcd according 
to the type of container, as J>rojtt.tilt, l>otnb) or· f!te-
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nade. However, the mo?'C usual dassification. and 
the one u>ed for norage purposM, ;, according to the 
natul"f' of the filling: 

Group A. rcrsistcnt \o"CSi<'..ants. v~~icants bli1h.·r th(.: 
~kin. Tht uwal ont'S are mustard p$ and 1e,,i.,iv. 

Group A-1. Konpersistent lethal g•scs. These 
gasc<, su<'h a• phosgN>c, injure the body wh~n applied 
f.'Xternall)', hn:athcd, or tak.cn inu·rnally. Prote<:tion 
is not rcquirtd in the open for more than l 0 minutes 
if the wind velocity •xcccds 2 mph. 

Group R. l.acrif'nators and smoke:~. ,;\ lacrirnator 
such M CH I chloracctopheuone' L• used primarily to 
caW<' wrrping and irritation of the throat and lungs. 
The •mokt<, such as F~i . tiianium tetrachloride 1 and 
FS (>ulphur trioxide in ch!orosulfonie acid) ~"'used 
fot scre<:ning hut have an irritant :tnd. in c:nrlosed 
spact)1 :l toxir cft'i"'Ct. 

Group c:. Spnntancously inflam1uablc agf"nts ~uch 
~s WP (whitr. phe>sphorus}. 

Gw11p D. Readily inflammable mixture, surh "' 
TH ( thcrniilc), which burn rapidly and with cxutmc 

he.at. 
Chtniical ""rf.<re is a spe<iaiizrd field ,,hich c>ils 

for specially tr.iin•d m•n. Tht >tora~c of chrmicd' 
tt'<}uim cxlr.tordinary safe.·\)· pn"<'3\ation,, :\1though 
)JOis<>nou, ga<c:s "~"' not u..00 in World War II. :ht 
.'lavy \•lits prcpat<:d for drfen~ ~\nd for 1epri,al in case 
th<" enemy ini1ia11•-d surh tactic~. Ch~;n'lirfll "·a1fa«> 
('r(';\tr' rna.ny probl<'n's in ship proh·~ti~n :ln<l df"ron .. 
t (lnlination \Vh ich ar(..' th(..• re.spon'l ibiJit~· of th\' n arn· 
OJ':' Control Officer and 31"c OUl>iM th• 1copr of this 
book 

3A9. Demolition material 

f.xplo<ivc> intended for such u..cs » bb<tin~. dim­
inatin~ hn.1ard~ to navigation aud ob,tacl~ to am­
phibiou1<0 landing, i\nd d~troying gear to pr(_"\·c1'lt c:ip­
tu r'\' b) thr tncmy, co1nµri~ dt1uuHtion n1~\tt:ri;t.L 

The u<e of blasLing charge• is " sp~ciali1cd art, te­
quiring intl"n~iv~ training. Df"'rnolition tf'chni4ucs art" 
taught in •ptcial Navy school• and will not be dis­
r.ussecl in detail in this ccxt. For nlnjor· l>la,ting op<:ra­
ti()n_s, \·i\rio11s forn1s of dy1lan'lilc art"' u'rd, ht1t d) na .. 
mite nurm.•lly i• not carried aix>ard ,hip. 

Half-pound drmoJition cha1~e block•, cor-<hting o! 
•ith<r pl"f'<><.-d T~T or ca.~ T:'\'J and teu; l, ar.- C;:,ucd 
to ships for gcn•ral use. Large dtmolition cha1gcs. 
also cun•i>1ing of 'I NT, aud as"'ml.>led with half-pound 
hoostt'r ch.\fltN, :.,re aiso issuc-d for nlajnr projec:csJ 
such a> \ouulin~ vcs."°ls. Chargcs ol h<>th o( these 
1ypc-~ art. '11,;tonarcd hy n1c-ans of bl<uti11g tt1ps, liet off 
by ck'<'tric current. 

Ah<>ard 'ihip, in \varti1nc, there arf' 1ntthanic.al de· 
vire3 ch..:: nature of \.,.·hiC'h, pr<:fer nbly even the very 
exi,tcnc-t of "'·hich, must undrr no circurnstanees be-

come known to the enemy. &<:au..: highly dauificd 
in.§trumf'nt .. mu~t ht- cornp1f"tt·ly dcstruyed if C";\ptun: 
or :ihandon ship is immi~nt, tin~ bombs. call<"d de­
stru<:t<'>r'S. arc ~tta<".hcd to thc.:1n, to be actu:lt<'d at a 
1nonH:nt'::. n()tiCfl. l:sually, they contain ltn.d a.7.ide or 
TN'J"-tctl)l, with proper dectric ignition cltmcnts. 

3A 10. Shaped charges 

Rrlativcly '-n'lall quantities 1Jf C"xplosive kno\vn A$ 

'haped charges can be niad~ to pitrcr heavy sted plate 
by employing thrm as 1hapcd char11cr which di,.ct the 
cxplcsiw fore• into a sm•ll and concentrated jet. 
Thi> jct >Uppli°' a di~ctiooal <!amaging a<"tion. 

Jn an ordinary bursting charge the t•panding det­
onation \\a\•e J>fOC'.t'cds ou1,,-:ird {min the point of 
dct(')natinn, prod\lcing stressc-_c-. on ~H portions (')[ the 
cnclos.i ng r~sr. 1'hc ca.. ... ing bur~ts in Lu fragrnents on· 
dcr th< action of th«e. cnormou• forc•s. In a •haped 
charge. howtv<r, a portion of thr case (Jig. 3AI) 
farthe>t frorn the detonator is in th• form of a r<"gular 
ca""ity (u,uall)' a cone, hemi!i.phttc:1 or V-~haJ>i;d 
groo""c) ~o that the detonation ''-'ave front' \rnpinging 
pro~n'"'Sl\•t'ly ovc:r that portion of the cn~c \•1,.iH cau:sc 
rump~.i.ion tO\ .. <'!rd the center of tht- cavill. Und('r 
the inAutnce of this high .... ·clocit.. comprtt~~n, the 
poi tion of the ""' forming lhr cavity ond known as 
the lintr gasifii:s undc.r the \-Xtmnr prrAAurr:~ and tem­
prr~tturt.·s~ Mo~t of it s<1uirls fo,.v.·ard in a no.rro\1; }ct 
l\\\'~Y fre>n1 thf" advancing dcton:1tion \Vllv1.-. The front 
of thi.' jct i> campo<e<i of a hui:t• numbrr ol gaseous 
metallic particle• moving al spe•tls o( 20,000 lO 30,000 
fett per ,.rond. This is followed hy the slu.~, con­
<isting of mo"inc; p3rticks, the rMidu• of the highly 
camp~><<'d liner (or slug), and fragmrnts from the 
,kirt of thr liner. Penetration i• athieved wh<'n the 
high-vdoriiv jct partidcs imping• upon the target 
-.on1c, .. ·hat in thf' 1nanncr thal a strtam of machine gun 
hulltt~ f"Otcring the ~ame. ho1e \v(n1ld J>enc-rrat.e an 
ea•th hunktr. Thr slug pla)'s no role in pcnetr.ition. 
Although confi11C'rnel"1t inc:n:.a~rs th<; !Jf"llt·cmtion of th<: 
jt>t in MJm(' c:ii;c~. the incrca!>C i~ f.lighl nnd rno~l shrq)cd 
t hal'l(e> h3vc onl)' li~ht confin<:m•nt. A "ell.designed 
'hapc.:d C'harge \\•ill penetrate arrnor up lo thrrr timr.s 
the di•m.,crof th• con•. 
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On<" imp<>nant factor in th<'. clTecti•cn""' of a 
shap«d <hargc i< the distanc• of the rh~e from ~ 
target <urfacc at the instnnt of drton>tion. This dis­
t~nrr, rallt-d •land-off diuance,. is ner...sary IA> pmni1 
•ffc<tivc focu<ing of thP. gaseous jet. 

In <i<:nioliti<>ll chargr.1 the stand-off is C>btnincd by 
k~ whkh hold the ~haped chal"g~ at the propP.r dis· 
tancc. Wh•n a sh3J>".d rharge i• cmployrd in gun 
projrctilrs or rocket$, the nose will hcgin lo crush be­
fore the fuzc r.an detonate the charge. 11•• nooe is 
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therefore lon,ger than the rt.quired ,tand-off dutancc 
by an arnount calculated lO allo\.,. for this crushing be;· 
tween time of impact and fu2e functioning. In gen .. 
eral the stand-off di<tance at the time of detonation 
should equal the diameter of the shaped-charge con~. 

In addition to ihe penetrative properties of tho 
shaped charge, the accompanying blast and { ragmcn· 
t~tion ar~ in1portant consideration~. One nt•\.; 5-inch 
rockrt head is multipurpose in that it can he used for 
blast damage, fragmentation damage, or defeat of 
armor by shaped charge effect. 

3A 11 . Miscellaneous types 

Under thi• heading arc grouped a variety of typ<'< 
for Spt'Cial purposes such as impulse amm\lnition, 
blank o.mmuni tion> trench , .. •arfare anununition, and 
dum1ny amrnunition. 

An impulu charge is a propelling charge designed 
to projrct a missile a short distance. It usually con-

sists of black powdrl' and is asse111blcd in a ca1~ridgc 
case \'lith prin1er. Torpedoes art. propelled fron1 
ahovi:-\ .. -ah:r torpedo tubes by iu1pul'>e chargt'S. Im­
pulse ~.harg•~ are also used for prop<'lling depth 
charge.. 

Trench-aarfart ammunitior11 'lil1 so dtlignatcd in 
spite of the C'hangf" in the concept of trenrh v.1arfare, 
inrludes h.an<l and rifle grenade~ and ntortar animu .. 
nition. Jt i ~ i~l;ued to ?v!arincs and ~pccial landing 
forces. 

Blank ammunition <.'.Ortt..'lins no projectile but con· 
sists of a cartridge case \•.-ith prirncr and po, .. ·der 
charge. It is u\cd to make a noise- for ~luting, or a 
sn1okc for ~ign::iling, and for training exercis.cs. 

Dutnn1y ammul'l;tion includr~ any ty]lt of ammu­
nition or any a1nmunition detail ns~cmb1ed \vithout 
explosives. This type is used for traill illg and test and 
is carefully marked so that it will not be confused with 
service anllnunition. 

B. Propelling Charge 

381. Gun ammunition 

Pro1x:lling charges \vith their containers, prirl1ers, 
projectiles, and projectile fuzc< are the major com-
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ponents of a complete round of gun arnmunition, 
whether bag, s~mi fixed, or fixed. Each of these com­
ponents \vill b<' rxan1ined in SOHlC detail in the re1nain. 
ing sections of this chapter. Earh of the many naval 
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guns is provided ,,;th its o'''" assoc.iattd ammuni tion; 
designed in nor1nal service use to impart to its pro· 
jertile a spedlicd vdocity at the muzzle called iniciai 
oelo&ily (abbreviated I. V. ) . Special powder charges 
n1ay al5o be provided for use in cxperirnc-ntal \\'Ork, 
shore bornbatdtnent, o r target prar tire \•:hen reduced 
velocity i• desired. t.:nless such reduced chal'ges are 
specifica lly designated, it will be aisunwd throughout 
this disr.uc;~ion that ~ervicc I. V. arc rncant. F igure 
3Bl s.hows typical rounds. 

382. Bag a mmunition 

In bag ammunition the propelling charge is a 
separate unit. Large guns require large quantities of 
propellent po\o;dcr to attain required projectile in itial 
velocity. If the total amount of powd~r required for 
a l6. inrh gun \\'ere placed in a single rigid containt:r1 

the size imd weight would make load ing exceedingly 
difficult and •low. By packing <he powder grains in 
fabric bags, it is possible to d ivide <he charge into 
uniu each of which can be expedi1 ic>u<ly handled by 
one man. 

Bag charges arc used in the United States :-ia, y a< 
the present time in some 8-inch gun< and all gum 
larg•r than 8-inch. As recently a< the beginning of 
World War fl, bag-type .i- and 6-inch guns " ·ere still 
in u;c. The largest guns in praent U$<, the 16" /50 
r a lihe r on the nev.·est battleship~, u~<": six pO\\•de.r bags 
with each projectile. 

383. Powder bags 

The material used for powder bags is silk, because 
only this fabric will completely burn away when c-0m· 
bustion of the rharge cakes place, ltaving no smolC.er­
ing residue to cause the premarur~ explosion of the 
next charge loaded. Each bag is roughly cylindrical 
in shnpr. O ne rnd consists of an it11itio1: pad con­
taining black pcwder quilted into the fabric so as to 

keep the black powder evenly spread th roughou1 the 
pad. Light-weight cloth, dyed red, i< used for <he 
ignition pnd. A heavier \\•eigh t of fabric is used for 
1he rest of the bag. Bags arc fi tted with handling 
straps and la.cings .• "'•hich can br used to ta.kt" up any 
slack in the bag. 

Powdtr may be placed in the bag, in •ither of two 
ways. It may be dumped in wi<h no reiprd for the 
positioning of tl1e individual g rains ; this producc-s an 
u1i:,·tnck11/ charge. Or the gl'a i1lS rnny be arranged in 
layers \Vith th~ axis of each grain paralle l to the axis 
of the bag; this is a stacked charg•. T he lat ter re· 
suits in a >r11oother, more compact bag an<l p rovides 
for faster, Jnore complete, and more syn1met ricaJ 
ignition. 
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The firing of the separate primer used with bag guns 
('an ~ relitd on to set off the black powder in the 
ignition pad, but may no t be •uffidontly poten t to 
init iatt ronlhustion of the: s111okelcss ~\\·der grains 
directly. It is essential, therefore, that tach bag of a 
c.harg~ bt loaded into the gun with the igni tion pad 
aft, lacing the breech plug and within a fow inches of 
the next bag o r of the breech plug and primer. This 
factm· al<o d ictates that the total leng th of the powder 
bags comprising a charge should be nearly equal to the 
length of th• chamber of the gun. When, therefore, 
a reduced charge is made up, the "umber and length 
of th• powdtr bags are unchang<d, but the diameter 
of each bag is reduced. 

The powder bags ui!<d in a 16" / 50 caliber gun arc 
shown in figure 382. The marking< on such a hag 
should be nnted. Those on the body of the bag ind i­
catr the rlt'~ignation of lhe. gun, tht' ind<'x or ident ifi­
cation nurnbcr "'n<l the. '"'eight of the.; srnukclcss po,-.·der> 
th• frnetion of a foll charge repr•1•nt•d by the bag 
and '"'hcthcr that charge is service or reduced; the 
initial vtlocity for which the charge is dcugned, and 
the initialt Of the in.~pector. ~:farkin~ (')O the igni­
tion pad indicate the numlJ<,r of grams of black powder 
contained thC'rcin. 

384. Powder ta nks 

Stor:-\gt- of i;n1okelcss pO\v·dl~r rnust b<: both airtight 
and \Vatcrtight i f ~tandarrl prrforrn~nrr i$ co be main­
tained. Tlic <l ipht-nyh~n1inc stabilize r contained in 
smokcb< powder prolong< the life of thr powder hu< 
does not preven t deter iora t ion under adverse condi­
tions. Since pov•dcr bags are neither airtight nor 
watertight, they are stored in tanks. These powder 
tank$ art, theT('fOff', imponant pitc:t~ of ordnance 
equipment which must be properly maintained. Leaky 
tanks admit rnoi:stun: and air and all()\\' cthr;-r and 
akohol volatiles to escape. 

Several types of tanks arc used, but all fulfill the 
sarne basic po,.,..dl·r-stor&gc requir<'rncnts. T up cove i's 

a.rC' variou~ly constructed but aJl arc drsignrd to pem1it 
q uick op~ning1 be('au5e th~ nun1ht.r " f loaded tanks 
a llo\\'cd to be open al any one tirnc is ~trictly lizu ited 
by safct)' pr<.-cautions. All powder tanks have han­
dling aids, the large tanks ha\ing lugs 10 6t slings and 
the <mollcr ones having handlt-.. 

Tanks for pcwder bags cor1tair1 wooden spacers to 
prewnt building of a stat ic charge whkh might ignite 
the powder by a spark. 

( flag movement within the tank during handling 
causes the stat ic charge. The spac.cr separates thr. ig­
niter pads from the end of the tank to pl'<'vcnt sparking 
which would ignite <he black powder in the pads.) 
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385. Case ammunition 

Gun arnn1unition \Vhich has its prnpcllent charge in 
n metal case or cartridge instead of a bag is c.alled case 
an1muniiion. ('J'he term Hcarlrjdge" may also be ap .. 
plied to a complete round of small-arms ammunition. ) 
Both ><:rnifixed and fixed =.munition are of this type. 
The factor that dch:nnines \'•hethtr ammunition for 
a <'crtain gun "'·ill be fixed or sen1ifixcd is the sii~ and 
've ighL of a unit \\•hith ca n be h11 1'1d lrd by one n1an . 
Although rnedianital improvements in loading tend to 
ntinin1ize this ,,·eight fcsctor at the gun, it must still be 
considered in the <upplying of relo>ds from handling 
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r1ova1t 384.- 5" / 38 ammunition {!lemifixed). 

rooms bclO\\', The primer in C.D.5C ammuniti<>n is in­
serted in the ba.e of the case at the ammunition d•pot 
and is not rt.•1novcd or changed ahoard ship. 

~rhc designs of various sizes of case am1nunition a r~ 
similar, as m•)' he S<'erl from study of figures 3BS and 
3B4. The prcp«ration of th• case as.<emblies i• C'Olll­

parable up to the point at which the mourh of a case 
is sealed. In 6xcd ammunition the projcctil• is the 
seal; a 1nouth µlug is ust·.d in !;cmifixt"d c.harges. There 
an.: four s teps in the asse.rnbly of case atn.munitif)1\: ( 1) 
priming, (2) loading the. propc:llant, ('.{) fittin~ I\ wad 
and sornetimcs a distance piece, and ( 4) inserting the 
projutilt or mouth plug. Jn priming, the prinl<'r u>Cd 
is either !l'rtwed ( 40-mm, and larger) or force-filled 
(smaller cartridge ammunition) into the base of the 
ca•c. The desired weight of smokeless-powder grains 
is then dumped loosely into the rnse. In 40-nun and 
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la.rgtr guns1 a cardOOard disc, or \•,1ad~ i'i fon.:cd into 
the ca~e and a distance p ieirt:", if one is needrd> placed 
nn top. The mnuth of a scmiflxed C:\se L< thrn sealed 
b)• tht in~rtion of a mouth f.'lug as illu.~lfOlted. by the 
)" 

138 caJt' in figure 3B-f.. In fi'<ed ammunitinn, the 
mnuth of the co~~ i< ·~«led by forcing in the base of 
the projectile until the r.al' or the rotacing band makes 
cnnU\(t \••ith tht tn~e. 

A di'iotancc picct i.-, made from a rectangular card­
ho.~rd shO<"t. foldt<I into a triang.,lac sl:ape and <\It to 
the Jr-n'1h m•c:cs~:in· to fit th<.· as!cmbl,. c,o that \•i~e:l 
pl;1rcd bct\•;ttn the-·,,·ad and tht rasc ci~urc or mouth 
plug, it will hold th<' prop•llant firmly in place. A 
<MC mouth plug mar be of cork, plastic. or cardboard 
and mu~t be of ~uffiritnt strength to keep the contents. 
u( the C'"3.~ fro1n )pining out t1ndcr a.'"ly cond:tions of 
h:indting or Jo3din~. In small-raliher amrnunirion, 
the fining of wads and di<1ance picn-s may not be 
n~<'<~ry if the prnpellant fill• th• c.ase. The rart­
ridi:tc rase it~4.'.lf is a hollo .. , cylindc-r ''id• either a 
>trai,ht or a hottk neck. Tht base has a rim around 
itJ: c-ircurnfcn:ncC" to facilitate c x1rac1ion of the empry 
<:UC frnm the gun. 1b• tmpty cases can be reused 

scvrral tin1es aftrr h~ing rcprort",Si:>d at an nn'lftlunition 
factory. 

386. (gse a mmunition co ntainers 

Sin<e lc:iks ni.1y exist a.Mund the prin~r .ind th• 
projectile or mouth plug. tho ra" cannot al"a~s be 
rtli~d upon to rtrnain airtight Therefor<" like po\,•der 
bags, C'ase- arnmunition is tran~ported and ~tn\'r'td in 
rnntaincrs ,,hith pro,i.dt 6ir- and , .. atc:r·ti~htn~. 
Tr.ere are ~vcral t\J'>("S uf t3nl' and boxe< in ~rvicc, 
and no attcmp1' ,,·jll be m.adl' hc:rc- to d~r1lx: th'm in 
detail. It i> sufficient to >tatr that n-gardlt« of "ary­
in~ design. tht <:ontniner 111ust. a.hove ctll, prn\lidc 
proper sto•age for •mokckss powdt1. In addi1ion, the 
rnntainer shnuld be nr<>n~ but not unduh hn.,.,, 
should handle casil'. and !hould open quid I) :\fetal 
t.3nk-, made of alurninum "'°'' ocarly ronfonn to thtse 
n-quil'<"1nent~. anrl 1-anks in r:urrt"nt use .3rt or either 
alurninun1 or 'l<."<:"l con..c.tn1<:tion :..·leta) tauJc., :\rt also 
advantageous in that thov provide good >tora,~ in 
re:td\· sen-ice.· ra"k~ on dc.-ck, or in ammunilion-han. 
dling rooms ~ot cquipJ'('<l to pm"ido the """ <toragc 
cnnditions. 

C. Primers 

3C 1. General 

A prirncr is a device u~td to iniciace a Hanle: for the 
ultirnate p utpi,")t' of ignitin'( :l r hargc of prope11a nt. 
l n bag n.nuuunition thi') fl~une is npplied to the ignition 
pad ! the auxilia" ignition oharg~ l in the b.,,. of the 
l'°'''drr bag. \\•hifh in turn ignites the ~mnkeltss po;.,·­
dtr, In rnM' ~1nn1unition tht ignition <·hnrgr is in­
corporntcd into the. priruer tube. Since th..: ign ition 
r hurgc in<:orpo1\~tc,:d in che h;'>.g c;tn be proportiona l in 
!'i1t to th\'. c:hargt, the primers are the sau1c for bag 
guns of all til'.t), lfo,,·ev""r, pri111ers of difftrtnt siz.cs 
n'lu~t be used in ('as.es of diffcrtnt sizes so thac the 
u1noun1 o f bhu.:k po ..... ·dcr in the p rimer n1ny l>c pro­
portional to tho nmount of prnpcllant. 

3(2. Types a nd <lasses of primers 

Prirners arc divided into t\,·o typ<"..s, dc:pc:nding on 
how they aoe U>cd in tho gun: ( I ) ca", (2 ) lock. 
'f'hty arc al~o divided into thrtf" C'las.st·s, depend ing 
uµ<>n tht method or firing: ( I ) percussion, ( 2 ) ck"<"­
tric, (3) combin3tion. Pe1Cu tsion prime" a~ fm.-d 
by th~ mc<;hanir31 imp.~ct ot • firing pin. Elutric 
primers :irt fired by pas~ing a current through a 
N",i,tancc filamt"nt :,urroundtd hy an initiating rnix­
turc. Contbiut1tion prim("1·) inay be firf'd l>y either of 
tht><: method< 

The current trend is tow.i.rd the 11sc of electric 
pnn1crs onl)", in (;l\C guns or 3-inch and larger calibe.r. 
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ExITpt for .).inrh 111ounts 3nd oldt·r 6-in("h tum:ts, 
c-a~e combination µrimer~ ttr't'. used only in :short <"ar. 
tridgr ca'"' for clraring thr harrrl after a fai lure to 
fit< electrically. 

The fol1o\\'ing service vrimer~ a.rt in currt·nt UW": 
1. Case percu~1<ion primer. 
2. Ca~e eh:(.tri<' prhner. 
3. Case co1'l'lhination prirncl'. 
4. Lock combination prirncr. 

3C3. Cos& percussi on primer 

This type i, u>ed in light •ml hca"y mnchinc guns 
surh as the 20- nod 10-mm. In arnmunition for th<: 
s1na1ler guns, \.vhi<'h ha~ a. 1·clativcly snu1ll arnount of 
prnpellant. th• prirncr .-on•i<t< only of a rap, "" an,-il. 
and a percu))ion.sensiti~c mixturt The c:om~icion 
nr the mi.xturl" varies , .. ·ith th<: ounount or hr-at, flame. 
and sensitivity d<",ired. In Opt'ration, the hring pil'\ 
m ikes the invrrte<l cup "hich holds th• l"'imtr cap. 
This indent• the cup, rorcing thr r'1p again<t tho anvil 
nnd exp!oding the pellet nf initi"ting mi~tutc. Tho 
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PRIMER TUBE 

Frvuav. 3C2.- Cnst clc::ccric: primer. 

rcmlting flame ignitts the propellant. Where greater 
ri1'rgy i~ rn1uircd to iJ1'ni,. the propellant, the primer 
includes a blnrk-powdcr charge which is ignited by the 
percussion cap. 'l'h! 40-mm gun uses a primer of this 
type. Ser figure 3Cl. 

3C4. Case el•ctric primer 

Case electric primtr< (fig. 3C2) arc used for the 
nt.'"\\·er 3-, 5-, 6·, and 8-inch gurL\. T hr.se pri,ners 
rootain an clt<"tric ignition elen1ent '"'hich consists of 
t'"·o rcsistan("e filarncnts connected in parallel and sur­
rounded by an expln~ivc 1nixturc, and a sn1ai1 black­
po'A•dr.r prinuo·r charge. An electric curren t heats the 
fihuncnts, '"hich then ignite the e-xplosive n1 ix~urc. 
.Ffarne f ro1u the initiating rnixt·ore ignites the b lack­
po'"·dcr pri1nr.r r hi\l'ge, \\o'hich in tum ignites the n1ain 
blar.k-powdt-r charge· of th• primer. 

3C5. Case combination primer 

This type of primer i• wed in the 5" /38 caliber and 
the older 5"/:>4 and 6" /47 caliber guns. It is also 
used in clearing charg<• for all case guns of 3-inch 
calibt·r and largtr. These primers can be fired, .. 
indir.ated b)· thdr nam•, tit.her by percu.<sion or elec­
trically. F.low·ical firing is considered the primary 
method; the pcrru~<.ion feature is a standby for use 

CUP-- -... 

PERCUSSION 
PLUNG ER lNSULATION 
GROUP 

PLUNGER 

PRIMER 

in th• evcrn that electric firing fails. The percussion 
r lf"mcnt is similar to that oft.he case pcrcus.'\ion prlrner, 
except that the firing pin strike.< a plunger wh.idt in 
turn explodes the cap agairuot the anvil. The flames 
productd by the primer <:.ap act directly upon the 
powder in the electric ignition cup. Stt figure 3C3. 

The tle<:tric element consists of a high-rcsistanct 
"\·in: \\'rapped in a \visp of guncotton and ("Ontaincd in 
a mixture of pulverized guncotton and 6nr black P<'"'· 
dcr in the ignition cup. T his , .. ·ire is connected at 
on~ end to the percussion plunger group, \~hich is 
insulat<d from the primer stock. The other end of 
th<- wire is grounded through the pri1ner ~tock and 
tho caruidge case to the metal of the gun. fo firing 
the- gun an elcctrir. r.utrent is passed through thr. fi ring 
pin 10 th•. plunger; thi.s heat< the bridge win:, igniting 
the ' "·isp of guncotton. T he mixture in the ignition 
cup is igni1td and in tu rn fires the black-powder 
µrimer charg•. The primer cha rge is surrounded by 
the larger black-powder ignition charge and placed in 
an outer p<'rforated tube, which amplifies the heat and 
flame sufficiently to surround the propdltnt charge. 

3C6. l ock combination primer 

Tht <ame type and size. of primer ( fig. 304) is wed 
in all United States ::>lavy bag guns. A primer is 

IGN!T10N CUP 

IGNITION MIXTURE 

ELECTRIC FILAMENT 

PRI MER STOCK 

F1ccu 3C4.- Lock combination primer. 
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pl•cf'd br hand in the firing lock of the i;un each thne 
thr i:un j, loaded. Thrrr i> n<> il{nitio~ charge in 
th<· pn""'r, as one i< includtd in the 3""mbk-d po"der 

b3<:. Th• p<rtu,·ion and clC<"tric fcaturtS of the locl 
comhination primer are the same • .s those of the case 
c:ombin.tti<tn primt"r. 

D. Projectiles 

301. G•neral 

~ projectile is t.ho.t f)drt M" round of _.,,n ammu­
nitinn which is expelled from the gun by the force of 
the cxpl°'ion of the propelling charge. Prcscnt-c:!a)' 
projectiks arc elongated qlindrrs \\ith a pointed front 
end. The application M the pnndple of rifling to 
guns cau>Cd the ab3ndnnmcnt of the earlier spheri~al 
proj~tile. Rotation of the proj<~tilc pcrmined the 
u<e of a longer and he~' irr projectile. thu, nbtaining 
vasd) inc-reascd rang~ . .tC(Ur.lt'y, pcr:.etrati\·c ab:lity, 
"nd srctional de?lSity. (Stt 3rt. 305.) 

Modern small-arms projectilt$ often comi« of solid 
rnc.:ta l; projectiles us.td in lur~cr gun~, ho\\'t-vrr. nre 
{lSSernblics of s<:ven.tl (.'Q 1nponc.:nt~. 'fhc chret" r.ssC'n­
tial parts ar< the rn.i.i llic bod)', the explo<ivr burJti11g 
~Aarfr, and th• fu.'f whirh "'" off that chugc. 
rhcn: 1nay also be:- a 110((1 to ro:lk:~ the pmjccri!c Jl)Qli.' 

rcadil,- visible duriru; Pjght Fuw a;,d tracr"' "ill 
~ diic~ in ±~ ne" <rUicm of this chaptor. 

302. Projectile bodies 

Th• <0lid bulltt dama&t• hy impact alone. As· 
<rmbled pmjectilts, however, inflict d3magt prim<1· 
rily by the blast of the high·txplosi,·c charge and the 
resulting high-velocity fragment• 

The •xccmal shape of the pmjcrtile is de.<ignl-d tn 
obtain the desired flight ch.irarteristic. of uabilit) and 
minimurn ai1· rcsistan,r. 'l'hc funn of for. ... ard end 
which brst fulfills thflt conditinn• is the o~it•t. An 
ngiw (fig. 3Dl) is the shapt generated by the ,...,volu· 
tion of an arc of a dr<lc ~bout a c.hord. In a pro. 
jectil< the chord ;, the axi• n( the projecrilc and the 
radiw u~ is about nin<- timn the diameter , ca11ht-r 
of th• projectile , In ur ... U·ul:htr proj<eti! .. a cone 
" <0mctiu:cs ,,_..,..; instc.d nf an oghc. · Abaft the 
"l!i'r" projectile is cyltndrie~I. The cylindrical <hapc 
1nay rontinue tot.he: ba>C', ir~ \'1-hirh case the projrttile 
is said lO have a squt:t< ha•c; or the a.fter pore ion mny 
be slightly tapered cu· ronicul, in which cas~ the pro· 
jrctik! arc desr.ribcd "' boat-tailtd. The corner of 
the ba;e in either typ• is usually turned to a small 
radiw. In fixed ammunition the fonn of the after 
•nd is influenced b)' the n~d for providing a bearing 
surface for the lip of th• c:utridge case. 
~tween the two •nds lies th• cylindrical body of 

the projectile. '.'.llear the ahtr end of the <ylindrical 
p:m of the projectile i; the rotatin~ ba11d; at the for­
ward end is the bourrtltl Thc.c l\~Osurfaccs,slighdy 

l"!lo.IECTILE OGIV[ 
800Y 

... 

r.ti«-d abo-. th• body, pfO\id• the >uppnrt and bear­
ing wh>d1 >t•ady the projertilc in 1t• pasug• through 
the gun I he)· must be some distdnce apart to p,.., 
vent <'X<t&>ivc "obbling in the bore. Except for the 
hourrclct, the projectile docs not rrquirc a fine uHl­

ehincd finish; experimental firings huve indicated that 
fine body fini•h adds very lirtlc to projectile accuracy. 
Sec figure' 31>2. 

303. The bourrelet 

The fon, ard be-a ring surface of l• projectile is ma­
chinrd to " fin<' finish to reduce friction dnd minimiic 
the wc:ir of the gun. Jn small projectiles the entire 
body fon,ard of the rotating band may be finishtd to 
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fK:.uat 3D2.-~tain parts of projN'tilc-. 

bourrL·Jcc diame1~r. On Jargc:-caJiber projtc:tilei, addlM 
tiona l bourrclcts, abaft and for\•;ard or the rota.dng 
band. arc- nd<icd to provide bettrr ~upp(')1·t, c.spc-cially 
du ring t.·jc«don from the n1uzzle. A certain rlf'arance 
mu~t bt provided bet\<i.'cen the bourrelct nnd che Jand.s 
(the rai.rd portions of the rifling) . Standard United 
Statn :-la"y practice requires a sp•<"ifird bourrelet 
diameter 0.013 to 0.023 inch , in different-caliber pro­
j<-ctiles) small~r 1han the diameter of the bore. To 
this nl;.\rgin is added a rnanufacturing tnlf'rance of 
minm 0.005 10 0.007 inc:h, so that total clearance !imits 
varv from 0.015 to 0.030 inch . Unn•n,inrv clearance 
ad\;f'J'S<:i)' l\ffccts arruracy an<l fuzc µcrfor;,,ance and 
n1ay nlar t h1..· rifling by excessive ,.vobblt:. 

304. Rototing band 

Thr th.-.,e primary functions of the rotating band are 
to sc-aJ the bore, to position and e:tnter the rear er.d 
of the projcctil•, and to impart rotation to the pro­
jectile. Its :.c<:ondary function is to hold the projectile 
in its proper position in the gun after loading ancl 
ramming, and to ensure that it will not slip back when 
the gun is elevated. The band has considerable ef­
fect on 1nuz.zle velocity, range, accuracy. and the life 
of the gun. 

Rota ling bands are usually made of fine copper; in 
major-caliber projectiles a small percentage of nickel 
is added to provide greater strength. Some projtttilcs 
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v( rt·c:cnt design htl\ e l>een banc..h.~d .. vith gilding n1ecaJ 
(90 pc·r•:C-nt <..'CJppcr, 10 pcrcrnt %inr} 1 '"hich inc..·n:ascs. 
stn .. ·ngth and tt'"duces the amount of C'opprr deposited 
in the bore of the gun. 

To redutc dependency on coppn for this use (cop· 
per is increa)ing in military importanre ~vhile it be· 
c-om~ 'W".arr<"r and n1ort expensive} rotating band5. of 
!:intcrcC iron art under develop111ent. 

{.;nitod States )<avy projectiles gtn•rall} have ro­
tating band~ about one-third caliber in '"'idth. l"or­
ejgn :>1.:rviccs ~ornctimcs u~e narro'" n'luhipJe bands on 
major-caliber projectiles. The rough band is assem­
bled (aftor hr.iing i1, in 8-inch and larger calibers) 
by slipping it over the rear of the proj.rtil• nnd press­
ing it into a score cut into the body of the projectile. 
This s<:oring usually include. a dov•tail on each edge 
to ;murr that the band will not b<: thrown off by 
centrifugal force. Either ""'" ed ridges, longitudinal 
nicks, or knurling arc provided on thr bottom of the 
score to ensure against band slippage during rotary 
acceleration. 

The forward edge of che band is slightly conical, to 
facilitate engagement with the origin of rifling. The 
cone, during loading, wedges into a seat at the origin 
of the riAing (except in fixed ammunition) and holds 
the projectile in place during loading and elevating. 
The central portion of the band is cylindrical and of a 
slightly greater diameter than that of the bore plus 
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the depth of the riffing. This portion is oometimes 
dividtd by circu1nferential grooves, called canne.lures, 
which pmvide space into which displaced copper may 
be wiped. In the after part of tht band srparatc­
loading projectiles have a raised lip followed by an 
especially deep canndurc. T he lip serves to e.nsure 
a good gas check and also to pt'eVt.nt 1wuramming in 
a badly wnm nr eroded gun. 

The purpose of the c.:.annclures is to n1inirnize the 
rormalion of a fringe or skirt fmm th~ r.xr.css metal 
which is wiped rearward. Such a fringe is likely to 
flare outward, at the muzzle of the gun, due to the 
effttu nf th• gases and of centrifugal force, and cause 
loos of range and accuracy. Bands on which the lip 
is well forward of the end of the band and i• undercut 
'"'ith a deep cannclure are kno"'rn as non/ringing. 

305. Weight of projectiles 

\<Vithin reasonable Jin1its, a gun can fire µrojt·ctih:s 
of varying weights. Approxi mate weights of United 
States Navy projectiles are determin•d by the formula 

d' 
W= 2 

in '"'hich: 
w-weight of projectile in pound•, and 
d-caliber of gun in inches. 

The weight of the projectile per •quarc inr.h of bore 
is called sectional den.<ity. It is 1·eprc:1<·ntcd by the 
c.xpr<.:$.Sion 

in which: 

w 
SD=jf 

SD = scetional density. 
w - w•ight of projectile in pounds. 
A. -. area of bore., including grooves, in square inches. 

This ratin varir.s \ .. ·ith the ~i1..e of the gun, avc:raglng 
approximately six-tc.nths of the caliber. T he concept 
of sectional density helps the designer to avoid design­
ing n pr(')jer.tilc of given dia111eter and , ... eight either 
too long or too short for proper stability. 
l~he di~trihution of ,,•eight in a pr<>j~tile is a matter 

of considerable imponancc. The ~ntcr of gravity 
should be in the longitudinal axis and close to or abaft 
the ccnttr of form. 

306. Classification of projectiles 

All gun projectiles, other than small amts, share the 
charncteri.~tics thu.~ far described, but ~ince targets dif. 
ler in chr<racter, projectiles must differ in design, the 
better to ddeat them. 

The pri1nary classification is into three general 
types: 
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I. Ptnttrating. 
2. Fragmenting. 
3. Special-purpose. 

307. Penetrating projectiles 

This type includes arrnor-pier<irig (AP) and com­
rno11 (Com). They arc designed tu pcuctratc, respec­
tively, heavy and light armor. The usual burstiog 
charge for these types is Explosive I), \vhich i~ insensi­
tive enough to permit pcnt~tratiun \••ithout prc1nature 
deton:ition. 'J'he characteristics which make that pos­
oible will be de-scribed under tbc hc-ading of penetration 
in the- nl"xt t'.hapter. 

308. Fragmenting projectiles 

Th•" projectiles arc designed to inflict damage 
both by blast effect and hy fragmantatilm; that is, 
breaking up into small high-velocity frah'Tncnts. They 
are cha..rac:teri1.ed hy thi n "·alls and large cavities for 
the cxplooive filled. The general typ<. i• subdi,idcd 
as follow• : 

I. fligh-eapaeity ( HC ) prnjtttilts (fig. 3D3) are 
ux."<l against unannon:d surface targctS-l shore objev 
tiv•.s, or pl'rsonnel. Since no ~tration ability is re­
quir(.-d, explosives more sensitive than E,,.-plrniivr. f) may 
be used. 

2. Andairerafi (AA} projectiles al'e designed for 
use against airplanes in flight. Except for fuzing they 
al'e ~uhstantially the $ar-r1e a.s high~c.apacity in the 

ADAPTER 

AUXILIARY OETON.ATING FUZ.E 

COMPOSITION '8' 

PROJECTILE BODY ----

&ASE DETOHATll'IG FUZE 

ROTATING BAND ____ ..., 

Frcullr. 3D3.-0"/ 47-c.alibcr h.igh~c.apv.ci()' projectile. 



Chaptor 3-AMMUNITION 

larger caliber>. In smaller siZ<.-s the explosive often 
contains an inc:.C'ndia.ry tlernent. 

3. Aritiairc<afl eommon ( AAC) projectiles are a 
dual-purpc>5t design, cornblning the qualitit-s of anti­
aircraft praj«:til•• with th~ toughness nece;sary to 
penetrate stcd plating not of armor thickness. The 
type of f..,ing will M!"'nd on th< use. The walls may 
be llc.avit·r than those of the oth~r th in-vvalled l)tpe~, 
and the filler is usually Explosive D. 

309. Special- purpose projectiles 

T hese arc not incendr.<l to inflict da111age by cxpJo­
~ion or by fragu1cntatiun. T heir construr.tion incorpcr 
rate~ no stl'r.ngth othrr lhan lhal n:quirc<.l to "'itl1stand 
<ljschargc from the gun \-.•ithout darnage t.o the con­
tc-nts. Ir the f'i llr1· in~ludl'~ any explosive> it is a small 
charge dc:iigncd to exp<! the content• of the projectile. 
See figure 30,~. So1nc of the cornmon varieties arc : 

I. llluminotin~ ( Ilium ) projectiles, often called 
.star !llu.·lls (SS) 1 l"Ontain a bright flare at:achf'd to a 
pararhu"'. They are expelled from the projectile 
body by a uno.11 bla<k-po"d" charge which also lighb 
Lhe flare. As lhc par:.tch,uc slo\'~·ly lo\~:ers the flare, it 
serves to illun1inau~ ihe targei. 

&LAC« POWOtlt 
()'PE\llMG CM•llC:( 

P.1.AACHUTt 
ANO SHROUDS" 

8.,,.CK ?OWOEI' 
EXi'Cllll\G CHAl!G~ 

C'rl/NOl!fC"l 
MJ.GH~~l l:M 

F(lP.M 

2. Smokt, or white phosphorus ( WP), projectile• 
contain tube's of that substance \\'hich are )(attt'rt.-d 
and burst by a small black-powder charg<. White 
pho<phorus product:< a screening smoke. It alJO ha< 
som• inundiary effect. 

3. Window ( W) projectiles contain m.ial foil 
strip<, which, when scattered high in the air by the 
unall burster charge, SC}"\'e to oonrusc enemy radar 
upcrntor~. 

4. :\1c>nfragmenti11~ projectiles arr used for antiair­
rr:ift g u1'1 practices. T hey r.ontain a sinokc-pro<lucing 
.sub~tanr.~, available in various colors, whir.h 1nakcs it 
pvssible to ob<erve the bursts without close bum• de­
~troying the targec. 

5 . 1·arg1·1 or hlind-loadc.d lllL ) projectil-. rontain 
an inc.:rt substance, often sand~ designed to give tht; 
~tune "''eight and balance characteristic::~ as explosive 
fillrr<. In large calibers ( 6-inch and o.hovr) targtt 
prajectil0< <imulate the AP d(.,,-jgn but have no filler 
oth<r than the spouing color. 

6. Pr1>t>f-shot prajc:ctilt-s are used for proof t••'" of 
gun< at th~ proving ground. 

'iCTt.l IOlt 
trt 1wo us.cr:s 

AlUMINVM DISCS 

IUClt POWOtA 
[)P(UtHG CM.U C[ 

O(ll.T' tllMUfT 

w. I'. rllllD 
lUl!S 

lllUlllNATIN6 WINDOW 
J:AS! Pll!r WHITE PHOSPHORUS 
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3010. Dye loads 

Penetrating projectiles designed prirnarily for use 
against surface targets usually rontain sn1all quantities 
of dye, so placed in the nose of the projectile as to be 
dispersed upon water impact. This dye colors the 
splash produced by the hit and thus allows a ship to 
identify its own splashes. Standard practice is to 
issue to each ship in a division its O\vn idC'ntifying color. 
. A.vailablt colors arc red, blue, green, and orange. 

3011. Projectile markings 

Projectiles are paint~d various colors to facilitate 
rapid ide.ntification by gun cre\vS. Nose. f uzt:s and ro· 
taling bands ar(' ncvc.r covered \oJith r>aint .. BourreleLs 
arc covered \vith one t.hin coat of paint only, and nlay 
never be repainted or retouched. Tht: rcrnainder of 
the projectile is painted according to the code set forth 
in figure 305, which applies to all calibers larger than 
40-rnm. Separate. special codes are used for painting 
20- and 40-mm projectiles . 

E. Fuzes and Tracers 

3E1. General 

A projectile fuze is a mechanical, electrical, clec· 
tronic; magne~ic (or c:ombinadon) device \vhich '"ill 
detonate or ignite a charge in a projectile at the thne 
and und('r the tircun1stances desired. 

Fu7.es 1nay be classified according to function (im· 
pact: t ime: or proxim ity) : the position of the fu7.e in the 
projectil<.· (nose or base. j , type of mechanism or prin­
ciple utiliY.ed (mechanical or V'r), and specific action 
at titne of functioning or initiation ( ignition or deto· 
nation) . Figure 3El illustrates typical fuzes. 

Typical exa1n1)les of no1nenclature for r\ avy fuze.s 
are as follo\\'S: 

I. Auxiliary dc·tonating (ADF). 
2. Base detonating (BDF) . 
~. Mechanical time (MTF) or electrical t ime 

[ETF). 
4. Point detonating (PDF) . 
5. VT or proximity (VTF) . 
Point detonating, t in1e1 and VT fuzcs n1ay aH be 

called rtose fuz<.·s because of their loCt1.tion in the projc<:· 
tile. I•'uzes are designated as detonating \.,.·her) they 
contain within themselve; a high-explosive charge suf­
ficient to se.t off a high-order explosion in the burster. 
Ignition fuzc~ contain blark po\.,•der sufficient to ignite 
the burster of small projectiles. In larger projectiles 
sucl1 fuzes function indirectly thl'ough an auxiliary 
detonating fuze. 

3E2. Fuxe safety 

It is necessary for the safety of pe1~onnel that a fuze 
be made inoperative until the projectile is well clear 
of the muzzle and of the firing ship. A fuze is said 
to be armed when its component parts are so arranged 
that it can operate to set off the next explosive in th< 
chain. It is ·u.narnze.d \ .. ·hen its safetv feature-s arc so 
functioning as to prevent it.s operatic~. 

1\ satisfactory fuze n1ust n1eet these requiren1ents: 
I. It must be safr to handle; that is, the fo>-e must 

not become armed if dl"opped or joggk d. 
2. It must be safe within the bore of the gun and 
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for a sufficient distanr.e outside to ensure sec.urjty of 
personnel in the vicinity. 

3. It must initiate the explosion of the filler at the 
proper rno1ncnt> 'vhcther on impact or at a specified 
tin1c. 

l POINT DETONATING I 

BASE FUZE 

F1ouRt>, 3EL-Location of fuic:s in proJc:ctiles. 
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3E3. Fuze operation terminology 

If Iuzts ,.,·ere.: not <"quipped , ... ·ith safety fc.~aturcs, they 
\\.'Ould br. relativ~ly ~irnple. 'fhe nr.ed forsafe.cy 1nakes 
for c.01nplicatcd operation> vvhich depends for its initi­
ation on cerLain fotces brought into play \•.:h.cn a pro­
jectile is fired from a gun. Forces \-.•h ich 1nay be. 
used w operat'' foies are: 

I. SP.tback. The force of iner•ia which tends to 
move all foic parts to the rear as the projectile is initi· 
allv acrelerated in the hore of the g11n. 

2. ~1ngular setback. The for~c of inertia; v"hich 
tends to tt..sist the initial rotational acceleration of the 
proj<.·c.:tilc in the gun. 

3. Ce.1ltrif-u.~al forte. The continuous force, caused 
by the rotation of the projectile in flight, which tends 
1.0 111ove all fu:cc parts radially av1ay froJn tht· axis of 
the projectile. 

4. Cree.p. Tl1c continuing inL~rtial force resulting 
from the deceleration of the projer.tile in flight, r.auscd 
by air rL·sistancc, 'INhich tends to move for\v'<~rd the 
fuze })arts not exposed to the air. 

5 . Impact. The sudden inert ia force which tends 
to nlove all fuze parts forv.·arcl '"'hen a })rojer.titr. 
strikes. 

6. T ar~et (,'<Jnt<iCt. The re.arv.'ard n1ove-Jnen~ o( a 
firing plunger or other device v;hen the projectile 
ront«Cts the target material. 

"J'he rnagnitude of sorne of the forces i:; illu:>tl'ated 
in the tabl.;bclow. 

3E4. Auxiliary detonating fuzes 

"Aux dcts" arc used in conjunction '"ith all types of 
nose fuies in HC, /I.A, and AAC projectiles of 3-inch 
and greater caliber. 1'hcy are inte.rposed bf':t ,ve<:n the 
no~e foie and the bursting charge of the projet·.tilc to 
provide a heavier shock for detonat ing the hursting 
r.harge. Tl1ey aJso act as a $afcty feature, preventing 
the projectile filler from exploding in case the nose 
Iuic should be accid<.~ntalJy actuated prior to the arm­
ing of the auxiliary detonating fuze. 

3ES. Bose detonating fuzes 

l~ase fu1..es are used alone in an·nor-pic:.rcing and 
conuuon proj\:.Ctiles. 'l'hey are used in cornhina.tion 
'"ith no~e fuies in such dual-purpose projectiles as 
AAC and HC. In the latter oase their functioning is 
r.onlpletely indcpcndt·.nt of the nose and auxiliary fuzes .• 
the fonne.r of \vhich rnay for certain purrx:iscs be 
replaced by a steel nose plug. 

.A.II ha~e detonating f uzc:s f unction on impact; so1nc, 
ho,v·evtr, incorporate a delay feature. Base detonat· 
ing delay fuies function a short time (0.02 to ().03~ 
second) after the projectile hits the target, thus allow­
ing tirne fot ar1nor penetration. Base detonating non­
dclay fu1..<:s <::ont..1.in no actual <lclay element, but a 
slight. in}1i;rcnt mechanical delay provides a ti1ne rnar· 
gin sufficient for the penetration of thin sheet metal. 

3E6. Time fuzes 

In most calibers of gun projectil~s, titne fuies are 
clor.k\\>'ork mrc.hanisrns used to obtain timed air burst~. 
Thq• are used in AA, AAC, AA (non·frag), IIC, 
I Hurn, \VP> <.ind \V projccti,lcs of :1- to 6-inr.h sizes and 
in IIC projectile. of 8- to 16-i.nch caliber. There arc 
t\•.io gen~ral t~·p<'S o f m<.·chanical tin1e fu1~: one l)•pc 
dcµt·nds for its action solely upon centrifugal forr.c; 
the o ther is a spring~drivcn variety. The centrifugal 
type is l•" affected by long Jl"riods of storage:, hut the 
spring-drivt:n fuzes are tnore salisfacto.ty for use on 
large projectiles which have slower speeds of rotation. 
Each type is n1ade in 1>everal rnarks and 111ods for 
various ca1ihers. 

1\ highly accurate cl<:ctrir. time fuze that can be set 
ve.r~· quickly {and thus reduces "dead tirne" to the 
v"nishing point } is under dcvc-lop1r1cnt at this writing. 

3E7. Point detonating fuzes 

Point detonating fuzcs arc designed to funr.tio.n on 
impact with the ta1-g.i. They have the advantage of 
being faste.r ac.ting on impact than base detonating 
fuzes. One group of such fuzes is used in plaoe of 

l·'<>RcEs . .:\FFECTINn FuzE ()PF.RATION 

- -

I .V.i:We lJari1nu1n Spi11 <')l I ,\,{ axirnum 
Pr~fectile ~vlotity A1ax. i;()1e Prlssurt i1t ntw gun.; .uthaek muv:/e I 1cla1dation** , . 

j(Hcr.* 1pJ (crtfp ,, 
' j"twt:i!)* 

' - ----- --- - -
20-mm __ _ ------------ -- 2, 725 24 long tons/ in• ___ . __ . __ __ 96, 566g 1, 154 - -5" /38 AAC _____ _ - ----. ___ 2,600 18 long tons/in'---. __ . ___ _ 14, 344g 208 7. 2g 
l 6"/50 AP_ . ... ______ --- __ 2, 500 18 long tons/ in'- -_. __ . ____ 3_, 003g 75 1. lg 

f 
*~ Equals th~ pull or for~ of gravit}'. 
* · Maximum occu1·s a. sho1•t dist2:ncc (mm the muz?:te. 
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mt-"<.hanic:ll tirnc: fuzcs in connc:C'tion with shore bom­
b:lrdmenl with HC, /\AC. and W P projntilt!S. Other 
mark.< nr point detonating fu= ar• uW'd in 20. and 
40-nun µroiectile.. for which no other typr r uzts are 
provid•d (20- and 40-mm AP projce1ilco are •olid 
n1'tal, except for 1hc lracer (avity, and thu< uruuzcd) . 

Figure 31;2 •hnws a sectional view of the 10-mm 
I'oint De1onating Fu,. Mark 27. T his is a simple 
(uit 1 an rxplanation of v.•hirh 'viii illustrale typical 
fuze opt1't\ti()n and ufely fc:aturc~. The fuze i~ rom­
po<cd of four 111a1or pans: the fuu bod)', the maga­
zine, lhc firing.pin holder, and the rotor block 
a.<StCmblit<. Th<'. for-"'1rd section of th• ru,c bod)' CO:?· 

u,in5 th\.- plastic firing-pin rxtf'fbion or hammf'r, the 
$tab-typt" firing pin. de-tents and spring\ contained in 
tho firing-pin holder assembly, and the rotor block 
\•;ith rntor, dt:tcnt~~ ~prin~i and rntol' (.;Over. T he 
magazine i~ t.C' re,,·cd into the after end of the body. 
T he fuzr i> designed : 

I. T o d• tonak tho projoctilc cxplo<ive charge and 
thr.-tby burst th• projectile with high-ordtr detona­
tion in'tanlancously upon i1npacL 

2. To t'n<ure <afcty and prevent detonation of the 
projerti~ when 6rtd in a gun or in normal Bight un:il 
dttonatc<I by impact. 

0/Jtratiorz. On txaminin<( figure 3E2 the Hudent 
will sec thnL the fi r ing pin cannot nimt af t (to the 
lrft in lhc d iag ram) bccaus<. the: firing-pin dc1ent• 
pn:vent it frorn doing !\O. t\lso, thC' dttonator is not in 
lin~ \\/ith the firing pin1 so thnt, jf thl' firing pin should 
w rnch<.>\V l'liOvc aft, it ~·.:oufd strike thr ("()lOr lx1cly and 
noL Lhc detc>nator. II the detonator should explode, 
it , .. -ot1ld nut detonate the bcxxtt:r. The rotor, and 
t"Qnscquf!'ntl\• tlx..· dctonacot, i$ held in the unarmed 
~ition by the rotor dctents, \\ hich fit into th'° rotor 
body a.< <howu in tho diagra:n Th• rotor b<xly also 
contains t\VO l<".ad (:(')Unh.·n,·eicthuo. 

When tl1' projectile. is fired, the rifli ng in the gun 
1·otate. th<' proje~tilc. As ti>' projectile <pins, cen· 
trilugal ro1 tc causes the firing-pin drttnts to movt e>ut­
'''nrd, frC"("ing the firing pin. Thr mtor drtcnu also 
1n (')ve o ut\',·nrd, fre<:ing thr r(')tnr. Centrifugal force 
also ace~ UJ><.>n the ltad cou nccr"'·cighL~ in the rotor 
bndy, tending to muvc them nul\"·•rd. 'l his cau~ 
1he rotor body to rotate., brin~ng t.h.- detonator ?nto 
lin• with thr firing pin and lead-in. The fuu is now 
armed. 

Upon imp.1ct, the firing pin is rarnmcd aft, striking 
ond r'pl<1<ling thr detonator. The detonator « · 
plodc'S lhe hOO$tcr, which in Lum detonate! Lhe bun k r 
charge or the projectile. 

3E8. VT luxes 

T he rad io J>l'oximity or VT fuze is u•l'd in all o f the 
!)]>ff of projectiles which <an use mc'Chanical t:U.c 
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fuzcs except illuminating and window ( " h ich arc not 
supposed to be exploded in the immrdiatc vicinit)' of 
a t•l'1[•t) The VI' fu>.e i> :< sclf-<'nnt~i~. radio­
rontrolled fuzo rapablc o'. tran•mit ting µul""' o r radio 
energy, ;<11<! of rcct.iving « portion of Lhesc µu l<es 
which ma)' h• reflected by n ta t'get. Th• fuZ< fit'cs 
when the returning signal is of sufficien1 s1rcngth, dur. 
\<' proxirniL)1 lO the target, t (l trigger the firing Circuit. 
.E~c:rnt ially, the fuze i~ ;in cxtrcmtl}' l'uggc:<l radio trans. 
1nilting :lnd receiving station, \ .. ·hicl1 fit \ into the nose 
or a projectile and is so rompart that it displace< a 
\'Olum. '"'' than half of an ordinary pin t milk boltlc. 
Stt figure JE:~. 

Thr prinliple of itS operation CJ>n h._I be illwtr:1ted 
by dcS<'rihing the firing of a typical VT -fu1.cd pro­
jectile. Not nnly arc VT fuze• a.< rugged l1S rno•t fu7.e<, 
bu t they hnve lx:en provided with rdinhle safety fca­
turr<. As n result, in safety of handling, safety in the 
bore of t h~ gun, and freedom from mu•>.lc. bursts, thc:y 
ar~ as safr a< any fuzcs u.ed by lhc Navy. 

At the instant the projcctil• is firctl, a tiny wet 
battery th>t furnisht!S energy to th<: f1u~ begin> to be 
artkatod. The shock of fire bl'f'"'ks a small glasi. vial 
filled "ith liquid elC<'t rolyte- Centrifug•I foro; in the 
rotating µrojrctilr caust'S this liquid electrolyte to Row 
toward tht outside or a cylindr ir>I orll through a stack 
of th in ring-shaped placo< Lhat have hf•n carefully 
in•11lnted from each o ther. Contact bc1ween the t lec. 
trolytc and 1hc plate< makes the haurry elect rically 
activo. Within a half second a fler the battery has 
h<.·comc artivt\ it has charged a firing rondeu.ser ""·ith 
cJrrtriC'ity. O nce this condenc:tr i!) c..hargcd and a 
mercury <arcty switch has been Op<'~d. the projectile 
is .. annrd". and ready to detonKtc , .. ·htn a targtt in· 
Auen(t< it to do so. All this ha• b«n Hccomplished 
b)' the t im• the projoccile has tra,·de!d four or fi,.., 
hundr.,d y;trds. 

As the pn)jcctilc speeds th rough the nir at a rate of 
aprroxim ately 2,600 feet per ••cond. a radio (ll;Cillator 
send" OOl clcctron1agnetic.:. , ... avr..fi. or iuapulscs a l the 
speed of light. Thr <t. impulses will hr. rcAcctcd back 
to the osdllator by any target that give• a radio reAcc· 
tion, ~u(h a~ metal objects! \\'ater, or tarth. 

At firs: th• projeetik is so far from tht target that 
th~ impulses arr n<>l n>turncd in an)' stn.-ngth. But 
as the proj«tilc approaches doser tn the 1argc1 the 
041Ci11ator rttti\t.! ever suongt"r rc-Acct~d irnpulscs. 
Thes~ intutning impulses intc:nrc \\/ith outgoing im· 
pulses to croak a "ripple pulse" whk h i• amplified hy 
varuunl tubes. J( the projc..'<'.tile rnn1es \vithin a radius 
of about 75 10 100 feet of its largct, thi< "ripple pul<e" 
bocome> pow•rful enough to trigger a thyratron tube 
\\1hirh nrt~ as an eleru·onic s,vitc:h. This n:lease5 Lhe 
olectrical •n• rgy stored in the charg•d cundcn•er 
, .. ·hich, in turn OJ>f'r.\l cs an elttuical primer. The 
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pl'hner consists of a ~mall container of black pn\vder 
.. vhich is firC'd by an clcctriral r.urr~nt passed through 
a resistance \virt.:. 'fh.e bhi.st from th is prirnr.r operates 
an nuxlliary detonating fu1..c .• which sets off the main 
explosive charge in the projectile. 

This fuzc, the re<ult of Navy rcsearrh, ha.< heen 
regarded as one of the great("St f,,,,.,,.·ard steps in recent 
()J-dnantc dcvcloprn~n1. It c lirninates c:ornp lr tely the 
tre1nendous problem of fu7.e M"tting in order to t ime 
1hc burst at a point in the trajectory where lethal dam­
age results to,,. fast-moving target. This alto\\~ maxi­
murn concentration on accurate tracking and solution 
for the con,:ct trajc<'tory~ \•.:hich is necessary bec.ause 
the proj•ctile must be placed wi1hin 100 feet of the 
target for the fuu 10 function. 

Vf-fu1.ed arnmunirion is "·rry cffcccive on txposed 
ptrsonncl and lightly armor.-d L>rgets a.horc. It is 
also well adapted for harassing and interdiction fi re to 
dC'O)' the enemy the· use of, but nnt destroy~ bridges and 
other \vorks v.·hic·h our O\VU furcc~ rnay later rc:quirc. 
No matter \~·hat the topographic configuration, the 
fu..- will dctonat~ at that de-signed point in il5 l\ight i~ 
c1usc proximily tu a reflecting rnass. such as lhe earth 
or trees1 v.•hcrr. fragrueutation hlankets a maxi1n n n1 

F. 
3F1 . Bomb• and bomb components 

The aerial bomb provide' for very efficient use of 
Lhe load .r.an·ying ability (If a given planf. Only a 
$mall fraction of thP. "veight invalved 111ust be rt.>CiP.rved 
for suspension, release, and sighting equipment. On 
tht other hand, an aerial bomb has very low initial 
vc:locity .• this velocity hPing that of the airJ>lane carr)'­
ing the bomb at the. time of rPICltSc. Time of fl ight is 
rc lacivcl)' pn1longed, and •H:curate co1nputation is 
required to obtain hits. .lo\ partial cxceptjon e-xists. of 
course, in glide bombs ~"1th horning 1nf>.ch\lnism.~. Th<" 
fi~t aerial bombs ~trc the s.mall, hand·thro\''ll missiles 
o( \,\.'orJd \ ·Var I, but 2-ton bombs arc: flO\\' (':(')fl)tuon. 
pince, and evf':O larger si?.es have been s~andnrdizcd. 

A ronveratjonal aerial bornb has threr 1najur com. 
poncn~. The body contains the explosive charge, or 
it may have a chomical filler. The fin assembly is 
provided to ke~p the bomh uahl• in Right. A fu ze. 
scrv" to dctvna tr. the charge. Thes. chree elements 
usually arc a$.5e1nblc:d into a cornplt·tc round just be­
fort. the bomb is lnaded in or on the aircmft. A glide 
bomb, which is a guided mis~ilt, 1nust in addition carry 
th• equipment nl'<".essary for guidance. 

Trend~ in bonlbing developrncnts includl' the pcr­
frr.tion of a grt.a~ variety of 11pec:ial·purpose hnn1bsi 
including sornc relatively S[nall type!) and others of 
gttat weight; dtvelopmcnt or improved m~thods of 
tracking, sighting, and computing; d<>velopmcm of 

erTcct ive a.l"f'a. Thl" introduc1ion of this fu~ jn the 
European carnp<1ign of World War I I by United Statr.~ 
.'\rrny ardllery had a tremendously dc1nor8liz:ing as 
''ti! as dcstructh c eff e<:t on entmy ground troops. 

3E9. Tracers 

rt i~ som<.~tin1r.~ advantageous to fol10\\' a projer.ti1~ 
in flight. For this purpose a Lraecr body is installed 
in the base or .as an extension to the base, of the prcr 
j~ctile. It <-ontaim a pyrotrchnic mixrure d<..'$igncd to 
burn v.;th a definic. color during all or a spcdfir part 
of the prnjeclilc's llighc. Standard tracer c.olvrs in the 
Nnvy are red C>r \\lhitc in AA projectiles and orange 
(for night trace"} in AP and cnrnmon proj<ctiles. 
The tracer is ignit<·d by rhr h•at or prcssur. o! the pro­
pelling charge. 

In 40-mm projectiles, tracns pc:rfonn the special 
function of setting off the burster charge at tho end 
or the tracer burning period. This is ~CC(Uhplished 
simply by allowing the inside •nrl of the tracer IO have 
din,-ct access tu the main charge. The advantage or 
a ulf-destructiut feature in Ail projcctilts, which 
rnight othe.rv.1 i$C land and burst on ov.•11 ships or 
in~caHations, is a hvious. 

Bombs 
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sighting and contr·ot systems that at'(' cffectivf' at high 
altitudes and u n<.ler an conditions of vi!:.ib ility o r lack 
thtre.af ; and cvnlution of rriar(' f"fTectivc: mrthods of 
d<~tonation. 

3F2. Bomb classifi<alion 

In tenns of th•ir fillers there are three general types 
of bon,hs: t:xplo.five hornbs, che1nical horribs, and 
inrrl bombs. Vnrietic:s of t.xplo~ive bornbs include 
armor-piercing, semi.armor-piercing, gencra.l·purposc, 
light-case, depth, fragmentation, and antiaircraft types. 
Ch~mical bombs indude i;«s, smoke, and incendiary 
varicdes. Inc.rt bon1bs co1·nain no t•xpla~ivf.S or 
chcrnicals, and a rt" u$t'd in drill11 and io prt:i(.'.ticc botnb­
ing. A r11..unbcr of aerial bo1nbs arc sho\\.'n in figure 
3FI. AU bomb< are painted with appropriate identi­
fying markings. 

In addition to the three n1ajor types_, vatinus cncastd 
pyrntedlnic mat<:rial< (not st11ctl)' bombs) ~, .. m\lally 
regarded as bornb arnrnunition. 

3F3. Explosive bomb types 

Armor-piercing bomb, (fig. 3F2} arc thick wallr.d, 
contain about 15 percent by weight of ex plo1ivc filler, 
<tnd are intt"nd~d for u~<: against heavily nnnored 
~hips and hc:a"1' steel or conc:rtte sttucturcs. They 
incorporate only tail fu.zcs. T},., effect or a nrar miss 
with such a bomh is small, because of the small per· 
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c:entage of explosive contained. If used against un­
armored or lightly armored ships, they are likely to 
pass dear through the target before detonating. 

Genernl-fn<r/io.ie bombs (fig. 3F3) have medium­
thic.k cases, contain about 50 percent by \\•eight of 
cxplosivc fi lle1·, and arc used to produce. blast, frag­
n1ent.a.tion, or mining e.fft":cts. Appropriate targets in­
clude unarrnored vessels, submarines, and land targets 
such as ordinary buildings, aircraft (on ground ) , gun 
emplacerne?)l.$> and personnel. 

Light-case bornbs <:al'r)' a 1naxllnun1 e:...plosivc 
charg.: about 75.6 percent by weight. T he fuzes used 
function instantaneously; this is necessary, becaust~ 
case~ rupture upon impact. Various \\•eights have 
been developed, ranging from 4-00 to 12,000 potmd<. 
The effect of such bomb< depends largely upon blast, 
and to a lc~~er degree upon fragmentation; they are 
elfeccive against light structures and per~onncl. 

Depth bomhs, intended primarily for attacks upon 
subn1arincs, contain about 70 percent by \.;eight of 
explosive filler, and have relatively light cases. As 
shown in figure 31'1, a depth bornb has a flat nose to 
red1.1ce the possibility of ricochets \vhen it is dropped 
into the ,,:ater at s1nall en.trance angles. For attacks 
upon sobrnarint"s! th.i~ bomb is fitt~d v»ith a hydro­
static tail fuze, bl.it an i1npact nose fuze may al~o he in­
Slalled if tire target Ls a surface ship. If a nose fuzc 
is pre~ent, i~ lnu.st be unarmed in rnaking antisub­
marine attacks. Depth bon1bs have little pcnctmting 
po"''cr, and dcpt~nd primarily upon blast to produce 
desired effects. 

J..'raR'Yll(!.1ilt1.lion bombs have heavy cases inade U}) of 

SJ.FOY <FAHNESTOCK) CUPS 

HOSE FuiE 

SUSP'ENSIOH LUG 

ruzE SEAT UHER 

steel rings or steel bars, and concain about 14 percent 
by weight of explosive charge. When such a bomb 
burst~, f ragrncnts irom the shattered case are thro ... vn 
outward at high velocity and may do considerable 
da1nage to light installat ions} aircraft on the ground, 
unarmored vehicJe.s1 and personnel. 

3F4. Fire and incendiary bombs 

Fire and incendiary botnbs are types of d1emical 
bomh<. l .argt fi re bombs may be droppable fuel 
tanks filled with a highly flammable mixture, which 
i< usually 94 percent of 80 nr 100 octane gasoline and 
6 perc:ent napahu. Napalm thickeners gel the gaso­
li ne to a rubbery n1as.<:; of such a consistency that \vhen 
used in tht ftr<.·. bo1nb tl1c resulting conflagration cover'$ 
a large area, burns intensely, and lasts a long ti1ne. 

.A.s an antipersonnel '"'eapon1 the fire bo1nb has been 
found to be ctfer.t ive against personnel in slit trenches, 
dugouts, and foxholes. As an incendiary, the fire 
bomb ha• been found to be effective against wooden 
piers1 houses, docks and \vatcrfront ,.,·arc.houses, 
\vooden Stu-face vessels, a1n111unicion dutnps, t tuck 
convoys~ and any other readily burnable target. 

The ave.rage coverage from one bomb dropped on 
level te1Tain is about 300 feet long and 100 ,.,·idc, \'•he:n 
dropped from aircraft in level flight at altitudes of 100 
fret and speeds of 300 knots. Higher ~ltitudes and 
lov.'Cr sp<.·cds. decrease the coverage and vicP- tJersa. 

Other Jncen<liary bon1bs usually <:ontain theJ·1nite 
in magnc:siun1 aJloy cases. As the tlltm1ite hurns, the 
lnagnesium case becomes ig11ited and adds to the 
incendiary effect. 

$lfETY (fAHH£STOCK) CUPS 

fllt ASSEMBlY 

Fu':uRt 3F3.-:\ gtneral-purpose bo1nb ~Lsst'mb1cd for lo:1d ing . 
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Chapter 4 

ARMOR AND PENETRATION 

A. Types of Armor 
4A 1. forty ship ormor 

The idn <>f •hcathing ships "-ith projccti!t-l"<>istll:g 
met3I undoubtrdl)· existed ti.fore >n) attempt was 
made 10 put it into practice. It i• n:ported that a 
Kore;in adrniral u«'d iron<lad, in th• late 16th ecn­
tury. 'I ht first European propo<al 10 do'<> -.a, made 
by Sir Williom Congreve in Englnnd in 1805, but the 
first iron master to make tht attempt wa1 John Strvcm 
of Hoboken,:-<.]., some 7 )Cars l>ttr 

Stevtn,• effort\ did not n1('C:t v.·ith i1n1ncdi1t~ sue~ 
cess, but it docs not appear that his approach 10 d:e 
subj...,t ""' un'<i.ntilic. for he had '"ptrimcnted untll 
~ kmw t~ c:u.ct thidr.ns ol iron pl.\t• "hie.Ii """!d 
•·•it"'t4nd tht fire of a..,, given gun . \bout 30 years 

after Sthcns br~n the '''""· hi• <On. Robcn L. 
S1 .. cns, frlt th"t the "Ori: """ far tr10u~h al0<11t :o 
rq>on the result to CongTt\< Yet >Mthcr 12 );,.rs 
rlapsed befort Congrcs.< au thori2"d the building of an 
armortd floating hotkry. ~4tanwhilt the French and 
the Briti.lh laid the keel, for a number of •nnored 
ship<. Tn thr hombardmrnt of tht Kinburn forts 
during 1hr Criuwnn War, thrte F'n:n!h o.rn1<>n:d craft 
fin1 demonstrattd their u.<rfulncss. 

Th<" "''desprud in~l'e$t in arrMl'\:d t.hipo """prob­
ably due 10 the f,.u that the riJlinc: of the barrrls of 
long-ro.n'!'• guns "a< also ocCup) ing 1hr attention of 
na><ll dc:sj!!J',."'- Th,. spin->tabili"d ~ullet had bce:i 
used in small arms for some- time, and ii ""'' f•h that 
a similarly designed long-r.mgt gun w.11 fc:uible. Such 
a i:un was devt'lopcd, and by 1hr la<t quancr <>f 1he 
19th rentul'), >mooth-bore ordnance had di'3ppco.rcd 
f!'OJl\ u>e in th• n,wics of 1he ci,·i!izrd "orld. 

4A2. Iron ormor 

Although other ""'tals Wert C'On!ld<-rtd, Onl) iro:i, 
wrought o r <a>t, '<:<-med fe:uible :u a proltcth c cover­
ing ; and of thes.., wrought iron show•d itxlf 10 be 
<uperior ~ fint praC1ical armor coMi.,ted of 4-
or 5-ineh wrought-iron plo.te, backrd by 36 inches of 
solid wooden timber. 

The imn indumy of the time, ho"·cvor, w:u no1 
equal to !he production or the nrtt<Mry h•a\y Corg-
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ing<. 1hrrtfort, even though early expcrimc-nu bad 
cstabli<hrd solid plate as ~tcr than a built-up (O\.'CI"· 

1ng of lam1nat..d armor, nit\"31 designers "•re obliged 
to mt' pl .. tc buih from thin layers, ofttn inadequatdy 
bonded t<>c:rthcr. The armor of the Civil War iron­
clad; "·"of thi< t)·pe. 

The problem before the armort'rs of the <fay wa.• 
qm •• ckar: to prll()ucc a very hard fnee plu• a very 
tough hack. llowcver, methnds of providing sound 
crment.iion hc-t,.ccn a hard faceplate and a thicker, 
hca,icr found.iinn were slill to be di!<'overt'<.I. 

4A3. Steel ormor 

Before "n'· prorl'<> form• production of such bonded 
annor W3< de-clop<"d, the Bcue~r convener. foUow .. d 
a !•" ~•ars l>ttr by the Si(ut.Uls-~hnin open-hearth 
prottu. (h•ng..d the coul"J(' of dc\.-clopm•nt The 
Fre~(h, .m l.8i6, produced a 22-inch 111 ild stctl plate 
(which " <atcl lo hove been h3tru»en:d to that dimen­
sion f ro111 " thirknc .. o( 7 ftct} that resi•tcd the fire 
or all ~'"' then in use. lt ..... the bt<t armor pro­
durfd up to that timr, hut iu tendency to crark led to 
a rctum 1u rcsearrh in built-up annor 

4A4. Compound ormor 

Thr n<'•t .1dvan(C rcsultt'd from the ~elopmcnt 
of two ri•al procesus. The li"t was the Wil.s<>n­
Carnn"'I compound plat• wh1<h eon.<i>ttd <>fan opcn­
he:.nh ,.,,., fd<e ea.•t on 1op or a hot wrought-iron back 
pla1e. Thr ~ond was the l::lli<-R1'Qwn procC>.< ol 
C<'menun~ a stcd f~c to an iron back by pouring 
molten &-mtr .iccl between thtm In b<>th case... 
the pl>tr< were rolltd ahcr r<>rnpounding. 

Actualh•, only • <mall advance had lx"Cn madr. AU 
the effort> of tht <tee) men and ~a"al designers had 
amount«! to a m• re 2~ p<'rttnt •d,a.ntagc: JO 
inchM Of <ompo1md armor was only about tht equal 
of 12V, in(hcs of imn. It w:u some progress, but not 
much_ 

4AS. Nlckel-stul ormor 

French •nginecrs o.gain took the next st<'p forwo.rd 
when, 1n 1889, Schneider introduud about 4 ptrccnt 
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or nickd into his steel plate, which increased it\ 
strength and toughness. Hi< plate was hammcr­
forgcd, nnnealed, tt:1npcrcd, oil-quenched, and thtn 
reannct1lcd. This new proc•s< added another 5 per­
cent nf N'Sistance to the 25 P"l'rem already gaintd by 
the makers of compound place. This type of plate 
was ustcl by the C nitcd Stat•! to protect the o ld 
battleships 'texas, Afaint, and Oregon. 

4A6. Harvey armor lcarburized nickel steoll 

"fht next i1uportant dc\·clopment v•as American 
and, vddly enough, also nriginated in Ne:,.,· Jersey, not 
far from the Stevens plant where protecti,•e plating 
for naval craft had had its beginning about 80 year< 
before. In 1890, H. A. Harvry, or '.'!ewark, invented 
a prO<'C:S< which added about I~ per<ent morr strtngth 
to the plate d<'SCribcd above. The new method con­
si.ted of ea,buri<ing the face of a plate of nickel <ttel 
by holding it ac about the temperature of molten can 
iron for 2 or 3 weeks with the face in contact with 
bone charcoal. This incrca.ecl che carbon (Ont•nt of 
the outer inch of the face from about one-fifth of l 
percent to slightly wore than l percent. The entire 
plate was then q uenC'hed, fir,.t in oil and then in water, 
and the result was both a hardening of the face and a 
toughening of the back. Later, the water dipping was 
replaced by cooling with a dense, high-pre.,ure water 
spray. 

It wa< soon found that chi< type of plate could be 
l'eforgcd at a lo\v ternperaturc after carburizing, re· 
dudng it< thickness by from 10 to 15 percent without 
lo"' of strength. The resultant plate had the strength 
of iron annor half again as thick as itself. 

4A7. Krupp armor (carburized nickel chrome alloy 
steell 

The hardening effect nf adding chrom ium tn nir.kt.1 
•tccl had been discovered before the above develop-

ment '"·as ronlplcted, but the- resultant alloy '"as \00 
d:ffieult for the industrv to bandl~ until the Germans 
diS<·o, .. rrd suitable m~thods. Krupp at that t ime 
u~ed ill umin;iting gas as a carburiiing agent instead 
of bonr charcoal, hut the. industry at a late.r date 
l'Clurned to the use of a solid carbonaceous rnaterial 
for this purpose:. 

4A8. Krupp armor (decrementally hardened) 

The imporunt decremental hardening process was 
introduced b)' Krupp shortly after tht d•vclopment of 
carburizing. The Krupp armor was processed by 
burying the plate, all but the facr co be hardened, in 
clay, and txposing the face to a high, quick heat. 
This heat tr:n•eled from the facr or the plate toward 
the back in an evenly descending plane, and when the 
critical heat for hardening had ptnetrated to from 30 
to 40 percent of the thickness, the pbte was removed 
to a spray pit and chilled by water played at first on 
the face alone and, a fe,...- moments later, on both sides 
of the plac. together. This decremental face-hard· 
ening, as it was railed, is still the general proces.• by 
which modern protective a,m1or is produced, though 
further refinement of the method oonstantly goes for­
ward. This proc<>.s may be applied to carburized or 
noncarburized armor as a final trtatment. 

4A9. Clan A ormor 

T he carburiied face.-harde.ned plating described in 
the foregoing article is known a• Cla"' A armor. Its 
use is protection of the vertical surfaces around the 
more vital p:1rts of heavily armor<.'<! ships-the sides, 
the turrets. the barbettes, etc. The impact of a pro­
jectile against such surfaces would nett.ssarily be at a 
'°try small angle of obliquity 1 and as such would have 

1 '"fhe ang-lt (Ir vbllQuhr Is measured fofd w('(l11 tbe ttxis ot tbc: 
pr(lj¢c:ttll' 1:1t1d tbt normal to 11le J1lnt1? at thl'I paint (lf hO(\/l()t. 

_________ MICKEL STEEL BOLT 

,,-------RED LEAD IOIMT 
CANVAS SOAKED IN THICK RED LEAD 

------ARMOR PLATE 

F1oua£ 4A1.-Watcrtight armor bolt, showing interlocking use of rt.sistant and yielding materials. 
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to be withstood by a very hard face to resist the initial 
itnJJaCt> plus great backing strength to absorb the 
shock. Class A armor must ddoat a projectile hy stop· 
pi!\I( it, by br<:aking it up, or by rupturing the explosive 
cavity ( thus reducing its rlTectivcncss even though it 
prnrtratcs the pla~ ). Such armor must be of consid· 
cr11ble weight, and naval design admitS of the use of 
only a limited quantity of it. Enclosing the hull of a 
ship with heavy armor not only does not add to the 
strength of the croft, but actually diminishC$ it, for the 
g".at mas., affixed to the framing members and other 
strong points, complicates the str.,.ses. For that mat­
ttr, aJI armor represents dead \veight, and naval dt .. 
$ignr.rs cnust balance the rcquirenl~nts of c:ss~ntitil pro­
tection against dead weight. 

Class A armor r.an be machinod only with difficulty, 
and cannot be fitted snugly against the skin of a ship. 
Thr accepted method is to suspend it from th• strong 
points of the hull by means of ext"1dcd watcrtighr 
bolu ( fig. 4A I ) which allow about 2 inches clearance 
between the armor and the hull, and then to fill the 
spaff. with conrrti.. Abutting edge. a:rc kcyod to­
gether, and plates which meet :tt an angle arc rabbeted 
(fig. 1A2). 

The chemical analysis of a typical modern plate 
is about as foUo"''S: 

Carbon ---------------------- 0.33~h 
Nickel - ---------------------- :~. 33% 
Chromium ------------------- 2. 00% 
Mangane.c ------------------ - 0. 30% 
Silicon_·--------------------- 0.07-;h 

Phosphorous - ----------------- 0.016';b 
Sulphur - --------------------- 0. 02%, 
Iron ---------- --------------- 93. 93% 

Froui:t.B '4.~2.-Mcchod of keying ndjac~nt plates or ClaH 1\ 
arn1or. B\ltt joinc is shown at lc:-h- a.ngle joint ac right. 

4A 10. Cl<Ju 8 armor 

Armor designt-d for the protccrion of horhonlal sur· 
fac0<, and otherwise, where the anticipated angle of 
obliquity is great, is physicaJJy <1uite different, although 
rhernically about the >ame. H,.e, instead of boldly 
mt:eting force \\•ith resistance, advantage can be taken 
of the tendent)' of a projcctilr to ricochet. This glanc­
ing ncbound is lx:sr achieved whrn the impact of the 
projt.ctile is met with a plate that givc.; slightly, thus 
~prcading the forr.e over a "'idrl' area. Moreover, the 
curvature oi the depression induced by the impact 
tends to pick up the curvatun: of the ogive, further 
inducing thr projectile to rebound harmlessly away by 
increasing the angle of obliquity immediately nfter the 
instant of contact. (See fig. 4A3.) Homogcn•ous 
armor can be used in this application. 

Hornogcnrous armor is not face-hardened. In 
thirknesses 3 inches and less, it is called "STS" ( Spe· 
cial Treatrnent Steel) . I n thkknesses greater t.han 3 
inches, it is termed class B armor. It car1 be inte-

,------- PEIPEllDICULAl 
TO SURFAU OF PLATE-- ---

WlMDSHlUD 

1. AT MOMENT Of IMPACT 2. IMMEDIATELY AFTEl lMPACT 

Facataz =lA3.- Diagram s.howin.g left, angle of obliquity at instant of contaet with (....'1.ai.s B armor, and right, 
augmentatiof'I of sa:ne imm('di:uely a!tef'\O.•.ard. 
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FIGURE +A+.-Arrangement of Class A. armor on a battleship. 

grated ,.,·ith the structure of the ship, but it cornplir:ate.s 
the proble1ri of weight, since it is he.-y and lies high 
in the ship1s structure~ thereby shifting EnateriaJJy 
" 'hat \\'Ottld othcr\vise be the ship>s normal center of 
gravity. 

4A 11. Miscellaneous armor 

T,.,.o rninor classes of armo1' are ca.st and li~ht. In 
the present state of its di;vc.~lopmcnt~ cast armor is not 
vcr~· satisfactory. It is osed at points '"here plate .. 
ar1nor \•;ould be diffi<:ult to fit, such as turret tange· 
finder end v•indov.rs and sight hoods ; attempts have 
been made to use it for boiler uptake grating plate>. 
It has a future, bc<:ause of the faci lity and speed with 

,.,,hich rastings can be: inanufar:tured, hu~ metallurgical 
advanc<;.·s rnust take place before extensive. use can be 
1nade of it. 

Light arn1or is a rough designation for any armor 
less than 2 inches thick. It is for the most part con· 
struct~d like he.avier armor, though so1ne is co1n­
pound<.·d armor consisting of a hard face fused to a 
tough back. I ts prospective usc{ulntss as a protec­
tion for aircrafL })e~onne1 and engin~s rnakes this one 
of the most important fields of ballistic research. 
\.Vcight, hov•t.,v<·r> is again a limiting factor. 

l\onferrous armor (of aluminum alloy) can he uscd 
to protect against fragments. ..:\nd plastic aru1or rnay 
be used for personnel. 

B. Penetration 

481. Introduction 

The same advances in metallurgy w hich cont ributed 
to the development of armor plate have. proved to be 
equally useful in the manufacture of guns and of pro­
jec.till"'S: particu larly those designed to penetrate armor. 
The increased toughness effected by alloying steel with 
chromium and nick~!, as \.,·ell as irnproved methods for 
produc.ing and forging large ingots; have resulted in 
better gu11s and in a race for supremacy bet\veen the 
designers of protective armor and the designers of pro­
jectiles to defeat the annor. 

Armor plate is carburized to e><treme surface. hard· 
ncss_. \\•hcreas guns and projectiles, \\•h ic.h n1ust com­
bine toughness \\rith elasticity and heat resistance:, art.~ 

not. Steel used in the 1nanufactu re of guns usually 
contains nlolybdenum; an alloying elen1cnt \\•hich in1-
parts strength at high temperatures. 

482. Projectile steel 

Steel used in ptojectiles designed to penetrate armor 
is o f the san1e general fom1ula as Class A a l'fnor but 
v.-ith a higher carbon content. After rough forging, 
the projectiles are annealed, then rough-finished and 
again heat-treated. Decremental hardening is 
achieved by dipping the noses in melted lead and cool­
ing them wi<h water, this process being repeated twice. 
The result is a ve1y hard nose and a tough, ductible 
body, this last characteristic being necessary to keep 

44 

the projectile from being broken up hy the violent 
t ransven;e stress caused hy crashing through arrnor 
place at an angle. 

483. Armor-piercing project iles 

This term is used to designate the p rojectile de­
signed to be used against an11or plate of about one-­
calilx'r thickness. It must penetrate this plate with 
its bursting-charge cavity intact. so that, v.•hen deto­
nated by its del«y fuze, it may produce high-velocity 
ira.grnents v.•ithin the ship. 

For stabilization in flight, the center of gravity of 
a projectile must be j ust abaft the midpoint of its 
axis; but to effect p roper penetration, an armor-pie;rc­
ing projectile should have the great mass of its weight 
immediately behind its blunt nose. Figure 4Ill shows 
hov.• these two conflicting characteristics a.re rec.oncilcd 
by fitting a light, tapered false ogive or wind-shield 
over the heaw front end. 

Wilhin the' false ogive, soldered and peened to the 
nose of the projectile proper, is an annor-piercing cap. 
Made of the same steel as the projectile, the cap is 
hardened, but by a single immernon in molten lead. 
This cap serves several purposes: it is so shaped that 
it increases lhe. biting angle; that is, the angle at which 
the projectile will penetrate instead o! ricocheting; it 
spreads the shock of impact over the periphery of the 
nose instead of allowing the initial contact to batter 
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WINDSHIELD-------­

CAP----- ---4iflll 
PROJECTILE BODY 

EXPLOSIVE "O" 

,LUG 

TRACER-----==:::::::!li 

F1ouR1 4B1.-Annor·piercing projectile. 

tho 001e tip; and it prestrcs!e• the armor 1>late upon 
impnn before the cap shatters away and allows the 
proj•"<;til• lo µmetrate the wcakcnod plaec. 

Projcct1ll'$ of this type are not tflicicnt against 
lighlly Mmorrd ship•, hccausc of the relatively small 
hur..tini:- rhargc that they arc able "' carry. Recausc 
of the dda}' feature incorporat('() in thtir !uus, they 
have ~en known to pass entirely through unarmored 
craft without bur.;ting. 

484. Common projectiles 

The <"Oll\ll\on projectile is for use against lightly 
armoffd >hips, being d•signcd to pierce plate of y:,. 
to Y2·t·aliber thickness. It 1'¢Sc:mbJt~ the an'l1or-pic.·rc­
ing projcctil• except that it has thinntr "allJ and can, 
thcrtfo~, carry a larger burs1ing charge. It has, in­
stead of nn ;irrnor-picrcing cap, a hoo1I, whkh provides 
a mt.1ru of attaching the "ind~hidd '' ithout "·eaken­
ing tho proj•-c:tile body by cutting threads. The hood, 
lik• the cnp, i> soldered and peened to the prnjectilc 
nooc. s...., figure 4D2. 

485. Balllstlc tests 

Te•tl of both armor plate and projcctilt~ consist of 
firinK the latter against the former at mciuuffd >triking 
velocities and at spetif1ed angles of nhliquity. TI1c 
projectile to be te>ted must be tried ag.1itut armor plate 
of knO\\"n rt':)•~tance; or~ if the armor plate is to bf' 
tested, the characteristics of the µrojtrtilc must be 
known. The p.L-ngtraiion test in e-:t('h tase is d rncasurc 
of 1hc striking velo<:ity at which 1he clcmrnt bcing 
tested will defeat the siandard element. In testing, 
arn1or plat(' 1nust y,•ithstand a maximum \'clocity; 
projc~r. 1iles musi penetrate at n. miniJnurn vclociiy. 
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ROTATING BAND 
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ADAPTER:---------lErJiilJ 

Frouu 482.-Common projcccjlc. 

~rtain ttrms must be defined to pro1tide a basic 
picture O[ IC5l procedure: 

Fiallittic limit or limit 11elocity ii the •tl"iking velocity 
which will pennit the projectile to pu< completely 
through the plate and emerge from the back with zero 
rc•idual w locity. Ballistic limit mc:uures the true 
i><·n~tration re.istance of the plate. 

Rtsidual z:.locity is the velocity of the center of 
grn•it)' of the projectile at the i11>tant the projectile 
emerges completely from the back of the plate. 

Comp/tit pmttralion is obtained when the projcc­
tilt pas."'< 1hrough the plate and emerges. l ncomplete 
ptnnration describes any result less than complete 
pcnctr1t1iun, and partial pcnctmtio11 describes the case 
of n projcftilc that break; up, only " part of it pas:iing 
through tho plate. 

Tho balli<tic limit of a plate "'"Y be determined by 
any I of or a combination of the 3 following methods : 

The bracket method consisis of firing at varying 
vclodtin until an incompltte and a complrte pcnecra­
tion are ubtaintd wichin the desin.'CI small ,oeJocity dif­
fcrtncc or bracket. The ballis1ic limit is taken as the 
1ucan o ( the t\ ... O velocities fom)ing tht: brucJcet. 

The rtsidual velocity mea.<urtmtnt method consists 
of firing one round at a velocity o little above the esti­
mat~d balli<tic limit and measuring the residual veloc­
ity, the ballistic limit being then computed by 
reference to established relationships bctw1,-cn the 
re,idual ' ·clocit)' and the limit velocity. 

The P•nrtration mcchod work> in tht opposite di­
n-c:tion. A single round is fired at a >"Clocity bdow 
the C'<lim;ued ballistic limit and the depth or pcnetra-
1inn mea.sun:d, from which dat.. th~ true ballistic 
limit is computed. 

Armor plate h al<o subjected to shock ttslS, which 
measure lhc ffiiStance oI the plate to sl1atter-jng or 
breaking up from the shock of projectile impact. 



Chapter 5 

ELEMENTS OF GUNS AND MOUNTS 

A. Introduction 

5A l. Development of guns 

As the Forc\vord to th is course indicate~, g uns h<.ive 
been use.d in ,.,.arfa.rc ashore and afloat for seve.ral 
hundred years. 1 .. he Forr.\\•ord indicates, in broad 
outline~ ho, ... · its cffcctivt~ncss as a \\leapon has increased 
over th is period of developlllent. But this dev.!op· 
n1ent has not been a s]o,.,,, stead}' gro .. vth. For the first 
400 years the technology of gunnery changed so little 
that1 as the Fore\-.•ord points out, one <.lf Drakcis n1<: n 
\\'OUJd have had tO learn VCl)' little that v .. as tlt~\V to 
have served a gun at Trafalgar. Nearly all the basic 
featul'es that have made the modern naval gun the 
effective weapon it is today have been developed 
within the past I :lo years, and most of thrn1 began to 
hecon1e irnportant only i-1.ftcr the turn of the century. 

?-.iodern gun$ and tn1.~unts> \•.:ith their associated 
•ighting and fire control equ ipment, represent a hig hly 
dc.,,.doped t'°hnkal level of achievement, not the Je.s 
impre~ivc because most of their fe.a tures \verc initiated 
fron\ 1 to 4 generations ago. Yet the g uns and mounts 
aboard modern United States naval veisds, romplex 
though they arc in detail, arc based on these re latively 
fe~· fundainr.ntal fr.atures. O nce they arc grasped~ 
the $ludent "''ill find it easier to 1na~ter the d1.~tails of 
stn1cturc and t\1nctioning of any gun mount or tur re t 
he encounters. 

5A2. Scope of this chapter 

This chapter is devoted p rincipally 1.0 those signifi­
cant features of model'rl. n:\val guns that have been 

re.sponsiblc for 1naking of them the cffcc.tivc v•<:-apons 
chey are today. Ea<:.h of thero is discussed individ ually 
in sornc\vhat sim p)ified forn1, \.,:ith enough detail re­
g<J rding its appli('.ation to fa('.i]itate the student's under. 
standing of operating principle~ v.ihe.n he encounters 
them in actual guns and mounts aboard ship. T l1esc 
f<-ature.s incJude: 

1. I mproved n1ctallurgy and barre l const ruction. 

2. Rifling. 

3. Br<.:.t.i.:h-loading mc-:.:hanisrns. 
4 . PerC\JS~ion and e lectric:al firing systr.n1s. 

5. Recoil and countcrrccoil sySt(·JnS. 

6. Po\·;er ra1n1nr.rs and 1necha11ie.al a1n1nunitio11 
feed. 

7. Poh1e r-drivcn an1munitio n hoists. 

8. Safety fe.atures-salvo latch, safety link, ga• 
eject ion. 

9. Sigh t ing and fire control equipm ent. 
10. Po.,.,..er dl'ives for e levating and t ra ining . 

Th<> next section of this chapter wjJI take up first the 
co1n1non or conuentiona-i structural features of naval 
guns ~\nd 1nounts~ then \vill discuss individualiy the 
characteristic st l'U('.tural and funct ional elements of 
n1odcrn naval gun tnounts, as listed above. 

The final sect ion of this chapter pres(: . .Ot.'i: in Stun· 
1nary form, fondame:ntaJ d~flnitions relating to guns 
and rnounts. 

B. Features of Modern Naval Guns and Mounts 

SB l. Common structural features of naval gun 
mounts 

Figure 5Bl is a closeu1) phanLOtll vi('\ ... of a 5" / 54 
mount Mark 39. T hough this particula r mal'k is not 
the cornu1onest of 5 -inch Il\Ounts, it is a good exan1ple 
of the r.onventional type of n1ou nt that s.hov.'S the 
features with which this chapter is particularly con-
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cerned . It differs structurally from most other 5-inch 
1110lnltS prlncipaJly in having a longet harrcl. --rherc 
are other d ifferences in po°"'cr driv<:s and hoist arrange­
ments \'lith ,.,.hic.l1 \\IC arc not c.011cerned at the 1noment. 

Bc,sidt'> showing ( as a phantom ) the shield which 
protects the rnount> figure 5BI sho, .. ·s also a number 
of the rnajor l'nount con1poncn ts v.•hich are f!ss.cntial 
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!VEHT1LATOR I 
I DUCT 

HOIST 
POWER 
MOTOR 

f tGU!Ui 581.-f.ncl-O:kd ~''/54 single mount. (Phantom \'icw.) 

to its proper runctioning but are struc.lurally nr.ces­
sories rather than b~-tsic part~. Su<:h units pointed out 
in figure 5Bl includP.- parts of the t;"lcvation control.s 
anti power drive {on the left side of this mount), th• 
poin1er'~s sight tclescOf>Cs th~ 01ount captain'~ open 
sight (in the shield overhead), a v.i>tilator duct ( also 
in th• shield) , and parts of the hoists and fu-.e >etkr. 
On the other ( right) side of the mount arc the train­
er's controls and po\~·er drive. 

In figure 5132 these a<:<:c.11~oty units are stripped a\vay 
to reveal \vhat nlight be considered the uskclelon" of 
tht gun mount. 

Serving as the mount foundation is th~ Jt(111d, a ~teel 
•·ing bolted (O the deck. The training circle is an in­
t<:rn:i.l gear in!;ide the stand. 

Supported by 1he •tand. and capable of rolating in 
train in roller bearings on it, is the base ring. It may 
also be callr.d the deef> set·tion ring or lou.,ier carr~'oge. 
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:..1nunte.d on it i~ the upper carriage, \.;hich is a pair of 
rnas...:;ive brai.:kcts braced to hold 1J1c trunnion be.a.rings. 
·rhL~ trunnion bearings are large roller bcarin~ into 
which the gun trunnion• fit.. The trunnions arc part 
of th t': ~·iide, a rectangular '.ve1d1uC:nt \.;hich supports 
all the devot ing parts<>( the gun. The ho1'sing slides 
in rrco il in thr.: ~lidc; the l>arrel tit$ into the housing's 
forward end, and the breechblack can slide up and 
down in a hrecchway just behind the barrel. Arrows 
sho"·' tlH:. rnoverllent of ,.,·hir:h each part na.1ned { c.xc.r.:pt 
the br~echhl<>ck ) is c.apablc. 

Now consider tht-sc parts in further detail. Figure 
5H3 sho· . .,·s ho'" the lo-.vcr carriage or hao1;e ring fit~ into 
the stand .. (ind hov1.< the mount can nlovc in train. 
Angle brnrkel" called holding-down clips bolted to the 
base ring fit under ~he stand so that the carri;ige will 
not tip off th.t stand '"hen the gun is fired ot \'t1hen 
tht ship pitches and rolls. The base ring r.a.n 1urn 
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TRUNNION BEARINGS 
GUN CARRIAGE 
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FJGt.:kt.: 503.-0ttails of the s1and a.."ld carria._~c. A. Rol!er 
bearings. 

on the stand in two larg-.-diamcter roller bcnrings. 
One. ta kc:$ up vertical thrust; the other, horizontal. 
The funrtion of the training cir<:le is illustra~ed in 
fig11rc 5D3; a pinion in tht carriage •ngagcs th< in­
ternal gear of thf' training cittle lO train the nlOunt. 

The carriage as$C"mh1y is generally considered as t \•.ro 
pieces--thc lower C«rriage (base ring; and upper car­
riag~-thou.,,tth on 20-11.tn"I nlounts the d ist inction is 
unimp<>rta11t. Fi!(Ure SB1 hig hlig hts these rkmcnts. 
'l'he b.;.-1.sc ring supports the upper carriage, and che 
platform or working surface; the shidd (in encloscci 
mounts) i• secured to it. It also supports th• mount 
po•.vcr drives and other co1n ponent5. I n lnounts 
equi11pcd \•.:ith hoists, the: hoil\ts arc. suspel"idcd from 
the base ri ng and tra in \•1ith thr. rnount. 'fh<' upp-L~r 
rat1·iagc, \•1hirh in 5.inr.h n1ounts may be c;...,llcd chr. 
carriage eheeks and in turret.'\ is c.allcd the dtcJ; lug: 
is principally the support for the 1runnion b<-arings 
(figure jIS4). T he t runnion bearings and trunnions~ 
in addition to ~rving as a. support \vhir.h pe1·rnits thr. 
elevating parts to nlO\'C in elevation, also pr'<'>vid(~ a 
r.onncctiun point for air lines (for gas eject ion) and 
mcC'han ic.:al lin kages ( for n1t.chanical firing linkages 
and for transnlission of elevation movement to firing 
stop mcchanim1s). 

The 1n111nions a re a part of the slide (fig. 5B5), 
\vh.ich is r(")nvcnt ionally a rectangular steel vvcldn1r.nt 
\•.:hich. 11ou!\cs or supports all th4; parts o f tht.: gun and 
1nount thnt rnove in elev;.\tion. In modl·rn rn()unts dt· 
signed to engage either air or surface. targets the limit< 
of r.levation movement are from minus 10 10 15 degrees 
(tha t is, with gun harrd dcpre,,,;ed 10 to I!"> <kgrees 
be.low the horizontal) to about p lus 85 d egree< (<haL 
is, v•ith the gun barrtl \•lithin 5 dcgrr.cs of poin ting 
straight up, " ' right angles to <he deck). llr(ausc of 
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F1cc.._~ 583.-B. ·rrainir.g circ:le and lwldins;:·down c.lips. 

c 

Ftot:R~ 5B3.-C. Principle. of training gca.r. 

th<.: Jirnications in1po~e-d by turret strur.turP., ~1evating 
me<"hn.nisrn, a nd ~tmmunition fee<! equipment, turret 
g\lns of older desigr1 ar<: not capable of these extremes 
of tlt,·ation. 

Figure SBS points up the slide and the clements of 
ek·vating gear. The slide contains thP. ;:irnn 'lunition 
feed 1·nc'.chanism (or the po\ver t anuncr \\•here ammu­
nition feC'd is petforrncd rnanually , .. ·ith 111echan.ical 
as.~i.sttu1tc). the recoil hrake, the t ountcrrccoil n1rcha­
nism, the elevating arc, and che gun housing. ·r he 
£unction of the elev-aaing arc in pos.itioning t.he slide in 
<"lr\'ation is !'ho-.vn in figuf'f' 5B5. The ~trc is a gear 
~c<.· tor scrured to th t: slid~. It cngagrs A pinion in the 
<;arriti.gc. The pinion f r'l<l)' b<: dri\;l'n 1nanuaHy or by 
an elPvntinn po\ver drive. 
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FtCH!RY. SB4.-The earril\ge. /\ , Upper and Jo.,.,·cr r.a.rri;ige. B. 1'run11ion bc:aring11, 

T he recoiling parts ( that is, those that move to the 
rear when the gun is fired ) of a ccmventional naval 
gun arc either attached to or a.re housed in the gun 
houting (abo called the bruch housing) . The hous­
ing and rtlated parts are highlighted in figure 5B6. 
(Some turret guru and 20-mm guns differ considerably 
from this type of conventional de.ign, and this dc<erip­
tion is not intended to apply to them.) S•cured to the 
forward end of the housing is the gun barrel itself. 
The commonesL method of attaching gun to housing 
is by use of n bayor?~Jt joint or inttrrupted-scrou,i joint, 
with a key to lock the barrel against possible rotation. 
The hou•ing can move parallel to the gun oore axis in 
ways in the slide. lt is normally fon:cd to its forward. 
most position {called battery position ) by a counter­
recoil mechanism (not illustrated in fig. ~>B6), which 
may be tither a powerful coil spring or a pneumatic 

device. When the gun fires, the reaction of the barrel 
forces the housing aft ; this movement i• oppo•ed by the 
countcrrceoil mechanism and by a hydraulic recoil 
brake ( alM> nol illustratci! in fig. :>86.) The counter­
rttoil and recoil mechanisms will be dcocribcd and iJ. 
lu.stratc:d in a later article of this chapter. 

Figurf 5R6 also indicates the location and some fea. 
turcs of the br<l'ch mechanism. The type u!Cd in most 
guns of convc·ntional design; inrJudirlg the 5-inch. and 
illustrated here~ is called the vertical .tlidi11g-r()edge 
1ype. Further detail< of its c.onst ruction and function­
ing pri nciples app<oar later in this chapter. 

582. Gun barrel construction 

Superficially, the modc.m gun barrel resembles very 
closely iL< anc~tor of several hundn:d y<"an ago. The 
old and the new both are thick-walled metal tubes. 

F rcirRE 5B.S.- Th.e didc :\ )1{2in fc..:iturt$. B. Prl11c.: iplc ol elevating mcc.hanism. 
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FteUkl ~86.-Tht housing. A. HO'W barrf"t \«u?'Cs 
to housing. 

Ftr.uag ~.86.-B. Recoil movement 

The pro~llcnt charge and projt<'tilo occupy the 
broerh end whon the gun is loaded, ond thr projectile, 
v.,·hen fired, i~suc5 from the muzzle tnd. 

Rut with thb the re.«'mblancc end<. Figure 5Bi 
sho\\'S in cros~ ~rtion the old look and thr Ill"\\' in gun 
barrel pr<>filt.1. Th• difference in <hnpc i• very sig­
nifiranl. Th• figure alS-O points out thr mnin fratures 
or the conll'mporary gun barre:!. Ut m naw consider 
these more elo..,.ly. 

1. At the bre<.-ch ond is a plug or breecltb/ock which 
ran be oprn<'<l for lo>ding the gun. Bn:cchb!oeks take 
various £orms; the illustration .sho,,'S a) ,·ic"·cd from 
above) the general <trueture a."™>Ciatcd '' ith the slid­
ing-wedge type u>td in 5-inch mount\. Breochhlocks 
will be discu«rd in further detail lattr. Early guns, 
~xccpt for a fc"'' custorn·made sruall-l\rm41 weapons; 
were alrnost invarhtbly rl)uzz]c loaders; brccc:h loaders 
were rarities. Hence [he silhouette rf'pcc~cnting the 
old gun show• no brrech plug. 
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f'rovl(e ~B6.--C. Lol·:11ion of bre~et1 pluft. 

Fiuuar. ~86.-D. Br<"et:hb!oc.k rising to closed pos:ition. 

F:e~u ~86 - E. Rreechblock dropping to open po1i1ion.. 
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2. Just forw•rd of th• breech plug is an enlarged 
chamber to coutoin the propelling charge. 

3. The boro iJ ri{ltd-a <et of spiral groove, twist< 
the projectile a~ lt movrs tov;ard the n1t1Y-tlc, sn that 
it i> spinning whon it !raves the g1m. Old guns "' 
a rule wen: sn)l)Othbores. In newer typo:s nf larger 
!:'Jrl>, the nffln~ is (UI in a /inu -a tubular in>ert that 
can ht- repl•ccd "hen "orn. Fig. 5Bi •hows thr 
riflini: C<1t into the liner of an 8-inch turret gun nf re· 
cent design. Tho liner rofcrcncr 1narks arc used for 
alii:nirtg the liner in the gun tube.) In other g•m>. th< 
riOini: groow• :lit cm into the barrel. 

4. As cnmp~rod with .arl;- guns, the ham:l wall, 
arc much thinner in modem guns. and the tapor is 
much kss cxai:geratcd. As will be explained, im· 
proved propcllunu ~nd improved •t•els havo togcthor 
brought about thi• silhouette. 

(-:Ornmon external features arc p<'l'1nted ou' 1:l figurt 
5Bi '.\fany guru ha,.., a lui/ at the wunlo, whore 
the mrtal is m~de thicker 10 di~ourage any tendency 
ro split. :\1ixt modem wrapons lack a bell, or in'1r>d 
have lugs, whid1 are utilized when the liner · <C<' :\o. 3 
above) is replarl'd. (1'he lugs >crvc tn an~hor the 
tO-OI u•ed for pulling the liner out.) 

The thinnest )»rt of the barrel, jwt aft of the bell, 
is the neck. Thrn come< the tapering chaJr, follo"ed 
by the slide c)·lindtr, which moves in a bearing in th• 
slide during reroil. 1'hc after part of the barrel i> 
secured to tilt gun howing. In th• con\·tntional 5. 
inch gun, the hrttehblod slide. up and dO" n in a 
grooved re<-tanl(Ular brecchway in the hou<ing. 
~ow consider what iJ betwttn thr exterior and th• 

interior surf act' of the barrel- - the steel iuclf Look· 
ing at the profilo' or guns old and new (fig. 5n7}, ii'$ 
cvidr.nt that althoush both taper fmm a wide breech 
C"nd to a OO\rro"•f'r mu2':1e, the caper is. rnuch more 
dr.utic in tho older "capon. Superficially, this differ­
enc4: in silhouttce may ~ a sruall matter, but it is 
actually very irnp<>rtant. It indic•tcs the revolution· 
ary cl(-velopmtnts in propellant$ and in ll!<'tallurgy that 
difTcrontiatc th• new fmm the old. 

CnMider what happen< when the proptll•nt in a 
gun i< ignited. As it bum" it turns to hot g .. under 
terrific preswrc- up to 60,000 p<i in moall gunt, up 
to 4-0,000 psi in htrgtr guns. As thr projectile movt< 
along the bore toward the muzzle, the gas prc:1Sure goes 
down. It follow<, then, that the chamber wall shnuld 
be thr thickr<t part o( the gun b3ml, with the taper 
from breech to mun!• reRccting the dccrc:1Sing gas 
pressure behind the projectile. 

However, when bl><k powder wu the p~llant, 
the chamber h~d to withstand the initial shock of 1hh 
proprllanl's exceedingly rapid burning ratr. Thus, 
before the projrc1ilc was well along the bore, the pro· 
pelling charge had already devolopcd iL< maximum 
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pres>urc as a sudden shock, and thr ga. prcs1ure was 
falling rapidly. The hreech had 10 be c•pecially heavy 
lo with•t•nd the shock, but tho tuhe was short because 
che g.ls pressure frll so rapidly. In modem gun< using 
pyr<> ()r lripl•·bll$C prnpcll11n1s, the ma.~imum grur prco­
surc is drvcloptd far rr.orr "'1oothly, and dt<"lines less 
sudden!) This i< reflected to a great extent in the sil­
houcnc of tht modem barrel. 

The thinner barrel walls of modrm guns are cvi· 
dencc nnt onk of more effective proptllants but also 
of impro•·td metallurgy of the !»rrd. ~fore the 
'80's ()f the last century. the surest way to m•lce the 
baircl of a gun wi1hstand mnre J)l'C>$Ur<" was 10 make 
it thirkcr. But there were limit$ 10 thi< method. 
Thon it was discn,erecl that by prtJITtS<ing, it was 
pos.sihlc.• to lnnkc \l gun barrr:l more resistant to irtternal 
prc>0urr The rarli.,.t mr1hoo of applying thcs prin· 
c:;>le wa< to heat «eel rini:·shaped j:>ektts, or ltoopJ, 
:o hi~h tcmpcratu=. thon >lip them over the gun tube 
and all<>w 1hcm tn cool. As the hoops cooled, they 
contracted, until 31 the end of the process they were 
$(jueciing th• gun tube in<ide ·~ith a prcS>urc of thou­
sand; ()f pnunds per « 1unrc inr.h. Gun•'" con.iructcd 
arc kMwn ns built-up guns, and arc still made in 
s.izes over 8-inch 

About thr time of \\·()rid War I, the samo principle 
was applied to rnonoblnck (one-piece) gun• in the 
radial·O<(lansioll or autofu11age pror~ss. In this 
proc~<, a sin!(lc >tt't'.I gun tube whosc bore i< .tightly 
smaller than the <•fiber desired is filled "ith hydraulic 
Ruid. The prt;)urc is then built up enough 10 en­
large the bore pcnnanentl)' about 6 percent. When 
the pn:ssurr is relea<ed. the nu1er la)'t'.l'S of the rube 
tend to retu1n nearly tO their original dimensions, 
while thr inner layers, '"hir h have been considerably 
c:nlargtd, tend to m.ainlain their increased dia.metcr. 
The r«uh is that 1he inner layen of metal arc l<'.\-erely 
comprt>><d by the eon1rac1ing force of the outer layers, 
ju>i a< if a hoop or jarkrt had bttn shrunk on. In 
o:het word<, the tuhe is "self-hooped." 

The big ad' antages of the radial-cxpan•ion mono­
bloc gun over thr buih·up type arc simplicity nf manu­
facture and cornparatively low cost and "right. Be­
cause of the difficulty of "orking on the single hugt­
forgings rNJuired for guns over 8-inch, though, larger 
weapon; arc .iill buih-up. Or the two methods nf 
prestrc•<ing may hr combintd. 

583. Riffing 

ru tho Foreword 10 thil course explain<. early guns 
''~re capable of hurling a projectile to a rttptetable 
rangr, all thing< considertd. Large cannon could 
he•vc ~n iron or <eone b3ll at " target a couple of 
miles away. and actually overshoot. But their lire was 
so inarcuratc tho! a gun capable of an extreme rangr 
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l REFERENCE MARKS I RIFLING GROOVE 

( 
RIFLING LANO TUBE LUG 

P1ou.1u1 58i.-1'hc gun b1'rrcl. t\. Old otnd ne....,,. gu11 ba:rel profiteJ. B. ~(<'lin parts of the barrel. C . .Mu:i:de ("nd of 8-inc:h 
tu:r'!~t gun, showing the :-ifling Qr.d the lin~r. 
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of about 2,000 yard• was considtred reasonably certain 
to hit its L>rget only at point-blank range-in this case, 
up to 80 or l 00 yards. 

Thtre were several reasons (or this poor sho,v-ing. 
On• was that, other things being equal, a light pro­
jectile will travtl a lesser distance, and ht more 
affect.ed l>v ,.,,ind and air resistanc.e.t than a n1ore 
n1a~~iv~ 0 1;e. Sin<.:c these old sn1oothborc cannon 
could fire only round shot (and the maximum volume 
of a sphere is rigidly determined by its radius), it was 
difficult to make the projectile wfficiently massive. 
An elongated projectile could, of coune, be madt more 
m:t~sive by rnaking it longer. Rut unless it can be 
n1ad~ to spin amund its long axist an elonga.ttd pro­
jertil• has, as some balliscicians put it, the ballinie< oi 
a brick, and its Right path or trajectory is murh mon: 
c:rratir t.han that of a !>phcrical one-. Henc.c, bcrausc 
a smoothbore cannon cannot make itS projectile spin, 
round shot ""·er<.: the only a1ternativc. 

There \ve.re other rt:asons, t()(')1 for the inac<·uracy 
of tarly gunnery. One standard method for loading 
the dassical type of seagoing muzzle-loading smnoth ­
borc required thr gunner first to ladle into the breech 
end of the bore a mca<ured quantity of black powder 
( later, a paper- of cloth-wrapped "cartridge" was 
U!ed). and then to ram down the bore the round shot 
" 1rapptd in a fabric "patch." Since close c-ltaranees 
would have made loading impos<ihle, the shot was a 
fairly loose fit. (Sec figure 5B8. ) When the. gun was 
ftrcd (by lighting orr a priming mixture whith filled a 
"touch hole" leading into the blind breech end of the 
burc), the patch was supposed to seal the powder g;ues 
hfhind the IOOS<'-fitiing ball projC<'tile. But much of 
the i;a• would blow by one side or the other. The 
result was tha1 a lot of the gas pressure was wa<ted 
because it didn't serve to propel the ball, and as the 
ball left the muizlc it was not likely to be trav•ling 
along the bore :i.•is. Hence the ball was slow (300 
fps was a likely speed, a. compared with 2,700 fps in 
conve:ntional modt:rn nav;.d mcdiu1n-calibcr guns), 
and its trajectory predictable on ly in the most general 
fa.,hion. 

Rifling the old time m=Je-loading cannon "as im-

1 10!,ICtltlO~t ( Pl: ... (01 
• Jlll t~•Cl t-0--0!lt1 

O£ U. ~tOJlCflLI 
~-•• ,,tO l)l ''"' l (:ll ' 

Fr.u•11: 58$.- Cl"'C»S secti<:>n of (arly na\.·11 gun (load(d a.?ld 
primed). 

practicable becausr of the difficulty of ramming close­
fittin~ an1n1tn1ition dov,·n the length of the bore. Such 
ramming wa.< possible only in small arms (which is 
why riAcd shoulder weapons wtrt used by infantry as 
far back as the American Revolution) , but not in 
cannon. 

Figure :;B9 illu.ir>t_. how th<se problems""" solved 
in ruodtrn conventional naval gun~. First or a ll, the 
pr<>jtrtile is elonga te<!, with t1n ogival forward rnd. 
Brccl'h-!oading prrmiL~ an enlarged chamber which 
contains more propellant of a slower burning and less 
crratir typr than black powder. The projcctik ha< a 
copp«r or alloy rotating band. T he chamber is con· 
nutrd to the bore proper by a •hort tapering {orci11g 
(Ont. \ ·\'hen thf' projectile is ram1ncd into the gun, 
tht rotating band fol'<'ibly engag.- thr forcing cone. 

And the gun bore itself is different. It isn't smooth. 
It i• grooved or rifled, and the grooving is helical or 
s/1iral. (Fig. 5D9) . T he rift ing b-.gins at the forcing 
conr a.nd continues to the muzzle. In al) na.va.I ~ons 
and small arms cxcrpt the .45 ~aliber pistol, the rifling 
has a rieht· hand t, .. ist. The l\vi~t n1av be uniform 
(g.:ncraliy around I in 15 or 20 times the bore diam­
etrr) , or incrtaJiny (as in th~ 4().mrn gvn) so tha.t the 
tv.-·ist becomes sharper as. it near' the nlll2z1e. 
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The number, dtpth, and width of grooves vari.-. in 
different dc.igns. Small am>< have relatively few 
grno,·r., and cannon ( fig. 5119 ) have a large number. 
(;1oovc ,.,.·idth n1ay d('crease to,vard the muz.zlr. 1'he 
bort diameter vr caliber of a riflfd gun is mcasurrd 
from the top of ont land ( the high surfa<.,. between 
gm<wes) to that on the oppo<itc side of the hore. 
Siner the roiating band for tht projectile i.< slightly 
lal'gcr than the no1ninal gun bore diamett":r, the rifling 
<'U t~ in to or engrautJ the softel' rn<:tal of the rota.ting 
band \~hen thr projectile is rammed, as can b<· seen 
in figure 5B9. When the gun is fired, the projectile 
spins at an in<rta;ing rate as thr propellent gas forces 
it toward the muZ7.le. (Wi1h right-hand twist in the 
rifling, the direction of ~pin i~ <lockud.se as vit:\'le.d 
from the breech.) Moreover, became of the close fit 
bet1v<<n the rotating band and the rifling it •ng•ges, 
the gas is rfft<:tively seal~..! behind the projectile. 
(This explains why rifling is made with groovts that 
nnrrnv.• \.O\•;ard the muzzle. ; the grooves <:ontinue to 
cngra ve •.vider and \\/ider notch~~ in the rotating band, 
ensuring a tight fit as the proj<,·tile approarhes the 
muzzle.) Figurt 589 show• how a projectile might 
look as it leaves the muzzle, spinning rapidly and with 
rotating band deeply engraved. 

584. Breech mechanisms 

A prc,·ious artide ha.• almody noted that rifling was 
•pplied to ;mall arms quite a long time ago. (Rifled 
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Fcouft.?. 5B9.-Riffc:d gun.i. .A.. Cross icction of gun charnlit<r 
(frx.cd ammunition). 

1'~1GL'R~. 5'B9.- B. RiAed bore (vic.,..·cd hr:Hi ·on). 

snlall arms ""er~ used in the . .:\rntrican Revolution, and 
cnnbled i\rncriran sharpshooters 10 >land at a distance 
and pirk off the redcoats, whose smoothbore mmkeu 
\'\'trc no ma1.ch for the An1erican riArs tither in range 
or •ccuracy. ) llul it could not be applied in a prat· 
tiC'al \,:ay to artillr.ry, cilhc:r seagoing or ashore. Rarn­
rning largc-r.alibcr amn'lunition from th~ 1l1uzzlc \.,..n~ 

exassivdy di fficult if the projectiles fitted the rifled 
bore rlosely, and the rilling was usel<SS if they didn't. 

The key to making effecth·e and practical rilll'<l 
cannon lay in the: dcvelopinent of effrl'ti\e and praC'· 
ciral rncchani~ols tu permit loading froin the breet:h 
end of the gun ratl1., Lhan the muzzle. 

\Vi th but one C:<<:Cption {\'{hi ch is d i ~cus.se<l in vol­
ume 3 of this serit> of cextbooks), all naval guns in 
present use in calibers 40-mm and larger me 1 of 2 
general <ypes of bN'tCh mt·chanism. One, whirh i; 
US('d in bag gu1Ls only, i~ the Welin it1t11rruj;:ed-screit· 
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FrcuR.E jB9. - C. The riflillg t'n1otravc:s the: rotating bu.nd. 

f'tGUR.!i ~B9.-D. Projec tile spin during Right. 

type. The other, used in 40·1ll1n1 3-inch, 5-inrh, and 
6.in<'h guns, and in 8·inch turrtt guns for case ammu· 
nition. is tht vtrtical sliding-wedge typE"- Consider the 
interruptt·d-srrrw l)lle first. 

11He11upted-serelu breech n1t<:hani.Jm. Th•; 5C:re~ ... 
is a '"·idely \111ed device for securing w rnething against 
a heavy thrust. Figute 5810 shovt'S hov.' a continuous 
<rrew closure might be used 10 ieal the breech end of 
a metal lube lo make a gun of it.. Such a brco'Ch 
closure or plug "·ould of course require urlSCre,ving to 
open the brccrh afler firing. The mass of surh a 
device, designed to withstand th~ ~-0,000 psi gas pres­
sure dcvclop<>d in a typical Jargc-<'nlibcr cannon, v.1ould 
in"ilably be considerable. (The breech plug of a 16-
inch na,al gun, for exampk, weighs about l,400 
pounds.) ]'urning such a sere"' through se"-eral ~vo-­
lutions \\·ould n<>l be easy. 

Application of the principle of the interrupted serrw 
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F'1cv11.11: ~BlO.-Principl.e of the i.nterrupted·scre"· bree.:b· 
UJCChani,m. A. Continuously thrf':.ad('d breech plug. 

B 

tHREAOS 
REMOVED 

INSERHO CD 

DISENGAGED 0 

CUT AWAY TO SHOW 
HOW THREA S ENGAGE 

ENGAGED 0 
figure 51l l0.-R. l nt( l' tuptt d-scrcw bolt an•l nut. 

reduces the number of curns required tf> a fraction of 
a revnlution. If half the thread<.:d area i~ re-n1ov~d 
from " bole (representing the bN'trh plug ) and the 
nut ( reprcs .. :nting the breech or scrtu..1 box) 1 tl1cn it i."' 
poosibk to in~rt the bolt ( I and 2 in fittUr• 5810) and 
~ngag<: tht two by turning the bolt 90° ('.I in figure 
5RIO). 

Thr dii.adv:mtage of this straightforward applica­
t ion of tht. ii·nerruptcd~s.crc\ .. • principle is that half the 
threaded an:a n1u st he rcn1oved, and 1his reduces the. 
" holding power" by reducing the an1ount of lhrcad 
arc;.t that rnn he engaged. T his disadvnntagt- i(i partly 
obviated by the W elin stepf>ed-tlmad breech mahan. 
ism. In this arrangement, both plug and bree<·h have 
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F1cu•• 5B IO.-C. Stcppcd·tl>r<:ad plug (Wolin type) . 

steps. The steps are arranged in groups, with each 
group of lour ascending (or deocending) steps occupy­
ing one 90° s<'etOr. On the plug ( figurt 5RIO), the 
lowest .icp of earh group is blank, and the others are 
threaded. On the breech screw box the highest •tep 
in each f(roup is blank, and the oth"' threaded. 

Figure· :ill I I <hows how an obsolete 14-inch breech 
1n~chani:1111 function!i in <:losing. n1e principle is the 
same cm present-day 8-inch and 16-inch bag guns 
no\.,, in the Fleet, but in those sh.ip$ the p lug ~\vings in 
a vertical arc (as in figure 5B 12) rather Ihan a hori­
zontal one. :-iotc that thc.,-c are t\VO di~tinc.l rnotions 
or the plug in opening and cl<>Sing- a translating 
movemtnt in \vhich the plug S\•tin~ on a m~i,·e car· 
,~, hinged to th< sid• of the lm .. -cch, and a rotating 
motion in \\·hich the plug scrc,•.-s into the scrc-.,.,· box. 
Both of the•e may occur together in tho final stages of 
do<ing or tlto beginning of opening. 

I'\o\"' f() IJO\Y the brecch-clo~ing action 3S illustrated 
in fill" re :ill 11 : 

1. From its open position, tht: plug S\vings around 
tO\°''ard tht c;('rCv•' box. As the pJug n\()VtS in: each 
high threaded step of the plug fits into a low blank 
step of tho S<TCW box (6g .. '>Bl I). The high 
threadtd <t•p< on the screw box fit int<> th< low blank 
:«tors of the plug. The other threaded steps also 
clear rarh other in this position. 

2. When the plug is well into the screw box, but has 
not y~t begun to rotate, a catn roller on th1.~ plug t .on· 
tacts a ca1n.·cr1y in the sere\ ... box. ( Figurt': :ill I I show:. 
how the plug must rotate to ~ngage the screw box.) 

3. Ouring the last part of its tran~l.ntion into tl1e 
sere\ ... box, tht plug's caxn roller engag\.'S tht ca1nway 
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Fzr.uR.n 5B1 1.- 1nterrupted-:sr.N'"' b rec-c:h mreh<\nism. St<'.ps. in closing. 

and the plug turns so that the mating threads on box 
and plug engage. F igure 581 I shows the breech 
clo,.;d, locl«d, and ready for firin.g. 

Notice the two great advantages of the Welin-typc 
screw box and plug: 

1. Ahout i:> pen:enl of the engaging surfaces of 
plug ilnd scre'v box arc threaded. 

2. The plug requires only about 27.5 degrees of ro· 
tation for full engagement and locking. 

Compan: thrsc characteristics with the original bolt 
and uut: and you can sec the i.n1provr.ml·nt. 

\\"elin-typr. breech 1ncchanis1ns may have- 3, 41 or 
even .""> steps, r.ounting the blank sectors. In n1o~t 

modem in5tallation~, the plug s,.,·ing~ vertically up into 
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the screw box (fig. 5B12) rather than horizontally as 
in rhe 14-inch hn>e<:h pictured in figure 5811. 
Bcc:.aus~ of th e: largf. $izc of the &"1.2ns on v"hicl1 they 

arf. gtru.:r::llly found, interruptcd·scre\v plugs are too 
heavy for unassi.ird operation by hand. (As noted 
alX>v<', on a 16-inch gun the plug ma)' weigh M much 
as 1,400 pounds.) lnterruptcd·scrcw rne.chanis1ns 
for these large guns ar. therefore grnrrally fitted with 
air- or sp,ing-po,.,·fred dc,·irts to aid the gun crev.: in 
<">perating theJ:n. 'fhe~ devices 'A1ill be di~cussed 
funher in chapter 7 on turr~lS. 

The discu'5ion of the intcrn1pted-screw type b~-ech 
mechanisn\ l>O far ha~ concentrated on the prio<:iples 
of operation of the cngagin.g parts--the plug and 
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P1ou11.n 5Bt2.- lntel'rupted-sere..,· typ<" breech mechani\m 
( 16-i.uch) no\'; used in the Fie.ct. 

sere\" hox. The.rt' r~mains one other imporlant func­
tion for thfa type of breech mechanism to perform. 
Beside.I withstanding the brute th1·ust <•f the high­
prcs•ure propellrnt gas in the chamber du ring firing, it 
nluSt als.o prevenl ltakage of tht burning, toxiC' gas 
into 1ht: turn:t or mount. It docs thii\ by ,nrans 0£ an 
obturafor or ~aJjng dc:vicc- the DeB(lnge gas-ehctk 
syJtntn. 

The DeDange gas-check S)'$tem is used in all United 
States Navy bag guns. Its main parts arc the 1nuJh-
1oon~, gas check pad. lpiit rings, and g4S check stal. 
Figure 5Bl3 shows a typical ga<-<:hed asst·mbly. 

The higg<"st rnmp<ment is the mushroom. ( ln a 
16-inch gun it weighs 220 pot1nds.) I t consists or a 
large tlat steel head at the fon•ard face of the pl'lg, 
with a long steel stem exten<ling through a hole in the 
plug and protruding from i<s rear face. Through the 
center of the stem and head passes a hole called th• 

p-rinu!r ven.t. The printer fits in a primt":r charnbcr 
iu the after •nd of the mushroom stem. (The primer 
vent docs for the modem bag gun what the touch hole 
did for its ancimt counterpart.} 

lletwr.'11 the rnushronm head and the forward fac.e 
or the breech plug, and bearing against a smooth sec­
tion of the breech chamber called the gas.check Stal, 
is th< gas-check pad. Thi.; is a thick flat resilient 
doughnut-shap•.d di.c of plastic, whose oute.r and inner 
edges are protected from wear by steel split rings. 
Tht~ systcn1 \·,·orks th.i:s v.•ay: 

1. When the gun is loaded and the breech plug is 
closed, the ignition charge in the powder bag (not 
shown in figure 5Bl3) is right up against the mush­
room head. (The ignition charge i• composed of 
black powder. When the ignition charge explodes, it 
.. is orr the smokck•~ powder which comprises the bulk 
of the propelling charge.) 
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2. The primer io in rhe primer chamb<:r. When 
the gun is fired, the primer goes off, sending a hot 
fhunc do\vn the v~:nt in the rnushroom stem. 'l'hat 
ignit~S the. black }">0\ .. 1dcr ignition charge, \i.:}lich in 
turn sets orr the smokc:Jess powder. 

fiG\IR.& ~813.-DeBang-c- ga,$•Ch~-k srstcm. A. Exploded 
view. B. Cron i;~ction, .thowing operations. 
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3. A< 1he pawdn burns, the txpanding gases puth 
hard a~•in11 all sidC"> o( the breech ch,mhtr. th• 
projectile, and tht mushl'()()m head. The onl' thir:g 
that r:>n y1dd is tht projcc1ile, "h:ch begins to n:ov< '-'P 
the ~n hnre. 

Meantime the pre<.<urc goes higher and higher up 
to 40,<X>O P1i until thr projectile: is ~u1J,.· unCer , .. ,a ... , 
when tht prnsurt 1apeo off. 

4. A~ the pres.surt- incn·;..scs; it sho,·es tht mui,hroom 
htad hard h.~ck againit the gas-rheck pad. The pad 
e>.i>nnds againu 1he gas.rhtck scat, effecti,·c!y •••ling 
the bttech again<t 1hc <>SCaJl<' o( gas. And note this 
feature af th• device the greater tht gas P"''-<urt, the 
hardrr the mu•hroom compres•es the pad agaimt the 
ga•·check $Cat. 

V trlitol '1iding•u. tdJlt bruch mtch<>nism. The in· 
terrupttd·scttw 1ypt of hrtteh mechanism ha< iL< ad­
vanU~t"S. Sine<' it has its O\~n obturator mecha1"!.i!m, 
it can ust' propelling charges in silk bai::s '' hich are 
cozuumcd in firing, and once the bore is clear«! o( 
residual gaics and burning fragments, the next round 
can be loadtd ";thout requiring e.-.traction •nd dis· 
poul of the U«'d container for the fired proptlling 
charge. h can al"' be used ( though the C. S. Xa\'y 
has no gun< of this t)'P• in active service at the prtsem 
timr) lO fire r:ue nrnrnunition. 

But this kind of brCl'Ch mechanism also has dis­
advantage•. One i• really to be nsr.ribcd pa rticularly 
to the nature nf the ammuni1ion it<elf. Bccau•~ of 
the lire ha1ard, a rrtwman mu<t in•pcct the chamber 
after each round fi red lo ensure that it is ••fe 10 load 
th• next round. Thi1 .tows 1he rate of firing. More 
important, thi< kind of brtteh mechani>sn is complex 
in operation. Coupled with the numbtr of sep3rllc 

ammunition de1ails that mu.i be handled per round 
( tot.> ling up to 6-primrr, projectile, and 6 powder 
bacts), thit type of bn.'<.-ch mecllanism i> no: ca.<) to 
adapt to aolom.3tit or M:miautomatic operation. 

Fnr this rta!On, RUD< 40·mm and up, of late dc<ign•, 
use a brc:c<:h mt'(hani1m that ..... ·orks on a con1µlctcly 
dirTcrent principlt-thc 1hdir:g·a:td,ge breech tncch­
ant<rn. Thi' uses a sliding rlemcnt to block off the 
brctth oJX:ning. The ,Jidin!( hre.x·hblock may move 
ei1her horizontally or vt1·1ically. 

Figurr 581~ <how• in <irnplifird form the clement• 
of a vcnir:\I )lidin,g-\\·l-dgt breech rnet:hiinism as it 
loob from th• >idr, \\ilh the br<cthblock o r plug in 
it> lo\>trtd (optn) position 1ru, do:tce ootEne rtp­
rt~nts the brc:cchblock in it.1 raL<ed (closed ) po>ition. 
~otlcc th3t the ~tM\"CS in ,,·hich t.he pl\J~ can s!idr­
up 3nd dO\\ n arc n<>t ~ctly vertical: th~' re -la"-t<C 
<light!) Corw3rd. It i< clear that in its OJl<:" po<'.1ion 
tht plug i< outictablv ait of its clo<.t<I positi"n. Or in 
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F1GUA.K .)814.-SJiding·wedgc breech m«hnnis.u,1. A. 
8rttcbblock mo'«mcnt. 8. Scaling by rxpannoo. 

01hcr "ord" in rising to the clO«'d position, the brt<'Ch· 
block rnovcs for"ard a.• "ell as up"ard. 

Thr effect of the brecchblock's forward movtmcnt 
as it clo<t":> it to \~edge the cartrid~e- ta..<.t- into the- g\ln 
chamber (htncc tht name <liding·wtdtr brcwh 
mechanism). 

Th• mc:had of obturation u!<'d in thi> IYJX: of brttch 
mcchani<rn depend> on the rartridgt' <3.>C for 1<:aling 
cffttt. Thtrt is no <ealing device incorporated into 
the brt<"<h m.,.hani•m. Figure 5B14 $hows what h.<p· 
p<:ns "hen the gun fires. A> the propelling rhnrge 
bums. the hot po, .. dcr gasc.s txpand n~ain.,,t the Aidt<. 
of the cartridge. which in tum expand against the 
>mooth walls of th< chamhtr and against the brtcrh· 
hlock Sin.c the cartridge rasc ti~htly ~ls off th• 
rntirc kn~h of the chamber. th• g<1><-S can t<ta1>< only 
for.,ard, dri' in~ the projectile. Kone can •.cape 

throi.sh the brc«h This is JCaling ti- '"P'"'"o". 
But aft~r the gun fires, the chamhtr is not drar 

Hae Urtridgo C"5C j,_ not dt<ignW tO di<aJ'P<'U with 
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the burning propelling charg<>, and it must be l'l'ffiO\-Cd 
from the chamber before a ne" round can be loaded. 

Therefore all guns with sliding-wedge brccchblork< 
have one or a pair of cxtract<>rs as part of the breech 
n1ech:\nisn1. In 40-rnrn1 3-inrh, and 5-inch gun$ lhc· 
cxtracccu" fire mechanica lly operated by brccchblock 
OlOve1ncnc. Figure jBI5 ~hO\\'~ ~cvcral vie\ .. -s to c:lari(y 
their functioning. 

Whtn the brcechblock is down (open) the extrac­
tors an: pulled back. In thtse guns the extractol"> per­
form the dual function of locking the brcerhblock 
do"n and extracting the case. As a fresh round of 
arnn-1unition is ranur1cd into 1he chamber, th~ rirn of 
the cartridge case engages the extractors, and pu lb 
them forward. This unlo<k$ the brccchblock, which 
is then forced upward by a spring mechanism. The 
round is chambered, the brc<:chblock moves upward, 
and the c.xuactor tips move forward in a <:00rdinatcd 
group of movemenu. When the breecltblock it fully 
closed, it hM forced the round fully into the ch<1mbcr, 

9R£E:CH HOUSING 

r·-\ ~ 
[[] ~ 

- */@ w• .... 

and the rxtractor tips ha,·e reated in rece..<SeS in the 
housing. (fi!,(Urt 586 shows those n:ec...,.). 

Afttor the gun fiT<"s, the breechblock is opened by 
ramming action. (The details of th is action val)' in 
different gun d~))igns, and , .. •ill be described in subse­
quent chapters.) As the b lock drops, the extractors 
retract. Th•y haul the fired cartridge ca<e out of the 
chambc:r and catapult it 10 the rear into the slide. At 
the t-xtl'("nlC of their rean,·ard ID(')\·trnent, they lock 
the brcechhlO<'k do"·n until the next cartridge case 
again pulls them for.,•ard t.o unlock the breechblock. 

Figurr '.>1315 shows the <ype of hrt~.h 1uechanism 
ostd in convc 1i tiona.l 3-intll and 5-inch guns. In 
40-rnrn g~•ns the sequence of opern1ion.s is sirnilar; but 
the cxtracton;; n.rt pivoted on a !!pindl<'1 and Jock the 
hreechblock down with a pair of hooks. In 3-inch and 
5-inch brf"f"<'h rnechanisms the r .... xtract0rs are not piv ... 
oted, but rock bark and forth on their forward curved 
surfaces, which bear agaimt the gun housing. The 
rnovcmcnt oft-a.ch extractor is contro1ltd by tv.·o lugs; 

F1ou•~ 5B l~.--Sliding-wed&c breech mechanism. ExtrACtOr action A How the extractors grip the cartridge case. 
B. Ranlming. C. Extraction. 0 . Extractor positioN, plug up or down. 
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the inner lug engages a caroming groove in the hreech­
block, and the outer one oscillates in a small curved 
groove in the housing. It is also noteworthy that in 
3" 150 gum equipped with Power loadtrs the brcech­
block-locking function of the extractors merely sup­
plements the normal functioning of another locking 
mechanism (d<-scribed in another chaptor). llut, re­
gardle~1 of the melhod of locking, the extractors un-
1 ·1dcK""~ne mt't'chb1dcK ~·nen·'lnc;' are 111ov~a1 10S'\·afa 

by the cartridge case hcing loaded. 
In cnntrast to the sliding-wedge h,-,,ech m.rhanisms 

described above, which arc optrated through mechan­
ical co.mming and spring action when the Jllln housing 
moves back,vnrd and fon,•ard in recoil and counter· 
coil, Ilic breech-mcehanism in 6-inch and 8-inch case 
guns ore opcr>tcd hydraulically. 

The descriptions above dn not apply to the very 
newest d<'Signs of 3-inrh and 3-inch gun mechanisms 
with slid ing-wedge type breech n1'chanisms. Sec 
volume 3. 

Bou-type brtteh muilar.isms. T he sliding-wedge 
and interrupted-sere"· types of breech mechani~nls arc 
not used in guns 20-mm and smaller. These use 
variants of the bolt principle. The bolt is a brtech· 
block whir.h moves in line "ith the bore axis-forward 
to close the breech, and to the rear to op•n it. 

In so-called bol1-a,1ion weapon.< like thr old M!903 
rifle (the famous "Springfield" of World War I ) 1hc 
bolt is operated by hand. 

In gas-operattd weapons like the llrowning auto­
matic rifle Ml918A2 (the "llAR") or the Ml rifle 
("Garand" ) the bolt is cammed to the N>ar by a 
piston actuated by a small amount of propclltnt gas 
diverted fmm the barrel while the bulltt is moving 
through the bore. Spring action force• the holt for­
\'iard to ram 1he next round hon,e. 

In r~coil-opnrated weapons like the llrowning ma­
chine gum, a complex of mechanical part.< is forced 
to the rear ro varying dlstanc~ by recoil, and is 1hen 
driven fom·ard by springs \0 reload and nrr the next 
ro1tnd. 

In b/01cback-opualtd weapons like the 2~mm AA 
gun and the Thompson or M3 suhmachin• guns 
("Tommy" guns) the holt is pushed back, when the 
gun is fired, by gas pres.<ure in the chamber, and a 
spring mechanism afterward forces it fo1·ward to ram 

· the ne:<t round home. 
Aircraft marhinc gun designs use all thrcr n[ tht-se 

actuating fnrce1 (gas, recoil, and blow bock). 

585. Percus1ion a nd electrical flring systems 

An earlier chapter, on amm\nlition, d~ribcs the 
types of primers tl1at are used in gun ammunition to 
initiate the proprlling charge. With regard to func-

tioning, it distingui~hed bctv.·~en percussion> elG-etric.~, 

and combination primers. It also d'Scribcd a ;pecial 
type of primer used in bag ammunition . (The other 
types arc all associated with case ammunition.) 

r·iring mechanism for ca.Sf gunJ. 'fhe (.(.)mmonat 
ammunition, and the cornuionest guns, are of the case 
type, and it is appropriatt to look at these first. 
Figure 51316 sho, .. 'S the Pfincip;il co1)tn1on r.lcn1ent of 
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a percuis1on or oorho1nation firing syt.rrm. or course, 
not :lll the clcn1cnt~ of a pC!l'CUSsiun or co1nbination 
firing ~ystcn1 ate comrnon tu all ~n designs. Since 
this chapttr U conr-trned primarily \'1ith com1non clc· 
ments, other in1ponant parts that are not comrnon 
arc omitttd. 

CAJtTRl()Gl CASE 
(CONTAbitHG PROPlt.\.ING CHA.RGI) 

PROJfCTllf 

Fu:uit! ~Bl6.-Fi.ring mec.haniJ11'l for 1Hding..~d.g:c breech 
1t1~hanis:m. 

1"hc: inlpOrtant comrnon.<'lt.1nc11l is th~ firing nzeth· 
ar:iun, sometimes called the firing lock. 1 .. his part is 
scrurt'd in the breechblock, but is not considered part 
of the brrrchblock, and is very ca;ily rcmnved for 
rleaning. 1~he illustration sho'"°" a coinbination 
eh.·ctri<:·percussion firing mr.rhani~tn typiC"al of case 
guns 3-inch and larger. 

~cchanical linkoge in the hrt<'d1block operates the 
firing rn(.:C"hanisrn in the follovving ,.-.•ays: 

l. rt retracts the firing }'>in <.>r striker , ... ·htn the 
hrecchbl<><'k is not fully duscd. 

2. It cocks and rclca.<es the liiing pin or striker to 
fire th<: cartridge case by perrussion. The part in the 
hrrc.:h mrchani•m that does this i> calkd. the .uar. 
(l\ot illustroted in figure 51116.) ln diffo't'nt gun 
designs thi~ runction is acco1nplished in different \.;ays: 

a. ln the ('Onventional 5-inch gun, for exa1nplc:, the 
firing pin or striker n1ovc"S int<> contact \vith the pri1ncr 
in llu.: cartridge case at> 500n a~ thP hl'C'c·ch (;l<.>scs full)'> 
and rrmains in contact until the brcc<'hblor.k begiru. to 
droJ>. In pr1"Cussion fire., a. u1assive ~pring-loaded J>art 
in thr firing mechanism is J'('lrased by the scar in the 
brtechb!ork to strikr a bushing, through whirh the 
impact is drlivered to the firing pin and thus to the 
prirncr. 

b. In 3" 150 guns, the firing pin contacts the primer 
as sMn <t.$ the hreeth is clostd, and remains in contarc 
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unless the percussion firing linkage is actuated. When 
this happens, the •car ( which lo<>ks and work• differ­
ently from its namesake in the 5-indt gun) retracL< 
the spring-loaded firing pin and releases it to strike 
the primer. 

c. In 40-mm gun< the firing pin automatically 
strikes the primer as soon as the hreerh is fully closed. 
Firing is contmllrd b)' regulating ran1n1er acti()n> as 
doscrihed in a later chapter. The 1-0-mm firing mech­
anism is a percu.s.1iOn·only device. 

d. In 6-incb NI.SC guns the firing merhanism dosely 
resembles the conventional 5·inch firing mcrhanism 
hricfly discu.<Sed n.bove. In 8-inch case guns, how­
ever, the firing 1ncchanisn1 is stripped to thr esM"ntials 
needed for electric firing only. rt is not a tomblna­
tion device. The firing pin retracts when the breech 
is open, and maintains contact \vith the primer at all 
times when the hrrech is closed. When it must be 
fired by perc.\.1s.sion in emergency, a special percussion 
attachment rnu'-t be rigged for Lhe putpose, and a 
special type of cartridge case equipment with per­
cu.sion primtt must be sub.tituted for the normal 
service r-.artridgt, "''hich has an c1cctric primer. 

In electric firi ng ( for which all the mechnnisrns 
mentioned above are adapted, except the 40-mm and 
r.omc older 3-inch hand -loaded mounts), a.II that is 
nccMSary is for tht firing pin or ~triker to maintain 
good electrical contact whh the case primer. When 
the firing circuit is dosed, currrnt passes through the 
cable and the firing pin through the primer's contact 
and filament, th(n by way of the cartridge rase and 
gun to ground. Th• breech mechani<m device which 
retracts the firing pin automaticall1• p~ents firing 
both by pc.rcus.ion and dertrically when the breec.h 
is not fully closed. 

P-...u.ssion firi1111 linkagn (for ease guns). Mounts 
( 40-mm and larger) in which pcrcus.<ion firing is con­
sidrrcd an alternate rather than an emergency method 
of firr, c.onventionally have foot p•dals at tht point­
eJ°'$ station for control of percussion fire. 

In 10-mm mounts, <l•pressing the pedal p:tr1 way 
('awes an electric:ally driven firing Hnkage tn 1·tleasc 
the rammer and initiate firing. If the c:lcctrically 
driven linkage is m>t functio~, depn.'SSing the pedal 
all ihc \\1ay initiates firing 111crhanir:a1ly. Jn t.ither 
case, the actual firing in the gun i!I don~ by percussion. 

In 3-inch mounts of the old~r hand-load~d type, 
11elttlric" firing b~ nn alten1atc method: but hcrr, l.00: 

so-ealJed ;celcctric" firing is done by pcr<"ussion; the 
percussion firing mrrhanis.m i~ artuatc.-d by a M>IC'noid. 
"Pel"(ussion" fi1·ir1g i~ <lone by drpress.ing tlir. foot 
pedal; this operate• the firing linkagr directly. 

l n newel' 3'' / 50 u1ounts '"''ith automatic loading 
cquipmcn~ percuss.inn firing is an emt·rgency cxpcdi. 
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FrouR.g 5Bl 7. - S''/38 percussion firing linkage'. {Si1nplified 
sc:hemstic.) 

c:nt, and must bt d()n~ by operating a control on the 
,lido. 

Figure 5B 17 shows in simpli6<-d form the firing link­
age for a convl·ntinnal .1" /38 mount. Any percussion 
firing linkage from a foot pedal tn the <lidc or breech­
bluck us.cs sirnila.r rnechaniu'll t:Jemcnts. The little 
arro"·s sho\\. ho'-\' each part o( tht linkage 111ovcs "·hen 
the pointer <tepo on the treadle. The treadle tilts 
dn\\•n1 S\\'lnging the re<'tangula.r t<U'loection lever as .. 
sembly aft, and so rotating the firing rod. A Ii ring rod 
levtr at the top of the firing rod poshes the outer push 
rod, -.hich run> inboard through the inner surface of 
the slidr. The trip plate transmits the push 10 the 
innrr push rod in th• housing. ll the bn:ec:hblock is 
fully clos.d, the irrncr pmh rod arromplishes the entire 
p1u·p<>se <>f this linknl(•, whid1 is t<> push the scar to the 
right. ( It will Ix: recalled that the sear relt!l.'lCS the 
cocked firing mechanism.) 

:>:ore two important safety features of this linkage: 
I. Th• trip plate can push th~ inner push rod only 

\\·h~n the gun i~ C'nrnplete-ly in buttery. 
2. The inner push rod can pu<h the scar <>nly when 

the brcechhlock h fully closed. 
ln 6-inch case-type turret guns pcrcussion firing is 

an altf>rnt!te n1ethod, ind the gtn"ral operatjon re· 
st:rnblc~ that in ronventional j-inch n1ounts. 

[n 8-inch casc·typ~ turret guns percussion firing is 
an e1nt-rgeoC'y 1ncthod. As an e:i.rllt-r p ... 'lragraph in tl•is 
arti<: I<.· has pointrd nut,. it requin."S attachrn<"nl of a 
!pl'C'ial percu~sion firing accessory and LL~ of a special 
('a •'lridge. 

/3tJ,fl-l)'jJe firit1 .t! lock. ln b~g guns the prim(..•r is in a 
small <)lindrical case loaded '4'parately from the re­
n1aindcr o: thf> round into a primer charnbrr. \\'hen 
tht gun fin-s, the spit of flame from the primrr passes 
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through tht primer vent in the mushroom stem of the 
DcBan_~c muhanism and ignites the ignition charge 
on the after end of the rearmost powder bag. This 
general arrangement is illustrated in figure 5Bl3. 

The primer ('.ha1nber is in the mushroom stem, and 
the firing operation is carried out ,.,.ith a firing lock 
wliich by means of an interruptcd-srrew joint fit~ onto 
the after encl of the mushroom stem. The firing lock 
in general performs the same function as the firing 
mechanism in a sliding-wedge brcechblock. All bag 
guns now in active use in the Fleet use the same firing 
lock, the Mark 14. (See figure 5B18.) It is de· 
scribed in lurther detail in the chapter on turret<. It 
has a little sliding-wedge t)·pc breech mechanism, 
which is mechanically linked to the gun's breech plug 
so that it normally doses and op<:ns with the plug. It 
cannot fire the primer unless the plug is closed and 
locked. However, it tan be opened while the plug is 
locked so that a defective or misfil'cd primer can be 
replaced . 

, . I 
' ,, 
·'" ·~ 

</"'~ 

Fiou .. 5818.-!..farlc H firing loclr. (!or bag guns). 

For electric firing, the firing lock ha.s a terminal to 
which a lead from the electrical firing circuit can be 
attached. The firing pin in the lock is kept in comae! 
with tho bag combination primer when the lock is fully 
closed, to pcnnit electric firing. 1;-or p<:rcus~ion fir­
ing a lanyard i< connected to the cocking lever on the 
lock; pulling steadily back on the lanyard first cocks 
and thtn releases a hammer which strikes the firing 
pin. 

El.etrk firing syrt.ems. So far, the di..-u<sion here of 
electrical firing has dealt with electric or combination 
pritncrs, and with the firing merhani~rn prope.r­
which ha• as electrical elements only an insulated fir­
ing pin and a quick-dis.c:onnr:('t ternlinal to \vh ic:h a 
firing lead or cable is attached. Dut this is only the 
final part of the electrical firing oystcm. 

Figure ~Bl9 shows schematically the clements that 
will be found in a typical electrical firing synem for a 
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mounl or turret. The diagram docs not show scalar 
distancr• or the physical locations or appearance of the 
clCJncnts. 

l 

f .01.11tc SB 19.-RcprCSC'.ntati.,,r: f.kctrk.al firing circui1. 

Fi1'ing undrr non.,)a} service conditions is performed 
using the shir>'s 115-V ac·c supply as a current source. 
Trace the circuit beginning with this source. 'There 
arc S\<litchc5 ( not shown on the $<'herru1tic.} in fire· 
cont1·ol plot which de.tcnninc where control of auto­
matic fii1' will oc placed, and at least one firing kty on 
the stable clement or stable vertical in plot. {The key 
is a spring-loaded normally open ,witch which may be 
mcchonica.lly latched in closed position.) Th~re is a 
firing key in the director, and, in some mounts (like 
the 3" / 50 with automatic loader), a seltetor at lhe 
1nount captain's station for cutting one or both guns 
of a t'''in l'l'IOlH'lt in or out of the circuit. AJI these 
arc in !he 115-V line to the primary of the firing tra111-
fortn tn lo<'ated a~ the 1nount. 

T he firing transformer's secondary feeds 20-V a-c 
to a fi'ing sclect"r switch (sometimes Cllllcd a firing 
map swit<h). This switch, generally at the pointer's 
or mount captain's station (depending on the mount 
col'l<'ernf'<I ), permits selection of a·c from the trans­
fonocr or d-c from a local battery. Jn man)' mounts, 
the a-c position is labeled !>IOTOR C1!N1<RATOR and the 
d-c position is labeled BATTERY. '"rhe normal po~tion, 
which is used if firing is to be controlled remotely by 
plot o r hy the director, selects chc t ransfnrmr.r. Th• 
battt:ry supplies firing <:utTent in emergency, and can 
al"' <upply emergency cu trent for la111ps illuminacing 
the sight ~ettcr~s scales and the sight telescop~ reticles. 
(The lamps normally get their current from an il­
lumination transformer, not shown in figure 5B 19.) 

After the firing selector switch come a number of 
$\\•it(hCS or contacts on the mount. The pointer's fir­
ing key is g~nerally on one of the elevating hand~·heels, 
and is <0nncctcd to the circuit by a flexible cable. The 
firing .iop m~ch;,nism swilch is part of the firing stop 
mechanism ( to be dc<eribcd la tor) . It opens th• firing 
circuit \vhcn the gun is pointed ,,.,here it \vill endanger 
parL of lhC ship's structure. Some mounts h.avc no 
inter!OC'k \\'.'itch or relay, but such interlocks are a com­
mon feature 0£ mounts \\'ith automatic loading equip-
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mcot or hydraulically operatccl breech mechanisms. 
The one <ho""' in the schematic =>y rtprc...nt up to 
six or more, each of which rtgi.stcrs thilt a rrrtain 
mechanism or part is in a position that is <>ft for firing. 
Such electrical [ntcrl0<ks arc not limited to automatk 
rnechani~nlS; C:\'tn bag guns ha\'C suc-h Jc\~r~ to tcg· 
ister, for txamplr, that ammunition handling •net 
loading gcor is in safe position for firing. The breech· 
dosed conta<t is a common vadrty of intrrlock. In 
addition (and not <hown in the schtmat[c ) are the 
safety devices in brttclt mer.har>isuu, firing locks, and 
firing mcthanism>, which pr<v•nt contort between 
primcr and firing pin ,,·hen the brt«h is not fully 
dosed or the gun i> not full)' in batter• 

The l:..t part of the circuit i< the firing pin's contart 
to the electric primer. The circuit i< completed 
through the filament in the primer, the rnrtridg• case, 
and ground return to the firing traruformtr or battery. 

Note th• emµhasi s on safety in this ril'ruitry. All 
the switd1cs nod keys are in seri«. /\ny link in the 
circuit ('an break the entire circ:uit i£ <'<>n<lition.~ arc 
unsafe at that point. Y ct <lit mount i< r;ipablc of fir. 
ing under local control if the rrmote S)·stcm hos failed. 

Firing Jtop mtchani.im. At an)' greater ronge than 
point-blank (a range so small that thr gun need no• 
be ekvatrd abo.-c the line of sight to tht target / a !(Un 
when corrertly laid is aligned with a point othtr than 
the targr.t. Th• greater the range, the grcai.r the 
deviati<.>n. This 1n~kt"S it possible, partirularly in C'n· 
dosed mount<, lor • pointer or traintr, looking through 
a tclcsco1>e, to see no obstacle in the lint of sight, while 
the gun's hore may he in line with somr part of the 
ship's sll-urturt, so thot firing the gun will damage thr 
ship. 

For this n.':tson measures are taken t:itllcr co pttvrnt 
the gun bort from being brought into alignment with 
the ship's structure, or m pre,-cnt it from firing under 
the5<: conditions. The former rnethod i< used on some 
20-mru AA 1nounts, \Vhcre a large cif'C'"ul:\r cam sur· 
rounding th<: !tan<l µreve.nts <lepr"1lsion of thr gun bar­
rel bclO\V sufc lirni ts. And on son1e carriers there is 
provi.)ion for J>rcvcnLing 5 .. ineh rnount pt>\ .. ·c;r drives 
from positioning the gun so that ilS bore axis will be 
aligned with the •hip'> structure:. llut h)' far the coin· 
monest device for preventing thi• kind or al"Cident is 
the firi1tg stop muhanism, whirh disabl<'< the firing 
\y5tcm \\hen th,. gun is airrw:d on a btarin~ or t1cvation 
that cndangcn th~ ship on which it is muunttd. 

Figure ~B20 shows the fundamental 111c<:hanis111 
used in all mounts l~rger than 20-mm. II is essen­
tially a disc-type cam, in which 1he input.s arc RU" 
train (which rotates the cam) a11d gun elevation 
( which moves the cam follower approximattly radi· 
ally aero<• the cam) . A spur gear dri,·tn by the 
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f>GCJll )820.-Pnnc.ipl' o! fmr:i~ stop m«ha.num. A. ~{c­
claa._"'ucal inpuu. B Cam platC'. C. HCM· fire- iJ intrtTUpU"d. 

mount training g•ar engages the radial gear teeth 
around thr C'ircurn(crenrc of the am plate or disc. 
1'be elevation input shaft movf"s lO\\';\rd the f'tnter 
of the ram plate when the gun elr.vntel, and towa rd 
the <dgc of the earn plate when it dep1·•t<Cs. At the 
end or the cl•\•ation input •haft is a spring-loaded 
plungtr '' hic}1 m:iintains contact ,,·ith tht cam plate. 
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\\.ht>n the gun mount is instaU~d, thr a.:<ls of irs 
horc is owr-td through all angles of train and clc,·a­
ti<>n. Each Jl"'ition of the gun I 31 drfin•d bv its 
train ~nd devation) corresponds to a location <>f the 
plunger on the cam plate. The anqk< ol dc·vatinn 
and train nt which the gun endangers parn of the 
ship•1 strurture are plot~ed on a special diagram that 
rorrcspond< to the cam area. Then th• earn plate 
surface iJ machined. The surface is cut sn that safe 
areas art depressed, while danger ar<',\S remain the 
original <Urf.uc ol the plate. 
Th~ when the gun is positiontd at anttln of train 

and elevation where it is safe to fire. th• plunger rides 
on the depre<Sf'd wrfacc of th• cam plai. As soon 
a.s tht> gun trains or tlevates to a hearin~ or elevation 
"hkh align~ the bore "1th any part of tht <hip's struc­
turt, the plunger rides on the uncut 1urfare ol the 
cam plate. 

Plungtr movement, as the plunger rides up to the 
ur1cut surfarr or down to the depressed surface of the 
cam, is communicated by a mtrhankal linkage to a 
clutch and to a Jail<!!. A$ figure '>1120 >hows. the 
clutch is in the medul'ical linkage of the Jl'"rCU>S;on 
firing s~tcm lne clutch iJ al«> shown ( cncirtltd) 
in figu...- 5817.) The switch iJ in thr eltrtrical firing 
rircuit. Whtn the plunger is riding on a high 1 dan­
ger) <arn pl;ue arr•, the clutch i< di,engagcd, inter­
rupting p~retusion fire, and the switrh i< opened, 
int•rruptinl( clertrical fire. Wh•n the plunger is rid­
ing on a low (safe) cam plate area, 1hc clut<h is 
engaged and the switch is rlo1cd, permitting fire. 

Firing llop mechanism functioning i> completely 
autonutic. It requires oo attention from the gun 
crt-. after 1n<ta1lation, beyond periodic maintelU-'ltt 
chttking to SL'C that it is functioning propcrlv and re­
quires no adjustment. Only i£ the mount location or 
ship's nrutture is changed is it nCCCSS31"' to revise the 
cam platt. In this <ase, the um plate is replace<! by 
"ne cut to a ne\v pattern. 

Firi ng :stop 1nechanlsms on turrets (unC'don only to 
interrupt the electrical firing circuit. (There is, ob­
viou<ly, no way to interrupt th• pcrcu.sion firing link­
age, sinrr the only connection b<:t"tcn the firing lock 
:.nd the indi,idual firing the gun by ptrrussion is a 
lany:ud.) Therefore an indicatClf' lamp for tath gun 
shows whtthcr or not the gun i< posilioncd on a safe 
bearing and tlevation. 

586. Recoil ond counterrecoil systems. 

Novrl• about life ahoard naval ve"5cls of a hundred 
yMl:l ago <>r nion:, frequently have at lc.1$t one $Cene 
in \vhicll 3. naval gun n1ount break.~ l()(')"-C---cither in 
battlcJ during a ~torm, or both-iu1d thund~rsJ an un­
controllabH- Juggernaut, across 1he d.,:k :u the ship 

ml!> in hta\')' <ta< This is something that can ..:arcd)• 
happen aboard a modtm naval \'eW'I: 01htr gear may 
break loo.•\ but it is hard to see how a gun mount 
can. Wh\' '"re not the gun< in the d•)"> of sailing 
\'e<<tls >1111pl)• <1·<·11rrd to a fixed roounting, as guns 
arc codny? 

Tht.· an\\<\'tr i~ that rnodcrn guns ha.vc recoil :ind 
rounttnetoil 1m'Chani<ms, and ancimt guns did 1101-

A na\'al gun can be rigidly !otrured to the deck, but 
, .. ·ithout son1t pmvi~ion for its rr-roil it , ... ill break lomc 
·~h•n fir«! 

Recoil •• <imply th<' r:ianiff'<tation of thf' third of 
~t,,ton's thrc~ la"~ o( motion- thf" nnt thdt ~)'l.. \.;ith 
dccepti\·t brt"'vity. H1 .. o C\"'f'.ty <itttion thcrt mu•t be an 
rqual and opJ""•lt reaction." The enormous thrust 
that <'30 ~(,:nd 3. ton of steel S('rc:.uning at. ~UJ)C.t'Wnic 
$J.>ccd to,v:i1•d a targ\:t ov<'r 20 rniles a'""Y a<'tt. nnt on1y 
<>n the projrrtile, but on the gun. Y<t. though the 
rtrnil nf ,, hall broad<idt salvo on a Dll will pu>h it >idc· 
ways like a pirce or driftwood, the gum thems<'lvt$ do 
n<>t hr<'ak loose and mil thrrateningly arr<>•i the deck. 
\\'h\" 

The an'""• ~gain. is that tht<e guns ha\'t rttail and 
mtuuern.~oil m.N"hani'llL" 
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Th• antique na"al gun was fir<d fmm "batt•ry" 
po.ition "11h the mount pu<hed as far outboard 
through thr gun p<>rt a~ the bulkh••d "'<>uld permit. 
Its recoil huolcd it inbnard,. rolling on it• whc•rls 1unil 
il brouxht up against its stout Ulrkle. In thi:> "rccoi1° 
po1itinn, wl'll back of the gun port, thr hnre could be 
<wabbcd, one! the powder and hall loaded for th• next 
<hot. Then the rrt"' hauled it up to \>;<ttcry po•ition, 
and lit off the !'rimer to fire again 

Thus in naval guns the entirt gun carria~r, nr "hat 
''e "n"ld now call the mount, ""' mlkd backward 
in rocoil .lnd fol"'\·ard (r.tanuJ.11y~ in rnuntc-rrecoil. 
·"-rtillcrr ;uhore did this too; the d•»ic nample 
( 1904) ;, the Rus.ian gunner. fi~hti ng u)l " hill at 
Pon Arthur-firing, then chasing modly down the hill 
nlter tht:ir nina,vay pieces, and ltib<.niou,ly hauling 
thrm up the hill again ( if they rould gtt them "Pl for 
Ch t next round. 

A-. naval gun mounts c':olvcd, <'Ontrol over recoil 
impro\'td Enitra"in!:' oi the interior of post-Civil 
\\'ar monittU"'\ \ ~a.rly descendants of the L:ninn', pio­
nttr .mnorcd and turrct-equipptd war \'t..cl) show 
track< cm whith the great guru rccoiltd when fired. 
But it wa.<n't until shortly before World War I that 
cfftrtivc J't'f.:Oil brakes and countrrrtcoil tn•:chanisms 
wcrr drvtlopcd. Thr<e were, for tht. timr, ~riumphs 
0£ mc:tnh\·(')rking accuracy and c:nginc«ring ingenuity, 
anc.l '''ere u-ralc-d as milital)' ~trrct!t1 much :>..., a ne"'' 
type ol radar application or niomic bomb trigger 
mtthaoi'u' ii treated today. 
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Then- :ltt a numbtr of diff•ffnl tyJ>f'< or recoil 
brnkrs and rountcrrecoil mechani1ms that have been 
found tllicicnt in land artillery and el<twhcrc, but the 
ti nit<'<i Suits Navy u.- in naval gun mounl5 but I 
i;rnrral l)'J>f' or ttcoil br.>ke (in •ithfr o! 2 varianl5) 
and bu1 2 kind• of c.ountcrreroil mcchoni•m. But bt­
forc coruidr1ing thcst>, note thr general function; o! 
thr<4" dC'\1icc": 

I. A recoil brake is primarily dc:signtd 10 ab.orb 
the force or rccoii and "spread" it .so that the sudden 
hravy shark j, convert~ to a thru<t exerted over an 
apprrcfable din:mce through ... hich tht "ttoiling parts 
of the gun arc permitted to mov•. Jn the mtthanical 
scn•r, work is done by the tteoil fore• in pushing the 
gun and housing aft against the rc'i>t:tncr <>f the recoil 
brake; the rncrgy absorbed in thr brake appears as 
heat. 

"· A secondary function of all recoil brakes in naval 
g\tn mounts is to bring to a \tllo<Hh stop hy dash· 
pot action the forward movemrnt ( countcrre­
coil) that follows recoil. 

2. A counttrrecoil mechanism is:> de' ice that stores 
<O<rlc of the energy of recoil and uics it to force the 
rero1hng paru forward into batter)' after the projectile 
has left the gun muzde. (The CnCl'JO' Of recoil can, 
of rour>c. b(' traced ultimately to the combustion of 
the propdlant.) 

Recoil and counterrecoil mc~hnni>nll nr-. designed 
to work tog.;ther. figure 5B21 ihnws in a general 
\'Illy \\!her<" lht n:coil and counttrrc«.:oil '>'te.i.n.s arc 
located in a. <:onvcnllonal 5-inch mount. 

R uoi1 r;sterns. All present-day recoil >y•lems for 
naval guns larger than 20-mm ust h)'draulic rec.oil 
bral«'>. A h)'draulic recoil brake is a "'""hanism of 
the l)pe commonly termed by mgin..,rs :> "dmpot." 
It has :> p11ton and a cylinder whirh can mo,·e with 
mp<"Ct one to the other. There i> a. liquid in the 

..... c - ,.~ ~1 

1'"roua .. 'B21.-Rf'coH and countt"rtteoil t)'ste1u.i in a con· 
ve:ntionaJ 5-inch mount 
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F1ouRt .5B22.-H)·draulic rec.oil brl\kca. A. Throttlini:;­
groove type. B. Throttlinjt·rod type. 

cylinder which Un lDO\°e from one lidc of the piston 
to thr other, but its rate of movieuK"01 is rHlri<tcd or 
"throttled ... 

Thr t"O gentral •-arianu or th1' t)'pc of d~cc arc 
shown in figorc 5822. In one •-anant (A in the fig­
ure), the piston h solid, and each cylinder ii filled with 
recoil fluid ( U$ually a mixture of water with glycerin). 
In the woll or liner or each cylindtr are c·ut thl'te 
thro11ling gro<>v~1 120 degrees ttpart. They are 
shallow at the forward end of t hf cylinder and deepen 
toward the ~ftrr end. 
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When the gun is fired, the force of recoil pu!hcs 
th• housing and the recoil cylinders within it to the 
rear, thus exerting pre.ssun: on tht nu id in the for"··ard 
end of the cylinder. 

But the throttling grooves ptnnit the fluid to flow 
around the piston at a reduced or throuled rate. The 
cylinder can, therdore, yield IO recoil thru<t and n1ove 
aft, subject to tho continuow braking action of the 
hydraulic fluid a:i it flows through the grooves from the 
forward end of the cylinder to the rnr. Since the 
recoil Auid can flow only at a rate proportional to the 
•ize ol the throttling grooves, the recoil brake resists 
the force ol recoil over its entire stmke. 

In effect the recoil brake, by distributing the force 
ol re<:oil O\'Cf the length of the recoil stroke, converts 
this force from a sudden, deotructh·e impact to a $till­
powtrlul, but controllable, thrust exert~d over a 
considerable distance. 

Note that the grooves are TAPER.ED. ( In the figure, 
in order to iliow this more cleorly, both the taper and 
the size of the groove are exaggerated.) At the be­
ginning of the stroke the grooves ore eomparati\•ely 
deep, so that the ffuid will not offer too much resist­
ance to the initial thrust of recoil. As the hou<ing 
move.. aft, the grooves become shallower, until by the 
end of the recoil stroke the grooves are very shallow 
indetd. By this time the force of recoil is spent, and, 
by throttling the fluid Bow do"'"• the shallc"' groo,·es 
help to bring tht housing to a smooth slop. 

In the conventional 5-inch gun there are l\YO recoil 
cylinders of this kind, symmetrirally arranged about 
the long axis of the housing. Since the cylinders arc 
bores in the housing, in this design the rylindcrs move 
in recoil while the pi•tons arc fixed to the slide by the 
1>ioton rods. A ~ransverse bore in the housini:t, rnlled 
the eq1u1/izer hofo, pennits enough fluid flow between 
rylinders to equalize the pn:ssurt$ built up and the 
raiuance offertd by the two rylinders to rero:J 
movement. 

In other design<, there may be but l reroil cylinder, 
or 2 cylinders rnay be arranged •symmc<rirally. Or 
the n:roil cylindrr may be in the dide, while the =oil 
pi.ion rod is scc:u"'d to the housinl\. All of these 
varfations on this type of recoil brake can ~ found 
in t:nited State' naval gun ntounu. 

The other 1uajor variant in recoil brakes is in guns 
6-inch and larg<r. This kind of recoil hrake has a 
oom•-what diffcttni method ol controlling recoil fluid 
Row. Instead of being solid, the piston h'" 3 ho!es 
bored in it, spa(e<l 120 degrees op3rl. Thmugh each 
of the holes pa<5'S a tapered throttling rod secured to 
the ends of the recoil cylinder so that it is parallel to 
1ho piston rod. (For simplicity's "akc. onl) one throt­
lling rod and hole arc shown in figure 511'2'2.' There 
aN' no throuling groo,~. 
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As the piston moves in recoil, 1he fluid that it dis­

pl•rts can Row from one end of the cylinder to the 
other only through the holes. Because the throttling 
rod v<u ies in diameter at different points, it block.• off 
a 'arying ponion of 1he hole as the piston moves in 
its <tmke. Where the rod's diameter is largt, for in­
;1ancc, it blocks off mo« of the hole, kaving only a 
Hnall opening for Ouid flow, and the brnking eff.-ct 
is large. Where tho rod is small, on the other hand, 
ku of the opening is blocked, and more flt?id ran pass, 
with dccreued braking effect. The rods an: so topered 
''-' 10 provide evtnly distributed resistance to rtc0il 
1hru1t over the length of the recoil stroke. 

One advantage in the use of ihrottling rodt is that 
tht rods can be roplaced with othcf$ of different t~pcr 
if a change in the gun's recoil characteristiN is d~ire<!. 

All recoil systems used in United States navol gun< 
incorporate a counturecoil buf!•r dashpot mcchanir.m 
used in bringing rounterrecoiling parts to a smooth 
stop. This is discussed further in connertion \vlth 
coun1em:coil systems. 

Co•nterreeoi/ <)'lttrns. There are 2 basic types of 
counterrecoil systems (also call'-d recuperator) used in 
United States naval guns. GuM smaller than 5-inch 
u~ I or more counttrrecoil sprinJIJ. (These an- wme­
tim,1 tenncd r~coil sprirrgs in OP's and el~·hctt, but 
the fuoction is the s:>me-) Guns 5-inch and larger 
u~t pneumatic rt"<'upcrators, '\ hiC"h depend on c:om· 
pre.,•d gas (gcnrr:11ly air or nitrogen) to provide 
countcrreroil thru•t. Since ihe very high-prc.,ure gas 
used in such S)'sttms is sealed by use of packing. under 
hydraulic pr<Uutt, such systems are most oltcn called 
h)drofmeumatic counttrrecoiJ ')'Stum. 

The functions of any c:ounterrocoil system nl'e pri· 
marily to r<turn the recoiling ports of the gun to bat­
tery after the recoil moke, and secondarily to hold the 
recoiling parts in b.11tcry. Thu.• a eountcrrecoil systom 
mun not only pm•ide thrutt 10 return the recoiling 
part.< 10 battery, but must also develop enough con-
1in11ou1 thrust at all tim<"S to hold them thtrt except 
while the projertilc is actually being propelled through 
the bo"'. This is in rontrast wiih recoil brakes, which 
develop their "re' crsc thru..i" for braking only while 
the r•eoiling parts are actually mo•-ing in n:coil, and 
at other tinu:s exert no forces on the gun parts. 

Because il continues to develop a heavy forward 
thrust "following through" to the end of the eountcr­
rc.:coil stroke, any counterrecoil syitem tends to drive 
the n:<."Oiling parts into batt•ry with coniiderablt: 
shock. For thi1 roason, all countcrrecoil systems for 
guns \\lith massive recoiling parts ( \vhich include g\tns 
40-nun and up) must have a eounlurecoil bu/J1r to 
take up this terminal shock. Counterrceoil buffers 
••e discu.<..~ in further d•ta.il below. 

Spri•g co11ntn1'coil J)'Jlems. In all na\·al guns 
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COMPRESSEQ AUi 

.Pwu1t.B 5B23.-I-lrdrapncunlriti<' countec-reeuil 1ysteJn. 
(Si1nplific:d 1<:h<:u1utic.} 

smaller than 5-inrh, coil springs provide rounttrrecoil 
thru.<t. ln late 3" /50 mount> and most 40-mm 
1r1oun ts, thr. springs surround tht exterior of the barre] 
(water jacket in 40-mm mou nts) . In single Anny­
type 40-nun u1ounts and in \Orne <:arlicr mn.rks of 
3" /50 hand-loaded mounts the "Prings are concealed: 
in .orne 3-inch mounis they may be the recoil rylinde.r. 

li'}·dropntumatic cou.nterrocoil systems. Figur~ 
5B23 shov.<s in simplified form how a pneumatic coun­
trrrecoil system works. It requires a cylinder or bore 
(in the housing) charged with gas (generally nitro­
gen or air~ ne\'er oxygen or other chemically active 
ga.,). Gas prcs$utt in a convt:ntional 5-inch !iyste1n 

F1cuag 5824.-H)-dropncumatic count<rrtt<>il .,,t<m O.uii 
of oil·p~sautt type c::hcvron packing. 
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(which is rypical) is around 1,500 psi. A plunger fit­
ting into the after end of the hou•ing is forced outward 
( to the r<•ar) by the gas pressu re against the after end 
of the slide. The thrust exerttd by the plunger ogainst 
the slide holds the housing in battery and returns it 
to battery after firing. 

The eomplicacion of this arrangement Jir.s in the 
paoking which •urrounds the plunger in the housing. 
Ordinal)' pac.king, unsupport•d, will not withstand 
the gas pres.sure in the countcrrccoil chamber. There­
fore the packing u«d is a che1>ron type "inflated" by 
oil under pte>sure. ( Figure 51!24.) The oil pres­
Stll'C in the packi nl( is always higher than that of the 
gas in the cylinder. Figure 51!25 shows furictionally 
lhc device that tn~ures tl1is pressure rcJation~hitr-the 
difftrtntiai c1iinder. 

One end of the diffcrrntial rylinder (to the left in 
figure .iB25) is connected to th• air chamber. The 
o ther ( right end in figure 5B25) is connected to the 
o il -charged packing. and is full of oil. The piston is 
free-floating, and the piston rod on the oil side goes 
through a packing gland to the outside, but dors not 
connect mechanitally to any ()thrr component. 

The. values for dirncnsion~ and pressures sho,.,·n in 
the figure and in the discussion below are not intended 
to rtpresent any 5pecific: installation, but st:rvt ()nly to 
illustrate the principle of the differential cylinder. 
Su1>posc the total area of either face of the piston is 
3 square irlChl·.s, but che crru>~·~ertion area of the piston 
rod is 1 square inch. The air pre«ure of l ,500 psi is 
exrned on the full piston area of 3 square inches, and 
the total thrust or force devtloped is 3 x 1,500 or 
1,500 lb<. 

But on the othtr side of the piston only 2 square 
inche!I are exposed to ()i) pressu1·c, since 1 square inch is 
occupied hy the piston rod. (For the sake of sitn· 
plkity, atmospheric pressun: on the outside end of 
the rod is neglected in this example..) The oil is 
therefore subjected to a thru<t of 4,500 lbs. exerted on 
a 2·squarc. inch area. Hence it is under a pres.~urc 
of 2,250 psi, whi«h is high~r Chan chat of the air ( 1,'>00 
p.i) . The prrs.•urc is communicate<! to the packing. 

It i> obvious that even though the air P""""re fluc­
tuates, the pres.sun: relationship \vill remain the same 
(in the ratio, oil to air, of 3 : 2), <O that the packing 
will alway; h~ under higher presmrc than the air. 

The differential rylinder scivc.:s noc ()nly a~ a device 
to mfilntain pressure in the packing, but also >< an 
indicator of oil level in the sea.ling <}'<tern. When the 
differential rylindn is iully charged with oil, the 
plunger is flush with the end of the cyl inder. If oil 
k aks out, the piston is driven farther to the oil side (to 
tht right in figure 5B25). Gun mount maintenance 
personnel arr "'Pl'.IOS<d to inspect the cylindor daily, 
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A 

OIL PRESSURE 
2250 LBS. 
PcR SQ. IN. 

• 

FIOOR£ 5B25.-Hydropnc:umatic c:ounterrr:c:oil S)'lt('m. Prin('.iplr: of diffcrr:ntia1 q•lindcr. 

and to see that oil is pumped in if the pi.non rod pro­
truda mo"" than 2 inches. 

Cou111trreeoil buffers. It wru; brougln out earlier 
that nny C(')unterrecotl system mu$t develop enough 
thrust to hold the recoiling paru in battery, and that 
in gu"" wh<>se recoiling parts have apprf'riable mass 
the shock al the end of the countcrrccoil nroke ran be 
considerable. Counierrecoil buffcn must consc­
qur.ntly be incor1>orated into the gun mount t.o reduce 
th.is shork. The<e are not phyi;ically part of the coun­
terrecoil systcn1 cornpone.nts desc1·ibed above; in pres· 
cnt designs, they arc located in the forward end of the 
recoil cylinders. 

Countcrrecoil butlers are <la.sh pot devices \Vhich use 
oil forct<l through small orifices to rodure the velocity 
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of count~rrt·~,c.oiling pa1·ts at the ~nd of the count~r .. 
recoil stroke. A typical design (si1nilar to that in!). 
inch guns} is sho\m in figure 51326 (left), in three 
stages or operation. As countcrrccoil movement be­
gin., the housing and recoil cylinder move forward 
0\-rr th~ rtt<>il piston. The buffer plunger, which 
closes off thr after end nf the rt'("Oil C)'lindcr, is aligned 
to enter a hoJe in the recoil piston and piston rod. 
A, the plunger (:nters the hok in the piston, the fluid 
caughl therein is trappe.d, and can c'c.itpe only through 
smoll pn<~ages in the plunger. Al 1he end of the 
count<rrcr.oil mokc (full battery position), the plunger 
is c:ntircly nested \"ithin the recoil piston and piston 
rod. 
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F10ua.1 5B26.-Countcrrccoil buffer functioning. 

Ftoua.:. 5B26.- (Continued.) Needle valve control. 

As is evide1H [rom figure 5B26, the flow of fluid 
through the count.,recoil buffer plunger i> controlled 
by a needle valve. 1'hi.~ valve can be set by moving (f, 

ralibr-dtcd nut in 1he !\'Coil cylinder head. (Figure 
5B26, right.) Dy cnntrolling the flow of the liquid 
lhrough the discharge orifices or holes, the needle 
valv~ control. 1he >peed of counterrecoil. The num­
bering on the e<1librattd ••alvc nm makes it possible to 
<et both bulfe~ for equal, balanced functioning. For 
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the proper procedure in !Citing these valves, see the 
OP on th• mount. 

Where (a.< on 5-inch mounts) there arc lwo recoil 
cylindt~, each with a buffer, the val•..,. must be set 
for balanud functioning. 

l\otc that the counterrecoil buffer regulates only the 
end of countcrrccoil movement. This provides some 
control ovfr the rate of fire of automatically load<d 
guns, but doc--S not regulate the recoil stroke or most 
o( the c::ountcrrccoil stroke. 

587. Power rammers and mechanical ammunition 
feed 

The effectiveness of a gun per round . fired is r.on­
ccrncd with such factors as range, efficiency o[ propel­
lant, accuracy of fireJ \veight and initia.1 veloci'Y of 
projecti le, explosive tiller of the projectile, and the 
like. llut the effectiveness of a gun as a weapon dc­
prnds on the number of rounds per minut< it ca.n put 
into the target. 

h is here that mechanical loading and feeding de­
vices art in1portant. For conveniene<.·, these can be 
considcttd in "'O main catcgorin. One is that of 
hoim, which are used to liit ammunition from the 
magazine to 1he gun deck level. These will be ta.ken 
up in a sub<equem artide. The other category in· 
eludes ammunition feeding and loading devices at the 
gun deck level. Th•se include power ramrncrs, slide· 
fnountc·d <!\lllJl)unition loading gear, and equipment 
used to transfer arnn1unition from the hoist to the gun 
slide. 

In 5-inrh mount.> through Ma1·k 39, in 6-inch tur­
rets of Cleveland class cruise.rs and in bag gun lurrcts, 
separau~ pozutr rammers are used for moving into the 
gun chamber ammunition which has been loaded into 
the slid•. 

Pigun: 5B27 shows a slide-mounted rammcr on • 
5-in~h mount. Here a piston in a long-hydraulic 
cylind<r operaws a reciprocating rubber-faced ram.mer 

F1e:t.:•t ~827.-Slide·mountt".d power ra.mmcr in 5·ineh 
moun1. Jnitiatin.g cam gtrokc. 
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spade or rhel/ 11.uo.rcl. The rammcr is controlled by a 
rammcr man. Whrn a projectile and powder case 
have been drpositcd in the gun slide loading tray by 
the loaders, the rarn1ncnnan deprtsscs a lever on the 
ra.n1mcr <"<>ntrol rod. The ran1rnrr hydrauJic- cylinder, 
fed by a motor-driven pump on 1he slide, driv"1< 1he 
piston, piston rod, and rammerspadc :on,'ard: pushing 
the round in10 the chamber. When the cartridge case 
i~ in the chamber, it :;tuto1nalic.ally releases the b1·eech 
mechanism (as has bP.el\ described earlier in this chap­
ter) and the b~echbl<><k ri=. When the gun fires, 
tl1e rammer spade ridts back,vard , .. •ith Lhe housing_; 
this automatirally (through mcchanir.al Jinkagr to a 
control valve} initiates the ra1nrn<•r retract stroke. 
The rcar, .. ·ard-u1oving spade ridr..s a t.:an1ming groove 
in the slide which raises it well above 1he loading 1ray, 
so that it ofTers no obstruction to lhe extraction of the 
fired cartridge case. T he spade, is dropped 10 ram 
position manually. Except for thl$ opf.rntion ;,ind for 
initiating the. ratn stroke, au ranlnter operations on 
this type or mount a re automatic. 

T11js ramn1er arrangerncnt is used in al1 5"/ 38 
mount< and in the 5" / 54 Mark 39. The only noiable 
dHfcn:nrtD:: a1nong th~nt is chat in enclosed 1nounts the 
rammer hydraulic cylinder is shortened and a rack­
and· µinion arrangement is used to J'nake the stroke of 
the rammer space the pr0po;r length for ramming. 

The rartuucr in the 6-inc:h Cle4:ela11d class niount is 
of a $i111ilar type. 

CHAIN 

/ " DRIVE SPROCKET ,,, 
·" SUFFER € R•MMEI< HEAO ( 

0-n-rr"i~~ 9 9 9 Y "'\ ·

1

lli:iJ? '» 

__:__;;· . .. . , 
1 PROJ~~~-

Ftcustr. 58 28.- Princip!c: of ehai~·trpe ramn\C'r. 

Bag-type turret guns have long chambers, to accom­
modate: (in 16-inc:h gun~> [or instance) up to six po\v­
dcr bags plus the project ile. This means that the 
rammcr stroke must be very long. The length of a 
.ingle hydraulic cylinder for such a rammer would be 
prohibit ive.. Such turr<:ts are therefore e<1uipped with 
t.:hain-t')'P6 ram1uc.:rs. 

Although the details of operation differ from one 
type of bag turret to another, all of thrrn work on the 
principle illuMratcd in ligurt' 5B28. A rmary hydrau­
lic motor drives a sprocket which engages the links in 
a ran1mcr chain. This is son1e\••th3t lik(~ an exagger­
ated bicydt chain, exctpt that the straight chain will 
bend in on1y one dirc.'<'t ion (in 1h(: figure, upv.0ard 
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only), and is stiff in the other. As the figure sho\YS, 
in the typr illustrated the links will runain straight 
\Vithnot continuou!> support when ic:xtcnded hori-
1.ontally. 

At the end of the d1ain i< a buffer to protect the 
ammunition component being rammed . In bag-gun 
turret instaU3tions~ the n.mmer operation is al\\-°ays 
under manual 1·ontrol, generally hy regulating pump 
output to the hydraulic motor th<u drives the chain. 
.. rhe ra1nming <'>peration requires t\'t·O rarnming strokes. 
In the fir.t, the projectile is rdmmcd home in a full 
ma..'<imurn·thrust stroke:> to ensure that the rot.aling 
band engages the rifling. Tl1cn the; ramrncr is n-· 
troc1cd , and the powder bags are rammed much le~s 

forcibly in a •c<ond stroke. After the s.-cond retrnc· 
1ion the bre..-h can be closed. Two strokes are neces­
sary because the maximum·thrust strQkc needed for 
the projectile would damage tht powder ha,~<. (Th': 
s .. inch ran1rru .. ·r disr.us~d prtviously is u$td 'Afith pro· 
pclling cha .. ges housed in sturdy cartridge cases, •O 

only one ram stroke is needed.} 
N .. ·\'.'er dt7signs of 3 .. inch rnnunts, 6·in<:h turrets: and 

8-inch turr .. ·ts all include a g reat deal Q( alrnost en· 
t itcly autorna.tic a tnmunition·handling gt.ar. In the 
turrets~ tl1is equipment transfers the au1n1unition from 
tho hoi;i to the slide ( cxctpt that in the 6-inch design 
the projcctiks mt>st be. manhand led through thi• 
stag<: ) , rants it. into the chnn\hf'r, and thcr~ di~pos.:s o( 
th• •mpty cartridge cases a£tcr firing. Tn the 3-ineh 
gun, as in 2().mm and-40-mm machine gtm<, the am· 
munition is load•d manually imo a loading dc\ice 011 

the slide of 1ho gun, and 1.he ammunition is handled 
auto rnatic:ally frnir1 that point. 

But notice the d istinr.tion ~t\....-cen :1-inch and larger 
a.mtnunition .. handling 1nachin~ry, and that in lruc 
n1achinf. guns like th~ 20-n11n and th r. 40·rrnn. In the.• 
latter, the amnnmition-handling gear is operated by 
rncrgy developed ultimatdy in the burning of th<> 
propelling rhargc. In the former, the ammumtion· 
handling gear, though some operation< arc controlled 
by recoil and counterrecoil rnovcrnents: js po,-.·ercd by 
an ext<~rnal 5ource. In the 3 .. inch mount, the loader 
n1ourned on the: slide of c;.\ch gun is p01A1cred by an 
electric rnotor. In the turl'('tS, the auton1ntic )°'"\ding 
c-quiprncnt is driven by dectrohydraulic gear. 

Bcca.\JS.e. each type of 111ount or turret has its O\vn 
d1:.sign of anHn unition-handling cquip1nrnt1 these uuic~ 
arc described in furthc'r detoil la1er in thi< lfxthook, 
("ach in ronnection \'1ith the 111oun t of " ·hich it forms a 
part. 

588 . Power .. driven ammunition hoists 

On• of 1he c<trliest operations to he mechanized in 
connection \••ith gun oprratinns on naval \\1ar vt$~ls 
\\•as that of arnmuni1 ion transportation. In the clas ... 
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sic wanhip of Nelmn's day, black-powder proJ"'lling 
chargts ""tre stO\\•cd in magazint.s btlo\\- the ,,,;ater· 
line, and wtrt hrought up to tl1e gun dl'Cb h) agile 
runne~. Even ,,rith the slo''' rate of fire char&ttcris­
tic of oontrn11')()rary cannon, there mu~t ht\vf"' hren de­
lays ~nd troffir. ja1m in ships o( the line of 80 guns or 
n1orf', a~ runnCr'S scurried bc}o, .. · to (etrh thrir r.harges) 
then climbed up 10 the gun deck, the precious (and 
dangerous) charges guarded againH spark' by being 
, .. ·rapp<:d in the sailors' shirts. 

BULKHEAD 

LOWER HANDLING ROOM 

One: of the forerunner~ of rnodtm ~hlvboard ammu­
nition ~uppl'· S)Slt"rns ,,·a~ the tnl"chaniC'_..11 h<'li't arT'.tnge­
mcnt on tht .\fonitor, ,,·llich pivnccrtd in naval 
,,·ar-farr in~ u1;.tnv other ,\·ays.. 

An1n1unition .<up ply srstems. Fi~rr '.>R29 ~hO\-'VS in 
rutav.·a)' fv1111 t hC" alnrnunit ion supply arrangements 
for a 111nrlt111 5·inch t\vin mount. At lhe 1ov"c~st lt'v<.'l 
is the tUO.RO!iuP, in v"hich arc starkt:d thr. propelliflg 
charge~. Tht mag~ifle partly surruun<ls the loluer 
ha11tlliu15 roonl, \,·hirh is sc-paraui:d by a flarnc:proof 

LOWER AMMUNITION HOISTS 
(DREDGER HOISTS) 

F 1ct1Rt .'>R2t') - Aoununi.t:on supply systf'm for S" /38 t....-io 1novnt. 
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bulk11cad from the magazine. Po\,·dcr C"ascs. •,\·hirh 
are •ton.-d in the ma,,uazinc, arc pa"cd b,· ham! through 
S<"uttl•, in the ioaga:einc bulkhead to the k1wcr han­
dling room. ( Pmje("tiles are n()rnl:tll~ 'lorrcl in thf' 
Jo ..... ·cr handlin~ roon1 itself, in r:irks in thf' uppE"r han­
dling l'UQ1u 1 au<l on the gun-house bulklu:<lds. ) 

The ()<Jwdcr cast·• and p rojectile• arc then loaded 
into lht 2 d1~•dgtr hoi~i.IS ( 1 for tach nf tlu: 2 gu n$ i i) 
the mount) \\'h irh haul th~rn up en lhr 1A/>/U'r handlin.~ 
room. Each dredger hoist handle. both projcnib and 
}lO\\'dc.r C.a.M.--S. 

On the upper handling room dnk arc lcx·at<'<l the 
upp!'r rnd' of the 2 dredgn hoi<h, and arounc the 
central roiumn in the room arc mounted the 2 sets of 
p1ojutil. hoists and po,,·der hoi.ttr, I prujcctile hoist 
and I powd"· hoist for each gun. Th< handli ng room 
crc\v ren1oves the projec[iles and po,vder cases front the 
drnll(cr hoists, loads the projectiles into the project ile 
hQi~lS> and loads the pi:t,vdc~r c.abe~ i1'lt(') thr po• .. ·dt"'r 
hoi8L~. ln :''>-inC'h hoists po\.,.dcr rn~rs arr loaded into 
the hoist base uµ to prott·ct the itnf)a\:t·st·usiti\'t' ront­
bination p.-irner from being jam'd ll) jolt; on the ha.<P 
of tht ra~. Fivr-inrh projtt"tiltt alt,() go into their 
hois~ base up. so that their noSN \\•ill n...-st in the hoist 
fu1.ee)C;lting uteehanistrL 

MOl>t uf th<· propelling chargn a1c >lured in th• 
nla,gn?.int, and most of thr pl'(')jt.c:liltt"i arr stored in 
the lovt't:r handling room. 'I 'o begin ~\rnn-1unition s<:rv­
ic-e \vithout dt."lay~ a nurnb('r of <.'< • .unplc:tt' rounds. ar~ 
maintnintd in n~ady (a<:ks. in t h1 .... upp1"r handling roon1. 
For long periods of sustained fire, hO\\'C\'t·r, tht· entire 
a.1nn1unicion supply system mu.st be jn attion. 

With >tuallcr mounts like the 3" 150. ~0-mm. and 
20-min, hoists are relatively uni111portdt1t. Gc:nc:rrtlly 
their ammunition is SlO\\'t'>cl in ttad)··~t'~ ic-e lock~rs 
nearby, and is hand carric-d to thr moont.~, though 
hoisi. may b<· used (depending on the in5tallation) to 
rC"pleni~h :supplies. In turrets, the cntir<' an1munition 
~upply sy~tern~ ('xtcpt the tnagazincs thcmselvC'S; is in­
side the tu1Tt.t and 1·ot<1tt'8 with it. 

T'}'/Jils of hoists. .~IJ · gun ammunit ion hoists on 
modr rn \ Jnite<l Statc:s naval vet~,.1~ ran he c-la.~ified 
into one of the- follo"ving cat(_-gorics: 

I. Endless-chain. 

a. Ilui.!Jt·or·lo\\er" multistage. 
h. Hoist-only singl•-<tag<. 

2. Elrvator. 

3. f>n"I. 
4. Open-tube. 

'l'hr n10$t \\'idcly used is the first c:ln~~ ( in its t\v(> 
subtyp-.). The other ~ arc used cxclu•ively in wr­
rcts (though at least I rocket mount drsign .ill ploys 
No. 3). /\o. 4 is an au.xiliary. 
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l:'ndlrs<-rhain hoist. or.lou:er muf.tislagt hoist. This 
is the commonr<t type of hoisl, and indud"" all dredger 
hoi~t), tCJn\·cnlional 5- irlC'h po\,•dt·r hoi.s.cs, and a num. 
hrr of others ust·d in turrets an<l tlM:,vhere. Funda­
mcnr:illy, it con:sists of an artirul;iu•d f"ndless chajn 
\vith supports o r {ii)?.hts sec.url·<.l to it at regular intcr­
vf• h (fig. 51l30). Powcfor case~ or projectiles arc 
load•d hy pu>hing them into the hoi<t in lhf path of 
chc <l iJZh1~; v.1h<.:n the hoist starts. chc C'hain is driven 
upVi•ard until the next vacant flight is in Joading posi­
tion. \\>'hen the next unit is lo:idl'd, Lht hoist goes t1p 

on.,. n1n~ night. and so on. Except in c-crtain turrets, 
the hoi<.t t.taru aurorn.ali('ally '''hen the an1n1unition 
detail is loaded. artuating a l\\i.te:h or hydrauli<' valve. 
Endlt.~)·(.}1ain hoists arc driven by rotary hydraulic 
f'!'l(')tOr'\ ,,·hos<> func-tioning is c-ontr(')llcd by valvt'S. 

End l<·s!i-rhain hoist~ g~n~rally ran be opr:rated irl 
rever~· tc.1 lov.'cr anununition units, a$ is required in 
takii'lg nrnmunition ahoard. T n t"'ithr:r inode of oper­
at iori1 the hoist moves one Aight at a tirne, inter-
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mittently in the same direction. Only one side of the 
chain is used. 

Endless-chain hoist-only single-sia11e hoi.<t.i. Like 
the preceding type, this hoist is an endless chain driven 
by a rotary hydraulic motor. It is ustd in 5" / 38 and 
5" /54 (Mark 39 only) mount<, and incorporates a 
fuze setter (described in a later chapter). Both sides 
of the chain arc used (fig. 5B!!O) . There are 2 flights, 
arranged so that when one is at the top of the hoist on 
one side, the other is at the bottom of the hoist on thc 
other. The chain runs first in one direc:tion, then the 
other, and the flights always move from all the way 
at the top to all the way at the bottom (or vice versa) . 
The arrangement is similar to that of the old-time well 
with 2 old oaken buckets, one of which descended 
while the other went up. 

The projectile is loaded into one side, and auto­
matically the hoist starts if the top is empty. As the 
loaded flight ascends, the empty comes down. The 
cycle reverses for the next projectile. 

This type of hoist can he used for hoisting only. 
It is not safe to attempt to lower projectiles in it. 

Elevator-type hoists. This kind of hoist is a 
single-stage syste111 with a car which is moved up or 
down a hoistv.•a}'· T he car is secured to a hydraulic­
ally operated system of cables-a hoisting cable and a 
downhaul cable. Both are alv ... ays in tension, and 
provide positive control of the car position. U nlike 
conventional elevators ashore,. the car has no c.o-unter­
weight. 

The pdncipal application for hoists of this type is to 
haul powder in bag-type turrets. Although protected 
hy interlocks, such hoists are generally manually con­
trolled. AU loading and unloading points in such in­
stallations are protected by interlocked flametight 
doors. 

In 8-inch bag-type turrets (Baltimo:~ class) , there 
arc t\'10 sets of clcvato?"$. One set hoists tht": pov"der 
bags to an intern1cdiate flan1etight compartment 
,.vhere they are manoally transft.·rred co a second set, 
in which the bags are hoisted the rest of the wav to 
the gun deck level. Tu the transfer compart~ent 
interlock.< prevent the protective flametighc doors of 
the lower hoist upper end from being open at the same 
time as the doors of the upper hoist lower end. T his 
arrangeJnent avoids the nossibilitv of havin"' a straight ,.. , •"> 

path open to flam• from t11e gun deck level to the 
111agazinc level. 

In 16-inch turrets a single. elevator-type powder 
hoist serves each gun, hut operating procedures pro­
vide for opening the hoist upper doors only when 
conditions in thr. gun comparunent arr. safe. 

Paw/-typ,: hoists. Jn this type of hoist the hoist 
tube is equipped with a s-t of spring-loaded pawls a 
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F1GuRF . .SD3L-Schematic of car hoisting machine ( l(w~·er 
powde.r hoist} in 8-inch Baliirnore cia.ss turret. 

given distance (one "stage,,) apart. The pa\.vls pro~ 
trude into the hoistway. Running the length o( the 
hoistway is a jointed rod, or rack, similarly equipped 
with spring-loaded pawls one stage apart. The rod 
can be hoisted one stage by a hydraulic cyli nder, then 
lowered back to starting position. This type of hoist 
is used for hoisting projectiles in 8-indi and 16-inch 
bag turrets~ and in one rocket mount for hoisting 
rockets. 

The operating cycle is as follows: 
I. A projectile is loaded at the lowest level. It is 

supported by the hoistway ( ;cationary) pawl. 
2. The hoist cylinder pushes the hoist rod upward 

one. stage. At the beginning of the upv .. ·ard stroke, 
the lowest rod pawl t' ngages the projectile base, and 
lifts it. The end of the upward stroke i$ j ust above 
the next hoistway (stationary) pawl. 

3. Next, the rod is lowered back to starting posi­
tion. The projectile is deposited on the. hoistwa·y pawl 
just belov.: it. 1\noth<:r projectile can no\.,. he loaded 
into the nm ( lowest) stage. 
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Ftou.i:u: 5832.-Princ:iplc of pa,.,.J .typc hoist. 

4. At the next upward stroke of the rod, the next 
higher rod pawl engages the projectile, and raises it 
another stage, where it can be supported by the next 
higher hoistway pawl. 

The process repeats until the projectile is at the top 
of the hoist It must be removed (by loading into 
the gun) before another cycle can begin. 

Open-tube hoists. This kind of hoist is a simple 
open tube connecting one level of a bag-type turret 
with the next higher or lower level. Secured to the 
ovc:rhcad above the rube is a $mall motor-driven hoist 
equipped with block and tackle, or with intunal gear­
ing and hoist chain. Normally the tube is closed by 
a flametight cap. The arrangement is used for hoist­
ing or lowering projectiles when taking ammu· 
n.ition aboard or transferring !t froill one level to 
another. lt is not designed for use as pan of the 
normal path of arnmunition fron1 stov.•age point to 
the gun deck. 

Aniruunition hoist safety features . Note\•.:orthy 
safety feature.s of amn1unition hois[S include: 

l. Automatic hoists have doors or gates which will 
permit them to start up only after the anunun!tion 
item ha<; been completely inserted into the hoist and 
the loader's hands have been withdrawn. 
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2. Automatic hoists will not start automatically 
when loaded if the top level discharg• point· is occu­
pied with ammun ition. 

:l. All hoists in which powder bags are handled 
a re equipped with Rametight doors and interlocks to 
prevent an OJ"'n flame path between lower handling 
room and gun deck. 

4. J\.fost pov.•er-opcrated arurnun.ition hoists arc 
equipped for manual operation in event of power 
failure. 

5. Ammunition hoists are equipped ";th hydraulic· 
ally act.uated brakes or hydraulic locking to prevent 
loaded Right.I or cars from falling or drifting down the 
hoist\vay. 

6. Most hoists arc equipped ";th indicators to show 
, .. ·hethcr there is an ammunition itetll at the receiving 
end of the hoist. 

589. Miscellaneous safety features 

Some of tho safety features of modern gun mounts 
and turrets have been taken up in connection with the 
other n1tthanisrns or systems discussed above. But 
there are several additional notewo1'Ul)' ones that 
should be taken up briefly. These are discussed in 
detail and illustrated in later chapters of this text, 
'vhcre appropriate. 

SahJo lal<h. This is a device that locks the breech 
closed. It can be opened only by deliberate effort. 
The function of the salvo IMch is to prevent accidental 
manual opening of the brcc:ch in the event of misfire. 

Salvo latches arc part of the breech mechanism of 
all guns larger than 40-mm, except for the ''el)' newest 
drsigns of automatically loaded guns like the 8-inch 
ca<e gun used in Salem class turrets. It is also omitte<l 
from guns smaller than 3" / .'iO. 

The salvo latch is a positive lock which is, in present 
desogns, cammed to open automatically during recoil 
of the gun. lt will not open automatically if the gun 
doc:. not recoiJ. 

Safety link. The safety link is a metal strip that 
couples the breech yoke (in bag guns) or housing (in 
case guns) to the slide. lt is intended to hold the gun 
in battery .in the event of fai1urc of the counterrecoil 
rnechanism, or if the oountc'.rrccoil mP.chanism is disa 
ahled. It is used in guns equipped with hydropneu· 
matic cou1lt\:rrccoi1 systerns. 

If the gun is fired "ith the safety link engaged, the 
link \vill part. Hov•c:vcr, it is parL of the normal gun 
operating procedure to disconne<:t and stow the link 
before firing. The link tn•'-'I be rcplarcd when the 
1uount i~ secured. 

Ga.s •iection. When a shot is fired from a gun, the 
bore is filled with residual powder ga•. The gas is 
un~~fe for humans to breathe-, and is lik<:ly to~ either 
flalnrnable or attua11y burning; it is sometirnes capable 
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of spontaneous con\buslio11 wl1cn nllxc<l \Vith air. The 
function of the gas ejector, which is a part of every 
c11close<.l mount 5-inch and larger, i:; 1.0 force this 
residual gas out of the bore by a blast of air from the 
shi}l's air system. 

In case guns thr gas ejectol' is designed to open and 
sh\1t o!I autornatically during normal oprration, 
though it can be operated manually. In bag guns thr. 
gas ejector goes on auco nlatically v.·herl the breech plug 
opens, but 111ust be shut off rnanually b>' the gun 
captain. 

\·Vhcn a gas ejector fail~, the gun ca1) i.'(nltinue firing, 
but. <:a.utio1\ is uece...ssarv to <:nsure safcr'r'. 'l'hc rate of 
fire 1nay have to be r~luce·d. In b~,g guns~ po\•.;dcr 
bags for the nc.xt round n1ust not he- exposed until 
fu1n~s and e11\ben> have bet·n tlc.:ared av1ay. Inspec­
tion for sn1oldering r:rnber:s is requ ired in any evtnt in 
bag guns) but it is especially important in ca5'~ of gas 
cjt'ctor failure. 

5810. Sighting and fire-control equipment 

\Vith the increase in range's of u1odem guns the:. 
prohlen\ of ain1ing the gun has bccon1e n1orr: <'ornplex. 
Sighting is con5'iderahly HlOre co1npJicated than merely 
pointing the gun at t he target and tirin,g. A projectil(') 
\\'hen fired, travels in a C'Uf''(:d pathi not a straight line. 
TI1is curvt'd path is called the 1r·11je,:tory. 

:\·fany factors afkct the trajectory of thr proj•ctil•. 
The u1ajor factor is the force of gravity, "·•hich cause:; 
thr. projectile to st;m falling a' <oon as it leaves the 
support the barrel provides. T o fire at long range, 
the bore axis of the gun must therefore be elevated. 
Another forr.e a ffecting the trajc:ctory is the \\•ind) 
v.·hich t<.:nds to b lO\\' the projc:ctiJe oft' lts course. 
Then th•re is the problem of th• lllOving target. 
\'\Thilc target rnotion do~s not afi'ect the craje<'t01')'i 
the gunner must lead th• target the proper amount 
to hit. 

·1·hese factors and others co1nplic.atc thl": prohlern 
of aiming a gun. Tl1e solution or this problem is in 
the field of firt: riO!!trol. The fire C0!1lrol syst ... ~rn) in 
solving the gunnory problrm, computes the angle by 
whid1 the bore axis of the gun should be offset from 
the straight line: bc.•t\\'C<'n the gun and the target. This 
straight line is called thr. line. of sight (LOS). lt is 
the starting point in aiming the gun. Vv'ith the line 
of sight on target, and the Oor<.· axis offset the COl'rec.t 
amount, the gun is airucd for a hit. 

T he offst·t is d ivide.d into 2 components, 1 ve.rtica.1) 
called .<ight angle., and I horizorual, called sight dc­
fl1'ctio11. Sight angle anti sight deflection are the angu­
lar valu~• of thr. offsrts which the fire control system 
computc:s and trans1nits to the gun for use in aiming 
{fig. 5B33 i . 

T h• sights at the gun provide for establishing the 
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linr of sight and for introducing sight angle and sight 
dt.flr:ction so that the gun•5' bore: axi:.: \\1ill he properly 
offset. Tu guu 1nounts 3~inch and larger> sights gen­
crallv consist of tele~copes \vhicl1 111ove i11 train and 
1.•lt'vation 'vith the gun and also can be rnoved verti­
ca!ly and ho1'i7.ontaJ1y \vith re:>p~ct to thr: guu bore axis 
to introduce sight angle and sight defle.ction. For ac­
<'oracy at long range, tl~1cscopcs give an enlarged vic\\l' 
of thf: targc:~. 

One telescope is provid<:d for the gun·poinLer and 
;inother (or thl~ tr~~incr. Each telescope has a reticle 
\...-ith a vertical and a horizon((.!) ceosshair to establish 
ac.«.:urat<.:ly chc Jlne of sight to the target. ·rhe l'ointcr 
elevate~ or deprcsse.s the gon to get tht horizontal 
crosshair on targe(, and the trainer trains the tnount 
to gtl t he vertical crosshair on target. 

Off<etcing the sight tele;wpe' with respect to the 
bore axis is the dutv of a t h ird mf"rnber of the rnount 
ere\''~ the sight seit~r. Th<.: computed value of sight 
angle and sight deflection to be used is sent by tele­
phone or indic:aced on dials to the sight setcer. He 
has t\vO han<lcranks \-.•hich he uses to lnove the tclc .. 
scoprs> one to shift Lhe.rn vc:rtic.ally by lhe arnount of 
.$ight angle~ the other to n1ov..-: chern horiiornally hy 
che- arnount of t:ight dt.fl<.:ct iun . The sight-set t ing 
n1cehanisn1 has scales \vhich enahlc th(~ sight setter 
co crank in the precise values. 

( )n most mol1n(s) 1herc arc t\vO s.c.a)(-s t hl· sight setter 
can ust to introduce sight angle (the. vert.ic:al offset). 
O ne is gradi.iate<l iu minutes of arc:, to display the 
actual value of the angle. The other is graduated 
i11 yards of range:. 1~his is calle.d the siKht bar range 
scale. It is designed for use against surface targets 
only. 'l'his rang~ scale is used \.,.·h.L'.n the fire control 
syste1n transrnits the range co targc:t (plus or n1inus 
corrections for \ •.:i nd, target 111otion> etc.)> in linear 
onits-yards. Nlosc n1odern firf: ('ontrol systeJllS trans­
n1it sight angle in 111inutes of arc. f~ut some auxiliary 
sysi:cn1s still use Hnear vah1L'.$ ( yards on tl1c sigh t bar 
range scale.) . Whichever scale i< u<ed, the sight setter 
turns the NJIOt' h<1ndcrank to set the desired value. 

To in(roducc che rorre.ct arnount of horizontal off­
:;et, the sight setter sl·ts t he value of sight deflection 
on the sight d f:ftect.io n scale, graduated in mils. (A 
mil is the angle subtr.nded by an arc of length equal 
to Ont-thousandth of the arc's radius-equivalent to 
:;_44 minutes.) Th is value is computed by the fire 
control ~ystt·m and sent to the; gun. There jt is set 
on th e sigh t dc':flPction $C<t.le by thr: s ight setter v.1ith 
the dl·Rcction handr.rank. 

r tl ain~ing a gun, the pointer' trainer) and sight liettel' 
>,.;ork as a t h ree-n1an team. Th~ pointer sights through 
his telescope and keeps the horizontal crosshair on the 
target. The trainrr sights through his tr.leS<',ope, keep ­
ing the vertical croslihair on the target. This estab-
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lishes the line of sight. With no sight angle and sight 
deflection set, the bore axis of the gun will be directed 
along the line of sight. 

Here the sight setter enters the picture. Using the 
value of sight angle or sight bar range rcoeivcd from 
the fire control system, he sets this value on the proper 
scale by cranking the vertical offset handcrank. This 
moves the pointer's and trainer's telescopes off the 
target-usually moving them downward. 

The pointel' then elevates with the elevation hand­
wheel until he is back on target. In doing this, he 
ckvates tbe gun as well as the telescope, and the bore 
axis of the gun is now elevated above the line of sight 
by the proper ' 'ertical offset (sight angle) . 

Like\vise, ;vhcn the s;ight setter cranks in the value 
of sight deflection, the trainer's and pointer's telescopes 
move off the target to the right or left. The trainer 
then puts his vertical crosshair back on the target by 
training with the train handwheels. This trains the 
entire mount, offsetting the bore axis from the line of 
sight by the amount of the sight deflection. 

Thus the three-man team establishes the lin• of sight 
and alw olfscu the bore axis from the line or sight by 
the amounu of the sight •ngle and sight deflection, so 
that the projectile, when fired, will hit the target. 

5811. Types of sights 

The simplest type of sight now in use is an open 
sight consisting of a small peephole behind a vertical 
rod. The line from the peephole through the top 
of the rod de.fines the line of sight. Such a sight is med 
at the local surface control station of the 3" /jO rapid­
fire mount; it is illustrated in figure 909. This open 
sight is used to bring surface targets into Lhe view field 
of the adjacent telescope; it is not primarily designed 
for controlling gunfire. 

An almost equally simple type of open sigh l is the 
peep-and-ring sight; an example is visible in figure 
9CI installed on a 40-rnm mount. The r·cu pare of 
the sight is a peephole. The front part r.onsim of 
concentric rings \vhich arc usc:d not onJy to r~tahlish 
the line of sight but also to estimate lead angle for 
fast-mo•-ing air targets. Considerable skill and train­
ing are neces.ary for effective USC of mis sight. Jt is 
used nowadays only for local control in emergenc.ics, 
or for slewing a gun mount toward the approximate 
location of a target. 

Telescopic sights permi t more accurate sighting 
than open sight<. Th<,rc arc two general typr.<-the 
fixed-prism and the movable-prism. In the fixed­
prism type the entire telescope is moved in order to 
offset the line of sight. The movable-prism type need 
not be moved b<:caui;e the prisms in the instrument 
can be shifted to offset the line of sight. The princi­
plc.s of priso1atic telr.sr.npes a rc taken up jn volume 2. 
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A typical fixed-prism telescopic sight is shown on a 
3" / 50 mount, next to the open sight, in figure 909. 
Movable-prism telescopes used on 5" / 38 mounts are 
shown in figures 8B23 and 8B24. 

A third g•neral type of sight, lhe lead-comput­
ing sight, has movable optical parts and computing 
rnechani~oi"l"lS \\·hlch autotnacir:ally offset the line of 
sight. Lead-computing sight me<hanisms arc discussed 
in vohunc2. 

5812. Train and elevation syJtems 

One important respoct in which today's naval gun 
differs fronl its ancestors is in the irupruvcmcnt in (a ) 
the methods available for positioning it in train and 
elevation, and (h ) the methods available for measur­
ing its position-or, alternalely: for shifting it to a 
prescribed position. 

Some. smaller old-time cannon, called swivel guns, 
could be tl'aincd \1.:ith relative ease, but, in general, 
training the old-tin\e heavy cannon that poked their 
muzzles through the gun ports was a matter of getting 
the \\•hole gun crev.• to drag it ponderously a fc,.,• inches. 
to one side or the other. Only a few degrees of traio 
were possible anyway. It was better (and far r.om­
monc:r ) to turn the whole ship. As for elevating, the 
old-lirnc guns 'vere breech.heavy, a.nd a quoin or 
wedge under the breech could be pulled out to ele.vate 
the gun, ordrivc.n in to depress it. Ag~i_n, it v.•a.s easier, 
an<l much commoner, to leave this a lone and let the 
ship's roll decide the firing elevation. 

Long before aircraft made such methods as hope­
lessly antiquated as they sound, gun mounts and tur­
relS \\"Crc equipped \vith '11ec-hanical gear for training 
and elevating the gun barrel. But the development of 
aircraft in war accelerated these developments. 

Jn a n1odcm gun mount, the tr~1nni<>ns arc placed 
where the gun is approximately in balance. In con­
ventional designs, handwheels connected through 
gearing to the training and elevating gear are a rranged 
so that the pointer's handwhccls are at his station on 
che left: and the trainer's at his station on the right. 
The pointrr'5 hand,.,·hl--els, in gun mounts, tum a 
pinion which rotates a gear sector on the slide called 
the elevating arc. (Figure 5R34. ) The trainer's 
handwheel, through gt,aring, turns a gear that engages 
t.he trnining circle in the stand. 

In bag·type turrccs, \vhere maxfrnurn elevation is 
limited and the mass of the parts to b• elevated is 
especially gre:l.t, the elevating geat lul't\S an elevating 
nut which engages a screw pivoted to the gun slide. 
(Figure 5634 in<et.) Turrets of the case type must 
be capable of much greater elevations than are prac­
tical with this type of arrangement. They therefore 
use an arc-and-pinion type of elevating gear. 

.<\11 turrets. and mounts larger than 20-mm, use 
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power drives as the normal method of positioning, 
thn<1gh the pointer and trainer can rndily switch co 
manual operation. Power drives and cont mis art dis­
cussed in more detail in chapter I 0. 

In some later moun~ all thl~e conventional a rrange­
ment.~ are not follo, ... ·cd. For E"xamplt, in chr auto­
matically loadrd 3"/50 mounts, tho 1(111> rannot be 
manual!)' elevated and trained from tit" gun-laying 
station~ on eilhtr side of the rnount. The tontrols 
ther<; provide only for operating the mnu1H through 

the power drin-s. The left gun laytr's <tation is used 
for pMitioning the mount ,,·hen firing on .3.ir targets; 
the right gun lay~r·s station is in control for surface 
targets. Either station, or the director1 m:iy he in full 
control. \Vht"n e.it.her gunlaylng station is in control, 
1nount train and elevation are both contmllerl hy that 
station . Henr.e there js no "pointer's" station or 
''trairu .. ·r's0 station on thl$: mount. And mnnu9.l eleva­
tion and train arc used only for positioning th~ n1ount 
for ma.inu•nanre o r alignment-checking purpo.sts. 

C. Conclusion 

5C1. General 

Thr pN"Ctding section provided an ovt.·rvic'" of the 
10 1najor fcn.tures or characteristic~ \,•hich tlistin­
gui•h ch,, modern gun from its prnlcces.101-.. A< the 
<ljscussion hns poin ted out several tin1t:s, not all of these 
feat\lre.s \\'ill be found i1l all rno<lem guns pa1·tic:ularly 
in small nrn1s and 1nachine gu n~. And c:onsidcrablc 
variatiom in dftails of design from ont mark and n1od 
of \'l<'<>.pon tu another. But lhe features dcSt"ribe.d are 
those that arr refc=d to e!S<-" h<re in this book as 
'•conventional," meaning tl1at they re:p~nl ~tandard 
prartict in the: art of gun and mount dt.•)ign as it e.~s:ts 
in the United S1a~s Navv about the middle of the 20th 
century. 1\('\\.' dcvcJop~e:nts and iruprovcmcnts in 
guns and mount$: are1 of course, al\,1ay~ in progr<'ss. 
Many or th<.:sc arc taken t.11) later in this s.eric~ of text­
book.s-pnrticularly in chapter :~2, volurnc 3. Further 
details f)f thc."S<.~ " ronventlonaP' features, n~ they per­
tain to ~ptrific guns. and mounts. are in later chapters 
concerned wi1h 1he dilTerrnt main types used in the 
fleet. 

5C2. Review of definitions 

Following is a brief list of definitions v.1hich ~um-

1uarizc in grneral fonn some; key terrrlS used in ihc 
pre,ct~diog section. 

Gun. Tho term gun properly designate< tho C\Jbe 
or barrel, but is corn1nonly used to reft.r tCJ the 'vhole 
assembly or which the barrel is but (\ part. 

1Vlount. ~rh is is tl1c entire svstem ix't\YCcn the !!Un 
and the ship'> stmc1ure which supports the gun:·..,_ 
cura it to the ship's strurture, and provid~ for its 
tkvation. train, and (in gurc' larger than 20-mm) 
recoil and cuunterrecoil. There are stvtra1 typc...-s of 
Juounts, hut all of them n1ust ar.coniplish these funr.­
tion5. Larger mount'$ have other funrti<'Jns as \v<·ll. 

Train. Tht train of a g1..111 is the.: po~itior1 of the 
axis of the gun's bore in azirnuth (<>l i11 a plane paral­
lel to the deck), a-; n1easurcd frorn tht ship's center. 
Linc. 1"rainiug the gun is rotating it in azi11111th. The 
trainer is the ~Nion \•;;ho controls. lhe training of th<: 
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gun. The lra1111ng gear is the equipment used to 
ttain the gun. 

J-:l1•:;atU1n. The e)cvation of a gun is the angle that 
th<: gun bor<" axis tnake5 v.·ith th~ d eC'k, rnca~ured pc·.r­
})Pndicular to thr. deck. E'levating tht. gun i~ inr.reasing 
1hi5 anglt'; dt1/1rt'JSing the gun is dc:cr<.:.a:sing this. angle. 
T tu: elevating gi•ar is the e<1uip1nen t used to 1uove tl>.e 
gun in t lc::vation. The term poirlting ha\ the san1e 
meaning a\ tht> tf"Nns elevating and dtprt.'SSing com~ 
bin«l. The pointer is the person who rontmls che 
elevatie>n or pointing of the. gun. 

Recoil. Rt'roil is the fom: tending to push the gun 
t<> the rear as the projectile ;, di•rh•1-grd. It is the 
gon's re-action to firing. Recoil is also the rean1r·ard 
1no\·cmcnt of the gun. T hf" recoil t1H1rhlirtil·ru is the 
equipu1enl uscd to control the gun recoil, Recoiling 
parts ar~ those lhat u1ove \Vith the gun in recoil and 
coun tcrrccoil. 

Counltrr{toil. Counterrecoil i!i tht f()r\ .. ·;i.rd rnove­
m<'nl of the gun aftl·r recoil ""·hich returns the gun tC> 

its original firin,g position. ~fht> cou1Jlt7rrcoil mech· 
ani.'m 'al~ kno\''" as the rcc-uperator) is the equip­
mrnt that returns the gun to itS firing l>OSilion. 

I n batt~ry. A gun in its tiring })()~i1inn as regal'dS 
recoil and counterrecoil is said to br in battery. .A. 
gun niovcs OU[ of l)atlery during ~coil and r<:turns 
to baltcry during counterrcc:oil. Recoil fJOJition i$ tht~ 
rcarn1ost pn~ition of the n.:t.oil ing pal'ts in recoil 
1nove1utnt. 

Houri11g. The housing of a gun is n ~nerally hox­
shaped structur< joined to the gun barrel with a bay­
onet-type joint. On most intermrdiat•-<',.lih<'r guns it 
hou.""' tho breech mechanism. Sine• i1 i• auached to 
the gun ba~I, it i~ a reC'.oiling }>arc. Ma jor-<"alibcr 
hag gun~ have no housing; tht"Se have ynke~, v .. hir:h, in 
general, perform a sirn i1ar func1 ion. (S<:c arr. 7Bl.) 

Slidu. On all gum larger than 20-mm, the slide 
is the structural part V\'hich supporti; thr gun, hou$i:ing1 

and othf'I' 1'PC'Oiling par ts1 and permits thc•1n to move in 
recoil. T h• <lid< will be di<cussed forth« in tho next 
Sf"('Uon. "'htrc it is taken up as part of th~ me>unt. 




