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PREFACE VOLUME 1 
Naval Ordnance and Gunnery (1957) is a basic textbook on the subject of naval 

weapons and their control. Prepared for use primarily as a classroom iext for mid­
!!hipmen at the United States Naval Academy and in the N'aval Reserve Officers 
Training Corps, it will also serve to support other officer and officer candidate training 
programs and ...,;n have general use as a refel't'ncc book. 

The Lext is limited to a treatment of fundamental concepts and principle• of 
ordnance, with enough data on typical weapom and control systems for the purposes 
of the training programs for which it is inttnded. It is not intended to replace 
technical and doctrine publication• of the Bureau of Ordnance and the Office of 
the Chief of Naval Operations. 

The present edition is a revision of Na•al Ordnance and Gunnery ( 1955). 
The present edition is issued in three volumC$: I. Naval Ordnanu; 2, Naval Fir. 
Control and Gunn<ry Organi;:ation, and 3, Confidential Supp/eTMnl. These arc 
all subtitles, appearing in conjunction with the general title, Naval Ordnance and 
G1mnu)I. 

Re.ision of this publication, including the addition of new material, was accom­
plished by officers attached to tht Dc:~nt of Ordnance and Gunnery, u. S. 
Naval Academy, working in conjunction with the Training Division, Bureau of 
Naval Personnel, and the U. S. Navy Training Publications Center, Washington, 
D.C. 
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HISTORICAL FOREWORD 
Introduction 

Thr -fulrn-<S of a Navy rests primarily upon the 
fact that it an we offcmh-., and drft11ti,.., weapons 
dftt11vely at ,..a. Ships of the 1"avy are ofttn referred 
to u floating gun platforms. Thi• definition is too 
limited, as the experience of World War II indicates 
that •hips art equally rffecth·c in carrying and •mploy­
ing torpcd~s, mine•, depth charges, rockets, and 
guide..! miisilcs, a• well :u airplanl'S, which with their 
weapons ft"'•tly c.'<tend the fighting ran~ of the ship. 
The imporunct of .. ..,apons to the Na•'Y is indicaltd 
by the fact thar most tin• offi«rs l<'r..e ar ltast one 
tour of ducy in a gunnery department and that much 
of tht professional tr.Lining of line Naval officers is 
o«upi<-d with the study of ordnanc• and gunnery. 

The detailed nory o( the development of weapons 
from the taV<man's club to the guided mi .. •ile of today 
is beyond the -cope of th• present book, but, for the 
purpose of 0<tablishing perspective, a brief review of 
som• of the meet significant stcP" i! presented h•re and 
in certain of the btcr chapten, as appropriate. 

Ancient woopons 

Although man, oomparcd to mo&t animals, is a fairly 
largr and powerful crcacure, he is weakly armed in 
proportion to his size. He lacks not only horns and 
claws, but even the big canine tusks owntd by his 
cousins the apes. A million years ago, when be began 
his climb towards civilization, he probably knew how 
to throw ston" and to hit with a stick. All his many 
weapono dc:veloptd sinu have had the same purpose; 
to kill. wound, or otherwise subdue his rnm1y. These 
weapons tnahlc the warrior to anack his opponent at 
a greater di•1ane< than if he had to dt~d on hands 
and treih a!OM, and, storing entrgy which is released 
all a1 once wh•n the ""'apon strikes, to damage the 
victim mort severely than is pcmible by biting and 
kiclcing. 

Tht bow, invented at the beginning of t.hc ~eolithic 
Age, fulfilled both these functions. Before that time 
mtn used a device called a spear-thrower, a stick with 
a book or spur at the cod. They hdd the speM· 
throw<'r in w wne hand that held the ja,-eJin or 
throwing·•pear, ,..;th the hook of the thrower engag­
ing a hollow in the butt of the javelin. Thtn they 
threw ,..;th an 0\.-erhand motion, letting go the javelin 

vii 

<0 that th• thrower actccl as an cxtcruion of the ann. 
Thr bow, having much greater range and accuracy, 
spread O\tt mo<t of the ,.'Orld and drove out the spear­
throw<'r ex~pt among a few i.olated tn"bes. A few 
peoplts dc:vtloped more spcciali:M"d miss.ik wcapom, 
such as the boomerang, the sling, the pellet-bow, and 
the blow-gun The natives of Borneo not only make 
a blow-gun for shooting poisoned darts, but also equip 
it with a sight and a bayonet. 

The di!to•·cry of metals about 6,000 years ago 
brou,;ht about a ttVolution in weapons, since they 
could he mad• of coppc.r or bronu more quickly than 
of stone, and since the material allowed a greater 
vari•ty of form., For instance, swords became prac· 
tiW for the lint time though oome pcopl<" had pre· 
•iowly tried to make them by edging a flattcnccl 
wood<n club with sharpened stone• or sharks' teeth. 

A t)-pical bronze-age battle comprised a few wcll­
armtd nobl .. on each side, each prote<;tcd by a helmet 
and a big leather <hield, poking nt one another with 
bronze-pointed spean, while behind them bowling 
mobo of the common people burkd atones and insults. 
The nobles' swords of bronze or (later) of iron were so 
10ft that after a bit of bard fighting, the swordsman 
had to take time out to straighten the kinb out ol bis 
wupon 

As m•tallurgy improved, not only did the quality of 
the weapons improve, but also more men could afford 
armor. Thus began the long conflict between armor 
and annor-piercing wcapons that has coniinued "'1tt 

since. When King Darius of Persia llC'nt an amphibi­
ous expedition agafost Greece in 490 B. C., the Greeks 
beat tht Pcnians ar ~laratbon, not because they "'ttc 
bra•'tr, bur btcausc they had good brontr armor. The 
unarmored Penian archcn had always been able to 
mow 00..n thdr enemies from a distance; now, bow­
<''<1', their am''"' merely bounced off th• helmeu 
and brc:utplall'1 of the Greek soldiers, and when the 
latter got in among them with spears there was nothing 
for the PcrsU.ns to do but run. 

Although nowadays 11eicocc and invention arc 
closely connecttd, this was not 10 in former times. 
Science was w vague specubtions oi priests and 
pbilooophe..,, while practical im-.,ntions were created 
slowly and under great handicaP' by unknown com­
mon men. Morem=, most 10Cictil'S were very oon­
scrvative about llt'W ideas, so that briUU.nt inventions 
"""re often not adopted because of inertia, ignorance, 
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or di•tru•l, or be.-ausc they mighl impair '<>mebody's 
\"e.stcd interest. 

For in,lan<•. lhe ordnance dcpanmenl. a group 
charged with impro•ring "eapon• and dc•i.sing new 
ones, w3' invtnted as early as 400 B. C., but failtd to 
become on established institution until modem times. 
At that time Dionysios, the dictator o( Syracuse, was 
plannin.g to attack the Canhaginian col<>nies in Sicily. 
He therefore hired pbilosphers and •killed artisans at 
high waqts, rntertaincd them ,-.1th wjnl", womrn, and 
'<>ng, and told th~n to dev;... something to beat the 
Cartha!(iniam, or else. The expcns aerordingly in­
'~ntcd the fiN catapult-a kind of ovc~wn cross­
bow on a p«lestal, shooting 6-foot arrow>. Afltr the 
'""at one or these arrow·s was taken lO Sparta as a curio. 
whfrt' a rrrtain Archidamus, seeing it, cried; "O 
Ilcraclcs, the valor of man is at an rnd 11• T hat i!. the 
fi m recorded protest again<t 1h• mechanization of 
warfare. 

Ahhough such outcries have been heard with in­
cre.asin~ frtqurncy <'Ver since Af'('hidamw' time, they 
have done little to retard the evolution of ,..capon<. 
When th• cn><<bow came into S"n•ral uv in medi"'-al 
Europe it was considered such a fiendish weapon that 
in 1139 the Catholic Church i•wtd an edict against 
it, but with little dfcct. Similarly, objections have 
hf-en rai<rd mott tttently against suhmarine warfare, 
gru, and the alomic bomb. 

Traru ltlon to modern weapons 

In th• Cla.,ical or Greco-Roman Age warfare 
reached an exlraordinarily high d<'gltt of organiza­
tion, with phalanxes of 20.000 spcarmcn, archers and 
slingtN, war-t"lc-phants, armoN"d ~i~f"-to~·t""· ~ata­
pults. in<cndiary bombs, and wanhips with crews of 
a thou.and men or more. After the fall of the Roman 
Empitt in tht 5th and 6th cemuriN, the an of war 
declined in Europe almost to the howling mob stage 
out of which classical warfare had grown for sev­
eral ccnturic< really skilled warfare was found only 
in Lhe By1,1 11t ine Empire, that revived eastern half of 
the Roman Empire in A•ia Minnr and the llalkans. 
This suptrior military skill enabled the Byzantines 
cc.-ntury afte:r crntury lO roll bad. "'a"·u of Huns, 
Arab., Russians, and other im'aders ~fott thev finally 
went down ~fott the combined attack. of Turks. 
Slan, and \\'< .. tern European Crusade" 

The ·• or 5 centuries from the fall of the w,.,t Ro­
rnan Empire to the rise of \\'~tem Europt:an rh·iliza­
tion, though known as the Dark Ages bccawe of its 
political disorgani1.ation and gentral illiteracy, wit­
ne~ed a number of imponant invtntion~ such as ihe 
wh•elod clock, the iron horseshoe, and the rudder. 
In the 13th and 14th centuril'S appearf'd two of the 
m<><t important inventions in the history of warfare: 
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the iron<a•ung fumare and the gun Until the 13th 
century all iron was ~'TOUght iron, with a low carbon 
conicnt and hence too high a mtltino: point to be cast 
"ith th• t)J>t' of furnace av:lllablc. 

Gunpowder and early gun1 

Near lhc middle of the 13th cen1ury, Friar Roger 
Ra(on ga" 1 hr w"trrn world it< first uscf uJ fonnula 
for gunpowder. This formula, which probably rame 
from the Chine><: by way of some Arabian manuscript, 
wa• followed b) thr dis<'m·ery of the prindple of thr 
gun, a weapon which revolutfoni1.f'd thf' an of ,,.·ar. 

Earl' book• on !(UDDCI) attribute the discovery or 
the principle of the gun to Friar 8'-rtholdus, nick­
named "The BL>tk," of Frtihurg, Gumany. The 
friar "'a~ trying to tum mercury into gold, according 
to report, when he put a quantity or ~altpelC'r in his 
mixtur<'. The multing explo.ion blew the top olT 
his kettle, nnd probably some of the ovcrhtad with it. 
He rcpeattd the experiment ofl•n tnough to get the 
idea of tht gun. 

Early gUru were crude and unpredicuhl•, often 
mort dangerou~ to the gunner 1han to thr cnCJD)'. 

.For a long timie after the inl-'Ctltion of the gun, many 
Jl"NO!l:> argued quite semibly 1hat be"' were more 
effiricnt Thry probably wett. The cros>bow bolt 
could penetrate the knight's armor; tht early gun 
couldn't Th• archrr with the long bow could shoot 
several times while the gunner was loading and firing 
a tJingk round. 

The b311i<tie• of early guns, which fired stone pro­
jl'Ctib, was largely a matter of gu~work and obl>erva-
1ion Powder was mi~ed on th• <pol by the gunner; 
artisan• fashic>ncd projectiles from local malcrials; 
and thr mount was built at wh.att\ tr 'pot it ~-as 
n....Of'd . The only part of 1he gun rotrried on early 
rampaii:o• was the barrel. 

The ineffectiveness of the early gun< ;, indicated by 
a rerord of an attack on a European town which says, 
''A knight besieged the town and fired at it with thun­
der guns. Tt did no bann." 

The noi'I', thr smoke, and the Aarnc of the guns 
undoubtedly had a disastrou> efTttl on thr enemy. 
Tht" h(")"'°' '""f'rf' ~n·shy, as a mattr-r of m.ord. An 
., .• ,,;ln<U 10 the battle of Crecy in thr 14th century 
<poke with rnthu•ia<m about the performance of 
"di\'en wooden and leathern tulxs, callf'd bombards, 
which with a great na,h of light and a no~ like God 
his 1hundrr, threw little iron ball$ to frighton 1he 
honc:s.,. 

S1onc projcc1ilc. were replartd hy bronze balls early 
in the 14th ttntury, and the<c in tum were supplanted 
hy l•ad nr iron balls by the middle or that century. 
The mon<lr, which hurled a projectile a short distanc.e 
on a high trajfftory over hills or wall~, was in\.·entcd 
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by 1354. The mortar required 1.,,. powd•r, "'a\ le« 
lilel' to bul"lt, and ttquirro fewer hones to trans­
port it. 

Cani,tcr 'hot. w-hich later won battlN for ~apolffin, 
was fint u«'d abou1 J-1-00. Bali>. buulc>. knives, and 
random itctns of small hard\\.·arf" 'nUt put in a con­
tainer and hl'.'d from a gun. The container opened 
in flight and •praytd exposed parn or the enemy's 
anatom)' with considerable f'ffectivent,~. Grape shot., 
also an antiptr<onnel weapon, wa. a later develop­
ment. The fim exploding shell wa• u•rd prinr to 
1418. but this type of projectile did not become 
popuJ .. r until 1he n'ign of Htnt\ Vll I of England. 
Htattd \hot ""' wed at Chcrboun;r in 1418 
Althou~ gum appeared on ships for th• fil"t time in 

the 15th rtn1ury, fil't'power had been a factor in naval 
ba1tl•s <intc well before the Christian rra The tactics 
were to m:int1wt'r a galley do~c to the enemy and at­
tf"rnpL to n\m him, overturn him, hoard him by means 
of grappling hooks, or shave off his oar< by a close 
ron. An altcmate procedure was to catapult flaming 
sulphur, pitch, niter. or petroleum on th• tn•my ship, 
row away, and watch the fire. The fint recorded 
na,'al u>C of a tube containin'! gun!""' dtr which, when 
ignited, <hot out a projectile occurred in 1453, when 
the Spanish opened fire "~th rannon• and arquebuses 
at point-blank range on the Moslem Attt at Preveza. 
T he Turkish Arce fell apart. Although >uch incidents 
awakrntd the slowest thinkers to the importance of 
naval gunnery, thr pike, the cutlass, and the grappling 
hook were not to become obsolete until the 20th 
century. 

Thr battlr of Pavia in the early 16th rtntury further 
proved tht U"fulnM> of gum as weapons of war The 
Spani>h put a few "firebcaring" trool" among their 
pikemen and pro,·«! to the French that a knight'• 
armor was no lon~er a protection. The u"'fulncss of 
the gun was evident. The French equipped their 
troops with arquehuses and !'.'turned to defeat the 
Spanidi (\I Serisolcs in 1544. Victory favortd the army 
with thr most eITcctive combination of gun< and mhrr 
weapons. T wo and a half centuric> later, Napoleon 
could say "Le fcu est tout." ("(Gun] firt is every­
thing.") 

Hertry VI II of En~land was the fil"t ordnancemao. 
The number of different siza and kinds of guns in use 
in his army and 03'1' annoyed the good monarch to 
thr e:xttnt that he issued an "ordnantc" which cata· 
logued and attempted to standardiu the typts used. 
The titlt of thi~ directive, corruptt-d to ''ordnance,'' is 
the modem trnn that include<! weapons of all types, 
arnmunition, and associated equipment. 

The Fltmings had an international monopoly in the 
munitioru busin6.~ in che timf' of "Good King llal." 
Coming fr<>m one of Europe's habitual baulegr<>unds, 
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thev tumod cJrh• to the manufacturt of ordnance and 
we;., arti<" b)· Henry'• time. Every kiDI( "ho wanted 
a good gunnen• department importtd g.mntrs from 
Flandt>rt al the gunn<:n' O\\"Il prices. 

The Fleming> formed a guild of "ma.ter gonners," 
who jealou•ly guarded the secrets of gunnery and sold 
their scrvicct to the highest bidder. Henry's "gonners" 
wore billowing pantaloons and hats with flowing 
plumeJ, and were a swashbuckling, proud, and clan­
nish lot. 

Thc>e 0 gonncn" earned tht"ir pay and P"""tige; 
they lh-rd a dangerous life. Ao early book on gun­
nf"~ opc-ncd ~ith the: maxim ... A gonn_.r mun love 
and <Ct\"t God " The wick fwn they u..:d burned 
"as long a. it taketh to n..-ite thr Apogtlr.' Crttd." 

The gun> mo>! wed at the time were the rulverin 
and the dcmiculverin. A later ''ersion of these guns 
poundrd tht Spanish Annada into the >Ca before the 
Spani>h could get within their own bMtlt rnngr. 

Tht tarly land version of the culvcrin weighed 4,000 
pounds and required I 6 teams of ho~s to move it. 
The Stagoing tlcmiculverin wcigbed :l,600 pounds and 
could shoot 1.950 yards, although it• tfft<tive battle 
ran'!e (point-hlank) was about 90 yardJ. The muz­
,1e '-clocity of thnc gum "-as on the order of 500 foot­
seconds. "htrta< our mod•m big guns launch 
projectile. at about 2,500 foct a second. Thr dcmi­
culvcrin took a 4Y,-inch iron shot, and the tube was 
IOY, feet long. 

Loading the big guns was at be&t a dangerous op­
eration, cSjJ<.'(;iaJly when "bombcs., or fu~d projC<"tile~ 
were used To get the pictul't' or an 1•arly operating 
condition let us rephrase an old manuscript to repro­
duce an Ordnance Pamphlet as Htnl")-'\ "gonntn'' 
might ha,·c v.Tiltcn it: 

"To charge )• pe«e of ordnance Connrr-like, set 
)" bam:I of powdre on ye windward side of ye peece, 
ha,·e ye htlptr hnld ye same at an angle and thrust 
ye Ladle into ye powdre, filling it half full. Fixing 
ye thumbe ju" ov.r yr naffe of )'e ladle, thrust it 
into ye munk of ye: peece, causing ye f.)Q\>\'drt. to 
turn out of yt Ladle deanly. Shake yt l,adle thrice, 
so that no powdrc rcturne in it-for that be a foule 
faulte in a good gonncr; then thrwt ye powdre home 
,., ith ye tam pion on ye other end of ye •ta.fTc. Have 
ye helper holde his thumbe over ye touch-hole whilst 
tampinci. Thtn taking a rounde ,.-Mid• of hay or 
ra'eled rope, thrust it on top of ye powdre, again 
tampini; home. Tht'n place yr shoot< atop of )'­
,..,-adde." 

~rhr gunnt"r , ... a~ warned to stand to onC' ~ide when 
he loaded a gun, lest stray spark! from a previous 
loading ignite the powder and "spoilc" him. Soap­
ing out the gun solved the problem of stray sparks, 
but addtd furthtr .ieps to the loading optration. 
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Firing the gun was e>Tn more dangerous. Re.urn­
ing our Ordnance Pamphlet: 

"In giving fire to an)· great pc«e of Ordnaoct, 
such as Cannon, Culverin, or such like, it is requisite 
that )'C Conner thereto appointed lint sec that ye 
pctte bl' wtll primed, laying a liule powdre about ye 
touch-hole as a era.inc, and then to be nimbi• in givinc 
fire, .. hicb as soon as ht ~th to flame, he outtht 
with quici.,,..,., to retire back three or four )"ardes out 
of danger of the revc,... of ye wheels and carriage of 
ye pc«e: for oftentimes it happcncth that the wht·'ls 
or axle-tree doth break and spoil< ye Conner that 
giveth firt, not having ability to move him<elf from 
the dang;:r of ye same; yta, I did see a Gonntr •laine 
with the re-·ene of th• -.httlt o( a cuh-crin, which 
crushed his I~ and thigh in ~ who, if he had 
had a care, and nimbl•nca withal, might have ..,..aJM'd 
)'l: mi<fonun•. Also, if)<' burning powdre be danltish 
or )'C cole of ye matche not dcare, ye Conner can not 
s~ily give fire; and thtreforc bchooveth he fore·«"t 
it; or if he hold ye lirutockc in which his fired matchc i• 
tied long over ye touch-hole, ye violent Aame i<Suing 
thettOUt is liable to spoilc him, or some thereabout. 
throwing ye lirutOcl<e or staffe wherewith he gives fin: 
out o( his han<. I ha•-.: seen vr linstod.e and match• 
blo-.n out of a Gonntr'• haru .;,.,..., than 80 )anh from 
ye pttcc by ye violent bla•te of y• fire muing out of ye 
tourh-hole of ye pe•ce in giving fin: 10 ye same. And 
it is to ht noted, that ~ widtr ye touch-hole of yt 
p«<"c, ye greater ye Dame that doth isfue out thereat. 
which cau ... th ye pcece to work Jesse cffectc than me 
would haviD,g a lesser touch-hole." 

h th•rc any wonder that the early gunMr ,..., cau­
uoncd to be a God-fearing man? 

By modem standards, the "master gonner" didn't 
know murh about the <rienct of gunnery. A•ked to 
explain what happened to the powder in firing, one 
expen of 154-0 replied, "The powdrc mixture, whtn 
burned, changeth into a strong wind." This theory 
was not impl'O\'ed upon from his day to the 19th ctn· 
tury. It has b<-en wd that hard!) a single Ordnaoce 
Pamphlet would be n....ded to fit one of Drake's mrn 
to serve aboard one of Nebon's ships. 

Tht rul~rin and th• demiculverin w-eren't the only 
big guns that the early gunnrr had to hand It. An old 
rcpnrt lells o! a gun madt by the Mohammed•n• from 
a Flemish drsign. The "Big Bombard," fired at Cairo, 
thre-. a 400-pound stone projectile more than t"o 
mil<:S. The reporter add<, "By God. if I had not <ttn 
it myself, I should not have nottd it in mv hi•tory, io 

unbeli.vably unusual and gttat w-as iL" 

Earlv JtUnn<"n were not milit&r)· pcnonncl, but 
served as civili:ln ad•-iscl"', like our modem technicians 
Gunnery officen were not given military rank in France 
until 1732, and in England they remained civilian< 
until 1790. 

L<'\s than 200 ycan ago, naval guns were fired at 
point-blank ranct•. and fitt control ,..., iargf'ly a mat­
ter ol skillful t<"""""'ip. The captain of the ship 
had to maneuver his vc:ssel within shouting distance of 
the enemy to rnaltr a hit probabll'. Range o( early 
naval ~ns """ <pok.cn of as "pi>tol shot" and "half 
pi.>101 shot." Not only were fir(' control devices non­
existent, but the dispersion of the guns was sur.h as to 
make romplic:ated sighting mechanisms usclelS. The 
de--cloptn"nt of fire control in the modem sense had to 
wait until th• 19th and 20th ccnturie., when refine­
ments in the manu!actUtt of gun• and a detailed study 
of W craifft<•ry made possible arcurate long-~ 
shootini:. Today it is possible to hit a moving larJ:el 
many miles away. 

The foregoing pages give a brief dt<cription of some 
of the step< in the long hi.,.ory of the devtlopmcnt from 
the primitivt tools of the savag• warrior to the com­
plex techn<>logica.J d~elopments u<td by the gunn•ry 
depanmmt of today ~{any mind• ha,-,, played a pan 
in this dt'\tlopmcnL I>Ucm-,,rin in one branch of 
the tciencc h'"' ncu: .. mued furious research in other 
branch<!. 

The grutr.i improvement> in the gun itself havt 
corwsttd of int'rf'a.W"S in range, a<'curac)'~ and destruc· 
tive J>0"'Yr. These improvrnicnts have been accom­
panied by d.-elopmcnt of fire r<mtrol equipment and 
operational procedures. 

War has l><:cn the major fanor in the dev-eloJ>lll"llt 
of th• ..:iencc of gunnery. Every war necessitates not 
only the dtvclopment of new wrapons, but the im­
prow-mcnt and adaptation to new usn of exi'ting ones. 
World War I tt•ulttd in the dtv•lopment of ac<:.urate 
methods of surfac. fire; World War II perfected th• 
vastlv more difficult problem of antiaircraft fire con­
trol. Simibr dt'\-elopmcnts ..... ,.., made in mine< 
nx.kets, to~, and bomb>, as well a.• the uniqut 
de,kc of the c>rricr-bascd airplln• ~s an cictemion of 
the striking pow.-r of the ship. 

Many inttn:sting drvices arc e>n thr Bureau of 
Ordnance drawing boards now, and Jome arc ready for 
evaluation by the Flr.L If the scirnrc of ordnance 
and i:unnrry continues to d~Jop at the pace of the 
last 50 ytan, we nuv well stand in as much awe of it in 
the near futun: as would one of Htnry's "gonners" if 
he WttC ord•rrd to ~ a mod•m fire control radar. 



Chapter 1 

INTRODUCTION TO ORDNANCE AND GUNNERY 

A. General 

1A1. Definition of terms 

This text is concerned with the study of Naval Ord­
nance and Gunnery. Together, the terms 0 ordnance" 
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) bombs, rockets, 
and the like, and inert ordnance, which includes 
projecting devices (such as guns, launchers, and re­
lease gear), protective am1or, and all the equipment 
nef.ded to operate and control weapons. Aboard ship 
it refers to all clements that come under the general 
tenn •'ship's armament." 

Traditionally, gunnery is the art and science of using 
guns. However, in the sense used in this book, the 
term is broadened in agreement ,.,.ith 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 de.sign} development, procurement, manu­
facture, distribution, maintenance, repair, alte.ra­
tion, and material effectiveness oi naval ordnance; 
the research therein; and all pertinent functions 
relating thereto, including the control of storage and 
terminal facilities for, and the storage and issue of, 
ammunition and ammunition details..,, 
The Buieau of Ordnance maintains field activities 

which contribute to the performance of its mission. 
These field activities include research activities, such 

as the Naval Ordnance Laboratory and the Naval 
Proving Ground, inspection facilities, manufacturing 
plants, such as the Naval Powder Factory and the 
Naval Gun Factory, and various storage and distribu­
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. installation 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. 

The 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 a ll 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 a11 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 work, by 
the Research and Development Doard; for manufac­
ture and procurement, by the Munitions Board. 

There 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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Chapter 1- INTRODUCTION TO ORDNANCE AND GUNNERY 

the 1'\avy Air Force bombs; the Army uses some l\a'y 
projectile fuzn, and the Navy, ~ttal Army rocket 
fuz<"<. When one service dt"velops and procures a <!e­
vict. for another, it usually furnishes all appropriace 
$pare pares. tools, ar1d instructional mattrial as well. 

Neither the Marine Corp$ nor the Coa11 Guard 
maintain> ordnance departments. Each of chese serv­
ices ha~ upon occasion developed and proru,,.d highly 
spccializtd tquipmcnt for it.~elf; ordinarily. hO\,,.·ever, 
they are dcp•ndent for their ordnance upon the Army, 
Navy, and Air Force. 

IA4. Function of the gunnery d epartment aboard 
ship 

The requirements for battle arc the baJi< for the 
organizntion of the combatnnc ship. Under N avy 
R egulations, 1948, in ship• whose offensive charac-

ttri<tics a.re primorily related to ordnar><:e or aircraft, 
ont of the major .-ommand depanments is the gunnery 
dcpanmtnt, headed by the gunnery officer. He is 
concerned primarily with the m11intenancc, upkeep, 
and operation of all the equipment in the ship's a.rma­
mcnt (with the exception of that or the ship's ai rcraft 
in ship> hoving an air department). His department 
is organized into divi~ions, the numher and function 
of which dcp<:nd upon the class and purpose of the 
>hip. 

In auxiliary veuds, and certain other types whose 
offensive charattcrinir.s are not primarily related to 
ordnance and ;tireraft, gunnery is a <ceondasy funrtion 
oi the deck dc1>3rtmcnt, which is headed by the fim 
lieutenant. In this case such ordnance equipment as 
is carritd is the responsibilily or the first lieutenant, 
u1ually excrrised through a gunnrry officer who is one 
of his assistants. 

B. Scope of the Text 

181. General 

This tc.<t is planned to satisfy ~~erol ntcds. It is 
intended a< a tr-.llning te>."t for mid<hipmcn and officer 
candidates. It will be u~ful 10 gunnery department 
officer P<'~nncl as a refertn<c and as a guid• in the 
gunnery a•pccts of shipboard organization. And it i.; 
intended to serve as a convenient refrl"ence for all 
office!'~, other than those in the gunnery dtpartment, 
who have oera1ion to deal with any aspect of United 
Stall'\ na• al wcapons-liscal, supply, pa<Sive, de­
ft:rui\•c, et.c. 

This text is not intended to supc1'tde or supplant 
otr.dal publications of the Chief o! ~aval Operations, 
the Bureau of Ordnance, or the Bureau o( l'aual Per­
sonnel with tt!l"rd 10 doctrine, weopon< and ammuni­
tion, dtipboard organization, or shipboard oprratioru. 
TI1e readtr is referred to official publications of these 
all1horities for inst ruclions on these mattf'rs. T his text 
\\.i ll, ho\Vt.ver, serve as an introductory guide to the 
official publications on thc•e matters. 

182. Pr .. ontation of the subject 

It is difficult to present a clear under\tanding of the 
strucrurr of ordnance mecha.nisms ,,,ithout some con· 
sidcration of their operational use. Similarly, the 
su~ful study of gunnery depends upon a thorough 
understanding or the weapons and innruments u..<ed. 
In this book a compromise is effected: Volume I con­
centra1es upon the srudy of wcapnn~, with m inimum 
rcfcrcnc:f! to control, while volume 2 as~un·u~s know) .. 
edge or the fim part and is concerned with fire control. 

Emphasu has been placed upon functional opcratio:l 
of bawc •)"trms rather than upon the detail< of a wide 
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variety of individual instruments. This book was not 
wrinen for the maintenancr man or the rcp:>ir tech­
nician. Ordnance Pampbleu arc a•.Ulable for an 
equipment discussed in this i.xt and should be con­
~ult<-d when more detailed informatinn is required. 

183. Naval weapons 

The weapons to he discussed in the firs t pat1 of the 
book include: 

Guns. A gun t)'Piully consim of a tube, d<Md at 
onr end, Crom which a projectile is fired by the burning 
in on <'ncl~ 1pace of a propellent charge. Guns are 
gcncral-pu'Jl""e "rapons used against ships on the sur­
far<', aircrah, 5'1urc i.Ju<allatiom, and personnel. 

Rotkm. The rocktt is a sell-propelled weapon 
"ho.c ab><:ncc of recoil make1 it particularly suitable 
for firing from >.moll craft or aircraft. 

C11ided mi1siln These are new weapon.• undercur-
1·cn t devdopmcnt. They may tr~vcl great di•tanccs 
with heavy loads, and self-propelled, and contain a 
mechanism capoble of d irecting their own flight. 

T 01 ptdots. A torpedo is a <ell-propelled under­
water mi"ilt used again.st ships. 

Jlinu. :'.lintS are typically .iati<: w~apons used to 
hinder enemy operations.. 

Dtpth chari:n These are anti•ubmarine weapons 
whieh arc cxplockd at a set depth or by proximity to 
a submarine. 

Domb.1. The tenn bombs covers all m isr.ilcs 
dropped from aircraft except torpedoes, mine>, and 
gu idtd missiles. 

Chtmicals. This term is used 10 describe a variety 
of solids and g~ wh;cb can be fired in proj<ietiles 
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Chapter 1-INTRODUCTION TO ORDNANCE AND GUNNERY 

from guns or mortars or dropped from aircraft. In 
World War II they were used chie.fly for «:reening and 
as incendiaries. 

I 84. Ballistics 

Bnlli<tics is the science of projectile motion. ft falls 
nalurally into two aspects ; in.te.rior ballistks, which 
treats of the motion of the projectile within the bore 
of the gun, and qxterior ballistics, which considers the 
action of the projectile in flight. 

Each of 1hw: fields is 1hc subject of careful and de­
tailed study by specialist<. Their findings are of 
enormous importance in gun design a nd in the de­
velopment of fire-control instruments. A general 
undemanding of ballistics is cssentfal to the naval of. 
fleer afloat, so that he may achieve the best re~ults 
with his ordnanu. equipment. 

I BS. Fire control 
The pract.ical application of exterior ballistics, and 

the methods and devices used to r:omrol guns and other 
weapons are known as fire-control. The second part 
of the book treats of !his subject in some detail, but a 
brief li~tiog of some types of fire control equipment at 
this point may help the student form a be1ter picture 
of the o'dnance equipment found ahoard most ships. 

R1mgefi11d1:rs. Rangefinders are optical instruments 
used 10 measure the di.tancc to the target. 

Radar. Radar, using elect.ronic means> provides 
more accurate ranges andt in addition, rnay mca$Ul'e 
bearing and elevation of the target. 

Dirl&tors. Directors are mechanical and dectrical 
instruments which control guru from a remote sta­
tion. They arc us11ally located at a higher level than 
the guns to provide greater range and better visibility. 

Rangekeepers and computers. Rangckeepen. and 
computers are mechanical and electrical, or electronic, 
instruments which automatically and continuously 
compute information needed 10 direct gunfire. 

Stable •l•mentr. Stable elements are gyroscopi­
cally controlled mechanisms which measure movement 
of the ship with respe<:t to the horiiontal and cOmJ'<'n­
satc for 1he effe(t of this motion. 

Transmission .tystems. Transmis..sion systems are 
used to send information from one station to anoth<.·r ; 
for example, to transmit gun orders automaticallr from 
the computer to the gun mount. 

I 86. Identification of ordnance equipment 

Each assembled unit of ordnance equipment is 
identified by '< name, a mark number, a modification 
number, and a serial number. This information is 
stamped either on the equipment iL<elf or an attached 
plate. Whe1levcr a basic change in design is made, a 
new mark number is assigned. Modification numbers 
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arc added when a minor alteration o( design has been 
made. Individual units of identical design have the 
same name, mark~ and modification numbers, but have 
different serial numbc.rs. 

An example will help to illuSlratc the use of this 
idtniification system: Computer ;:\1ark I Mod 0 is 
the first computrr designed. The Computer Mark 1 
;:\fod 1 is similar to the Computer Mark J Mod 0, 
but differs in wme dc1ails. Serial numbers arc usu­
ally assigned on the basis of finished assemblies. The 
n:>mc of a gun includes its caliber, as 5·inch 38 caliber 
Gun Mark 12 Mod l. 

\\"hen the Navy uses items of Anny ordnance, the 
Anny nomenclature is rt".tained. In Army nomenda· 
mrc, M corre.<pond• to Mark, A to ;:\fodification; for 
example, the Carhine ;:\UA 1. 

Tn rdcrring to a piece <>f ordnance, the information 
required for identification depends upon the circum­
stances. If reference is made to func1ions only, 1he 
name, mark, and modification will be sufficient. If, 
however, spare parts are being requested from 1he Bu­
rcnu of Ordnance> the ~r.rial number m~"ly ah() he 
necessary. 

187. Knowledge of material 

The operation of much ordnance equipment calls 
for detailed knowledge. Some details are included in 
this 1ext, but the officer working with the gear should 
not be content with the roverage given here. 

Shipboard installations can seldom be dis.,sscmbled 
for the purpose of instruction, but a young officer 
should miss no opportunity to observe the disa>sembly 
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. 

This information is essential to the gu nnery division 
officer, not only because of his responsibility for the 
equipment itself, but also because he is responsible 
for the training of the enlisted 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 cou~, much confidence can and 
must be placed in the senior petty officers., but this 
does not relieve the division officer of his responsi­
bility. 

188. Care of material 

The Bureau of Ordnance issues complete insiruc­
tion for proper maintcnan(e of ordnance material. 
These instrurtions should always be consulted and 
followed in detail. 
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All ordnance material is urtfully manufartured, 
u>taally to elm.I' tolerances. Any <Arele.<s treatment ;, 
liktly to da111agc scri<>usly a valuable pie<e of equip­
rll<'nt, disabling it whcn it may ~ n~ed most. In 
wing 31\) rUIC appuarus, it i> wise to be go,·orl\M b;· 
C"(')lllmon sense. The equipment was built to functio::. 
II it d""S not, something is wrong, and physir•I forc­
ing will cause trouhle. Levers, knobs, buttons, and 
switches <hould not be tou<h•d by a person who does 
not know what th•) will do. The Burtau of Ord­
n.anu .\fanttal ~•ates: 

.. The pennancn1 damage don< in a single day of 
txpcrirncntatinn by incxperitne:ffl personnel has 
frequently exc~-..-d<d 1 hat which. with proper care, 
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might be CX!"'<"ttd during th~ cntirr. nonual Iii• of 
lhc; material." 

189. Safety precautions 

Ovt'T a period o( rnan~ yea,.... various rules h:l\"C" bf'.r:n 
t'>tabli.!hed to prt'\'cnt ca;-ualty to personnd through 
cartlH..~nc:ss or improper u~ of cquiprnent. rhcse 
nalts are <ailed S>fety Prcxaution< a1td arc puhli>hcd 
b)' th• Bureau of OrdnanC'f', having the full for<• of 
r•gulat;oru. Tit<"' have bc<:n fonnulat<d through 
a.uual c-.xpericncc '' ith ordnarw-f'~ and an: rtviscd as 
nN"de<I. 

Sclcc1cd "3kt)' prrcautious ai·r indudcd ;,, "l'IX'n· 
dix A of this book. 



Chapter 2 

EXPLOSIVES 

A. Introduction 

2A 1. Fundamental ideas 

The value ol ordnance fa-s in itt power to destroy. 
This clt?"nds on tht ·use of c.-.plooivM moro than on 
:iny other fartor. The gun projectile r<:a(h<"S the tar­
get bcou...- of th• energy released b)' the proJ>(lltnt 
charge; it di<rupts d•fenscs ;rnd ham•"'' er.rniy per­
>Onnr.l primttrily to the •xtent that the buming charge 
it Carrie< is crrcctive. Minos and torpcdoc• i.ar holes 
in the 1tecl skin of a ship bcrausc of the force released 

by the great quantity of high explosives they contain. 
One or the mo<t important aspc:cn of the hi11ory of 

ordnance i• the dc,.,.lopm<:nt of explosive!! lrom the 
weak and uns:ahlc gunpo" der of Roger °6.•con to th<; 

highly spl'oializt:d explosi'"' of tod"Y· The latest dis­
co\·cr}' w4b nurlt-ar fusion .and its relrMC of trcmtnd-Ous 
explosh·c energy. 

The prc>cnt chapter is confined co ll di!<u<Sion of 
the charancristir1, use, and handling ol dicmka l ex. 
plosive> <Urrtntly used in the United StatP< l\avy. 

B. Explosive Reactions 

281. Preliminary 

Mose pN>plc know that chfmistry an..! phi~ics are 
sciences which deal with maltn and ""'Cl· •nd that 
matter and energy arc dosel)' related. Chemist!)• 
deals with the r.omposition and changr• in composition 
of substnnr~1, and a chemical rhange i• a definite 
J'(rmancnt change of certain properti'!, with the for­
mation of ntw sub,tanccs. Such chnngc~ arc 3fways 
accompanied hy a gain or lo<< of energy. Whenever 
a chemical ehan~t takes place, there is a chemical 
reaction. 

An cxplo<ion is one kind of a chemical change. It 
is a rapid and violent re le""' of energy, produced by 
the rapid d1cmic-al decomposition ~nd oxidation of 
an)' of several substanr.•s called explo.1fot1. It is t rue, 
of cour1t, tha t the term "Plosion is oftrn apJ>lied to 
"'iolcnt reknsrs of cn<-rgy not invohing cxplosh·c sub­
•t.inces. In the txplosion of a hoiler, for txamplt, the 
water (or ~tta.m) i~ not considered an cxp!o:iivc sub­
stance. But in t!U. text, the term expl<>1ion is reseT\·cd 
tn dcsui~ a chemical reaction that produces heat, 
and fomis decomposition products, some or all of 
which are gases. An c.xplosion is simply a rearrange· 
ment prorr<\ wh.ther it i< a rapid burning ( as in 
some explosive<) or a violent detonation (as in others) . 

l'>'!any modem explosive, are ba;cd on chemical 
compound• containing nitrogen. TI1ough nitrogc~ 
it.elf is chcmitally a relatively inert gru ( it makes up 

most of 1he atmn1phe.n:), its oxidizrrl fonn combines 
'' ith other dcmcn!S to form (among othfr products) 
mon- <.1r ks~ um.t.tb!e chemical compounc:k ''"hich ex­
plode 'iolcndy an the se- of the M>rd as u<ed in this 

""11tMADl/I BIU 
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16"/~0); the two white grains are: Sl'CO powder. 
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text. This violent explosion (or decomposition and 
rearrangement) liberates 1at'ge amounts of heat and 
produces huge volumes of gases, which expand and 
occupy a great de.al more space than the explosive did 
originally. An explosive reaction, therefore, always 
produces a sudden rise in pressure because of the for­
mation of g~\ses and their expansion hy the heat lib­
erated in the reaction. T he sound and shock waves 
a.ss~:iatcd with an explosion are caused by this sudden 
n.5e in pressure. 

It will be seen lat<'r that the c'ise in pres:mr(' may bl" 
r.omparatively slow or it may be so fast a.<; to be alrnost 
in .. ~tantancous. But whether an explosion is fast or 
.;;;lov.\ it is a decomposition and rearrangement of sub­
stance~ and is thett.~fon: basi<:~dlv a chemic.al reartion. 

For a discussion of atomic exP1osivesi sec volume 2 
of th is coursr:. 

282. Clo$Siflcotion of explosive substances by re­
action 

Explosivt· s.ubs.tanres indude a Jarge number of 
chemical ('.ompounds and mixtures.. The greater num­
ber of military explosives fall into the following 
g roops. 

I. Explosive in.organic compounds. Lead azide is 
an e-.xamplc. Lead azide is used as the detonator in 
major-r.aliber fm:es1 because its re1ativc1y low sensjtiv­
ity permits the projectile to penetrate annor plate be­
fore the detonator functions. 

2. Explosive organic compounds. In this group are 
the main military e"Plosives. It includes nitrated de­
rivatives of the carbohydrates ( example: nitrostarch) , 
and the nitrated derivatives of aromatic compounds., 
such as trinitrotoluene (TNT). 111e prefix nitro ap­
pears in the chemical names of several modem explo­
sives, such as nitrogJycer-in1 nitrocotton ( the. main com­
ponent of smokeless powder), trinitrophenol ( picric 
add), and others. 

3. ;,\1. ixtures. Thi.s gl'oup includes mixtures forrned 
. by oxidiutble and oxidb:ing bodies, solid or liquid, 
neither of these being explosives separately. Black 
powder is an example. 

\Vith regard to their type of reaction, however, e-x­
plosives arc classified as low (somelirnes called burn­
ing or pto~ussi;;e) and high. This speed of horning 
or breaking up is consider~d the most iruport~mt char­
acteristic of an explosive substance. 

A loa.J explosive reaction is a true burning, which 
proceeds from point to point throughout the explosive 
substance, accelerated by the heat and pressure pro­
duced. Since a low explosive burns, it builds up pres­
sure comparatively slowly, delivering a powerful but 
controlled pu.sh to the projectile, following through all 
during the projectile's m.ovement in the bore. Lo,.,.· 
explosives ah .. ·ays contain a source of oxygen) and one 
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or more combustive e!erncnts ~ur.h as carbon or hvdro­
gen. Recause the explosive itself contains all the. oxy­
gen required for the reaction, the combustion can pro­
cee',(I without support from outside sources. Among 
the well-known burning explosives are black powder~ 
ballistik., United State; Navy smokeless powder, and 
Cordite. 

NO'rz.: The- term "lo\•/ r.xpfo~ive0 is no longer recog­
nize.cl by specialists as a. distinctive term denoting a 
d ass of explosive!:, since many ~xplosives of this type 
can be made to react Jike- high explosives under cer .. 
tain conditions. Hm,:cvr.r, the. term continues to be 
used i1' this text be·t.ausc the classification, though per­
haps no longer accurate enough for the specialist, fa 
still a useful t'onccpt for the student. 

Hiy,h explosivf.s give rise to reactions that proceed 
a lmost instantant·ously throughout the explosive mass. 
They produce their pressure ( with a shattering effect) 
almost instantaneously, in what is called a detonation. 
If a high explosive were to be used for a propellant in 
a cartridge cast·~ aH its energy would be use.d in shat­
tering the gun before. the proje.ctilc had a chance to 
move. Combustible elr.mcnt~ and oxygen are usuall)', 
hue not always~ present in high t~xplosivcs. These sub­
stances arc characterized hy unstable molecules that 
includr. , ... eakly attached parts such as nitrate and nitro 
groups. The initiating impu lse. brings about a break­
ing down of the c.hcmical bonds, and a molecular re­
arrangement occurs so rapidly that the evolution of 
hot gases is almost simultaneous throughout the mass. 
Some examples of h igh explosives arc: TNT, RDX, 
HBX, tctryl, and ammonium picrate. 

Primary explosives, like high explosives, detonate 
whe.n initiated, but they arc extremely sensitive and, 
as a class, have less power, weight for weight, than 
high explosives. However, there is no abrupt, sharp 
dividing line bctw<-en primary and high explosives. 
Primary explosives are usr.d chiefly to initiate explo­
sive t rains. Primary explosives in current use in the 
Navy include lead azide, me.rr.ur)· fuhninate, lead 
styphnate, diazodinitrophcnol ( DDNP), tetracenc, 
and nit?·o1nannite. 

283. Clossiflcotion of explosive substances by com­
position 

From the standpoint of their c.ornposition, cxplosiv<:s 
may be divided into 1:xpl.osivc mixtutcs and 1::(plo.~iQC 
compounds. 

Explosive m ixtures are an intimate m.ixture of dis­
tinct substances, carefully prepared and mechanically 
conglomerated in varying proportions. Explosive m ix­
tures must have some oxygen supplier such as nitrat.e 
or chlorate, and some combustible such as carbon or 
sulphur. Black powder is a typical example of an c.x­
pJosive mixture. 
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Explosive compounds arc homogencou.s substances 
whose mol«"ulcs contain .,;thin themselves the oxygen, 
carbon, and hydrogen necessary for combustion. 
Whereas the characteri$tics of explosive mixtures can 
be varied by changing the proportions of the com­
ponents, the clements constituting an explosive com­
pound arc a lways pre<ent in the molecules in the same 
propo1·tion1. Therefore, the nature of the explosive 
compound cannot be changed by varying the quan­
tida of the constituent elements. Explosive com­
pounds of different characteristics can be obtained, 
however, by nitrating the basic substance to different 
degrees. Explosive compounds consist 'ery largely o~ 
organic compounds (hydrocarbons) into which nitric 
(-NO, or - 0-:-102) groups are introduced by the 
process of nitration. Examples of cxplosi,·e com­
pound, produced by nitration are cellulose nitrate, 
nitroglycerine, TNT, ammonium pkratr., tctryl, and 
RDX. 

284. Characteristics of explosive reactions 

The most important character<stiC5 of explmivc re­
actions are as foUows: 

I. V tlomy. An explosive reaction differs from 
ordinary combustion in the velocity of the reaction. 
Tills i.! abo the basis for differrntiMion between high 
and lo•• explosives. The velocity of combustion of cx­
pl0-1ivcs may vary within rather wide li mits, depend· 
ing upon the kind of explosive substance and upon its 
physical st.ate. The burning rate of colloidal cellu· 
lose nitrate powders used as propellants in modem 
gun• is in the order of 24 centim~ters per second at 
averagt gun pressures, whereas the velocity of reaction 
of high explosives ranges from about 2,000 to 8,500 
meters per second. 

2. H •at. An explosive reaction is alM1ys accom­
panied by the rapid liberation of heat. The amount 
of heat rcprc•cnts the energy of the explosive and hence 
its potentiality for doing work. It may be supposed 
that th<. quantity of heat given off by an explosive reac­
tion is large, but this is not neces~aril)' the case. A 
pound of coal, for example, yield• five times as much 
heat as a pound of nitroglycerine. However, coal can .. 
not be used as an explosive, be~"1U«' it faib to liberate 
hl"at with sufficient rapidity. 

3. Caus. The principal gas«>us products of the 
more common explosives are carbon dioxide, carbon 
monoxide, water vapor, nitrogen, nitrogen oxides, hy­
drogen, methane, and hydrogen cyan idr. Some of 
these gases ate suffocating; some are actively poison­
om. The gases from low explosives arc rarely dange.r­
ous, >inee they usually escape at once into the open and 
are dissipatrd and diluted with air. Generally speak­
ing, the commonly used hlgh explo>ives produce a large 
proportion of noxious gases, which are particularly 
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dangerous, since under nonnal conditions of use these 
gastS do not dissipate rapidly. Projectilcs 61kd ,,.;th 
high explosives often burst after penetration into con­
fined >paces lrom which the ga..:s att not ea&Jy 
evacuated. 

Some of the gaseous products of explosive reactions 
are thernselve~ Hammable, or fonn explosive com­
pound• with air. Among these arc hydrogen, carbon 
monoxide, and methane. The Dame at the muzzle 
of a gun when it is fired results from the burning of 
these gases in air. Similarly, residues of the explosive 
mixture remaining in the gun, or blown back by ad­
vcnc winds, have been known to ignite when brought 
into contact "ith air as the breech i.! opened. The 
ignition may come from the high temperature of the 
gas or from the burning residue in the gun bore. The 
resulting explosion may transmit flame to the rear of 
the gun, produc.ing 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
exP"llinR devices on guns installed in tndoscd com­
partments or mounu. 

·~. P 1(jSU.,. The high pr<.surc accompanying an 
•-•plosive reaction is due to the fonnation of g-~ 
which arr txpanded by the heat liberated in the re­
action. The work which the reaction i• capable of 
perfonning depends upon the volume of the ga•es and 
the amount of heat liberated. The maximum pres­
sure developed and the way in which the mergy of 
the explosion is "pplicd de1,..nd further upon the 
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 CJ<plosion 
of another su~ranre, the same volume of gas is pro-­
ducN! ond the same amount of heat is liberated, but 
at a greater velocity, the maximum pre~urf' will be 
reached sooner and will be quantitatively greater. 
However, disregarding heat lossc>, the work done will 
0,, equal. The rapidity with which an explosive 
dcvd<>p.s its maxinHlm prc.·ssure is, a mrnsure of the 
quality known as bri.sance. A bri10nt CXfJloSir..'e i$ one 
in which the maximum pressure is Mtainrd so rapidly 
that thr effect is to shatter material surrounding it or 
in contact with it. 

285. Sensitivity of explo•ive substance• 

The amount of energy necessary to initiate expl05iOn 
L< thr mca•ure ol the •ensitivity of the txplosive. Sen­
sitivity is an important considrration in selecting an 
explo•ivt. for a particular purpose. For example, the 
explosive in an armor-piercing projt.ctik must be rela­
tively insrmitivc; otherwise the •hock of impact would 
detonate it before it had penetrated to the point de­
sired. Again, if the mole.cular groups in the eo.-plosivc 
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are in suc.:h unstable "quilibrium that the n;a.ction startS 
spon1anrnusl)·, ur in rcsponSP oo a \light blow. the 
substance an have no practkaJ application '' hatever. 

ft Wit> originally considered thnt the power of an 
c.:xpfosivr wm tnf"asured by the scmitivit> and that the 
n10M powerrul explosives wer~ the most .sc:tbitive. ln­
vcstigt\tirm has prov<:d that this is n(')L t r11t-. TI'\T is a 
good <:xamµlc of a vr.ry powerful t:xµlosivc which 
undrr ()rcJinnr)' circumstances requirr-s a ~evnc shock 
10 initi:.•tc explosion. 

286. Jnitiation of explosive reoctions 

An <-.plo<ive reaction is initiated b) the application 
of ertt:ri,')'. Th• preferred method of initiation de­
prnd< n11 the cha racterhti<s of tht individu.11 «xplo­
.sl1,·c. lfowc·vrr, in accordam:c with the dual rlassf. 
fl.cat ion ()( Pxplo . .,:ivt-s into lcu: and h(iih., thl.' two meth ­
ods of initintion commonly d istinguished arr: 

l. Ry heat. Low €xplosivPS art comw onl}' inici .. 
akd by hrat: a.ncl the resulting reac tion i~ a hurning 
proces~. whi(,:h occun on the expO!ried surfact-s of the 
substanrt and progrcssc.."S t.J.irou!th th, ma.,:) as •:ach 
layer is t·onsumcd. Sorne high cxplosin'1 ,,;n l"C'a<'£ 
when suffic-it•nt hc.-t ~ applied. f"(pt'Cia11)- if heat is 
applied suddenly throughout the ma>S. Initiation bv 
pcr<'lU~it>n (dire<"t blow) or by fri<'tinn i-i limply an: 
other Corm or initiation by heal detfred from the 
energy of th<' b lov.- or frictl~n. 

2. Dy .1/toc/... High explosives, such •< the 111ain 
c:hargf"'i t1r 111irn:s o r torpcdoesJ io gericr;1I requ ire the 
sudden applira.1ion of a strong shock C'H' detonation m 
initiatr" the i.::xplosivc reaction. Thi~ dt•tonation :S 
usually obtaintd by exploding a smallrr charge of a 
mon."' ~fb.itivc high e..xplosive that is in <:Ollt<u •. 't wi:h 
or in c~ proxirnity to the main charg,.. nu:· ~maller 
tharg« can rtadily be exploded by heat or shock. 

11. ha~ frequently het>n <le.rnotv;trakd thnt detonation 
-Of an E"xpln~ivc- mass <.:an bC' cranc;rnittcd to other 
nHl.sS<:s of high ~xplo~iv<: in the near vidnity, withou t 
actual 1~outa<:t . Th~ $f"C':Ond explosion ocn.1rring under 
these r"onrli1io ns i:s said to b(' initia.tt><l b v inll1unce and 
it has bct n gtnrrally accepted that thr.initia1ing ~!feet 
i$ thP r"Cl>uh of the pas..\age of an t.'xµlosivc p<:rcus.c.ion 
wa\·<' fr(")m on~ mass to the otht"r. TI1e sc:cond ex. 
plosion is rallC'd a Jympothetic .xf,/oJion. The dis­
canC't" chrough which ch.is action rnay take place \·aries. 
\11·ith the kindc; of exµlostvc, th~ intt"r' rning medium , 
and <.'crmin <lthcr conditions.. 1 'h<' trtmr'ndous em:rgy 
of the pen:us5ivc wave in ~u1 undcrwattr toxplosion is 
evidenced by the imme.diate upht>aval of the water 
whc.·n the- rxplo1'ion occurs. The g~}''SCr· lih· cntpt lon 
which <.><.'curs ~hortly aftenvards is cau~d by the rise 
of the ga,~ of the expln<io n to the surface. 
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287. The explo•ive train 

:\fodtrn C-'plosi"e de,·ire<, e'en of simple types, 
,.el)· rartl)· eoncain one explosivr nr f'xplosivc com­
ponent onlr. 'l'hry commonly apply thr prindple of 
chain rl"M'tion. in which a chain or train of .. :lcments 
functions in sr'qurnce. The first part of lhe train, 
ca.l!nl the irritiator, primer, (;ap, or ddonator, begins 
the acti.nn. whe"n sL·t off by an ~lcctrk. C'turcnt, shock, 
h~at, fnction, or !lome othc:r st imulation. T he heat or 
shock nf t'plo>ion of thi< fi"'t part of tho 1rain sets off 
one· or rnol'<' suN'.<'eding parts in scquenre. O•(X'nding 
O:'l thr:r functioning, these art" called i;:nition, booster, 
or auxi!ia1;• c-hnrgr,. The finaJ link in this intennedi. 
atr" <"'qw:ntc: f whi<'h mav consi:>t of one or more such 
links) i.t:nitt< or dc1onat~ the main ( bu,strr, disrnptu, 
or proptllcnt\ charge . 

'l 'ht!rt" n1~ twu m~tin types of rxplo~i vc train, depend. 
ing on tb;· purpme and nature of thr. main charge. 
ProprHing or impulse rha.rg<'!l M 't low \:.'Cµlos ives in. 
tendtd 10 dtvrlop, 1hrough rapid burni ng, energy to 
bP 1~~~d for propul~ion. An explosive train for a pro· 
pdlmg rha~t grnnally lx-gim with • primer which 
µmdur<-s a hot flam•. This sets off the ignition charge 
( CO!nJ'M"d Of (t f!amc-produring explosi\'e- black 
powder) Last in the explosh·<" train i• th• propel­
k m f>O\\ d<'r or grain it~f"lf, whiC'h bum1 to produC'e 
thl' hm hi,t:h-pr.,sure gas.:s which prop~I the gun pro­
jer'ti le or ro('kt·t. 

In •.h'' explosive t rain designed lo dctonnce a high 
explo.,:1vc, thr ~t"<j Ue1tc.·c of opc:ration ii\ gtncral de· 
pend< on lh< 1ransmission and amplification of shock 
ra.thn th:m a hot Rame. The init ia1 ing device con­
talnc; :\ M.'r.-,ith-c explosi"e which product-~ ~hock ,\.·hen 
)Cf off: lhti' iuitiating s.hoc.k Y.t-" off the booster or a 
!fries of boo<trrs or auxiliaries; th• ruagnifi«I shock 
dc:onat'"' tht" main charge. Th<" booster mny tM> com­
plhcd of thl" --arne txplosivc a.~ tht" main charge, but 
in n1on: scmith•e form. Thus, gr3nulntrcl TNT, 
which ic; mor(" '>Cnsitive than th~ ra~t vnricty, is used a! 
a b<X»tcr in depth charges. 

288. Classification of explosives according to serv­
ice us• 

N:wal rxpJn"i"t:'S may be rla.r..~ific-d according to the 
U'C to which thry are put: 

I. Prop,//a11ts and impulse explosivn These ex­
plosi'<·> are uW'd 10 propd projectilt• from guns, to 
propel rocket" launch torpedoes, launch depth charges 
'.rom proj<eto,., .rnd C<Hapult airrraft. They are all 
ounurr.g or Jou.• explosives. Examples are smokeless 
powdrr, balli;titc, Cordite, and black powder. Figure 
2B l show5 sn1ok('less powtkr graini. o f various sizes. 

2. Diuu111i11g explo.<iuM. Explosives of thi, classi­
fication art all crnploycd !O creat~ damage to the tar­
g<< under attack. TI1ey arc all of thr hikh <xplosivc 
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l>'PC and a rc uicd nlon~ or· as part o f rhP c~plosivt· 
rhargc in minrs., bombs, depth ('h argc$, and torpedo 
warheadsi ~md in projectiles as a burst<..'r cha!·ge. 
There is. a wide variety in this category. hut the 1uorc 
common cxamplh are RDX, T :'\T, ammonium pic­
ratc, and tetryl. 

3. lnitiating (J;rimary) • .•pfosiues. :\< PXplained 
in article 2B6, the init iation of a n cxplv$ivc re.action 
r<:quires t he apµlicac ion o( energy in ~Ol'l"li' form. Pro· 
pE"lla"ts are comm<>nly fgnit~d by the ~pplirMion of 
A~·une; \•.:hik disrupting (:xpfosives arr -><"t off by a 
severe shock. ~1fany primary expl0$i\·cs can he u~ed 
for inilia1ing dther propellants or di~rupting explo­
~ives, becau.~e thq1 produre both a fl<trnt and a ~hock 
wh•n exploded. 

The d r vice used to initiate th e b urning o f a propel­
lf'IH explosivr i$ called a primer. A sim ple p ri mer 
consist~ of (I srnull :unou nt of kad azi<lt" nnd a small 
charge.: of bl:l<':k powder in a. contairu:r. \\/hen fired~ 
thf! primn produces the: long, hOl flame rcquire:d to 
ignite the propdlnnt. 

The device u~d to initinv• tht·. reaction of a dis. 
ruµdng £>xplo$ive i~ c:ilkd ~\ detonator, and in rnost 
rage'j it ronsists o f a charge of lead a:1,i<l"· or lead 
styphnak either alone or '"ith granular T:'-IT or tctryl 
in a container. \\'hrn fired. tho detonator produc~ 
tht shock r.ece.ssat)· to initiate the f'xp1osivc n:;.~rtinn. 

4. Auxilia1J ax,f>losi1,·cs. Large propcJlenl c.haf'et<~s 
~nd relativf')y insensitivt. disrupting t' .. xplosive~ ~quire 
an intermcdiale charge, ~o lhat the flame or :;.hock nf 
the initiMing explo$iv<: may ht": incr<:ascd to cmurc: 
prof><'r reaction of the main c:xplosiv~ charge. The 
:ntC':"f:tcdiatf' or auxiliary explosive used '"''ilh pro­
pcllan!S is <"ailed an i~nition charge and consists of a 
quantity of flame·producini: black powd.r suffidcnt to 
<·ngulf the propellen t grains. The ;wxiliary explosive 
u~¢d whh d isrupt ing C'xplMivcs is caJled a booster and 
ron~i~l '> of a q uantity of mor~ $ensitivc high 1:xplosivc:, 
such a~ t<'lryl or granular TNT. The booster in­
creas<-. the shock of the detonator to a degrtx suffidcnt 
to cxplod~ tho disruptive charge. 

C. Service Explosives; Propellants 

2Cl. General 

T he pri1nary furu.:cion of a propellant ic; rn providt· 
pre!i~~u·e ~vhit:h 1 nrti 1\~ against the ohj~ct to be p ro­
p<'llcd; will accelerate the ohject to thr rrq11 ired ve­
locity. This prC'U1!tr must be so rontrollcd cha: it 
'"·ill never ex<'e<,.·J the srrrngth of the container in 
which it is produrcd (e. g.i guns.. torpedo wb1..+s.~ and 
d•plh charge projectors). The (Ontrol o f pre«ure 
producc-d by propellant~ and impulse- ch::.1-g(:s is t reated 
in considerahk detail in th~ chapt\:r on in terior 
balli~tl<':s. 

It would be JJOssiblc to use any t•xp!Mive for pro­
pellent purposes if 1he vdocity of expl<>Sion could he 
controlled. lnvcstigations of this probl~m led to the 
dcvdopmcnt of ~tn(')ktless powder as we know it today. 
Kitrated ro1ton 1 thr main constituent nf smokdess. 
powder, is a bi,gh explosive by i ~~el( and "mir• ly " '" 
suitable as a p rojc-r.1,ilc propellant. Howr.vcr, ht wa:. 
<liscovcrrd t ha< 1h is high explosive could b• colloided 
with an etht-r-akoh(')J mixture to produ('t;.' a ' 1burning>' 
t>xplosivc. Only a small nu mber of chcml<'al con~­
pounds ca n be ~ 1reatffl a~ to permit <:omrol of the 
velocity of explosion. Furthermore, the $Ub~tancc in 
its final uak must not only be effic-ient, but must he 
~mfr: in use .. <'asy lO hand Ir, and smb le u nder varying 
condit ions of st(')l' tigc for protra<:L~d pt·tiods (')f t ime. 

Smokeless powders of one fon n or ano1 her a rc now 
us~d a lmost un ivt'rsa lly for propellc.:nt chargt::-:;. For 
military purposes ( Npecially for guns larger than 
small ;mns) they rnay be ~onsidtrcd 10 be of two 
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classes: ( I ) s ingle-base powders, and (2) multi- (dou­
ble or tri pk ) ba;e powder.. 

In the singk -base p(')wd~rs, cc1lu1oo<: niLratc:s (rt­
ft-n·~d to hereafter as nitroc~llulose) fonn the- Or\l)' 
cxplosivt" ingn:dicnt. T hr other materials p1':SCnt in 
~inc;k'·bast· powd~n> arc includM to obtain sui1ablc 
form, d~~ired burning c:har~ctt·Y.:stic-s, :lnd s1abiJity. 

lu the dou b le- or triplc--l'>a" powdl'rs, n itrog:l)'ccrin 
is p re .. ~f1H to assist in di~solving th <: nitroc:dJulost~ dur­
ing man ufartur<". as wrll fl~ to add m Lhe explosive 
q ualities. ·1·hc- singli:-bast' nitr&i'Jfulost· powd~rs pro­
d ut• a greater vol unre of gas. but le~~ heat than the 
doub!c-ba5;t" powdt:rs. .Fr(')rn a thermodynamic stand­
point, singfo-ba.~ 1)itrocdlul0«" p(')wdcn arc som,., .. ,hat. 
ks.s rffic.itnt, b<.·caus.e of their 10\\.·cr hun1ing h.:.mpcr::i­
l U1'\'.S. Hur they ha .. ·c the ndvamagc of c-au~ing less 
''rar in the: gun 1)(11'(" tlt~n donh1e-base powdc·r~ do. 
Prcsem Lripk-base powd~1"S 1 howc:vC':r> have ~\ larp:c 
p1·oportion (')f Lhf' acool"-burning explosive nitrnguani· 
din<'; lht·y therefor(· produce maxinn.Jut kmpcraturts 
comparabl• to thosl' o f •inglt-basc powd e"'. T l'iplc· 
b:."" powders al~o have other advantages, which arc 
mcntinned in ankle 2C5. 

2C2. Smokeless powder manufacture 

Th<: <moke.le.1s powder u<rcl b)' lhl' U nited Staces 
N•vy is a u n iform cther·alcohol colloid o f carefully 
µurifird oitron·llulosC' to whidt is added a sn1all \ ( \HUl• 

tity of diphc-nylaruim: to assist in pr(';<)Crving the c-htr'rli­
~al stability of the powder. The prirKij><1l r~w 
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materiab u~d in the manufacture of United Staks 
Navy smokeless po"dfr are: 

I. Cotton. 1br o•llulose material to be nitrated 
consL.c< of bleached and purified shot·L·fibered cotton, 
which is 90 percent pure ceUulosc. 

2. Acids. A mixture of about I pan nitric acid 
to 3 of sulphuric acid by weight is used in the nitrating 
process. 

3. Eshtr and alcohol. A mixture o( ethyl ether and 
eth)1 alcohol is us•d as a solvent for the nitrocellulose, 

4. Di/tlu:t1ylamina. Th is substance, used as n sta­
bilizer, ha• a slighdy alkaline reaction and is ir1corpo· 
rated in the powder to n•utralize any acid products 
which might be lonr1ed as a rt<ult of gradual decom­
position o( the powd"·· Since it thw prrvents decom· 
position r rout becoming progressi,·e, it adds to the 
uability or the powdtr. 

T he principal step< in th• manufacture of U nited 
States Navy <mokclcss powder are as follows: 

I. Prtparing tht allulosc. The purified cotton is 
passed through picking machines which tear apart the 
knots and t-1nglcs, and th•n through driers '"hich 
r~duce the moisturr content to about l percent. mois­
ture being undesirable in th• nitrating proce!>S. 

2. Nitrating. 111e cotton and acids are thoroughly 
mixed and agitah:d in nitrators. The cotton is con­
verted into nitrocellulose containing about 12.6 per· 
cent nitrogen. Thi~ is commonJy called "pyro." 
Aft<:r n itracing, the pyro a nd exces.s acids a re sen t to 
a centrifogal wringer below the nitr~tor, ""·here the 
>pent acids are removed. 

3. Purifying. The pyto is immersed in water and 
run through flum"" to boi ling tubs where it is given 
a preli1ninary boiling for about 40 hours to remove 
the remaining frtt acids. It is th<n tran$1errcd to 
pulpers which cut and grind it to the de5ired con· 
sistency. T he pyro i1 then boiled in water in poaching 
tubs for 12 houn, during which time the water is 
changed at regular intervals. 

4. De!iydrating. AfLer the final SLage of purifica. 
tion in the poaching tub1, the pyro i~ tram.ferrcd to 
the d""·atcrcrs ( large rotary film·< equipped ,.;th wet 
vac.;uum p u mps) :\nd to centrifugal wl'ingers which 
rerno vc water. The remainder of the \-ita ter is forced 
out by plnring the pyro in the cylinder of a hydraulic 
press and forcing alcohol unMr pressure through it. 
T he pyro cake formed is subj<'cted Lo a final premire 
~reatment to remove rxcf"SS alcohol. Ira' ing only suffi­
rient alcohol for making thr dl'$ired colloid. 

5. ,\tfi.,ting. Tht c.ompn·su~d pyro cake i~ now 
placed in rotating drums and blork hl'eakcrs and 
broken up into a coarse, fluffy m;us. It i• then put 
into nfr-cing machinC"S where ether and diphcnyla.mine 
arc added. T he charge is mixed for about 30 minutes, 

during which it h~romes partially di«olved or col· 
loidcd b) the ether and alcohol. 

6. Gratwlation. Aftc-r mbdng~ the charge is re­
formed into a block and taken to a pr<'« where it is 
fint forcrd through the small holes or a strainer 
( macaroni) press to ensure a thoroughly mixed and 
uniform colloid and to eliminate lumps and foreign 
matter. It is again reblockcd and taken to a graining 
press, whnc it is fon'cd through the die and extruded 
in the fonn of a continuous cord of cifC'ula.r cross s.ec-
1ion with sev(·n longitud inal 1>erfora.tions. The cord 
immtdiatcly pa.~f"s to thl' grain cutttr. which cuts it 
into grains oi uniform lrng>h. In this form, it is 
known as "green" powder and iii still fairly soft and 
pliable hccausc of the excess of solvents whkh it 
contains. 

7. D')i"ll· After a Sp<'<'.ial heat treatment for re­
cov«ry of most oi the soivcnu, the green powder is 
rrmoved to large dry houses, where the solvent COii· 

tent is reduced to a predetermined amount. The dry· 
ing proc<'S! tak•-> 4 to 6 months, depending on the 
percentage of residual volatiles desired and the si:oc of 
the grain rrquired. The perrentage of residual vola. 
tilM tC"maining in tac:h powder after drying varies 
from 3 to 7 p•rccnt, being greatrr in the larger 
granulations. After drying, the po,vder is blended 
with other poacher lots to makr up one uniform lot of 
powder. Sample> of this lot arc proof.fir.d, and after 
acceptanrt che lot is assigned an index number. It is 
then ready for issur to the Fleet. 
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2C3. Characterhtics of smokeless powder 

Grain5 <>f srnokckss powder have a hard, smooth 
finish and look very much like horn, When new, the 
11Tain< are amber in color and are translucent. As the 
powder ages. hs c-olor becomes dark hrov,+n, then black: 
and finally opaque. These changes do not indicate 
any loss of stability. 

Smokdcss powder is subj-ct to a very gradual rhem· 
ical deromposition which may in t ime be a sourc.:c of 
danger ( spontancou< combustion) unless measure.s 
are iakrn to ancst such action. Like many explo­
sive compounds, s.mokele.ss powder is in a Mate of un· 
stable chemical equilibrium and is readily a<:ted upon 
unfavorably by impurities which may be present with 
it. If decomposition take> place in ilny partidr, the 
dccompn~ition products wm include- nitrogt~n oxides 
which have an arid reaction and will facil itate further 
drcompooition. The u<e of diphenylamine, whose 
action ha.• already been explained, has greatly in­
creased the stability life or smokcles1 powder. A 
powder which may have ()<-(Orne chemically dangerous 
through partial d~(.Omposition is not dangerous for 
us. in a gun, since a part of the decomposition which 
should tnke place in the gun, with sudden evolution 
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of hc:i.tcd g>SM, has already taken place and the pow­
der has lost a corresponding numbtr of htat unit'-

txccssivc heat has a most unfavorable influence 
upon the uahility of smokeless powder. At tempera· 
tures below 60° F., the .iability is not appreciably 
affected,. but at te:mperatures above i0° F., the rate of 
decomposition rises quickly, br r.oming high at 90° F., 
and dangrrously accelerated at temperatures over 100° 
F. Pn:cnutions mu~t therefore bt taken to ensure the 
m:aintrnnnrt of a unifonulr low trmpcr:a.ture in the 
magaiincs in which powder is kept. 

SiMt lhc presence of moisture fa"<'>" dttomposition 
of wnokclcu powder, the cornainc:n in which it is 
stored an: made airtight, and e~el)• effort must be 
mad• to maintain th~jr tightness. A leaky container 
1nay not only admit undesirab1e moist air to the pow­
drr, hut may also permit the loss of volat iles through 
evap<.>ration, r.sprcially if the air in dw container is 
subj~etcd to alternate expansion and rontraction due 
to change in temperatur~. Sut·h a loss of volatiles will 
increase the speed of burning of the powder to sur.h 
an exlf"nl that excessive pressures will be produced in 
the gun. In this ev,.nt the powder is ballistieall)' 
dang•rous. 

2C4. Triple-base powder manufacture 

T ripk·ba.se powdor, conunonly called Cordite I\ or 
SPCG, is c.ornposcd of four principal ingredients­
nitrocclluloso ( 19 percent), nitroglyr.i·inr (a little un­
der 19 [>Cr<cnt), nitroguanidinc (55 percent), and 
ethyl ccntra lite (a little over 7 per<ent). Of these 4, 
th• fin; t 3 arc explosives. Ethyl cc.ntralitc ( also called 
Carbo.mitt) is the stabilizer . A small amount of potas· 
sium sulfat< may be added as a flash inhibitor, and for 
some calibers other ingredients mav be added in small 
amounts.. 

T he manufacturing process i5 in ~Cn!ral ~imilar to 
that for pyro powder . lt begin~ with pa,.ing the de· 
hydrated nitrocell ulose through a block-breaker screen 
(or thi~ may be done before the nilroccllulosc reaches 
the Cordit• production plant ). T h•n the other dry 
ingredients (except the ethyl centrolit<) arc m ixed 
with th(' n itrocellulose for 6 minutt , . Next, a mi.x· 
tun: of nitrogl)'<'nine and acetone I which d•l<'nsitiies 
the normally very touchy nitmgl)CCrinc) is added to 
the dry mix, and mixing continuos for another half 
hour. Then the ethyl ceniralitc is added and mixing 
goe~ on for a nother 3 hours. :'\fore acetone and ak o· 
ho! mny hr added if required during th is .iep. This 
.s ta~"<.'. may t.nd \vi th maceration of the mix, if required. 

The mi:<:. which is by now mo:i:tly in colloid form, 
nPxt goes to a " macaroni'' press which squeezes. it 
th rough strainers to remove uncolloided nitrocellulose 
and bit• of foreign matter that may be: prc•ent. T he 
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.. macaroni" is then pressed again into blocks., and is 
extruded through dies to give the final grain eross 
section. After chis the extru~ions arc cut co proper 
grain l•ngth, and the powder gMs to the final stages 
of iu pfOC"3Sing. 

The "green" powder next goes through a combined 
screening-drying stage., in which clustered grains arc 
separated. undcrsize gra.lns and d ust a.re screened out: 
and for<'td dry·~t.ir current.$ remov~: volatiles. After 
dr;-ing, the powder is blended with other lots and 
pack.d. 

2C5. Characteristics of triple -bas• powder 

T riplc-base (Cordite) powder grain< ~mble in 
size and ~ha pc conventional rrro powder grains for the 
same cnlib.,, except that they have $1000!h, chalk­
white 5urfaccs. After consjdcrablc time in storage, 
the surforr color may tend to yelto, ... ·, but this is not a 
sign of deterioration. 

T riplt·basc powders are far murc stable in storage 
than equivalrnt pyro powder, partly bccl\usc of their 
relati"d)' In" nitrocellulose contrnt, part!)' because 
of thtir extremely small content of volatile c.om­
poncnt.<, and partly bocauseof thdr low hygrOS<"Opiciry. 
Thei· arc much more •uitabk a> gun proP'llants than 
double-bo..<e powder. like hallistite (de>cribcd below) 
b<:"<.:ausc nitroguanldine~ in con t rast to 1he m ixtun· o f 
nilrnglycr:1int· and nitrocellulos1..~ in doub1e-hase pow­
ders, i~ :i '

1c.t1-0l'1·burning c:xpJQsive. T he gases pro­
<.h1n·d by a uiple-ha~e- powd<.·r with nitrogua nidine 
ha\e rnuch less erosive effect th an thc»c of a double­
base po"der. T riple-base powd•" also have advan­
tages in reduced production cost and ~uced residue 
after burning, although they do in i:cncral require 
a lar&cr variety of ingredients than piTo powder. 
Thry arc also less scmitivc to high temperatures in 
stowage. 

2C6. Shipboard tests and Inspections of smokele" 
powder 

T he Burtau of O rdnat1ce M anual gives the rt1quircd 
p<riodir te<ts and inspections pre5<ribrd for •mokele<S 
powdt.·r aboard ship in order to ('ll5Utc its safe storage. 

For each index of po"der aboard •hip, a sample is 
pro,id~d in a glass bottle "1th a ti~t gla-s uow.r, 
and is stored in the mag:c<ine containing that powdcr 
ind('x . Thc:s~ magai.i'.ne samples provide a means for 
daily vi~ual Pxatl1in;:d ion of t•ach po,,,.·der index on 
board. A strip of methyl violet paper i$ kept in each 
<ample bottlo. Oxides of nit rogen, emanating as a 
ga. from duomposing smokdc>S powder, will discolor 
the paper, changing it from violet to white. Such a 
changt ;, a warning that the powder in th• bottle and 
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the po\.,.<J~r of whkh it is a ~amplf" h<Jv~ hego n to 
decompose. 

A<ldiLi1)nal :sigrlS of decoinpositlon which 111ay be 
noted bv <lailv visual examination arc: 

I. Di~<'olor~t il11\ of grains, espc6ally grains \•.:ith 
on\flge or ydlow .spots. or grains differing markedly in 
<'olor . 

2. Grains showing fine- cracks, espC'rially if the>' lark 
their normal glo~~. 

3. Friable: or easily crumbled grains. Th ii; appHcs 
csprdall}' to t ht~ distolore<l spots on gr;~ins and to the 
off-(•)lore<l grains. 

4 . The; unmist::lkable presenc<: of nit wu.s funu.~s. as 
dct(·rmimxl by sight or smdl imme<liat~ly on opening 
the ('.onta.iner. Only in the very \•.:orst cases are chC': 
rc·ddish-brown <'Olote<l f tuUL':s iikdv to be vhtblc. 
Cai·<.· should be taken nm to mi~take ;he nt)rmal N her­
akoho1 odor for lhe characleri->tic pungent odor of the 
oxi<les of nit rogen. 

5 . 'lhe mf!tal of the container showing signs of t:. 

gl'e<'!n or white corrosion on chf. lmide. 
6. Th~ pv'"'·der i-> in a soft or mushy r.ondition. 
Cmtditions f; 2, and 5 indic~\te some: tk-c:omposition 

has takt>n p late1 but tlu.~ powder may ~till hf" w;ahk. 
Sl!rveilbmc:c tests should he ma.de immediatelv to de. .. 
terminc; the cxtL~JH of dc:-compos.ition. Cond,i£ions 3 
and ~J indkate advanc;ed decomp~ition; the µowdcr 
should be turned in to an atnrnunicion depN for dis­
J)(•sidon. PO\ ... ·der in condit ion 6 is very dangerou:; 
and .should be thrown overboard imm<'!diatelv. 

The surveillance l~iOc con~i$ts in putting a' sampk 
of the; powder in a tight. glass-stoppercxJ boule into an 
electric.ally heated surveiHanc<.· ovc:n,_ and e xposing it 
£0 a r.on~tMtl temperature of 65.5° C ( 1501'.1 F. }. The 
sample unde.r t<'!St is t•xamincd once <lailv until red 
furn~~ ~ppear. or 60 days e lapse. If the, red fum<.·s 
appt'~\r wichin a minimum time as specifie.d jn or 1 
for chal particular powder (for examph.\ 16 days for 
5"/38 powd~r ) , notify the flurt'au of O rdnance and 
reriues~ disposition in~tn1r.tions. 

If fum<'s appear after the mini1nu m period spt:cifk·d 
by OP '1', but before 60 da »Si the powd<.·r is rea.<i.;onab!y 
sak .• but s1.1rv<·ilhmcc tests nm.st be c:onduct<:d at fre­
quent jntcrvals. If tt>d fumes do not app!'ar in GO 
days; the po\"·<ll'f is safe. 

S\1f'vt·ilfancc 1e~ti n.g equipm<.·nt is rarrie<l at pn::S<.'tlt 
on rclativ~ly frw types of :>hips-BB's; CA's, CL's, 
CAG's, AD's; and several typ<.·s. of ranie1·s. The: 
NJLtipmenl is optional on A E's. Othc.·r types of ship~ 
s~nd samples to am1Hunition depots fo1· test. 

In genf'ra.I, Cordite typ~ (tripk-basc} pt)\\•<!<::r), <ir<.' 
nol t<.·stcd in surveillance f':quipment . At pre~rm, 
Cordi~f' pov.·dus an~ subjL~Ctt·d to rnech)•I violet paper 
w~u JUSt as. P>'1'0 powder$ arr.. Howt'ver, b<:r.alJSe 
lriplc-ba~e: powders contain kss than 20 perc.('nt n itre-
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cellulose~ a nd a re much more stabk than pyro) viokt 
paptr is not as reliahlt: a n indicator of t riplc-bas.r. pro­
pellant s tability as it is for pyr:l po\vders. Improved 
indic::.awrs. and erst rne1ho<ls an· now under 
dcvclopmf' nt. 

2C7. Block powder 

Black powder (originally called gunpowder), the 
ol<le:;l of txplosiv<.'s, has u ndergone Jittlc- change· in its 
c:omposition fr-om (~arlit-st t imes to the pt'esent. It 
<~011 .si:m; of a merhanfr·a ) mixture of appro~imatrly 75 
perrent ~ahpeter (sodium n itratf':) .. 15 perct'nt char­
coal and 10 l'"'""'t sulphur, although thes• propor­
cion~ may bt" varied somrwhat, depc. .. nding on th<: use 
for \vhich thL~ po-..\:dcr is inte.nded. Fir'>t used in guns 
in che early 12th C<:ntun,\ b lack pO\vder \vas Che only 
propdlam for firearm< until tht' latter half of the 19th 
ccntut) \ v;hcn nitroC'cllulme. powders wc:rc dtvclopcd. 

Black po\,·d<"'r is onsu itabl<: a s a. propellan£ for ~vetal 
reason$ : 

I . f t k a ves ~' large amounc of t~~iduc~ th us fouling 
the gun hote. 

2. 1t makes large q\Jant iti<·s of blac:k s.mokr whrn it 
horns. 

3. Its h igh trmpe.ra t ur<: of c:ombuscion causes rapid 
1.·ro$ion o~ th<' gu n hore. 

4 . I t.~ veloti ty <.li r<:accion is £00 rapid, even with ve1-y 
large gra~rnlalions. 

Although b]ac k powdt'!r p0$i>(~S$Cs prac.tic:aUy unlim­
ited f·hf'rn ic:al stability if s tored in airtight con t,;1ine~1 
it d<.'teriorntrs il'l'rgutady wh<:n C.'XJJ<.lsc.·.d to moisture> 
i•lhic~h it ab~orbs readily. HlaC"k powde1· i$ not a fTc:cted 
by modt>rate ly high lL'mpcratur<.'s, nor is it subje-r.t to 
spontanrous combustion at ordinary swrngc t<.'mpera­
tur<.·s. lt is., however .. highly Oanunabk and very 
s~nt'il!ve to fri<.:tion , shock, sparks, or flame. ft is ex ­
u cmd y quick and vic>lc:nt in its action \•.:hen ignited. 
T he la rg<>r the granulation of hlark powder, e.specially 
wh~n pressed oe cut into pellets, dt<: s)m.,·er the rate of 
bu m ing. Black-powdti:r dlJSL is exceedingly dangerous: 
a nd j ts a c:tumulmion d uring the handling of ao~· bJack 
powder shou ld be prevented. Blac/; powder i.< the 
most dangerous of all t:xplo:;h...es hm1dled aboard a 
man-of-;.t•a.r. ... 

The uses of hlac.k powder arl' dependent on the size 
of )ts granulations. In Lhr. otdr.t of <ler.reasing gr<1in 
s ize, the types a nd uses of b lack powdc1· in t he U nit<d 
Sm£es ~avv are as follows: 

1. Grain~d. Torped o and drpth-r.hal'ge irnpulse 
r.harges. 

2. Grarwfor.-lgnit ion dlargcs for propdlants and 
for saluting <'hargr.s. 

3. Fine·grain.-Prim<.'r charges~ expelling c·hargc in 
'.lluminating projec.tilcs. 

4. i\rleal.- Pyro£c!'hnir:~ and fui.rs. 
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2C8. Solid rocket propellants 

Sc>li<I rocket propdlan~ are douhk-ba,,,. tompos:­
tion.\ \\it.h 3dd~I irlgredic:nts for pk,stidzin~. <"Ont ro} 

oi burning rate, and rr.ciucdon of n~sh. ca~ µr<.·s.s.urc 
during burning is i-lbout one-tenth nf th:u in a gun 
b<trrd,. ancf rro~ion dFed is nut important in this 
~pplic:1tio11. 

A typic;\I JJropdlcnt grain is madt" up of a t·orn­
position idtntifi<'d a:; T ype N-2 (JP~T ,. and iti main 
iugn.·dlcms arc nitroccEulosr '!lightl) O\\.'r 51 per· 
cent I and nilrnglyeerinc 1. a little k-u than 43 pc-rc-e:u ~ . 

It aho c.:oruainli t\,·o plastidzPr<. to en'-un· homogetdty 
of comprnition 1th= arc dirthylphthal>i~, around 
~ pettrnt, and a trace of Candclilia "ax) , about : 
pt:n.:<:nt of uabilizer ~e:thyl centralil1.' J, a !itdc on·r 
l perl't'lll of potassium sulfate t<> rt"durr'" flash~ ;.Hld 
a small amnu1)l .-,f ('ad>on hla<.:k to control burning 
l'al1..~. Thl.:rc a n· a numbP.r of othPI' <':0111po-,itiom als<.i 
u~rd for rocket propellent grains, but lhty arf' da:;~i ­

ficd, and thi' ()rlt will Scrvt• a.s a spt.·drm.·n for study. 
As manufa(tured, the propellant is produc«d in t!:c 

fonu o! a shcc1 abouc 5 i:-.<'hf"~ \\ idt, 33 inches long, 
and 0.06 10 0.09 inch thick. To be ronverted into 
tht" grain , .. :hic-h actually goec. in10 the rocket moto:. 
sr\rral ~ht"tb an: rolkd into •'carpet roHs" and put 
into a pre:u. l:ndear high temperature and pres.sure 

the propellant i< extruded r rom the press thrc.ugh a 
di~ that gives it the cruciform { (JO<Mh•prd) or hol­
low c\'lindrir-al rross soction n-quircd for thr particular 
11JOW1 <.<.>nc<.:rncd. The <'ha1'C'I" i~ txtruded as a homo­
gC'nrou~ ltngth (.l( prope.Jlan~ which i• thf'I\ rut a..nd 
tri111111cd to gra.im of •ppropriatc kngth. T he grains 
ar<-: t hen turned in a spedal lalhe to giv<· them the 
pre>pt•r diii·u•n$.iOns for mounting in thr mncor. Single 
extruded rnckn propellent grains range in size up co 
60 inrhM in length and 6 inchr~ in di:unete-r. 

From I to ~ graiM o[ l>alli>titc propellant are wed 
""' tht propdling charge in a rO<'ktt motor. The 
grains arc d•<ign•d lO bum at a uniform rate to pro­
vide a uniform 1hrust during burning. In «ruciform 
grain\ prnvidt"d with suitable plauir inhibitor strips 
tht· buniing area, ~nd hence <he rate of ga$ production 
and tht th rust. tend to rem ain <'onstam thl'oughuut the 
buni tim<~. Ln holJo, .. · q·lindrical ,::rnini., pla!\tic in­
hibito1~ b<.mdcd to the grain liru it th(· burning area 
during th• fin.< part of the burn pniod. Cylindrical 
gntins have holr!\ at regular intc.:rvnh. to tqualizt the 
pre)S\1tC) inside and !\Urr<H.rnding the c..1•linder. 

Singlt .e;rain> for JATO uniL• or for u<e as missile 
~\l)taincr propcllanu are made a) large :u 2~> inchf'5 
in diamtter and 10 feet long. Sueh gr~ns an: made 
by a casting pmcr.!;;it, and 111ay c.:ontain ingrediPms other 
than th~ double-base mixture desc.ribed abovc. 

D. Service High Explosives and Primary Explosives 

201. General 

The list of substanc"' "·hich <an ~ grouped under 
thf' ttrm lugla explosives is a long onr \,h:ch, hO\\t"\·er: 
may be ma,.rially reduced by elinJnating cxploso"cs 
oot suit•'<! for military purposes. Tht follow;ng ccn· 
diticms mu~t be considered in d1o<»ing a miJirary high 
l'.Xplosivc. Depending ~Jpon its us~, it must: 

1. Have proper insensitivity to wichnand: 

a. Shock of gunfire. 
b. Shn<'k of impact against aruUJI', if used for 

vrojectilc fi ller. 
c. Shock of handling. 

2. lhwr maximum pc>\.,·t'"r. 
3. l lavc srab!lity co withs:and ad\ f'rY ~torage con-

dition~~ ht-at. moinutt, ete. 
4. Uc c:uy tn handle, load, and rnanufactun·. 
5. Produce proper fragmentation. 
6. Se cheap and available in quantity. 
A nunihf"r uf high explosi\'(.'S arc dcri\'c.·d from coal­

tar prod11C't~. \Vh~n r.oal is subjeclcd to c.kstruc t ivc 
distilfado1i. coke, gas; and <'oal tar an.~ ol>ttiine<l. Coal 
lar is tl hea\'y liquid of a complex no.tu rt, "hich on 
furthtr di~till;<tion " ·ill yidd ;irom•tic hydrocarhons 
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'hPnztnt-, toluC'nc; xylene. naphthnltnt, tmd an thra· 
ccnc \ and aromatic alcohols (phenol and cre,;ol). 
From these substances, or f rorn other substances ob­
taintcf from tht'm, cxplosi\'es may ht made b)' nitration. 

H i.!(h--.plo,i'-e chargt-s arc usually loadt<l hy melt­
iog and pourin!(, if the kir>d of cxpkni»c substance 
\J$l"d J>f'nni ts this t rc.·atment . This gi\'M; greater den­
sity of thr rharge and henc« grt·atcr cxpln<ivc effoct 
in a container o( given vo1um<-:. 

202 . TNT hrinitrotoluene) 

TNT, thr mmt familiar of all military high ex­
plo'"- c ... , i, obtained from the nitration or toluene in 
three surr~e.iq• steps.. TNT is a white c-rystalline 
s.uh-.tan< .. e when pure, and vari~ in ,ha.de from a light 
yellow tn a dirty brown when impuritiM arf' presenL 
\\'hen pun:, it melts at ahout 80.5° C. (177° F. ) . 
~J'NT i~ 1il"'utral in react ion and, even under unfavor­
abk conditions of moistuf'~ and tf'111pCn\tun:, docs not 
form !\rn~i tive compounds hy romhin~tinn wi1h rnrtals. 
It ha• high chemical <tability even whcn subjected to 
tf'mperatur1:s as high aii J.10° F. for con~iderablc. 

pt•riod~ of tirnr, and can with.:>tou1J great variations in 
tf'rnpcratun:. 
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T~T i$ rdativ"ly insensitive to shock, friction, or 
prr~m l'e. V\fhen ignited, unconfined, it burn~ 1;lowly 
with a dense black smoke and without explosion. 
However: in a hot fire it will explode with \ iolencc. 
T!\T can be <Mlted and <rut inin any form d~sircd. 
Thi< property mak« it a very c<>nvcniem •ub1uncc for 
cxf)lmive rhargC$. The ratr. of detonation of Tl\T 
is about 7 ,000 metrr< per second. 

In a cast form. TNT is rather difficult to dttonate 
and usual!)' rcquiff'> a booster •uch a.< refintd granular 
TN'I' to provide the shock nte.._ry to eruure com­
pltle high·ordrr dl"tonation. ·r~T is not, howl.'Vcr, as 
in$cnsitivr. as one may 5iuppoi,:~. Small pa1·tidl"'~ of 
Tl\-i' have hero known to detonate when scraf.>cd with 
"knife. 

The prcsenre o( moisture in TNT adds grc:itly to 

the difficulty of detonating it and probably dtcreases 
it< explosive forrt. It is, therefore, of grcatc11 im­
portance that TN'!' boost.r< be kept dry. 

A dark-brown oily liquid frcqutntly separate< out of 
..:~ut Tl\ .. T, and may exude from the cont.a.inti') a.her 
a ptriod of storag.:. This .xudate consists of i«>mers 
of TNr and lower nitrotoh.u;ncs. ( borners arc sub­
stances having the same <hrmical formula but with 
molecular arrangement;; and melting point~ different 
from those of the original substanc~.) Such exudates 
arc relatively inscn.~itive1 but "''hen mixf"d \\ith an 
absorbent cdlulO>e material, fonn a low txplosive 
whirh i• easily ignit~d, bums rapidly, and may even be 
detonated. An accumulation 0£ exudate is considered 
both a fire hazard and an explc»iv~ hazard. Exudates 
discovered when cast T'.'IT is in•pccted should be im­
m~iately rcmo,·~d. Large cast TXT charges must 
not be stowed on wooden or linoleum-covered decks, 
nor on any material that is likely to absorb the 
cxudatcs. Exudate may be rtmo,•ed with rnrhon 
tetrachloride or alcohol, or, if diseo,·ered before it 
hardens, by water and a stiff brush. Because of its 
s.cmiri\ ity) exudace must Df'Vtr be removed by steel 
M;l'~p<:rs, nor should ~oap or otht"r alkaline M)futions 
be uii~d to remov~ it. 

TNT has man}' USt"'S. It may provide main dis~ 
rupting chargf"\ lo projcrtik~, torpedo \\\\! heads., 
depth charges, min~ bombs, grtnade., boostrr<, dem­
oliti()n cbarge~1 t"'tc. It is more frequent1y used as a 
component jn ochrr explosives. For fuzcs and boost­
er<, only a refined granular or t·ry<ialline TNT of high 
melting point i• usrd. For largt charges such a• those 
in mines, bombs, otr-, cast Tl'\T of one of the lower 
gradts and lm•tr melting points is ordinarily uSt>d. 
TNT is not suffiritntly irnen•itivc to be a satisfactory 
fi ller for armor-piercing projectile•. 

TNT may bf" mixed v•ith other m.ate)~als for certain 
applications. For •xamplc. Tt'\T, with iL' relath-ely 
low melting point (80.5° Centigrade when putt) can 
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be <ast-laaded- that is, it ron be poured into the 
bumer cavity of a projectile and prrmitted to harden. 
Many oth.r high cxplosivrs have melting points too 
high for this t.rhnique. But by using TNT as a 
'chicle, it is ~sible 10 rast-load a mixtu~ of Tl\'T 
and <0111c othrr txplosive. Thu< a mixture of TNT 
Md RDX (to bc di«u«•d below) <an hr cast-loaded. 

Two other fairly common mixture~ indudi11g TNT 
are amalol and :riumal. Aumtol iJ a ntixturc of TNT 
ari<l ammonium nitrate, and i' used in largt aircraft 
bom~. The mixturt" is k.ss cxpt"n10ive than straight 
T1'-i' Tritonal is a mixtur• nr T::-IT and oluminum 
p<'l\\'rler. In thi~ and other mixtures <:ontaining al\1-
minum powckr. the aluminum has che effect of irn­
proving the brhancc of th• explosive components, 
although it docs not •ignific:antly affrct the power of 
the explosi\'e. 

203. Explosive D (ammonium picratel 

'J'his explosive. patf"nl.ed in 18881 wa~ for utan}' years 
the secret high explosh·r of the United States. Its 
particular imponance as a militnry explosive lie< in its 
mar~ed in~m.jtivity to ~hock and friC"tion. Tt is only 
'lightly inferior to TNT in expln<h·e strength. It is a 
c:ryscaHine pow<lcr of light·ycHow colol' which is 
loaded in projrrtiles by prr5'ur<: tamping. lt i< 011ly 
sli(htl~ hygroscopk, but! when wee, fonns scnsiti,·e 
and dongerous pi<rate< with copper and ltad. Al­
though it dors not fonn dang•rous compound• with 
iron, it does c.;.tust. C"orrosion; the intrriors of projectiles 
M< therefore painted or varnished before beini: fi lled. 
It has high chemiral stability, cvtn when subjected for 
considerable periods of time to tempcrani= as high as 
150° F. It rannot be rnehed and cast like Tl\T. 

Explosive D is made by saturating a hot solution of 
pi<'ric acid (trinitrophenol) with amrnouia .. -.·atcr 
(ammonium hydroxide) or ammonia gas. This re­
suhs in neutrafoting the acid, whieh is shown by the 
formation of uynals. This solution~ , .... ·hen thf" reaction 
is con1p)ete> is dumped inco ery11talltza, ion tanks, where 
tht" anunonium picrate c1-y::;ta1Jizc.·s out. ThP crystals 
arc rcn1ove:d, drained. and M"1·rrned. The.· powder is 
thtn ready for packing. 

Explnsivc D is u$ed primarily as a burner chargf for 
h\rgc-caliber armor-pitrdng pmjectile~_, and armor­
pi•rcing bombs, as it will wi!hst(1nd the shoc•k of im­
f.>aCt again" any thickness of annor. The advantage 
of thi. is, of cour<e, that the annor-picrcing projectile 
.. -ill ha\ e partially or eompl•toly penetrated the plate 
b<:forc i: is detonatfd by the lure action. 

Aboard ship, Explosive D i1 found only in loaded 
prnjrctifes or bombs and rN1uires no special care, 
exccp< to see that the f.>rojcctik rooms are kept thor­
oughly dry and at modrrate ttmperaturcs- In rase of 
6.n: in the \kinity of projectile<, care should be taken 
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that they do not become heated to a high temperature. 
:-<o special tests or inspections of f,xplosive D are re­
r1uired afloat. 

204. Tetryl Urinitrophenylmethyltrinitramine) 

This high explosive is another aromatic nitrocom­
po\Jnd. It is a ye:llow crysmJline substance usually 
produced by the nitration of dimcthylanilinc. 

Tetryl is more pov.·el'ful than TNT and more sen­
.itive to shock. It is stable at all ordinary tempera­
ture<, melting at 130'- C. (266° F. ) . Tetryl is an ex­
t:dlcnt cxpJosive for booster charges, cspecia11y in 
mines and torpedo war heads, , .... h iC'h do not have to 
undc·rgo the heavy shock of firing . Sometimes a mi.x .. 
tun; of tetryl and ~\ pr imary e.xpJosivc is used as a 
detonator. 

205. ROX 

T his high explosive, known also a.~ "Cyclonite,, and 
"Hexogen.,> is a fairly rer.ent development. It is a 
fairly sensitive explosive, and is more powerful than 
either TNT or Explosive D. It is produced by the 
nitration of hexamethyJene.tetramine, an organiC": C":om­
pound dcrivt-d. from ammonia and formaldehyde. 
Purification is accomplished by crystallization from 
acetone. 1·he crystals are then roated with becsv .. 'a.-x 
or similar waxes to reduce the sensitivity of the ma· 
terial. In this form, RDX is insensitive enough to 
permit handling. Further additions of lr.ss sensitive 
materials are nl·ccssarv before it can be used as a 
military explosive. The forms in which it appe.ars in 
service are: 

1. Composition A. A mixture of ab-Out 91 perceJll 
RDX and 9 percent b~swax or synthetic. wax. Since 
this compqsicion has. about the same sensitivity as Ex­
plo>ivc D but is more powerful, it is now being used 
a~ a projectile r. n~r in plac.e of Explosive D. 

2. Composition B. A mixture of about 60 percent 
RDX, 40 percent 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 

There a re in service use two varieties of IIBX­
IIBX-l and IIBX-3. HBX-1 is a cast explosive., con­
sisting of a mixture of RDX, TNT, aluminum powder, 
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and " desensitizer composed chiefly of wax. It is 
stable, rdatively insensilive to impact, and more 
powerful than TNT. It is used in rocket heads as 
a burster charge. 

HBX-3 differs from HBX-1 in having a mucl1 
larg<.~r proportion of aluminum powder to jn('.l'ease. its 
brlsance. It is othcn ... ·ise similar to HDX- 1, but has 
rnurh g1·eater desttuctive effect underwater. It is 
therefore used in depth charges and other underwatf':r 
e'Xp1osive devjces . 

207. Primary explosives 

P rimary explosives are used in the eJldy part of the 
e.xplosivt· train> wht~rc sensitivity is irnportant. For 
many year$ fulminate of mercury \\.'as the most im­
portant explosive used for this purpose. Because of 
its relativdy poor keeping qualities, partkularJy under 
higher Lt'ff~)peratures and in the: presence of even a 
s.mall amount of moisture, it is gradually heing elimi­
nated. Ammunition now being procure.d does not 
contain mercury fulminate:. 

The important primary explosives used in i;, S. 
naval ammunition today arr. lead azide, lead styphnate, 
DDI\P, 1e~racene, and nitromannite. To ignite a pro­
pellant, the prirnary eJem<:nts in an explosive train 
must produce a hot flame of sufficient temperature> 
s i~,e> and duration for reliable action. To detonate a 
high explosive, the prima1y eleme.ms in the uain must 
produce a shock sufficient to detonate the succeeding 
elements. The primary exp1osives. mentioned above 
~uc used in these applications. , 

Detonators a11d primers differ chiefly in the auxiliary 
ingredients used to produce the effects desired. Thus, 
oxidizing agent~ such a~ nitrates or chlorate.~ are added 
to incrcas<." impulse (shock e.ffect) and sensitivity; 
abrasives like ground or powdered glass increase sensi ­
tivity to firing pin action; foels su(.h as antimony tri­
sulfide increase Aame energy. Explooi,,e binders like 

nitroccJlulost" or nitrostarch a.re used to provide struc­
ture for the pr imary mixture and to hold it in place, 
and graphite or other electrical conductors are used 
to increase conductivity for electrical initiation. T hese 
compontnts are used in various combinations, depend­
ing on lhe charactei·istk.s desired in the initiator. 

For details conn:rning specific primal)' explosives. 
and the design of explosivt trains, see the Ortfot111ce 
Explosive Designer's Handbcck,puhlished by the Navy 
as NOLR/111 l. 
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AMMUNITION 

A. General 

3A I. DeAnltions 

Ammu11ition u the complete aurmblage of the com­
ponent p.'lrt.:11 or ammuni1ion dttails, \\hi<-hJ together. 
noakc up n rha1·gc or round for any type of \•rapon. 

Ammunition details include primtr~, h<><hten, deto­
oators, powd(lr, p()\1t·dcr b3~1 C'l\'>t), fuzcs, pmjt:<'tilts~ 
etc. 

lA2. ClaulAcalion of ammunition 

Amm11n1tion;, dassjfi<'d b) t)pc .iow3<:• The das-
<ifir.ation coru.i't' of the folio,, in~ tYj~: 

l. Gun ammunition. 
:?. Domb-t>J" ammunition. 
3. Rocket-I>/" ammunition . 
4. GuiMd rniuilcs. 
5. Pyrotechnics. 
6. Chrmical :i.rnmunhion. 
7. Dcmnlitiort material. 
8. Miscellaneous. 

3A3. Gun ammunition 

Gun ammunition eompri<tS 1 types: bag, ..,.mi6xcd, 
fixed. and small arms. The di<tinriion between the 
first 3 d•!1('nd, on the manner in which th~ charge. 
are a~sernbkd. In bag ammunition, the primer, pro­
pdling rh:irgc, and proj~ctilc nre ••parair units. Jn 
Junifixtd ammunition, th~ primer and propelling 
charg~ are t:ontnint:<I in one unit, while the projectile 
is .s<::paratr. lu fixed :imrnunition, :lll 3 C'Omponcnts 
.are ~nblcd in I unit. Small·a1ms arnmunilion will 
not be diicu»<.-d in thi< text. 

3A4. Bomb-type ommunition 

Bomh-t)'pc ammunition iJ rhar.tC'lC'rizt."'CI by thi~­
walled cootaincn. lo.-.ded with rcl3thrl) l•rgc burst­
ing cha'!le< 1itis ammunition dcfX'nd< fru it> e/Tect 
upon tht destrunivc blast of th• txplo.ivc. rathrr than 
any penotrating quali tie> of the r<>ntniner. Included 
in the group n1·c torpedi:> war heads, m ine;, depth 
charges, and •om• aircraft b<'>mh~. Some bo mbs a re 
discus.~Pd in this chapter; for furtht-r infonnation on 
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bombs, Stt Naval Airborn~ Ordnanu, :-I av Pen 10826. 
Other bomh-typ< :unmunition i< taken up in chapters 
12-1 ·1 of this text. 

3A5. Rockot ammunition 

A r0<ktt c.onsim •<-••ntially o( a litad and a motor. 
The h•nd 111ay be solid or n1ay contain a bu ... ting 
charge. 1'h• motor contain• furl, tither in tile form 
of a large gr:1in of powder or a liquid. The burning 
of t1'e fu•I r<'lc•s.·s the cnrrgy n('(;c,s.u-.• for propul­
<ion. To <tabili>• it> Right, the rocktt mhrr has fins 
on ia aftfr tnd. or is m3d• 11> >pin by <?Chausting th• 
motor ga•r. through camed novlf'<. Roel.els are de­
srribed more fully in chapter 11. 

3A6. Guided missiles 

A guidc.·d n"lissile i~ an unm~•n11cd vehicle moving 
above thr ~:n1 h's su1fact:, who~r trnjt-C1<h)' ur flight 
path is capable o f b•ing altered by mcchnnism< within 
the \'•hirlt. Guid,·d mi1<ilr1 include, bc•idcs such 
control mcc:h:ini~m~, explosive war ht-nds and power 
planL<, u>uallv of tht rockd or jct t)'pc-. For addi­
tional data on this subjcrt, ..,. rhapters 11 and 29. 

3A7. Pyrot•chnic ammunition 

PyrotrrhniC' .umnunidon mny bt tla\.4iili<'d according 
to '"e into three types: ( J) >ignaling, (2) illuminat­
ing, and (3) ruarking. Pyrotuhnk matcri;1Js an: 
mixtures or oxidizing agent• and combustihlt< (pow­
de~ ~uch :\~ magnesium :.rnd <hlor:tt<.: mixtures) to 
which othtr ronipounds may be :>ddtd for <uch Jl"rliC­
ular purposes as to t'Ol(')r lhoC> flame or mlokr. 

3A8. Chemical ammunition 

I ndudrd un<kr tha cl:wificauon .irt all J.lr<>j<'Ctiks, 
bombs, gN"nadt\, candks. or other rontoint,..; of com­
pounds the pul')>O$• of which i> to produce, when 
libera ted. gJ1, smoke, or fiN'. AIM>, fr~c R11ids or gases 

'"'"""d from aircmh tanks, projecro,.., or sprayers 
arc dec;ignatl'd ai ('ht"mical \tg~uts. 

C hemical ammunition may he dt~ignMcd according 
to the type of containrr .. a~ />rojuti/11 IHnnb) or· f!tt-
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nade. llo\\cver, the more usu.tl dassification. and 
the one med for •torage purposM, is according to •ht 
natu,... of the fillir.g• 

Group A. rcrsistcnt \o1;Si<'..ants. vc-.. lt.:a.nti bli~tcr the 
skin. Tht uwal onts are mustard g.ls tmd 1c,,;..,iv. 

GroulJ A-1. Konpenistent lethal g>.cs. These 
gasc<, surh a• phosgNtc, injure thr body when applied 
ext-. nail)', breathed, or taken inu·rr1l1lly. l'roteetion 
is not rcr1uirtd in the open for more than l 0 minutes 
if the wind velocity '"cerds 2 mph. 

Gtoup R l.acri1nators and smoke, A 1..t.crirnator 
surh "-' CH I cltloracNophenone ' i• ~,.,(j primaril~ to 
raUM" w.rping and irritation of the throot ar.d lung< 
The <mokt<, surh as F!'-1 l titanium tetrachloride 1 and 
FS ( >ulphur trioxide in cb!orosulfonie add) an: used 
for screc:ning hut have an irritant otnd. in .,.·nrloscd 
itpact-.1 a toxic" cft'f'Ct. 

Croup (.'. Spontaneously infl'°'mm;.tblc a~f"nts ~uch 
~-' wr (whitr phosphorus} . 

Gro11fJ D. K.cadily inllammabk mi,turr, surh a.< 
TH (th<:rniitl'), v.:hich burn rapidl\· ~tnd with cxutmc 
heat. 

Ch•mical .. :irfatt is a spe<iaii7rd firld ,,h:ch calls 
for sp<-c1~1lv 1rain•d m~n. Th• >tor.i~c <>I chrmiczc, 
ttqu11'<'\ rx1r.<ordinar"1" safety pn.'<•ul:<>n<. AhhC>ugb 
Voi"'"""' g•«-s ...... not u.«:<I in \\'C>rld \\ ar n. th• 
.'Ja\'')' w,u prcp:u-ed for drfcn~ ~\nd for 1e-pri~l !n case 
th" <;ncmy Jnitia1t-cl surh tactic~. Clwmirnl ~,·zuforr 
rre;\U"' rn:Ul)' problrms in ship prntt'\.tic-.n :l.!"ld dt"C'.<>n· 
tumination which arc the rf~$pon~ibility of th(' n am· 
a.i:r Control Officer and are out>iM th• l<OP• of this 
book 

3A9. Demolition material 

Explo<tvcs intended for su(h u,,... "' bb<tin!{. di:n­
inottin~ ha.1.ard~ to navig~tion and ob~tad« to am­
phibioiu l•ndm1t, ~nd de.tro)ing gear to pr~<"cnt cap­
tun.: b' thr tncm,·, compri...c dtmolition flloi.\tl"ri~l. 

'rh~ U'-e of bla'sLing c·harge~ j5 d spN:iaH1cd art, re­
quiring inteon~iv~ training. Drmolition li'Chni4ucs art" 
taught io spr<ial Navy s<'hool• and will not be dis­
c:ussed in cfotail iu chis text. For nlajoa· l> la~ting o~)-1,:ra­
tfon), vi\rio11s (onns of d) nan1itc 11rr u,rd; ht1l d~ 1"la .. 
mite: nurm.llly i\ not carried abc.>ard 'hip. 

Half-pound d•moJillon rlw1~c blocl.•, (O~-<h1ing of 
ritb<r P"''><.-d TNT or ra>t T:'\'J and tctn I, arr i,:surd 
to shit" for gcn•~.d ,isc. Lart>;c drm<>lition <ha1gcs, 
also cun•i11ing of'I NT, aud as><·mbled with half-po1.nd 
b()ostt'r c:h.ultN, 3re also ismt•d for ma j(')r projecrs.)­
surh a! «.uttling vcs.«-ls. Cho1gc; ol hoth ol <hCS<: 
1yp<'~ art. detonated h)' me-ans of 1/l<uting tnps, ~et off 
by el<'<trir rurrrnt. 

Ah<mrd 'ihip, in \\·~uti1nc, there ~\Tf' mtth;1.nic-.."tl <!e· 
virC3 the nnturr of , ... ·hkh1 pr-cfer:ably even tht" vtry 
(JC.i,ttn<"f' of which, mu~t uttdC't no circunatances be-

come known 10 the cnrm~ B«au<e highly cl.wificd 
in,trunif'nh mu~t be- co111plt-tdy <lcstru)•td if C'Apture 
or ahar.don <hip is immill('nt, tin~ bombs. call<d dc­
nru<:t(')rs. "rt attarhcd to thc:rn. to be actuated at a 
moment\ n()tict". t:sually1 they rnutarn )ta.d vitle or 
T:'\T-tctryl, w11h proper d('Ctric ignitinn cltmcnts. 

3A 10. Shaped charges 

Rrl;tivdy 'ma!\ quanti1ics vf rxpl1»ive known as 
,haped charges ran be mad~ to piercr heavy sttd plate 
by rmplnying thrm a, shaped <har11tr which dirtct the 
cxplcsiH forct into a sm•ll and (Onreutratcd je1. 
Th:, jtt >upplir' a directional .!ama.jting art ion. 

Jn an ordina1y bursting charge the t•panding det­
ona:ion ,,~,·c prot.ccdc. outw:ird frotn the point of 
d<·tonacinn. producing stre>Sr• on all portinns of the 
cnclos.ing <'••SC'. 11ic ca.~ng hur~ts in tu fraginents un· 
dcr thr action ol th..c cnormou< lorcts. In a 'hapr.d 
rharg..-. howtvcr, a portion ol tht ca-;<: (lig. 3Al) 
fartht>t froin the detona tor is in th• lorn• of a r<·gular 
cavit)· U\uotll)' a cone, hemi~phtrc:, Or v.~hapi;d 
'roovc:) ..,o lhat the detonation \\'a\'C: front\ impinging 
Prost"'Si\tly over that portiun of the: cMc will cause 
(omprt'C-.1c1n tO\'<'lrd the ctntft of tht- cavily. Undtr­
th.c inAutr.·e o! this high.,·clocit' comprt>t~n, the 
po111on uf the r>sr forming 1br cavity ond known as 
the J,.o g•""°' under th~ <"Xlmn<" JJ"'"'Ull'< •nd tem­
pC'1~1turc:s~ Mo~t of it s<1uins forward in a no.rrow j..:t 
,~w~y fre>m thf" advancing dcton~11ion wnv1:. The front 
ol thi.' jct i> compo<ed C>f a hugr numbrr ol g<1seous 
metollit partieks moving •l >pertls o( 20,000 to 30,000 
Cert prr s•rond. This is followed hy the slu.~, cotl­
<isting of m<>,ini: p3rticlrs, the rMidut of the highly 
ro1npt<'>srd liner I or slug). and fragmrnts from the 
.Jr.irt of thr liner. Penetration i< '"hie'..& wh<'n the 
high-,dnriiv jet partlclcs impini:• upnn the target 
'\Om<·wh_.t in tht- manner that a .stt't'am of machine gun 
hulltt> tntcring 1hc <ame. hole would 1><n .. trat.e an 
ca1th hunktr Thr slug plays no rC>lc in J><ntlration. 
AlthouJ:t'h c(')nfint-mcl''lt inr:n:~,<'s th<; (Jt"ll<:cmtion of th<: 
jf't in wm<- c::1~c-1>. th.: incrca~c i~ t-lighl and rnml shn.pcd 
eha~•' h3,,c onk light confiocm•nt. A "tll.df'Signed 
chap.;d C'harg\' wlll ptnctratc armor up to thrc-C' timt.s 
thcd,•m•tcro( th• con•. 
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Orw- impc.,rtant fac!or in the- cfT«ti"rn~ of a 
,haped <h3'\(C i' th~ distanct of the rh;iri:e from the 
target •11rlarc a1 the instnnt nf dt1onuion. Thi> dis­
~.m<"t, ca!k'CI Jland-o0 distance_. i\ ner~ary to ~nni1 
tfk(li<"e locu<in11 <>I th .. ga-<;e<>us i•t. 

In <lcmolitiM chnrgrs th• stand·olT is C•btained by 
lrg> ''hk h hold the ; hap'<! charge at Ilic prop .. r dis· 
1anrt, Whtn a <hape,d rharge i, cmployrd in gun 
projrctilr$ or 1'0tk•ts, 1he nose will b(,gin to crush be­
fore the fuzc ran detonate the charge. 111e nooe is 
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nou;u! 3Al.-Sh3p!?'d charge and it. df<'ct. 

therefore lon,ger than the requir<'d >tand-off di<tance 
by an amount calculated to allow for this crushing be;· 
tween time of impact and futt! functioning. In gtn· 
eral the stand-off di<tance at the time of detonation 
should rqual the diameter of the •hapcd-chargr con~. 

In addition to the pcnctrativr properties of th• 
shaped charge, the accompanying blast and lragmen· 
talion a.r~ irnportant consideration~. One nt'\•l 5.inch 
rockrt head is multipurpose in that it can be used for 
blast damage, fragmentation damage, or defeat of 
armor by rnaped charge effect. 

3A 1 I. Miscellaneous types 

Under thi• heading arc group•d a variety of typ<'~ 
for special purpose~ such as impulse amm\1nition. 
blank amnn1nition> trench warfare anununition, and 
d u mrny amfnunition. 

An impulsP charge is a propelling charge designed 
to projnt a missile a short distance. It usually con-

sists of black powdrr and is assembled in a cartridg<' 
case with primer. Torptdocs art propelled from 
ahovt:"-\·•atn torpedo lubes b~ impuhc d1argt'S. Im­
pulse charg-. are also used for prop<'lling depth 
charges. 

Tunch-:.tarfart ammunitiot1, "lil1 so dts.ignatcd in 
spite o f the: C'hangt'" in the concept of trenrh warfal'Y', 
inrludes han<l and rifle grenadt"~ and mortar ammu .. 
nition. lt i ~ i~~ued to ?vfarincs and ~pccial landing 
forces. 

Blank ammunitlon c.ont..'\ins no projectile but con· 
sists of a carnid~e ca~e with primer and powder 
charge. It is u'l<'<.l to make a noise' for ulut.ing, Qr a 
smoke: for ~i~::iling, and for training cxercis.cs. 

D:.1mmy amnrnn;tion includr~ any typt of ammu­
nition or any ammunition detail nuembled \vithout 
explosives. This type is used for training and test and 
is carefully mnrktd ro that it will not b• confused with 
service arnmunition. 

B. Propelling Charge 

381. Gun ammunition 

Propdling charges with th~i r containers, pri me rs, 
projectiles, and projectile fuir< ore the major com-

20 

ponents of a complete round of gun ammunition> 
whether hag, •~mi fixed, or fixed. Eoch of these com· 
pone-ms will br rxarnined in some detail in the remain~ 
ing sections of this chapter. Earh of the many naval 
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guns is provided with its own M)o()(iat«"CI ammunition, 
designed in normal service use to impart to its pro~ 
jtttile a sperilicd vdocity at the muizle calkd iniciai 
otlo&ily ( abbreviated I. V. ) . Special powder charges 
may :ctl~o be provided for use in cxperimtntal work, 
shore bombatdrnent, or carget prartire \o,.'hen reduced 
Vf'loc:it)' i ~ desired. Lnless such reduced charge.s are 
specifically designated, it will be a~1unwd throughout 
this disr.ui;~ion that ~ervicc I. V. arc meant. F igure 
3!11 s.how1 typical rouuds. 

382. Bag ammunition 

In bag ammunition the pro~lling charge is a 
separate unit. Large guns requi~ largr quantities of 
propellent powder to attain rt-quired proj<etilc initial 
velocity. If the total amount of powder required for 
a L6.inrh gun were placed in a single rigid containt' rJ 
the size :md weight would make load ing excrec!ingly 
diflkult a nd •low. By packing the powder grains in 
fabric bags, it is possible to divide the chaige into 
uni ts each uf which can be expeditiou<ly handled by 
one man. 

Bag charges arc used in the United States :-\a, y at 
the present time in some 8-ineh gun< and all gum 
largor than 8-inch. As recently a< the beginning of 
World War 11, bag-type .i- and 6-inch guns "·ere still 
in me. The largest guns iu present u«, the 16" 150 
raliher on tht. n"wesL battleship~) U'-<' ~ix powder bags 
with each projectile. 

383. Powder bags 

The material used for powdc-r bags is >ilk, because 
only this fabric will completely bum away when com­
bustion of the rharge cakes place, ltaving no \molC:er­
ing residue to cause the premarur~ explosion of tht· 
next charge loaded. Each bag is ro<1ghl) cylindrical 
in shnpt. Ont. rnd consist5. of an itnitfon pad con­
taining black powdl-r quilted into the fabric so as to 

keep the black powder evenly spread throughout the 
pad. Light-weight cloth, dyed red. i< used for the 
ignition pnd. A heavier weight of fabric is used for 
the rest of the bag. Bags an: fitted with handling 
straps and la.cings_. which can br u~d to talt"' up any 
slack in tltc bag. 

Powdu may be placed in the bag, in either of '"" 
way• It mo.y be dumped in with no rogard for the 
positioning of the individual grains ; this produces an 
uri:,·tnd:nl cltatge. Or the gl'ains uHI)' be arranged in 
layer. with th• axis of each grain parollel to the axis 
of the bag; this is a stacked charg•. The latter re· 
suits in ~ smoother, more compact bag ancl provides 
for fantr, more complete, and morf' symmetrical 
ignition. 
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The firing of the separate primer used with bag gun~ 
ran !)(' ~litd on to set off the black powder in tbc 
ignit;on pad. but may not be •uffirirntly potent to 
initiatt romho~tion of the smokeless powder grains 
directly. It is essential, thereforr, that tar.h bag of a 
chargf ht loaded into the gun with the ignition pad 
aft, facing the breech plug and within a few inches of 
the next bag <.>r of the breech plug and primer. This 
faccnr also dktates that the total length of the powder 
bags comprising a charge >hould Ii<- nearly equal to the 
length of th• chamber of the gun. When, thtrefore, 
a rcduc«l charge is made up, the r1umber and length 
of th• powdtr bags are unchangrd, but th.- diameter 
of each bag is reduced. 

The powder bags ukd in a 16" / 50 uliber gun arc 
shown in figure 382. The mal'ki11g• on such a hag 
should Ix: nnted. Those on the body of the bag indi· 
catr the <if"~ignation of the. g un, thf' indrx or id~ntifi­
cation uurnbcr and the weight of the,; smukckss pov.·de1\ 
the frartion nf a full charge repr•lflH•d by the bag 
and whether that charge is servicr or reducc:d; the 
initial 'elocity for which the charge i> designed, and 
:he initials of the imper.tor. Marking> on the igni­
tion p•d iooicate tht· numlxr of grams of black powder 
contained thC'rrin. 

384. Powdor tanks 

St<>r~gf nf <mokelc" powdn must be both airtight 
and watertight i f ~tandarrl prrforrn:mrr i; co be main­
t~ine-d. Tlic <lipht-nylaminc stabilizc:r u mtaincd in 
srr.okclc" pnwdPJ· prolong< the life nf thr powder but 
does nut pre:vc:nt dctertorntion under adverse condi~ 
•ions. Since powder bags an.: ncithc1 airtight nor 
watertight, they are .iored in tanks. These powder 
tanh art, thtttfore, imponant pitrt"' of ordnance 
equipment '"hich must be properly maintained. Leaky 
tanks admit moistun· and air and alk1w etht"r and 
alrohol volatiles to escape. 

Several types of tanks arc used, but all fulfill the 
same.· ba$iC powdt·r-stor&gc rcquir<.'mcnu. T up covers 
a.re variou~ly constructed but all tu·(~ dr,ignrd to pcm1it 
quick opflling, because the numhn of loaded tanks 
allowed to be open at any one: time is ~trictly li.tuited 
by salct•• pn.-<:aution;. All powder tanh havr han­
dling a ids, the large tanks ha,;ng lugs to 6t dings and 
the smollcr ones having handk1. 

Tanks for powder bags comain wooden ~pac~rs to 
prevent building of a static. charge whkh might ignite 
the powder by a spark. 

( Bag movement within the tank during handling 
causes the 1tatic charge. The sp:iC<r separates thr. ig· 
niter pads from the end of the tank to prrvcnt sparking 
which would ignite the black po .. dr.r in the pads.) 
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PROJECTILE 

BRASS CASE 

PROJECTILE 

CASE COMBINATION 
IGNITION PRIMER 

SRASS OR 
STEEL CASE 

CASE PERCUSSION 
OR ELECTRIC 
IGNITION PRIMER 

C FIXED AMMUNITION 
FOR 3'i 50 CAL. GUN 

B SEMI-FIXED AMMUNITION 

FOR 5"/ 38 CAL . GUN PROJECTILE~ 
BRASS CASE 

CASE PERCUSSION PRIMER 

POWDER BAG ( 5 OR 6 BAGS USED 
DEPENDING ON PARTICULAR 16 
INCH GLIN) 

Wlll~ie;J:ii'O..,;,-,;,;··::;.·~· - -RED IGNITION PAD 

~----COMBINATION LOCK PRIMER 
(MARK 14 FIRING LOCK NOT SHOWN) 

A BAG AMMUNITION FOR 16" GUN 

ftGUR.B 381. Typiciit.I gun ammunition. 
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·118117 O- S'i"-3 23 

HANDLING 
STRAP 



NAVA L ORDNANCE AND GUNNERY, VOL. 1 

385. Case ammunition 

Gun ammunition which has i ts prnprllent charge in 
a metal case or earl rid gr instead of • bag is c.alled case 
ammunition. (The tc:rm "cartrjdge" may also be ap· 
plird to a complete round of s.mall-anru ammu.nilion. ~ 
Both S<:rnifixed and fixed ammunition •re of this typ<. 
The factor that dctt:nnine~ whc>thtr ammunit~on for 
a n.:rtain gun will bt fixed or s.emifixcd is the sii~ and 
wcighL of a unit whid1 can be hM'ld lt-d by one man. 
Although mechanical improvements in loading tend to 
minimize this weight factor at th«" gun. it mi;st s.ti11 be 
considered in the <upplying of reloads from handling 

SAND 

ROTATING SAND 

TRACER 

TARGET PROJECTILE 

H.E. PROJECTILE 

SELF- DESTROYING 
TRACER FUZE 

CARTRIDGE CASE 

CAST T.N.T. 

ROTATING BAND 

DISTANC: PlECE 

CASE PERCUSSION 
PRIMER 

ANTIAIRCRAFT 
(COMPLETE ROUND} 

F1ou~e 383.-40-mm anununition (fixed ) . 

ROTATING SAND 

MECHANICAL 
TIME fUZE 

ADAPTER 

EXPLO SIVE "D" 

SASE DETONATING 
FUZE 

ANTIAIRCRAFT COMMON 
PROJECTILE 

CARTRIDGE 

CARTRIDGE CASE 

DISTANCE PIECE 

SMOKELESS POWDER 

CASE COMBINATION 
PRIMER 

rtotJa~ 384.- 5" / 38 ammunition {!lemifixed). 

rooms OCIO\\ . The primer in c..sc ammunitM>n is in­
serted in the ba:.e of the case at the ammunition dtpot 
and is not removed or changed ahoard ship. 

The designs of va1·ious sizes of case amnnmiti<>n a r~ 
similor, "' ma)' he st'Cil from study of figur« 3B3 and 
3B4. Tht' prtµ~\ration of tht ca)t" as.;;emblie~ i~ c.'0111-

parabl• up to tho point at which the mouth of a ra.sc 
is sea!ed. Jn fixed ammunition the proje:ctil1- is the 
seal; a mouth plug is usc.:d in ~cmifix<'d charges. Thf're 
arc fourstc1» in the a~5cmbly of rasc ammunitio11: ( I) 
priming, (2) loadi11g the. propcllunt, ('.~) fitting 11 wad 
and sometime> a distance piece, and ( 4) inserting the 
projutilt or mouth plug. Jn priming, the primtr u><.-d 
is cith<r !<'r<w<'CI 1 40-mrn, and l.lrgor) or forcc-fiut<I 
( smaller cartridge ammunition) into the- base or the 
case. T he desired weight of smokel•.,·powdcr grains 
is then dumped loosely into the rasc. In 40.nun and 
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l::irgtr guns, a card00ar'd disc, or \,ad~ i-, forc:cd into 
the ca~e and a <li;,;tance _piE"rt.'", if one is nef"drd. placed 
nn top. The mnuth of a scmifixtd case i; thrn •Paled 
b)• tht in<ertion of • mouth pluit as ilhmrattd by the 
)" 38 case in figure 3B4. In fr'<ed ammunhinn, the 
mnu1h of 1hc ca·.- i< •e<lled bv forcing in 1hc base of 
the proj«tile until the r.~I' of the rotacing band makes 
rnnln(t \'t'ith tht <"Mt. 

A di<taoce piC<'t l, made from a N'Ctangular card­
hoard she<"I fold"<! into a trian<;.,lar .!:ape and <\It to 
th•.: Jrn'!lh rx: :cs(:u'\' to fit the: as!cmbh. w that \•ihe:? 
plilrcd 'bct, .. ·t'f>n thl· .wad and tht t'hc ci~urr or mouth 
plug, it will hold 1hr proprllan1 firmly in place. A 
rn<c mouth plug mar be of cork, plastic. or rardhoard 
and mu~t Ix of ~uffirit'nt $trcngth to ket>? the <.:o~tents 
ul the c-a~t- frum )pi!1ing out ~1ndcr a.'"'!.y co:td:!iOr.!> of 
hindling or loadin,. In smaH-ea!iher 0:1.mrnunit!on. 
the fittin~ of \\Ads and di<iance pice<'S ma) not be 
ntrMsary if thr prnpellant fill< th• c.as<.-. The rart­
rid~c C-M~ it~c.:lf is a hollo\' tylindC"T \\id' either a 
•traieht or a honk neck Tht base has a r.m al'OUnd 
iu C'ircurnft"renc<" to facilitate extraction of tht" e:mpry 
4..UC from the gun. Theo i"mpty cases can be n:use.d 

$-t:vrral tirne~ ahrr hE"ing rcvroreo~~rd at an :\l'l"lfOunition 
fac tory. 

386. (gse ammunition containers 

Since leaks ni,"t)· exist a.Mund th(' prim-tr J.nd thfl" 
projectile or mouth plug. thr ra<r cannot >h•>}S be 
rtli~d upon tC'> tf'trMin airti.~hl. Thcrt.for<• likr powder 
bal(s. ra~e iimmunition is tr~nt:po,.t~d and ~tn\-.:c,:d in 
rnntaincrs \\hid1 pro,idt" dir- and \\ate:r·ti~htn~. 

Tr.c~ are K"\·tral n~ c.1( rank\ and box~ in ~rvicc, 
and no attC"mph wlll be mad1· hc:rr to d~rilx- thtm in 
detail. hi> sufhcient to >tJtr 1h>l l'<'g'<ltdlt« nl 'ary­
in~ cksign. tht <.ont3iner 111ust. a.bn\ ~ ctll, pre>' ide 
proper sio,agc for <mokcl<">• pn>Hlt1. In addition, the 
c•tu'ltdiner !h<>uld be .stron~ but not unduh· hta')', 
should handle casih, and !hould open quirk!) ).fctal 
t:tnk., maCe of aluminum mO'ot nearly ronfonn to thtt;it 
n-quiwme-nb. and 1~nks in ('Url"t'nt use :tirt of <:ither 
aluminum <>r ~lc.'t'l corutn1ctiun ~-fetal tau)<' :i.rt aJso 
ad,·antagrous in that thrv pro,idc good •<Ora~ in 
read\· 5.en ie<.· rat:h on dc.-ck. nr in ammunilion-h:t.n· 
dling mom~ 'lOt equip~ to providr the ~•t <1oragc 
cnnditions. 

C. Primers 

3C1. Generol 

A primer is a device u:-.td to iniciace a flanu: for the 
ultirnate plll'JH'"i'' of ignitin~ ;\ r hargc of propf"l1ant. 
Jn b3~ an1numition thi-; flame is ;tpplied to th~~ ignition 
pad {the au,ilia~ ignition ~h•'1;'~ l in 1hc ba"' of the 
JJO'''drr hag, whkh in turn ignites the $.mokek>s pow­
clrr. In C'3M' ,muuunition tht ignition <·hargr is in­
corporntcd into th~ primc:r tube. Sinre the ign icion 
duirgc int:orpol'o\tc,:d in che- h.\g c.m be proportional in 
•i>e II> the char~. the primcl" are the same for bag 
gun1 of :ill ~il't'), llowev("r, pruners of ditftrtnt s:Z.CS 
mu~c be used in ras.e-s of diffortnc ~h=l~ so that the 
mnoun1 ()f blac:k pO\ ... ·dcr io the µ rimer may be pro~ 
portional to tht amount of prnpcllant. 

3(2. Types and classes of primers 

Prirrttrs arc dh:ide-d into tw<> ty~~~ dqx.·nding on 
how they n1e U)Cd in the- gun: 1 l ca~r, ·2 1 lock. 
'!'hty arc abo clivicled into thrf"f" das.st·s. depending 
upon th• lll<thod of firing: ( I ) perru;.sion. I 2 , ck..--
1ric. (3) eomhin~lion. P<rtuuion primer< •~ foul 
by 1h~ m«.hanir3l <mp..ct ot • firing pin. Elutr'.c 
primers >rt fired by P~'•<ng a current through a 
rMi't~ncc filamtnt :,urroundf"d by an initiating mix­
ture. Combi1u1tion primrn tnay be- firE"d l>y either of 
thN: method< 

Th<" ('Urrtnt trrnd i) tow.ud the \ISC or ~lectric 
prin1crs onl~·, in c-~nc guns of 3-inch and Jart;:~r caliber. 
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Exrt'pt klr 5.inrh mounts and oldc.·r 6-in<'h tun-e.ts, 
C'Mt combination µrimer~ su~ t11~cd onl)· in short <"ar­
tridgr C'a.5t'~ for r lrnring thr ha1't'l"'l •dtcr a fa ilure: to 
fin• ~h:ctrica1h·. 

The fol1owinst service yrimers art" iu c.:.urrc:nt UW': 

1. Case percu,~ion primer. 
2 Ca~e el~ trk primc.r. 
3. Case cornhination primt"r. 
4. Lnck combination prirncr. 

3C3. Cos& percussion primer 

This. type i\ mt'd in light ~ml heavy mac-hir1c guns 
surh as the 20- nnd ~0-xmn. l 11 n.111muni1ion for th\.· 
sma11er gun~, whi<'h ha~ a rchtcivdy snwll amounL of 
prnpellant. th• priron <'on<i<t< only of ~ r~p. on an,-il. 
and a pe<Cv»ion-1emiti ... c mixcurt" The fomp<Kition 
or the- mixturf' ... atic-s with the amount ()f hrat. flame. 
and sens.itivicy dr,ir<"d. ln optration, the hring pin 
mikes the i1wtrt~<l mp "'hirh holds the pl'imcr cap. 
This indtrll> the cup, forcinic thr r.1p >1g•in<t thr anvil 
nnd exp!oding 1hc pellet or aniti•tting mi.iu1e. Th~ 

F1c\:U. 3CI -Ca.SC" ptrtusuon primrr. 
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PRIM!;R STOCK 

IGNITION ELEMENT 
(INCUX>t<G eRIOGE WIRE) 

Prvuav. 3C2.- Casc cleccric: primt r. 

resulting flame ignitt~ tho propellant. Where greater 
ri1'rgy i~ rn1uircd to ii:nii. the propellant, the primer 
includes a blark-powdcr charge which is ignited by the 
percussiun cap. Thf' 40-mm gun uses a primer of this 
type. S.r r.gurc 3Cl. 

3C4. Case el•ctric primer 

Case electric prim<r< ( fig. 3C2) arc wed for the 
m,,'"\\o·er 3-, 5-, 6·, «nd 8-inch gtl!'L\. These primers 
rootaiu ;;m dc:rtric ignition element which consists of 
h .. ·o rcsinanc-e lilarncnts connected in parallel and sur· 
rounded by an expln~ivc mixture, and a small black­
powdr.r pt<imt·r charge. An electric current heats the 
fihuucnts, which then ignite the explosive mixture. 
Flame fro m the initiating rnixtore ignites the black­
po'"·dcr prim~r rhl\.rg~, \ .. ·hich in tum ignites the main 
black-powd<T charge· nf th• pl'i mer. 

3C5. Case combination primer 

This type or primer is wed in the 5" / 38 caliber and 
the older 5"/:>4 and 6" /47 caliber guns. h is also 
wed in clearing charge> for all case guns of 3-inch 
caliber and l<lrgtr. These primcn can be fired, .. 
indir.ated b)· their name, tither by percussion or elec­
trically. F.ltwical firing is coruidcred the primary 
rnf"thod; the pcrru~<.inn feature is a standby for use 

in th• •voM that electric firing fails. The percussion 
rlf"m<:nt is similar to that of the case pcrcus.~iion primer, 
except that the firing pin strike.• a plunger whi<:h in 
turn explodes the cap against the anvil. The. flamts 
produCfd by the primer cap act directly upon the 
powder in the electric ignition cup. Stt figure 3C3. 

The electric element consists of a high-resistance 
".,·j~ ,.,·rapped in a wisp of guncotton and ('Ontaincd in 
a mixture of pulverized gunconon and fine black pow­
<.kr in the ignition cup. Thi~ wire is connec.ted at 
onf" tnd to the percussion plunger group, which if; 
insulated from the primer stock. The other end of 
1ht wire is grounded through the primer •tOCk and 
tho carnidgc case to the metal nf the gun. In firini: 
the:- gun an elr.rtrir. r.utrent is passed through thi:. fi ring 
pin to th• plunger; this heat< the bridge win:, igniting 
the wi>p of guncotton. T he mixture in the ignition 
<up i1 igni1td and in turn fires the black-powder 
µrimer charg•. The prim<r charge is surrounded by 
the larger black-powder ignition charge and placed in 
an outer JW'rforatcd tube, which amplifirs the heat and 
flame sufficiently to surround the propdlent chari;c. 

3C6. l ock combination primer 

Th• ••me type and size of primer (fig. 3~) is wed 
in all Unitrd States ::-<avy bag guns. A primer is 

Fu;t;u 3C4.- Loc.k combination primer. 
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pl.oct<i br hand in tho firit\i? l0<k of the <:UI1 tarh time 
th• f'Un i> loaded. Thur i> n<> ignitio:> charge in 
the prfol<'r, as one i• includrd m the "-'"'rr.bkd po" dcr 

1>3-:. Thr !"rtU'•ion and dc<'tric fnturT< of the locl 
comhin•tion primer are th• umc • .s those of the caJe 
combin.uie\n prim<:r. 

D. Projectiles 

301. General 

Th<> projectile is that p.;rt (If ' round of !\Un ammu­
nitinn which ;, expell<·d from the gun by the force or 
the expl°'ion of the propdling ehuge. Prescnt-da\' 
projc:cuks arc doni:nied qlindrrs "ith a pointed Cron: 
end. The application nf the principle of riffing to 
guns Cdu>Cd the ab3ndnnmcr.t of 1hc earlier spheriral 
pre>jr<>tile. Rotatinn of the proj<'(tile pcnniu•d the 
u-. of a longer and h<'a' icr projt'Ctile. iliu> nbtain;ng 
v;a..sti) inc-reascd range-. .a.<<.:ur~"~· pcn~trath-c abibr.· • 
• tnd 'W'Ctional d•mitJ. (Sff •rt. 305. 

Mod«,, small-arms proj«til•i nften comi<t of solid 
ml'ta l; projectiles us.td in lar11;cr gur.~, ho\~·evrr. are 
assr:mblics of s<'vernl c.'<.\mpon1..·ntc:. The threeo r~sc-n­

tial parts arr the ni.tallic bod)', thP cxplo<ivr bu>Jti11g 
rAarf!.r, and th• /ll-'t whirh ..:I> off that rharge 
rhcre: ma~ also bt· a''""' tu m~kf' the pmjccti!c more 
tt•dih- '-isible durim; Pjght Furu a::d trd<•"' wili 
~ diJc~ in :he ~e•I <r<tk>n of this chap:.r. 

302. Projoctile bodies 

Th• «>lid bullrt damaa•• h~· impact alone. A'· 
..-mblc:d projectile., hnwncr, inflict damage pritnil· 
rily by the blast of the h:gh·•xplosi'c charge and the 
resulting high-vclcxil) fr>gmcnt~ 

The •xcrrnal shapr of the projectile is d-.ign<'<I 10 

obtain the desired Right ch,1r.\rttristic. of stabilit) and 
minimum ai1· rcsistanu•· The fonn of forward end 
which hrM fulfills thr<r conditions i> 1he o~;,.,, An 
ngivr (fig. 3Dl) is the >hapt gmcrated by the "'"olu· 
lion of an arc of a tirdr about a rhord. In • pro· 
j«tilc the chord !t the •xi• nl the projectile and th• 
r"diw u>td ;, about ni~ 1ir:1ei the d>aimtcr ,cahh<-r ) 
of •h~ projcccik , In m-..,.U ... ahh<-r projrtti!,.. a cone 
" <0rnctimes u....; inm~d <>f an oghe. Ab.Ut the 
Olli'•~ projectile i> C)hndric.ll The cylindrical •hapc 
inoiy <"Ontinuc to the ba>1."1 &r· '"'hkh c.cue the projntilt­
is said to have a Jqunr< ha.1c: or the nfter por1ion may 
be 1lighlly tapered OI' ronirnl, in '"hich case the pro· 
jrc1ilc1 arc desr.ribcd ,., boat·tailtd. The corner of 
the li.t;e in either IYJ" is usually turned to a small 
radius In fixed ammunition the fonn of the after 
•nd is inftuenCf'd by the nrtd for providing a bearing 
surface for the !ip or th• cartridge ca.-.. 

~t\>een the t"o rnds lb th• c~·lindrical bod)· of 
1he proj<"Ctile. :-<ear the aftrr end of the rylindrical 
part of the projectile i; th• rotaltnf band; al the for. 
ward end is the bourrt/11 The><' t'~o surfaces, •lightly 

rai'<'C! •boo.t th• body, P'°' id• th.: >uppnrt and beu­
ing "hi.It ,,.ady the projtttilc in i1< pasug• thto\ll[h 
the gun 'J he~ must besom• dist•ncc a1'3rt to prr­
\-Cnt rxrcni'• "obbling in 1hr bore. Except for the 
hourrclct, the projectile docs not re-quire a fine trlll­

chined finish ; experimental firings have indicated that 
line body fini•h 2dds very liitlc to projectile M'Curacy. 
Sec figurl' 31)2. 

303. The bourrelot 

The fon, ard b<-aring surfare of a proiectilc is ma. 
ch1n•d to• fin<' finish to reduce frirtion .1nd minimitc 
th• wc;ir of the gun. Jn small projectiles the cnli"" 
body fon•ard of the rotating band may be finished to 
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BODY OGIVE 

LJ u 
BASE BOURRELET 

Ftt:t:at 3D2.-~tain par-ts of projN"tilt", 

Uourrdct diamt"l~r. On Jargt·-callber projtc:tilt-~ addl­
tiona l bo urrclcts, abaft a nd forward or the rota.ting 
band. arr ad<ic·d to provide bettrr rnpp(')l't, espc-cially 
during t.·j~'<·cion from the muzzle. A certain rlf'ar::i.nc~ 
mu~t hf" provided bet\•,rc-en the bourrclct and the !anCs 
(the rai"'d portions of the rifting) Standard Uni:cd 
State> )la') practice requires a spt<ihrd hourrt!et 
diameter 0.013 to 0.023 inch in diffcrcnt·<aliber pro· 
j<~tiles) <mall~r than the diametrr or the bore. To 
1his ni;.\rgin is addt:d a manufanurin~ tnltnrnr:t: of 
minu• 0.005 to 0.007 inch, so that total clearance !imits 
v~uy !rorn 0.015 to 0.030 inch . Unnt"<'i'.,tarr llt'ar:rnc.c 
advf'1'Sdy ~dTccu arruracy an<l fuzc µcrformanr~ and 
may mar th1.· riAing by excessive wobble:. 

304. Rototing band 

Tht lhn:e primary function.) of the rotatin~ band are 
to :s.c-aJ the bore-, to position and e:t.:nter the rear end 
of the projccril•, and 10 impart rotation to the pro­
jectile. Its !>rtvndary function is to hold the projeciile 
in its proper position in the gun after loading and 
ramming, and to ensure that it will not slip back when 
the gun is elevated. The band ha• considerable ef. 
feet on mu2zl<: vtlocity, range, accuracy. and the Ji(e 
of the gun. 

Rotating bands are usually made of fine copper; in 
major·caliber projecciles a small percentage of nickel 
is added to pro\'idc greater strength. Some projecti!C5 
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v( n·t·<.'nt design ha., e het>n Uan<lcd with gilding mecaJ 
(90 1wr1 C'nt roppcr, 10 pcrcrnt ~i nr}, , .... hich inc:n:ascs 
stn:ngth and rf>duces the amount of c:opprr deposited 
in the bore of the gun. 

To rcdu<e dependency on <Op)l"r for this me (<Op· 
per i~ incrta)in~ in military import.anrt \'-hile it be­
c-om~ °"'.arrrr and more expensive} rota.ting hand~ of 
!intcrc<! iron :irt undt-r devcloptm .. ·nt. 

l,;nit<.'d States :-<avy projectiles gtnnall~ have ro­
tating band~ about onc-il1ird c:alibcr in width. For­
ejgn :>1.:rvkcs ~omctimcs u~e narrow muhiJ">)C hands on 
major·c•liber proj<'ctiles. The rough band i< a<sem­
blcd (aft.r hrating it, in 8·inch and larger calibers) 
by slipping it O\'er the rear of the projt<tilf nnd press· 
ing it int() a ~rore cut into the body of the projectile. 
T hi> storing usually include< a dovttail on each edge 
10 ;mur< that the band will not be thrown off by 
centrifugal force. Either wa\td ridgt" longitudinal 
nirk•, or knurling arc pro,~ded on thr bottom of the 
score 10 ensure against band slippage during rotary 
acceleration. 

The forward edge of the band is slightly conical, to 
facilitate mgagcment with the origin of rifting. The 
cone, during loading, wedges into a seat at the origin 
of the rining (except in fixed ammunition) and holds 
the projectile in place during loading and cle,·ating. 
The central portion of the band is cylindrical and of a 
slightly gttatcr diameter than that of the bore plus 
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the depth of the rilling. Thi> portion is S<>metimes 
dividtd b)' circumferential grooves, called canntlures, 
which provide space imo which displaced copper may 
be wi)l<.-d. In the after part or tht band Sl'paratc­
loading projectiles have a raised lip followed by an 
especially deep canndun:. T he lip serves to ensure 
a good gas check and also 10 preVf.nt cwuramming in 
a badly wnm nr eroded gun. 

The purpose of the c.:.annclures i$ to minimize the 
formaLion of a fringe or ski rt Crom thfl" rxr.css metal 
which is wiped rearward. Such a fringe is likely to 
flare outward, at the mu>;Zle or tht gun, due to the 
effe<"U n( th< gases and of centrifu'!"I force, and cause 
loss of range and accuracy. Bands on which the lip 
is wtll forward or the end of the band and i• undercut 
with a deep cannclure are kno·wn as non/ringing. 

305. Weight of projectiles 

\+\>' ithin reawnable Jimits, a gun C:i.tn fire µrojt·ctih:s 
of varying weights. Approximate weights of United 
Stales Navy projectiles are determin•d by the formula 

d' 
W= 2 

in '"hich: 
w - wright of projectile in pounds, and 
d-caliber or gun in inchc>. 

The wright of the projectile p<:r •quarc inr.h or bnre 
is r.alled sectional de>uit)'. It i• z·eprescntcd by the 
c.xpn.:s.sion 

in which: 

w 
SD=:;r 

SD o; scetional density. 
w- ... -tight of projectile in pounds. 
A - area of bore, including groovcJ, in square inches. 

This ratin varir.~ with the s.i1..e of cht gun, avc:raglng 
approximately six-tenths of the caliber. T he concept 
of sectional density helps the designer to avoid design­
ing n pr()jeclilc of given diameter and '"'eight either 
too long or too short for prop<:r stability. 

The dif!trihution of weight in a projtttilt is. a matter 
of considerable importance. The ccnt<r of gravity 
should bt in the longitudinal axis and close to or abaft 
the ccnttr of form. 

306. Classification of projectiles 

All gun projectiles, other than nnall am1S, share the 
chara.cteri~tics thus far described, but ~inc~ targets dif­
fer in chr.racter, projectiles must differ in design, the 
better to drfeat them. 

The primary classification is into three general 
typtS: 
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I. Ptnttrating. 
2. fragmenting. 
3. Special-purpose. 

307. Penetrating proje<tiles 

Thi• type indudes armor-picrdrig (AP ) and com· 
mo11 (Cvm). They are designed to penetrate, respec­
tively, h~avy and light armor. The usual bursting 
charge for there types is Explosive I), which is inscnsi­
li"·e enough to pennit pcndratiun without premature 
deton:ition The characteristics \\•hich make that pos­
sible .,.;n be de-scribed under the hc-ading of penetration 
in th<" ntxt e.hapter. 

308. Fragmenting projectiles 

Th•« projectiles are designed to inflict damage 
both by blaSt effect and hy frar,mc11talilm; that is, 
hr~aki11g up into small high-velocity fr4h'l'l1cnts. They 
a re characteriu d by thi n walls and large cavities for 
the explosive filled. The general t~p<' i< sub<fa;dcd 
as follow• : 

I. fligh-eapaeil)' ( HC ) projmil(S ( fog. 3D3) are 
u)("<.1 against unannorcd surfat.-c targets., shore objev 
tivts, or ptrs<>nn•I. Sinc.e no ptnetration ability is re­
quin.-d, cxµJosin!S more sensitive than F~losivr. f) may 
bt u>ed. 

2. Antiaircraft (AA ) projectiles arc designed for 
u><.: ag<1inst airplanes in fl ight. Except for fuzing they 
aJ't" ~uh~uunially lhe !>arne as high .. c.apacity in the 

AOAPTIR 

AUXILIA.RY OETON.ATING FUZt 

COMPOSITION '8' 

PROJECTILE BODY ----

!SASE DE TOH A Tll'IG FUZE 

ROTATING BAHO _ ___ .., 

Fret.nu: 3D:l.-0"/47-ulibc.r high-capacity projectile. 
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larger calibert. In sm:illcr si>:<.-s the explosive often 
contains an inc."ndiary tltrnent. 

3. Arlliairc<afl common ( AAC) pmjeetil•s ar• a 
dual-pur_pt'>5( design. combining the qualitic.:s of anti­
aircraft projtctil•• "'ith th• toughness nece>sary to 
penetrate •tcd plating not of armor thickness. The 
type of filling will d•J""nd on tho use. The walls may 
be he-a vier than tho~ of the oth~r th in-walled l)'fle.S, 

and ~he filkr i> u;ually Explosive D. 

309. Special- purpose projectiles 

Thc'Sc arc not int<•ndr.d to inflict damage by explo­
sion or Uy fragmcntati<.m. T heir construrtion incorpo­
rate~ no SCIY'l"lg'th o~hrt lhttn lhat n:quin:d to withstand 
<lischargc from the gun \-.•ichout darnage to the con­
tc-nu. Ir lhe f'i llr1· indudl's any explosive) it is a small 
charge dc.igncd to expel the content• of the projer.tik 
Sf'f' figure sn1. Some of the common varieties arc: 

I. lllumino1ing ( lllum ) projectiles, often called 
.slar !Ju.·Us (SS). <."Ontain a bright flare at:achrd to a 
parachute. They arc t><pelled from the projectile 
body by a <mall black-po .. d.r charg~ which also lighL' 
Lhe flare. As lhc par:.u.:.hmc slowly lowers the flare, it 
serve~ to illuminalf thr targt"\.. 

IU.C« POWO(R 
O'PEUIMG CM•li(l( 

NA.G.KCSIUlflolll 
'()WU lit 

P.1.11.WHITI: 
llNO SHROUDS" 

l41f PUtC 

C'rllNOl!Ul 
M.1.GHSSILM 

F(lP.M 

2. Smoi:t, or white phosphorus (WP), projc<:tib 
contain tub.-s of that substance which are )(attcn."<i 
and l>ursr by a small black-powder chargt. White 
pho<phorus product:< a screening smoke. It alJO ha< 
som• in~~ndiary effect. 

3. Window ( W) projectiles contain m<'!lll foil 
.irip<, which, when scattered high in the air by the 
small bu~kr charge, serve to confu~c enemy radar 
upcrntoN. 

4. Nonfragmentin~ projectiks arc used for antiair­
rr:ift gu1"1 prac.:ticcs. They contain a smukc-pro<lucing 
.subuanc:,., available in various colors, whir.h 1nakcs it 
possible to ob<erve. the bursts without dose bum• de­
Ml'Oying the target. 

5. 1'orgJ·t or blind-loaded lllL) projec<il°' rontain 
an im:n substance, often sand~ <lesigned to give the 
•ame '""'t.·ight and balance charactE"ristic~ a.., explosive 
fillrr<. In large calibers (6-inch and nhovr) targr< 
projenil0< <imulate the AP dt.,.ign but have no filler 
other than th• spouing color. 

6. Pro<>f-shot projcctil<'S are used for proof t.,ts of 
gun< at thr proving ground. 

ttCTt.t!:m 
Ii I WQ $11.C.:S 

AlCMIHVM OISCS 

lllUlllNATIN6 WINDOW WHITE PHOSPHORUS 
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FUZES NOT PAINTED 

COLOR BURST DESIGNATION 
"fl ltOM fUC OKL'f 

TRACER DESIGNATION BAND 

""" ., wlli:lt wdh four % ~ ioh •f t•lt1 

t••~ ft\ tM ti"'" 

BOURRELET 
DNf COAT ONlY,SAM( AS IOOY COLOR 

TYPE OF PROJECTILE 
~ 

at .. • ... - - - .. - - .. - - - .. .. Rlll 
(OM •• ----- ---- --- IUll 
IK -- - ------ --- "UN 

u --- ---- --------- ~~ 
AACOM ------- --- -- GiUH 

lllUMIMAHMG - • - - - - - ltuf '#1111 'Alllll SUR 
UllMl(AI, GAi. IMOKC - - - - • - • • · OCIAN GRAY 

lllGU - - RIO 
w - - - - - - - - - • - - - - · AlUMIKUM 

hi• -4,... es..,,<• •t kfitrtlt·W111 ""'*'· 
C.-..4 wilti •lfot on btd •m•llibtn f.t ,lttllft. 

__ _______ ...., ____ __, 

FIOVJl.to: 3D5.-Projectik markings. 

BURSTER CHARGE COLOR 

l»t05M ·r - - - • - - - - - - - - - ffllH 

(o.llO\ITlllll "A" -- -- - - - - ll0i5 .. IUI 
INT --------- -- -- - ----GHrN 

BUCK POWDU - - - .. - - - - - - - - - -SU.ff 

IUUMINAJING - - - - •· - - - - - - ... - -. llUC 

(H(Ml(AI -- - • - - - - --- - OCIAN GIAY 

INltrMA.llRIA.l.OR(MPIY ---- ------ - HO 

SPOTTING COLOR BAND 
Ulll !OUM Al IPllll1'5 OT! lllO 

CHEMICAL FILLER INDICATOR 

·• - - - - - - - - - YCllOW 

PU:11SfCJIT ClSUAllY GAS .. - .. GtuH (fWO BANDS: 

NO•·PERS1m11 U.WAllf GA~ - - - - - - - - - -GUtJ 

IWll ... G-\1 • - -- --- ----110 
ll([lllll.llY _ ___________ _ - - -"llftl 

Wlthln ltdsspate arouncl the llOClfpa1ltltlwith.lhe1olatinttaa""1h111k 
shmtilcd In • l\ile tilt following dda: 

Amm1111it16fllotno. 
Cal.111dtyptof fl!OJ&ctlle 
Ma" a11d Mod 111 proJdfl 

f1tU IOt11tlflcallon 
l raotr and'°lo1 r»r$tldtnllfie1tlon 
G11n$IOt '1thichdesigned 

ROTATING BAND NOT PAINTED 
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3010. Dye loads 

Penetrating projectiles designed p r-imarily for use 
ag~~inst surface targets usually fontain small 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 own i<kntifying color. 
Available colors arc red, hlue, green, and orange. 

3011. Projectile markings 

Projectiles are painted various coloN> to facilit.a.te 
rapid identification by gun Crt\.,.·s. Nose. fuzt:s and ro .. 
tating bands ar<· ncvc.r covered with paint .. Bourrtk:ts 
arc covered with one thin coat of paint only, and rnay 
never be repainted or retouched. Tht: rclhainder of 
the proj•ctile is painted according to the code set forth 
in figure 305, which applies to all calibers larger than 
40-rnm. Separate special codel\ arc used for painting 
20- and 40-mm projectiles. 

E. Fuzes and Tracers 

3El. General 

A projectile fuze is a. mechanical, electrical, elec­
tronic; magnetic (or c:ombination) device \ .. ·hi ch will 
detonate or ignite a charge in a projectile a£ the time 
and under the drcumstances desired. 

Fuz~s may be classified according to function (im­
pact, t ime, or proximity) , the position of the fu7.e in the 
projectile ( nose or base), type of mechanism or prin­
ciple u1ilixed (mechanic"! or V'r), and •pecific action 
at rime of functioning or initiation ( ignitton or dem­
nation) . Figure 3El illustrates typical fuzes. 

Typical exarnpfes of nomendature fol' I\" avy fuze.s 
are as follows: 

I. Auxiliaiy detonating (ADF). 
2. Base detonating (BDF) . 
~- Mechanical time (MTF) or electrical t ime 

(ETF). 
4. Point detonating (PDF). 
5. VT or prnxim.ity (VTF) . 
Point detonating, 1irne, and VT fuix:s may all be 

called nose ftm:s because of their location in the projc«· 
tile. Fuzes are designated as detonating \•.:her) they 
comain within themselves a high-explosive charge ;uf­
ficicnt to ~e.t off a high-order explosion in the burster. 
Ignition fuzc~ contain black powder sufficient to ignite 
the bur.ter of small projectiks. Jn larger projectiles 
such fuzes function indirectly through an ~mxiliary 
detonating fuze. 

3E2. Fuze safety 

It is necessary for the safety of pet~onne.l that a fuze 
be made inoperative until the projectile is well cle<ir 
of the muzzle and of the firing ship. A fuze is said 
to be armed when its component parts ate so arranged 
that it can operate to set off the next explosive in the. 
chain. It is ·unarmed when its safetv frature--s arc so 
functioning as to prevent its operatic~. 

A satisfactory fuze rnust meet these requin:ments: 
I. lt must be sale to handle; that is, the fo>-e must 

not become armed if d1·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 mitside to ensure sec.urjtv of 
personnel in the vicinity. , 

3. It must initiate the explosion of the filler at the 
proper moment> whether on impact or at a 5.pecified 
tirnc. 

Fmu•f'. 3E I .-Location of fuies in projectiles. 
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3E3. Fun operation terminology 

If Iuzts \Vt'f<.' not (•.quipped with safety f1:atutes, they 
would br: relatively ~imple. The need fors2focy makes 
for complicated operation> which depends for its initi­
ation on cerLain fotces brough t into play \•.:hen a pro­
jectile is fired from a gun. F'orces which may be 
used to operate fo:ces are: 

l. SP.tback. The force of ine.r(ia which trnds to 
move all fuze parts to the rear as the projectile is initi· 
ally acrelerated in the hore of the g\ln. 

2. Angular setback. T he force of inertia; whic.:h 
tends to resist the initial rotational acceleration of the 
projectile in the gun. 

3. Ce.1itrifu.~al forte. The continuous force, caused 
by the rotation of the projectile in flight, which tends 
1.o move all foic parts radially away from the: axis of 
tl1c projectile. 

4. Creep. The continuing inertial force result ing 
from the deceleration of the projcr.tile in flight, (';auscd 
by air r(·sistancc, which tends to move forward the 
fuze parts not exposed to the air. 

5. Impact. The sudden inertia force which tends 
to move all foze parts forward when a projcx:tik 
strikc.:s. 

6. T ar~et c<mt<iCt. T he re-.arv.'ard move.ment of a 
firing plunger or other device when the projectile 
«1n1;,cts the target material. 

The rnagnitude of wrne of the forces i:. illu:;tl'ated 
in the table below. 

3E4. Auxiliary detonating fu%es 

"Aux dctsu arc used in conjunction with all types of 
nose fuzes in HC, AA, and AAC projectiles of 3-inch 
and greater caliber. They are int<:rposed OCh•.:er.n thei: 
nose fuie and thl~ bursting <:hargc of the projet'.tilc to 
provide a hea\1ier shock for detonating the hursting 
r.harge. They also act as a $afoty feature> prcvc.nting 
the projectile filler from .,,pJoding in case the nose 
fuze should be accidentally actuated prior to the arm­
ing of the auxiliary detonating fu7.e. 

JES. Bose detonating fuzes 

Bas~ fu1..es are used alone in annor-picrcing and 
common projectiles. They are used in combination 
with no~e foies in such dual-purpose projectiles as 
AAC and HC. In the latter case their functioning is 
completely independent of the nose and auxiliary fuzes, 
the forme.r of whic.h may for certain puqx:iscs be 
replaced by a steel nose plug. 

AH ha~e detonat ing fu.zc:s funct ion on impact ;_ some, 
hov"·evtr ~ incorporate a delay feature. Base detonat­
ing delay fuzes function a short time (0.02 to ().033 
second ) after the projectile hits the target, thus allow· 
ing time for armor penetration. Base detonating non­
dclay fu1..<:s <::on tain no actual <lclay element, but a 
slight inhcn.~nt mechanical delay provides a ti1ne mar· 
gin sufficient for the penetration of thin sheet metal. 

3E6. Time fuzes 

rn most calibers of !{Un projcr.tiles, time foies are 
dock work mr('.hanisrns us.<xl to obtain timed air burst<:. 
They arc used in AA, AAC, AA (non-frag), IIC, 
I Hum, WP, and \V projccti.Jcs of 3- to 6-inch sizes and 
in IIC projectiles of 8- to 16-i.nch caliber. There arc 
two gen~l'al tyj)(~ of mt•c.hanical time fu~: one. t)'pC 

dcµt· nds for ics action solely upon centrifugal force ; 
the other is a spring-driven variety. The centrifugal 
typo is !•" affected by long periods of storage:, hut the 
spring-driven fuzcs are more salisfacto1y for use on 
large projec.t iles which have slower speeds of rotation. 
Each type is made in scve.ral marks and mods for 
various r.alibe.rs. 

A highly accurate electric time fuzc that can be set 
ve.r)'· quickly (~·tnd thus reducr.s "dead time" to the 
Vimishing point } is under dcvdopmcnt at this writing. 

3E7. Point detonating fu•es 

Point detonating fuzes arc designed to function on 
impact with the target. They have the advantage of 
heing faster a.ding on impact than base detonating 
fuzes. One group of such fuzcs is used in place of 

FoRcE.s AFFECTING FuzE OPERATION 

20-mm ___ ------- ____ _ 
5'/38 AAC - ---- ·-- --··---
16"/50 AP_. --- _____ _ ·-- __ 

2, 725 
2, 600 
2, 500 

A1ax. bore /mssurt ;n 1uw gum 

24 long tons/in' ______ . __ _ _ 
18 long tons/in'--- .. _. ___ _ 
18 long tons/in' .. _. ______ _ 
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/Jaximum 
.uthad• 
j(ITcr:* 

96, S66g 
14, 344g 
3, 003g 

Spi11 .-)t 
11111v:/e 

1p1 

1, 154 
208 
75 

I 1\1axirnum 
ulaulatior.** 

krup 
ft1Yf:1t)* 

7. 2g 
1.lg 
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mc.~anical tirnc (ua-s in connc.·ction with shore bom­
bardmenl with HC, /\AC. and WP projc<.tiles. Other 
mark.< nf puint detonating furco ar• u<l'd in 20. and 
40-nun pro10<:tile>, for which no other t) pr fu1ts are 
provid•d (20· and 40-mm AP prnjer1ilco are •olid 
m•tal, cxrepl for 1.he !rarer cavity, and 1hu< unfozcd} . 

Figure 3E2 sho\"' a sectional \1k·w o( the 40.rnm 
l'oin1 De1onating Fu,. Mark 27. This i• a simple 
fuY.c, an !'Xplanation of whirh will illustrate 1ypical 
{u7c nptr.\tiun and ufeLy fr4turcs. The fuz.e i( rom­
poscd of four 111a1ur pan;: the fuu bod)\ the maga­
zine, 1hc firing-pin holder, and the rotor block 
,.._,..mblif'<. The tor ... -ard section of •h• ru,. bod)' CO!l­

t:Un~ th\- plastic:: fir.ng-pin rxttf'bion or hammf'r, the 
)tttb-typt' riling pin detents and spring\ contained in 
the firing-pin holder assemhly, and thr rotor block 
\ .. ·ith rnto,·, dt·tcnts~ ~prin~i and 1·ntor <.Over. The 
magazine i~ <rn:wcd im:o the after end of the body. 
The fuzr i> J05ignrd: 

1. To dNOl\al< thr projoctilc cxplo<ivc charge and 
1hro·tb)' uurst thr projc-ctile with high..ordtr detona­
tiun in't.:rnt~ncously upon impacL 

2. To t•n"'"" <afcl)' and prrvtnl detonation of the 
proj•ruff> when 6rtd in a gun or in normal 8i~1 un:il 
dttouatcd b.,. inipac:c. 

Of""'''°"· On txaminin~ figtire 3E2 the Hudtnt 
will sec thnt the firing pin cannot nin\t aft (to the 
lrfl in lhc d iagram) bccausr the· firing-pin dcl~nt• 
pn:vent it from duinp; ~- 1\lso, 1hr dtton,uor is not in 
lin• with the firing pin, so that, if the firing pin ,hould 
w mchuw move aft, it would :,trike thr rntor lx1<ly :1.nd 
nnl lhc dt•tnnator. H the detnna1or should explode, 
it would 11ut detonate tbc botxtf"r. The rotor, and 
ronsc:qurnlh• the..· dc1onatot, is held in 1hc unarmed 
~ition by tht rotor dctents1 \\ hkh fil into tht rotor 
body a• <ho"" in thf diagram ·1 hr rotor bod\' also 
contain-s two kad ((')untcn,·ci~hu. 

Whrn lhr projectile. is fu-e-tl, the rifl ing in the gun 
1·N•le. th<' prnjectile. As th• projectile <pini, cen­
trifu~£tal fo1(c causc:s the flCing·pin dl'ttnh to movt C>Ut· 

wnrd, firring chc fi ring pin. Thr rntor det('nts also 
rr1ovr ouh.,·nrd, f~ci ng the- rotor. Ccntrifuga.1 force 
also ::u:c~ upun the ltad countcrwcighL' in the rotor 
bndy, lending lo me.we them n11L\'o.trd 1 his c-..au~ 
1he rotor hody to rotaU"., brin~nt:t tht d.-tonator into 
lint with thr firing pin and lr'1d-in. Tho fuu is now 
armed. 

Upon imp.1ct, the firing pin is rarr.mcd llft, Slriking 
ond r•pl<1<ling thr detonator. The detonator rx­
pludc-s tht hooMcr, •~hich in lum dctonatr1 the burster 
chorgc or the projrc1ilc. 

3E8. VT fule. 

The radio proximity nr VT fuzc is u•f'd in all of the 
f) ]>I'< of prOJr<:tiles which ron use mechanical t"'1c 
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fuzcs rxcrpt illuminating and window ( " hich al'\: not 
suppo>cd 10 be rxploded in thr immrdiatc vicinit)' of 
a ran:n) The \IT fu>e i> a .. 1r.,.nn1~intd, nodio. 
rnn1rollrd fuzo rapablc of tran•mitting pulses of radio 
<?'!Orgy, •11<1 of l:('Ctiving a portion of the;c pul•es 
which may ht renectcd by n iargct. Th• fuze fires 
"h•n the 1c1uming signal is ol sufficicn1 strtngth, due 
t() pro~irnity to the target, to trigger the lhing c:it"(uit. 
E&~f·ntialJy, the fuzc i~ ;.in cxtrcint l}1 J'uggc<l ra<lio trans­
miuing ~ncl rttc-iving station. which fin into t..hc nose 
nf a proj«:tile and is so comport 1ha1 11 displaCN a 
,·olulnf 1.--, than h>lf of an ordinary pint milk bo1tle. 
Stt fiRUrC JE:I. 

Th; prim 1ple of its operation """ bf,I be illwtt3ted 
i,.. dcsrrihing the !iring nf a 1y1>ic.3l VT-h11.cd pro­
jretile. Not only arc: VT fuzr~ a.' ruggtcJ i1> rno~t ruu~s, 
but they hove lx:cn provided with rdiohlt safety fca-
1urr<. i\s o rt<ult, in safety nf handling, safety in the 
bore nf the guu, and freedom from mu.,Je burs11, thc:y 
or~ as salr ., any fuzcs u.ed by lhc Na'1" 

At the im.tant the projcctilt i5 filctl, a tiny wet 
b•nc1'· 1h21 furnish~ energy tu the f1u~ begins 10 be 
artiva1rd. n ... .ltc><k of fire hrt,.ks a small gla'5 vial 
filled hllh liquid ek<"rmlyl'. Cenrrifug•I force in the 
rotating pro1rc1il~ ('dust-s this li<)uid cite trolytc to flow 
to,,·ard 1hr outsidr of a cylindrir>I rrll 1hrough a .iacl< 
of th in rinc;-shapcd pta .. < that ho,.,. hftn carefully 
imlih\tcd frorn f'ar.h o ther. Contact. between the t lec­
trul)'lC ond 1hc plate• makes the hourry electrically 
octiv•. Within a half second nller the baucry has 
hC'COmc a.rtive, jt has charged .. firing rondenser \vith 
cJuuirity Once this condtn~tr is <.hargcd a.nd a 
merrU1'' <afcty switch h•..s been opr~. the projectile 
is .. anncd". and rectdy to dt>tOna.tc whtn a ta~t in· 
lluenrf'< ii 10 do so. All this hat b«n • .ccomplished 
I» rhc timt the projectile h'h tr.m:l"'1 four or fi•-e 
hund red y ,trd•. 

i\s thr proj<ctilc speeds through rh• nir· at a rate of 
opproxinia1ely 2,600 feet per <rcond, a radio 0<5cillator 
S<'nd\ OUl electromagnetic..: waw•11. or impul5CS al the 
speed of light. The'" impulses will h t rc'Acctcd bock 
tn the osdllMnr hy any target that gives a radio reAcc­
tion, ~u<"h ou metal ohje-cts: water, nr tarth . 

At fin: tht projectile is so far from 1hr target that 
th<'«' impulses arr not rttumcd in an)' strength. But 
a> rhc pro1«1ilc approachQ dooer rn the target the 
Cheillator rKtht~ ever stmngtr ttAc..-cttd impulses.. 
Th~e iocuming impulses int<.·rarc '' ith outgoing im­
puhc• to rrra« " "ripple pul<c" whfrh i< n111plified by 
va.C"Hum tubes. H the projt.'Ctile rnn1e_, within a radius 
ol about 75 lo 100 lcct nf its target, thi< "ripple pul<e'' 
bfcome> powerful enough tn trigger a thyratron tube 
whfrh arttt as an cl~rtl'onlc switrh. This n:Jea~~ Lhe 
electrical rntrg} stored in the charged condenser 
"'hieh, in tum Of>f'ratcs an tltriric4ll primer. The 
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primer consists of a small container of blac:k pnwder 
whirh is ftr'('d by an clcctriral r.urrrnt passed through 
a resistance wirt'. The bhi.st from this prirnr r operates 
an auxiliary dcton:iting fu1..c .• which sets off the main 
explosive charge in the projcrtil•. 

This fuzc, the ""ult o[ Navy rcsearrh .. ha. h<>en 
regarded as one of the greatrH for,.1 .. ard steps in recent 
01-dnancc.: dcvcloprn~nt. It dirninates compktely the 
tremendou> problem of fu7.e M'tting in order to time 
1he burst at a point in the traj<-ctory where lethal dam­
age results to• fast-moving target. This alto"' maxi­
mum concentr<llinn ou accurate tracking and wlution 
for the cont·ct trajutory, ,.,·hich is necessary because 
the projatile 1m1>t be placed wi1hin 100 feet of the 
targ'< for the fUU' 10 function. 
Vf-fu~.ed ammunition i~ "·cry cffcctlve on tKposed 

ptrsonncl and lighily armored targets •>hore. I t is 
also well adapted for harassing :rnd interdir.tion fire to 
d eny the cn•my tho; use of, but nnt destroy, bridges and 
other \vorks whic•h our O\VU forces may later ~quire. 
No matter \ .. 'hat the topog·raphic configurat.ion, the 
fu7:t' will dctonat• at that dcsign•d point in ia flight ;~ 
dt>sc proximily tc.> a reflecting mass. su <'h as the earth 
or tl'ees1 whcrt. fragrnen tat ion hlankets a maximu m 

F. 
3F1 . Bomb• and bomb <omponenh 

The '"·rial b<>mb provide• for vCI)' efficient use of 
lhe load .carrying ability of a given p lane. Only a 
$mall fraction of thP. weight invt"llvPd must be rt.'Ci~rved 

for suspcruion, release, and •ig!uing equipment. On 
tht other bond, an aerial bomb has very low initial 
vdocity .. Lhis velocity hPing that of the airplane carry­
ing th(o bomb at the time of N'l~a>e. Tim• of fl ight is 
tcltttivd>' prnlonged, and •H:curatf> compmation is 
reql1ired to obulln hi ts. A p:trtial exception txists. of 
course. in glide bombs w1th horning 1nt'".Ch~nism~. Thi" 
fi~t aerial bombs wt-re the ~mall, hand·throv. n missiles 
of \,VorJd \ ·Var I, hut 2-ton bombs are: now c:ommon. 
p lace, and eve:n larger si?.es have been s~an<lnrdized. 

A C'<)Clventiunal aerial bornb has Ehrer majur com­
poncn~. The body contains 1he explosive charge, or 
it may have a chemical filler. The fin rustmbl}' is 
provided to k•ep 1he bomb nahlt in Right. A fu ze. 
.cn.o-. to dctvnalc the charge. Thes. three clements 
usually arr. a~semblcd into a complete round jusl be­
fort the b<Jmb is lnaded in or on th• aircrah. A g lide 
bomb~ whkh is a guided mi!-(\ilt, must in addition carry 
tht equipment ntressary for guidance. 

Trend< in bombing devdopmcms indud~ the pcr­
frrtion of a grtM variety of .1pecia l-purpose hombs, 
including some relatively small type; and 1Jthers of 
gn-at weight; dtvelopmcnt of improved mtthods of 
tracking, sigbtinJ:, and computing; develupmcm of 

erTcct ive aJ'Y'a. Thl" int roduc1ion of this fu~ in the 
Europea n carnp:iign of World War I I hy United States 
Arrny ard!lery had a trem~ndously dcmor~1 I iz:ing as 
''ell as dcstructh c effe<:t on entmy ground tr()()ps. 

3E9. Traceri 

1 t i~ som<.~tinics advant.agcoui; to fo11ow a projecti1r: 
in flight . For th is purpo" a tr:<C.cr body i~ inSHillcd 
in th<> base or .u nn extension tn ~he base, of tht- pro­
jC'ctile. It <'Ontaim a pyrottdmic mixture d<."Signcd to 
burn v.;th a dchnit• rolor during all or a spcrifk part 
of the projectile's Righ t. Standard tracer c-0lors in the 
Nnvy are red o r white in AA projectiles and nrangc 
(for night traccr5) in AP and mmmon projtctiles. 
The tracer is ignit<·d by th< h•al or pressure of 1hc pro­
pelling charge. 

In 10-mm project iles, tra~t"l pc:rfonn the special 
function of selling o ff the bur5ter r.hargc ot the end 
o f the t race.r burning p~riod. T his is acconiplished 
simply by allowing the inside •nd o[ the trac•r IO have 
din.-ct access 1u the main cha11;C. The ad .. .ntag• of 
a Sf'lf-dest.ructiut' feature in A.A. projcctil~, which 
might othe.rv"i~c land and burst on ow11 ships or 
in~caJlat.ions> is <'lhvious. 

Bombs 
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•ighting and control sy>tcms that •r<' cffertiv• ~l high 
i:.hitudes and u n<.kr a11 C'.Onditions of vi!:ibiHty or lack 
thtreof ; and evolution of rn()l'f' l"fTectivc mrthods of 
detonation. 

3F2. Bomb dauification 

In tenns of thtir fillers there are three general types 
<>( bomhs : t'X pfo.riv,J- hornbs, chemical hombs, and 
innl bombs. Vnrietics of t:xplm ive bombs include 
annor-pierciu.g, semi-armor-piercing, gencra.l·purpo:sc! 
light-case, drpth, r ragmcntation, and autiairu:ift types. 
Ch~mical bombs inrJ11de g:.s, smoke, and i11rendiary 
VAric-cies. l nert bombs comain no <.'xpl<>~ivts or 
t'.'ht"micals, and arr used in drill~ and in pratticc bomb­
ing. A rlumbcr of aerial bombs arc shown in figore 
3F I. AU bomb< arc painted with appropri•tc identi­
fying r.larkings. 

In addition to the three major types, vatinus encased 
pyrotechnic maierial< ( not strictly bombs) nr~ mually 
rc:garded as bomb ammunition. 

3F3. Explosive bomb types 

Armor-piucrn11 bomb, (fig. 3F2) a rr. thick "'allr.d, 
contain about 15 percent by \veigh t o f expl1Jsivc filler, 
and are inte-nd~d for u~c ~~gainst heavily nnnored 
<hip. and heavy steel or ron<rtle structures. They 
incorporate only 1ail fuzcs. The rffect of a nrar miss 
,,;th such a bomh i< small, ~ause of thr small per· 



A. O!PIH SOM!, 3?S.lb., HAI NOSE 
I. GAi IOM&, llS-1~. 
0. CHEMICAL IOMB, lOIJ.lb. 
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H. flAGllOOAllON IOMB, ?J.lb. 

Tl'UNNION 
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J. flAGllEKIAllOH iOU, ?O·lb. 
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K. INCENDIARY BOMB, 4·1b. 
M. S.A.P. BOMB, 500·1b. 
N. 61. 80111, SGIJ.lb. 
0. G.P. IOJl8. 1000-lb. 

FteOkt. 3FJ .-Typ<;s of aeri~ bombs. 
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' · UJ. IOU, 1oom. 
Q. Al. IOMI, 1001>-0i. 
R. A.P, BOMB, IOOO·lb. 
S. A.P. 80118, 1600·1b. 
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U. 116111 CASE BOMB, 4001J.lb. 

Ptcu1t"' 3F2.- An a.rr.wr-pkrcins bo:nb u.~mb1~d !or loadins. 
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centage of explo.sive contained. If used against un­
armored or lightly armored ships, they are likely to 
pas. dear through the target before detonating. 

Cet1ernl-pur/1ose bnmbs (fig. 3F3) have medium ­
thk.k cases, contain about 50 percent by wc.ight of 
cxplo$ivc filler, and arc used to produce. hlast, frag­
mentation, or mining r.fft":cts. Appropriate targets in­
clude unarmored ve&>cls, submarines, and land target..c; 
such •s ordinary buildings, aircraft ( on ground), gun 
emplacemerlt..s> and personnel . 

Light-case bomb:; <:atry a maximum e>..plosivc 
charge: about 75.6 percent by weight. T he ft1'-es used 
function instantaneously; this is necessary, becaust~ 
cases rupture upon impact. Various \\•eights have 
been developed, ranging from 4-00 to 12,000 pounds. 
The effect of such bomb< depends largely upon blast, 
and to a k$~er degree upon fragmentation; they are 
effeccive against light strur.tures and personnel. 

Depth born/>.<, intended primarily for attacks llpon 
submarines, contain about 70 percent by weight of 
explMive rtller, and have relat ively light cases. As 
shown in figure 3Fl, a depth bomb has a flat nose to 
red1.ic;e the possibilitr of ricochets ,.,..hen it is dropped 
into the water at smafl entrance angles. For attacks 
upon ~~1bnl.arint".s: tlli~ bomb is fiu~d wich a hydro­
static..: tail fuze, bl.it an impact nose fuze may al~o he in­
stalled if the target L< a surface ship. If a nose fuzc 
is pre~ent, i~ mwt be unarmed in l'naking a otisub­
marinc attacks. Depth oon1bs have little penetrating 
power, and dcpt~nd primarily upon hlast w produce 
desired diccts. 

FraR»llmtation bombs have heavy cases made up of 

SIJSP'UISIOH LUG 

ruu SCAT LIME~ 

steel rings or steel bar<, and contain about 14 percent 
by wdght of explosive charge. When such a bomb 
burscs, f tagmcnts from the shattered case an~ thrown 
outward at high velocity and may do considerable 
damage to ligh t installations, aircraft on the ground, 
unarmored vehkJe.s~ and personnel. 

3F4. Fire and incendiary bombs 

Fire ~md incendiary botnbs are types of dlen1ical 
bomh<. l .argc lire bombs may be droppable fuel 
tanks fi lled with a highly flammable mixture, which 
i< usually 94 percent of 80 nr l 00 oCt•nc. gasoline and 
6 percent napahll. Napalm thickeners gel the gaso­
line to a rubberv mass of such a consistcncv that \vhen 
used in the ftrt·. bomb the resulting conflagr~tion covers 
a large: area, burns intensely, and lasts a Jong ti1ne. 

A~ an antipersonnel weapon~ the fire bomb has been 
found to be dfe..c:tive against personnel in slit trenches, 
dugouts, and foxholes. As an incendiary, the fire 
bomb ha< been found to be effective against wooden 
pien>1 houses, dock~ and waterfront warehouses, 
wooden Stn{acc vessels, ammunilion dumps, ttuck 
convoys, and any othel' readily burnable target. 

The average coverage from one bomb dropp<.'d on 
lcv<:I te1Tain is about 300 feet long and 100 '"·idc, v,,hen 
dropped from aircraft in level fl ight at altitudes of 100 
feet and speeds of 300 knots. Higher altitudes and 
lower spt·eds. decrease t.he coverage and viu~ 1;ersa. 

Other incendiary bombs usually contain thennite 
in magnr.sium aHo}' cases. As the tbtrrnite hurn5 .• the 
magnesium case becomes ignited and adds to the 
incendiary effect. 

SAJCTY (UHMESTOCK) CUPS 

F1t':uRt 3F3.-A general-purpose boulb assi:mbkd for loadins. 
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Chapter' 

ARMOR AND PENETRATION 

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

The 'd..a of •hc.athing $1\1ps "ith pror:culMnistir.g 
mc1:il undoubtrdl~ exist~ l><fon: an) attempt was 
made 10 put it into practice. It i• "'ported that a 
Kore;an admiral u..-d ironclad, in th< late 16th ecn· 
tury. ·1 ht r.rn European prop<><al 10 do'<> wa1 made 
by Sir Williom Congreve in Englnnd in 1805, bul the 
firsl imnmas1cr to make tht ancrnp1 wa\ John Strvcns 
of Hoboken, N. ]., "'""' 7 'tars latu 

Stt"\·rn,• elfon\ did not mC"C't with in.rocdi:u~ sue· 
<tss, but it docs not appear th•t his approach 10 L':e 
subJHt ""' un..-1tnlific. for he h>d ''P"r'.tncnttd un1'1 
ht k~ 1~ c:..uct thickness of :ron pbt• .. hi..h "'O<.!d 
,,.;11Kur>d the lire ul an' Si"m g:1n \bout .II) ,cars 
aficr St"tns h<-<:;an the "ork, hi1 «>n. Robert L. 
St~'t"ns. fr-It tl1.,t ~ "''>Ck \\:U far c.:rtuU~h llong to 
report the n:sult IO Con<:;rt«. \'<t another 12 \tars 

rlar<cd befo.,. Congrcs.1 au1horiud thl' building ~fan 
armorl'd no:uing hottery. ~1'<111whilt 1ht French and 
the Bri1iih laid the kttl; for • nurulx:r o( •rmored 
ship<. In thr ho111bardmr11t of th• Kinbum forts 
during 1h~ Crimt'An War, thrtt F"'"'h ari11<>"'d craft 
fir<I dc1nonstra1<'<.1 their ll«'fulness 

Th<- "'1d~prud 'nte~ in a"""n:d .hipo .,.., prob­
ably due to th• f•tt that th<· riJlin'I' of 1hc barrrls of 
long-r>ntf• guns ">< also occu)>) ing thr atteniion of 
na,-aJ d".i'!"•"' Th• <pin·>tabili"d bullet h.>d been 
used in ml.Ill arms for IOMC' tirne. and 11 ""' felt that 
a similarly dt5igncd long·r•n~ gun"·'' fc:LSiblr. Such 
• gun was dtvrlOJ><-d, and bv thr la.•1 quarter of the 
19th <<nt111'), >mooth·bon: ordnance had di<ap~ared 
from u>e in th• na•·ics of thr civiliZl'd "orld. 

4A2. Iron armor 

Ahhou~h other m<'tah ... " «>n'1do·ttd, onl) iro:i, 
wrought or <a.<t, ""'med feasible a< a proltcth c cover­
ing; and of thes., wrought iron showtd itxlf to be 
•upcrior ~ fint prac11cal armor consi.<tcd of 4-
or 5-indi wrougltt·iron plate, backrd by 36 inchrs of 
solid wnodcn timber. 

The imn industry of the time, howcvtr, ""' no: 
equal to the production or then~ hta•y forg· 
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ing. Thrr<"fOr<', even though r.arly t>cjJCrim<"nU had 
rnabli<h<'d solid plate ;u h<-ltcr than a built-up CO.tt· 
ing of lam:n•t<d armor,""'"' d-.igners .. ere obli~ 
to U<t' pl•lc built from thin layers, of ton inadequately 
bonded 1<>r:r1hcr. 'I hr annor of the Civil War iron· 
dad, "·"of thi• t}f>C· 

!he prohlem before 1hc armorrrs ul 1he •fay wa.< 
qu1t• ck:tr: to produce a very hard fncc plu~ ~ vcry 
IOugh hork. lln-.cvcr, method, of providing iound 
crm•nt•lion hrt..,C\:n a hard f.tcepl31r and a thid:.cr. 
hca,'icr found•tinn were still lO be di..-overt<.I 

4A3. Steel armor 

lido r •nv pr0<1'> for th• production of such bonded 
armor wa< de-clop<'d, the .&-.iemcr com·ener. follo"''t'd 
" f•" ~•~rs latn I>)· the Sicnu.ns-~brtin open-hearth 
proccu. ch~ngcd th. cou..,.. of ~·dopm•nt The 
Fre~<h, .m 1.8i6, produced a 22-inch 111ild stul plate 
(which 1< <>td lo hav• been hammtn:d to that dimen­
sion fro111 a thicknc"' of 7 fret ) that '''i•t<-<l 1he fire 
of all ~m> then 1n use. lt "as the ~t .umor pro­
d11<•d up tn that tirnr, hut iu tendrnty to erark led to 
a rctt1m 1U rc~arrh in built-up annor 

4A4. Compound armor 

Th• """ advonrc rcsultrd from the development 
of two ri>al pn><<«M. The fir;t was the Wihon­
C.-unm-1 tomp<>und platt- ,.hith a>rw.i<d of an open. 
hearth <ttrl £.cc ca<t on 1op of a hot wro11ght·iron back 
pla1e. Thr «"<Und was 1hc t::lli<-ll1own pro<'~< of 
ccmcnun~ " stcrl face to an iron bac~ by pouring 
rnohrn Bcutm<'r >tttl betwcm thrm In both cases. 
the plat<"< wen: rollro after rompounding. 

Acluallv. only" small adv.,nce had been <Ndr. All 
tbc e!fot1> of the •tcd mm ar>d ~nal d<$igncnt had 
amountt'd to 1 mrre 2l prrttnt 1d•antag\:: JO 
inch.-. of ~ompo1111d armor was only •bout tht equal 
of 12Y, inrhC> of iron. It"'"-' some progress, but not 
much 

4AS. Nlckel-stu l ormor 

Frtnth engin«rs •gain took the nt:<t strp forward 
when, 1n 1889, Schncidrr introduud about 4 ptrtent 
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of n.ickd into his steel place, which incrca<eci it• 
strtngth and toughn.... Hi• plate was hammer­
forgcd, :ume:aled, ttmpercd, oil-quenched, and thtn 
reanncalcd. This new proc•s• added another 5 pcr­
e<:nt nf r.sistancc to the 2fi perrem already gain~d by 
the makers of comp<Hmd plate. This type of platr 
was ustcl by the C nitcd Sta!'s to protrct the old 
batdcshiP" Texas, Maine, and Oregon. 

4A6. Harvey armor lcarburized nickel steoll 

"fht ntxt important dc.-vclopment was American 
and, vddly enough, also nriginated in New Jersey, not 
far from the Stevens plant where protecti,•e plating 
for naval craft had had its beginning about 80 year< 
befn~. In 1890, H. A. Harvry, of '.'lewark, invented 
a proca.• which added about l~ per<ent morr mtngth 
to the plate de-scribed above. The new method con­
suted Of (OTburfring the face Of a plate Of nicktl <tteJ 
by holding it ac about the temperature of molten cast 
iron for 2 or 3 weeks with the face in contact with 
bone charcoal. T his increased che carbon rontent of 
the outer inch of the face Crom about one-fifth of I 
percent to slightly more than I percent. The entire 
plate was then quen<'hrd, firM in oil and then in watr.r, 
and the result was both ~ hard•ning of the face and a 
toughening of the back. Later, the water dipping "as 
repla~d by cooling with a dense, high-pre.,urc water 
spray. 

It wa< soon found that thi~ type of plate could be 
rerorgcd at a IO\v te.rnper~turc after carhurizing1 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 chromium to nickel 
steel had heen discovered before the above develop-

WICKU nm NU'--------10 

STEEL W.1.SHER·-=====~~ij?J BACKING PLATE -

SOFT RUBBU WASHER ----\--' 

ment was romplctcd, but thr resultant alloy was too 
d'ffirult for the industry to hand!~ until the Germans 
diS<'O\'errd <uitablc methods. Krupp at that t ime 
u~ed illuminating gas as a carb\1rizing agent instead 
of bone charcoal, hut the industry at a latc.r date 
returned to the use of a solid c'.rbonaceous rnat.erial 
for chis purpose. 

4A8. Krupp armor (decremonlally hardened) 

The important durerruntal hardtning process was 
introciu('('d by Krupp shortly after tht de,•clopment of 
rarburizing. The Krupp armor was processed by 
burying the plate, all but the farr tO be hardened, in 
clay, and txposing the face to a high, quick heat. 
This heat traveltd from the facr of the plate toward 
the bark in an evenly descending plane, and when the 
critical hc.>t for hardening had ptnetrated to from 30 
to 40 perr.tnt of the thickness. the plate was rCIOO\·ed 
to a spray pit and chilled by water played at first on 
the face alone and, a few moments later, on both sides 
of the plate together. This decremental face-hard· 
ening, as it was railed, is still the general process by 
which modtrn protective annor is produced, though 
fu:ther refinement of the method r~nstantly goes for­
ward. This Pf()("" may be applied to carburized or 
noncarburized armor as a final tf('atmcnt. 

4A9. Clan A armor 

T he carbu riied face.-harde.ned plating described in 
the foregoing article is known a< Class A armor. Its 
use is protection of the 11ertical surfac.es around the 
more \'ital p:ll'IS Of heavily armOt'\.-d ships-the sides, 
the turrets. the barbettes, etc. The impact of a pro­
jectile against such surfaces would nf'Ctssarily be at a 
''try ;mall angle of obliquity 1 and as such would ha"e 

1 '"fl:e a Del@ M 111.>llQuhr Is meuured Ml wfo()11 the ttxis ot tbe 
pr<iJ<:<:tUc nud tbe J!Ornu.1 t (l lhe Sllnti> nt thl'I pci1nt (l( ilnp11c.:t. 

_________ MICKEL STEEL BOLT 

_______ RED LEAD JOINT 

CANVAS SOAKED IN THICK RED LEAD 

F1ou1u : 4A1.- Watcnight armor bolt, showing interlocking use o( rtjistant and yielding materials. 
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to he withstood by a very hard fact to resist the initial 
imµact> plus great backing strength to ab$Orb the 
<hock. Class A armor must ddtat a projectile hy stop· 
ping it, by br<:aking it up, or by rupturing the cxplcxive 
cavity ( thus reducing its rlTcc;tivcncss even though it 
pcnrtrates the plaU! ) . Such armor must be of consid· 
erable weight, and naval design admiLS 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 o( the craft, but actually diminishes it, for the 
gre:u mass, affixed to the framing members and 01hcr 
strong points, complicates the st r01ses. For that mat­
ttr, tdl armor represents dead weight, and naval de. .. 
$ignrrs must balan<"e the rcquirem~nts of css~ntfol pro-­
t~ction against dead weight. 

Class A armor r.an be machined only with difficulty, 
aod cannot he fitted snugly agairat the skin of a ship. 
Thr accepted method is to suspend it from the wong 
po ints of the hull by means of PXt"1ded watertight 
bolts ( fig. 4A I ) which allow about 2 inche• clearance 
~lwecn the armor and the hull, and then to fill the 
spare with ronrrtlt. Abutting tdges a:rc keyed to­
gether, and plates whir.h meet :tt an angle arc rabbeted 
(fig.1A2). 

The chemical analy:;is of a typical modern p late 
i) about as foUows: 

Carbon ------------- -------- - O. 33~( 
Nickel - - ---- ------- - --------- :~. 33% 
Chromium --- - --- - - ----- - - -- - 2. 00% 
Mangane.c -------- - ---------- 0. 30% 
Silicon _ ·-------------------- - O. 07% 
Phosphorous - ----- ------- ---- - 0. 016% 
Sulphur ••• - - - ----------- ---- 0. 02%1 
Iron ---------- ---------- - ---- 93. 939'c 

FroUft.Z '4A2.-Mcchod of keying adjacent plates or Class A 
armor. Butt juinc is shown at Ith- angle joint ac right. 

4A10. Cl<Jss 8 armor 

Armor design<-d for lhe protection of horiumtal •ur· 
fae0<, and otherwhc, where 1hc antidpate.d angle of 
obliquity is greot, is physicaJJy quite diffcrenl, allhough 
rhemically alX>ut the same. Htre, instead of boldly 
mf"tting force wilh resistance, advantage can be ta.ken 
of the tendenq· of a projcctilr to ricocMI. Th is glanc­
ing r<:bound is best achieved whrn the iuipaet of the 
proj.r.tile is mel with a plate that gives slightly, thus 
!)jJrcading the forrt. over a ,.,i.dr1· area. Mor("ovcrJ the 
curvature of the depression induced by tht impact 
tend> to pick up the curvalun: of the ogive, further 
inducing thr projectile to rebound harmlessly away by 
incrrasing the angle of obliquity immediately nfler the 
instant of contact. (See fig. 4A3.) Homog~n•ous 

a1·mor can be used in this application . 
Hon1ogcnco1H armor is not Cacc-hard•ned. In 

thirknes.c-s 3 inch•s and lc.s, it is called "S"fS" (Spe· 
cial Tre.atment Stc•I) . In thirkne.sses greater t.han 3 
inches, it is termed class B armor. h car1 be inte-

- - - - - - - PEIPEllDICULAR 
TO SURFACE OF PUTE-- ---

l. AT MOMENT OF IMPACT 2. IMMEDIATELY AFTER IMPACT 

Fwt:aE. 4.A3.- Diagram showin_g left, an,glc of obliqui1r at insum o( cocuct ~th Clan B armor, and nsht, 
augmentatiori of sa:ne immtdhuely afterward. 
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FicuaB 4A4.-Arnngement 0£ Class A armor on a. battleship. 

g_rntcd ,.,·ith the structure of the ship, but it cornpliratcs 
the problem of weight, since it is hc.-y and lies high 
in the s.hip1s. structure, thereby shifting mat.eriaJJy 
what would otherwise be the ship>s. normal center of 
gravity. 

4A 11 . Miscellaneous armor 

Two mittor classes. of armor are ca.st and li~ht. In 
the present state of its dcv1.~lopmcnt~ cast armor is. not 
vcr~· satisfa<:tot~· · It is osed at points where plat(·· 
armor \\.'ould be diffi<:ult to fit, such as turret range· 
findel' end windows and sight hoods; attempts. have 
been made to t11e it for boiler uptake grating plates. 
It has a future, bc..ause of the facility and speed with 

which rastings can be inanufac;tured, hut metalhH·gical 
advanc<:s must take place before extensive use can be 
nl~de of it. 

Light armor is a rough designation for an>' armor 
less than 2 inches thick. It is for the most part con· 
struct~d like heavier armor, though some is com­
pound<.·d annor consisting of a hard face fused to a 
tough back. Its prospective usefulness as a protec­
tion for air<'rafL personne1 and enginf.S makes this one 
of the most important fields of ballistic research. 
VV'r:ight, howt·v<·r, is again a limiting factor. 

i\onferrous armor (of aluminum alloy) can he used 
co µrotcct against fragments. And plastic armor may 
be used for personnel. 

B. Penetration 

481. Introduction 

The s~~mc advances in metallurgy whkh contributed 
to the de"loprnenl of armor plate have. proved to be 
equally useful in the manufa<turc of guns and of pro­
jectiks, particularly those detlgncd to penetrate armor. 
The increased toughness effected by alloying steel with 
chromium and nickel, as \.,·ell as improved methods for 
producing and forging large ingots; have resulted in 
hett~r guns and in a race for supremacy between the 
designers of protcr.tivc armor and the designers of pro­
jectiles to defeat the annor. 

Armo!' plate is carburiied to tl<treme surface. hard· 
ncss~ whereas guns and projectiles, V>'hir.h rnust com­
bine toughness with clastidty and heat resistance:, are 
not. Ste~) used in the manufat.ture of guns usually 
contains molybdenum, an alloying element which im­
parts strength at high temperatures. 

482. Projectile steel 

Steel used in ptojectiles designed to penetrate armor 
is of the same general fom"lula as Class A armor bul 
v.-ith a higher carbon content. After rough forging, 
the projectiles are annealed, then rough-finished and 
again heat-treated. Decremental hardening i~ 

achieved by dipping the noses in melted lead and cool· 
ing thern with water, this process being repeated twice. 
Th• result is a very hard nose and a tough, ductible 
body; this last characteristic being necessary to keep 
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the projettik from being broken up by the viol•nt 
ttansversr stre~~ caused hy crashing through armor 
place at an angle. 

483. Armor-piercing projectiles 

This term is used to designate the projectile de­
signed to b-c used against an11or p1ate of about one­
calil>t'< thickness. It mu5t p•netratc this plate with 
its bursting-charge cavity intact so that, when deto­
nated by its delay fuze, it may produce high-velocity 
fragments within the ship. 

For <tabilization in flight, the center of gravity of 
a projectile must be just abaft the midpoint of its 
axis; but to effecl proper penetration, an armor-pi~rc­
ing projectile should have the great mass of its weight 
immediately behind its blunt nose. Figure 401 shows 
how the~c two conflicting characte.ristics a.re rec.oncikd 
by fitting a light, tapered false ogive or wind-shield 
over the hcavv front end. 

Within 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 scrvt'S several purposes: it is so shaped that 
it increases the. biting angle,' that is, the angle at which 
the projectile will penetrate instead of ricocheting; it 
<preads the shock of impact over the periphery of the 
nose inste.ad of allowing the initial contact to batter 
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FaouR& iBl.-Annor-plercing projectile. 

thr nos.: t ip ; and it prestrc.Se$ the arm<lr plate upon 
irnpnn before the cap shatton away and nllo"'~ the 
proj<-.;til• to µ<:netratc chc wcakcnod plate. 

P1ujccul"' of th~ type arc not •fficicnt against 
lightly annorrd •hip$, hecausc of the rclati,dy small 
hur..tin~ rhargc that chcy arc able t<l cam· llfocausc 
o! the delay feature incorporattd in thrir fuus, they 
have hf-•n known to pass entirely through unarrnortd 
craft "ithout bur.aing. 

484. Common projectile$ 

The i·omn1011 projectile i< for use ag~inst lightly 
annorrd ,hip<, being dr.signed in pierce plate of V.•· 
to YJ·nilibrr thickness. h re"·mbJf"~ chc annor-pic.·rc· 
ing proj<:ctil• except that it has thinnrr "'alt. and can, 
thcttfort, carry a larger bunting charge. h has, in­
stead of nn ;1rrnor-picrcing cap, a ho<>tl, whkh prm·idc, 
a n1t-.uu of .utaching the "ind"hidd "'ithout \•;eaken­
ing thr proj<'Ctile body by cutting threads. The hood, 
likt the cnp, i• soldtred and ~encd to the projectile 
nooc. S..-.; figure 4Il2. 

485. Balll$llC tests 

Tcm of both armor plate and projcctilr~ consist of 
firin11 the latter again$! the former at nicasun-d >triking 
vcln<itics and at •pe<ifted angle. of nhliquity. The 
projt-ctilr to be t"'tcd must be tried ag.1irut armor plate 
of lmC>\'t"n l't'.)t)tanu; or, if tM armor plate i~ to bt­
tcstcd, th<: chardctcrinics of the proj<'<'tilc must be 
kno"n The f>lngtralitnt tt;)t in ~ch <..u.e i$ a measure 
o( the striking velocity at which the clcmrnt being 
te:itcd will dcfrat the staodard element. In tr.sting, 
armor pl.:ut must withstand a maxirnum \doc.it); 
projrc:1iles mus1. penetrate at n minimum. vcloci1.y. 
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Frouu 482.-Common proj«c.ilc. 
C.,rtain trnns must be defined to provide a basic 

picturt or tl'St procedure: 
llallittic limit or limit vtlocity ii the •t1·iking velocity 

which will pennit the projectile to pa.,; ~ompletely 
through the plate and emerge from the back witl1 zero 
residual vtl<.>city. Ba1listic limit mcuures tht. true 
penetration re.istance of the plate. 

!ltJidual t•dociry is the velocity of the center of 
grnvit)' of the projeccile at the in.tant the projectile 
emcrgt.S complctclv from the back of the plate. 

Comp/tit flmtlrdlio,. is obtained when the projcc­
tilr pas,... through the plate and emerges l ncomplele 
pfnnration d<..cribe. any =ult l~ than complete 
pcnctrmiun. nnd partial penctrntion describes the case 
of n projtctilc that brea k$ up, nnly u po.rl of i t pa..,ing 
through thr plate. 

Thr b<tlli<tic limit of a plat.e "'"Y be dct.rmincd by 
any I of or a combination of the 3 following methods : 

The bracket mcchod consim of firing at varying 
vd<ldtics until an incompltte and a compltte penetra­
tion are ub:aintd ,_;thin the de<in.'CI small '-doci1y dif­
fcrtncc or brackcL The balli.iir limit is taken as the 
111can O( the h ... O velocities forming che brucJcet. 

The rtsidual 1·tlocity mttuurfmtnt metl1od consists 
of fi1ing one round at a velocity a little above the esti­
mattd balli<tic lim it and measuring the residual veloc­
ity, the balli.iic limit being then ((Imputed by 
rcltrencc to cstAb~shed relationships brlwccn the 
rt-.. ldua l "docit)' and the limit velocity. 

The P•ntlration method worko in tht opposite di­
rt'Crinn. A single round is fired a1 a \'tlocity bflow 
the e<tim,1ttd ballistic limit and the depth of pc:nctra­
ti<ln mt3.$tm:d, r rom which dat.t the- true ballistic 
limit is computed. 

Armor plate i> al<o subjtr.ted to ~hoclc ttsts, which 
m('\i)Ure lhc T'e$i~tance of the pl,uc to ~1att~ring or 
brooking up from the shock of projectile impact. 



Chapter 5 

ELEMENTS OF GUNS AND MOUNTS 

A. Introduction 

5A 1. Development of guns 

As the Foreword to this course: indicate~, guns have 
be·en w:r.d in , .... a rfa.rc ~horc and afloat for seve.ral 
hundred years. The Forr.word indicates> in broad 
outline, ho, ... · its cffcctivt~ncss as a ,.,·eapon has increased 
over th is period of developnient. But this dev.Jop· 
ment has not been a slow, str:ady growth. For the first 
400 years the technology of gunnery changed so li1tle 
that1 as the Foreword points OtH, one of Drakcis ml'n 
would have had to learn very iitt1e chat wa~ new to 
have served a gun at Trafalgar. Nearly all the basic 
features that have made the modern naval gun the 
effective weapon it is today have b<:en devclop<'d 
within the pa<t I :m years, and most of them began to 
become important only after the turn of the century. 

~1odern gun$ and mounts> .. vith their associated 
sighting and fire control equipment, represent a highly 
dc.,,.doped t'°hnkal level of achievement. not the Jess 
impre~ivc because mos.t of thdr fe.attJres \:·ere initiated 
from 1 to 4generations ago. Yet the guns and mounts 
aboard modern United States naval vessels, complex 
though they arc in detail, arc ba<ed on these relatively 
fow fundan1r.ntal features. Once they arc grasped~ 
the $ludent will find it eas.ier to ma~ter the d1..~tails of 
stn1cturc and functioning of any gun mount or turret 
he encounters. 

5A2. Scope of this cha pter 

This chapter is devoted principally 10 those signifi­
cant features of modern n<\val guns that have been 

tesponsiblc for Ill~king of them the cfft·.ctivc \~·t"~1.pons 
they are today. F,ach of them is discussed individually 
in somc·what sim p1ified form, with enough detail re· 
garding its application to fac.ilitatt~ the student's under. 
standing of operating principles '"'hen he encountcn 
them in actual guns and mounts aboard ship. T hese 
features include: 

1. Improved rnt•.tallurgy and barrel construction. 

2. Riilin,g. 
3. Brt'.t.d1-Joading mc~hanisms. 

.,. . PerC\JSsion and eler.tric:al firing sys tr.ms. 
5 . Recoil and countcrrcooil systt·.Jll$, 
6 . Power ram mrrs and mechanic.al ammunition 

feed. 
7. Poh·cr-drivcn ammunition hoists. 

8. Safety fe.anu·es-salvo latch, safety link, ga< 
ejection. 

9. Sighting and fire control equipm ent. 
10. Po.,.,.·er dl'ives for elevating and t raining. 

The next section of this chapter will take "P first the 
comrnon or conventional scructural features of naval 
guns ~u1d mounts) then , .. ·ill discuss individualiy the 
characteristic st l'UCtural and functional elements of 
modern naval gun mounts, as listed above. 

T he final sect ion of this chapter presc:nts: in sum­
rnary form, fundamr:nta1 defi nitions relating to guns 
and mounts. 

B. Features of Modern Naval Guns and Mounts 

581. Common structural features of naval gun 
mounts 

Figure jBl is a closeup phantom vfr,.,.· of a 5" / 54 
mount Mark 39. T hough this particular mark is not 
the commonest of 5 -inch mounts, it is a good example 
of the r.onventional type of mount th.at shov.'S the 
features with which this chapter is particularly con-
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cerned. It differs structurally from most other 5-inch 
mounts principally in having a longer han d . There 
are other differences in powc.:r driv<.'S and hoist arrange­
ments with which we arc not conr.erned at. the moment. 

Besides showing {as a phantom ) the shield which 
protects the mount, figure .1">B l shows also a number 
of the major mount f'omponcnts which are essential 
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l~tLATOR-1 
DUCT 

Fcou1u1 581 .-Enc~d 5''/54 single mount. (Phantom \'k:w.) 

to its proper functioning but are struc.turally a.r.ces­
s()ries rather th:rn b;,-lsic part~. Sw:h units pointed om 
in n!(Ure 5Bl includ~ pam of the elevation CO!ltrols 
and power drive (on the ldt side oi this mount ), th• 
poin1er-'s sight telesc.Oj.>C.'1 th~ !))Oum captain\ open 
sight (in the shield overhead), a ventilator duct ( •lso 
in th• shield). and parts of the hoists and ru,e sctkr. 
011 the other ( right) side of the mount arc the train­
er's c..onl.ro!s and po\,1er drive. 

ln figorc 5U2 thest- i.H:<:c-.~soi'y units are stripp<:d away 
to reveal \.,.+1.at might be considel'ed the uskcleton" of 
th<" gun mount. 

Serving as the mount foundation is thi'! Sl<Jnd, a steel 
1·ing bolted to the deck. The training circle is an in­
tcrn:i.1 gear in~ ide the stand. 

Supported by the stand. and capable of rotating in 
train in roller b<-arings on it. is the base ring. It may 
also be Gtllrd the detf> Jection ring or lower carriage. 
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:-.1nunted on it is d1e upper carriage, which is a pair of 
mas..<i:ive bnu.:kcts bl'aced to hold 1J1c trunnion bt<irings. 
T h" trunnion bearings are large rolltr bearing:< into 
,,·hich the gun trunnion~ fit. The trunnions arc pan 
of the slide, a rectangular \ve1dmcnt which supports 
all the devot ing parts .,r th" gun. The ho1uing slides 
in rrcoiJ in thr. ~lidc; th<: 1>arrtl fit$ inco the housing's 
forward end, and the breechbloek can slide up and 
down in a hrtechway just bd1ind the barrel. Arrows 
show tht' rnovefnent of v.·hir:h each part named ( c..xc.r.pt 
the brcechbk>ck) is capable. 

Now con;ider these parts in further detail. Figure 
5H'.1 shov•s how 1 he )owcr e:utiagc or ha.c:e ring fits into 
die stand. <tnd how lh<: mount can movr. in trnin. 
Angk hrn~ktt~ calkd he/ding-down clips bolted to the 
ba$r ring lit under ~he st•md so that the carri .. ge will 
not tip <>ff th<· siand when the gun is fired 01· when 
thr ship pitrhcs and rolls. The base ring r.a.n turn 
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BARREL 
SLIDE CYLINDER 
BREECHBLOCK 4-------.....-­
HOUSING 

TRUNNION BEARINGS 
GUN CARRIAGE 
(FIRMLY A TT ACHED TO 
BASE RING) 

BASE RING 
DEEP SECTION RI NG 

STAND--t-------..'A 
( Fl RML Y SECURED 

TO DECK) 

•·1ot.1Rr.. 5 Il2. Main :l.SSl'llll>lics of :l )·inch mount. ( Ex-pJockd vi~w.) 
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F1Gck.: 5B3.-l>etails of the s1and L"ld carria_1rc. A. RoUer 
bearinftl, · 

on the stand in two large·diamc.ter roller bcnrings. 
One. ta ke$ up vertical thrust; the other, horizontal. 
The funr 1 ion of the training cirde is ilJustr:tled in 
fig\lrc 5D3; a pinion in tht CMriage rngagc• th< in­
ternal gear of thr training dr<"lt: t0 train the moum. 

The carriage asS<'mhly is generally considered as two 
pieces.--the lower carriage (base ring) and uppr.r car­
riag~-thouJ~·h on 20-mm mounts the dist inction is 
unimportant. Figure 5B4 highlights thc'Se rlm1ents. 
T he b<lSe ring supports tht upper carriage, and the 
1>latform or working surfacr.; the shield (in endosccl 
n1ounts) i' secured to it. It also supports the mount 
power drivts and other cumponents. In mounts 
equipped with hoists, thr. hoi<ts arc suspe11dcd from 
the base ring and train \•.:ith thr. mount. 'J'hf' upp-1.~r 
ratr iagc, whirh in 5 .. in(';h mounts may he C;.'\Ucd tht: 
carriape cheeks and in turrets i$ called the dtd; Jug, 
is prindp•lly the support for the trunnion b.-aring-s 
(figure 5114). T he trunnion bearings and trunnions, 
in addition to se.tving as a support which 1~nnits the 
elevating parts to move in elevation, a lso provide.~ a 
(';onnccti<.m point for a ir lines {for gas ejection) and 
mcC'han kal linkages (for nu~chanical firing linkages 
and for tran~mission of f"ltvation movement to fiting 
stop mcd1ani5inl:S). 

The lnmnions are a part of ~he slide (fig. 5B5), 
"vhich is r(")nvemionally a rct.tangulat sted wcldrnr.nt. 
\•.:hich hou!>C$ (")!' supports all the parts of the gun and 
mount that move in elev;."\tion. In modern Jn()Unt.S c.k· 
signed to engage either air or surf are targets the limit< 
of elevation mow•ment are fr(")Ol minus 10 to 15 ck-grttS. 
(that is, with gun harrel depressed 10 to 1:1 <kgrtes 
he low the horizontal) to about plus 85 degree• ( tha< 
is, with th~ gun barn..·) within 5 dcgf'(';cs of pointing 
straight u1>, :tt right an,~ks to the deck). il<(au~c of 
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f1ca:it1. 583 - B. Training C'ir<'le and holding-down dips. 

Ftot:R~ 5BS.-C. Prindple. of trainin,_i; gear. 

th<.: Hmications impostd by turret strurturP., t>:levat-ing 
me<"hnnism~ and ammunition foed <:q'-1iprncnt, turre t 
g\anS of older design art not capable of thesf' extremes 
of tlt,·ation. 

Ficrure 5R5 l'Qints up Lhe ;lidP- and the ckmcnt< of 
ekvating gear. The i>li<lc contain~ tht Mnmunition 
foe<i nl(·d1anism (or the po\ver tamrncr where ammu· 
nition ferd is perforrncd manually wi th med1an.ic.:al 
as.'-.hll.uicc), the- recoil hrake, th!! Co\lntcrrc<·oil rnrcha­
nism, the de\·ating arc~ anct thr gun housing. The 
futtttion of the ele,a1ing arc in pos.itioning the slide in 
d("\'a1ion is ~hown in figuN" 5R5. The ;trc is a gt>::\r 
sector scC'ured to th t· :,li<l1:. It cngagrs a pinion in the 
(';;trrit1gc. The pi11i()n ma)' be driven manuaHy or by 
an e:!Pvntion powt'r driv<'. 
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The recoiling parts ( that is, tho;e that move to the 
rear when the gun is fired ) of a ccmv~ntional naval 
gun arc either attached to or are housed in the f(tm 
housing ( abo called the IYrtuh housing) . The hous· 
ing and related parts arc highlighted in figure 5B6. 
(Some turret guru and 20-mm guru differ considerably 
from this type of conventional de.ign, and this dcscrip· 
tion is not int~nded to apply to them.) S•cured to the 
forward end of the housing is the gun barrel itself. 
The commonest method of attaching gtrn to housing 
is by use of n ba)·on~Jt joint or interrupted-screw joint, 
with a key to lock the barrel against pos>ible rotation. 
The housing can move parallel to the gun ho1~ axis in 
ways in the slide. l t is normally fon:cd to its forward. 
most position {called battery position ) by a countcr­
recoil mcx.hanism ( not illustrated in fig. [>B6), which 
may be tither a powerful coil spring or a pneumatic 

device. When the gun fires, tho reaction of the barrel 
forces the housing aft; this movement is oppo«d by the 
countcrrc<:oil mechanism and by a hydraulic recoil 
brake ( also not illustratci! in fig. :>86.) Tht counter­
<ttoil and =oil mechanisms will be d.,...,.ibcd and il­
lu.<tratcd in a later article of this chapter. 

Figurt 5R6 also indicates the location and some fea. 
tures of the br«'<h mechanism. The type u <Cd in most 
guns of conv(·ntional design; inrJuding the 5-inch.> and 
illustrattd here, is called the vertical .<lidi>1g·wedge 
<ype. Further detail< of its c.onstruction and function­
ing pri nciples app<:ar later in this ohaptrr. 

582. Gun barrel construction 

Superficially, the mock.rn gun barrel resembles very 
closely iL< ance<tO< of several hundn:d )T•,.. ago. The 
old and the new both are thick-"alled metal tubes. 

ft<;1:u: 5R.S.- Th.e 11tde :\ ).bir: fe::.rnrts. B Pnm.:iple of d~vatin.g mcc.haniwn 
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FteUA.I ~86.-Tht ho~. A H°""" barr,.1 wt·u?"Cs 
to housing. 

ftr.t1•• ~86.-8. Recoil tnO\-'C:JK'ftl 

The prn~llcnt charge and prnj~tilt occupy rhe 
bM'•Ch end whtn the gun a loaded, and thr projectile, 
v.·hen firtd, issues from the muzzle tnd. 

Rut wi1h 1hi> 1he re.,.mblancc end< F igure :.Bi 
shows in cnm «'rtion the old look ;1nd 1hr n•w in gun 
barrel prnfilt.i. The difference in <h~JX' is very sig­
nifi<"ant. Th~ figur~ also points out thr mnin ft'atures 
or lhc cont•mpor.uy gun bam:l. U-t 11> now consider 
these more cl""'ly. 

I. At the bra.-ch tnd is a plu~ or brttchblock which 
ran be oprnNI for !o>ding the gun. Bn:cchblod,, take 
various forms; the illustration .sho\\'S ,u 'tc"·rd from 
above) tht g<:ncral <tructure a."°"iatcd "ith 1hc slid­
ing-wedge typ• m<·d in 5-inch mounh. Bretchhlocks 
will be discu«rd in lunher delail lattr. Early guns, 
~xcept for a few r.ustom-made suu1.ll-ttrm4I weapons, 
were almost invari\tbly r'r)uzz.lc Joader.q; br<:cc:h loa<krs 
were ra1ilics. Hence the silhouette rf"prc~cndng the 
old gun <how• no brtcch plug. 
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f 10\JJ1.t ~B6.--C. L1>1,:.11ion of breecJ1 plu1e. 

Fttmat. )86.-D. Brl"tthblock riling lO doK'd pcni1ion. 

F:eta& )86.-F.. Rretthblock droppins to open poMdon.. 
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2. Just forward of th• breech plug i.• an cnlorged 
chamber to rontoin the propelling charge. 

3. The bor• iJ rifltd-a <et of >piral groo"c' twists 
th< projectile •~ it moves toward the mualc, «> that 
it i> >pinning .vhon it lr:ives the g\m. Old g\lns a' 
a rul• were mioothborn. In ncw•r 1nx-s <>f larger 
!:\Ins. the ri8inir "cut in a fir.tr -.. tubular in'4:n that 
can ~ repl•ccd "hen "om. rii;. 5Bi •ho"~ th< 
riflinit cut into the linrr of an 8-inch tu m:t gun of re· 
unt design. Th• liner rrfercncr m<Arks arc used fo1 
ali!;Oing the liner in the gun tube.) In other lt""'· thc 
riOinii grOQ\.~ :trc cut into the bartcl. 

4. As rompe1rcd with oarly gun'- the bam:I ,, .• 11, 
arc much thinner in modern gun>, and the ~'I"'' is 
mucl1 Ir$$ cx•iigcratcd. As "ill be cxpfaincd, im· 
proved proprll;mo nnd improved ~tech hav• 1ogctho1 
hrQught about thh silhouette. 

C:O.rur.on ext<in:i.l feature. arc pnimt:d °"' m 6gu1T 
5B7 :\hny gun.s h3\·e • btil at the wunl•. where 
th<· mrtal ;, made thicl.tr to di~our.ige 311)' tendencl 
to split. :\f~t moMrn weapon.s latk a bell, nr in.stead 
have lugs, ,;hich ore u1jlizcd when th• lilll:r · r.tt :\o. 3 
3bove) is rcpla<td. (The lugs >erve to aitlhor the 
tool u<ed for p11llint( the lin•rout.) 

The thinnest p.>n of the barrel, jwt aft of the bdl. 
is the neck. Thrn com..-11he taptring ch'"'• (ol!o,,e<f 
by 1he slide C)'lindtr, which mov« in a bearing in tht 
<lidc during rtroil. The after pRn of the barrtl is 
secured to tht gun howint(. In thr convtntional 5. 
inclt gun, tht brttchblock slide. up and d.,.._ n in a 
KfOO\ cd rcctanl{Ular breech way in the hou•ing. 

>low con!idcr wh:u iJ bct\•ttn tht exterior and tht 
interior $urfac ... of the band - the steel i1sdf Look­
ing at the pr<>fil" of guns old and new (fig. 587), ii'> 
¢vidr.nt that ahht>u$h both taper (rorn a widr breech 
rnd to a n;_\ttowtr murtlc, the 13J.X.'r is much more 
dra.•tic in th• older "tapon. Supcr6tiaUy, thi• differ­
en(c in silhoutuc ma)f \CC:m a $lflall maucrt but it is 
actUAlly v•ry imp<>rtant I l indicates the revolution· 
ary dt\.~lopmtnu in propellants and in m<'tallurgy that 
di!Tc.-rrntiatc thr new from the old. 

CoMider what happen• when the propell•nt in ,; 
gun i< ignited i\J it burru, it tunu to hot ita< under 
terrific pressurc- up lO 60,000 p..; in small guns, up 
to 4-0,000 psi in larg.r guns. As tht projcctilr mov ... 
along the bore t<>ward the muzzle, the gas prc11Sure goes 
down. It follow•, then, that the rh:unber w;\ll should 
be thr thickNt Jl>n of the gun b:art•I, with th• taper 
from breech to m11ttl• rcffccting th• d~rc•sing gas 
prmure behind the projcctilr. 

However, when black powd•r wu the Jl~l!ant. 
th< thambrr had to withstand tht initial shock of th1> 
proprllant'. exceedingly rapid burning rai.. Thu•, 
btforc the projtctilc was well along the bore, the pro· 
pelling charge had alrcadr d•v•lopcd k• m.;.ximum 
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pres.urc a. a >Udd•n >hoclc, and the ga. prcuure was 
falling rapid ly. The ln~ch had to be c·•pedally heavy 
to "ith•t•nd th• shock, but the tube wa.s shon because 
che g.u prt<•ure frll so rapidly. In modem gun• using 
pyro or tripl•·b:uc propcll.1n1s, the rna.~imum giu pra­
<urc iJ dh·cloped lar motto >ntoothl~, and de.Ii- Im 
mdd<:nh This i< rclkcted lO a great t'tmt in the siJ. 
houtttc of th• rnod•m b;trtel. 

Thr thinntr barrel w>.11> of mod•m guns are cvi­
denc<- ne>t onl\' of more elt..-tivc propellants but also 
of impron•d rnctallurg)' of <he ~rtel S.forc the 
'80's of the la<t century, the sureot wa)' to make the 
ba1 rel of ~ gun withstand more prcuurr was to malce 
it thirk.r. But there ''ere limilS to thi< method 
Then it was di>eo,ered that by f>rtJtrtuin!(, it \VOS 

possihlc.• to mnkc u gun h;-.1rrd more re~i.st ttnt to joternal 
pressurr The tarliC3t mtthod of applyinit tha prin­
c:;>le ""' <o IK•t <:ttl rini:-•haped juk•u. or AoopJ, 
to hi1th tcmper2turcs, thtn >lip th•m O\"<:T th• gun tube 
and all<>w them to cool As the h0t>ps cooled, they 
contr>.ttcd, until at the end of the procc~• they were 
<quening th• ~n tube in,id~ "ith a pre..urc of th-Ou· 
sands t>f pound> per <qunrc inrh. Cuns so conJtruetcd 
arc kne>wn as built-up guns, and ore •till made in 
size~ over 8-inch 

About thr time of WMld War I, the samt principle 
was applied te> 111onoblotk ( onc-pitre) gun< in the 
radial-txf1ansion or autofretta~r pror•IS. In this 
p:oc..,<, a >inir!e ~eel gun tube wh0$t bore i• <light!)' 
smaller th•n the ralibcr desired is filled "ith hydraulic 
Ruid. The prr>Sure is then built up enough to en. 
large the bore permanent!)' about 6 percent. When 
the prcssurt i> rclea~. th• outer la>"'" of the tube 
tend to return nearly tO their original dimtnsions, 
while thr inner layers, whirh have been comidcrably 
cnlargr<l, t•nd to maintain their increMCd diameter. 
The rc<uh is that the inner la)er> o( metal .ire SC\~rdy 
comprt>scd hv the contracting force of the outer layers, 
ju>1 '" if a h0t>p or jaekot had be<-n shrunk on. In 
o:her word' the rube is "self-hooped." 

The big ad,antag .. of th..- radial-cxpan<ion mon<>­
bloc gun over thr built-up type arc •implicity of manu­
facture and ro111paratively low co>t dnd "tight. S.­
COU'4: or the difficuhy of \\Orkin'{ on the >ingle hu~ 
forging> r"'Juircd for gunJ 01•er 8-inch, though, larger 
weapon; arc Mill built-up. Or the two metht>d.< <>f 
prestre«ing ma)' ht combintd. 

583. ~iAlng 

A• th• Foreword to this course explain<. eMly gum 
"''""' capahle of hurling a proj«tilc to a rt<pertable 
rang<, all thing< con>idntd. La~ cannon could 
heav<' an iron or <ionc ball at a u1rget a rouplc of 
miles away, and altually overshoot. But their lire was 
so inarruratc that a gun capable of an extreme rangr 
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P1ouiu1 587.-1'he gun hMrd , A. Old nnd new g\1n ba:rd pro fitei. B. Main par o ~f the barrel. C. M unl'I" tnd of 8-inc:h 
tUrYH gun, showing the rifiing and the lintr. 
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of about 2,000 yard< was considtred reasonably rercain 
to hit iu L>rget only at point-blank range-in this case, 
up to 80 or l 00 yards. 

Thtre were several reasons for this poor showing. 
o~ was that, other things bting equal, a light pro­
jectile will trav•I a lesser distance, and h• more 
affected bv '"'·ind i\nd air rt.sistanc<\ than a more 
massiv~ 01;e. Since these old smoothborc cannon 
could fire only round shot (and the maximum volume 
of a 'phere is rigidly determined by its r .. dius), it was 
difficult to make the projectile rufficiently massive. 
An t longatcd proj•ctile could, of ooursc, be mad• more 
muMive hy rnaking it longer. Rut unless it can be 
made to spin amund its long ~txis, an elonga.ttd pro­
jc'<'lil• has, as romc ballisticians put it, the ballistin of 
a brick, and its night path or trajectory is murh mon: 
erratir than th•<t of a sphcrir.AI one. Hence. berausr 
a smoothbore cannon cannot make its projectile spin, 
round $hot \Ven: the only a1ternative. 

There ""'ere other n:as.ons, too, for the inac<·uracy 
of •arly gunnery. One standard method for loading 
the da~ical type of seagoing muzzle-loading 1mooth­
hore 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-wrnpped "cartridge" was 
u"'d), and thr n to ram down the bore the round shot 
wrapped in a fabri<" "patch." Since close c-ltaranc.cs 
would have m•de loading impos<ible, the shot wa. a 
fairly loose fit. (Sec figure 5BS.) When the gun was 
fired (by lighting o fT a priming mixture whith fi lled a 
"tourh hole" leading into the blind breech end of the 
bore) , the patch was supposed to .cal the powder ga<es 
J>.hind the IOOS<'-fitting ball proje('tile. But much of 
the ga< would blow hy one side or the other. The 
result wa. tha1 a lot of the gas p~ssure wns wa.ied 
because it didn't strv~ w propd the ball~ and as the 
hall left the muale it was not likely to be trav•ling 
along the bore a.~is. Hence the ball was slow (300 
fps was a lik•ly speed, a. compared with 2,700 fps in 
conve:ntional modf"rn nav;.d medium-caliber guns ) , 
and its trajectory predictable only in the most general 
fa.•hion . 

Rifling th• oldtime m=Je-loading cannon "as im· 

F.nu•'I'. 583.-CrOA section of u:ly nan.I gun (mdtd and 
primed }. 

practicable becausr of the difficulty of ramming close­
fitting ilmmunition do'"'n the length of the bore. Such 
ramming wa.< possible only in small arms (which is 
why riAcd shoulder weapons wnt u<rd by infantry as 
far back as the American RO\·olution) , but nnt in 
cannon . 

Figure :-.B9 illu<lr>te< how these problems "re solved 
in ruodr:rn conventional naval guru:;. First or all, the 
pr<>j•rtile is elongat('(I, with an ogival forward rod. 
Brcerh-!oad;ng prrmit< an rnlargtd chamber which 
rontains more propellant of a •lower burning and lei.s 
crratir typ< than black powdtr. The proje!'tilr ha< a 
copper or alloy rotating band. T he charnber is con· 
nutrd to the b<)lc proper by a •hort tapering {urci11g 
<Ont \\'hen thr projectile i> rammed into the gun, 
tht rotating band fordbly engagr< thr forcing cone. 

And the gun bore itself is different. It isn't <mooth. 
It i< groovrd or rifled, and the grooving is helical or 
s/iiral. (Fig. 5B9). T he rifling begins al the forcing 
<.:onr and c:onLinuts to tbc muzzle. In al) naval g\lnS 
and small arcns cxcrpt the .45 c<aliber pistol. the rifling 
hac: a rie,ht-hand twis.t. The l\vic:.r may be uniform 
( g<:n<·raliy around I in 15 or 20 t imes the bore diam­
etrr). 01· iricrea.sin£! (a~:; in the: 4()-mm gvn) so that the 
tv,:ist becomes sharper as it near~ the rm12zJe. 
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The number, dtpth, and width of grooves varit"S in 
different dc:.igns. Small am>< have relatively few 
gro<wP<, and c.annon ( fig. 51!9) hav• a large number. 
G1vovc width may drcrease toward the muzzle" The 
bort diameter or caliber of a rillfd gun is rncasur<:d 
from the top of one land ( the high surfa<.,, bt1ween 
grM• '5) to that on the oppo<ite side of the hore. 
Siner the rotating band for tht projectile is slightly 
larger than the nominal gun bore diamete.r, the rifling 
C'Ut~ in to or engrautJ the softer m<:tal of the mtating 
b"nd when thr projectile is rammed, as can b<· seen 
in figure 5B9. When the gun is fin...!, the projtctile 
spins at an inrtta>mg rate as thr propellent gas forces 
it toward the muzzle. (Wi1h right-hand twi.i in the 
rifl ing, lhe direction of ~pin is dockwi.se a5 viewe.d 
from the breorh.) Moreover, ber.am• of the dose fit 
be"•rrn the rotating band and the rifling it tngages, 
the gas is rfftetively sc:ak-d bthind the projectile. 
(This explains why rifling is made with groovt< that 
narrow \O\•;ar<l the muzzle.; the grooves <:ontinue to 
cngra ve wide.r and wider notc:hts in lhe rotating band, 
ensuring a tight ftt as the proj~"<tile approar hcs the 
muzzle.) Figutt 589 shows how a projectil• might 
look as it leaves the muzzle, spinning rapidly and with 
rotating band deeply engraved. 

584. Breech mechanisms 

A prc,·ious artkle ha.< already noted that rifling was 
•pplied to small arms quite a long time ago. (Rifled 
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F1Guu. 5139.- B. Riffed bore (viewed hr:ui·on). 

small arms were u$C::d in the Amtrican R~volution, and 
cnnbltd i\rncriun sharpshooters to >land at a distance 
and pirk off the rtdroat-, whose smoothbore mu<kets 
Vt.'Crc no ma t.ch for the American riAC'S tither in rang~ 
or accuracy.) llut it ('ould not be applied in a prac· 
tkal \•.:ay t.o ~fftillrry, eilhc:r seagoing or ashore. Ram­
miug largr.-r~libcr amn'lunition from th<- muzzle wn~ 
exassivdy di fficult if the projectiles fitted the rifled 
bore dosely. and tht rilling was u<elcs. if they didn't 

The key to making efkcth·e and practiral rHI.-(! 
cannon lay in the development of effrrti'e and pra<­
ciral rncchani~ms t<.> p<:rmit loading frol'n the breech 
<rid of the gun rather Lhan the mu~'I¢. 

\Vith but one C:<<:cption ( "··hich is di~cus->c<l in vol­
ume 3 of this seric> of textbooks). all na\'al guns in 
present use in cali~rs 40-mm and larger u.v 1 of 2 
general types of bl'<'~ch mechani•m. One, whirh i; 
used jn bag guns only, is ~he Welin itttnrr,iJ:ed·screu: 
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.Ftovfut ~B9.-D. ProjN:tilc spin during fiighc. 

type. The other, used in 40-mm, 3-ineh, 5-inrh, and 
6.in<'h guns, and in 8·inch turrf"t guns for case ammu­
nition. is tht vtrtical sliding·wttlge ty[M"- Consider the 
intt rrupted-srrrw type fir>t. 

/ 1Hc11 upt1d·s,rew breech mtchani.Jm. Thi; sc:~t.,. 

is a widely u11ed device for scC'uring wmething again$t 
a heavy thrust. Figure SB lO shows how a continuous 
<<r<w dosurc might be u.-d to 1<:al the breech end of 
a metal tube to make a gun of it. Such a bre<.'Ch 
dosure or plug would of course require un.sc.rc=wiog to 
open the brt-crh afler firing. The mass of surh a 
device, de,igned to with5tand th~ '1-0,000 psi gas prr.>­
surc dcvdop<'d in a typical Jargc·<'alibcr r:annon, would 
inevitably Ix: considerable. (The breech plug of a 16-
inch na,al gun, for exampk, weighs about 1,400 
pounds.) Turning such a screw through .sevend tt'\'0-

lutions would not be easy. 
Application of the principle of the interrupted srrrw 



F'1cvR8 ~810.-Principl~ of tht i.nttrrup1td·tcrew brucb~ 
l.DC'Chani,m. A. Continuously thrf':.ad('d brtt<h plug. 

B 

tHREAOS 
REMOVED 

INSERtED CD ENGAGED 0 
figwc 5B IO.-R. Inttn'uptcd-sc:rcw bolt a o•l nut. 

reduces the number of turns rcquirrd Lt'> a fract ion of 
a revnlution. If half the. threalkd area i;; re-mov~d 
from " bole ( l'f'pre<enting the bN"e<h plug) and the 
nut ( representing the breech or scrta· box), then it L< 
poosiblr to in~rt the bolt (I and 2 in fil(Urt 5810) and 
engal!" th• two by turning the bolt 90° ('.I in figure 
5810). 

Thr di<adv:mtage of this straightfon•ard applica­
tion of the il'ntrruptcd·s.c:.rcw principle is that half lhe 
threadl."d an.·a must he removed, and this n:duC'es thr. 
"holding power" by reducing the am<>unt of thread 
are:. that ran 11<' engaged. This disadvantage i< partly 
obviated by th• W tlin stepf>ed-tl1t•od bn:ech mahan. 
ism. In this arrangement, both plug and breet·h have 
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Fm u•-. ~B IO.-C. S<'-ppcd·thread plug (W<lin type). 

sups. The steps are arranged in groups, "ith each 
group oflour ascending (or de.scending) steps occupy­
ing one 90° ..-ctor. On the plug (figur<' 5RJO), the 
lowe>t >tcp of earh group is blank, and th• nthers are 
threaded. On the breech «:'rew box the highest <tep 
in carh gr<>up is blank, and the oth•r< th readed. 

Figure· 'ill I I <hows how au obsolete 14-inch breech 
m~chaoism funct ion!i in d osing. The principle is the 
same on pr~stnt-day 8-inch and 16-inch bag guns 
now in the Fleet, bul in those ~hips the plug !Wings in 
a vortical arc (as in figure 5812) rather than a hori­
zontal on~. ~otc that there are t'"o di~tinC'l motions 
ol the plug in opening and d<>0ing-a trarulating 
DlO\~mtnt in which the plug swin~ on a mas.;;i\•e car· 
rin hinged to the- sidt- of the hn.--cc-h, and a rotati-n.2 
motion in which the plug SCT'C'\,·s inco the $Cf("\\' box. 
Both of tht<e may occur together in thr finol stages of 
do<ing or the beginning o l opening. 

I'\O\\' fo llow the brecch-dn~ing action as illustrated 
in fi~rc 5llll: 

1. From its open position, tht· plug swings around 
tov,:ard tht ~('rev.• box. As the pJug n\(')Vt~ in: each 
high threaded step of the plug fi15 into a lnw blank 
s!Pp of tho sn1:w box (6g. 5811). The high 
threadtd <ttp< on the screw box fit intn th<- low blank 
>C<"loo of th• plug. The other thttMlcd steps also 
dear rarh otht:r in this position. 

2. Whrn the plug is well into the screw box, but has 
nm >'("l br:gun to rotate, a cam roller nn lhl~ plug t·.on­
tacts a cam:' ny in the sCrt\•l hox. ( Figur~ .'ill I I shoV\1~ 
how the plug must rnt,11• to engage the screw box.) 

3. Ouring the lase part of it~ tranc.l:iti()n into the 
sere\ ... bnx, tht plug's cau1 roUcr cngagt.-s thf" camway 



Chapter 5-ELEMENTS OF GUNS AND MOUNTS 

B 
A 

c D 
Fit:tHtB 5B1 t .- lnterrupt('d·st.N""' bret"c:h mf'ehanism. Su-ps in d osing. 

and che plug turns so that the mating threads on box 
and plug •rig-•ge. Figure 581 ! show$ the breech 
dosed, locked, nnd ready for firing. 

Notice the two great advantages of thr Welin·typc 
sere"' box and plug: 

I. Ahout 7;, perct·nt of the engaging surfaces of 
plug nnd screw box are threaded. 

2. The plug require• only ab()ut 27.5 degrees of ro· 
tation for full engagement and locking. 

Compaoc tht<e charartedstie< with the original bolt 
and uut, and you can sec the i.mprov<:mcnt. 

\Vtlin-tyJ>f' breech uu."Chanisrns may hav<" 3, 4~ or 
even !'°> S(Cps, r.ountin~ 1hc blm'\k sectors. In mo~t 

modem im;tallatiom:, the ph1g .-;wings vertically up into 
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the screw box (fig. !'1B12) rath~r than horizont.ally as 
in the 14-inch hn>«:h pictu.-d in figure 5811. 

Became of the large size of 1he guns on which they 
are gem:rnlly found, interrupted.screw plugs are too 
hcavv for unassi.i~d operation bv hand. (As noted 
abov~~. on:\ 16-inc.:h go.n the plug' may weigh as rnuth 
as 1,400 pounds. ) Interrupted-screw mechanisms 
fM these large gum are lhen:fore generally fitted with 
air- or sp1 ing•p<)\,·tred dcvirts to aid the glln crew in 
<>perating theJ11. These dwicc• will be discussed 
funhe-r in chapter 7 on turrrlS. 

The di«:<mion of •he intcrn1p•e<l·s<:r<:w type b~-ed1 
m.;chan.ism i;o far ha~ concentrated on the priodples 
of operation of the engaging part>-the plug and 
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P1cvan 5Bt2.- Interrupte-d-screw typ<' btet;Ch med'o~ni~m 
( 16 .. i.uch) now u5ied in the f !l!C"t. 

screw box. There rt":mains one other imporLant func­
tion for thfa type of breech mechanism to perform. 
Brsid~.i withstanding the brute th1·ust t•f the high­
pn•s•ure propellent ga< in the chamber during firing, it 
must alro pre1.·enl ltakage of thC" burning, toxk gas 
into 1ht: tum:t <.>r mount. Tt dot'"'S du~ hy me-ans or ~n 
obturafor or seaJjng dc\.icc- the DeBrmge ga.s.ehrck 
S)'JfOtn. 

The DeDange gas-check <)'$tem is used in all Unitod 
Statts Navy bag guns. Its main parts arc the mu1/z . 
room, f!.4$ check pad, split rings, and g4S check stat. 
Figure 5Bl:~ shows a typical gaHhecl< ass<:mbly. 

The higg<st t-ompo1i.nt is the mushroom. ( ln a 
16-iuch gun it weighs 220 pouncb.) It consists or a 
b rgt flat steel head at the forward face of the plug, 
with a long steel stem e<ttn<ling through a bole in the 
plug and protruding from its rear face. Through the 
center of the <tent and hrad pa.sos a hole called th• 

primer :u:ni. The primer fits in a prime.r charnbcr 
in the a!tn ~nd of the mushroom stem. (The primer 
,·ent docs for the modern bag gun what the touch hole 
did for its ancimt counterpart.} 

lletwr'1\ the mushronm head and the forward face 
of the breech plug, and bearing against a smooth sec· 
tion of the breech chamber called the gar.check stat, 
is the r;a•-check pad. Thi.• is a thick flat resilient 
doughnut-shaped disc of plastic, whos<: oute.r and inner 
edges are protectc·d from wear by steel <plit rings. 
T ht· system \\'{)l'k$ tfU$ way: 

1. When the gun is loaded and the breech plug ;. 
dosed, the ignition charge in tbe powder bag (not 
shown in figure SB 13) is right up against the mwh­
room head. (The ignition charge is composed of 
black powder. When the ignition charge explodes, it 
" 'S ofT the smokcle•I powder which comprises the bulk 
of the propelling charge.) 
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2. The primer is in the primer chamb<cr. When 
the gun is fired, the primer goc; off, sending a hot 
flarnC do\vn the vt·nt in che mushroom stem. That 
ignit~S the black powder ignition charg<,, which in 
turn s•ts ofT the smokcle« powder. 

fiGUR6 ~lH3.-DeBanet ga.s·ched: .s)"•tcm. A. £xplod<"d 
, icw. B. (.,'ross '"ctjon, s.howing opt.rations. 
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3. A< lht powd.r bunu. the "panding gas<'> puib 
hMd ag>in•t all •id<"> o( the brttth ch:>.mhtr. the 
proJtciik, and 1hc mushm<>m bead. The onl~ thh:g 
tbot r:in ) idd is tht projcc tile, "h:Ch bcgir.• to u:O\·• up 
the '!Un bn~. 

Mcantimt the prt<mre xoc. higher a::d higher up 
to 40,CX>O pii unlit thr projectile is ~u}!,,, unCer '"'a .. ·. 
when tht pn.-.surt iapeo <>ff 

4. A< the prc.,urt incn:.1sn. it shoH·s tht mu>hroom 
htad hard h~ck 'l!!•in<t the gas-rhtek pad. The pad 
cxp:rnds ag:sin~t the ga.5-rhKk scat, effectkc!y 1e:i1ing 
the breteh .1gain•i the t'Scap<' o! gas. And no1c this 
ftaturc o( tht de,itc the greater th~ gas prernirt, the 
harder 1hc mu•hroom compresse1 the pad again<! the 
ga..cheek scat. 

V trlital ~lidlng-:1.·td~' buech 11u<iu.m11m. The in­
rerruptcd·screw 1ype of hrf'«h mcchani>m ha< it< ad· 
vant.tgf"S. Sinct it hiAS its own obturacor mecha."!.ism, 
it can ust propdlini: charges in •ilk bat:t ,,hich are 
consumed in firing, and once the bore is clearrd o( 
ttsidual gaits and bunting fragments. tht ntxt round 
can be loadtd "ithout rtquiring exlraction •nd dis­
pcxal O( I.he u<td Containtr for the fired proptlling 
charge. It can"'"' be used (though the t:. S :"a'" 
has no gun< of thu t)-pt in active sen:ice at the pre;em 
timr) to fire ras~ ammunition. 

But this kind o( bte«h mechanism al.o has dis­
advantagr" 0111> i• really to be nsrribcd particularly 
to tht nature nf thr ammunition it<elf. Bccau•r o( 
lhe lire ha1ard, a crt." man mu<t inspect the chainbtr 
after each round fired to ensure that it i< <afe to load 
th• next round. This •IOM the rate of firing. )(or• 
important, thi~ kind of brttth mcc:hani~m is complt.·x 
in operation. Coupled with the numb.-r of scp>rltt 
ammunition det .. ils thal rnu.i bt handled ptr r<>'Jnc! 
( touling up to 6-primrr, projectile, and 6 powder 
baf(S). thit type of bo:.'Ch mechanism i> no: ca\\ to 
adapt to aulomatit or ~-mi3utcmatic. o~ration 

for this r~a!On, icun< 40·mm and up, of late dr<i~n•, 
usc a br.<:<:h mtehani!m that "·orks on a rompktel,· 
dirtcrent prineiplt-thc Jlrdcr:g-a:edge breech rncch­
nnion, Thi, uses a ,Jiding rlemc:nt to hlock off tht: 
brctth opening. rhe >lidin~ hr<'<"<Ohbloek may mcwc 
either hori:wntnlly c>r vtl'lically. 

Fil(\lrt SBI~ <how• in •irnplifl<d form th~ clement< 
of a vonir>l >lidin.~·wc-dgt br<'<-'Ch rne<h3nism u it 
!()Ok< from th• >i<lr. "ith the brecchblock o r plug in 
it> lo"tml optn , l""ition 1"ht- dooml <>utlinc rrp­
rt~nb tht lm:cchhlU<k in its raL~ 'dosed! po,ition. 
~ottcc th3t the ~rnon.-s in , .. hich the ptu~ can s!idl'" 
up ~nd de>\\ n ._re nnt cuuly vertic3l: u~~·'re .. 1.:-:tcC 
•lightl~ Corw>rd. It i< ck•r that in its ope" po<'.tio" 
tht plu: i< r1C>tictahh aft <>I its cio<f.d po1ition. Or in 
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Frouac 5811.-SJidiJ'S·wedgl"' bretch m<-chnnis.111. A. 
8rttcbblock mo'·cmcnL .8 S<alin~ by t-xpan.,ioo. 

other ''ord,, :n rising to the •l""'<l J>O$ition, thebrcech­
bloek rOO\'Cl; fo"'"'d a.< "ell as up"ard. 
Th~ effect of the brecchbloek's for--ard movtm<'nt 

b it cloc~, :S to '~edge the cartrid~c c1<t- into th,. gun 
•hamb<:r I htocc the name •liding.,1.·tder br«"<"h 
mtchani>m) . 

1'h• m,·:hod of obturation u>Cd in thi> hpe of brttch 
mtchani"n depend, on the rartridg<" •a.e for •.:aling 
cfftet. Thtrt is no ""'liug device incorporllltd into 
the br'<'<h mtehani,m. Figure 5B14 $110\-. what h.1p· 
p<:ns '' he1t the gun fires. A> the propelling rhnrgc 
hurn•. the hot po"der g=• t•1>and oi:ain•t lhc •idr< 
o! the cartridge. whirh in tum exp:md ag~inH the 
>mooth walls of 1hc chambtr and a.:cainst 1hr brtr.-h· 
hloc;k Sirxc the rartridge ra;c ti~htl• ~Is off tht 
tn!lrc lcn~h of the chamber. thr g;c><.'S con "'°~Ile: only 
fof"ard. dri"n~ :hr projretilt Kone can ~><ape; 
thro1.,h the hrtteb lnis a sealmi: b- <KP4ttl!On, 

But. after th• gun fires. the chamhtr is not drar, 
n,< unridic case i' not d•<i~ to di<a~u with 
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the burning propelling chargt, and it mun he l'f'ffiOvcd 
from the chamher before a ne>• round can be loaded. 

Thtreforc all guns with ;liding-wedge br~"("chblO<"k< 
have one or a pair of extractors as part of the brccth 
mechanism. In 40-mm, 3-inrh, and 5-inch guns the 
cxtraccor' rtrc mechanica lly operated by brccchblock 
movement. Figure j BI5 ~how~ bCVcral d ews to dari(y 
their functioning. 

Whtn the brcechblock is down (open) the extrac­
tors arc pull!'d back. In tht<e guns the extractor> per­
form the dual function of locling the brcerhhlock 
do"n and extracting the ca;c. As a fresh round of 
amn-nmition i~ tanuncd into che chamber, th~ rirn of 
the cartridge case engage• the extractors, and pu ll• 
them forward. T his unlork$ the brcr.chblock, which 
is chtn forced upward by a spring mechanism. The 
round i< chamlx-rcd, the brc<:chblock moves upward. 
and the extractor tips move forward in a roordinatc:<l 
group of movement.<. When the breecltblock is full} 
closed, it has forced the round fully into the chamber, 

and th• rxtractor tips ha,·e reattd in rcce= in the 
housing. I fil:(Urt 5B6 shows those rccc...,.). 

Aftt'r the ~n fire<, the breechbloclt is opened by 
ramming actit.Hl. (The details of 1his ar.tjon vaf)' in 
different gun d~1>i,gns, and will be described in subs.e­
<p1ent d iapter•.) As the blo<k drops, the extractors 
retract. Th•~ haul the fi red cartridge <.a<e out of the 
chamber and catapult it to the rear into the slide. At 
:he Pxtrtme of their rearward rn(')\·tmtnt, they lock 
the brcechhlork do.,·n until the next cartridge case 
again pulls them forward LO unlock the breechblock. 

Figu1..- '.>815 >hows the type of hrtffh mechanism 
osed in convcruional 3-inrh and 3-inch guns. I n 
40-mm gons the sequence of opern1ion.s is simllar; but 
the extractor!\ :i.rt pivot('d on a spindlt, and Jock the 
hreechblock down with a pair of hook.. In 3-inch and 
5-inch brt-f"C'h mechanisms the extractors are not piv ... 
oted. but rock hark and forth on their forward curved 
surface•, which bear again." the gun housing. The 
movement of ta<'h extractor is controlltd by t.wo lugs; 

F1ou1tt 5815.-Sliding-wedgc bttcc:h mechanism. ExtrACtOr acuon A How the cxtrac:tors grip the cartridge case. 
B. Ramming. C. Extractiol\. D. Extractor positioru, plug up or down. 
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the inner lug engages a caroming groov• in the hreech· 
block, and the outer one oscillates in a small curved 
groove in the hou<ing. It is aho notewonhy that in 
3"/50 gun< equipped with power loadtrs the breech· 
black-locking function of tlic extractors mtrcly sup­
plemcnu the normal functioning of another locking 
mechanism (described in another chopttr). llut, re­
gardle~ of tl1c method of lacking, tho cxiranors un· 
1 ·1dc~'ln~mt<..\:-hb1dcK ~·ncn·\11cy are rt1ov~a' 1orwaio 
by the cartridge cas<• being loaded. 

In contrast to the sliding-wedge hrtcch merhanisms 
described above, which arc optrakd through mechan­
ical camming and spring action whrn the gun housing 
moves backward and forward in recoil and counter· 
coil, the breech-mechanism in 6-inch and 6·inch case 
guns are opcrato.d hydraulically. 

The descriptions above do not apply to the very 
newC$t d<'Signs of 3-inrh and 5-inch gun mechanisms 
with sliding-wedge type breech m•chaniim<. Sec 
vohuue 3. 

Bol1-1ype breuh mtch01ium1. T he sliding-wedge 
and interrupted-sere"' types of breech mechani~ins arc 
not used in guns 20-mm an<! smaller. These ""' 
varianu of the boh principle. The bolt is a breech. 
block whir.h mows in line '"ith the bore •>Os-forward 
to close the breech, and to the rear to op•n it. 

In ro-ealled bolt-~lion weapons like thr old 7111903 
rifle (the famous "Springfield" of WorM w_.r I ) 1he 
bolt is operated by hand. 

In gaJ-operottd weapons like the llrowning auto­
matic rifle Ml918A2 (the "llAR") or the :-11 rifle 
("Garand" ) the bolt is calllmcd to the r.ar by a 
piston actu.ated by a small amount of propdltnt gos 
diverted from the b:trrel while the bulltt is moving 
through lhc bore. Spring action force• the holt for­
ward to ram che next rour\d home. 

In ruoil-opua1ed weapons like the Browning ma­
chine gum, a complex of mechanical paru i< forcd 
to the rear to van,ing distanc"' by recoil, and is then 
driven forward hy springs 10 rdoad and firr the next 
ro1tod. 

In !>lo:cbock·operat'<J weapon~ like the 20.rnm AA 
gun nnd the Thompson or M3 u1hrnachin• gum 
("Tommy" guns) th• bolt is pu~hed back, when the 
gun is fired, by gas p=wre in th• chamber, and a 
spring mechanism afterward forces it '°'""1rd to ram 

· the next round home. 
Air<:raft marhin~ 8''" designs use all thrcr nf these 

actuating forces (gas, recoil, and blowhark ). 

585. Percuuion and electrical firing systems 

An earlier chapter, on amm\Hl.ition, dQcribcs the 
types of primers that are used in gun ammunition to 
initiate the propdling charge. With •cgard to fur1c-

tloning, it distingul~hed bctv.+1:P.:n pcrcussior\1 ek-c.tric, 
and cornbinotion primer<. It also d•scrib<-d a •pecial 
type of primer used in bag ammunition . (The other 
t}'J>"S arc all associated with case ammunition.) 

Firing mecha-nism for cau guns. The (()DUDontSt 
ammunition, and the c:ommonest guns, are of the C'a$C 

type, and it is approprial' I(> look at these fir<t. 
Figure .iB 16 shows the Pfincip;il common rlc:menl of 
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a ~rcois1(>n or oorhomation firing sy·urm. or course, 
not :ill 1 he dcmcm~ of a pc~rr.ussiou or combination 
firing ')'Sten> are common to all i:un design<. Since 
this c.hapt<-r is conr-trr1ed primaril)' with common ck· 
ment~, other i1nponant parts that are oot common 
are omiutd. 

CdUIOGl CASE 
(CONU,nm~c; rROPCLLIN'' CHARGI} 

l'JtOJfCTllE 
IRIMC 

LOCll: 

Fmuae ~8l6.-Pi.rin~ mechani.sm for 11iding·'lt"Cd.gc brc("(h 
n1cch~ni,m. 

Thr. frnpurtam <:.ommon.dernc1H is th~ firing meeh· 
ar:i.•m1 somttimc.s called the /iring lotk. This part ls 
SC<'urtd in the breechblock, but is not ronsidere<l part 
of the brtrchbtock, and is very c•>il)' removed for 
deaning. The illustration show< a combination 
ckctrk:·prrc.usslon firing mr<"hani$m typi<"~l of cas.c 
gun< 3-inch Md larger. 

711ccha.nical linkag" in the hrt«hl>lock optrates the 
firing mcrh;ini~m in the following ways: 

l. rt r<:tracts lhe firing }'>in Qr strik~r , .. ·htn the 
hrce<hblock is not fully closed. 

2. It cock< and rcka-.s the firfog pin or strik<r to 
fire th< eanridge rasc by perrussion. The part jn the 
hrte<h mrchanimi that doa thi< i• calkd the uar. 
(:\ot illum3ted in figure 51116.) Jn di!T•rt-nt gun 
de.')igns thi' runction is accomplished in different , ... -ays: 

a . In the ronventional S-inch gun, for example, th,. 
firing pin or striker movc'S into contact with the pri1ncr 
in lhc cartridge case a~ soon a~ tht" hl'('c·c.h dQSM full)'• 
and rrrnains in contact until the bn:c<'hbl<X'k begiru. to 
drop. Jn pr1X'ussion firr.., a massive ~pring-lvaded part 
in th<" firing mechanism is r!'kas.i:d by the !'Car in the 
hreechb!O<"k to strikr a bushing, through "hirh the 
impact is drli\ercd to the firing pin and thus to 1he 
primer. 

b. In 3" 150 guns, the firing pin contacts the primer 
as soon as th~ breedt is dost"dJ and remains in contart 



unless the perc\ls~ion firing linkage is acruated. When 
this happens, the •rar (which looks and work• differ­
ently from its namesake in the 5-inch gun) r<traoL• 
the spring-loaded firing pin and rolrases it to >1rikc 
the primer. 

c. In 4-0-mm gun< the firing pin automatically 
strikes the primer as soon as tht hrurh is fully closed. 
Firing is contmllrd b)' regulating rammer ;ic-ti()n, as 
dc.crihed in a later chapter. The 40-mm firing mech­
anism is a percu~ion--only dcvire. 

d. In 6-inch Nl.5C guns the firing me«hani•m do~ly 
resembles the convcmional 5-inch firing mcrhanism 
hricfly discu.<Sed a.bove. In 8-inch case guus, how­
ever, the firing mechanism is stripped to th(" e~M"ntials 
needed for electric firing only. It is not a tombina­
tion device. The firing pin retracts when the breech 
is open, and maintains contact '" ith the primer at al1 
times when the brrech is closed. When it must be 
fired by pel'('.Ussion in emergency, a special percus5ion 
attachment mu•t be rigged for the purpose. and a 
$J>Ccial type of cartridge case equipment with per­
CU<.<ion primtt must be sub.tituttd for the normal 
~ervice c-.artridgt. which ha~ an e1cctric primer. 

In electric fi ring ( for which all the merh•nisrns 
mentioned abovr a.- adapted, except the 40-mm and 
><>me older 3-indi hand-loaded mounts), all that is 
ncc....ary is for tht firing pin or <trikcr to maintain 
good ele<:trical contact with the case primer. When 
the firing circuit is dosed, currrm passes through the 
cable and the fi ring pin through the primer's contact 
and filament, th( n by way of the cartridge rase and 
gun to ground. Tht b~h mechani<m dc.,.ice which 
retracts the firing pin automatically p~ents firing 
both by pcrcu.-ion and dertrirally when the breech 
is not fully dosed. 

Prmusion firi1111 linkage (for case guns). Mounts 
(40-mm and larger) in which pcrcu<.<ion firing is con­
sidtrcd an alternate rather than an emergency method 
of fir<', c.onventionally have foot ptdals at tht poim­
f"J°'s station fot contrnf of percussion fire. 

In 10-mm mounts, c!.pres;ing the pedal part way 
rawcs an ekctrirolly driven firing linkage to rtltasc 
the: rammer and initiate firing. 1f the dcctriC'al!y 
driven linkage is not function~, depn:ssing the pedal 
all the way initiates firing 111erhanirally. In tither 
case, the actual ffring in the- gt.1n i~ don~ by percussion, 

In 3-inch mount\ of the older hand-loaded type, 
uc,ltttric" firing is nn alternate method: but here", too: 
s<><alled 0 elcctric" firing is done by pcr<"o~sion; lhc 
percussion firing mrrhanis.m i~ ::i.rtuatc.-d by a solenoid. 
"Pern1ssion" fil'ir1g i:i done by drptessing thr. foot 
pedal; this operates the firi ng linkngr directly. 

l n newer 3" / 5() mounts with 3UlOmatiC loading 
equipment, percuss.ion firing is an emergency cxpt..'<li· 
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Froua.t 5Bl 7, ~' '/38 percussion firing tinkagC', {Simplified 
sc:hematic.) 

c:nt, and must bt d"n~ by operating a control on the 
<lid~. 

fii:ure 5B 17 shows in simplilk-d form the firing link­
age for a t:onvl'ntinna.l 511 / 38 mount. Any percussion 
firi n.t: linkage from a foot pedal tn the <lidc or breech­
blt.>t'k uses sirnila.r mecha nical ekrncnts. The little 
arrow.., show how c:tch pan o( thr linkage moves when 
the pointer step< on the tn:adle. The treadle tilts 
d(')wn, swinging the rertangula.r <'<'nlnection )ever as· 
sembly aft, and S(I rotating the firing rod. A firing rod 
lever a t the top of the fi ring rod pushes the outer push 
rod, '' hich run> inboard through the inner surface of 
the slidr. The trip plate transmits the push to the 
inn<r push rod in th• housing. IC tht brceehblock is 
fully dosed, the in n<r push rod nrromplishes tht entire 
purp<»e of chis linkni::e, whid 1 is to push the scar to the 
right. ( It will be recalled that the sear rele:..,cs the 
cO<kcd firing rn.chanism.) 

="ote two important safety lcatu~~s of this linkage: 
I. Th• trip pla<e can push th• inner push rod only 

when the gun i~ rnmpletd y in b~1tkry. 
2. The in ner pu<h rod can pu<h the st ar only when 

the brcechhlock i> fully dosed. 
1 r: 6-.inc-h <'a~· type tu net guns percussion firing is 

an altnmne mt'thod, and the gtnC"ral operation TC· 
sr:rnblc~ that in rnm entional 3-inch nmunts. 

[n 8-im:h casc-typ~ turre( guns percussion firing i~ 
an eint-rgeoC'y 1m.·thod. As an t.arlier p ... 'lragraph in this 
artic.:I<.· has pointrd (')ut, it rt<tuin.-s attachmt'nt of a 
!pt•cfal perc-ti.\~ion firing accasory and lLC:OC of a special 
('~ 1 tridgt. 

Bn~-lyfJe fi rin.e lock. l n bag guns tht primer i< in a 
small C)lindrical ta1<: loaded «'pnrntely from the re­
mainder o: the round into a primer chambrr. \\'hen 
tht gun fin-s, the spit of flan"' from the primrr passes 
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through tht primer vent in the mushroom stem of the 
DcBangc me<"hanism and ignites the ignition charge 
on the after end of the rearmost powder bag. This 
general arrangement is illustrated in figure 5Bl3. 

The primer <'.hainber is in the mushroom stem, and 
the firing operation is carried Qot with a firing loci: 
wliich by mtans of an interruptcd .. rrew joint fits onto 
the after end of the mushroom stem. The firing lock 
in general pcrfom1s the same function as the firing 
mechanism in a sliding-wedge brcer hblork. All bag 
guni now in active use in the Flett we tht same firing 
lock, the Mark 14. (See figure 5B18.) It is de­
scribed in lurthcr detail in the ch<>ptcr on turreu. It 
has a littlt sliding-,.·edge type breech mccbanb"lll, 
which is mechanically linked to tht gun's breech plug 
so that it normally doses and op<:n• with the plug. It 
cannot fire the primer unless 1he plug is closed and 
locked. However, it tan be opened while the plug i< 
locked so chat a defective or rnisfircd primer c.an be 
replaced. 

Fioua& 5818.-~farlc H ~ring lock (!orb..: gw:•). 

For electric firing, the firing lock has a terminal to 
which a lead from the electrical firing circuit can be 
attached. The firi ng pin in the lock is kept in comact 
wilh tho bag combination primer when the lock is fully 
closed, to pcnnit cJcctric firing. for p<"rc.us~ion fir­
ing n lanyard is connected to the cocking lever on the 
lock; pulling steadily back on the lanyard first cock-< 
and thtn relea<es a hammer wluch strikts the firing 
pin. 

E'4etrie firing 1yrt.ems. So far, tht di<ru<>ion here of 
electrical firing has dealt with electric or combination 
primers, and with the firing mt'rha.ni~rn prope.r­
which hM as electrical elemcnls only an insulated fir­
jng pin and a quick-disc:onne('l le-rminal to wh ich a 
firing lead or cable is attached. Dut this is only the 
final part of the electrical firing •y•tcm. 

Figu re 5819 shows schematically the clements that 
will be found in a typical electrical firing system for a 
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mount or turret. The diagram docs not >how scalar 
distancts or the ph)-sical locations or appearance of the 
clements. 

....... 
f .O\:'-C 5819.-Rt'prCS<".ntativr- f.k-c1rtc'.al firing eircui1. 

Fi1'ing undrr nonnal service conditions is performed 
using the shir/s 115-V ac-c supply as a current <ource. 
Trace the ci rcuit beginning wilh this source. There 
arc ~witche! {not shown on the $<'hern;itk.} in fii:e­
control plot which determine where c:ontrol of auto· 
matic fo"<: will be placed, and at least one firir1g key on 
the >t•ble ckmcnt or stable vertical in plot. (The key 
is a spring-loaded normally open >witch which may be 
mechanically latched in closed position.) There is a 
firing ke)" in the director, and, in some mounn ( like 
the 3" /~>0 with automatic loader), a >el!"Ctor at Ille 
mount captain's station for cutting onr nr both guns 
of a twin moimt in or out of the circuit. All these 
a rc in the 115-V line to the primary of the firing trans­
formet lo<"ated at the mount. 

T he firing transformer's secondary feeds 20-V a-c 
to a fi•i•g si·lutor switch (•omctimc• called a firing 
map su.11<h). This switch, gen.rally at the pointer's 
or mount captain's station (depending on the mount 
con!'erned), pt'rmits selection of a-c from the trans­
fonncr or d-c from a local battery. In man)' mounts1 

the a-c posit ion is labeled !-IOTOR c11s1<11ATOR and the 
d·c. position is labeled BATTERY. The normal po~tion, 
which is used if firing is to be controlled remotely by 
plot or hy th• director, selects !he transfnrmr.r. Th• 
batll..'l)' supplies firing <:unent in emergency, and can 
al"' <upply tmergency cu1-rent for lamps illuminating 
the sight <eUcr's scales and the sight ttlescop• reticles. 
(Th~ lamps normally get their current from an il­
lumination transformer, not shown in figure ;)B 19.) 

After the firing selector switch romc a numbrr of 
switr-hc~ or contacts on tht· mount. The pointcr"'s fir­
ing key is gonerall)' on one of the elevating handwheels, 
and is tonnt•ctcd to the. circuit by a ffexible cable. The 
tiring '10p m"hanism swi!ch is part o( the firing stop 
mcrhanism ( to be d«cribed later) . It opens the firing 
circuit when the gun is pointed where it will endanger 
parl of th<: ship's structure. Some mounts have no 
interlock ' "·itch or rela)', but such inlcrloeks are a com­
mon feature of mounts with automatic loading equip-
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mcnt or hydraulically operated b=lt m<ehani.sms. 
The oM <hown in the schematic =i.y rtprnt"nt up to 
six or mort, each of which rtgi<tcrs that a rrrtain 
mechaniun or part is in a position that is <>fr for firing. 
Such tlotctrical intcrlork.! arc n<>t limited tn nutomatir 
mechani•nis; ewn bag guns ha,·c such Jc,ir" 10 reg­
ister, for txamplr, th:tt ammunition handling and 
loading genr is in .,,fe position for firing. The: brr.r.ch­
closed cvornrt i1 a common varirl)' of intrrlock. In 
addition (and n<>1 <hown in the schtm,uic l are the 
<afety dcvir1:11 in brttch merhanism.s, firing locks, and 
firing mcc:hanism:s, \\•hicb prt\'f'rll contnc'l between 
primer and firing pin when the brtt<.h is nnt fully 
dosed or lhc gun i, not fully in batter\ 

Tue l:ut part of the circuit i< the firing p111's contart 
to the electric primr.r. The rircuit i< romplctcd 
through the filamtnt in the primer, tht c~rtridg• case, 
and ground return LO the firing traruformtr or batttr;'-

:-lote th• emµho•i• on safety in this rirruitry. All 
the •wild1e1 nncl kqs are in serin<. /\ny link in the 
circuit (':rn break the cndre cin:uit ir <'Ondltion"\ are 
umafc at thM point Yd th• mount ii rap.tble of fir­
ing under loc:.I control if the rrmote S)·stcm hM failed. 

Firing Jlof> mrchanism. At any greater rongt than 
point-blank (a range so small that tht gun need not 
be ek,·atcd abo"" the line of sight to tht t.1JgCt a gun 
when corrcrtly laid is aligned with a point nthtr than 
the targtt. T he greater the rangr, the grcai.r the 
deviati<.m. This mnkt-S it possible, partirulnrl)' in C'n· 
closed mount.<, for a pointer or traintr, looking through 
a tclc.cope, to s•• no <.>bstacle in the lint of sight, while 
the gun's h<>re may be in line with some part of the 
ship's"''" turt, so thnt firing the g\IO will damage tho 
•hip. 

For thi~ n.-ason mf'asurcs att taken 'ithc:r to ptt,ent 
the gun bort from being brought into alignment with 
the ship'~ structurt, or m prevent it from firing under 
these conditions. The former n~thod i~ u~ on some 
20·mru AA mounts, where a large cirrul~r cam sur· 
rounding tit<: !land µrevonts dcprM~ion <.>f t ho gun bar­
rel below sufc limits. And on some- ca1Ticrs tht"re i$ 
provi.sion for preventing 5-inth 111uunt pt)\,·c:r driv($ 
from positioning the gun so that its bore :>xi> will be 
aligned with the •hip'> mucturc. Uut by far the com­
mont'$t drvicc for prhcnting thi• kind of dtcident i$ 
the fi""~ stop multanism, whi<-h c!Uabl<'< the firing 
\)'$tern "hen tht gun i~ airrk:-d on a bearin~ or t-Jc,·ation 
that endangers tht" ship on ""'hkh it is muuntf"d. 

Figure 51\20 show> the fu nd.uncntal 111cchanism 
used in all mounts larger than 20-mm. II is =en· 
tially n disc-type cam, in which 1hc input< arc gun 
train (which rotates the cam) and gun elevation 
(which moves th• cam follower approximattly radi­
ally aero<• the cam . A 'pur gear dri,-.n by the 
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flGCJll )820.-PnM.iplt' ot finr.;: stop uac<h&num. A. ~{r­
c-h.:ucal inpuu. 8 Carn plate:. C . H<M· firt "'intrr-rupU""d. 

mount training g•ar engages the radial gear t~th 
around thr ('ircum(crenrr: or the cam plate or disc. 
The d~vation input shaft mnvrs t<.>ward the rtnter 
of the ram plate whrn the gun elrvat~I, and toward 
the <<lge of the earn plait when i t dcprt\<es. At the 
end of the dtvotion input •haft i$ a spring-loaded 
plunstrr \111"" .<.h m:iintains contact with th~ cam plate. 
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\\'hf'n th~· gun reoont is instal!'"'d, tlir a.:<ls of its 
hore is ob<l'n.td through all angles of tr:>m and eleva­
tion. E.1ch po<ition of the gun ( M ddin•d bv its 
train and tlc,·ation co=ponds to a location of the 
plunger on the cam plate- The anqlr• of ck\'ation 
ond train at which the gun tndangers parn of the 
ship'• strurturc ore pl<>Ued on a special diagram that 
tnrrcspond< to the earn area. Then th• earn plate 
surface iJ machin•d. The surface is <Ut "' that i-afc 
arcos art dcprt'3Sed, "hile danger arr.<• remain the 
original •urfac• o[ the plat<. 

·intrt. when tht gun is posiriontd at ~nttln of train 
~nd elc\'ation where i• is safe to fire. th• plunger ridrs 
on the depr~ surface of th• cam plot• As soon 
as th,. g\ln trains or tltvatcs to a he:umc or elevation 
whic:.h aliRn' the bore "i:h any pan of th• <hip's struc­
turt, the plungrr ride. on the uncut 1urfaro of the 
cam plate. 

Plung.r mO»cmcn1, as the plunger ridtt up to the 
uncut surf arr or down to the dcprcs,sed Jurface of th• 
com, is cornmunicated by a m~hanicJI linkaii• to a 
clutch and to a sailelt. ..\s fil(Urc :;a20 'hows, the 
clutch is in th• mcchar-ical linkage of th• f'"'Clus:on 
firing •)~tern. Th• clutch iJ al«> shown ( cncircl•d l 
in figun- .5817.) The switch iJ in thr tl'ftrical firing 
rircuit. \\'htn the plunger i• riding on • high · dan­
ger) rorn plate area, the dutch i• di..cnK~ged, inter­
rupting prN'u1sion fire, and the switrh i< opened, 
intrrn1pti11K electrical fire. Whtn the plungrr is rid· 
ing on a low (safe) earn plate area, the clutrh i< 
rng<1ged and the switch is d o1cd, permitting fire. 

Firing stop mechanism functioning ii completely 
autonutic. It requires oo attention lr<rn thr gun 
~~ after •n,1allation, beyond periodic maintc-n...ntt 
cb«"king to 1<.-e that it is functioning pr<>pcrh- and re· 
quirt'S no adjustment. Onlv if t11c mount location or 
ship's stru<.ture is changed is it necessary 10 ""isc the 
earn plott. In this rast>, the um plate io replar!'d by 
t>ne cut to a. new pattern. 

Firing 3top mf"r:hanlsms on turrets (unC'don only to 
jntcrrupt the elcc.trical firing circuit. I There i~, ob· 
vi<>u1ly, no woy to interrupt tht ixrcussion firing link­
age, •inro the only connection bet" rcn the firing lock 
:1nd the indi\ idual firing the gun by P"r<uuion i~ a 
lanyard ) Thettfore an indicat<>r lamp for ta<h gee 
shows whrthcr or not t~ gun i< po<tti<•n«d on a safe 
braring and tlt\'ation. 

586. Recoil and counterrecoil systems. 

Novrl• about lifr ahoard naval ve,.cls of a hundred 
yrars aJ!O or more, freque.ntly hav• at lc.1$t on• scene 
in whicll 3. na.\'al gun mount break~ IM'l'--dther in 
battlt, during a ~torm, or both- ind thundrrs, an un­
controllable Juggernaut, across tb• dr :k u th• •hip 

roll> in hra\')' sta<. T11is is something th.<t Un scared)• 
happen aboord a mod•m na,·al .,.,..,..1: othtr gear may 
break loo.c, but it is hard to '''" ho'' a iiun mount 
can Wiw v.•re not the gu~• in th~ d•), of .ailing 
,·•«•I> '1111).11)' >t~urrd to a fixed moun11ng, as guns 
arc today? 

The an<wn i< that modern guns h;1vc recoil and 
C'oun1tntcoil 111<-ch:ini<.ms., and ::mcirn1 gun' did r'IOt. 
\ naval i:un can be rigidly ""'""'d to the dtck, hut 
wichuut somr pm,bion for iu tt'('oil il '"'ill break loose 
• ... htnfif'tt'.t 

Recoil ' ' <imp:y th< r.ianift"t~tion of tht third of 
=''"''ton'$ thrte la\\tO( motion- thf" nnt thJ.t )ti))... with 
dccepti\·t: hr~\'ity . w'fo C\Y~· a\: tion thtrt muu bt an 
tqual and npp<><it• reaction." The enormous thrust 
that <'3n '<.:nd a ton of steel S('rciuninA" at 1tuJ>ersonic 
;peed town rd a target ovrr 20 m1ks away•«• nc>t only 
on the projrrtilt, hut on the ~un. Yet. tho\tgh the 
rt<<>il of a lull broad<idt sako on a Dll will pu>h it side· 
ways likt • )>ire< of driftwood. th<· gum them1rlvt~ do 
not br<'"k lao<t and roll tlm:atrnin~ly •rro,, the deck. 
\\'h\·> 

Thran'""• ·~ilin. i• that tht"C guns ha\'r rteoil and 
tntuuern.-..:oil rT\('C'h2ni"11S. 
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Th• antique na•·al gun was firtd fmm "battrry" 
po>!tion "uh the mount pu<htd as far outb<>ard 
through thr gun port as t11c bulkh••d "'nuld pcnnit. 
Its recoil h11 1led it inboard. rolling on it• wh!'r l1 until 
il brouKht up ngaimt its stout ta<'klr. In thh "rccoil

0 

posi1i<>n, wrll bark of 1he gun port, thr l><>re could be 
<wabbcd, and the powder and h,1Jl loadcd for th• n~xt 
•hnt. Then th• rrtw hauled it up to 1><11tcrv po•ition, 
and ht <>IT the orimtr to fire <ll(ain. 

Thus in n2\ ;1 gum the- enti;:.. gun carri:u::r, or'' hat 
\\~ ''0t1ld no,,· call the mount, "a' m1k-J backward 
ja rccoi~ and forward fr.tanv.t.l1v' in ~untt>rrccoil. 
.... rtillcn· ;uh<>rr did this too; ihr d•>•ic example 
1 1904) 11 the Rus.ian gunnc1" fight ing up l\ hill at 
Po11 Arthur-firing, th•n cJia,jng madly down the hill 
after their runaway pieces, and laboriomly hauling 
thrm u1> the hill again ( if they rould gtt th<-rn lip) for 
the: next ro,rnd. 

A' na,·3J gun mounts c,·olv<"d. <"<mcrol over recoil 
anprowd. En!!r.t"in~ oi the intcrinr of po<t-Civil 
\\"ar monitof1 ( early desttndant< of thr \,; nion'< pio­
nt'T ~nnor«l •nd tunet-equipptd "'"r w...:I) show 
tr:>ck< on "lti<h th~ i::t•'1t guns rccotltd "hen ficc<I. 
But it w>.•n't until shortlv h<forc World Wu I that 
cfftrtive ft'(Oil hrakes and countrrl"t'(t>il rncc...hanis:ms 
wcrr drv•l<.>pcd. ThrM" were, for tht ti1n•, triumphs 
<.>I met•h•otking accuracy and enginc .. rinq ingtnuity, 
and wert ur:ned as military ~t-r1<:t o1;, much a.~ a new 
type: of r•dor application or niomic bomb trigger 
:ntthaol,1u ii treated. today. 
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TI1crr arc a numbtr of diff•rtn1 ty~• or recoil 
brakt• and <ounterrecoil mechani1ms lh•l have been 
found tflicicnt in land artillery and elm.here, but the 
v ni1ed Su1 .. Navy wes in na,·al gun mo11nis but I 
grntr.;l 't)1"' of recoil br.>ke (in tith>r of 2 variants} 
and but 2 kind• of countcrreroil mceh•ni•rn. But~­
fore coruidtring th°"', note thr general func1ion• of 
thrv dc-·icc<: 

I A recoil brake is primarily dcsigntd to absorb 
the force or rccoii and "spread" it so lhat lhe sudden 
ht<lvy •hork ;, com·ert~ to a thru<t t•trted O\ er an 
apprrriablc dist1nce tbrough "hich th• ~iling paru 
of lhc gun arc pcrmiurd to mo,·•. In thr mtthanical 
sen<r, work is done by th• recoil fott• in pushing the 
gun ond housing aft against the mi>t>.ncr or the recoil 
broke; the rncrgy absorbed in th• brake appears as 
heat. 

a. A secondary function of all n:coil brakr< in naval 
gun mounts is to bring to a •moo1h <lop by dash· 
pol at tion the forward mO\'crnrnl ( countcrre­
coil) tha1 follo"s recoil 

2. A countcnttOil mechanism is" dr' ice that stores 
<Oflt<' of the energy of recoil and usn it to Coroc the 
rcco1hng parts forward into batlery >.rter lhe projectile 
has left the gun muzzle. (The cncno' or recoil °""• 
of rouoc, b.- lraccd ultimately lo the combw1ion of 
the prop<'llanl.) 

Recoil and counterr(coil mcrhani>trt• ""' designed 
10 work tog<;ther. figure 5B21 1h<>1Y~ in a general 
way whcrr lhe recoil and coun1errnoil <) <1cms arc 
l<X.lltcd in "~-onver11ional 5-inch mnunt. 

RaoiJ systems. All present-day recoil >y>lems for 
naval guns larger than 20-mm UY hi·draulic recoil 
brakt-.. A hi·drau!ic ...,.,.,;1 brake u a me<haniun ol 
the 't) pc "'mmonly termed by engin..,n a "da.$/ipot." 
h hu a p1>ton and a C)iinder whirh can move with 
mprct one to the other. There i> a liquid in the 

}'rouu. 'B2 J .-Rf'coH and ~unkrf'«'oil t)'tttm1o jn a con· 
ve:ntional 5~Utch m"'uu 
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F1ou•t "822.-H)'drau.lic rec.oil braku. A. Throttling· 
gro<iv( type. B. ThrottUnjt·rod type. 

cyltndc:r wlurh can tDO\"e rrom one <idc of the piston 
to thr othC'r~ but ic.s rate of tnO\'tU.<"nt is rttlrictcd or 
'"throul~0 

Th. l\\O g•ntral varianu or '"" t)-pc of d~ia: are 
shown 1n figure ~B22. Jn one •-anant (A 111 the lig­
ur•), th<" pinon ·~solid, and •ach cylinder i1 lillcd with 
recoil Ruid (usually l\ mixture of waler with glycerin). 
In lhc wall or liner of each cylind.r arc rut three 
throt11ing groov~1 120 degrees t1part. TI1cy are 
shallow at lhc forward end of th~ cylinder and dcej)cn 
toward the aftrr end. 
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When the gun is fired, the force of recoil pu•hcs 
th• housing and the recoil cylinders within it 10 the 
rear, thus exerting pressure on th• nu id in thr forward 
end of the cylinder. 

But the throttling grooves ptnnit the Auid to Aow 
around the piston at a reduced or throttled rate. The 
cylinder can, therdore, yield tO recoil thrust and move 
aft, subject to the continuow braking action of the 
hydraulic ftuid ail it Aows through thr grooves from the 
forward end of the cvlindor to the rnr. Sin~ the 
recoil ftuid can ftow o~ly at a ratr proportional to the 
siu: of the throttling grooves, the recoil brake resists 
the force of recoil over its entire stroke. 

In effect the recoil brake, by distributing the force 
of rttoil on:r thr length of the recoil stroke, ron"cns 
this force from a sudden, de>tnicti,·e impact 10 a $till­
powtrful, but controllable, thrust cxerttd over a 
con>idcrable distance. 

Note that the grooves are TAPER.ED. ( !11 the figure, 
in order to Miow this more clurly, both the taper and 
the size of the groove are exag11crated.) At the be­
ginning of the stroke the grooves arc comparati,·ely 
deep, so that the ffuid will not offer too much resist­
ance to the init ial thrust of recoil. As the hou<ing 
move.< aft, the grooves become shallower, until by the 
end of the recoil stroke the groo,~s arc very <hallow 
indttd. By this time the for-ct of rc<"Oil is spent, and, 
by throttling the fluid flow down, the shallo" groan's 
help to bring tht housing to a smooth stop. 

Jn the conventional 5 -inch gun there are l\.,'Q recoil 
cylindcn of this kind, symmctrir•lly arranged about 
the long axis of the bowing. Since the cylinders are 
bores in the housing, in this d'"'ign the r) lindcrs m<We 
in recoil while the pi.ions arc fixed to the <lid¢ by the 
1>i.ton rods. A transverse bore in the housinl(, called 
the eq11alizu hofo, permits enough fluid flow between 
rylinckn to equalize the prcssurt' bu.ilt up and the 
n:>U1ance offertd by th• 1"'0 cylindcn to reroil 
mo,cment. 

In othe.,- design<, there may be b111 I ,..roil cylinder, 
or 2 cylindrrs may be arranged asymmc1rirally. Or 
the rcroil cylindrr may be in the slide, while the r~il 
pi•lon rod is sccuttd to the housinl\. All or chese 
varfa1ions on thi~ rype of recoil brake um be found 
in t:nited States naval gun mounu. 

The other wajor variant in recoil brakes is in guns 
6-inch and larg<r. T hb kind nf recoil hrakc has a 
oomcwhat diffcttni method of controlling recoil fluid 
flow. Instead or being solid, the plston ha> 3 ho!e.s 
bored in ii, spa(td 120 degrees ap31t. T hmugh each 
of the holes pa"'"' a tapered throttling rod •ecui·ed to 
the ends of the recoil cylinder so thot i1 is paroll~I to 
tho pi1ton rod. (For simplicitfs -.1kc. onh one throt­
tling rod and hole arc mown in fi~rc 31122 There 
art no throttling groo'"'· 
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As the plston moves in recoil, 1ht fluid that it dis­

plactS can Row from one end of the cylinder to the 
other only through the holes. Because the throttling 
rod varies in diameter at difforent points, it blork• off 
a 'arying portion of the hole as the piston moves in 
its woke. Where the rod's diameter is largr, for in­
stance, it block; off mo« of the hole, leaving only 3 

•mall opening for Ouid Aow, and the braking cffc·ct 
is lorge. Where thr rod is owall, on the other hand, 
1...,. of the opcnin11 is blocked, and more 8dd con pass, 
with decreased braking effect. The rods an: so topered 
~< to provide ovtnly distributed resistance lo n;-eoil 
thrust ovtr the length of the rt'COil stroke. 

One advan1age in the use or throttling rods is th:it 
th• rods can b< replaced with others or different taper 
if a change in the gun's recoil charactemti<1' is M<ired. 

All recoil s,-stcms used in United States novol guns 
incorporate a counurruoil buff or dashpot mcchanir.m 
used in bringing rounterrecoiling parts to a &rnooth 
stop. This is discussed further in connertion wlth 
rountem.-coil s)·stcms. 

Count<rreeoi/ <)'<terns. There are 2 ba.sic types of 
counterrecoil systems (also called recuperator) used in 
United Statts nnval guns. Gunt smaller than 5-inch 
ust 1 or more counttrucoil sprintl. (Tht$C arr somr· 
tim,1 ttnn«I r~coil J.frings in OJ»s and el~·hcrc, but 
the funrtion is the S>cme.) Guns 5-inch and huger 
u~t pncumauc 1 teupcraton, \\ hkh depend on com· 
ptt<S•d gas (gcnrrally air or nitrogen) 10 provide 
counterreroil thrust. Since the very high-prruuff gas 
used in such S)'stem1 is sealed by use of packing> under 
hydraulic prasurt, ~11ch systems are most o!ten called 
h)dropneumati< <ounttrrecoil syrterm. 

T he functions of any counttrrecoil s~-stem nl'e pri­
marily to return the recoiling pam of the gun to bat­
tery alter the recoil stroke, and secondarily to hold the 
rttoiling paris in battery. Thu.< a countcrr«oil ~ysttm 
must not o~l)' pro,ide thruu to ttium the "''·oiling 
pom to battery, bu1 must also develop enough con­
tinuous thrus1 at all timrs to hold them th•rt except 
while the projtr1ile i> actually bting propelkd through 
th< bo..... This is in rontrast wi1h recoil brakes, which 
dt-·dop tbeJr "re,trsc thrust" for braking only "bile 
th• r.coiling part~ are actually moving in nxoil, and 
at othf>r timt.•s exert no forCC5 on the gun parts. 

Bctause it continue< to develop a heavy forward 
thru>t "following through" to th• end of the countr.r­
rct·oil nrokc, any counterrecoil syitem tends to drive 
the n.-.:oiling par!> imo batt•ry with con•i.dorablt 
shod. For this rta.<on, all countcrrecoil systems for 
guns with massive recoiling parts ( which includt guns 
40-mm and up) must have a counterrecoil bulftr 10 
take up th4 terminal shock Counterrccoil buffers 
•re discu..<td in further deiajJ b<low. 

Spring countnttcoil J)Slems. In all naval A'JnS 
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.PteUR.1! 5B23.-II)·dropncum:ltir count.crrt'CVil 1)'$ttm. 
(Simplified ichcmutic.} 

smaller than 5-in<h, roil springs provide rounttrrecoil 
thrust. ln late 3" /50 mou ni. and most 40-mm 
mounts, thr. .$prings surround thf" rxtt>r·ior of the barrel 
(watt.r jacket in 40-mm mounts}. In single Anny­
type 40-nun mounts and in \Ome t'arlic:r mn.rk~ of 
3" /50 hand-loaded mounts the <prings arc concealed: 
in :.omc 3-inch mounu they may be the recoil r)lindt.r. 

11,,·dropne.umatic counurrncoil systemJ. Figure 
5B23 shows in ;implifitd form how a pneumatic coun­
trrrt-eoil system works. It rCQuircs a cylinder or bore 
(in the homing) charged with gas (gcncrall)· nitro­
gen or air, nf"\·er oxygen or other chemically active 
go..<). Gas prcS>ur< in a conventional 5-inch •ystem 

f1eu•1 5824.-Hrdropnt'umatic c::ounttrrttoil Sflkm Dt-tail 
of oil·prt'MUtt: t)l>t- chcHon packing:. 
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which is rypical) is around 1,500 psi. A plunger fit­
ting into the aftrr end of the hou1ing is forced out ward 
( to the rear} by tht gas pressure against the after end 
of th• <lide. The thrust exert<d by the plunger againn 
the slide holds the housing in banery and returns it 
to battery after firing. 

The compliraiion of this arrangement lirs in the 
parking which 1urrounds the plunger in the housing. 
Ordinary packing, unsupport•d, will not withstand 
the gas pressu ... in the countcrrccoil chamber. There­
fore the packing u<ed is a chrHon type "inflated" by 
oil under ptt>Sur<:. (Figure 51!24.) The oil pres­
sure in the packing is alwa)<s higher than that of the 
g•• in the cylinder. Figure 5B25 shows functionally 
ihc device that tn~ures this prc.ssure rcJatiomhi~the 
d1fftuntiai c1linder. 

One end of the diffcrrntial rylinder ( to the left in 
figure .iB25) is connected to tht air chamber. The 
other (right end in figute 51!25) is connected to the 
oil-charged packing. and is full of oil. The piston is 
lrtt·floating, and the piston rod on the oil •ide goes 
through a packing gland to the outside, but dor• not 
connect mechanically to any othrr component. 

The values for dimension~ and pressures sho,.,·n in 
the figure and in thr discussion below are not intended 
to rtpresent any ~pecific installation, but serve only to 
illustrate the principle of the differential cylind<"r. 
Suppose the total area of either face of the pi~ton is 
3 square irltht·.s1 but che cros~·~t'C'tion area of the piston 
rod is 1 squar• inrh. The air pressure of J ,500 psi is 
extrted on the full piuon area of 3 square incht<, and 
the total thrust or force d•vtloped is 3 x 1,500 or 
1,500 lb<. 

But on the othtr side of the piston onl)' 2 square 
incht.!11 are exposed to oil pressure, since 1 square inr.h is 
occupied by the piston rod. (For the sake of sim· 
plirity, atmospherir pressure on the outside end of 
the rod is neglected in thi< example.) The oil is 
therefore subjected to a thrmt of 4,500 lbs. exerted on 
a 2·squarc. inch Arta. Hence H is under a pres.~urc 
of 2,250 psi, whkh is higher than that of the air ( 1,'>00 
P>i). The prrs.<urc is communicated to the packing. 

It i> obvious tha1 even though the air P""'"rc fluc­
tuates, the pre\Sure relationship will remain tht same 
(in the ratio, oil to air, of 3; 2), <O that the packing 
will always rn.- under high('f prcsmrr. than the f.\ir. 

Tht: differential rylinder ~civc.:s not only a~ a device 
to m.aintain pressure in the packing. but also as an 
indicator of oil l~vel in the sealing sy<<em. When the 
differential cylindtr is folly charged with oil, the 
plunger is flush with the end of the cylind!'r. If oil 
Ira ks out, the piston is driv•n farther to the oil side (to 
tht right in figure 5B25). Gun mount maintenance 
personnel an- "'P!>OS<'.d to inspect the cylindtr daily, 
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Frooa~ 5B2~.-Hydtopnc:umatic c:our.terrr:c:oil S}'St('m. 'PrinC'iple of diffcrr:ntia) qlindC'r. 

and lO see lhat oil is pumped in if the pi•mn rod pro­
trudes mo..., than 2 inches. 

CounltTTceoil buffers. It wa.s bmughl out ea.rlier 
that nny C(')unterrecoil system mu$t develop enough 
thrust to hold the recoiling paru in battery, and that 
in gu"" whose recoiling parts havt apprtriable mass 
the shock at the end of the countcrrccoil nroke ran be 
considerable. Counterrecoil buffcn must consc­
qurntly be incorporated into the gun mounl IO reduce 
this shoc·k. The'C are not phyi;ically part of the coun­
terrccuil system cornpone.nts des<Tibed above; in pres· 
r.nt design•, they arc located in thr forward end of the 
recoil cylinders. 

Countcrrceoil buffers are da.shpot dc.:viccs which use 
oil forrt<l through small orificn to rtdurt th~ velocity 
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of c:ount~l'ruoiling parts at the ("ll<I of the counter­
rccoil !itroke. A typical design (sirnilar to that in 5-
iuch g\lns} is shown in figure 51l26 (left), in three 
~tagt5 or operation. As counkrrccoil movement be­
gin., the hoo>ing and reooil cylinder move forward 
o\·rr tht rtr<>il piston. The buffer plunger, whicll 
clo~s off the aftrr end of the N'('Oil q·ltnder, is aligned 
to enter a hoJe in the recoil pinon a,nd piston rod. 
As the plu ngcr enters the hok in the piston, the fluid 
caughl therein is trappe.d, and can escape only thrmigh 
small pa<Mges in the plunger. Al the end of the 
countrnecoil mokc (full battery position), the plunger 
is c:ntlrcly nested \'t·ithin the recoil piston and piston 
rod. 



NA VAL ORDNANCE AND GUNNERY, VOL. 1 

FJ.Oua.a 5B26.-Countcrrtcoil buffer functioning. 

Ftoux~ 5B26.-(C.:ontinucd.) Needle valve <:ontrol. 

As is evidtn~ £rom figure 5826, the flow of flu id 
through the eountm·ecoil buffer plunger is controlled 
by a needle valve. 1'hl11 valve can be set by moving a 
ralibr-dkd nut in the !\'Coil cylinder head. (Figure 
5B26, right.) By controll ing the flow of the liquid 
through the diKhargc orifices or holes, the needle 
valve control< th• >peed ol counterreroil. The num­
bering on the calibrattd ••ah'C nut makes it possible to 
'Ct both bufTeN for equal, balanced functioning. For 

70 

the proper procedure in setting these valves, see the 
OP on th• mount. 

Where (a.• on 5-inch mounts) there are two recoil 
cylindtl'>, each with a buffer, the vah..,. must be set 
for balanrtd functioning. 

l\otc that the <ountem:coil buffer regulates only the 
end of counterrccoil movement. This provides some 
control ovtr the rate of fire of automatically loaded 
guns, but dD<'s not regulate the recoil stroke or most 
o( the coumcrrccoil stroke. 

587. Power rammers and mechanical ammunition 
feed 

The efTC<'tivcncss of a gun per round . fired is <.on­
ccrncd with such factors as range, efficiency of propel­
lant, accuracy of tire, weight and initial volocity of 
projectile, explosive tiller of the projectile, and the 
like. But the effectiveness of a gun as a weapon dc­
p<'nd> on the number of rounds per minute it can put 
into the target. 

It is here that mechanical loading and feeding de­
vices art imponant. For convenience, theg can be 
considered in two main catcgorir!. One is that of 
hoim, which are u..:d to lift ammunition from t.hc 
magazine to the gun deck level. These will be ta,kcn 
up in a subsequent art icle. The other category in· 
eludes ammunition feeding and loading dcvieeJ at the 
gun deck level. Th~se include power rammcrs, slide­
mountrd ammunition Joading gear, and equipment 
used to tram:for ammunition from the hoist to the gun 
slide. 

In 5-inrh mounts through ~ark 39, in 6-inch tur­
rets of Cleveland class cruise.rs and in bag gun turrets, 
separare power rammers are used for moving inlO the 
gun chamber ammunition which has been loaded into 
the slide. 

Figure .SB27 shows a slide-mounted rammcr on • 
5-inrh mount. H~re a piston in a long-hydraulic 
cylinder operaws a reciprocating rublxr-laccd rammer 

F1ea:at ~827.-Slide-mounlt'.d po~r ra.mmcr in 5·int-h 
moum. Initiating cam urokc. 
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spade or 1hel/ guo.rcl. The rammcr is rontrollcd hy a 
rammcr man. Whtn a projectile and powder case 
have lx."Cn drpositcd in the gun sliM loading tray by 
the loaders, the ran1mcrman depr't'ssc-s a lever on the 
rammcr ('('>ntrol rod. The ra.mmf"r hydrauJk cylinder, 
fed by a motor-driven pump on thr slide, drivM the 
piston, piston rod, and rammer !pack fon,-ard~ pushing 
the round into the chnm~r. When the cartridge case 
i.'I in the ch:unber, it automaLkally releases the bw~ech 
mechanism (as has been dcscrihrd earlier in this chap­
ter) and the br~«hbl0<k ri..,.. Whrn the gun fires, 
the rammtr spade ridts barkward with chr housing; 
this automatirally ( through mc-chnnkal linkagr to a 
control valve} initiates the rammc·r rNract stroke. 
The n:ar\ .. •a.rd-moving spade rides n camming groove 
in the slide which raisei it well abo»e 1he loading 1ray, 
so that it afTers no obstruction to the extraction of lhe 
fired cartridg• case. T he spad• ls dropped to ram 
position manually. F.xccpt for thl$ opfration and for 
initiating the. tarn stroke, au rammer operations on 
this type or mount art automaiic. 

This ramnier a.rnrnge-rnent is U$4.:·d in au 5" / 38 
mount' and in the 5" /54 Mark 39. The only no1able 
dHfcn·nre among th~m is chat in enclos~<l mounts the 
ramm•r hydraulic cylindrr is shori~ned and a rack­
and· pininn arrangement is usrd to make the str<'Jke of 
the rarnmer space the PrOP•~r length for ramming. 

The rammer in the 6-inc:h Cle;,1aland d ass mount is 
of a $imllar type. 

RAMMER CHAIN 

/" DRIVE $PROCK£T 

SUFFER 

IU.MMEft HEAO ( 

i: 1::-:\ - ~~ '~,~ 
f tcustr. 5828.-Princip!c: of ehai:i·t>t>e rammC"r. 

Bag-type turret gu ns have long chambers .. to arcom­
modak (in 16·inc.:h gun~> [or instance) up to six po\,·­
dcr bags plus the projectile. This means thai the 
rammcr stroke must be ''l7l' long. The length of a 
r.ingle hydraulic cylinder for such a rammei· would be 
prohibit ive.. Such lum;ts are therefore equipp~d with 
G·hain-t')'PtJ rammcrs. 

Although 1hr details of op•:racion dif.'er from one 
type of bag turret to another, all of thrm work on the 
principle illu"ratcd in figure !'>B2S. A rmary hydrau­
lic motol' drives a sprock'-< whirh engages the link• in 
a rammu chain. This is somewhat lih~ an exag_cter­
atcd bicydt chain, exrtpt that the straight chain will 
hrnd in only one dirc'<'t ion (in the figure, up">.rd 
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onl») , and is stiff in the other. As the figure sho"s, 
in the. typr illustrated the links will ttmain straight 
,,;thoot continunus support when ('Xtcnded hori· 
1,ontally. 

At the end of the chain i< a buffer to prote<t the 
ammunition component bc:ing rammed . In bag-Jeun 
turret instalfations~ the r:lmmer operation is alwa}''S 
under manual i:ontml, generally hy regulating pump 
output to the hydraulic mowr that drives the chain. 
The ramming (')peration requires two ra1nming strokt:S. 
Jn the first, the projectile is r.tmmcd home in a full 
ma.'Cimum-thrun ~trokc, to t nr.ure that (he rotating 
b"nd engages the rifling. 111cn the rar'rut1er is re­
ll'nCtcd, and the powder b~ are rarnmed m11ch le.~$ 

forcibly in a •c<ond stroke. After th• srcond retr:ic· 
1ion the breerh can be c!O«'d. Two strokes ar<' nCCC$­
sary because the maximum-thrust stroke needed for 
1he projectil• would damag< 1hc powder l>n,~s. (The 
j.in<::h ran1mcr disr.ussed previously is u1itd with pro· 
1x:lling charges housed in .iurdy cartridge cases, so 
only onr ram stroke is needed.} 

N'c:\.,·er designs of 3-inch rnnur1lsi 6-inr h turretsJ and 
8-inch turrc.·ts 3.ll include a great deal u{ almost en­
titcly automatic ammunition·h~ndling gt.ar. In the 
turrtt~~ tlais equipment tran,fcrs the am munition from 
the hoist to 1hc slido ( cxctpt that in the 6-inch design 
the p rojcct iks m\ISt be. manhandled through thi• 
St::\g~}, rams it into the c:hn.m1wr, and then di~p0$(.'3 ¢[ 
the rm pty cartridge cases after !iring. T n the 3-inch 
gun, as in 20-mm and 40-mm machine gum;, the am­
munition is loadt.d manually into a loading dc,ice on 
the slide of 1hc gun, and 1be ammunition is handled 
au1omatitally from that point. 

But notice the distinction lxtwcen :~-inch and larger 
ammunition-handling machinny, and that in true 
machinf. guns like ~hr. 20-mm and thr 4()..mm. In th(..• 
lauer, the ammunition-hand ling gear is operaced by 
rncrgy developed uli ima1cly in the burning of the 
propelling charge. In the former, the ammumtion· 
handling gear, thnugh some oprration< are controlled 
by recoil and counterrec:oil movements: js, powered by 
an ex ternal source. In th r '.:3-inch mount, the Joadcr 
mourned on thr slide of e;.\th gun is powered by an 
electric motor. In the rnrrf'ls, the automntic lo..'\ding 
equipment is driven br clectrohydraulic g•ar. 

Bcc:a\Jse each type of m oum or turret has its own 
di:·.sign of ammunition-handl ing cquipmrnt, thf';Se uuic~ 
at<' described in further detail 1a-ter in this u•xthook, 
..~ach in !'onnection with the mount of which it fonm a 
part. 

588. Power·driven ammunition hoists 

O nr of the c:.rliest operations to be mechanized in 
conn«:t?on with gun OJ>C'rations on naval "'iar VC$SCls 
was that of ammuni1ion cr.ms-portation . Jn the cla1 .. 



NA VAL ORDNANCE AND GUNNERY, VOL. 1 

sic wanhip 0£ N•lron'< day, black-powd<r pro~!ling 
rharges wtre stowed in magazinf") ht-Ith' the ,,·ater· 
line, and wtrt brought up to tlie gun d<Ck< h) agile 
runnt'~. E\rcn with the slow ralt" of fire th<trd.(tcris­
tic of oontrn11')()rary cannon, there mu~t h:w,.. hfaof"n de­
lays and troffir. jam• in ships o( the line o( 80 gun~ or 
morP, a~ runnCr'S scurried bdo\ ... to retrh lhrir rharges~ 
then climbed up 10 the gun <leek, the prcoious ( and 
dangerous) charges guarded againn S)'>:\rk• by being 
wrapprd in the sailors' shirts. 

LOWER HANDLING ROOM 

One of the forerunnrrs of modtrn >hipboord ammu­
nition \upph S)'it~ms wa') the mc.·chaniC'::il h<'li+..t arTan~~~ .. 
mcnt cm tht .\fonitor. which pivnccrtd in naval 
w;u-fan- in w mam• other ,,·a~-s. 

.11mmunttiott .wppl) Jplems. Fi~r'° .'>R29 (hows. in 
n.Jt;,iiway fonn thr ammunit ion supply arrangements 
for a rr1ndc-1 11 5·ind1 th 'in mount. Ac lhe lowest lt'vd 
is the mapa:inP, ;n whid1 arc starkt:d thr. p ropelling 
charge~. Th~ magazine partly :rnrroum.h the lower 
iwndlin~ room, whk h is sc-paraled by a flamc:proof 

f tctiR£ .'lR2'> -- Anununi.t:<m supply syst<"m for ~" / 'lR t"""' mount 
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bulkhead from the magazine. Powder rascs. whirh 
are ~ton...-d irt the magazine, arc J.>aS~l·d by h;,mC through 
vuttlt, in the 1nagazinc bulkhe .. d to the k>wcr har:­
dling room. { Pmj~tiles are n()ru1:.lh '-lorrcl in thf' 
)01..,'C:r handlln~ room itself. in ri.lrk~ in thf" uppt>r han­
dling nJ<JIH, am.I on th<: gun-house bulklu.·"ds.) 

TI\c fXHvdt'r casl'S and projL"c.:.tiks arc then loaded 
into 1ht 2 dt('d~tr hoi.\ts (1 for t·a('h nf tlu: 2 gun$ i 1) 

the mnunt) whir h haul th~rn up to ~hr 1A/1/U'r ha11dlin~ 
room. Each dredger hoist handlr• both projcnib and 
powder Ca.M::s. 

On th•• upper handling room dc<.k arc lot·at<'<l th~ 
upptr rnd' of the 2 dn>dgn hoi'"· and amunc the 
central rolumn in the room arc mounu:d the 2 sc~ of 
p1ojutil~ Aoist.s an<l pou:der hois'5, 1 prujcc.tile hoi~l 
and I powder hoist for each g>in. Thr handling room 
crew removes the projecdles and powder cases from the 
<lr<:d!(cr hoists, loads the projectiles intu the projectile 
hQi~u~ and loads the powdi.•r ra~e~ i1Ho thf' powdeir 
hoi!L4'. ln 5-inc-h hobm. po ..... ·dcr rn!r~ arc- loaded into 
the h<>ist base uµ to prot<.·ct the impa\:t·.s<.·usitin_· <.·om­
binati<>n p.-i111er from being jam'<! ll) jolb on the ha<e 
of tht ra~. Fhrr-in<"h projN'tiltt. altn czo into their 
hoists lxuc up, so that their OOS<"S will n-st in the hoist 
Cu1x·)Clling uK"Cbanis.r1L 

M.,,t u( the propelling charge' a1e >llJ1cd in :h• 
ma.,~1int, and most of thr projtctiltt"i arr 5tored in 
the lvwrr handling room. 'I 'o begin ammunition s<.·rv­
ice without <lday~ a nwnb('r of ('<)1nplc•tt- rounds a!'t>: 
maintnintd in J'~ady J'acks in thr upper hnndli ng room. 
For kmg J.X:riods of sustained fire. howcn·r, th<.· t'ntirc 
tunruunition supply :>ystcm must be in anion. 

With >m~llcr mounts like the 3" 50. 40-mm. and 
20-mm, hoi)ts are relatively uni111port.-m. Gem:rdlly 
their ammunition is St<)\\·e-cf in tt:ad)-·\t'f' i\·e lockt"r. 
nearby, and is h.."'\nd c:arri<-d to thr moonL~, though 
hois~ may b~.- used (depending on the in~tallation) to 
rf'plt-ni'h ~upplics. In turrets, the <:ntirr ammunition 
supply ~yMt'm~ t~xccpt the magazines thcmselv<'s; is in­
side the turr~t and rotate~ with it. 

T'}'/1es <>/ hoists. All gun ammunition huists on 
modrrn U nite<l States naval \'e'""'~ C'3n he da.~ified 
into one of the following catc.-gorics: 

I. Endkss-chain. 
a. Ifoi)t-or·lm\er muhistiitgc. 
b. Hoi>t-only single-<tag<-

2. Elrvat<>r. 
3. p • .., .. 
4. Open-tube. 
'l'hr rnu~t widely used is the first clnM ( in its two 

subtyp-.). The other ~ are used cxcJu,ively in tur­
rets (though at least I rn<'ke1 mount design .i11ploys 
No. 3). /\o. 4 is an auxiliary. 
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Hndl1·1<·rhain hoist.or-lower mulJisltlge hoist. This 
i> the comm<mr<t type of hoist, and indud"" all dredger 
hoi~b. nm\·cmional 5- irlC'h powdt·r hoi)(S., and a num. 
brr n( nthcn ust·d in turret~ 4ncl tl'.\C'wlu:rc. Funda­
mcnt:i.lly, il con:sists of an arrirul;ittd endless chain 
with suppr>rts or fii~hts St't:un:d to it at regular intrr­
v~ ls (fig. 5ll30). Powd•r ens~~ or projedilcs "re 
loadtd loy j>ll>hing them into the hoi•t in lhf path of 
the <li~h1\; wh<.:n the hoist starts. the fhain is driven 
upward until lhe next vacant flight ii in loading posi· 
tlon. \\.'hen the next unit i~ load#'d , thf hoisc goe.~ \JP 
on1· ntnn- flight. and so on. Except in c-crtain turrets, 
the hoi(t (t.3.fL< aurorn.atic .. lly when the artnnunition 
detail is loaded. artuating a "-\\itch or hydraulk valve. 
Endk~>-d1otin hoists arc dri\'en by rotary hydraulic 
m<>t<>r< "ho1~ functioning is controlled by val~. 

Endil-5'-chain h<>ist• g•n•rally can be <>pcraterl in 
rf'vtr~· tc.1 lower ammunition units, as is required in 
taking nl'nmunition ahoatd. T n l"ithr:r mode of oper­
atio11, the hoist moves one Aight at a t ime, inter· 
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mittently in the same direction. Only one side of the 
chain i' used. 

Endless-chain hoist-only .<ingle-sta11e hoi.<t.<. Like 
the pl'eceding type, this hoist is an cndkss chain driven 
by a rotary hydrnulic motor. It is used in 5" / 38 and 
5" /54 (Mark 39 only) mounts, and inrorporates a 
fu?.e setter (described in a later chapter). Both sides 
of the chain are used (fig. 5B'.IO) . T here 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 the 
other. The chain runs first in onr. direction, then the 
other, and the fl.ights always move from ali 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 o{ 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 projectiks in it. 

Elevator-type hoists. This kind of hoist is a 
single-stage systern with a car which is moved up or 
down a hoi..~twa}'. The car is scc.urcd to a hydrauJic­
ally operated system of cables-a hoisting cable and a 
downhaul cable. Both are always in tension, and 
provide pooitive control of the car position. Unlike 
conventional elevators ashore, the car has no c.o-unter­
weight. 

The principal application for hoists of this type is to 
haul powder in bag·t)·pe turrets. Although protected 
hy interlocks, such hoist~ are generally manually con­
trolled. All loading and unloading points in such in· 
<tallations are protected by interlocked flametight 
doors. 

In 8-inch bag-type turrets (Baltimo1~ class) , there 
arc two sets of cl('vatot"$. One set hoists th~ powder 
bags to an intermediate flametight compartment 
where they are manually transfrrred to a second set, 
in which the bags are hoist• d the rest of the wav to 
the gun deck level. Tu the transfer compart~ent 
interlock.< prevent the protective flarnetighc doors of 
the lower hoist upper end from being open at the same 
time as the doors of the upper hoist lower end. This 
arrange.ment avoids the possibility of having a straight 
path open to flamr. from t11e gun deck level to the 
magazine level. 

In 16-inch turrets a single eb•ator·type powder 
hoist serves each gun~ hut operating procedures pro­
vide fo1· opening the hoist upper doors only when 
conditions in thr. gun compartment arr. safe. 

Pawl·typ,, hoists. Jn this type of hoist the hoist 
tube is equipped with a set of spring-loaded pawls a 
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FtUURI'. !'>D31.-Schematic of car hoisting machhic (lower 
powde.r hoist} in 8-inch Baliimore class ltlrret. 

given distance (one "stage") apart. T he pawls pro· 
trude into the hoistway. Running the length o( the 
hoistway is a jointed rod, or rack, similarlr 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 projec..tiles in 8-inch and 16-inch 
hag 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 

~upportcd by the hoist-...:ay {stationary) pawl. 
2. The hoist cylinder pushes the hoist rod upward 

one stage. At che beginning o( the upward stroke, 
the lowest rod pawl engages the projectile base, and 
lifts it. The end of the upward stroke l$ j ust above 
the next hoistw;<y (stationary) pawl. 

3. 1' ext, the rod is lowered back to starting posi­
tion. The. projectile is deposited on the hoistwa'i· pawl 
just be)O\,· it. Another projectile can now he loaded 
into the nm ( lowest) stage. 
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Fiou.i:u~ 5.83Z.-Prlnc:iplc of pawl-type hoist. 

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

T he process repeat,, 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 
ov<rhcad above the tube is a small motor-driven hoist 
equipped with block and tackle, or with inttrnal gear­
ing and hoist chain. Normally the tube is dosed by 
a flametight cap. Th.e arrangement is used for hoist­
ing or lowering projectiles when taking ammu· 
nition aboard or transferring it from one level to 
another. It is not designed for use as 1>art of the 
normal path of ammunition frnm stowage point to 
the gun deck. 

Animunition hoist safety features . Noteworthy 
safety features of ammunition hoists include: 

I . Automatic hoins have doors or gate. which will 
pennit them to start up only aft<~r the ammunition 
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 discharge point· is occu­
pied with ammunition. 

'.{. All hoists in which powder bags are handled 
are equipped with Rametight doors and interlocks to 
prevent an ope.n flame path between lower handling 
room and gun deck. 

4. ~fost power-operated arnrnunition hoists arc 
equipped for manual operation in event of power 
failure. 

5. Ammunition hoists are equipped with hydraulic­
ally actuated brakes or hydraulic Jocking to prevent 
loaded Right! or cars from falling or drifting down the 
hoistway. 

6. Most hoists arc equipped with indicators to show 
whether there is an ammunition item at the receiving 
end of the hoist. 

589. Misce llaneous safety feature s 

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

Sal.vo lateh. This is a device that locks the breech 
closed. It can be. opened only by del iberate effort. 
The function of the salvo latch is to prc:vr.nt accidental 
manual opening of the brct:Ch in the event of misfi re. 

Salvo latch<-s arc pan of the breech mechanism of 
all guns larger than 40-mm, t.xccpt for the vel)• newest 
designs of autornatically loaded guns like the 8-inch 
case gun us<:d in Salem class turrets. It is also omitted 
( rom guns •mailer than 3" /.'iO. 

The salvo latch i< a positive lock which is, in present 
des:gns, cammed to open automaticall)' during recoil 
of the gun. lt will not open automatically if the gun 
<loc::. not recoil. 

Sajety link. The safet)' link is a metal st ril> that 
couples the breech yoke ( in bag guns) or housing ( in 
case guns) to the slide. It is intended to hold the gun 
in bactt"1)' in the event of failure of the counterrecoil 
mechanism. or if the counterrccoil mr.chaniSJn is dis~ 
ahled. It is u<ed in guns equipped with hyd ropncu­
matic count\:.rrccoil systems. 

Ii the gun is fired with the safe!)• link engaged, the 
link wi11 part. Howeve;;r, it is part of the normal gun 
operating procedure to disconm:.ct and stow the link 
before firing. T he link m1m be rq.ilar<>d when the 
mount i~ securtd. 

Ga; •itction. When a shot is fired from a gun, the 
bor< is filled with residual powder ga~. Theo gas is 
un~i\fe ror humans to breathe-, and is likely to l'*. either 
flammable or actual1y burning; it is sometimes c"'(pable 
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of •pontaneous combus~ion when mixed with air. The 
function of the gas ejector, which is a part of every 
enclosed mount 5-inch and larger, fa 1.0 force this 
residual gas out of the bore by a blast of air from the 
ship's air system. 

In casC' guns thr ga• ejector is designed to open and 
shut ofT automatically during normal oprration, 
though ic can be operated manually. In bag guns thr 
ga~ ejector goes on aucomatically wherl the breech plug 
opens, but m ust be shut off rnanually h>• tht- gun 
captain. 

\·Vhcn a gas ejector fa.ifs, thP. gun can i.'<nllinue firing, 
bnt. <:aution ls ucu-..ssarv to <:nsure safcn•. The rare of 
fire may haw· to be r~lucC"d. In b~,g guus1 µo\ ... ·dcr 
bags for the next round must not ~ expme<l until 
fumes and e1nber.; have bet·n dcarc.:d away. Im.pec­
tion for smoldering r:mber:s i$ required in any event in 
hag guns) but it is t'spccially important in c:a~~ of gas 
cj('c:tor failure. 

5810. Sighting and fire-control equipment 

\Vith the increase in ra.nges of modern gum; the 
prohl~m of ain1ing the gun has become morr <'omplex. 
Sighting is con~id~rahly Ult.WC complicated than mt'rcly 
pointing the gun at the target and firing. A projectile, 
when fired, travels in a <.'urvc:d path) not a straight line.. 
This curvc-d path is called the htijet.:tory. 

:\fany factors affe<t the trajectory of che projectil•. 
The major factor is th~ force of gravity, which cause:; 
thr projectile to st<ut falling a; <oon as it leaves the 
support the barrel provides. To fire at long range, 
th• bore axis of the gun mtJ't therefore be devaced. 
Another fo1·ce affecting the trajectory is the wind) 
whkh t<.:.nds to him~· the projrctiJc off its course. 
Then th•re i1 the problem of th• moving target. 
\'\ihilc target motion do~s not affect the craje<'tory) 
the gunner must lead the target the proper amount 
to hit. 

These factors and others complkatr thr prohlem 
of aiming a gun. The solution or this problt'm is in 
the field of fir,, col!lrol. The fire romrol syst1'rn, in 
solving the gunnory problrm, computes the angle by 
which the bore axis of the. gun should be offset from 
th• straight line betwrrn the gun and chc carget. This 
straight line is C<dlcd thr line. of sight (LOS). lt is 
the starting point jn aiming the gun. \Vith the line 
of sight on target, and the Oon; axis offset the COl'rect 
amount, the gun is aimed for a hit. 

The offset is d ivide.cl into 2 componencs, 1 vertical, 
called sight angle, and I horizontali calh:d sight de­
fl.,ctio». Sight angle and sight detl•rcion are the angu­
lar value-s of the offS<'tS which the fire rontroi system 
computes and transmits to the gun for use in aiming 
{fig. 5B33 j . 

Th• sights at the gun provide for establishing the 
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line of sight and for introducing sight angle and sight 
ck-flc.-<.'. tion so that the gun>~ hore: axi$: will he properly 
offset. T n gun mounts 3-inch and larger, sights gen­
erally c:onsi~t of tel~~copes which move jn train and 
dc:vation "'·ith the gun and also can be moved verti­
cally and hori~omal1y wich n::>f)~Ct to the: gun bore axis 
to imroduce sight angle. and sight defle.ction. For ac­
<'o l'acy at long rangc:,'tdc-scopes give an enlarged view 
of th,- targ«. 

One telescope is provid<:d fot the g11n · poi1Het and 
another for thl~ tr~~iner. Each telescope has a reticle 
,.,..ith a vertical and a horizot)((t} crosshair to establish 
acntrakly the line of sight to th<' target. The pointer 
elevate< or depr<'sse.1 the gun to get the horizontal 
crosshair on target, and the crainer tJ'ains the mount 
to gc.-t the vt:rti<.:al crosshair on targe.t. 

otr .. uing the sight telesc~>pes with respect to the 
bore axis is thr. dutv of a third me-mbel' of the mount 
crew. the sight seil~r. The computed \'aluc: of sight 
angle and sight dcflcctiN1 to be used is sent by tele­
phone or indicated on dials to the ~ight setce:r. He 
has two han<lcranks w hich he uses to move the tcle .. 
scope<, one to shift the.Ill vc:r~ically b)° the auiount of 
~ight angle.-~ the other to movr. them horiio1ually by 
tht'" amount of ~ight <.kfl<.:etion. The sight .. setting 
mechanism hai< scales whi<'h (-nahk: tht.~ $ight setter 
lO crank in tht· precise values. 

On most mowus> 1herc arc two $.C.alcs th(· sight setter 
can ust to introduce sight angle: ( the vertical offset). 
O ne is gradi..1ate<l i11 minut<.:s of arc:, to display the 
actual value of the angle. The other is graduated 
iu yards of range:. This ill called the. sight bar ran~e 
~ca.le . I t is lksigncd for us.e against surface targets 
only. This range sc:a1e is used '"·hen the fire control 
syste1n tramm1its the range co targ<::t (plus or minus 
correction~ for \vind, 1ar-get motion> etc.)> in linear 
un its-yards. Nlosc modern fire: ('ont l'Ol systeJns trans­
rnit sight angle in minutes of a rc. But some auxiliary 
system~ still use Jinear values (yards on the sight bar 
range scak) . Whichcvrr srale is u._d, the sight setter 
lurns the !Qlmt' h.(l;ndcrank to set the desired value. 

To inuoducc che rorre<:t amm1nt of horizontal off­
:;et, the sight setter s<.·ts the value of sight derle.ction 
on the sight d~fte.ct.ion scale> graduated in mils. (A 
mil is the angle subtrnded by an arc of length «Jual 
to one-thousandth of the arc's radius- equivalent to 
:;.44 minu!'s.) This value is computed by the fire 
control $}'Stem and sent to the gun. There jt is set 
on thf· sight <lc::flf'ction $Wt.le by the: sight setter with 
tl1e <.k-Rcction hand<'rank. 

r n ain1ing a gun: the point<.:r' trainer, and sight :.e:tter 
.,,·ork a.~ a t hre.e-man ieam. The: pohw:;r sights through 
his telescope and keeps the horizontal crossha.ir on the 
target . The traiocr sights through his tde.rope, keep· 
ing the \'<'rtkal cros:.hair on the target. This estab· 
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lishes the line of sight. With no sight angle a nd 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 received from 
the fire control system, he sets this value on the proper 
scale by cranking the vertical offset handcrallk. This 
moves the pointer's and trainer's telescopes off the 
target- usually moving them downward. 

The pointer then elevates with the elevation hand­
wheel until he is back on target. In doing this, he 
dcvates tbc gun as well as the telescope, and the bore 
axis of the gun is now elevated above the !in~ of sight 
by the proper ' 'ertical offset (sight angle) . 

Likewise, \\-·hen the i;ight setter c.ranks in the value 
of sight dcficction, the trainer's and pointer's tele.scopcs 
move off the target to the right or left. The trainer 
then puts his vertical cro;;shair back on the target by 
training with the train handwheels. This trains the 
entire moun t, offsetting the bore axis from the line of 
sight by the amount of the sight dcficction. 

Thus the three-man team ~tablishcs thc line or sight 
and aho offsets the bore axis from the line of sight by 
the amounts of the sight angle and sight dt.flection, so 
that the projectile, when fired, will hit the target. 

5811. Types of sights 

The simplest type of sight now in '"" is an open 
sight consisting of a small peephole behind a vertical 
rod. The line from the peephole through the top 
of the rod defines the line of sight. Such a sight is uocd 
at the local surface control station of the 3" / 50 rapid­
fire mount; it is illustrated in figure 9D9. This open 
sight is used to bring surface targets into the view field 
of the adjacent telescope; it is not primarily designed 
for controlling gunfire. 

An almost equally simple type of open sight is the 
peep-and-ring sight ; an example is visible in figure 
9CI installed on a 40-mm mount. The rear part of 
the sight is a peephole. The front part r.on<im of 
concentric rings which arc used not only to r<tablish 
the line of sight but also to estimate It.ad angle for 
fast-moving air targets. Considerable skill and train­
ing are necessary for effective usc of this sight. It is 
used nowadays only for local control in rmergcnc.ics, 
or for slewing a gun mount toward the app1'oximate 
location of a target. 

Telescopic sights permit more accurate sighting 
than open sights. Th<'rc are two general typc•-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 t)'pe need 
not be moved because the prisms in the instrument 
can be shifted to offset the line or sight. Th~ princi· 
pk• of prismatic tekS<'.opes arc taken up in volume 2. 

78 

A typical fixed-prism telescopic sight is shown on a 
3" / 50 mount, next to the open sight, in figure 9D9. 
Movable-prism telescopes used on 5" / 38 mounts are 
shown in figures8B23 and 8B24. 

A third gen~ral type of sight, lhe lead-comput­
ing <ight, has movable optical parts and computing 
mechanisms which automatir:ally offset the line- of 
sight. Lead-computing sight me<hanisms arc discussed 
in volume 2. 

5812. Train and elevation $Y$fem s 

One important respe<:t in which today's naval gun 
diffet'$ ftom its ancestors is in the irnpruvcmcnt in {a ) 
the methods a'·ailablc for positioning it in train and 
e\e"ation, and (h ) lhe methods available for measur­
ing its position-or, alt~rnately: for shifting it to a 
prescribed position. 

Some smaller old-time cannon, called swivel guns, 
could br tl'aincd ' 1.:ith relative. ease, but, in general, 
training the old-time heavy cannon that poked their 
muzzles through the gun ports was a m3ttcr of getting 
the whole gun <:rtw to drag it pondrrou.sly a few inches 
to one side or the OLher. Only a fc, .. degrees or traio 
were possible anyway. It was bctt<-r (and far com· 
moncr ) to turn the whole ship. As for elevating, the 
old-time guns were br<:ech·heavy, and a quoin or 
wrdge uncl<:r the breech could be pulled out to elevate 
the gun> ordrivc.n in to deprr:ss it. Ag::\in, it was easier, 
and 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· 
kssly antiquattd as they sound, gun mounts and tur­
reLS were equipped with m~hanical gear for training 
and elevating the gun barrel. But the development of 
aircraft in war accelerated these developments. 

Jn a modem gun moum, the c.runnions 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 poinrer's handwhcds are at his station on 
che l~rt, and the trainer's at his st.Mion on the right. 
The pointer's handwhcds, in gun mounts, tum a 
pinion which rotates a gear =tor on the s.lide called 
the elevating arc. (Figure 5R34. ) The trainer's 
handwhcel, through g<·aring, turns a gear that engages 
the trnining cirelr in the stand. 

In bag-type turrets, \vhere ma,..imum elevation is 
limited and the mass of the parts to be elevated is 
<:specially great, the elevating gear turns an e/P.vating 
nut which engages a screw pivoted tn the gun slide. 
(Figure 5B34 in••t.) Turrets of the CM< type must 
be capable of much greater elevations than are prac­
ti.-.al with this type of arrangement. They therefore 
use an arc.and-pinion type of elevating gear. 

All ttu·ret~, and mounts larger than 20-mm, use 
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po·wcr drives as the normal method ol positioning, 
though th<- pointer and trainer can readil)· switch to 
manual operation. Po\_"·er dri"·a and cont mis art dis­
cussed in more detail in chaptrr I 0. 

In some Jattr mounts all tbt"'$e conventional ;1:rrange­
ments art not fol1ov"·cd. For E"xamph.\ in thr auto­
matically loodrd 3" / 50 mounts, tho A''"' rannot be 
manuall)' elevated and trained from tltc gun-laying 
station~ on eit her side of the mount. The controls 
there provido only for operating the mou•H through 

the power driws. The left gun laytr'~ <tation is used 
for pMitioning the mount when 6rin.1t on :iir targets; 
the right gun lay.r's station is iu control !or •'llrlacc 
target~. Either station, or the director, may he in full 
control. \\' ht'n t'it.her gunlaylng station is in control, 
mount train and elevation arc both cuntmllt.rl lw that 
station . Henr.e lhere js no "point(.;r1$" stati~n or 
l(traim.·r'su station on thi$ mount. And mnnu~l eleva­
tion and tt'ain arc ustd only for positioning tht. rnount 
for mainttnanre o r alignment-checking purposes. 

C. Conclusion 

5C1. G•neral 

The- pN-C-tding st:ction provided an ovcrv!ew of the 
10 major fco.turt.s or charactcristk~ \' h ich distin­
gui~h <ht.~ m<.>dcrn gun front ils pn·dcccsson. A~ the 
<lis<.:ussion hns poirl tcd out several timt.!;, not all of these 
features will be found i 1l all mo<lezn guns ('>:-\ •' tic:u l~rly 
in small nrms and machine gu n~. And c;onsidcrablc 
variatioru in dotails of design from on• mark and mod 
of wrapon tu another. But lhe featurc..-s dcSt"ribt-d are 
thosc that are relem:d to elsr"hrre in this book as 
uconvtntional," rnea·ning that they re:ptts~nt qandard 
prartict in the art of gun and mount d<.·)i~ as it exists 
in the United Stai.s Navv about the middle of the 20th 
century. 1\('\\.' dcvdop~t":nt~ and improvements in 
guns and mount~ are~ of course, al\\1ar~ in progress. 
Many or lhc:sc: arc taken t.1p later in this seric~ of cext­
IJQoks-particularly in chapter 32, vo lume 3. Further 
detaif5 Of dt<."SC " ronventionaJ" foatUfC$1 ti~ they per­
tain to ~ptrific guns and mounu. arc in later chapters 
concerned with the different main types u<cd in the 
f leet. 

5C2. Review of deAnitions 

Following is a brief l ist of definitions which <um­
marizc in gtneral fonn some k~y cerms used in rhc 
preci~ding section. 

Gun . The tem1 gun properly <lesignato< tho tube 
or barrel. but is commonly used to ~ffr t<.> the \-vhoJe 
as.wmbly o( which the barrel is but a part. 

i.\-Jo1mt. Th is is the entire system Ix-tween the gun 
and the •hip's nmcture which supports the gun. se­
cures it to the ship~s srrurture, and provid~ for its 
ek>"ation. train, and (in guns larger than 20-mm) 
recoil and counterrecoil. There are M"vfra1 typc...-s of 
.mounts .• hut all of them must ar.complish thes.t. func­
tions. Larger mount~ have other funrtfrms a:, wdl. 

Train. The train of a g1..1n is du.: po~itior1 of the 
axis of thcgi1n's bore in azimuth (or i11 a plane pa ra1-
IE"l to the d.;:ck), a.I\ nieasurcd from thr ;;hip's c.cm:cr­
Linc. Training the gun is 1·otating it in a2im11th. The 
trainer is the f)f'N.On .. .,+to controls. the trdining of the-
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gun. The lra1111ng ~'"' is th• equipment used lo 
Hain the gun. 

1-:IN·atfon. The e)cvation of a gun is the angle that 
the gun borC" axis make~ with 1ht. tk<'k, rncMured pc·r­
pendicular to thr deck. l:.'levating th~ gun iro: inrrt.asing 
1hi5 angl~; <fr/1rt:JSing the gun is dc:cn.· ~t:.ing th is angle. 
T he elevatini: g•ar i< the e<1uipmen1 used to move the 
gt1n in clt'vation. The term pointiti~ ha\ lhe sarne 
meanin$:' a\ thl" lf"rrns elevating and dt:pn:ssing com­
bined. The pointer is the pe"°n who cnntmls the 
f'ler-\'aticm or pointing of the gun. 

Recoil. RC'<'oil ;, the fon-c tending to push the gun 
to the rear as the projectile i< di•ohorgl'd. h is chc 
gon'~ re-~ction to firing. Recoil is a1so tht rean"·ard 
mo\·emcnt of the ~m. Thi" fl'coil mulumimJ is the 
equipm t'r\l used to <'<>ntrol the gun rrroil. Recoiling 
parts aft lhose- that move with the gun in recoil and 
countcrrccoil. 

CounttrruoiJ. Counterrecoil i!I tht forwa.rrl rnove-­
mrnt of the gun alter recoil which returns the gun to 

its original firinct position. Thf' covnlnruoil mech­
ani.'m -al~ known as the Tt'CUpcra.tor) is the equip­
mt·nt that rcturru the gun 10 ils firing J>O$ition. 

I n batury. A gun in iu tiring J')()~i1inn M regards 
rtroil and counte-rrccoil is said to b<" iri battery. A 
gun move$ om of bau .. ery during 1'tcoil .and returns 
10 battery during countcrrct:oil. Recoil jlOJit.ion is the 
rcarn'lost po~ition of the rttoil ing parts in recoil 
movemtnt. 

Hov.1i1111. The housing of a gun i• n ~nerally box. 
shaped structur~ join•d to the gun b,1rrcl with a bay­
onet-type joint. On most interm•diatN'aliht'r guns it 
hou.\of"\ lht breech mt~haniYD. Sinct" it i~ auachtd to 

the gun barrtl, it is a re<'.oiJing pare. Ma jor-<·alibcr 
hag gun) have no housing; tht"Se ha\'C ynke,, whirh, in 
general, perform a similar funct ion. (Sec an. 7Bl.) 

Slide. On all gum larger chan 20-m m, the slide 
is the structural part which supporu thr gun, hou~i ng, 
and oth~1· rPC'Oiling par ts! and pcnnits thc•m to move in 
recoil. Th• <lide will be di<cussed further in the next 
st"('Uoo. whtrc it is taken up as part of thf mount. 
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Atttomatic ~uns. Automatic guns are case guns in 
which some of the energy of the propellent explosion 
is used to open the breach, eject the empty (' . .as~, and 
operate the device which automatically loads another 
round of ammunition. The gun can continue to fi re. 
so long as ammunition is supplied and the trigger is 
operated. 

Semiautomatic gu11.s. Semiautornatic guns arc case 
guns in whir.h some of the energy of the propellent 
explosion is used to open the breer.h, ejr.ct the empty 
case, and (l.\Jtornatic.ally d ose the breech when anothc.r 
round is loaded. s~miautomatic: guns, unlike aut()­
matic guns, must be loaded either by hand or by 
auxiliary equipment. 

.Alonautomatfo gu1is. ~onautomatic guns are those 
in which none of the energy of thr. prope.llant is used 
to perform bteedi opening, dosing, or loading fm1c­
tions. All bag guns are o( this typ<>. 

Rapid-fire g"""· Rapid-firr. (RF) guns are those 
in '"'·hich loading, firing; empty-case cjc1.:tion, and 
breech operMion are performed automatically but are 
powered by a source of energy other than the propel­
ling charge. 

Axis of bore. T he axis of the bore is a straight line 
pas.~ing through the center of the gun bore. 

5C3. Designation of gun s by caliber 

The caliber of a gun (the diameter of its bore meas­
ured to the tops of the lands) is expressed in inches or 
millimeters. For all guns of caliber 3-inch and above, 
the length of the gun bartel is customarily expressed 
by dividing the length of the bore plus the length of 
the chamber by the diameter of the bore. T hus a 
3" /50 caliber gun barrel has a caliber of 3 incb('s 
and is 50 calibers or 150 inches long. Guns of calibers 
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less than 3 inc.hes are not usually spoken of as being so 
many calibers long. 

Guns are usually desigmited hy ( 1) their ca libel'. 
in inc.hes, followed by the length of the gun in calibers 
and by mark and m<>dification numbe-rs, or by (2) the 
diameter of the gun is millimeters followed by the 
mark and modification numbers. Thus there are 16· 
inch 50-caliber Guns Mark 1 Mod 1, and 10-milli­
meter Guns Mark 1, Mod 1. 

Guns arr. classified according to bore diameter : 
!. Major-caliber- 8 inches or kugcr. 
2. / 11te1mediate-caliber-greater than 4 and less 

than 8 inches. 
3. Minor-caiiber-grcater than 0.60 inch but not 

more than 1 inches. 
4. Smallmms- 0.60 inr.h orsmaUer. 

5C4. Guns in service 

Guns most likely to be found on Navy ships today 
are: 

Gu~u C1.Jnied nn 
16" /50 cal_ _____ Battleships 
16" /1j cal. ____ _ Same 
12"/ 10 <'a'------ Large c.ruisen 
8'' / 55 caL ______ Heavy cruisers 
6"/ 47 cal-···-·- Light cruisers 
5" /j4 r.al. ______ L<irgc carriers, destroyers, and 

frigate.~ 
5"/38 caL ______ Battleships; cruisers, destroy* 

ers, carl'iers~ and auxiliarie:s. 
S"/ 25 <'aL ______ Submarinc~ 
3'' /50 cal. . .. ___ .'l.ny ship from patrol craft to 

battleship 
4-0-mm.·-·---·· Same 
20-mm. ________ Same 
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GUN BARRELS AND INTERIOR BALLISTICS 

A. Introduction 

6A 1. Scope of 1hls chaphu 

The preceding chapter .hrui nlrendy ddinecl a gun 
as a 11rbc dc•ign<>tl to di~chal'ge a projectile 01 high 
velooty by the g;u pr~ure· vrodut~d by " propellii.m 
in the tubr.. Commonly, th~ te11'n J!l'n applic•. to the 
~miro asseutbly <>f wh.icl1 t1u: barrel u b\J l One !"•11. 

ln rnis rhapter, g_,;,,, tqbe,.ur ba<re/·derign.atns the gun 
tub<: onlv. and not the remainder of the : un as1 .. mhJy, 
'Vrhich ir!clude.s~ jn addition, t hi! mounf.and tJth~rparts· 
de<..tribed in th~ prece'diog chapter. 

T his chapter iS'c:onr.ern¢.'d , .... ich gun barrel COrtslruc .. 
tion and tt'l:aintCm;nce. and with interior. ha.1lit;i.iC$-­
wha< happcra irui'd" th• gun whM it i .. fin:d. 

8. Elements of Gun Design and Maintenance 
6111. Modern requiremenh for gun power 

l'rescot req1.1in;0>cnls. for.gun~ demand mu'1,7.le Ve· 
loclti<'S of 'from 2,500 to 3,500 fp.>. Lower ·vdod <i'li 
give li:ss •.triking !'ll~rgy. I-fore important ;.till , :a pro­
jer:tile lirecl al low velqcity would d<:Scribe a .GurY.e so. 
high in lhe :iir, for long rimgcs, that hits c<mld nor be 
-de UnJ"'>~ the range WCtt known Wilh gttat ·ac­
curacy. Since the accurate !leterm.inatipn o.f mnge is. 
a critical problem in naval gwin~ry, rh c b.igli-pPw•r 
gµn i• a nec:e,llity: High. ,·e!QCity of " projectile i• 
produced, 41f coimc, by liigh prC$Sure uµon h wliile 
traveling through the bare. 

A gun may be ·comidered a. a tube deSi,gn~d to with­
stand a- given pres.rure from w\Lhln. ln oonscnJctlng 
•uch a tube, w• must lint romider what µresSures 1l 
will have to withstand "1 the various poitH~ cl Its 
length, wd then make it S<tong enougp tp in.<ure per­
fect Sl\fety: The l:S<>te • hould also be of StlCh material 
as to so:nnd the wear and l•ar of firing a ~· number 
of rounds without being so dam3g0d by ·expansioh or 

-abrasion ... 10 ·interfere with the mOOtlng. 

6112. Stre11e1 in o gun cylinder 

Coruide>fog a gun only as a cylinder, we find tbtlt 

the two principal S!J'CS$e< (£g. 6Bll [ol) which such a 
cylinder is rul>jccted upon the exp osi<)n of a. charge 
are: 

l. A ciroumferential or tangtnlicil itraJS qi rensiort, 
coupled with a radial strtrJS, tending to split the gun 
ope.n lor;tghudinally. 
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2. A lc >1Jli!'udirral str«.dending to pull ll1c gun apar.t 
frr the direotfott ,,r its 1"'1gth. 

Expt-rimcnts· have shown that lhr: greatest mil•~ o n 
the m•r,11 uf 'the gun ;. the tensile $lr• SI: re1 up in the 
direction M iu; .cireu1r'oiereru:e oy 130«-d~r ga.<-p~sure. 
fo ··addition. th~ .~n .als(> experiences a longirudinal 
m~s.s. of celativdy im:UI valu". Jf this longitudinal 
strc:ss may be co•lsickrcd comt:int ('1nd in guns it uniy 
beos•> considi!red without great l'1T<>r) we may lay dt"'"' 
the f1rst of"LnmC'•lnws." asfo!lows1 · 

RAOf~L PRE$SORIC 

C°oPNf'f()llr u.u l;y "'<' ' (?, f · ~rap(,l.t ~11-tttur.~ 
Ftoua.z: 6BL-Forccs in R guo cylluder~ 
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At any poinl whatrr11>r, an a cyli11dt1 under fluid 
presrorc, th, 1um of ti" tongtntial tttuion o:nd tlu 
10J/ial P•tJturt oanu in~•mly r.s tlit •quart of 1A1 
radius. 

Tbi< law IA)", in effec.t, that in Q sim1itc hollc.w cyl­
ioder under imerrutl pres:.<ure, poi:tn in the rn<tal close 
to ibe bare ~riericc a larire proporr:.oo of the •trtSs. 
whrre~• tltol<;' :u a greA<er r~d1us f'~perienco only a 
JmaU prorx1rtion This mean~ that in a <implt hollow 
cylinder r~m~ ~ghout o! mew of hom<ig•· 
ntOUs ph)'Slr:!.1 PMJl<'l'tl<:>, we 1000 reach a limit ~­
yond whirh aIIY thitkM\l or waU a.id~ but lit1tc in 
~nohling the <'ylrndcr to witlutand pressure. 

Hen<c a modem gun would not~ <Ufficicrulr •trong 
to "lth<1•nd the requil"t"d pn:uure if niad~ of " wn~lc 
1implr hollow cylinder, howtver tl1iek. llu1 the ~n 
mu>t be: built on " pcincip!t whirh ,..,II cn~ble it tD 

withstand morr i111rmal prcuun: than ro.1ld be with· 
Gtood hi• the limplc ryhru!<r Lypc of conllrurtion Thr 
pro~!= it t0 m:\ke the ourer !arr~ rnk¢ .. proper pro­
poruon o( tM """'· Jn one m<><km .olution to thr 
pl'Qblem, the fl"" t. (Offitrull~ of la>tn of m<"lal 
The lay"'' nearer the bore ar~ h~ld under an initial 
tompresn01/ by tlte tfns/4n Of the OUl•r lavrrs. Thu>, 
wh~ the gun ~ firt.d, the inner l<l}"<n m•ut lint bt­
expanded ~ufficienth- 1n "ffll(>\'C the initial ~'Omprt'$<ion 
before 1hry be-gin tCI cxpcricnrr. a pt><ilfve 1eniil.m or 
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llrttch, whflt the cxp<>n<ion iJ l'Ontinuou•ly rc:l'i<ird hy 
th.- ttruion (of ohr outer laytrs. 

683. Properties of gun steol 

.Befor. con•ide1ing the con•rruninn of a gun :iuord­
'"8 ro tlu• principk, it "ill be: n~ to <lt".uui.nl­
som~ of the proprrti(i of gun "rd "hith ha"" not >·ct 
bc:cn t"On<i<.l<Jrcd. (;1111 steel Is elastic within limiu: 
thus. ii• •trt.« is applied 1<> :u to Jet up a <train Cdc­
fom1a11on or rhang<" in d~n) "'" cxettding thr 
clanic hmot of m-ain of thr •K-cl. then the md wilt 
rrium. to it• orig11}l) l shape and dimen~ioru whfn th~ 
•tress " rtmo,ed. lt :< then ujd to hav<" been worked 
~(·1th111 :u tla:rtr ta.Jt~~. Howr\·tr, when th~ t'l;u.tit 
limit of 'lrtU.n has MM reached, ii the sire .. is in­
r•fastd th• '1ed will vield rn1her sudd~nly 2nd su!Ter 
2 ro:npar:u;.-el> larg.: m:.in "itb(IUt further inctea!e 
in runt Thereafter IOCff3S<' in sm:ss wilt still fvrlhcr 
l11cn;~se nrairl 111c s1ccJ i' n(lw being wor!a,\d m a .s 
;tm:Jh:Jlir ra11ge I If the strcu IA sull further in· 
Ctt3Jrd the .u..Un w1ll 110 ~und the semiplastic range 
and tbr ~reel will 1pvc rnp1dl1• ~nd lr•cturc, C\'•n -.ith 
dl:Crc.a"' of lnad.) TI1e importont poiut is tllll.t tho 
neel has.now r!!<"dwd • permannit .ct or defonna1ion. 
Nturthtlm, ;, will atump1 10 rtturn to iu forrrur 
dimt11si;111 :J'llfo lht ''"" u rzmov•d. In Olhtr 

SEJl,fPLASTIC 
RAH GE 

, 

EX'TEMSIOH OF 

STEEL l +STllAIH) 

C•,.n9AI UU .... fh ("' ~ . ..\ af'ilt 1 .. w.11 

Ft0u.t. 682.-Sircu and ura1n se a. ~n cy1iftdrr 
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word•, it h!l> suJft:red a ddqnmnion Lhn1 i• p,ermanmi 
/Jiit .lmri.:. 

Thr..1c prrip'crl:ift< (lr gun stttd ar~ plotted in ligutP 
6B2. in which the ardiwite.-, n11''1Jllr<:U •fong OY, 
rcpn::1c:nr dio ~N'S!<'> a pplied w ~ ccit -pirrr, nnd 11ie 
ah!Jcis..lla:t~ mc.a~urcd along QXJ rrpn:3cn1 dlt- corre­
sponding , 1ra[1" ott up. The rurvc i • drawn mlly to 
Show tension sh·r.~ ltaw.iug c..~tc.rUiori nrain in the 
<ie~l, \ml it L-Ou!d b" shown that tl\c st<"d behnru 
similarly l.n<i~r r:owprt·.s3ion .strl'.5.i•:s. causing c1.,mpN·J-­
-sivc .strain-,.. 

As thestress·is rais6tl fnmi 0 to A
1 
th~ ~,r~~1 is !11.r(l.i ried 

by the amount OC. 1f the load il intn-tclcd !li(!hdv. 
rho ~·~el yields suddc:nlr and •uffers J.hio ~ddi1lort~I 
str.Un. CE a~ prru-ii~ally tun.scant load A funhor io­
p easc in the lo:cd r.o K raw;:$ ~n. addit.1o!l'll stro.iu EG. 
' t'he be,hn¥iQr of the. stcd tb;l! far is repre~nwd by the· 
cun1e OBDF. 

lf che !Oa(l is now .removed. th<' curvr b ~eo to re­
turn. not <o the nrigi1' ii11t 1 0th~ point E , tho line Fii 
b<'lng al.I-Out t>!<ml!d tp Oll 'l'ht- w el 1ln3 tal<1·n ·the 
p~nnll{lent defoi'n'!~tion, O< strain, Oil but still I..:u 
cl~stic propcrtW>; "-'is iii.own by the d~rt'ra~o In suai11 
from(;; io·R U!'IC•JJ. 'Ct11ioval of the lcia<l HG iH<lclnc­
,,;..imt forger than OC. ff chr. sgrn~ ·t~M pit'Cc is again 
stTessod, a ·Mrcss ~qua! to OK will be requircCI t1Htr.un 
it by thi! amount HG; for purp<o>es /;If >U~h a Sf.:COhU 
.slre5$, H nmy bo considered to bi! a.t the origin. 

From thc•abo"i', iL m:tv b¢ gee.JI lh(U tho •tcicl llM a,. 
quU:cd t ..... o lrnpoi:tilnt m:w·propertics: 

t t l It h~~ l'l!C~ivcd a permanent deformation, or 
st.rn..in. nnd ~il:ll fd'ii.U :a comprcs.Uon sLt:~s trrtdmg: (0 

c:ompre~ it to its ·former dimension (curve HA-{ -shcv.-s. 
thh o.clion). 

(2) It ha. s htrnged its phy!iku.l qualitios in tha< the 
application of a ~tr-r$s be.)'Ond itS origioA.I elastic brnit, 
ha1 gh'1;J1 it " now el~tic limit pr;u:tically equal ro tho 
.nrE:" ·!t Ji:i.~ ;;u.,taincd. 

Now "ornidcr the npplfouinn of thh prin~lplr tn 
gun C".\l<trucrl(ln 

664" Bvilt-up guns 

In. the ; imple11 bWlt•up gun we begin widi an inner 
.i<'C! tube. of Qul~r diam~., d, :uid pl•ce 0>rnm1~ It " 
cyllndrkal jacket of inn<r dllimerxr d-l. s is .mitll­
on thcOTdercd"0.01 in.; 1i> c1tllcd tlr e $hf'nl<~g•. 

The US\1~1 mcthod of claing-chis is to ht"1t t h~ j,\clicl, 
thereby cxpandl"g h1;md 10 •lip ltO\'<.'r the cold tube, 
allowit1g It L·o c:vol nnd ilirink in plare. Thr l'l':'i"~ i< 
thni the rube receive.< n • train in compression {nega­
tive estemion) . became of the <hrinkag• <)f lhc jacket 
-upon itt white tire jadcet i'tCdvcs .i1 strain in-ei'ic:n.tion. 
1.x!in~ unable to !h.rink tn it.$ fomet ~i.i~: Tiu·.s.c ~trcJ.i.n~ 
arc •\\•ell wullin t11e daS.tic limit of .strnin r,f the streL 
Wo h"vt here, dim, noL ;m ini1ia.lly UJJStrairwd stocl. 
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hut n compound cylihder Qf tv.ro mr.mhrn, the inner 
t;lf which has nn initial strain in compression { nc;:,g~14 

live} and the vukr an iait~l ~lrai,,r io ?.xtfii\ion 
(pmitive) 

Wlwn pt!wrk.r.·cff.U pre>><m: (>!fess) l"'"!'iJlicd i111h~ 
b<>re of such " «>mpound ~~tinder, :he'J'remlre mwt 
fint ,,.;,p,!nd thi: rube cncru_;sll to rm!J)1.·c lhe initial 
Strah'l of tt"unp~i:.ion. bt:rort' i1 ·c~.n c:nn~i11w> tlie ~­
p;aruioh lJ>ward th" cln•tk Umu o[ exturuion of the 
ttJ.bt-_ Such cxp.ano;iln~ ii .. ·t>nlir1,1t_\us.l; opJ'/<J~ed h)1 the. 
j:.ttker. ~" hieh i\ ptcssi1i.g: inward. Thie aatkin nmv be 
Hu «;tl in the followi:og !lrincij.>le : 

l.f any pres.<u1·~ be applied ·to <t c•omp<>und tylindcr, 
the •tra in at cueh p<>iut will IJ~ the algtb.raic Jlim of 
the l;l.rMn'at. t he p<iiru btlore thr pn:s<ure '"'-' app!i.cd 
:md the strain ·which the-same pressure Q:.JU1d c-au..:;.e at 
the corrcsJ.>1.1nding polnt in " ·l!irapl< ('y!inder, ol thP 
s.an)e dimemmn; ti:I the. C,Ompound one. 

In a COII!JJ0Und ' ylindcr, a.c:c:ordir,.g tu this ru h:, the 
inner lay.r re~eh:e.s leis.strain ln firing than "'Ould be 
rttch-.,d by the Cllm.:sponding. layi.-r in a •imple cylin­
der, for the origin~I comprc,.iM uiust fiNt be ov<:r­
carm: before atl) po;lcivc nrnin ( ~xtcnsion) can bi: 
irHru duccd. C'<1Jrn\Sp<1nc! ingl)•, th~ t •ul<'r l~ycr rl'C~ives 

mDre <train than it 1<a uld in " slmple cylinder plus 
tho wi~l str.tin in ~>:tcusion th.al it nfo~jvc• ltl cC1i1-
~=1:1i"m.. Th~ ~tr""' fr.Ir bl' 1h• different lay= of 
the gtm is then no long~ jnvcricly proportiunal lo U1c 
«1uare »f the radius :i.<.rordlng Lq I.am~'• )11w, hut in· 
nead is meJrt" e,>en]~· o.ppartioncd runnng th~ lll}'crs of 
fn~1.l. 

T hi! princi)lle !. »pplled ul the b,.ilt-"p gwJ, which 
w:µ. bl'ielly de<l'rii'led fn th~ ·t>recei:ling ch:;pter, and is 
illustralrd in 5gurn 6B3. The printi'ple of prc."Stressing 
by ~hriolca~f" M:!i its 1imtLs of ~pplk.;i.tion, hO\\lt\le?l. 
Reiiard)es• of whether strains are ;oh1p by 1irlnii or by 
pr•f!trt:ssing (Shrinl<.9gel, the foll91vir.g.Ji.miting pt'in· 
d plc applic.: 

No fib fr 9/ any <ylirrd4' qf a buill-uP Jlfln mml b< 
"fain.el b•yand t/1' •la.rt1c limit qf th~ mn1aJ of thot 
C')•ir11dm 

Tn a hullt:11p gi,.n, 1he 0111et cylinckrs, or hoc?/''· ate 
liea kd and .u;c:mhled one at a. timr on the· rube. A• 
chr hr.H:•ps r r.101, ,lh~y shrin,k, ~nd 1lgh1ly grir' the ~ylin· 
dcrs witltln thetµ" Th·e loeking ri~ at<> th.en added 
t() pn:vcnt lor)gitucfina! rrnivcrnt nl iif the hoop>. After 
di• hnopi; ;rnd l(>r.l<ing nngs are a.<i;<"mbled M the uib<, 
the mtlrc aS:!cmbly i<c IH.'111'-tl , nd Jhnmk on a li11¢r. 
Thr. 16-inth sun ~an r.xamp!o of this con.trur.tion. 
Tb~ linar. which carries the rifting, is usually thi.nnet 

than th~ tube. Tt !s, 1 herefo~. not t(I be ct>n•i<lBed 
n major strength membet, •incc an but a:. small part 
of tilt strain a transmitted through tit<:: liner to tht. 
n:h• and hoop;. The liner om b.e replacr.<I wh•n the 
r:ifiing h3.S worn dO"_y<..~ whhout ·sacrificing the other 
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pnrL< of thr b~rtcl whil'h lia,·e 11 1m1ch lonirtr sorvkr 
life. 

The >.<;<ewbkd harrf'l form• acyllnqer within whk h 
high j1rcitttt ii <lC\-clopNI 3S the (harge •-<p!odi:; 
The cffr.ct of the pn:.nutt is g=te<t <m th~ 11111u 

cylindrr. nnd dimini<h.-; m11idl) HS it pr('}roods out­
ward. 1f the (')lilt:'• hcm)"K wc:rc :tt<'mbled l>Vl'r the 
tub.c without bhtinbge, the}' wnuld b.- subjected en 
less .strain ,than the rn~ And th,. stttngth of gun 
would be li:ule wea •cr tJi,,n the •tl'cngth u! thr tul1<, 
Uowcve<, the shr1 11kag1· of the hooP' •!,jU<e,,,; ch~ tub<; 
at lhc same time Sll'ckhim: the hoof"· 1 h·~ '>ak 
pretsurt' uf cxplMioa can tlu;n b~ inCtc:Med, fo1 it mun 
overcome th~ ~u~~¢ bc:orc ll <!In it1'cl<.h tbe· tubc. 
The •hrlnkOJle i; so cakuhucd th~t each hOop C3lri.,., 
3 ~han: of the SD';\ in-

685. Radially expanded guns 

A 'IU" made from a single tvlir.dt.r whi<'.b has ban 
subjN:ttd 10 " radi;U-exp;m<ion pror.e"" is l'llll"<I a 
rudialJy ~;rpaitd.cd mon<>bli>< i:un. Jn i.his. proc.es> 
tht· gun forging i.\ h9n:·d 'CO a· dian1eter 'SOJl\cwhltt' Jess 
than the fuilihed dimemion, :md turned down on the 
outside m1o1>n.:thing grentrr tb;m it• fo\ishcd diameter. 
Hydrnuli~ pl'(Ossttn.: is Lh<·n o:pplled to 1he bore. By 
LamC's law the mr1al :i.t various points thro11gh th .. 
wall of the gun will •·'""rieni:e ·~ whirh are 
invet>tl)' pooporti(>n;,l r.o 1hc ~""re of 11\cir radii. 
Tho pressure id the bore L< incn:-,ued in strp<, until ~ 
thin, indefinite layer of mcful ncarctt 1hc horc ;, 
brought to it$ dastie limit of u;&in At tbic 1ime all 
1ho olhrr (imllgin~ry) Jaycno of m~ml itt 1he io1.<iing 
Hre nJ~o 51T11ined. bu1 aU within thcir tl~>tlc tin.It, :md 
the '""""'" of ~tr.<in clc.:rcnse< rcgulnrly :u "''" <.'.l.>D· 
sider luyer:s of the metal mnrc '1nd lllOl'E J'Nl\Otc fmm 
rhe b.o.rc. 

The pr~ucc is 11ow inl'red!Cd ;o t!Ult the bo,. layer 
i~ stmintd lx-yond iL< chutic lluut, the 10)-cr ntx1 out-

85 

MUZZLE eru 

! idc •he bore i..,rr is brought just Ill its clo.1otic limit, 
.ind U-ic '""~i<>n in all lhc othfr luyer< i• incrc:ued, 
Still r urthor incn:nsc ol !Jtt"5SUre ln<Tcase• the per· 
m~ricnt strain in the bor~ W)"<'r (whkh i~ nl>\>' being 
worked in the porrio-n of the c:urvc BDF, lig. 61\2), 
~tmhu th~ S<:t ond layer !);,y,111d iu <lo.M ic limit, hri·11gs 
n third layer up lo iis t:lastic limit, und incn;ns..-. the 
1cnsioo in "11 1he o:hc1 layers. The lncr=sc' in pro.­
run: i• ~01Hmued umil the out$.idc hwer of metal ju.u 
rcaclif$ it~ el.a.<nk limil u! strain, a11d this prd~wi: u 
hf"]d for• 111110. Thi• prcs<urr: is coru;1dembly gi••a ler 
th;m u1c prl"<l\urc whkh the i:un will be cafl1.-d upon 
to ,,·ith<Ultld wbl"11 ftrei!. 

When th< 1>rem1re i>romoved snd lhemetru allowed 
to rrtu ru to :i _'Jt ,\tC of rest, \he- ph)'$icnJ mndition of 
•h• fo1'!ling is"" fnllov.-.; 

I. The bore lo.)'>r, whid1 ha51".xpcrimced ti"' gr•at­
C"'l l :ttrl';S.< !<nd tberd"or<" rect:ived the greateJJ pnma­
ntnt stttrin, i< pr<.>$Sing Outwnrd upon the second layer, 
for it t•nds ro 1>1' laTgt:r than thr, <econd !ayer. l:Jnv­
ing reeclved the gn'Al1::sr ll~. it hn~ " grenter !"-'" 
=ntttl·und-el;l.\tk limit t!ian.1hc ~~ond layer, :rn;i " 
gteMxr t'luticity .. 

2. Convrnely, the s.:ct•nd !•)tr, having re~eiv•d 
•ll.i¥>tly ll'$s <trf>-1, is o$tt"ainccl slighlly less, h:is less 
~l•stici1y, :md is pr<SSiqg mward upon the lii'$L layec. 

3. Continuing mnward, the lhitd litrtr bc3n< the 
."3me rclnLion to th• ~cund 1.wcr a• the ~1oeond do<:i1 
to 1he first.-and so on 

'rhe 1><:1 i=ult is tl>.at 1he •inner laycn orr being 
P"'-<!Sed upon by th• outer Jaye~, and rttt'ivt :. ~train 
m wmpre<sidn. as in thl' curve HM, ilgun: fill2, lsut 
tM)' rc.ist thit pn:sring inwuil. hy pr<»iag outw~rtl, 
=d tl1achy pL1cc \he GUh'r la~1;dn 1). $late or ten»on. 
We then l.ta»c ~ gun .wrutruct.-d iJy ? pnx;es~ of self. 
hooping (au:ofmtagn. m:idc <l-• if comp<>srd <>f aa 
infinit• numbc-r of infinitely thin hoops shrunlr ~ 
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s•thfr and thcrclorl: d=orumuing lh• pr111c1plc of 
initial ttn(ians.. 

TI1e radial~nn pr()Ce.s rtiU.lt; in • 0·lindtr 
in whirh 1hc change lnim •qucott o<1 1h• i1wcr la}CI 
to mc1.<h of 1.h,. r.>Ulor la~r.1 ii unUc:mn. The rh~ngf 
in ~ ~uilt·up gun is in •Ujl< from l1oop 10 boo;., ~nd 
the mrnglh of the metal is noi fully utlliztd. The 
111cui.I in a radiaUv apnnd.-d gun is used -much morf 
•Riricntlr. tbcttfo,.,, ndiall)· n~ndcd gwu '' cigh 
lc.s tll2n built-up gun• of the >ante <Uength Th~ 
rcdu<;td 1.ei~h1 oi th,. ha1rfl make< po;s]bk " light<r 
gun M"rnbly. 

1'hr rndial-•.~t'""'lan f>to«:u pcnnits fe;te1· i:un pm­
duction ~t lowcr co•t. With 1hc saving in wdghL 1hi< 
m•k•1 radutlly txp:mdcd pr•ferllhl,. co built·ur guns. 
flowt:iver, thr prnres.s h limited at present to modcr:&tr· 
,;,,..gun> because of the d1fficuh~ of olHainlog o single 
fol1!'r>i: bri;<" t11<>ugh for those of rn>j<>r c:llibrr Typ­
jc.a.I monobtoc: b.:rr.rels .titt' IOLU'd in the 5''/3U c.:.hbcr 
~'" and 1 ho 5" r47 caliber guns. 

6116. Combination guns 

The built-up and rudiall) rxpa:id!"d mcthotlt ma~ 
ru. .... ht 1ncorpon11ed in n ain~k gun. Thu< the dlffi· 
cult)' of ob1nininir a s111,1?le forging bi!f cn0<1~h lor th• 
lari:er guns con be: ov=ome The 8"155 c•libc:r tcun, 
for cx•mpt .... ha. a Jacket ,hrunk on • rodi:t!I~· «­
pand•d TUh~. 

687. Simple one- pie<e 9""' 

Many small <iWlS H•Ch as the •10· Rnd 20-n\111 •r< 
m"dP from n •mglc •tccl forging which "'!'"'"' rmth<r 
ndi•I cxp:lJ?11un nor hoop< The prcssuin dc-'1:l<>pt"d 

per square UKh in small guru m>\ he higher than 
tha.e in large gum, bu< ihi~ may be: rompl'nsatcd I>} 
111crc-.uing tllr >iU ol the forgint?, wluch is not er<c:et­
sivcly largt in .my evenL This type of rons1ncctlon 
i;;, nt the p1·•~~m time, limited tn gur>~ of 3-inch c;-aliber 
r.nd ' n1all<r; but th• d<'velopnrnnt ol <trf.1$ with j,'l'C<ltcr 
=1'111u'!:ir<tl urcngth may make i1 npplicoble m large 
~u ns fr. the: futuN' 

688. Rifling 

Ch•t>tcr :; t~laim..O the n:tUJff rnd pwpose nl 
rifiin,t:(. f'gurt' 6D.; 'how; in • dctoi led r •= u.chon 
the r bo.n1htr rrf a gun. a ient~d pivjt:+tik, and ~he 
<irigin of rifling, ;m<l figure 6JJ;; ~howt rfollils of ~n 
rifling. The vrftl(1l> o{ p rojccuk rotnlfon wh<-11 tt 

Jav~" 1he rnurzlr o: a gu11 d<pclldJ on <hr lwi.i of 
:hcrillimrand l11cwlccitvo(Ll-,..prniectik. A 16"/"JO 
projectile 1um• •I .tbou;-1,000 rpm wh~11 it kava thL 
n11tale, and a 40-l!'~u proj« rilc 1um• al >bo.1t 40,000 
rpm. 

ln gun• 'i-uk'h ••nt.l mialfer, rlijing I• rut in to du: 1tun 
1.111.it:'> oorc L~•su gum may be fit«d with wbular 
Joo., ffn u , which f'3.n_ be :n-"pl.M"t.•d , .. ith T'C~ri\te ~ 
wh?n thr riflinr i.s \\-cm ouL 'Th,: ra.tt'.' o! rifting ·wcai 

~to tnr-rc".a'r w1tii calilx:r. 
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6119. Dlfl'erenc .. in constr•clion between <a•• ond 
bog guns 

/'l(J1•aclup only brg" gum (8-ind1 and .up) use boft 
ammunition Hence bag 11um Qre g<'netallv of the 
built-up typ•, "hit~ ·a ca,,e gun m•y t;., mo1'!0bloc (Tr 

huilt-up. dqx:ndi!I!{ on <i>L 01hrr difFcrcrn:cs in con-
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.nn1\t1un ht'h ...... n l4li" , nJ h...t:" c:11n .. ar.• ('Im rm,., 
oniv ~ i 1 h th i= bJ I'~ h .,\nlrntrt' 

1'111• brt't:dt 1•1HI vr a r i"· sun ~c.·nccaU) h·nniruttt1 
m ..ln intcrn1pt1.:d.·1tr•\\ 1!m.·4d .... hid1 m~·~1\.·• \qrft 

?.imil.1r tl.i.rr~d in tltl' JlUI• hou ... 1s.g. Fi,qurr tiR6 :J..h1 .... 
trat~ a t...-pir ... ;1J ~tT3n~f"nv•nt, \'.'.hirh 1c; <-asr ti) :.-coci1M.' 

""' .1u '-'PfJli,·3tt4t1 u! tb' inlrrrl.IJH..:d·~fr\\ pri..:!dpJ,. 
t.li~u~~d m t)a: p1~n:·tlinq chapt•~r t\ kc' ('H"'\t:llts 
r·111 ... 11it10 or Lilt· b11rrcl with re,,,p1."(.I LO tht" h\11 u il'I¢" flf lrr 
<.0nq:iqrn wi-11t 

l"h~ h:rtt"Ch c:nd nr .l lut' .!11:\ h.1• ..l \ ·h· !f'~t..1\ 

llli"t.,I ntu;. rurrtH1t1din~ tt.· -TI•c..· \vkc prt\·tcl• '<u .. · 
ll \.'l1tkm h('i.w~·im ~h,. h~1 ref .md ntht.r tl'1 r>ill ns:t p.:i r l 

am! fl1\." recoil and tou ntl"1 tr.:cH $\ 1tcms. Sllould.1 ~ 
on rhr gua 1nt,·rm rno\l'."J1!Cnt ,..,;~h 1(';1l':'\:t to 1h ''~\.r 
Tial )-O~~ srnc'> ;,ii.., ~~;, c.-oun!nwr~1 wk:::~ fr;c< 
~UI\\ t c•nccr ot gr.hlly !QW3rd lht" l,1 r-• h Thr 1 t..-r 
end (>r 1h.-. gun l'h:u'l1ho·r l'Jnt~tlnc thf. <1 'C.' ·bt>.t 1~"r' 
'>I ''·re,· ha'1:. ~ •h·d inscn "' h1w: thr-cadrd 1r:1ruar 
nu fo11• n1c .. '1 1~; 1<ith d1r ' ' '1'f.>ed rhr(;_rd <>f tJ1r h,.r rdl 
p1 111.:. The lin~ l; h.>ck1·d n )ln\HiQn hy l.~ p .. ··n·w5. 
•nd ran J,.. I' pL ., 1f "om n d ,;"'1 It llu.v 
tr.ittd inthf"'\ h ... µt~:ran tun<'!• -

6810. Core of boro ond chomber 

<...:c.rupJru· in,tTUttinn_, for thr t~ubir n'fK' uon ;1nd 
dt'.111111~ Qf gur'I IMrtth "'ill he" fe,und in th-. BMt r.u o! 
01dwint1 \ ftt'llldl at1<l tth .. :r puMf...-111 •rt> oi tho 
huu;..au. On1~ u fc,,. of 1hr r'h(l~· impmtA.111 -'"P cf" 
of CU n ttMiUU'o~nrt will lx: di~1 \l'.<r(I h,,.n 

C1m 1 h,.,.1 j:tt.u p r!"<ru.tr, >ml ·ompliro.h ·1 \'11•1ni· 
t.:il fh.mgc:s. ACtt\in)J.rny tht hurniu_g of tht' l'h.lrfrl": 
Sun.· but not ~u oi tf:u· r,-,1C'u<. . ·• tl:,... hurna1~ h bi1J\1.':: 
ou t ,,r the muuJ,.. .1.fii.:t du~ prn1 .. nilt". "l lut "hirh 
>L·ntulm in the A"llll i'f in lh<' form nl' a ,~<•rrt•,lvr \.UL 
S1.;u1d;1rd pl'OCC"dmi: ii Lo ~m,.,, ... ,. thlt: 1ioultn,rt l), 

\.\ .tchm~ M1t lh4,; bore wi1h a hQt ~ ~uliun .tn'd ~:>· 
rl~"'~ ~. thin blm of oil bcfo11" w11ri."" until 1'.r M~t 
tirinc; ~1ntc th,.. .1d\.rnt o( rhronuum plt1tin' of cun 
horr<J. po;t•tfrt /uuim~ 1$ ffiU(! l\.")J of 3. prohl II 

D1t1 in a. ~nn ty,. ,.. ;,. nor ontr au iu\ 1mrion to cor­
rw111'n but o ~' '"" t: or poiit l\ · 1 ~ J:rng"Cr hf"tn u•t•1 iJ h 
ofl1·r, \•ifficicnt rf"91,ta11u• :o 1h ... p:t('-1-#t' c.•t th•· p:n•<-t'· 
ufr. tXCC\"i"" pn. nol.ltT n'l.l\ pilr •JJ.i 3.t 3 point ·' h'"t-.: the 
dM11~n of the- Aun wlil GOl \\ 11h11it.1nd it l () ~lUrd 
,,q-n i n~1 ilu• +l\'d di•ntaf .ufmi~ion C"f riirt. sp t i.\V, Or niois .. 
t u rf' 1mrY tbe ~w1. et seol.Jd ::u1:uh• plug. r.ithi•r 1ilu: :;i 

(Ork r .. 1Jled a tom;·:.,, f~ronounr"'i 1um-kin i' m· 
8l"rlrd l'hi." u fJnh· a p.:ini:i l wlution. bt"( .iu,,. 1nd • 
c:crc;uu \\ \.·atht·s- r<>rirliuum c:"n•r lc·r.iliL.• cnndt'n ·1f.:.1n 
.. t lt u1uul.ua m ch,. h('lcr Thiei m<1i'tu1r b :\IM1' ~ 
~111n.1,; '°'f .·;, 1 1u~ion d::wgcr. Jr: fair. dn· Wt.:Mhrr. 
ton1pi1Hh arr: Jt lrtf1\·i·d coditou· th•· IJ.u n:h. 

1"'Ql1Jpt~,. .t11no: 0,. 1&'-rt.l undn rnmh..u condi:1l'\n .. , 
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b~.:auc~ n• tht' 1~ .. :~ilif\· o: on~ inad\.~rtt'ntl)• rr.-n.1in· 
'"'{ rt 1 gun \>hM rinng. Huwc•·cr, dirt nnd wn1r r 
et.ptdalf) Mh \hHCt, Olllt.t hr kl"rt t'>\I( u( th1.• fl\ln ; SO 

t. -tU\ .l\, (Ir in tht c,,,..r c! unall ealibP~. pla.C..11(' 11h1P'.k• 

rn\t '" Jr: u~J Jn .a.u tmfry:Mu·r tlu: prujrctllc r-30 
l>c fon· !:rl :bmu&h >u~h co,~·n "ithnut hu,.ung lh~ 
bor rl TIU.. pro.-cdurr " o( «•Un<:. wbj<'<'I 10 CCI'• 

tafo limit..:llif'l1tt rrojc:"-riks \\'ith "·U)'K"~~t\'1\1\t" OQ)C 

(ut'· crmoot hr- fo1t·d through 1•1u tr.7.lr <.c\1C"1'.i ol uny 
~n l ·n]d•\\'•·~th.trt•p~rati.tHh., .... 11("n c01n\.ncovcu 
n. !,. .<>me~ r tNtrJ. th<"'·•hould b.- r•mo"d 1,..fo,.,. 
tirinJ 

:i-.tnw i:-mm:dl ;\tf'f) tl1\11gt.:rOttl th~n corro~if\11 ()1 t liit 
i• mruliic cua>tnetion nr the b•'•c. Before nnd :i.ftcr 
r • ...c h fl:-lD!!"- bar rrl' ~JC tC"sccd for 1hj11 mndi1 inn with 
3 piut:" ~.!!?:i" wh i1 h i< ;"t ~!ttl L\1indcr a,·curn1t'l\ Ill~· 

dm: ·d to •!i<!. th «ndcr 111' di.lm~l~r oi the bon:. Ir 
~t "' " me it i< d •'O\"t'~I 1ha1 th• plu,t\' <!<\II"~ wrll not 
!M!.1 thret·1gh 1},. bore- , , n hn111 undue t o:cin,:t th <: 
n.lt 111.1,: o f the <"l'U'l\111f ll(-' J1 mulit bf' rlNt.n11lnc<I. 

Uni- l Y}')C" r_.;f <.O:UtriftJ('):) 1\ roppt:rlng r<>ll'l'(\iD~ or 
,. fl< 6.~: .. • he boft' Jr:i "nil hmd \>\· thf.' rot-at· 
==--~ ·1.mu. .. ~ t•rr.jc~Ui1"!\. F.vm ln amount tt( c.:<•J'p~.:r 
tc'v iJi~ht t • "" f'"d1.- the p1·nJ,·ft if1· ";ll afk<'t 1l" 
n~< u 1.1q, ~l1•t:.l lh, h•;ad foil in th1· y>O\\·ll r1 \.'hRr,K\" • 
.. , l1ilc 1nrrea.in1 rnlJ.121, ~!i<h. h.l" lu·1-n uxd in ~frlr­
puwd11c !r, c •nt1'f'1 r'"'PJ.-·1iug J hr lr:ui n-duc.:t.-d 
w-itlh:r to .1 11 1hr1 .and :h1nl\. tlt,,..-1"M-d. .JQ(r .ir ,,. a 
it:J~ ou t.mr r\' >l.-\ .i lul>ri1 •nt "" '"I> uf Y.·fUl h 
C"t pp~ r dCOO!'oJh ,dl) oo~ form On~e 11:1 trt•.:u rd. nr" 
() f Jn(ll'fo:\,o,A. .. (.] t.kposit(lJr t~C'ti) J>OJ ,.,.,)l nt'J1 ~C(\.ll , .aOU lht' 
f')( t ~ Ille dr:>os.Jh wil1 be ~bmtlf'i.) ur 5'vcpt 0;k111g l'~ 
~ p.t«inE i•<OJrCtiJ.. Tiic firin~ rir the older !VJ)<. Of 
tt1r di,.11. \d1tr' L..u 3 !~.ld s-c·L.t:t bc~nrt llt ' "'"'~ 
2nd t• fun~cd "~" plug. b;u " <i mib r cl!« t l'h• 
nt'"' it prnp~llunu h:wr uictU'Jll 111ucd ima th'f'n i,:ti1_u .. 

Jl'.~:11on A tracr ~r k .td <·:\fbon .. ·ne-. much_ mure n::tdih 
rnlu· ib?e- th.l.fl .·v-n the h~hl mt·t .• Uic lead roil 

<:'"I oe: ioulinr, ir ~)' .J~ b• rrm<M:d ""h on arid 
llt.i.tmcnt, r.u\ tl1i.< u. ""' :luthonzcd fo1 thipboatd 
W<' \ pprowd mr'1 h<rnio.I mr•n> for m1'<'ting th,. 
I t1ncJ itiun Nlll\i\t o r I uhl'liJ\g ;iV.-a) rhe tflf~lfit tiOn 
with .1 wU"C. horr hru,b <H ,,•ith .t Ju ppin~ ht-:'ld w <l.J 
"' '"'''"in fi~un liJP The lv~d "'"'~r·J "ith :> 
h:. .1J.r.m"' r .. Hnial and 1< d1.1wr. t.arr. :.1111 for th 
at the 11,".11:011 uf rht rnrinrkunn ur11il rlw ploit ga~ 
can be pawtl 1ltr<lu1th ,,;11111111 fordn)\' S1A-cl"1 
sc:ay•r.tt or n•<<>i>IJ<rin~ h.-..ds. ltt!l'd witlt 1tcd hlad1.,., 
:ar,. ~u 11ylit"d foi 1~w gun~. 
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Steel con<tnction ~lco occun in bu1lt-•tp qun• Thr 
lr1r r.i11n of tht 111111c,tik nn tl1c bore t<nlli tn drag 
the lin;r alonii •.d1h II. whkh INulcnC\· i1. n·,i11cd bv 
tlv> ~><>uidon ui the ltnl'r and 11,. t1.I).: \\ :\, "<m-
1inutd lirmj!'. th• •hrn:ldcrs or II..- l:ncr ""<l to O'Er­
rid< rl1ose nr 1hr tub<: 1hnc!.o)' 1or•1ne :.l1c "Jlh nf the 

Hnrr in\'t-;in:t ·\s wuh <'O['}Xrtn'{ ~te-d :cont.u 1ctiun 
<.ID t.... f!:mC>Vrli h) ]~!'ping ~lid vuh•hmg. 

Con!inul"tl lirinir rna~· l\ho dMl!dtc the lmtr <>nd 
au<.A 11 to pmrrudc (1om th< muule Tim i.< nn1 a 
t:riow rondilJOn \\'ho:n thr '"'"li1i1'tm ::mmmt~ to l.l 

m•tt as hali :in inLh, it ic~1rupl)· c.utolT 

C. Interior Balllstlcs 
6CL 8ollistiu 

8.\lluurc i\ tbc tc1rn<"c "Ot ~h.. :.n1!on of pMJflfUI•..,.,. 
1t ~ dividrd imC'I &wo bnnd~t",, lflft''l'for ant.I r \ltrnor 

h~lll•t~•. 1il1cnor 1->Alli~tic• i1. 1hat branch nf t h~ 'CL· 
f'nc~ 'Ahich trl'O.l-.. ._,r tbr molio11 cl th~ pro•,.cdk h'hile 
m thi ~·n The P'Uflf1· {'tfot'::, •.I L~t" "'?'"·~J 01 ilic 
PMJf'f tilt- u the llIJ'K' ll j,.:lW."'5 m ... mu ... .ilc c : thf" ~r..1n­
u ,, ' "'ult (Jt thr- ''~"t..1u1 torr,.. wLi(h ;;)J'i" 111\·t•lycd m 
tlw g~nc.r_.1 I 11·1·1u, uit.thnf bnlliuir41 F.xrcrmr hn lliJili."'-'S 
jJ<!rtaii" 10 th• p•VJ1'Cole ~ft<r 11 Ii a,,.. th< """ and 
will br rf>f"id<Rd t: 1hc 6- <c·.1rol pt"'hlrr cl:.s­
t U..'-..~I in Vr,lum 2 Otn11.'t.al\· thr· mitia.l \·I~,., ll 
rJu: on' \fllut: romrnfiu to bQd1 mte"ri~r .u1d t'Xh;rior 
bnllillit._ 

Cun doi~"tl i4 ""'-'l'r1ti1Uh~ a r~~:nJJra~. Tht· itlln­
nl'r ri.~tun.lh- Jni.~1 .i f' '"•mun: \1"lnd:y fr1t ''rA:1 
rt.tnt:t d.nd rlu tniM"tun. thr d~~vncr Dlll.U '-Or'-£dt-r 
lhr )lJ't'ntth nf f1i> KUO and lf\.,-ir(.'1- ihr 1r.inimurr: v.r.o 
()r 1:cQ.'01on d icrtin Thr: vdorit\. liu-'llY 3£trrrJ uµ-cn 
mu.'' tilkc into hmJidrratu)n boch nf 1i}t")C r«iuif,._ 
menu. Ttt tktcnnlnf" lln· vr;JOC"1L of the :>1n1"' ilc at 
lh,. thu.ttlc Ot lht• 6\10 r('()u~ a :.tUd\ nl 1 tht ttrm .. 

liu>t1Un <>f th< J)Ol•d•r. I ~I th• pr•'»lJrCS d••<l<>p<:d 
wuhio the qun, i'~ 1 tht" \.3ri.tnQn1 m pr:c.ssu.rt~ .and 
\rl1Kitir" , .. i1h ch:\ng""' in :my "' chc ··mn<li11on'< of 
loadmg'', •nd ·I "!"-'<inn .i 'ht hnre Surh " 1ho 
n.i.i oi int~nor ~~"" 

6C2. Propellants 

l'TC>J1'11ing ch;>.rl:<'> ~re dC'isnell 10 burn in the r~om­
hN vr the it\Jn in AJ.l'h J, ,.,a) t.h!'l l lhj1 m:l.,"( lffilJHI \'lJoC-

A-UNBURNED GRAIN B- &URNING GRAIN 
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:t\· ·'-'l be impln.-d '" thr prnjl'\.uk 'mho111 "" .. 'i'-c 
hrAf frn!-Uf'° or tr"4X"fl, 'fo :l;C'Y~Upfuh 1hit: Che 
rhr . .l\~ ;;ga.imt th_. ha ... c of thf' Ju nJc.:ttilr n'HtS1 h~ um­
fo1111. 1.11<- "'"'' .-ffir.knr propollain Jorn j?;Un wnuld 
I ~t so hiliM1ct"d r};11 th..: chats.)" h mtitth f1111"-Uincd 

,.,,.,.,,JiJ:rt.l)' br'or.- tht- projt."ttil~ 1~ .. "~ the mu,.-1, 

.. "l· git "'J'l.,. ·· .. ·• is <>rv . a!'•bl< "r i"'1'"''""°"' 
,., u.ution of m.,~ .. , (If h1ghl~· h,.owxl gP.JiM. A "lo'' 
expr:hivc~'' \.\l(h a' ··n~okrlt'-4., pvwd r, h nc.n ddQ!l:'\ttd, 
t...ut "burned in >rt ~J'Jln:d•blr lz·11g11i .,r un11•, l~ltJing 
.a n•inya..nu'·"'1Y .-r.a.du.aJ •'\.'Oluuoo <'f ~ '-. \'1th 
l~~u•."O.th. rr:1:ch !lU ~k ,and \o\t"'M to th,. ron-
1-lirwr Frum thit m:\' n.-adily }\!· 1>.:t.:n rhr imprac­
tl<~l·•lit)- oi <1;i11~ hi<:h O\).JIO!lv•• for prnprlllng 
1.:l•.u-,~es in ~un'- oncf the suit2hilft\- thtref<'.1r r1f •ru11kt"-
1,..... !tf•w<!cr F ~'1.lrt b(.;2 mu).trQ(M this fan.. 

\ prC'~ihng ch.ut::c mu-.c ·x.6 ~u.it<:d tt. th(' xun in 
-.l.id1 it it to l>r •"'<d th..1" 1)). 'l"<d ui bumur~ ol 
1h·· din.rgt- UHJ'•f .. , 1th111 cl°" ho11«). Or ~pptopriar~ to 
th• >I•« ilk ~un. Se,·~rnl (ac1on ••r involvtd; lot 
"·Wl)lk. 11'• •iv.· nf the !IT"in, 1h~ >hop•. the numbu 
CJ ptd~r.Ltlo!i.", 1ltt9 WT'h 1hir}-~ hPh';'t'CD .,..rlfff-3• 
1' ''I th11' p.:-:u.-TJt:u::r n'. nitr:utnn, th<' nll"k\tun.· ton­
tc."nt 1h rcrn."l:U11t1g \'ol.u~k, ..Lftd thr ,tabih7'"r 11'(-d. 

~)f the<;,_ g-r•in U• • th< mn<1 'd."h dungc<I, .md it 
:1 \a1wd to ccm1rti1 the NUr uJ t~urniog_. f1w pPtc('nl· 
.\'!'-' '{ nitrAliUn i< ti'<rri 1 h~ Hlf''i!f\UH C't)nH'ul .md 1h,, 
rt:: .. \1ning \'0J;wk·1 V.ll'\' \ ... ·itl1 .ruin Ml':'. Diphrnvl3-
min"" \t \bih: .... 1h"::b. nittnu~ \·.apo", thL ti.Ml JHnd· 

rHJICTIU IUfll t 
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ucu ()/ drcomposition, 1hr J)l"e"mirr o! "hirh would 
oth~ c.aute the generation <\( mon.: v-:..pon at ~ 
con1 inn.illy iorrcating r.ue. 

Tl1" '"'in >h:ij1'; of "'1Jl pmJl"'llin~ r~ ,. ""'" 
m~lly cylindriral Tho web thi!'Jcn~ .11111 the numbrr 
of Jl"rf<>r:uion• vary with thr sin: oC tht gr~ 1 11, For 
guns 1111•ll~r lh•n IO·mm 1hP n11111b~r 01 pcrfnratiim< 
l~ I ' " m>nr. • nd for htrge" gum 1he 11 u1ribcr of po1-
lor<i1io11\ " utuall) i Sre figun: SCI. 

A 11roptll.u11'> pultntial i< drfim:d ..s 1be toL:ll "<>rk 
that «>uld br pt'rforrocd by the ir••··s 11r •·<•mbuv.io11 
whik rxp•ndiug from thr ..olid ~Clltt to thr <JUr• the) 
Wl\u(J U.CUJI)' "h"ll fuJlv a~ndl°'.I IO Mm<isph•nr 
prtt<urt •nd ••hen rt>Cllod II> a lpCCihtd l"rT·f""f'•lur<. 
Tl i> or 1ntr,..t lo DOtl' that thnc :• le« •:Of"d·up 
mcrgv in rmokrle;., powder dr.ln lt, 11J•.'>t co:nm"n 
fud11. 11l<' dud chornr.trrutk of on "'"Pin•hc 1;,,., in 
j1s: Nlormou" rm11 or dell very ~·athl"I" 1h.tn In its 4Jn'1UWt 

of dth\!f"ty. In ib~ o;v<'"~..Sc: tonvcntion:il ~LLn~ some 
fiO (.l<!l<<"nl n( thr ....,t<1ltial d~f>J>c.;n 1n mu1.1lr Jo,.; 
30 prw:m i.t trnn.<mlltcd tO t!:e projrrtalr. and oll oti><r 
losses <uch ;<$ hCDUll~ the f,cojccti!r >Od ~un. C.Ausing 
the gun to rrroil, aud ro forth-amount to Aho"' ' 10 
perN'nt 

6C3. G•n •lrength-pressvre r•lollonshlp 

To r<t~hh,h tlw: b;i.sir p nndplro of fllln c:IJo<ign, >tud)' 
fi1<111·r C.OJ. 'flw ftgllrc m:iy bt< hi.ken ns i:ypirAI rif 
thi: •IN't1g•h·prc,,.,L1rr rr latiQu•biµ in in<><!em gun<. 
l\'<1tr tlw1 thr high brcc:ch ''"'""'h it carrird .. ~u 
forward nr the point 11r 11\A'<imwn p1'l'<1111c. lb.•· J!Un 
st.rcn~th ~t ••cry point mtm cxct"<"d tht pr,wdt:r prt>­
sur,. :11 lhlll point by n.n :Jnmun\ thAl will proviii<' a 
mitablr m:trl.;n of ~rt)·· 

Th•: <un1c"' ii "Pl"'I"' In ligurt: 6C2 •h"'" f'rt»\JJ'• 
lx-gmmnit Al 3 ..,;>Ju" .-rll ~ urc.. Tl.it lndir_..t., 
the pr=urr build-up tllat Otttll'i >ft" th· provdling 

... 
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charg~ htgin• to bum but befott tlll projectile hrgins 
10 rr.o\'t (Th.,. •-ax:is in the fil{Ur<' rl'Jlraco!J pro­
Jnlt/, mot"<m•lll in lht hon!, not nrnr or boro: J<-rig1h. l 
Tht pr<'!tct1lr lx.-giru to mow Ml) ctftcr the propdlent 
C?tu rraches th~ tr:tw.:I ;crcmg pr um rr fC"<'juittd to jni· 
ti> tr m<""'IIl<'1lt of thr J'>'l>JtCtill." in &pi le or P•'l'>j'-<:til~ 
incrun and . 1 .. - cngugrme.nt nr th< rotntmy band in 
the rinini;. 

:\ot• t l1<11 tl1r i:un <trt'ngth m rvc is r<pN'sented a; 
a srraii:hr hori<(lnt.U line :;lxr,•,. the MC• 1Ktw1.'tn the 
pnm1 or initi:tl fol'<'1ng P""""'" :ind th• point cof maxi· 
mum P"'-'urr. It Coet not ,., ... ry in panJlrl 'V.·it.h 
Jlrf"~l1rt: \U,.,..l:' Titc rca...o;;cm is thot thf. ..... \1111: JJn."S)\l.N 
tlut th• <~p;uiduut ll:L«'• tx.•rt ar:aion th• ~ of Ille 
projnul• '' .-•ntd cqiully ~<:alll'I •II intttior wr­
fa<•• .,{ th• PJO J,,.hmd tlu: projrotilr H cnco: 1he 
breerh r·'" or UIC bnr!f'( MUil he dt .. i!(lled for th~ 
rn11ximum m"~ to be imposed. 

Aft•r thr proj<t:til• r>»'e< lht point M ma>{imum 
µr1. .. •ul'<', ii 011ti11ucs tn hr accrlcnlttd by K~ pN'.S­
<uN' until it lra-·K thr muzzle. fht touJ are. under 
"'" ru1-.r. up to the point 1vhr.rc the projet:tll• 11"<.vl!.> 
the ,llUn. i< o. mu~h mca.<Wl" of imual vclodty. and thi" 
P''"''"'" tcrn:Unin~ o.t the muzzlr i• ~n 1ndic-,ui1>0 of 
thr mun!~ !(,,, A hi~h muulc pre$SUf' inf...­
mu:ak- flash 

6C4 Changes in "condilions of loading" 

11)' '\Ond1tions or loading" an· mr>nt the pow<Wr 
ulcd. thr wright of charge, the Jcr<\it)' of ln:itllng, thr 
"'lum< .nd forni or the pcwdri uh1mlicr >nrl the 
wc1sh1 ui the proirriile. 

>. Powtlo "Jrd 111111 '""ight of cl1a1c' Powdcn = 
>pokcn of a• quu/, ~d Jiou pnwden, lU<'>C lain< ~ing 
uvd cn:.h i.n rd~tf't\4..C' to :l. panic ul.tr 1.WL A -.lnw 
}10\'\dt'r •~ oric in ~rurh !l.ie r..ltc of comh1htion D com· 
p;unnv<'I) •fn, .. , nod .:i quick powd'-'r is <"Min ~hid1 Lhc 

1ao1rcnu rum t 
FJCWU' 6(" 4 - I n,,iC'.J ~ JlTC"Slllrt" cur .. r. •lwwin1t \:ari11U<'ll'l$ 

~111 t11 C4W\.k:nt.1Ji of powd'!"r, ~tut" wd~ht of t.hll.J'!l'• 



Chopter 6--GUN BARRELS AND INTERIOR BALLISTICS ------ -- - - - - -

' lOIUlllf Tb.ti\ • 

Frotra.ti ~ ·r.,-pic..\J suo pt(.54urc \:UrYr+ thowlnfi mrthc..h 
u( r.htainin8 tnrn.}!Ued n'\t»:tll! .. -dotiw in a. $"hi "'tihO!:t 
ftlC-Ct'lt!ing m:utiruum tirt"J-..."':!"tt:.. ' 

ratt of u.'mbmtion ii <:orep<.4"Utiv~lv rapid. for in~ 
•l·lOC-C. D Stlll\U-gram rowder ~ quit:ke-1 llmn .a larger 
lTr.:tin (;lf ·the ~me. !;hapt"..., ~oco? all the grai1"'-' ''-'GUld h~~ 
t <111sumed in a ~hone-.. timr. Not only will the lnrgor 
grain inrr.:asc tl\e time required for burning th~ 
d1:irgc, but it will .U.«1 ~ame m~><imum pre$9Jrr. t.<) be 
lowt1· and to h• rt:'ICMcl Jntcc in lhe rra •el of the pl'<i• 
jr'l'.tJI~ Th~ !<Un p~un- "'"'"' rho'''' :a 6~ure 6C4 
<On'IJ'>are cJch1.1 po'"°dPt\ .n.nd CfUJt.:k powdl"fl '\vhcm the 
sjunr ,.,.cigiit (•f c.hargP Wi\S. used. \·\!itbm lnnits; th1~ 

muzzle ,,.;.lrn_ Uy for ti v:ira('Uh\r 't\ln fna~· be n-:ertaxd 
without ra11,.itu{ exre,.)h'l: p~un: by foueasing tht: 
s.lze "f thr rh:lll!;" .md nl lht >am~ lilllt-Usir.g a jJOWd~r 
iltl1I hu111> morr •lt>wly S~c .Bj!'Utl' 6C5 

b. Dtllsi•y<>f /qntfir.11. Don<it) o!!o:;ding i$ th• mtto 
of 1hc weight ..,r the h;ugo: of p<>wdcr 1n tha: 01 1hc 
volum1~ of ...,.ti lrr "A-hkh, i\t suinctard trfupr-mtutC', 
would fill U1t powder thamlwr. h l; a me:u1i rc of 
thr ttnwunl vr $~ta.cl" in .. ,hith ~he gasri nf combuuitJn 
mov ex.1rd11d bdocc th.- proje<1ilr begin~ 11.> mow 
Sec tigut\! 6C6. 

It follows tl1>t n b.igli deuity of kruli11g !""v" \Im 

PIOJlCTlll IRAYll • 

Jo't(IUAE. 6C& Typiui !!,un pnsturc "-Ur\?• 1J1Q~~n< \•ari.ailu~ 
tfue 10 dr1uit) of lo.a.din~ 
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little space iqr iu1tfal prp:trttlon, anti ~=quontly that 
lhe Pf"'"''" build> up ropidlr. TI1~Tcfore the max•· 
mum pr~""" behind the proJedile i< re;<eh~ tar!)' in 
1hc po:>j~-ctllt'> nwv.,•ncnt thmugb th• bore. With a 
lower d~.nlity of ltllldllll:, n.vcc exrmn.sion of the ga&'~ 
nuy mke plate 0.-fore th~ proj•'Ctile start• to muvc; 
the MdX:imum pres:s11rc is ath\cvcd latC'f, 3nd t111~ 
maxirm1m i,$ nPl""¢.S~'\riJv lO'wcr tb~n that ,·t;suhirl$ from 
high drnsiiy of londlng ou,.,,. riu:turs femajning 
equ.'\l, in<:rr:;w;d df.:~'ih· of looding i.n-r-rt'~\!S m~'<irnum 
prt.-<>1Jrc. mu,,Jc vdocit)', and IYllrnW l"'l. 

Th" dcrnitit:r. ~f loading n( pre<rnt v.,.ry bl- 1.~·""' 0.4 
and 0.7, dcpeudin!! o•l the caliber ru the gim =d on 
wh.,1hn the rhargc i• rMc, n:icl.l'd b•.g. 1W 11n>1ack«l 
b•g. Sinre me <pc~ifio .i:ravj\y of smokdc~l p<'>Wder ill 
p.bnu1 1.6, tht Solln,,iug rcl:Hionoh.ip holds. 

ilrn>ily 01 lo:\:lin~ - 1.6 1·. 

'\\"h("f\: 

;•=the p1'0J>onfo1,1 of the toial ~bamher voh:nnr 
wlti.h i~ fi1 led b)' I he.dlOI'.l(t 

I-knee IL " appar~u: th.a> a luading dcn>ity of 0.+ 
would r<'<;u:ir< ~ ~harg<' filling 25 ~r<-ent of 1hc .:ham· 
hrr wlunir, and :> l<;>ndJnC: dftll>ily ~f fl. 7 WQUld fOCJ<tirt 
" ch:iq;c filling 45 per..-om 01 th• dmmber ''iJlumc. 

Whe:1 1h, cc11<;;1r ,,r l«>ding cln'lp:< markedly bdow 
th~ nhv...,'t· ffgi1 11..·.). ir-rf'gul:uitie, rif ~nuzzle v'11ucitv ma)' 
be cxprctc<l. · ·rn;, is prnmbly du" to nM.unifnrm ig· 
nit:ou, <X<ruiv( physi(ul dlipl:i(cmmt <'>f the powdrr 
gro.1n< dunng 1hc humlng . .md "" :tlmorm:i.I buming 
'"'"' Wh.itewr the <c•UM; ii .is c-vidrm ll.1111 tltr P''1-
' "'"" u11ilds ll jl lfTCl(l.tlarlr inst•lld of rn\tl(1thly, and 
lh<tt i• re.ti d"ng~r lho.t Lhe high point will!,.- l'l'll.C'l.irti 

it th1: wrong ti~. 
A praetkal O"':amplo or this "'""Id be n t>IYljcttil~ 

k1d5t<i p1•rHvr11· do"' " the bn:·e of a gun, 1liu• Jirmtlr 
incrm~iug thr tITccm·t" <"h:nnbe-1 "<>1unw. N1;1t oniy­
h:u 1!m 1h~ dkrt ril g>·c•tl) l1>wninJ1; demlty, lhe1d1y 
cau'iing pressuri; win~s \,•hk.h_ may build u1' l>C;.·ond ·fl 
'-d!r limit, buc 1l :'tko U'lt:nds the :>te~\ <.d l'YIA:ttruum 

~""' "">"'l\d die arl'a ,,..r m:i.x11011m b:irr•I 1hiclmes<. 
Should ~ nornl:i.I powdar rh~rgc be nsC!u to dislodge 11 

pmjruik ~o p11sitiDnert1_ 1hc result would bet• hllTst, or 
a1 k..,1 a bulge, io1wcdintely b-_:hind •he projrrtilf'. 

Ver; high Jensit) tif ln:u!ing, "" the Other hand, 
mll\' r."'"" de1nn.>tivn of Ilic l'IOJl<'lhug chnrgr., air4in 
r<•ultirig in" bun• gun 

c. l'o!umt 411J /onn 11/ [WWM• chamb<t. The dt-
11g1101"' ni tlte ~un, h"ving ~rnbfuhcd n .... , UlC de.<ittcl 
mU1P1~ 1/t.•kwiLy, I.hen lhc llmiting n11\Ximum {H\:~~mu 
:\lJow!lhk in Lh~ g11 n ;detrrn1incd from <l<idy of gun 
ron;1rumon , c:in pTO<C<:d tn ffi>lcnaine 1hr \'Olum• 
'1!l.d f Otlll of the )Jt'Wdcr rh,unl:n•r ~nd lbu wci~hl (If [Jii; 

chllrJi.c. O r1cc a 11:u'liculn1· g•rn hM lw.en builr., lhe 
\'olu me :ind inm1 o: che puw<kr ch~robcr ch:ing~ onl)• 
IJ«aU.<f of cr<r.1inn •• 1hc on<;tt <•f rifling ar1d improJ;>'" 



NAVAL O RDNANCE ANO GUNNERY, VOL i 

""atin~ of the prur,wle. Till< will cau•c irfl$JL" 
muulc \rloc11, Prnj<ealc< dJffcru12 lD "c1~h1-for 
r~3.mplc. h.itth-c·ap:.drya.'1d anuor·pierancr typ~-c.ar;: 
be 6ml hurn "j!iHn (lU!L Hi;:h·npa.ity Jlt'UJ«'ti!e<, 
b<>inJ< ll~htM» will bave " >lightly h:qher "1uzzk 
v<'lvdt)" 

6CS. Summary 
Thl\ follmvin$; condwiono ma} be <lraw11 rr~m the 

propdlnnt pre$s-ure curvlt~ .and the !or<:,iwinq 
di~u.,-:tiOtl 

I Hi~h cxplome• an: not wuaht~ tor ure a. 
pn>pcllani.. 

2 Usin~ tit• ••= wCJ~ht of d1argt a •I"" p<'wdcr 
prudutcs • "nailer ma~bum pre«ur• tlun 3 fast 

i'°'···:tfrr .lnd an.aim ihi~ ma."\1mmn prtt'ure l:kter m 
::b~ u.:>vtl of 'hr projrctllc 

:S lntn:atm@'. tnt' wt!bl u! a c.:h.H(<' .,r pct\\dtr of 
.:a_ <!"l\f'D ~rl1n ,.,ti' 1ru--1r:as.e1 the mo.ximum pn"SSUI"C 
3.tt~incd ;\nC c.allkt th~s nmximum t\.' O(Cur t•ar1it'I' 
in Ile 1 r.1vtl vf the µlojei:tiie. 

-l JJ~riu " ,,J tnU22!e less and irre1tulnnty of muzzle 
w lb<it)', 1low powd= nr• !cu dl\t·i«nl lh•n fail 
ptt~Atlrr.., 

~ 'I he rn1>ule \clociiy o!" 11iven gun m•y be in· 
fl:,,,,~d .,, :t11in limiis b\• u-sing lf(~er thrlrgQ or ~ln"'N 
p"')"'lla;: .. 

6 lo RCO~rul. JIO" dcrs ce9w-£<1 :or clilfercnt da;S<-s 
<1f guu1 .;ert not mtcrch3ngl:ablt:. 

D. Erosion 

601 . Couses of erosion 

T he dcteriorAunn and wruring awn ol tl1c bo~our­
facc b) u1e is knQwn ~ c~ion. Thh dfrn is nm 
the direct n-..ult of irirnon <:w.rni by :he projr.:tik in 
iu mm•emrnt dO\\"fl tl1f bore. Tht'.1'~ h iQmi- unar­
tailll}' •bout thr ~ct prottU ~· "h1ch lhr intcr!<>r 
or • gun "rare away, but it ;. gcnctlllf\· a~ed that 
the following are the princi!>"I cal!SM: 

I Th~ inn~r ~urfae"' bc-cnm"' mt<'mdy hrau:d in 
£ring, aud Lltr rush of bl)t ga.!rl arrr~,. thi, h•··t mcuu 
hn.\ a 'k<iurlng ~fT<'C.t. 

2. Th~ ho1 vowtkr g;uo react wilh the metal, 
changing Lhi:- tar~c111 c.on!J'nt or. th~ surface of !he bo"' 
Sinf."'e this iurfacf is designed \1o-ith l\D opdmwn t..o.rbu~ 
r.Onttnt. ""). thl\ngt" rt'~ul~ in a; w·.-.:a•rr.in~ n£ thr 
metal 

3. n,.. 1hernattt111 nf intcn.e he•t •nd "I"'' cool. 
in~ affecu the temper of the :netal. 

1 TI1e i:.<pk,,,ion gMc> .rn: forc:cd jnto .md ua: of 
thr por,.,. in th(-.. niet:t.1 surfar.t .u thrv <1pt.1'1 :inti <"ltJ.Y." 
durh1g rhc c:x-p~\micin and C<1ntnu:tion "'h~<"h ~ccom~ 
pnnl~ 'l'UC'h d tasur uirnpt;:tittur t" r hnru:~rJ. 

~. Ilc:.i l 'r~< k. " fl<V dcvdo!J. 
6. G:1~M l'r,("~p1ng .HT.lund the fu't'lje'(ti!c .t(.1 ,,, hi,gb· 

Vl"ki.tlh J¢h, St:ouring: the bore and r.~u.4inct d:\ma.!?r. 

espen."\ll\ '"htrr tht'r<" :ire l1t;•.t \'. t~ l,. 

60l. Efleds of eTO>io" 

Two fund.:anwntci.l fJLU of C'!"os.fon an: I Llut it li 
-'h·h•W Kft'~m:st :u thr origin of 11111:1~1 .mJ r .2 tll.4t 
tht- tops ol 1h.: I.mu~ wou i!.\o,'a\' fMtc1 than d1\ th~ bnb 
toms o( Lht ~I 4l(JVes. 

E ulat"l!cmcm at th• nrigi11 iJf r1 n111g. 111 004 guru 
and gun~ uwng scmifix~ a.mmun1tion, t("t~d" t i:t 

p<rruil tlu· p1ojrrtilr "' l<:at fttrthot and fonh.r to1,ard 
tbl"' 11uu1k 'I1w ~ute> th~ tkntil\ -.r l1Mdiug, .iru:l 

:hcroforc the ni= lc ,·dttcity. "J ci avoiq tbi~, th ere is 
o. Up of •lightly .qr..,.ter dinmet<r al th• h~..e of th< 
rota1l<1g b:lnd wh<cb tc.nd. to entt~t· th• forcing cone 
n1Mr u~arl\ At the 1Kmc: point :ru C:"C'f\ lo~ld"in~ re­
gatdk.s c-! irur. "-ur '.':atut:tll~. tha applic• Mly to 
bag .lr.d itmifixcd ammur.ition, •··here the projectile 
a ruit pari:i""l'd bi- lhE ag Tn all gun< h"''"''..,,,.· 
oro.ioi: at 1hc c'!i!tln oi r:lfting pennitJ gas to =ape 
iround tho pr(ljr.·1\k, •nd thl• It! tum lncfl'a!!'• 
rro!tioni 

Al tho lnnd• wr:u, no1: on!) does more ·ga~ .. cap" 
ttround Utt projc.:dlt but the rifling tngr~veo the bnnd 
leM de~fily, 1·educi11g matrJ:ially bo<h the ini1h l fore· 
ing preuuxe and the rc~istt\n~c ol the p i <.iJNtlle l O Lhe 
e-,., pr~<tir~ Tiit efT~ct :s a 111atenol drop in muzzle 
,·tdoc:v 

f.0 3. Coftlrol of erosion 

All ,.....,,;"'' far:nrs arc re!at.rd :o 1 I 1 the tCmfJCr-.t· 
tuic of tit< t•xpanding ..ale< a11d (2.1 th~ dorauon ru 
1ht••r tonfinr01r1u 111 lhe be.re. So );).t~er q-uns, ,..,,•ith 
1hc1r .slo\1o•cr powders. ttnd lcinp . .'r blOl•"h. 1t11fTl"lf more:-; 
rrn111o!l pf"t r rnmrl Jirrd than ~mnlkr .AUl'l\, but rh"· 
11udu.:1 finni.t raw \Ir tile h~~wr- ~tH'I' uffv11~ lh i~ 
h1·rauo.1• ll w·1 nut' 1~s rn.ohng nmP htt'IA>fl'tl'I rowids. 

C:hmm1um rb•m~ ui ~un b<>rf'C lu< rcdur~d th<' 
f"tfrcl\ o( Cfl.J'litm ~uu'f ir may he pouibk th;it lfl lM 
fulurt' hr .. ~ re mfl!ybdonwn in thi• . ··hlfln will mak<: 
ic-r ~ n htt1C"T crt 'firm Jl""'>!U3Jlf"r 

~.m:r ..,.n3.IJP1 "RU.DJ :L.~ Ct'(lo}rd '1~ h~tu j~c.k('I.._ 
.;t.t("rUJ\C thr b~urcls, ;rnrJ \"'f*1 Ullfl11S 3!( UDdC"r w;t.V 

<'n itun.it.ltam~ l rnrJlam bcn .. 1.'\'tl tlw n1ht>• nnd th.c: 
lint" .,r l ~1i;•'< quru, ,\bu u i11lr1 <l•"~li~pmcnt ar< 
<l>fMr propcllanL>, 1\ fl) ckoelnp1nonL 1lm1 rcdul.<• tl:i< 
h4.·.\\ 1...·f '''f'ln.~k;n will ;iid in crwirtn tt.)11lrr1l and. 
i11 .. s1lHH h :l' t-'<-cnsiv~ <'t1.1'it1H uupn"(< much of tht' 
;.t.tt"'l1-nt litult UIOll upoo mualt ... ·d«:H\' tClf11tr'r.ltU(f' 
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rcdunio.. 3Jlfl<.""" :o IX' ·• """' praru<.,l •pprc3clJ "' 
mnrr rtlcC"ti\'t ~oner ... 

60• . Gun life 

E1ouon, hn,,~vc1 c.or,.r11lh· c.ontl'nlfr•1 ~"'·cntuall"' 
t~rmil\DIC> gun Iii~. Thou,~ii. w11h the cx°'plion ot 
the ln~r turret in.q31J:ui~ru, n:ttlutnm~ is ttlath.•t-Jv 
sim(ll!".', ii 1.'"annot be: Jone undn cornbat rnnditions 
Tltendru·o, th•· duration of !hr rflrr1ivc110$$ ,,r .l gun 
h nl Jblr.unounL ·rnport~re. 

S"mptom · t•• the end "' ~n1r,...\h · 1~· arr. I }())$ 

nf "''uran· '2) Jo» of \'tlOt'JI\, .and ; rr .. uk w1,. 
a~ciont N.,tur..Jh.:. gun tlut rl~ not bi: :u !.lrgcts: 
i~ tto Jou~ r uv-fuJ n"'ithPr it · n,. oi inadequnt~ 

~mqr .anU nrm"'f-pi,.r\:in~ r1p~•·1ty. both of which 
~ull from \•rl••..:.in !o<,,, Err.ui·· fw(' acti(ln nm mil\· 
UTid~rtlllll~ ( !fl't"J\'f:tf\t,,.'Sj. hut C\lf t•nd:u1g~r rricndl~· 
Jl<'fWflOd 

Am· of tht.., <0ndi1iom e> n 111ke pba wht!rt 1hr 
ttlling no lnrt.1;01 impan; ndcqwl!' rnt.•lk'nAI vtlo.:it}' 
to •r.-i.hiliXA:: 1hr projc::t.: tt!<!' 1n flight.. In ,1mtll u1·m~, 
rlU. crfor1 '"° i,., sc~n "lorn "·'·:tr> arc u_•l"d. ;me! a 
bnrrtl 1hould '"' rcplactd \\ 1,.n ri ratic Jlight u 
ob<ontd ~I ith largc.-r 11um hO\\C\cr. It '' wipormnt 
th.ti n:plvrn,<'fla br mode bcto1< :he clkct"~°' i> 

"'""""> rcdurl'<I 
t:p rn rh~ present, rc:hni.nq 111111> h.u bc<m a ""'"' 

;ic;hlpyruti optr'-ltio.a .. hut rtf.(!nt cxpttuncnu imlu .. -:tcc 
rlt:it 11 ma) 1100n be r><miblr to me o. I~ lir:cc "ith 
"'much as 0.010 inrli h•1wcen 11 nnd the tuht ThU 
will make it pt'<!.iblt 10 rrgun nbn3rd ~\rt under zc· 
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U\~ V1>i« tcmrli1i<>11>. \\'ii}\ c.'l"<'Dd4hl~ linen<, mu(l1 
hi1d.cr muu.lt· '"clodti~ "ith w;, intn·:tl1"tf Cl'O'Jnn 
wnilld bc;con•• ac.ccpt;>hl 

605 E1o>lon mea•urement 

Thcrr .a.rr~ fur r.-ach • fas.> (Ir nun, l'.urvr~ furm~hf"d 
to 'hip' 1hO\\ ing rclatfon.,Mp hc:tv"~('n the mlarg~· 
111e111 ol thr h1.1re and rhc initi:U ,,.Ju<itr I!• he expcr1r,d 
frnm th~ l<'I"· Thu! ir 1l1e ;u·rnQI 1lhlmrt.-1 i,; J'.rc. 
qu<nll\ Chcdml. ••lo<.it\ i(I-;' bc<Olll<' prcdirt.>hl", 
prMK"r ..lHo"·;ar.ct for it c.~m bto m:ldC" in ~ti>~ .. ;md. 
u. 3l k.1,t t."qU.ll impo:imN-, b;.irnh t•r I~ m.ay 
h• ~IJl.>ctd brfon: their j>erform•n« b<co111"' uoli<r-
3.bh· nr-... tk. 

Jt, som,.. nunor"'°11ibt-r t.-"Un<. IJlt';,t)'\lf\:mf'nl oi bort 
rn[orgf'tm:nr, If, lllrlde- ut 1h1.: c1rigin n! rilling onJ}. Tlu.1 

!, dr+nl" "ith ~ a:1',aT yaf!I.. \Yhid1 1~ n truuut.terl t<1r11 

<httt CAii h: """~'"" din:ctl) in th< brctth l.n lorgw 
~nt, <'l'<>Xinn iJ mcru;lll<'<l :1t lil:\'rf,\l t•Jint• in 111<: bol'r 
wich 1Mr r:s~f. 

1 hi< i< • simpr~ tf.,i.r, (<•mi11ini: i..,,,caJJy of " 
h<>11<>"> 1•1/ "·itb l> lumi 31 <>n• rr.J and ~ /1a~dk al 

m,.. othi.:1 lk mt."ani "' tht:" stJfT. thr h~ad c:.tn be in­
l'"n'"d fr1 t.hc hon- '<' tht dp,1n:d poinL Thtce t('· 

m.._.,·.1b~,. /· .,.,, , th!- )f·~ oi "Jue,;h V.lfiQ \.-.·ith thr 
c.::ilihe-r C!f tbt ~un \'--. hr" mcasutl"d ~tr.: r:1rritd in 
ro<k<I• !jll\CCd r;ufotU\ l20 :tjllll t lu tltc \t1;1td T l\t 
torkru ~r~~ prcu.Pd 1n .. -.,,rd up(ua ~l l't>lh b~· spir:.l 
'tnln5tJ and 111u\·~ im"~nt or outh.uJ, Jt righl dHgfl!I 
!o th1..' stnft M tl1L' ccmr, .o.ctl\'ltu'd i.., :\ llu1·ndl"rl r<nl 



NA VAL ORDNANCE A ND GUNNERY, VOL. 1 

which i:he boUnw •taJf 'oniains, ii advane<;\I w re­
tr~Cl cd. A vernier an the handk end of the •lo.ff 
mt-aMtrt.s chi~ ir~'"'ttrd and outv.arO movi!'Jllcnt .of :hr­
r>1>int> in 1hr..11<aV.dths (If"" lnrh. 

Jlcforr; m1;. Lhe ":tr giigr- •• ealihrntorl 0) inlt!rl1ng 
r.hr 1\ni11~ lmt> I• •t~n~kui;l ring, ·~curatcly m•chined 
r~ r.hc dcsignt•.d hnrf" diainr,ret ~f Lhf' g\ln, and Y.ttlng 
the vc:n1itf at n:.ro. The~ µpon tti.~~rr.i~n_ U'1to ;h,. 
~'"i vMl1ier r~.idl.rl&" dln:ctly 111c.a.un: l:io"' cnbu:g<:­
mml. .tU a ruk. twl> 1•eadlns-, tR\J~ apan, an: taken 
at •"1l41i porn! .,f lb" bore 10 Iv.! mensurid. 

01 thesci nieA"1ll'enir111>, that c..k.:n illimciiiatcly 
fu1wan! oi tho orWit r.f dfllnir i~ th" 1)'10\'ol important. 
It hn1 l''"rii fm111d lh"t mu:ule vducitv lo!'Sis :Junctlan 
of borecnla•w.n1mt.at this point, and iable.sor >;mP.fil, 
<ud1 .WJ tho"· illustrati:d ln ,,o]umc 2. ar• p1°fdkaled 
urxm ic. 

Spcdmcn curve; ( for 5" 1313 g\ltlt MY. 12 and m<><h) 
w;t<l iu figurlng Cquivnlcnt !e-n-i(.c r.:>ulld' artd 't"'Jetd ty 
lc..s:. a:r~ nlumcate<l in l\f)Jltndbc. B One cun·e '.!hows 
equiv-ah:nt .<ervioe rhun/I, .fll/> 1 1~<:) 1ts;.in•t me<mm:d 
bore tr1larg<mrnl (in thou<andths hf an in~h) n1 lhe 
ori¢-r' oi rinhlg. The Other t:Llrvc r:.hows dirmicJy 
vcfodty loss (frnm lhc·nominal Et~ndard Y.:rvi<:'! n lue 
nf ZJ100 !ps} :n p!oE!ed ai;:am.'1: oorc e1ilargem<111 ~t 
the 1-ame point. 'Ilt~ fr-0rn tho: mea.surr.n1enr of. b.orr 
1;n!arg-t:-nwnr, ir u posf>iblC with t-htsc C\tr'\'.i.:S ·10 deter· 
ndnc eqt1iva lq:u: ser:vice- roundc fi1·rd.:- :ir\d ' .clocitv lC3$· 
in feet pn ~erpnd. 

606. Vel oclly lou estimalion 

Star >fa.s.cs .. nre not~rrted ~,n cornbatrtnt ships. nnd 
,;tar fpgil\!{ is done pnly when 'hore- nr lrndtr-baud 
faci1incy are &\:.~ilabJr-. J:1owcvttr dc1ir-abl~ 1: mi!lhl b? 
m ·lheo<y wdo ir br.fqtt nncl .1!rnr t»"'Y firing. After 
earh ft ring, wht.'ln: a :smr .~~U{e ti nrrt availa.h~. ~lw :1drli­
tion11I bnre rn lM·gemrut must be approxi,matc.d , 

E!!tima(!:;1i dr.pc-r1d u.p13n tht.· fa<.:t thnt. Llnd<'r nol'mal 
<onditi.ons1 e:s.r.h rt1Ul''ld li1'ed t;luses a et:rtojn amuunt 
~f 1•r<;:!iou. 1:...xparinrenta.H, drt~rrnlnrcl for ' 'urkn1!: 
periods In ll\c Jif« .ol the. harrel. Thr '1a11.fard 1111'1 
of mcn!'urrmPtnl i." ;•1;uh•1Jlc-:tt sr~ict rv1rnd.f !::. S. H .• ) 
R.:dm·<d «haig.,, »hirh arc u~qJ for •~1,h. p urpow< n.< 
gunrn:c~~ µr.kti1 •t .. , haw· I~ f:ffei:t than :ic:rvic( cltru-gc-s 
l ~t·r·e:.1rer.I t ltargt..'1, ~f;d for ptcirring g11ns, hw.·r. tmm:: 
cft'ec1 on hore cnlarg:.:nu:.nr Whe11 <urh r:h~ge,;. a''"' 
Bic.d. tbcir dlcn m1111 Ill' rod1rccd IO E. S. R.'~ bdi>rr 

!he <'UlV~ can be t.JR:d , For iu.stnncc, it has bcl!n de­
l~rmio.cd that a 1~dured 1.2Q.O {~ ~harge wUI c~usc only 
..-.ue-)ix\h th!-1 CP:ision of-a full 2,600 (ii c.h~rge.. .Consc .. 
quend) 1 for mm)'l\tt~tlqn purpo~es, sh: mrh rottndi;: 
w1.wld be reg~rrled ¥one 'E. S. R. 

The lrgmd ac.i:<rmpan)ing !hF g,.,..phs gi''"" tl1r 
prn]>'r mc1hvt! of tJ•ing them. (Set Appendi'< B.) 
Odin ~orr<:<:t.irm< .ire requlrt'd wLcn firing ccrlain'in­
d°"" uf powder, hut rurh iu fonnal.ion i• includecl in 
tli• '"" '" F\urc-~u of Ordllimcr puhllcatie>n• '"' 11,. 
nrrv= 

\Vi\]li1ut J.1eriodic s~'lr_gnginz thr etpih:ali"-nt-110.und1i 
procedure \\•oulcl nrlt 11.: atcurntc. n 1ainlv bt.'CBnSe the 
ivp<Ctl.I cur»c• tak,· 'l<' accoun t t>f th• rare of Ii.re. 
l~our\d<. fil'C<l w!th very slmrt coolin!l' mter1:Jtls between 
cause much crrh'i'?tt':r ~ro~iOn th~n thC ~ttnH! number of 
1 CJ1ill t.li fired i.lt no.rr.r.J.! int~tvab. For pr.nc'~tfo;il gun­
nerv,. bo\\"eV~r the c-0rv¢~ ~re conttidor~d sufficiently 
rell,,b!t• for u!c. il no bertcr dam roll be ~b:ainerl 

607. Improved m~lhodrof m .. asuring I. V. 

;M pr1:.wing ·g1·otmds gu1L projeuilc vdocit1• i$. n1cnS'· 
urcd by u d cvkr. c:allttd a thYOnnl(rnph. Tn Qnf" (c1lrl~r) 
type lhe pr:ojci.:tilc cuts \•Arcs when it pas.~!: thr<>u,gh 
rwo· sur..c-rss1\·e !.c)'(etl& k~ted irt 1hc. tra:j1.~cw1y at 
k.·'wwn rangt-5, aaO thr. exact time of each pa.~sns;e fa 
iwor4~ This y~ld1 the projecli!e vdocity l>etwCJ;n 
t.hc Kn·e-ns, and irom th.is ( V ca.11 Pe :CC\'konecL ln 
a mor~ rec~m typ~, t h1: pn'IJC:Ctilc f)\J,i;;~r:s thn>ttgh twQ 
~gnetk ~0Hs in iur,re;:l:ion, ru1d tbt: indu'1r.d . in1pu~e-~ 
>mpl lfi~I , cam e b]:l~rks HJ pass thrnugh a rnpiclly mCJ\'• 
in5 t:i.)'I' Frqm 1hi; lhf' rfap,...rl limo ""d (h1'11 1he 
l V, c.m l;c wr;u.kcd au1 

flmh n( th~i;c mcllmr:h f" J<Jir,: $)JCdid ~t·UIJS.uf coll• 
<;.~r 'l,CT"t"~IP. c:::r:cltJ I g_un p.l:s-c-ement ind :iim, much au.x. 
iliAr: «quiJmtrn t. •1>«.-iii.ll) • kilkd technician:.. aud ~ 
W'l'd d""1 r.f rfoir Thry . .... C!ln5!'<)U•nUy nlll pl~­
rlrnl funhipl1U<rrd U>O. But l;i:!;"I'"'-' crosion and I. V. 
a re ~ignificant rartN< in fir~ cM\r(1i , w Navy, hru 
de,·doped chn:mogruph~ un rru· diffc:rnru principles 
\vhkh Ciqt ,,ttul\ll\' J'n ... :1Mu~ sttf\ k c n'•uud~ f111etl .on 
shipboard . One •UCh de.iim in~<irpomtcs the v.Iocity­
m~$utirfg dc1o;icc in u firl; u 1otrol .Sy.stcim In 1.bc 
mher, thf' r hrrmofp·;:ph lk_\.i ("e l which \\'t'U'k!! on a 
cliffen:nt prh1ciptc from tl~me a'.'llte!\dy1nt.'ntiom:d. sine.ix: 
I( mc~SIJJ'(:~ p1<1jcctJlc w·todt.)' iu tlu.• BTW bor<.) t~ 

mou.mf.d in the h.nrrrl !lnd on the ("<'..:rcin.µe n~ 2n mdc­
pcndcn: .tu:it. 

E. New Developments In Gun Design 

6E1. Allcinmenl of high mu:ule velodly 

Drfert')\' agP.ln~t ll"'l(r)C--ern high·:ipccd :llri"rt:h is 

lm°i\dV ii fir'e cnnLJ\>l probkrn. t°i1ln.~ fo ..ll a ~t~dir led 
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future p< .. u i;"'' tif tho l:trgt\,. .rnd 111,· '" '"" umo I.he pro­
jr>1' lilt· 'l'irntl~ rn tht\ .lir b,.h.,t'«"tl th,. f11u21,I("' :wd the. 
ubjenivt,' the 1 .... time hrutil>: airrr.Ut IL1vc for de­
(t-ns;v(" in.o ir·.i,,.rring_ ·Highr.r inu1.2ll" \·cloriti-e; nrr 



Chapt"' 6- GUN BARRELS AND INTERIOR BALLISTICS 
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COMYENTIONIL ;UN FI RI NO ll61il• WEIGHT fUll·DIAMUCR PaOJECllL£S 

CO NYEN!IDMIL OUN FIRINi "mor" PR.OIEDTjl!$ 

i HIGH·s·11m'nt · LnttG GUN FIRING COWYUllOHAL PRDJfCTILlS 

E commoHU GUN m tMG AOCk!T . ASSISTID mmnm 

not lhc whole Dns.-.ver,. bui: do OOntribu~ tri the sim­
plifioat1o:>n of tho J'(ohlcin. 

Of the !.cvcral 111ean:i Of at.hi-:~ving highFr 010-ctk: 
vclodurs; lh.e following dthcr ..... <Tc u.sed in nttion jn 
World Wn r ti o:>r .,,..,,.,, exp<nml'•~tr.d "ith. Sec fii;· 
'"" 6Et. 

Ligiuw~itli.< ptni~::~ilt.·J flr..-:d rrmn convcndonnl guns 
at\~i1\od muzzle vd1>cfry of ob out 4,000 ie~t per ~&011rJ 
01 oompol'f'd with 2,7® fur tllt<~titUd11rd pi:qjectiks, 
Air nesli;um<:c, h owcvcT Sll quidU.r l'eta1'<l1~d lhi, lype 
ol' projer\llt th~t it wt"' al .-light u~e at the longer 
nltlg':s r.nevru!ing in niva.I warfo.re Tt wns uwd with 
grr<t l. r-fTt•et fl~o~c in unt-i.nm.k warfare, whn·e mnges 
'°"''rt" a.honer 
S~b~nliiit• ptQj<elilti l)r~ l:roQl corrvenri(>n:il gill1\ 

lii>hlcncd the pmjocrilr and, Rl thr .,..mo ilmo, p rt· 
"'nietl leis ruria<!t" for air rBlnanrf' Thi< i< a rn<>rc 
slender l'l'()jt-<:tlk fi ttc-d w-ith n lightweight bu•h tng 
calkd a sabot whirh fi~ the gun l:Joro md drop; awa:y 
efler the proj~ctile ledva th" rr)ui't.1.,. The IJ=•~n 
army achiP.ved ru11.,.le volocitits abo<R S,000 f< ,yith 
gm1s"' lurg~ as 11-inch Md ~lso [,r~d sal>Ot proj<:ctiles 
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irom 90.mm ont~rcrofl g uns. Thi~ LOt> h~ diS,,d­
Villl"'!;CS for ren use,_ :n che discarded >abot;. d.il!lgt:r· 
M • to neurhy !rie"1dly ship•. 

G1>111;k11:fo1Ml J!tojcetifo.1 ftr~d Ir0n1 high-m-cngtb o.r 
extra loni<'l"nscan ;i!tain ·a vclooit}' H·mitcd only hythc 
-~mount of prc&,..•rc tltlll the gon t«ll ivitl1St.Md [\l\d 
by the an.1oum of pre<Sure t-hat can be developed with 
av;iilabk rypt~or powder. Such guns >•<.<ulcl be hcJL~-· 
1P-r -o:nd reriuire coni;ide~a.b!)' mr11·e: ~pai:c- a.board r,Jtip 
tba.n guns \.,1luch impart q>nv:!mform.1 vdt.H..'.ith.~ lQ 

·•tanclard projec1ile•. 
'fapere.d·bor• gim.r firing " skino:d" prcij1,.-tiks have 

= r <>f the ndv11nt>1gc'> of tlu: s-.WOt wlthou1 tl1~ 
daagn tt> Ui11ndl)' prrwnnd. 1'hii. s_ubcalibcr pro jct· 
tile is equipped with lll1ng1:> which f11111ish a gas ~f!"l 
10rl "hich arr f.l]Ufe""d in111:up hy" t:Jiptred rcductl<m 
in 1.hr ilic of rlu: bore townrd Uic rllun:fc. The!'<: is 
><Ju>c luis •'f . 11"Ct11<1t.y Mod ,, ~mall<1r p1-r1jrotilr fa fif1'd, 
h tJL <hfSI' ·~1rnn ar"'rnorr than crimpcril"fild for b'y ihe 
rcduc-c<l rime of iligh1. The Getu11ll1S u...a such 
· :sc1UP2ti"-bnr~'' S,w"tS iil ~Us from 20· to 75·mm titld 

·nrmincd 4.700 fs111uzzk velociuos 1vi1h thorn. 
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/lo<L'1-atmted f>tojectilu werr u.rd ~ Utt Ger· 
mans in lu<tf' gun<, the :acket action bcnnct !nitiatt<I 
dunng n111ht. 1'hc nngpof thi< pl'Ojl'Cti!c was ~ath 
i ncrO!L<td, but the >p:<u: m th~ projec.tilP O<:Cllpt~ ~ 
the rol'krt prl'pell~nt redU<ed the pa~··load of hi~i1 •-<­
plns1' r th«t the projcrole r.ould c«rry. !1 npprnr~ 
doubtful th.'t r,,,.~et-•S~tt<d pwjcctilu rou.ld r<>nstbl­
ent ly p1·11vicl1· the n1;ctu',nry olitaim1hle fJ'fJl'tl n1hlT pro· 
jcc..-tile6, hut They urc worth1; of \.(>midert1tion {or iir­
i11g M 'ct)' Ion!{ rnni;:ts. 

6£2. Design aspe<ts of high-performance gun 
barrel1 

Or<hnar) ·1.-rfonnance guru hn~ alwll.ys l>ec:t made 
.,..ith a hii;b <:>ftt) ttrllrgin, but the dl!'·~lopn""' ,,f 
thr hi.~h·!"'rfOnnancc !;arrcl. with "' 0 11cc>r111lan· 
l>u.11: ;md othri <"1'>111Jiht~lit•a•, required ~ t'C·<tud) nf 
qun dr'tlgu1 w UJ to rut ~aff't). miU'gln to "' minimum 
It w:i.< with ~1111w •u rp:fo:, during thi1 m1dy. rhnt 
fll'dM11cc cngfm·er' IP.ar11ed tll<lt th~ projec-tite ""' up 
hi~her· "'"'~' within the gun th"1'1 1hc p<.1wdor pres­
"""'' J'M linrr ;, <>hlige<! to sJretrh tn alln" tht 
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pro1r-rttlr le.> t••u> 1hrough and <o r1·•umc it~ nonuai 
Jnwn:t~·r a.nc1 1ht pr()jff•ii~ hJ) p.nsc:d, ra1hcr lil....,,. fl.D 

n<trirh •w.tllu11-lnjz "" nrnnS" ~ figun: 6E2. &n. 
tirt'h n"' m•th~l• .,f rtrc" nnalvili hAd 10 br d."vcl· 
c;ptd to 1:nlu"~ Li\e inflt>•.m.c of 11ili PT"''iou"IY U!I· 
J'ei't">gnit<.."<l fiteLOr 

6E3. Di•od\10 1110901 of hl9h-vnloclly gun•. 

Rtdw·.-d time or ~ighL incrcaS<'• • ,gun'• cll'L<.tivc. 
Ill'>" but c.Jptd31iy for •h1poo:ird UIS<', thnt •r't mhrr 
ror.<1d~r .. 11uns. Surh gun< ITIU>I n• •CJSaril~ b«i- wgt.r 
:md h"':&\1,.r than lmn--rotional gum, to muL.h 10 that 
the ir .. L).Uaunn Qf .,,,.. iligh·•"'1ociiy gun "" a llr'C'>mt 
"·') 113"..J •TI.ft rr.il:(ht mtan <a<rlficing M:•'cnl llll"' nf 
ordinarv ''lV<.it) :O.iorco;'f'T. bocau1• of tlie addi­
llor.al powde1 1'<'qu11rd anunurution hBndJing wonld 
be rnrnplic«tcd nnd it '-'oultl b.: h«rdcr lo maintain a 
hiqoh rni. (lr fore. Furtltor. ~·.o,t ~'"'~ 1v"'1 r uut more 
<Juiddv th~n those de~piod for ordfonr1 .. vtlnr.itr p l<>­
J<'C'lt!~ /\ Ci1f"e!OI cvalu3tkm of all ad\-antn!{CS. and 
di5'td\1lnta.~~ <•( .. -anou.s [Ype\ of tz'Jnl i~ n"C.:-1:."sSGI)· in 
dt>tcnni.n1nF! opu::nnn ann::trnt.'llt of a ship 



Chapter 7 

TURRET INSTALLATIONS 

A. Introduction 

7 Al. General 

Th• 1ype o[ gun emplacement called a turret is, in 
gencr .. I, that in which several heavy guns of al least 
6-inch caliber arc mounted in an armored scruc:nire 
which i• revolved on roller> by suitable machinery, the 
gum being •levated independently of the structure. 

The lluroau of Ordnance designate• ordnance equip· 
ment •U gun mounts or as gun tllrrct.s arcording to tht: 
division of cognizance between that bureau and the 
Bureau of Ships. In general, if the oquipmenl is mas· 
sive ennugh to require assembly of parts on lht. ship 
as it is being huih, it is called a rnrrel. If the assembly 
is made in a gun ,hop and then hoisted aboard as a 
complete unit, it il t'alled a gun mount. 

Turrf.t installations on pre~ent United State~ ~avy 
ships are cquipl"'d ,_;th guns of 6-inch caliber or 
larger. All rum:u ha'e either 2 or 3 guns. Thc1· 
are tht. primary offensive armament or main hatte')' 
of cruisrrs and battkships. 

7 A2. Turrttt arrangement 

Turr•ts are located forr and aft on the centerline 
of the ship, so 1hat they arc able to fire on either beam. 
Some turrets arf' built higher than the adjacent ones, 
<O thM 1hcy can ~hoot over them. This arrangement 
provide> the maximum arc of fire, usually about 300 
degreM per tum·t. 

7 A3. Turr&t armor 

All turret structure. are protected by armor plate. 
The gun house is protcctrd by heavy armor plate on 
the faf.'<.'• sides, r(')Of: and n:ar. Surrounding the rotat­
ing structure bd<I\' the gun house and extending to 
the armMed dc•·h of the ship, is a fixed crlinder of 
heavv annor called the barheue. The lowtr space• 
of the turrets arr protected by the <ide armor belt of 
the ship, and by the armored decks of the ship. All 
thr. turret stru<'turc-.s1 th<:rcfore, including the powdl'r 

stowage rnaga:dnes, arc completely surroundtd hy 
heavy armor proh.'<'tion. 

7 A4. Description of a typical bag-gun turret 

All turrets equipped with bag guns are essentially 
similar. The major portion of this chapter i• dc\'Oted 
to a detailed description of the 16-inrh 50-caliber 3-gun 
turret as imtall•d on the Iowa ch1ss battleships. 
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O ther modem major-calihn rn1'fels such as the 
16"/ 4:1 caliber, 12"/ 50 caliber, and 8"/ 55 ralibor 
( Baltimorr class) differ from 1.he turret desctibcd in 
many rnN'hanica1 details~ but in general the imtalla­
tions and equipment perform the samc·bask functions. 
Therefor<, if the operation of one of 1he>e a>~mblic. 
i~ thoroughly understood it is~ relatjv1,,\ly simple matter 
to learn th• de1ails of the others frnm approp .. iat~ 
ordnance publications. 

The 16-inch 5Ckaliber turret has its "']Uipm•.nt 
lorated on six separate levels. These arc ( l) the 
gun hou'll', ( 2) the pan floor, (3) th• machinery floor, 
' 4) and (5 ) the upper and lowtt projectile flal' and 
(6} the powder-handling room. See figure 7AI. 

The firs t ( upprr) level, or gzm lzowe, conU!ins the 
turret officer's control booth, the gun compartments, 
and the right and left sight stations. S<-e figure 7A2. 
All of 1hc-.se compl<rtments are separated by flarnctight 
bulkhrad<. T he a fter part of the gun house contains 
1he only cntranct hat<h to the turret from the 
weather de-ck. The hateh opens Into the turret 
offic<r's booth. Located in the booth are the l'angc· 
finde1', 1hc local control cnmputer, the fire control and 
rommuniC'ation.~ rireuib necessary fot turret contro~ 
and the power t<1uipment for thr rammer mer.ha­
nism~. The three sc.:parate gun comp11.nments, or gun 
rooms as they arf' cn111monly called, ha,·e the controls 
and equipment nccc•saf)' for servicing the gun<. The 
two sighl stations contain dupli<:ate rquipmc:nt for the 
operation of thr turre1 optical sights by the pointers, 
trainf'rs, and sight setters. 

T he second le,·tl, counting downward, i~ called 1.he 
pa,, floor. It rontaim the pockets ur open pit< into 
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Sl.10€ TRl.t4NIONS TRAJNER
0

S TELESCOPE RIGHT POWDER HOIST DOC« 

Fi<.:u;n: 7A2. Phn viC'w 0£ iunet gun ho'USC. 

which the bn:echl-s of the guns are depres;cd as the 
guns arc cfcvattd. It also c<>ntains operating ma· 
chincry as shown in figure 7A3. 

The third levd (downward) is the mrnhinery 
floor on which nrc located the stations for the three 
gun laycn. an<l the turret traiucr. They operate the 
ma.C'hine1y whkh movl's the guns in elevation and 
the turret in trnin in re~ponsc to fire rontrol ordrrs. 
Thi~ levd is a maze of elcc;trit·hydraulic marhincry 
n<.:<.:<:1.'131)' fot turret operation. Se~ figu re iA4. 

T he next two levels down are the upper and Jo ... tcr 

proj"tile stowage and ha.ndlin~ 10Qms, show-n in figure 
i A5. Hen· thl· projrctile.s ar<.· taken frorn <he ~tow· 
ages, loaded into hoists, and lifted up into the gun 
rOQr)lS. 

Th• lowtst kvd i• the pnwder-handli11g room. Sur­
rounding the handling room aro the fixed powder­
stowage magazine$, The bags o( J)()Wder arr passed 
from the magai inos through nameprool opening< 
ca ll•d ptiwder scutd~1 into the handling room. Herc 
the bags are loaded into elevator-type hoists whirh 
deli•crthcm to the gun rOQms. 

B. Gun and Breech Assembly 

781. The gun 

The 16" /50 ralibcr gun is a built-up gun consistini: 
of a liner, a tube-, a jacker. thl'f'e hoops. and a yoke 
ring. It h:u an ovrrall kngth of 68 fc<t, and a niaxi­
murn outside d iamrter of 46 inches at the slide 
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cylinder. The total weight is approximately I 20 t<>ns. 
Thr rifling has a uniform twist of l turn iu 25 (.;ali­

bers.. The bore is chromium plated to retard t'rosi<>n. 
The J'<'"drrchamlxr is slightly I™ than 18.5 ind1~-s in 
d iam<tcr and about 9 lcet long. 

Thi'.' tc:rt.u:-box liner i~ scre\ved into the breech, and 
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TRAINl'IG GEAR 
A·END 

TRAIN BUFFER 

TRAINl'IG 
PINIONS 

TRAINER'S 
HANOWHEELS 

RIGHT GUN 
ELEVATING POCKET 

GUN LAYERS 
llANOWHEELS 

PROJECTILE 

HOIST A·ENO 

\~HT PROJECTILE 

\ HOIST 

CENTER ELEVATING RIGHT POWDER 
GEAR MOTOR TRUNK 

fmuiu: 7A4.-MachiMry floor, plan vie"'-', 16"/$0 calibtr g\.IO tutn:t. 
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PARBUCKUNG 
CAPSTAN 

PROJECTILE RING 
DRIVE 

CLOSING DOWN HATCH FIXED PROJECTILE STOWAGE 
CENTER GUN 

P OJECTILE HOIST 

F.ouu 7A5.- Proj<-c1ilt $.tOWI.(< and ha.."ldling: floor. plan vitw, 16"/ 30 t.aliber gun tu.m-c. 

its innrr surface provides the stepped thn:ad-• whirh 
engage thooc on the Welin-type plug. Ducts betw<·cn 
the gun and the liner, and hok-. through the latter, 
provide the air leads of the gas-ejcctur system. 

'!'he yoke is mounted around the brted1 end of the 
gun to provide the weans for securing the recoil pis. 
ton nxl and the two counterrecoil cylinder yoke rods 
to the gun. Sec figures 7CI and 7C2. Tht yoke alro 
helps to countrrbalance the gun. The yoke ii secured 
to the gun by a key, a fixed ring, and a locking ring. 
A should" on the yoke butts against the rtar face or 
breech end of the fixed ring SC(;urcd to the gun in an 
annular groove. The locking ring screws into the 
yokr and holds it in place against the fixrd ring. The 
key prevents mtation ahout the gun axis. 

782. Breech mechonism 

The br«"<h me<:hanism is shown iii figures 7lll and 
7B2. Its prinr.ipal parts include: (I ) a Wei in-type 
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plug, (2) a mushroom and gas-rhe<k pad, (3) a ~ar­
ricr, (4 ) rountrrbalance springs and closing rylindcr, 
(j ) rutating cams, (6) an op.rating lever and cun­
necting rod, and (7) a salvo latch. 

Weli11 plug and gas se.a/. Tbe plug rotates 29> to 
lock to thr !<'rew-hox liner. The d<'sign uf the blank 
sectors 1xnnits the n .. ·o piug·rotatin~ i'amt to rotate 
the plug slightly over 6 degrees lx:forc 1he threads en­
gage .. ·hilc 1hc breech i; dosing. The cam action 
a\Si$l$ in obtaining a :smooth uaru.ition het\,'<'f"n plug 
translation and rotation. 

The mushroom and 1:as-check pad are the conven­
tional De Bangc typ<:. dc'Scribcd in artirl• :>B4. An 
indication of th~ mu~hroom size is that its weight is 
over 220 pounds. 

Tht. p lug is rnounted on the carrier as sho\.,·n in figure 
iB3. Thr thread~ on the 1;ani,,t journal and in the 
plug re(C$S have a pitch of 0.9 inch. 'l'hi1 mrans that 
the plug "ill move aft 0.9 inch pc:r countcrdockwisc 
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FIOUttt: i Bt.- H)· inch bru:ch mcch1ni1m, brteeh open. ln)ct : Dctai4 of breech opcratins devices. 
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DIFFERENTIAL CYLINDER 
FILLlllG PLUG 

AIR CliARGIHG 
HOLE PLUG 

RETRACTING LEVER 
LATCli 

COUNHR8ALAHCE AHO 
CLOSING CYL INDER 

DIFFERENTIAL CYLINDER 
INDICATOR ROD 

Fmu;u~ 7B2.-1 6 4 inch brctch ml·c:hanism, hr('f'rh dosed. 

revolution. Since the plug is unloc:ked hy a r-otation 
of 29.,: it is evident that it will move- aft on the carrier 
journal about 0.1 inch whrn the breech is 01~ncd. 
lf ihe gas-check pad is siuck to the seating <urface, the 
plug will pull awa)' from the back of the pad and thr 
compre<Std spring around the mushroom «em will 
tend to force 1he mushroom nut. and hcr.ee th pad, 

aft. Thi! lorn ordinaril) breaks the seal: but if it 
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dof!! not, the continue.cl rc:an ... ard n1oviPn'ltnl of the 
plug separates the pad from its seat. 

Cani(r <md aJsociated equipment. TI1c pJug and 
carrier, which ha"c a combined "eighi of about 2,000 
pounds. swing aoou1 a pivot supponcd by th• ilin~e 
lu~ ~un-d to the gun. The plug is locked in the open 
po<iuon by a holding-doi.l:n latch until ii ;, n·lea>ed 
bi· • foot <r•nk near the loading platfonn. 

The op,nmg buffer fun~tions to bring the downward 
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SALVO LATCH 
BRACKET 

SALVO LATCH GAS CHECK PAD 

PLUG 

KEY 

CARRIER HINGE 
PIN BUFFER 

CLOSING 
CYLINDER 

'-----------~'-RECOIL PISTON 
ROD 

F1cuRP. '.iB3.-Ilt'('<':(';h p h1g and c:arrier. 

mlwcm<.·m of the carrier to a stop without shock. In 
('OO.strnttion and operation it is similar to a grooved­
wall type of r&,,il brake. The counierbal>nce and 
closing cylinders arc a c:ombinacion of spring and p ncu ­
mati<: mt·1.:hanisms ""hkh function to balam:c and 
check the \ve.ight of th e b('('eC'h assembly ir' opening 
and to furnish assistanre in closing the hreerh. '1 'he 
cylinders R'<:<:ivc their air supply from the gas-ejector 
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s.y$tt'm after the pressure haS be.en rednce.d from 200 
to ahouL 40 psi. The councer-balance springs arc so 
adjusted that the breech mechanism will swing down 
and latd1 ' "·ithom a jarring stop or rebound. The air 
pressure in the <'ylinders is set so that, \•.:he::n the. air 
valve i~ opened by the gun captain> the breech will 
c:losc and swing the operating lever near!)' home. The 
swing of th e lever is always completed by hand. 
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Operating l•vu and 1afoo latch. The operating 
le"er is pi,•otc:d on the carrier and is connected to the 
plug by mcartt or the connecting rod which extend> 
from a pivot on the lever to a pin on the bree<"h-plug 
rear face. :liotion of the opc:racing lever about its 
fulcrum as it is pulltd aft uuses the connecting rod 
to rotate the plug and unlock it from the screw-box 
liner. A beveled, spring-loaded plunger in the end of 
the lc:vrr engagts the operating-lever latch when the 
breech is fully closed. ( Sec fig. 7R2.) The swing of 

YOKE 

LATCH LOCKING PIN 

SALVO LATCH 
BRACKET (LOWER) 

LATCH SLEEVE 

the opcrdting lever is stopped by the operating-lever 
buffer, '' hkh is similar to the opening buffer. 

The Jafoo latch is an automatic latching devkc of 
the po<iti'c action type. It functions to prevent lifting 
of the n~rating-b-er latch when the h=h i\ clooed 
until after the gun has fired. It releases thr lcv<r 
latch as the gun recoils, so that it may be lifted subsc­
qurntl)'. F igure 7B4 shows the a<.•emblcd arrangc­
rncnt. 

The roller 1upport bracket and roller arc mounted 

COUNTERRECOIL CYLINDER 

I 
I 

ROLLER SUPPORT BRACKET 

SAL VO LATCH LEVER 

(CAMMED BY ROLLER) 

SALVO LATCH BRACKET 
(UPPER) 

SALVO LATCH 
LOCKING ARM 

ftGLi:RE 184.-Sa.h.-o latch for 16-lnch gun. 
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on the countcrrt<:oil ~-ylinder. They are the only parts 
of the .alvo latch assemblv which do nnt recoil. :\s 
the gun recoil<, the Jafoo-iatch l<v<r moves past the 
roller, and is rotated hy it. This turns the shaft and the 
.<a/rJo-latch locking arm. The locking •rm is caught 
and held in its &•placed position by a latch catch 
(not •hown in the figure). This act.ion also holds 
the salvo-lat.ch kver in its displaced position. The 
locking arm i< 1.hus held out of the way of the lug 
on I.he lateh sluvt. The operating-lever latch, being 
integral with the latch sleeve, can nov. be raised against 
•pring pffl>ure to release the brttch-operating kvt-r. 

After the gun has returned to battery, the plugman 
opcru thr bN'•ch. His action of raising the OJl"rating· 
lever latch rt>tatr. 1.he sleeve and dcprc$Se< the latch 
catch, so that the locking ann springs back to its 
locking position. Then, when 1.he breech is closed, 
the opera1.ing lever slides under the operating-lever 
latch, where it is caught and held. 

For drill• the salvo latch is sc<ured in iu unlocked 
J>O$ition, so that the habit of manually unlorking the 
salvo latch wiU not be form('d. T his is accomplished 
by screwing the latch locking pin in hole B. The pin 
holds the <ah'O-la1ch locking arm in il.> displaced posi· 
tion. At all oth'< 1.imes, it must be kept in 1.he turret 
officer'• booth. 

783. Firing mechanism 

Th• fil'ing mechanism consi•ts of a Mark 14 ~od 
5 firinp, lock and the associated operating devices which 
synchroniu its action with that of tht operating lever. 
The firing lork, shown in figure 7B5, c<>nsists of a 
rueioer which is attached LO the end of the mushroom 
stem and a wedge which •!ides back and forth in the 
f('cciver, to open and close thr primrr chamber in the 
mushronm Stt-n1. The primer·rttai11ing catch helps 
to bold the primer in place until the wedge clos<,,;; 
the extractor ejects 1.he primer case a. the wedge opens. 
The wedge contains an insufatcd firing pin which 
carrits lht current to the primer bridge for electrical 
firing. f or percussion firing, a hnmmer, a contact 
piece, and a rocking Je,·er attach<'CI to th• wedge func­
tion to dcli\'<r a hlow LO the firing pin. This is 
arcomplish<-d by drawing bac.k the cocking lever, which 
pulls the hammer with it until a catch on the lever 
reka:K:s the ha.1nmer. As the hammrr is drawn back, 
the hammer spring is compressed. When the hammer 
is released, thi~ spring drives the hammer fon\•ard, 
making the contact piece stri.ke the firing pin, which 
transmits tht. blow to the primer. 

Saltly features incorporated in the lock prevent 

107 

firing until the gun breech and the firing lock are 
cornplctdy rlovd. These includr: 

I. A lug on tht hanuuer slides in a groove in the 
receh'cr and lifts the hammer rncmgh 10 break 
r lt-c trical contart betweer1 the firing pin and 
primer until the wedge is in the dosed position. 

2. Th~ Mrrn." Jug also preven t~ the hammer from 
being drawn back for pcrcu5'i<>n firing until the 
wc:dgr i~ in the- closed position. 

3. The hammer thrust pin must line up with a hole 
in the carrier before the cocking lever can be 
pulltd back for per<'wsion firing. This align· 
ment orrurs only when the "edge;, fully dosed. 

4. The rocking Je,,er is so constructed that it trans· 
mits any acridental blow din:ctly to the wedge 
in.iead of to the hammer and firing µin. The 
hnmmtr plac.cd between the roe.king lever and 
the w•dge is amply protected fr<>m exterior 
blows. 

T he wedge is connected with the breech-plug oper­
ating lever by means of a iock-operatint bar (fig. 7B2) 
and a mrchanir.al linkage. The motion is such that 
the wedge is withdrawn and the primer extracted when 
tht 01xrating lever is pulled aft and dC>wn in opening 
tht bre«h. To rcprime in case of a misfire the wedge 
can be rl'trnrted, without opening the breech, by un­
latching the retracting lever latch (fig. 7B2) and ro­
t.ating the n:tracting lever. T his pcrmiu downward 
movemrnt C>f the lock operating b>r without moving 
the breech operating lever. But the wedge cannot be 
fulh- clooed unless the breech is closed and locked. 

The wedge is se<:un-d to the operating bar hy means 
of a pin. The hole in the wedge through which the 
pin passes is slotted to permit movemtnt of the mush· 
room sttm during fire. T he firing lock can be re­
moved by t•king nut the pin and turning the receiver 
90 degrees to unfa<ten it from the mushroom stem. 

784. Gos·tlector system 

The systtm includes a series of storage tanks, piping 
with the necessary swjvel and r.xpansion joints, the 
gas-ejector val\'c (fig. 7B2}, the gas.ejector trip plate, 
pas.'3ges through the screw-box liner, and nozzles 
which direct the air into the bore. Air at 150 to 200 
psi from the ship's compressors i• brought inl.O the 
turret through the central column for the main gas 
ejectors, the aux iliary gas ejectors, and the pneumatic 
breech-dosing cylinders. 

From 1hc tank the air is piped to the slide and 
thence through an expansion joint to the breech. 
The gas-ejector valve controls the flow of air in the 
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f tCU:fB i £j. M ark l 4 firing lock. 
A: Assembk<l vkw, wedge <".ios('d. 
B : Elt'<:trical firing pos~tion. 

ejector system. It j5 automatic.ally opened by the 
gas-ejector trip plak when the plug is turned for open­
ing the hreech, and i~ do~P.d rnanually wh~n the hore. 
is dr:~u. \Vhcn the valve is opened: air is admitted 
to an ancn1lar space be~v.·e-en thl· $Crew-box liner and 
the ~m. Three equally spac•ed holes cxtmd ihrough 
the l iner from this space, and nozzles arc recessed into 
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C : Pl"rc:us;.ion firing position. 
D: Ejecting primer :.iftcr fil"ing. 

their ends. ·rhe air jets clin:ct thejr stre<lms fon\·ard 
to·ward the bore <·emer. 

An auxiliary gas t':jector consisting of a hose with a 
qukk-acting valve and nozzle is st0wed overhf:ad near 
the bn:r:ch. Thii; i$ a standbv device which can be 
dirf'<:ted imo the gun to dear t.hc bore in case normal 
gas ejection by the prfrnary means fails. 
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C. Slide Assembly 

7C1. G• n•rof 

Altlwugh in iienrral the principles o! gun ninun: 
corutru<tion a• discussed in ch>pt-. 5 apply to tl:e 
gun, •lidt, and drck lug •trucmr.s ()( ~~·t) JX' turret 
gun~, lherc arc imp("Jrtan~ dilTcrc.·n<.c:s in some cfrt:liils, 
partirufo rlv wit h respect to tht rrlotionship of rc<'oil­
ing and nonrcco1ling parts. and the locations of c<>m­
pon<"nt~ of the recoil and counterrc<:oil 5'·stcms. 
TI1ercforc. in •dd11ion to figurc 7C2. "hich sho"s in 
an -.trrior view the ~n and slide of a 16-inch turr" 
gun, li~utt iC• >ho"'· in <implifit<! •'plod«! ><hc­
rl>dtic form. th• ttlallO!IJhip o! rccoihnc: and oonrc· 
coilinJ! parts. and the loc•tions of important par'.s 
ol the rr"nil and rounccrrc."<:oil 1)"Stt11110 

forh gun hos a «'paratc ,lidc "hich i< indi' idu,11ly 
mountrd in tru1111ion bc.·a.1'in~ and is arranged for in­
drp<'odcm c:kv3ting mo,~c1m.·m. 'J ·hf' 1nain dcmcnt 
is a nttf forging, •ho,,n in figure 7C2 with atr>chrd 
part> "hith induM : I th< trunn•nn>, 2 th• rear 
end hratkct>. 3 • rht loaders' platform hrarl<rt, ' ~ 
the hydnulir rtcoil systc-m, ,.:') ) thr (;Ountcrr~il r~­
cupcrat<>r >)>t<·m. ( 6 ) thc >lidc-sccurini: dt, icr. 1 
1hc »<>lr<-lock;ns d.--i~. ·s. upprr •nd !""" Jii•!d 
platM. and (9J a nlindrical gun <OH• Thc rom­
pkte ourmhly ;, over 33.:i rr.-t long, 79 inrh-. a{ro:ss 
th• tn11111ions ond 116.5 inches high. Th<• total weight 

ftGL·•., 7~J 10-incb J\ln Ul<'~bl) - SiwpM~cd r-xploded 
Kb(QalK . 
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is .11 ~ ton> /\II 3 guns in the tum:t arr idtntical, 
except th:u tt ft\1.· c.;c.nuponent~, found on 1 1lde of the 
right and ccnttr ~un..' arc on the <1p?"'Jlc •idc of the 
lc!t ~un. Figure iC2showsa ldt gun 

The gun-•htf< bore of th• .inl lo1i,~ng is fiurd with 
6 hronzc liner,, tarh 10 inches widr The li11ers arc 
providtd "ith <•ii groov<'S ond a.- the bc.<ring <urfac.s 
nn •.t1ith tht c:un <Jid<'> durinc: rN'nil ~nd countcr­
rnoa 

7C3. Tho trunnions 

ln1rgr.il ,,jtl• th• •lide an: tht 18 .1-inch diameter 
tn:nnion J<'>lirnak t;ach nf thnc journal< ,...,, in a 
'I"'< .. tll)· dcsii:n<'d rolkr-bcarini: a«tr11bly finod imn 
a du4 lug fig. iAll "hidi is support•d b) the gun 
~irder. Eath ll<'arin~ indudM 21 <ylind<r rnlf•rs 2.5 
inrht• in di•mrirr and 3.!I inth°' lnng. Tl"·" bnr­
i11111 cam tlw "ci~ht nf the entire gun and t.1kc the 
•~<><k o( firin~. 

1C4. The reor • nd brackets 

Thr<r bra• kct• arr bolted to thr lrf1 ~nd right side 
nl th, s!:dr O!lc rear •nd bra(kct. _., <ho"'n in Egut<> 
7C2 f>l'U\ ides mounting anarhrn<'nts for thr loadrno' 
pl;11form br,o< ket •nd tht ,Jidc-sccurin,c: t>i11 i> oc:1tcd 
m no Aligned sorkt"t in t\n adjnc-C'nt gun girdf'r when 
ch(,· i;cun i!: al tt·ro de~re~ (·k\'ation Th<> pi11 is forced 
int<> the <ocktt J>, rm·aru o( a h.rnd,.hecl-oJ"'rated 
SCrC'w. 'Th1\ arr.tngemrnl ~t'rvcs to rtlit-v<' the devat­
ing ICr<W and drive g<·ar from the effete< nr roll. pitch, 
and 'ibratK;.n '"h~n the _i:,m 1\ not bein~ U4-f"d An· 
o:h.-, <ockct ~rm1t< locki"g :ht gun at 20• clnation 
whik tl:e tt«ip.-rator air r>linders u.- htrng charged. 
Th• other rear hrackct on thr <lidc ( not •hrw.n in 
fig. 7C2 mounrs thr largt pi"ot pin to which the 
rln•ting «"••w i1 auarhtd. , S1:c anirlr 701 .) 

7CS. hcoll muhonism 

'!'hr re.oil mtchan~m is the rnm·entional hydraulic 
ti-vc and ha> ;1 •inglr q ·lindcr of 26-inth lx•r<: diam­
ttcr ar.d an o'er-all kngth of •bout 5 frrt It is 
<in11L.r to th• <>ne •hown in chapirr 5. Thrcr c-qually 
<p><«I tl:rotrhng rods contr0I rrr"' Ruid Row. The 
roro1f, !>mired tn 4$ in{h<.., (;! tahhtr<t) , o<.<urs in 
apprnxirnatdy one-third .econd. 

Counttrm.oil buffing action ;, providrd i>)' a 
p!un~er-da.<hpot arrangement at chc forward end of 
the cylindtr. Liquid displnremtnl from tltt· dashpot 
octurs throu~h rour grooves of vnri4hfr drpch and 
thro~~h the •mall dcarai1ce bctwcrn thr plunii;tt and 
th< dashpo: cntran«-. Buffing a.ction t>.kM pla<e 
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DEPRESSION BUFFER 

COUNTERRKO!l 
CYUNDER.S 

YOKE 

f'tG\.J10! 7C2.-1 6-inch gutt a$kt:Jbly, side view (left gun). 

during the last 16 iochcs of counter recoil. Tv.to ex­
pansion tanks arc mounted forward of the re<:oil 
cylinders. 

7C6. Recuperator 

The hydropneumatic countcrn:coil mechani$rn 
consi~ts of two air cylinders mounted on top of the 
slide and a differential cylinder between them. I ts 
operating principles are discussed in chaptc1· 5. The 
countt"rtecojJ cylinders, shown in figure iC2, are about 
11 feet long and have an inside diamete.r of H incl1l'S. 
The ph111gt"rs are hollow cyli ndel'S dosed at the for­
ward end, and arc about 6 feet long and 11 incl\es in 
outside diameter. The.y are. connected to the gun 
yoke by means of a plunger yoke and two yoke rods 
which are covered by the plunger cover ( fig. 7C2) . 

7C7. Yoke-locking device 

This device; \•.:h ich holds the gun in battery whe.n 
it is not in u.sei even though prcssurf': in the recupcrator 
is lost> is on top of the sljdc! at the rear, he:tween the 
counterrc..:oil c.:ylindcrs. A saJety link, in the form 
of an e.yd.iolt, is pinned to the slid•. When locked, the 

safety li nk res!s in a notched bracket on top of the 
yoke; and a nut on the Jink is tight again.st the 
bracket, holding the yoke. and gun se<:urdy to the 
slide. The link is sto\ve.d by looS<.:ning the. nut, swing· 
ing the pin up and forward, and damping it out of 
the way. If the link is inadvertemly left in place 
.... ·hen the gun i!> rired! it will part without damage (0 

the gun, but it must be replaced without delay. 

7C8. The shield plates and gun cover 

The upper and lower shield plates are located just 
inside the gun pon at the face plate of the turret. 
They form a weather and splinter shidd for the slide. 
The gun cover is a Y, -inch thick cylinder whose 
inside diameter is sHghtly J~rger than the gun's slide 
cylinder. l t cxtc.nds through the gun port about seven 
fret. At it~ fOl'\vard end there is a wiping.ring as­
l'f"mbly which serves as an oil and weather sc.al for 
the gun. A neoprene cover (gun buckler) damps on 
the omer end of the gon cove..r and is attached on the 
sloping front face of the armo!' plate, cowplc!cly 
enclosing the gun port. 

D. Elevating, Training, and Sight Gear 

701. Elevating gear 

T he thl'e~ elevating-gear instaUations of each turret 
a<e independent as1emblies. Eacl1 assembly consisi. 
of an elect.ric.A1ydraulic power drive, an oscillating 
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bt'aring assembly, and control mechanisms, shown 
schematically in figure 7D 1. T h• greater part of 
these assemblies arc located below the respective guns, 
forward and below the gun pockets in the pan and 
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MOTOR 

flGVRt. 7l)J.-£lc-"ating i:i:ur for t6-inch ~un. 

machinery Aoor <paces. The arrang~ments on these 
level! arc shown in figurL-s 7A3 and 7A4. 

The electric-hydraulic power drive has a 60-horse· 
po~·cr electric motor driving a variablc-displarcment 
hydraulic pump (A-end) which supplies oil pressure 
to a fixed-<lisplacement hydraulic mo1or (B-cnd), as 
desrribcd m<>re rompletcly in chapLrr 10." The B-cnd 
output shaft i! connected to the clcvaling·nut drive. 
(See Gg. 701. ) The elevating nut is threaded around 
the elevating sr.rew and is mounted in thr. oscillating 
bc~ring (not shown in fig. i D l), which allows the 
comple1e as~mbly to till. The ~lrvating <crow is 
secured to the pivot pin on the rear end bracket of the 
gun slide, and i! moved up or down os 1he elevating 
nut rotatH. 

11 1 

Gun-elevat ing movement is controlkcl ;\utomatically 
hy mean~ of a re<"eiver-regulator or by rotation of the 
gun layer's handwheels on the machinery floor. In the 
latter method the gun-laying penonncl (one gun layer 
for each gun) control the power driV<" in accordance 
with dial-indicated gun-elevation orders eman:uing 
from either the diroctor system or one of the two sight­
ing >tations within the turret. Elrvation <top• are 
ins,alled to limit elevation and depression to 45ir.> and 
minus 2n 

1 
resp~r.tiv~ly. T he m:.txhnum c.·le\•ating 

s[>('•d is approximately 12• of arc per second. After 
firing th• gun is automatically lowered lO the loading 
anglr ()( f\vr degrees elevation by optration of a 
C'ontrol le\'cr. 
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702. Training gear 
The 1uining g~ar and its control cquipmf"nt, ~hown 

sch(1natka_ll\I in figure 702, al<-o consi)ts of an elcC'tric­
hydrat1lic power drive whjch ran bt" ;,tutomatically or 
IJlanunlly rMcro1l•d. The dcctric motor POO hp, 
with an overload racing of 540 hp) drive$ the A·end 
of th• hydraulic transmission unit through a reduc.tion 
gear. 'I\.,.·() B-t•nd units arc driven b)· th<': ~ i ngle A-Pond. 

The B-cnd-~ drive tht> t rain ing pinions, \.,.·hich mesh 
\•.:ith the training circle seC'UTE'd to the turret founda­
tion. Thr brakrs b<:twern the Jl..ends and thr pinions 
function to prtYt'nt the turret from tumin~ when the 
training power is off. The brakt:S are <tt by spring. 
and l'f'lra.~ by hydraulic cylinden. \\'hrn power is 
off, no pre.surr i• in the hydraulic cylindcn, and the 
springs set the brakes. During training, a piston in 
each cylindrr i1 forced upward by o il und<r p r<>S<ure, 
releasing the brakes. 

Training may be automatically <ontrolled from the 
director !)~trm through a rcccivcr-regulncor, or locally 
controlkd from either the gun deck or the machinery 
floor by handwhcck In indicator gun laying, either 
the train opt:rator on the machinery floor trair..s the 
tur'Tt'l in accordance ,,,·ith diaf.indicatrd train.order 
signals, rttf'ivtd from the director system or lurTCt 
sighting station,, or one of the sight trainers controls 
ihe drive by keeping his tel.sropr on the 1arget. 

703. Sighting gear 

Each J6.inrh rnrret ha. duplicatr sight <tations in 
end<ht<I compamnems locai.d outboanl from the 
wing gum. and approximately on tht' tran~vtrse centc-r~ 
linl' of the turrrt. F..ar.h Slation transmit\ gun e.lPva­
cion or gun train orders to the indicators and control 
gear o n th t'" 1'1u1c-hinery floor from \•lhir h lhi' po, ... ·c-r is 
actually applied to the lurret and gum. The pointrr's 
and tht traim.·r's tdcscope.s arr !'O rnounte<l that they 
have parallel motions whm the sight settings are 
made. 

Corrrsponding clements of the two <tationi are inter­
connected <O that rithrr station can take ovrr <ighting 
operatiuns. \\'hen thi< is done, the guns arc indirect!)' 
pmitioned from a sight station by fir.\ >•iting the sight. 
The point Pr and i rainer then turn their handwheels to 
kerp the <rossline• of the vlesropes on the target. The 
poimflr's handwhtd operates indkator$ :\t. the gun 
layer's !tation. Ry keeping a dial pointer matched 
with these indications, the gun layer positions the gun 
in elc.,.·ation. The trainer's handwheel can accom­
plish the ~amt re-.ult in train. In addition, il is pos­
sible. by use o! appropriate $Clector, for the trainer 
;,, the gun hou..., to bypass the trainer at th<- machinery 
k"d and mo\'e the tun-et directly in train, as he rotates 
his bandwhccl in keeping his vertical cro>slincs on the 
target. 

E. Ammunition Handllng 

7E1. Projectile stowage 

Proj~tile !IOwagt in each turret is arrangtd in two 
cin:ular compartments, called upper and lo"·er pro­
j•ctile flat>. Figures 7A5 and 7F.I <ho" the arrange­
ment of thr" flats. The projt...-tilc stowage <pacrs are 
betw1 .. "Cn the turret foundation bulkhead and an inner 
concentric circular bulkhead. Thr lattrr bulkhead 
surround~ marhinrry coropartmcnts at the <'<'ntt>r of 
t"a('h n,H a nd scparaces the.in fro111 the: stowage and 
handli1)g tornpa rttnl'nt. In cafh ~towngt" C"Ompart· 
rm:ut the ttoor i<1 subdividni into three conC'entric­
l'ing-,1101><·d pl:.tforms. T he out<I' ring ;, a fix<·d shelf 
attachc-d to thf' tur-rc:t foundation nnd providM; the 
'"flxt'((" projectile stowage. nu: lnh:nncdi3.te ring is 
part of the rotarin!t structurf" and b the shcJ! .. handling 
platform. The thn:c projcrtile hoim ha>< loading 
apc:rature' in thi~ intermediate r ing. Thr innf't ring 
is a roller-mounted platfol'm supported by ihr turret 
rota l ing strur turc and has a power d1 ivc \·vhich can 
rotat~ thf' r ing in l'ithc:r direction with ri:spc<:t to the 
intcrmediatt ring. This inn<:r ring providt> .. the ~;ro .. 
tatiug" projc·c tilP s.towage. 

Pl'<>j\."<:tih.-s are brought to th~ )to,..,·agcs 3S follows. : 
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first, th~y land on the main deck in a hori>.Mtal posi­
tion and a <htll carrier (on the left in fig. 7E2) is 
fitted around them. An electric drum-type hoist then 
lo, ... el" 1h~m in vertical poYtion ( c<"nttr item in fig. 
7E2) throu!:h hatches alongside the turret to the 
«('ond pl•tfom1 level. Here thry ar• ttan>ferr~d to 
an oveJ'hf>::id uolley. from v.rhfrh they h::ing in hori· 
iontal position (on the righi in fig. 7E2) . The trolky 
rakf'S then1 under a hatch in the p1"(')jrr1 iltt: fl ::'!i l: whete 
they arr trnn~rrrred to an clcrtrk whip hoist whi<'h 
hauls them ( in vcrtiral po;;ilioo) up tu the prujc-ctilc 
flat to l>(· )l(,)\\'C<l. The projC'rtile~ <ltt' ((')wf'l'~d and 
hoisted one at l'1 timr ~ ""'hen each proj .. :c. tile reaches the 
flat. ib carril·r is rcmo,·ed and M"nt up lo tht- m:tir) deck 
to be U(("d agtAin. Tite projn'lill'l an- stowed standing 
on their b3'<'< .• and eaeh is ><'l>ar&tdy lo.hcd to the 
b .. lkhead. 

With the projectile rings loaded and rrady for me_. 
th~ innrr muu ing pr"Ojectj le rjng moves projectiles to 
positions near the hoists. AH 3 hoi~1s ran h~ served 
simultam.:ously from I ring. Loading into the hoists 
is perfor rn("d by parbuckling-pa~s.ing a line around 
the proj<rtil•, 1.ading the line lo a pc>w'<·Operated 
caµst~tn, and sliding the projectile along on its base. 



NAVAL ORDNANCE AND GUNNERY, VOL. 1 

POWER ­
DR IVE N 
INNE R 
RING 

FtGU~E i.tl.- Projr:r.'-ik Uau in 16-in(')l turrc:t. 

Sec figures iA5 and 7El. The parhuckling gea1· can 
nl~o ddiver tht projectiles frf>m fixed stO\\agt:~ to the 
rotating ring. Manual control' , ... ith automatie ~to? 
arrangemE>nh opcratf" the rotating ring through arcs 
of 30 dc.i:r= IV facilitai. continuous deli' er)' to the 
hoi$tS. Th re~ pro jcctilcs pet minute per ho isl can 
be delivno:d. 

7E2. Projectile hoist 

Each gun ha$ a projectile hoi<t which rai.r• che 
projectiles from the sto\•.:age cornpanmrnti> in the 
turret rolating ~cruclurc to thr: breech end of the gun. 
The hoist (><:c fig. 7f.3) consi•u of a tube through 
which the proj<-ctile pa.<><:> '. bMc downward , a 
hydraulic-ram-l)'J)C' lift, and a power drive with its 
assodatcd CQ!ltrul. T he three tube< pa:;,; through lhe 
mid<lle rings o f t hL" projC'<:lik: flats and arc: almost 
vertical up to thr pan floor. From this point the 
two outboard tubes sfopc rcan-.ard at an angle 
to thr cradles at the UPP<'' ends of th• tul>o:s. The 
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crnttr tube continu~ its vertical <'Our$<:, so that at 
the guns all cradles are cquicli~tant from the br-11. 

The hydraulic lift con_<isu <>f " hydraulic cylinder 
\rttically mountt'd between the drcks or the projcrtile 
Rau, a pi.stoni a.nd a piston rod whkh connects to a 
1a<k in the. t\lbt'.' casing. 'rhf' piston diam<:t('r is about 
6 inches. and thr pi>ton stroke i< approximately 8 fff.t. 
Thr hidraulic lift ra.i<rs or l<>wers the projcctiks one 
st•g< per strole. The distanc;- to the cradle is 4 
stagr~ from the J"'' C'r projcctilr Rat and 3 from the 
upper. 

The hoi'1 contains 2 sets of ;pring-loadcd pawl>, 1 
S<'t <>n the rack ronne<:ted to thr hydraulk piston, and 
the other on the inner wall of the hoist tube. The 
pa.wls in earh 1..tt arc spaced one stage ap:irt. The 
prin<'ipl~s of operation of pawl-type hoists wel"t" ex­
pl;1incd in chapter!>. A< the piston and rack move 
up, t lw !Qwest rark pawl pick• up the projcctil• base 
;md pu<hts it up,»rd past the tuhe pawl at the next 
sta~e. Then th<' ra('k mov\".:) downward with the 
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Ftcuav. 1P.2.-Shdl c:arrfor for 16-indi projectile~. L6ft: The carrier. Center: Carrying projectile in vertical pOsition. 
Right : Carl)·ing proje:ctile. jn hoti2ontal position. 

pi$tOn down strok~, hut th~ tube pawl ~ngages and 
supports the projectile's base. The projectile body 
forcrs the rack pawl for the next stage to retract as 
the rack descends. At the end of the stroke, this pawl 
is under the projectile, ready to lift it when the rack 
moves up again. The proce.~s rcp<:ats until the pro­
jectile is at the top of the hoist. 

The pawls can be hydraulically retracted as re­
quired, so that the hoist <:an also he us~d for lo\•.:e.ring. 

The power drive for each hoist is located on the 
machinery floor and consists of an electric motor ( 75 
hp), a reduction gear, and the A-end of a hydraulic 
Sll<'•d gear. The A-end is directly connected to the 
hoist cylinder and develops the 700 psi pressure re­
quired to lift a full load of 4 projectiles. A solenoid 
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hrake on the dectric-motor Waft operates to prt.'Vcnt 
motion of the hoist when there is a power failure. 
Th~ main hoi~t-control ~y~tr.m indudcs duplir.atc 

installations of control handles at stations near the 
hoist-loadi ng apertures in the upper and lower pro­
jenile flats, mechanic.al and electric.al interlocks, and 
audible and visual signals at these stations. 

~echanical and e.lectrical interlocks prevr:nt opera­
tion of control handk-s when projectiles arc being 
loaded in the hoist, when there is a projectile in the 
cradle, or during the. ramming cycle. 

7E3. Cradle 
The cradle assembly shown in figure; 7E3, 7E5, and 

7£6 includes the cradle fulcrum, cra<lle, and spanning 
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tray. Dunng hoisting the rammcr ch~in i'i in its re­
uactcd position. the cradle is upright so that its axis 
lines up with that of the hoist tube, and the spanning 
tray is folded against the cradle. A pmjtt.til• hoisted 
into the cradle is supported there by a projectile latch 
,,..jthin. 

The cradle and spanning tray ""' oprraied by a 
hydraulic cylinder not shown in the figures. The con­
trol lever for· this unit is located at the aft<r end of 
the gun compartment at the side of the rammer and 
cradle. Wh•n the control lever is operatr<l, the cradle 
tips forward and the spanning tray moves forward 
and down, forming a smooth path from the hoist to 
the chamber. (Fig. 7E5. ) The gun must be ele­
vated 10 5 degrees for loading, so that the tray lines 
up with the gun bore. 

7E4. Rammer 

The ranuncr consists essentially <>( a sp('cial l'01ler­
type chain which meshes with a power-driven sprocket. 
The arrangement of parts is shown in figure 7E6. 
The rammer <Uscmbly is located in the turret officer's 
booth just abaft the gun compartment. 

The power drive includes an ~l<"<'tric motor , 60 hp 
with an overload rating of 108 hp) and a conventional 
hydraulic <pePd gear whose B-end dri,es the sprocket 
wheel. The control arrangement pmviMs full-power 
projcctilr. rnmrning to a jammed stop. This is neccs· 
sary, since the rotating band must ll<' forced into the 
riffing so that the projcc;tile will not move to the rear 
whtn the gun is dcvated. The m1'.ximurn velocity 
during the ramming cycle is slightly less than l? feet a 
second, and the time requil"fii for ramming is I. 7 
seconds. The powder bags arc rammed into the 
<'hamber a1 a slower SJXed. 

The rammt"r chain forms a rigid C'Olumn when il is 
oxtendcd. The chain assembly, induding the head 
link buffer, i< about 25 feet long. When in the '"ready 
to ram" position the ramming head is about 8 inc.hes 
behind the projectile base and 9 feel from the breech 
face. The projectile. travel to full icat during ram­
ming i~ about 19 feet. 

7E5. Powd•r hoist 

Tht powder magazines arc ouuidt tht turret foun­
dation on the platfonn deck beneath the lower pro­
je<:tile nat. The po"·der is p..,,,.d manually through 
sdf-rlo.ing <rut Lies in the powder-handling room bulk­
heads and in the lm"·er foundation, into the hoh;c­
loading <pace around the lowrr -.nd of the turret 
revolving .strnrml'r:, and delivered by hoists to che.. guns. 

An electric-hydraulic powered hoi>t is provided for 
each gun. Each hoist contains a po" der car ( fig. 
7E4) which ride< up and down like on elevator in a 

dosed, inclined trunk which e<tend• through the 
turret structure from the hoist-loading space to the 
rum-t roof. The car is a larg• box-shaped structute 
closed on thrre sides. Four guide wheel., mounted 
on the rear corners, ride along the after side of the 
trunk. The bags are carried on two v<rtically spaced 
trays which can be separately tilted by means of hand 
levus on one side of the car. A loaded car delivers 
a full-•ervire charge of six bag:s to the gun without 
intermediate handling. 
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fJO UM." ?£'1.-Powder car and trunk for Hi-inch curr~t. 

'J"hr rar i< loaded in the hoisL-londing space beneath 
the projectile Aats, through an apcrture in the trunk. 
This opening is sealed by a manual!)' operated, verti­
cally sliding door which must be clo.ed before the car 
c:an be hoi>tcd or lowered. It cannot be opmcd unk.s 
th• rar i< in its loading position. 

Powder is delivered to the gun through a door 
located just abaft and to one side of the breech 
mechani5m. The door swings outward and down, 
providing a shdf across which th<: powder bags roll 
from thr -car to the loading tra)'. (Fig. 7E5.) The 
door is operated by a hyd raulic power device. When 
the delivery door is open, the car can be lowered, but 
not rai!M. The interlocking features make it im-



f"rcva_g 7E5.-Loading a rouad of armnunition into :a 16·in('h gun. A Ra.:noiog the projectile. 

possible tc> have both the loading and the deliY•I)' 
doors upcn at the same time. 

Tht: hoio;t power unit consists of an t1rrtric motor 
( 100 hp) and a conventional h)'draulic spred g•.ar 
that drives a hoisting drum. This uni~ is locat<:d in 
the gun compartment next to tht trunk. T he car is 
lowcn:d by gravity and hoisted by mc•n• of a ~-inch 
diameter wlre rope which pa..~v-! o' tr a \heave- under 
the tunTl tnp plate and thence tn th• h<>i<ting drum. 

Thr h<>i<t rontrol is located at thr hniu "P"ratnr's 
station near the top of and abaft the trunk Control 
arran~mrnt:s include visuaf po,,.dt"r h(")i\t indicators. 
starting and r:ornrol selector kvc.:rs. dcvic("s which 
limit "ccdcration and de~e.l~ration ratc.·s, door interlock 
switcht.s, safoty car·stop operating dt:vices, and a 
pown-failure hrake on the hoist drum. The latter 
prevents the car from falling in cal><: of power failure 
or rupture or hydraulic l<ads. 
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7E6. loading operation 

A 16·inch 3·g'lm turret can be oprrau~d with a mini· 
mum crtw of 77 ml·n inside the turret. Stntion a.C<sign­
mt"nt~ for th~: turret crew ~re ordinn.rily ni li$U':d in the 

accompanying tabk . 

Stotior: 
Turret offirer ___ ________ _ 
Turret officer's talker ____ _ 
Turrt"l rnpt.ain __________ _ 

Computrr opnntors (2) ---
Rangcfindcr operator ____ _ _ 
Rangd indtr poi nt~r ______ _ 
Rangefindtr trainer ______ _ 

Talker------------------

Lbca1ioft 

Rang•findcr and Turret 
Offie\'.r•s compatt· 
m l;':Ol. 
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F10URI$ 7E5.-{ Continued.) B. Powder hoist door open, rammer withdrawn. 

STATtoN AasmNMl'.NTS, TuRRF.T CaEw (COJl. ) 

St<ttfon Location 
Sight trainer, right_ _______ ., 

S~ght point<r'. right- - ----- Right sight station. 
Sight setter, nghL--------1 

Sight tr~iner, left. ________ , . . 
Sight pomtcr, left_ ________ ] Left sight station. 
Sight se1ter, left_ __ ______ _ 

Plugmrn (gun captains) (3 )l 
Cradle operators (3) ------ c· 
Rammer operators (3)---- )un rooms. 
Primermen (3) __________ _ 

Powder-hois1 operator.; ( 3 )- Top, powder trunh. 

Gun layen; <3l-----------) M h. fl 
Gun train 01~rator •• ____ __ · ac inery oor. 
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Stelti<ni 
Projcctik-h o is t operators 

(:l) 
Projectile-ring operator ___ _ 

Shellmen (9) --- - - ------­
Electridan_ --------------
Shell-deck P. Q _______ __ _ 

Projectilc-handliog floor 
(each level). 

Powder-door operators (3)-1 
Powdc.r pass<"' (9) ------- Powder-handling floor. 
Handling-room P. () _____ _ 

1 n addition,, there arc 6 powder pa~~ers in the 
annular space beh••een t.he powder-handling H>Oln 

and the maga>.ines, and 12 powder passers in the 
rnaga1jnes. 

With the turret in all respects rr.ady to fire and the 
power madline1y in operation, the first command js: 



ft0c•& 7£$ (Co::iti:lucd. ) C. LoadlnC{ th<" powder. 

•'fill the po-.du train; fill the proj<.-.;rile hoim." At 
thi~ t<>mmand the necessary pc)\,dtr tank) in the mag­
azine~ arr opcnC'd; powder is passed through the 
scutdt$ U''> tht lower handling room i the powder cars. 
art' fi lled and rnised to the. lop or lhc hoi>t>- BuOrd 
safetr pr~.:\'.otutions. require that in ea<'h lt;imetight stage 
of tht." ammunition train, not mort than one chargt· 
per gun, for lhe .guns being supplied through thal 
~tagc. >hall be- ex~d or allowed to ar<umu!are. 
Simultanrously the pmj•ctile-handling room ere"" 
arr loading the projectile hoi.<ts with the «.'quired ~·pe 
of proJ.CUlt-<. 

This romm:\nd further implir~ that ·whenever an 
rmpty JJOwdcr rar is returned to the lnwtr handling 
room, <'.H' that whr:never an C'rtipty $tagr in the pro­
jectile hoi'IL appears: the r:re\.,. muM reload immediately 
until othcnviif' Or<.krcd. 

The first C(')mmand to the gunro()m trtv.· is ';Load.n 
Thr gun rnprain. on the loading platform, unlatches 

the b"""h-opnating lever and pushes it down. The 
primcnnan, under the breerh, assi5ts tht- gur' captain 
in ]()(')dog the bretx·h down. The gun raptain wipes 
the mu•hr<><>m and inspects to sec that the bore is de.ar. 
.i\s soon 3" the "Bore deat" signal is g iven) tht: gun 
cnptain >huts off the gas ejector valvr and signals the 
cradle opNator to span the tray ( lower it to loading 
position ). 

At the same time the priim.:rma.n in~crts a primer 
i!':t<> tht (')ptn firing lock. The rauuncr oprrator rams 
the projccti!r dig. 7E5) until it i< «"attd and with­
draws the rammcr as he opens the J>O"'dtr hoi<t door. 
T ht po-.der·Car operator tilts I of the powder-car 
trays, and ~ hags of powder roll arro<S the door onto 
lhe ~pauning t ray. The gun captain and rradle opera­
tor guirl1; thr po"·der bags across the door and space 
them out (')n che spanning tray. '"(l'le powder <'at 
lo\ven about 23 inc:ht':S and stops a.ucom~tiC'ally, and 
the rtmnining lhree bags of powder arc rolled onto 
the spanning tray. ;F ig. 7F.5. ) 
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/""''"'' 
A. 

f'touaE 7F.6.-Ra.mmcr m<"rhnnjs-m ( 16-!nC'h turret). 

The ramm~nnan C'l~e.:; the powder-car door omd 
cardully ram< lht •ix powder bags to plac• the n:or­
m05t hag nol mort than 4 inchf"s from the mu.~hroum 
when thr brt"t'<h is cl<><ed. The rrad)f operator fold< 
tht- !-panning tr2)' as soon a.1< the ramrr.cr is withdrawn 
The gun ca1>1ain relra.«"S the breerh hold-down lat<h 

and open< the air ,·alve to the closing cylinder. He 
1htn latthcs the operating l"-er as the plug rotates 
to the d.,...d position. The gun cap1ain "'P' nfT lhe 
loadin~ pla1fonn and oper.tks thr "rtady" '"'itrh ti> 

<ignal that the gun is loaded and to bring 1he gun 
to ~n e>rdcr position. 

F. Turrets Equipped With Case Guns 

7Fl. General 

Propelling rharg<.'S in metal <'artridgc cases have a 
number uf ndvanu1gc-s over charge!> in fabric- bngs. 
r-.·fetal c:ase~ a rt m<:<.:hanically tnuch sturdier than fab­
ric ba.~•: they dnn't burn if cxpmed to a spark <>r 
rnomc·ntary name; thry're much lcs.~ lik("ly to ruptutt 
and sµill p<)"-·drr: and the comple te propelling ch•rg< 
in il.'S ca~. including po\'.·der, igniter~ and primer, can 
be loaded inlo the gun in one operation, as compared 
wilh the muhipl• bags and scpara1e primer r.quired 
for ba.'t·l)pt ammunition. Conscqurndy a turret for 
<'3!(' guns can hf- designed to have a minimum of com· 
partmt'ntation a' ('t>mparcd v.ith a bag·gun turrf"t: 
manhandling ol P""der can be reduced to a mini. 
mum-which m~ans that automatic handling by power 
gear <"a n be incrrMt'd to a maximum; c:xtra handling 
n('c.:c.:ssnry ht'tnusc.: of the requirtmcnts of .Rametigh t 
inlf'llrity r;m I>• radically rcdured. It follows that 
guns and turret< u>ing cast·typr. propellinx charge; 
can b< d!'!ign•d to dcvrlnp rnueh higher ra tes ol fire, 
and wilh .srn:'l.ller r.re\ ... 'S, than can those using bag·type 
ammunitinn. 

Hence thrrc- ha.s been a tr("n.d to subHitulL· turret\ 
and ~n!) using c:au- ammunition for those using bag· 
type ammunition, and at the same time: firin~ rat~ 
havr incn:ascd, tht size of C'rews has decrease..~. and 
mon: and more opcr:nions arc rornpletcly me<"hanittd 
and made automatic. The ultimate design objcctiv~ 
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is a turri•t v.•hkh, upou signal from a rf>motc ~tntion, 
will train and eltvatc its gun~ to a d esi red position, 
lond it~ guns, comme.nr.~ firing whrn the target C'ome<\ 
"·ithin range, and continur. firing until tht target is 
de~tM>td or all the ammunition expencl('d, all \•.:ith(')ut 
atSistanc:r froni operating personnel. 

At the pre<Pnt time the .'favy ha. 6-inoh and 8-inch 
r4~C"·~n turrets. The earlier 6-inch l\lrrct! rtquire 
:n general about as much manhandling of a111munition 
:u d~ a Y' '38 twin mount. The later types of 
6-inch ""'"!> have elimina1cd manhandling of pro­
ptlhng chan:r< aher thcr have been load<d into the 
hoiu; projectiles stiO arc tramf•JTCd manually from 
hoist upprr end into gun slide. In the newest 8-inr.h 
turrets there is no manhand1ing of ammunition ;.c.t all 
alter it has been lnaded into th• hoists. 

The.: rcmainck·r of thi5 ser.lion will br r,(')ncc-rm.'d v.·ith 
th~ tarlit:'r typr. (')f 6· inch railc>gun turret. Th,: next 
two ~N'tions in this <'hapkr v.;n take up the nt"'wc·st 
tyt.><" o f 6-inch and 8-inch turrets. !'.:mpha$is in 1hr~ 
discussion< will be upon the novel featur'S of the 
ordnance design. 

7f2. Six-inch 47-caliber triple-gun turrots 

Ligh1 cruisers of the Brooklyn, Cl<i•rlancl, and Fargo 
clasn-s are •quipped with ,inglc-purr- 6-mdt tur­
ttlS or similar de•igus. The gun !us a monobloc, 
radiall1· expanded ban-el with housing and wcdge·tyfl' 
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FtOUR2 ?FL-Section through 6"/47 triple gun turret. 
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sliding bre•chbln<'k. Ammunition is supplied to the 
gun room through I projecdk hoist and 1 po"der 
hois.t for ta('h gun, an<l is transferred by the ~un Hf"\ .. 

from tlic top of th• hoi<t into a loading trny in the 
gun •lide. Although the rmucimum eleq1tion or the 
guns is 60>, lmding must be accomplished at an rlc· 
vation vf 22° or k-.. bcrauS<" of th< limitations vf the 
ammuniticm-lnading mechanisms and thr. empty...Ca!if" 
t"jectiou S)'Skm. Gun compartment fc.~aturc:s gcncr .. 
ally re.semhfe the smalln semiautomatic guns, ~uch 
'" the 5" /38 ralih" which is described en the next 
chaptt"r. 

Tiu.· gun rompanment is not divided into separatt': 
gun roo1n$, l>cc.:aust: the inhrrf"nc1y greater saft·ty of 
case ammunition n:ndeni such minute flarnetight ~ub# 
division unn4.:<'.4.:$SO.ry. Thf' rtar part of the gun hou~e. 
as in majOl'·t"llmx•r turr('tS, indudes the tul'ff'l orfo..cr', 

booth with rangefindcr and equipment for local con­
trol uf lire. The pointer's and sight ch~rk•r's •tations 
n" l()('atcd outboard of the left gun, the trainer'' and 
>i~ht sen.r's <tat ions outboard of th• right gun, ndth<:r 
<talion bt-ing separated from the gun compartm•n1 by 
bulkhead<. 

r ..,, els of th.- turret below the gun rompartment 
"'"·c the «~Ill< purposes as in the 16" /50 turrrt 
<k><.ribcd abo'°. They aro, as is dearly ohown in 
ligur• 7FJ, somewhat simplit.ed as «ppropriau to thr 
"mailer sizC' ;ind lighter ,,·eight of lht:; wfiolc as$cmbly 
a.net each of its componf'.nts. One major $implirici\tion 
h in powder hobt design, the charges for the 6"/47 
gun b.;ing handled by an endless-chain rnnv~yor-type 
hoiu with open flights instrad of powd<:r far!. Elrv;it· 
ing and training gear an: of clertrir·h)'drelulic t}'PC 
and ptrn1it a selection of rt"mote or loral cc.mtr()I. 

G. 6" /47 Dual-Purpose Gun and Turret 

7Gl. General 

The main hattrri or light cruisers of the CJ~l·H 
( if1011:-1•.,tn) dou~ comprisef. th~ newe~t design now in 
Sl'rvic(' ()f 6.inrh guns and rnrret.;;. 'l'here are 12 
g11ns in six 2-w.in turN'I<, all of th<m capable of rapid 
fire against 1•ilht:r otir or surfac~ targe.ts. 

7G2. Turret structure 

T n gcocral ~tl'Urturf" thek.· turrets are similar to tht 
6.inr:h tripk·-gun turn.:t~ di<:<:u~sed in the prccedinc; 
section; th()ugh thtrc an: minor variations ~ fig. 7C 1) 
The turn:t (oundnti()n is built into che $hip and sup· 
ports thr mlltr µdth~ above , ... hkh an· the gun house 
and pan Aoor. Jrnm~diatdy below the pan floor arc 
two pmjt'('tilc:-tHtndlin~ lt\tf'i-, then the electric drrk, 
and at the hottom i• the powcer Oat. The barbctte 
""""d• from jun t>.low the gun house to the annor 
dcc:k. Jnt<"ri<.>r compartmrntation is nor se\'Pr'f"; tht're 
an:. no flamrright bulkhead-. subdi,·iding the gun house. 
,.,.·hose spacr i~ dividtd prinripal1y by the plaC'cmrm 
of its t<]uiprrn:nt nnd tht- ::.rr<tngl'me:it of the: guns. 
The gun ,Jidrs thcuisclvc< arr •upportcd by deck lug;, 
and lht"S<.' in turn hy gun girder:;; and tlK· rl'mainde1 
of the turr't't stn.1c:tur<\ a.s in the othet turrets takrn 
up so far. 

7G3. Arrong•ment of turr&t personnel and equip­
m•nt 

Figu«: iC2 c.ho\"lt the arran,~emcnt of ordnau(,:c,: 
equipmrnt and ere"\ ... uations in the gun house of thC' 
6" /4 7 tUflf'I 

All un.in of both guns, exc-tpl the fon~ard ponions 
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of th~ oorrds and the pow<>r plants !or the slide power 
cquipmem, •re located in the gun hou5'. (Tilt •lide 
<"()uipmtnt mo1or-pump unhs are lcx'.all-d on the next 
lcwl. thr pan plate. ) Also !orated in the gun house 
an" the: upper c-nd~ of tl1e 6 ammunition ht'>i~t~, 2 fuzc 
c.ctting i11<lkator-..rcgulators .. all c-OmJXJIH:uts of the 2 
1·k·\'ating-gl"'ar drivi:s "'nd their indirntm··rl''gulator 
c:orHrnlc:, and the 2 gun <"'apta i11's c.:ontrol pnr1ch. 

Utht-r major units in the: gun ht)u~· ate the compo­
nc:nb of tht fire- control <:quipmenc. 'l'ht$r arc 
gr<>up~<l into three nations: the right and left wing 
itndon~ ~also c:aJk~d slght station~} and thr turret 
or!kds booth. The right wing station inrlud•\ con­
trol\ for tht· turrcc crainer and for the right gun pointer 
Mid oight setter; the left station includ"' rnn1rol; !or 
th~ rhtrkn 'standby turret trainer) and for thr lf'ft 
gun pointer and sight setter. Th• tur~t officer's 
hooth · ndudcs the controls for the 1urn:t ofhCf'r, tur· 
rct rapt.a in, radar control operator~, and computtr 
n1)<:r.uor. Almost all of tho equipmrnt is mounted 
cithrr nn the forward bulkhead c>r on the aftrr wall 
u( the booth. 

Twemy .. one l'l)<'n1hers or till· new arr f()(at.td on 
th( <h~ll plak of the turr<t; 10 in !he turret officer'• 
booth and l I in the g-un house. These comptfo: I I 
turret <'()ntt'ofmen. 3 gun·laying opnatOt'$, 3 gun 
operators, 2 hot-ca~e men, and 2 projectilr ln.n.rlrr~. 

Th<· l l turret controlmf'n af"f': the: turret offa·cr, 
tht turl'N captain, the talkers: the radal' optraton, 
t:omputcr operator, and tv.-o sight 5C'UtN.. The 
chc<.kcr, a member of thf" c-rew in training operations 
nnly, doe> not man his s.tat!on in hattJr action. 

Tht thffr gun-la)~ng opcratoo are the right and 



SECONO 0£CK 

FIRST PLATFORM 

ELECT RIC DECK 

POWDER HANDLERS' 
PLATFORM 

F1ouJt.1;; 7Cl.-S('c:tion. through 6"/ +7 dua1-purpos:: two-gun turret. 
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TALKER JE (COMPUTER) LEfT SIGHT SETTER 

GUNNER'S MATE 
(REPAIRMAN) TRAINER 

TRAIN ER CHECKER HOT CASE MAN LEFT POINTER 

PROJECTILE LOAOER 
RIGHT POINTER RIGHT CUN 

Fu;OR.r. 7C2.-61'/4? dual-purpose turrt .t. Pl3n view of gvr. house., showing crew station and orda.nc;e equipment arrange,.. 
ment. (Note: Equipment duplicated on both sidr-s of the tur-l'ct is generally labeted once onl)'.) 
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left pointers, and the trainer. The 3 gun operators 
are the 2 gun captains, l for each gun; and the 
gunner's mate repainuan> statio1led in the tun·et of­
ficcr•s hooth for general maintenance. of the-gun <:ontrol 
equipment. Hi< principal responsibility is trouble 
<'Ottt"t.1 ion; he also aids in preparing th<.· guns for 
firing, in maintaining <:ominuousop~ration of the guns, 
~uid in sto\.,:ing the guns. 

The 2 projectile loaders arc located I at the loading 
tray of each gun. They operate the fuze sett ing indi­
cator-regulator when the fuzc setting system is in 
manual control. The 2 hot-c.ase men are located l on 
the outboard side of earh gun near the case. cje<'tor. 

The pan plate (not illustrated) contains most of the 
rompone.nts of training gear drive and lhe h~·draul ic 

power supply for the slide power equipment> as well 
as so1nL~ of the cquipmn1t for the hoist power drive$. 

The projectik-handling Ooor is divided into upper 
and low<.·r projectile stowagr. flats. Much of the space 
at this level is taken up by hydraulic gear for 
the hoists and the train drive suspr:nded f l'Om the. over· 
head. Most of the rest is taken up by sto"'ed projec­
tiles and projutile hoists. Figul'e 7G3 shows the. 

I FIXED STOWAGE! 

LEFT POWDER 
HOIST 

ROT .UIMG RING 
STOWAGE 

PETTY OFFICER 
IH CHARGE 

RIGHT POWDER 
HOIST 

upper flac. The lower flat is generally similar, e.xce.pt 
that its diagram would :.how only 4 hoists (2 powder 
and 2 projectile} instead of the 6 visible in figure 7G:~. 
Only two of the hoists shown open into the upper flat; 
the powdrr hoi•t5 and t.he projec.tile hoists from the 
lower flat arc enclosed tubes passing through. This 
turrec has but I projec.t ile ring assembly, but the ring 
has 2 tiers, I for each Hat. Eac.h cier is sec up to stow 
288 projectiles. The projectile ring power drive has 
4 control stations, 1 near eaeh proje<.:tilC hoi.->t. The 
controls are operated in pairs ; al ear.h le.ve:J, the hoist 
loaders on both sidt·.s must cooperate to st~fft the ring. 

Fixed <towage capacit)' is 106 projectile."$ at the 
upper level, and 124 at the lower. Some !:.cction~ of 
the uppu flat an.· hinged so that they <:an be S\.,·ung 
out of the way when the lower ll~t is in use. 

The same <:rew of i operates on either the upper 
or the lo"'er flat. It consists of a pClt)' officer in 
charge and 1 projectile loader and 2 passers for each 
hoist being served. The loade" merely shove projec· 
tjles into the hoists) v.·hich start automatically wheo 
loaded. The passers ~ecp the loaders supplied.: they 
also 01x~rak the projt·c.tilc ring as required. 

LEFT FORWARD 
PROJECllLE PASSER 

I HINGED PLATFORM I 

LEFT UPPER 
PROJSCTILE HOIST 

LEFT LOWER 
PROJECTILE HOIST 

RIGHT LOWER 
PROJECTILE HOIU 

RIGHT UPPER 
PROJECTILE HOIST 

[RTMGEO PLATFORM I 

RIGHT AFT RIGHT FORVAIU> 
PROJECTILE PASSER PROJECTILE PASSER 

P1cURE 7C3.--6" /47 dua1 4 purpo$r; turrC"t. Pbn vie'..,.' of uppt'r proj('<'tik flat, showing ammunition stowage, equipment, and. 
~rew Sl<ltions. 
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THIRD POWDER PASSER 
(LEFT HOIST) 

FIRST POWDER PASSER 
(LEFT HOIST) 

SECOHP POWDER PASSER 
(LEFT HOIST) 

THIRD POWDER PASSER 
(RIGHT HOIST) 

FIRST POWDER PASSER 
(RIGHT HOIST) 

SECOHP POWDER PASSER 
(RIGHT HOIST) 

Fir.ORI! 7G4.~''/47 dual-puTpOS-C turret. Plan view or pnwdrr .. handlirig Aat, shov.i ng <'q\Jipl'nent and <n:w J.tations. 

At the powder-handling room ltvtl, four powdrr­
passing scuttk• admit powder case. ( rom the magazine. 
A crew of 9 opcra1co in the powder-handling room-
6 powder passers 1aking the charges from the sru11les 
to 1h• powder hoim, 2 powdermtn operating the 
$Cuttks at the loot of th• hoim, and a pet1y officer 
in charge ( fig. 7G4). 

1~. Gun assembly 

The right- and !ch-hand gun assemblies are func­
tionally identiral, though some pM1S are of opposite 
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hand. The two gun assernbli" are symmetrically ar­
ranged about the turret ccntorlint. 

The 6" 147 gun used in these turrelS is a monobloc 
radially expanded type, designed for semifixed ammu­
nition> whose hore lias 48 rifling groove~ with right­
hand uniform twist, 1 tun1 in 2!"> r:allbers. 

The gun housing has a vertically sliding bn:ech· 
block operated by a hydraulic cylinder, and a single 
spade extractor, also hydraulically operated (fig. 7G5). 

The firing mechanism is dc.igncd primarily for ele<­
trir primers, but it provide> for percussion firing of 
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ieXT1tACTOll: &l ADt. ! 

su.• Pt.'S" ttOO 
AF,Ort. P£RCllUIOM FfREi I 

&REECH9LOC.K 
k.A"'IUAI. OPE~A.11...:~ 
,;.ECHANISM 

IEXT•ACTOR HOP I 

" 

F10Ukl': ?C.l.-6"/47 dual-pu .. p<ik gun 1rnd houiinc:' (le-fl l"('ar view of Jd1 gtrn) . 

short (d>cs. Tht breech nnd firing mechanism and 
their pow<.·r-oprr:i.tf"d compnne.nts normat1y function 
automatically w ht'rl the gun is firing, but lh1;~y can bc­
opcratr<I manually or by po\' f'r under manual control. 
In grntral, the gun asscmbli-. re.emble •ho>e of 6" 14 7 
guns in Clet:ela111) class tun'(•ts. 
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7GS. Slide, rammer, and case eiector 

In many \\' tl)'.S, these. a~!>C-mhlics art' simi1ar t() those 
of the C/ecela'1d dass turrtl. This nrtide will con· 
central(' <m the n()\ el fraturcs. These arc tht m«ha­
niMns for loading the gun, fuzc '°tting, and di<pos.al 
of th<.· empty('~¢. 
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Figun: 7G6 'hows the <lide of 1he ltft gun. 
Mounttd atop tht <lide is an ae<umulator from ,,h;ch 
i< distributrd the hydraulic Auid that oprratl'> the case 
extractor and brt~ehblock in th• gun hou<ing and the 
projcrtilr tray, ta't: Mop, traverse- ra.rriagt', :md am­
munition rammer·cmpty (4l.Se ejt'Ctor in the )lidc. 
Most ol these <lid< ammunition-handling units are at 
least partly visible in this ..,jcw; the 1naiu c:x\:cption 
i< the empty-ta'!\· tray at the left side <>f tho.' slide. 
The pump that through the ac<umulator supplies the 
hydraulic Ouid under pre<surc that dri•h all :hese 
unit> is on th• pan floor_ and the fluid ft°", to and 
from the slid• through the throt 1ointcd pipes under 
theslidt. 

The prOJf'<'tilc is manually loaded into th• projectile 
tray, and the p<>wder case is n'lt(hanica11y load<"d into 
the powd•r-ca>c loading tray. Tht projecti le trar 
drive uni1 thtn drives the projectile tray and haze 
setter head aft The powder-ca«" crosshead, '"hich is 
mcehani<ally linked to the cai<:-stop dri' e, engages the 
base of the c••e in the po"·drr-ca>c loading trav. The 
c~ue Mop drivt for rnos.t of thi' operation i1 t;tt to 
!unction a• a braking unit: thus th• proj...:tilc tray 
drive unit during most o! its stro~c .. ft driv« th~ pro­
jectile and pc>\•d•r case ajlainn the br~kin~ r!fon, 
txcrtcd thmugh the powder-case cro«htad, of the 
ra.r-stop drivt unit. Thi.• ke•ps the projcctilr's nose 
firmly in<idc the fuze-<etter pot. The run· i> set dur­
ing thi~ oprrntion. 

At the end of thi, stroke tht complete round i• in 
the travt~ carriage loading tray in thr travCN:- car· 
riage, which mn'-tS trans,·ersth aero~ the 'hdt It is 
driv<'n by th\: travtrse c.arriagc driVf• unit near the rtar 
nl the slidr ll has two tra)>. The tuvtr<r carriage 
loading tr.ii' i• 'i1iblc in figurt 7G6; the other, the 
travcne t:ltri1gC" empty-case trav. j, not The c-ar­
ria~t h • .s two f)O'.itions. Figurt' 7G6 shows it 1n FrRF. 
position, -.ith the rmpty-cai<: tray lined up "ith the 
gun bore t() rrrt-ivc the <'rn)'Hy case upon t-xtri'1ction; 
in RAM j)Oboition thf" Nltriagc mO\'CS t;O tha t thr loading 
trny is linr cl up with the bol'e and the tra"""'c.' ('nrriagc 
cmpty-C'a$C tr3)' i\ lined up \\·i1h the cmpty·c~r tray 
onthe.Jidt 
T~ £unctionin~ of these unit\ will be furthtr dis­

cussed v. ht'n turrtt opt>ration is taken up. 

7G6. Ammunition hoists 

Each ~u\ •> served bv thrc:~ ammunition hoi<is: 
ont' powder hoJ,t-, and t\\~o pmjcctiJe: hoi(t~ om: pro. 
jcctilo hoi>l from ~ach of th• two projectilt flats). 
The powd" hoisc d•livers thr. powder cartridge 
dircrtly lo tho gun slidr. ron1plctcly nu10111atically, 
rcgardlt("I Q£ the mo\'crm:nt of cht.~ gun in tlrvation, 
without manfiaodlinlie of the case. and without rtquir­
ini: that the gun be brought to a specifi< Joadini: posi-

1ie>n. The proj..-tilc hoists bring the projectile. tO a 
point adjacent to tht <lide, from whith t~y ue m•nu­
ally tra.nsf.rrt-d lo th<' gun slide- Projectiles c.an be 
loaded at a.ny t(Un elevation. 

All <ix ammunitinn hoists are gtntr;1lly similar. :\11 

""' of the continuou< type in which an endless-cha.in 
ronH·)·or, <>ptrating inu:nnittcntly, automatically 
stam hoi>ting evrry t imc the hoist lnwcr end is loaded, 
until the hoist is full. Each hoisting <)'clC lifts the 
projectile or powder case one stage. The hoists can 
abo bt rcvcncd for lowering ammunition. 

The powder hoL<t lower ~d is htttd "ith a ftame­
proof scuttle for extra safety. The upprr tnd termi­
nate> in • po"tr-dri,-cn cradle "hich automaricall)' 
load• the propelling charges into th• gun slidt. 

7G7. Fire control and power drive equipment 

Tht 6" 47 dual-purJX>$C turret is d.signcd to deal 
with air as "'II as surface targets. It is rapable of a 
maximurn surface range of o,·er 25,000 yards, and can 
reach targets at an altitude of over 51,000 leet when 
at ih maximum ~lcvation of i8c. 'Tb.ere is no optic:al 
ran~<finder in thr« turrets. but thty arc <quipped 
wi:h <el«eopic prismatic sights, pcriscaptJ and sight· 
,,.tt.r.g <quipmcnt, a1 ,,-d] as radar and computer 
equipment. 

Tht lurret is drivrn in train and thr guns in eleva­
tion by electric-hydraulic power drives controll•d by 
rectivtr-n.:gultttors. The fuzc sen.rrs ()n th\'. gun slides 
arc also oprrated by receher-regulators. There ar<' 
six d.-signatcd tvp<< of turret control: 

I Primary sur/au control. Tht gun and turrot 
drives orr <ontrolkd bv an aloft radar nnttnna mount 
or bv an aloft main-ba.ttcry gun director. opcratin!( in 
conji..n<'tinn 1Aith main-batte-ry plotting room equi~ 
m('nt Thie. control has £\ .. "'O variations ''Ai.:TONATIC" 

and ··1sDIC:ATJSc;." 

2. Prima•)' AA eontrol. The g1in and turret driv<" 
a1·e c;Qnt l"Ollt'd hy an aloft main-hn th:ry gun dirrc:tor 
optr:uing in conj un<'tion with main-h:Hkry plotting· 
rQOm t1<1uipmcnt This conttol ha.~ two variations: 
u \1'T0\.1ATIC" and • 11~ntC.\Tl:O:O." 

3. Sr<onJar} sur/aa or ,fA control. Thr gun and 
turlt't dri't' are controlled hy a 3-in<h b:11ttry dirtetor. 

·1. l..oeal radar eontrol. Th• dri•o arc controlltd 
h~ the ra.dar ttlUipmtnt within tht turret. In thU 
mtthe>d <>f control. th• pointer< control '!Un la~ing "ith 
their si~ht< and handwhcel contml• Turret train is 
controlkd b)' thr ,-odar operaton u•ing tht train trnns· 
mitt<·r (turr('t ordt.·r) to srnd gun trnin ordcr!I to cht 
rt:cdvc.·r-rrgu1:uo1 Hiid to the gun lrain indic.·aton. 

S. !land '<>rllrol. The gun-1:.ying and tmining 
drht< an- controllrd hy the pointer< and selected 
traintr u\1ng thdr si~hts and hand\\hed controls. 
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FmuR~ 7G6.- 6"/47 i.Jual·pucpoic: Aun. Slide ::is.~c:mbl)'. {Rj~ht rcnr view of )41:(( gun.) 
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FrcvR.P. 7Gi.- 6"/47 du~l-put!JOSt' gun. Slide load ing equipment in secured positioo. Powder cradle registered with hol$t. 

In primary surface or AA control, the turrets and 
their guns arc controlled, in automatic control, by 
signal< received from the controlling plotting room. 
Or they may be controlle.d and positioned in the fol­
low-the-pointer operation, called indicating control. 
Either sele<>tion ca.n be controlled from the forward 
or after plotting room, using any one of the aloft radar 
antenna mounts or main-battery directors for surface 
control, or \Jsing any one of the ~ain-battc:ry directors 
for AA control. 

In secondary surfa<'c or A ... !\ contro l, the turret drive 
ma.y be controlled by similar automatic and follow­
thc-pointcr ( indk.acing) control variations from a sc­
lec.ted secondary (3-inch battery) director. 

T urret local control methods include local mdar 
control, hand (target-sighting) control, periscope 
control, and combinations of these. All of these meth· 
ods use the local computer for solution of the firing 
problem for the proper sight ar1gle and sight de.f!cction 
for hitting the target. T he computer operator gives 
the computed values of sight angle and sight deflec­
tion to the sight setters. The sight setters crank these 
quantities into thefr indir.ators to set the sights to the 
ordered values of sight angle and deflection. 

Radar control a1·rangements -art' one of the feature 
innovations of the turret. The installation inc1udes 
one C'omplele radar control set in the turret officer's 
booth> a radar antenna, and antenna t rain drive. This 
installation enables the. turret to ascertain target direc­
tion, dislance~ course, and speed. It is a range-finding 
>}~tern that completely displaces the optical range-
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findc.r of t~arlier turret design, and provides ne,.,. alter­
native methods for local control. T he radar signal 
beam to the target can be employe,d to yield line-of­
sight and range data. 

Unlike other 6-inr.h turrets, the elevating gear is of 
the arc and pinion type (same principle as th• :i" ;:;s 
mount ) instead of the screw and nut type ( like that in 
the 16" / 50 turret) . 

7G8. Other facilltle• 

The fi" / 47 dual-purpose turret is fitte.d with the 
usual electrical iJJumination, power, data-transmis­
sion) alarm> signal, and communicat.ions ci1'cuits. lt 
is equipped with 2 compres~ed-air pipe systems-<me a 
125-psi system for supplying ai• to the gas ejector and 
sprinkling systems, and the othc.r a 3,000-psi supply for 
the counterrecoil air -replenishing system for rr.plc.n .. 
is.hing accumulator air, and for charging tht CJl1er­

gcncy air flasks. 
T he turret a lso ha.< 2 sdf-containe<l exhaust systems 

for the empty-case e jectors and 2 ventilat ing systems 
whkh supply air under forced draft to all turret levels. 
It is <'.<jUipped with an elaborate sprinkling system 
which can spray ._._,.ater at all ammunition stowage 
points. as well as in thr. ammunition hoists and at the 
gun breeches. The sprinklers are supplied with water 
under prr:ssurc, and function eithr.r automatically in 
ca~e of fire, by remote control from several stations, 
or manually. T he turret also contains drainage, hy­
draulic fluid filling and clarifying, and h(,ating systems. 
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fJGURE iG8. 6'' ! +7 duaJ-purpost> gun. 

SLIDE LOADING TRAY 

TRAVtRSt O>RRIAGE 

f fCUR£ 7G9.-6"/4i d.ual·purpose gun. 

F'!CuR~: 7(,10.-6"/47 du:ol-purpos.!"' glJn. Ammunitiml moving aft. 
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EMPTY CASE 
(PREVIOUS ROUND) 

TRAVERSE CARRIAGE 

F1<~v1u: ?GI 1.- 6''/ 4i dual·plHposc gun. Ammunition in tra\'erse (':-tl"riagc. 

7G9. Tu rret operation r:scs, lat<·hcs to th<: ~li<.k~ and ('jccts the t aS<: j oto the 

Thjs article ,.,,.jJI he: <'onrernrd with ammunition 
~l.lpply, loading, gun fir ing:- and extraction op('ratiom•. 
Operations <:oncc:rm:d wjtl1 fite ..,~omtol, cai;ting loose, 
and S<.'<.:uring tht' turr-·et will not bl" takC'n up. The. 
student is referred to O P i()O for this information: aru.J 
for forcht.r drtaih on all aspects of this tyj)t' of turret. 

\.Vhcn the ammunition hoists arc filled, a po .. ,;de r 
<.:as.e goes into the <:rndk and a projectile g<>f'$ imo the 
p rojectile hoist upper ~ncL \Vhen the pO\vder c.radlc 
receive~ a powder r.ase from the hoist, it automatic.ally 

slid<.· lvading t ra) (fig. 7G8) . 
· 1 ·he- pmjf.<'tile loader then manually transfers the 

projl'ctik from the hoist to th,· ,]idc. With both the 
powdt>r (:.a:;e and the proj~r.1ile it) tht- slidf", the pro­
je<'tile loader pulls down the proje<:dlc-tray control 
lever to start chc projcctilc tray and fuz•>~cttef head 
mo,·i ng aft. 

The tray and fuzc setter force the proj<:ctilc ~ut<J ca~e 
to the rear of the slide against the braking action of thr. 
case 5top ( figs. 7G9, 7G IO, and iG! I;. The fonvard 
no;shead of the case' >top holds the projectile nose 

\ 
\ PROJECTILE TRAY 

TRAVERSE CARRIAGE 

}'10URE iGt2.-6"/47 dual-purp<m: gun. Ttavt:rsc carr itlg(' moving to ram vo.sition. Fu2e sett<'t head and proj<:-c::til c; tray 
moving forward. 
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F10UkB 7Gt3.-6"/47 d ual·purJ)O)c gun. 

M"attd i n the fuze-~t.tu"r he.HI, and the fuze :>cttcr l unc-
1ions to 5"t the r uzc .. the proj«lilc travels ah. 

After the ammunition has moved all the way aft 
into the !raver..: rarriage (fig. 7C 11), the fuzc-scttcr 
head remains in contact with Lhc projectile fu;-t until 
tht empty ra~r. fronL the prcvi<>u~ rou nd has btt:n rx­
trarttd and is latchtd in the cmpty-rase tray. 

The proj«tilc tray and fu'-<' setter bead thtn move 
forward, ckaring the travcne rarriage (fig. 7C12) . 
Thi~ ::tllows the trav~n;e carriage to ~tart toward ram 
position. 

The traversr rarriage <:ontinut~ toward ram posi­
tion and dean tht rrturn path of the ca ... .iop uoss-

Travf'r~" c:ar ri;:igc and case stop movement. 

heads whirh were pushed to lht n:ar by thr rtarward 
mO\trnent of thf" animunition~ The powder cradle, 
during the previous amn1unition movements, has rc­
('tivcd another case.-., raised it, and latched to che slide 
ready for the nexl <)'de. 

A~ the traverse carriage r<:achcs ram po~itionJ the 
prujc:<'.tilc tray i< forward and che case stop ii nt"aring 
iu forward position. (Fig. 7Gl:I.) The projectile, 
being manually lvaded, may or may not be in 1he !ray 
at this instant. T he rear <·as('-."tnp cros.shcad, upon 
tcachin~ it~ forward positiorl, initiates the: powdcr­
ra«' ejection from the cradle to the slide loading tray. 
(fig. 7Gl4.) 

FIO\:RF, 7C':l4.-6"/47 du&l·PUrpo$(" gun. Tra,·erst' carria¥c- <il l ram positK>n. 
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8R:EECH OPERATING 
CYLINDER 

B 
FtOUkt 7G15.-6"/47 dual-puq>O~e gtm. Ramm1J)g. 
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B 
Fmck~ iGU.i.-6''/47 dud1°p1,HJ>Mr RUn. Bttc<'hblO<':k 

('IQvs : ram m...-r r<:trMts, invC'r~C' <:udt'l!j:t shift~ to fir<: 
vosition. 

Nt.·xt-, tht rammn chives thl· round into thl· <"hambcr. 
At the sam(" llmf', the..· ('nlp1,·<~•~ ejf'Ctor c·ro)J\('1rl 
push~ tht rmµty l'd(<" from d11: pr<'ceding round trom 
th" tt:t\'C'NC lauidjt'P empt~·"a~ tray into tht slidt> 
empty•c.aY tra~. Uy thi~ time the: o£>xt round i, on 
the slidt· ln..iding tr.t~. figure 7(;l;j -~ skl\'" th~ 
operation or ,]id,. unib in 1amming 
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l'igurt 7G I!"> ' Bl Ulows the rarl\ming artion fro111 a 
'l-li~htl\' diffc:n:nt poim of vif'w. This i\ a rross·V"("-tion 
'"""of the round lx·ing rammc-<l 1'3<1 the b1trchbl<>ck 
into thr rha.mber. 

\\'hc·n the rammer crc><.,head n:Mhr• the ,·nd of the 
ram ,.trn .r. the traH•r.i;c carriage ~hifh h.3.rk to fiN" 
po•iti<>n Sec figurr iCl6 'Al. At th•"'""' time, 



Chaptor 7-TURRET INSTALLATIONS 

the brt-«hblntk >tarts dn<ing. II htn th• bloc~ ':as 
moved up far enough to hold the ammunition in the 
chi.tmbt·r. the r~unmcr n-tracts ~ fig,irt-- 7Gi6 R). 
As thf' hr,.t-rhhJork ri~s, thC" (,lopr oi the ways and 
guidc.·J in which it movc.·s wed.gt·> the c;ast• s<"<.:ufdy i1' 
thf" r hamher. \'\'hen th<: href"chb1oek ha~ risen to its 
fully dosed position, it is locked by the breech bolt 
(n<>I ilh11;lr·nt<"'d) . arl<l tht'! lidng pin of thf' C'ockcd 
firing mcrhanim1 contacts the primer of the po1sdcr 
(".(l(f'. 

The gun ordinarily firrs elcrtric-primt-d ammuni­
tion: tht- only pertus.sion priu1cr') used arc those in 
short ca"'' for dtaring the gun. Whtn th• !(Un !ires. 
it mo' es in recoil and cou.rltcrrc...-coil ' the two strokes 
rrquirt: :.'lbnut O.:l ~N'Ood altogtothtr undt'r the control 
of the rcc:uil brake and rccupcrator mtchanis.m, which 
arC' g~rH•rtlll)· f.:imilar in principle: tc.1 thnt..1: deli-tribed 
dsc,.,.·h~:n.· in this course. During lhP. rountC'rrccoil 
•trnk1• the brcerhl>lock is mcdi;u1kally unlocked; a 
v.<lvc pnm hydrnulic fluid tn th~ br•trh operating 
cylind,., to lower the block shortl)" before the end o~ 
the counttrrc ... e:oil 5-tmke. 

Wh"" tht· bm:rbblock is haultd down to its !ullv 
open pc><ition h, th• br<'tth opcr.tm~ n·lindor. it c~ 
op<"n '" 'J.h·c that acrh:at~ thf' rxtrarinr (')·linclrr; the 
hl"('d C':l\t' i.., extrackd from the chan'lbcr t fit{. IG 17 ' 
and is thrown aft into th<' 1raverse L~uiagc emµty .. casc 
tray. At the same time the ga,·tjrctnr \•alvE'" i(\ 
omum.:d op<'n. The bref"('hhlock then rbl·s slightly to 
th<' p<>:tition it had at the cime of lnndi1)g, ramming 
the cxtr:'lr:tor r:ylin<l~r valve to permit the cxcrartor to 
retm n to its seated position. Thc gas-cjt·ctor ,·ah-c is 
automntirnll~· dosed by a timin.~ ~rrang<'ment as thl· 
l>n:nhblock ri..-.. to loading l""ition. Thr samr link­
a~e al...-, artuatt..-s an interlock to ~rmit repetition of 
thr c~'<:h! jun d~cn'bed. 

Ftr.cag iCt7.--6'';47 dual-purpow- Aun Clif' ntraction.. 

The fired C'ase remains in thr travcr~e e:arriagt: 
rn1r>t)'•C'n'>C' tray until the next round i11 rammed. Sec 
figures 7Cl4 and 7G15 (A). Then it is pushed ior­
wal'd by the ntsl·-<..·jcctor crosshc~td into th<' didr <:mpty­
casc trriy. Th~n comrs the last nu1muil op('ration in 
the gun's opc..·rating cyrle: The hot-r1B.t n1aJ) pirks up 
thr ra~ from the slide cmpty-ca5c tray and drops. it 
into a power-drivc-n conveyor not ilhl\ltatcd) falled 
the- empt~·--ca~ c.-jc:ctor. whiC'h ~nds thf'> r-mpty out 
through 3 door in the rear of the turttL 

H. 8" /SS Rapid-Fire Gun and Turret 

7H 1. General 

At th<" J'rt'"ICnt time the closest approach to :he fom­
ph:td~· automatic- turr('t d~cribcd carlitr in thi~ chap­
te-r i-, du: 8-inch 55-caliher ,....tpid-firc ~n and turret. 
TheW" art" 1hr largl-st t:"nitcd State"\ n;'hctl , .. ·capor:s no,,· 
in scrvi("(" m.ing fas.c ammunition. Thrt'f' ... uch tur­
N'l~ ar(· ;n)tallcd on Salem (')a:i,41, he:~''' cruisen.. 

Jn t.hil t)'pl· of 8-inch tur...-1, 'tn:nural and spare 
;,\rraugt·mt•1u plans differ substantially from those oi 
hag-gun turrets like thr- 1 G-ind1 turrets caken up 
l'~trlkr in 1hi-; chaptl-r. Thry nrr c-qually different 
r1·om 8·inch ba.g-gun turrL·ts on crui~rN flf similar 
typt l for example, J.JaJtinwrr day•> Thi.;; difference." 
is due in parl to du.· use of casr-h('>\· •nnmunltion. a:::d 
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in part lo tht· design types and dc·taib of th" guns and 
ammunitin1)-handli ng equipment. 'Tiw ammunition 
;,md equipment designs do not r<·quirc flameproof 
bulkhead> >cparating the gm'>. the conuol stations. 
and thtt P"'" dt-r V"r~·iff. 

Thf" f()undation struC'"turf'_, harh<-tU\ :ind magazine 
dt'}igm ;irc quite similar to tho>e of c:arlit:r ht-.avy 
<rui,<"I', cfifft""ring principally in lhf" ll"l::t~a~jne Mowagt: 
provision' and powder-passing scuttks for powder 

1.. ;t~<.·s ithtl':td of powder bags. 
In tht:ir ordnan<.·t feature, hf•w<'v~r, lht> turrc·ts are 

c:ntircly rn;w, TI~e gun'> opera.Le' ll.ulnmacically, and 
rn1uirc..· no .1ttc-n<t:inb in thf" gun rnmpnrtm\.'.nt. Tht·y 
fin· ~'t dm:c.· times th€' .. ate of tht romparal>lt" 8-i1)C'h 
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three-gun hnrt'ts of the Baltimoro. Othtr ft-.atures 
are: <OmJ>"racivcly fast gun laiing and turret train 
dri\'eS; I03ding at all angl-s, while i:un laymg: sub­
stitution Of r:ufar tange-caking t..-quipnH;nt for optical 
ra.ngf'findtr: automatic: fuzc setting; lornl radar C'on­
trol ; .and vthcr flexihl~ flr~ <:oncrol arrangements for 

CO::rfYU PPOJICTll.£ 
hOl\T 

}()(·al and remote ('OnlfOI. Fk-C'au\f'" it u.~1 c.a.~-type 
pm!"'lling <h:1rges, many of the Aam<:p!V<>f int<·grity 
co!'lstrurlion fc-atun-s arc t-lim.inated-unlike lhe Ralti­
mou ch:t).S bag-gun turret of the Mmf' C'aliber, the 
p(lwdtr hoiM system i~ single-stage and the g\m deck is 
nor compartm1.·ntcd, though scuttles sepal'att lhe han-

• 0 .. 1;..CR I 
1 J,)Ol)LfP<:# 

~~_J 

F»0u1.1 7HI 8"/ .)5 !'ilp:d-=tt turtt1. Crou $«lion. 
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OUTER STO\f\IACiE ANO 
HAkOL.IHG SP Art: 

OUTER STUWA~f AN,.. 
HAMOLlt+C SPArf 

lOWlR ~"'ROJ~CTlt.E FLAT 

Chapter 7-TURRET INSTALLATIONS 

.t·1ou•E i H2.-8"t)) ra;:>iC-fi~(' lurrtt Rotating t.lructurc (s.implif><:d). 
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REFERENCE MARKS RIFLING GROOVE I 

LUG 

Ft0UR£ 7IJ3. 81 '/55 RF j:;'un and turret. Mm:dc, showing rininga.nd Jugs. 
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d ling room frorn the 1m1.gazinc:. Because the guns use 
r.ase ammunition, 1here is a c<isc.-ejL~ction mcr hanisrn 
a cont inuous-C'hain (QrWf'yo1· unit bdc)w the slide 
which pushes the cases ouc' an empt~'-<'il$t" tubt under 
the gun. 

The training mechanism or this turn:c is of the usual 
typei l>ut it has a n ar<'-and-p inlon type of elevating 
gear instrad of the ckvating-snew type. 

As to ammunition-handling facilities) the projrctile: 
flats ca<:h have T·wo projectile rings, plus an improved 
1rpe ol parbuckling mer:hani:an. Moreover} the: guns 
in<'orporate complr::tdy rncchankal amrnunition-han­
dling arrangemrnt~ that rnake jt um1cccssary for the 
rrew to hand le or even tou<'h the ;nnrrn.1nit ion) once 
it has heen loaded iilto the hoists. 

7H2. Structure and space arrangement 

As with earlier designs, t he- fixed-turret structure 
indud~s a foundation \•.:lllch support<>:; a 1·ol1e1· path

1 

and an armor barl~tti:- \vhkh protects all kvds of the 
turret between the armor rlf'(k and the g un house. 
T he ro~at i ng structure is topped by a gun hou~e; under 
this, the levds are the pan plate (whk h forms the 
bottom of the gun pits), two p roje<:tik flats, and a 
po\\·<lel'-handling room. The·r<: is no si:-para te electric 
dec.k ~the ... quipmeot that usually O<'<'Upies ~urh a de('k 
is mostly inside thr cirrular bo lkheads that enclose the 
central part of the turret at the proje<'lih .. -flat levds 
(figs. 7Hl and 7H2 ) . 

7H3. Gun 

T he gun is a combination t)rp~, 2-pitt<.', 8 -inc-h 
55-r aliher <lP.sign consisting of a tubr. an<l rifled Jinl'r, 
lt is a "loose• assemhl~' · The liru:r is fitted for !'on­
venirnt ren1oval and rcplarern<:nt o n board ship. It is 
designed to whh!itand a pr<:ssure of ninet~.f>n long tons 
pt·r square inrh. Its tin ing is of uniform righL-hand 
twist \•.:ith 64 groovrs and 1 turn in 25 «alihel'$. The 
powder drnmber and h reech art' d<.'Signcd for 5emi­
fixrd ilHUmmition. 

Figure 7H$ :)ho,vs the muzzle dela.ils, including the 
three· fug:-:; wh ich auc.hor the jacks ch al are \1Sf'd to 
ha\11 out the liner for replacement. 

7H4. Gun supporting elements 

The gun :)Upporting i>Cf'lH' tores t-t.r<.' of the ui;ual ~ur­
rct type-gun girders ( fig. 7H2) which support the 
deck lug< (fig. i H·i) into which the gun slid<tnmnions 
fie 111<.· sJide· trunnions pivot in roJler hrarings in the 
deck lugs ( fig. 7H4) . 

The trunnion arrangements of t he· i;li<lt>- includt' 
journals for mounting two cradle units. Tht~i>e arc 
the upper Pn<ls of t he ammunition hoists. 
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FIGURE 7H4. 8''/55 RF gun a~d turrtt. Gu1Mt1pporting 
tOnll tr1)<:t100. 

7HS. Gun housing and breech mechanism 

Figures 7H5 and 7Il6 illustrate the anatomy of the 
hou5ing and br<.'.t'<:h mc<'hani~m wjth the bn:.ccli open 
and rloi>.P.d. The gun housing i:; a recc:rngular alloy 
stcd forging. ft is atta<:ht'd to the gun 5houldf"r and 
rear cylinder hy a b;1yonc:.t-typ<: joint. The houi;ing 
has ven:ical guide. ways for the brt'cchblock. Th<: 
guides have a slight forwa1·d slope to make th<' brccch­
block scat the projectile a.<>:; it ri~s. 

The brecrh mechanism !'onsisc5 of a vercically slid­
iflg pOw<:r-opcratcd breechblock, an electric firing 
rnf'-c.hanism: a powcr-opi:ratc<l mechanical case ex­
lra<:tor, hydraulic. (.".yl indtrs an<l valv<:s to drive.· these 
rompone.nts in nol'mal brec<'h operation, ;uid man­
ually operat~d rnrchanisms to ~11pple1nent the pc)\\:et 
system. 

] 'he brecc:hblock is a rectangular steel forging simi­
lar in gcnc.ral d('sign to othc.·.r v<.·rtical slidiug brccch­
blocks. Its top surface has a longitudinal concave 
area that fonns an extt·rlsioJl of t.hc ramming tray (fig. 
7H6). J\ hori"ontal lo1·e-and-aft bore th rough its 
middle hou~es. the firing pin assembly. T he breech-
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hl.-1c"k i ~ moved vertically in l h(" housing war h> n 
hydraulk <:ylinder. \·Vhrn d<m.·d (top p11~i1 i<'u-l> as 
in Cigurt 7H.1l), ic i~ lo<'kc.·d by a ipring-loadcd n:c.:­
'""!(ular bar- the br<'edi holt, 

'the.· brt't-ch bolt is N"lea~ from thi<> J~itiC'ln b\· a 
rack-and-pinion gear arrangc·11K"nl fig. 7iI7 ) at tu;t~c..xi 
h)' an inner rdC" •. H<.' bM· during tt:c automatit tycle. 
(It °'"' abo be' rel.a.rd rnnnu<tlly.) The br.uh holt 
and bn1trarn {fig. 711:Ji , tog\·tht"r prrfonn this fo(' king 
npr rntkm. plus t hat of ri:.•u·nrting and holding tlu.· hring 
µin w11t:n t l11" hr~e<:hhlork is not <.:lol>cd. ;11)(1 thal of 
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tripping one or th• brcct'hblock hydraulic system 
01x·rati ng vn h r~. 

Th• 'Pring.loaded c;>se·rf'lainin~ pnwl in the top of 
the brt'cchblock folfilb it~ funnion a" the rammrr rc­
tr.ac.:L" It hold, the case in 1h~ rhambt·r until thl" 
h!'f'tthb!ock ri><» 

The lirin2 pin a«embly , fig. 7H i \ extends lonl(i· 
tudinall) throu~h the brtL'chhlock. It i• for ckctrical 
ririog nnly, though it can h~ rigg<.·d for perc.u~~ion 

fi ring in cm<.·rg<.·ury. Thr. spri ng~lotJd<'<l firing p in is 
rc·traned by 1he cocking kvr·r ( fig. 7116) until the 
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[cocK1~c LFVEk J 

fro..:10·: 7H6.-A''/55 Rf gun and m r t(:'l. Ho~1sing and br(';<:e:h m<'('h:;; 11 i~in . (:11 1 :iw;i.y vitw, brf'l:'th vp('n. 

bt·N"(J1 i:; dos1:d and fockc<l. I ts spring tht'n p ushes 
the pin forward through a ho!t" in the- fron1 face o f th e 
blo<.:k ~o that it cont~tcts the powd.::r -rasc· prlm<'r. 

T he. l~a.~e·t'"xtracwi: fl')(';thauism h as 2 t•xtrac:tor 
!'>pades, opf"ra1e.d hy 2 hy<lta.1..1 li(' cylind.;:r 1..111its bolled 
on l<lp of the gun housinp; (tig. iH6) . Su<pendtd in 
the hre.echv .. ·'1}'~ the: lo\•lt'r L~nd or toe of each fits into 
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a r<:C("SS o f che <:anr i<lge rim i><:at of the gun. The 
b:ic.:k of t"ac.:h spad<.: is n1r1;cd $0 that che spade ro<:h 
to movr the ((>(' aft wh<:n tht• cylinder haul~ the upper 
end forward during e.>.:Ll':l('tion. The extractor-opc:rat~ 
ing m<:dianisms are spring loaded to ret\11·1) lhf" i;p:id1~s 
to Lhf" (':lrl ridgt' rim s<.:at aft<.·r cxtra<'tion. ln normal 
Opcratlon, the ~Xlf:H':lOr runction)rig is COnfrolJcd by 
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clrC"trical ~''itches and solf"noids anuourd by tht 
brccchhloc;k a< it near< the lx>ltom of ii> downward 
nlQ\·cmf'n t. 

Inc hydrauli< '}"rm for r.lisin1t and ln .. cring the 
brt'C<'hblo<'k ronsisi. principally of o. hrcl'<"h·<>p~ratin!( 
cylindrr. piston, and piston rod atta<;hcd to the bouom 
of the b,.....chblork ,fig. TH5). Valve< in a ,·ake 
blo<'k under the br•c(hway (ontrol h)drnulk fiuid 
flnw intn the cylinder. The valv" arc positioned mc­
ch3nK:ally h~ a valve·operatin~ lt\CC thi\1 in turn. 
j, a<tuall-<I hy the nio,-cments of the brtrch bo!t. 
( P;nt of thi• linkage is \hown in figures iH6 and 7H7.) 
Thr hrc<rhhlock ha.< 2 open position-I for r.tmmiog 
I top nf blurk aligned with bottom of chaml>t'r'. o.nd 
a fnwcr (')nt' lur txUaC"ting. 

Manual hn.'\.-ch-opc:rating dt.·virt~ providt for auxil­
iary or t'lll<.'f~('ncy opt ration or the bl'f'tC'h mrrhanism. 
l:nlocking and lntking the brcerh, rcs<tllng thr hrcech 
ron1rol valivC$, <:ontrolling extrartnr functioning, and 
OJJcning ~nd rl"'sing th c- brcec-h <:itn ~ dQnC manu~dly. 

7H6. Slide and slid• powu @quipment 
Th< .~un >lid• , fig. 7H8) <uppon< 1hc i;:un in a 

cylindriral l>e•ring and 1wo paralld rail< Th• •fide 
i> h1tl'd \\ith a hvdrAulk rr.oil brake a1 d h\·dm­
pn•:um•ll< rt'('u~r~tor of typr' •lrcad) di>eu«•d. clsr­
whrrt in 1his book. T he $lidc trunnion~ fit inm lx-ar· 
ings in tlw duk lug. The slide nbC> ('Ont.lin-.; pO\\·tr .. 
optratcd unit( whkh accept :ammunition from thr 
hoist~, r;.on ii into the rhambcr_, :ind di~1wsc.· of "'"" 
tnll. tcd <'Mtriclgt <'a~f"~. 

The slit!·· pnwer rquipment include. thr hrCt"<'h· 
u~~raling nt·:'(;h:tnhm. tht ammunition tr .. t.m:fcr trays. 
and thl" ramtht"r and <:ase-ejtttor h)drauliC' operating: 
unit\, all of "hich rC'cPiw: h\·dr.luliC' fluid from a hy· 
droprW"um3ta 3.rr-urnulator .. Thi" unit C'OIU-ins or a 
la~ \:trtir:il ty-lindtr and h11:0 :.ir O.t,)a mounted at 
thr side nf the <lidc. An cxtcn<ivl' >1«f'rt1 of h'draulir 
pipr' connrcts it to all operatin~ units ttnd to :i pump 
mountt-d \' ith its elf'('tric motor on 1hc upptr projrrtik 
fl:it. 'J"his l>Y~IC"m con1inuou.sly ddivC'N JX>\\'tr t llrough· 
out all gun.(o;oding and gun-firing opcrotions. 

Il'!·dr.mlir power operations of die gun unk~ arc 
rontrollf'd by limit and intcrlcxk sv.itd1t-,. :rnd vahf"· 
of""rating ..nlcn(')id" on tht bn:<"('h, rammrr, tr~), hoists. 
aud ra'C'·tjNtor mf't:han~111-'>. and t·ontrnl )\\;tch" of 
tht· Cf\ln capt3iu'~ <'Ontro! pand in thl· turrN offayr'~ 
booth Thi, i;:un-loading contrvl •)<ttm .-nahks •II 
loading ~tnd liring action~ to b~ pc:rfonnrd wich out 
.;i.ttr11dants in the gun C'Ompartuu:nt and during ~n­
ht,·ing 1no,r1m:nL 

7H7. Ammunition hoists 

r.•d1 nf Lh< three gun' o[ tht IUrT<t h;,s 3 projt'C:.ilt 
ho1\t on its right and a po\ .. dcr h~iit on it' ldt. Roth 

;.ind, of hoi>t art of the elet.~rir-hydroulically driven 
~ndl~>-<hain dnd <pr0<ket type. and in principl• n:­

~mblt the dN'dg~r hoi>t used in 5-in<h mounts. Sin<t 
th.- pro)tttik and powder !l<Ji.i' ~re •imil.1r in g~m·ul 
con<truttion .md principle, only lhe pmjectile hot$! 
i< >ho" n in th• figur" (fig. iH9). 

The upp<:r end of each hni>t tt1 n1inat•s in a 
erad/1·-a tuhular un it su!-:pcndrcl from n journal un 
the slidt trunnion and arrangnl to \win I( bft ween the 
top of thP hoiu and 1he side of th• 1lidc. In thL< 
)win~ing mo\c,;ment the t'~dlc Jo ... ·cr rnd is guided 
h~· a C'un·rd rail (not <ho\1i-'TI in tht fisurc•) mountrd 
on the ~n girdrr. \V~n thC" c.radlt- '"in.s" up to 
the clldc-. i1 lil1che\ tht.:re and mM~ \\ith gun·laling 
artton until the µrojtttilc or J)O\\-dtr tO\\<' i-. <'jl-ctc-d. 
Thrn it n1nv~:s to the hoist, an<i );.\tC'hfl>~ i11 nli~nmcnc 
with th<: hoi,t tube, pcnnitting lh<· hni't to feed it 
anc,>thrr projr<'lik or powder r;1~1,." 

F.a.:h rradlc has a pawl at it~ <>pen r 11ll :ind a large 
spring-r;.lm clrvice at the trunniorl <:nd. \\'hen the 
hui1t lifb a proj'--ctilf" into the u-ad~. dw 'Pring ram 
i\ 1"(lffiprt'1.it..e,:d :ind a pawl lattltt~ thf" vrojtC'tik so 
th~u it rannot mo"-e out unk·ss th1• pawl i' c.kprt-<scd. 
A rcnmtd,· rootrolled fuu ..... ·ucr i~ lor:ued in tht 
prnjc, tilt ~radl~. 

Inc P"'•d<r hoi<t has, at its lo"" <nd. a Ramrproof 
M.'uttlC' ('On~i<.ting of a revolving rylindrr with tv.'o 
co1111-Mrtmieut~ I RO<> apart. \\'hrn ont rmoparttnl·nt 
fatt-\ into lhc hoist tuhr, thl· 01her for-~ outward. 
An c.·IC'<'tric drive rontrolkd hy ~ «rC'w111:.·m rnt~t(·s thc­
c-vli ndrr 180° whl'n a powder ntl>C ha.;; been loaded 
into the nutl•r rompartmtnt. to t1t111,.-fr-r the casp in­

ward to bt hoisted. 

7H8. Ammun ltion·hondling operations 

Each ' 10.pnund metal )JO" drr ca<r contain< the 
Mmplctr proprlling rharge for on 8.inrh gun. The 
cM~~ arP nton·d in small trut·ks. rathc,:r thnn by hand 
<"ar1)'ing. 

Th~ powdr1·handling room is not dividl'<l by Hamc­
tight hulk}H:ad<, but forms ont> lnr)(c.' endo-.1,,1re. l'm-­
ptllintt rhatj!<' arc tnn.<lcrrcd lrom thr mag-.tzinc 
'1ll'O\l~h th• powder-handling room hulkhcad hy rotary 
scuuh .. "> Crewmen load thf" ch,.rg<'"~ inw l1and tf\lck.;, 
pu<h thrm to the hoi,ts. and unload 1hrm into lhc.­
rotal"\ ~utllf" describNJ in a 1n cviou< fMragraph / 
at thr J>n'\dt..·r-h()ist Jowcrencls. 

Thr pmj('< tile hni>t can he loHdcd at either projrc· 
1ilt·0•1t lt\d. Proju1ilc hoi<t operation i; nonnally 
compktcly .1utomatir. Loading thr hni~I .1\1tornati· 
ralh· ">tart~ it~ hvdraulk clri\'C to 1·:iht· the ammunition 
onf'. flit(lu if lh; .. t•mpn· rr;.i<llc i.< \\,1iting: at tht- upper 

end T11c hai(~, arc al<.0 t-ep.tbk or t·nu:n::~·t.n<'y 

us 



t'cCUkF 1118.-8"~.) RF µu.n a.nd turrc·t. Ritshl ~.1r ~1tw~r slide (imtalltd). 
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11 Al•ul"": P'A.,'l I 

f1r.nt£ iH9.-8" jj Rr c::un :u~-d turl'f'l. PrOJ«lik boist. 
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1·1vvu: iHlO.-R" 155 R.i JtUn and 11..irrl't. 

manual control and can be used for lowering 
amrnunition . 

Figu1·~ 7H 10 illustrates the projrctil• ring and par­
burkling goar layout in the Salem class turn:t. Much 
of tl\c gt·ar cn1v .. c.ling the int~rior of thi$ tur-rtt is not 
'howo in tht mu~lration. l nsid('" t.h,. wrrlf"t fo11ndation 
bulkheiid an:: 

I. The outn projectile ring (capable of imlcpend­
tnt rOl,:).tion and f>O'"e-red h) :i:n f'ft'rtriC'·h)draulic 
drive) . 

2. T he outu projectile-handling platform (part of 
the turret rotatil)g structure) on v1rhich al'C 
m(')unlt"'d 1he l'ig ht and It.ft proj'.rtilE- hoists, and 
the 3 gypsy heads and 2 steady arm mecha,.isms 
( 1 for each projectile hoist ) mtd in p• •hucklinf!'. 

~i. Tht inrur /1rojecti·le rin~ (ind,.J>f"ndtntly drh-en 
by an electric-hydraulic powrr drive) 

1. The central part of the turret rot;tting structu,..,, 
wlth lhc ctnter projectile lwi .. t and ib ~lead~ 
a.rm, thf' po\\f"l' hoists, thf" ct-ntml rolumn. and 
"·arious other gear. 

Only the· two ptojectile f'ing.-; an• 11,<·<l rnr pmjrctik 
stowag<·. 

7H9. Gun-loading equipment 

Most of th<" loading machinery [hat ~crvcs ammu .. 
nition h.1 du,: 8·inch RF gun is shown in fi1tun.· i H l I. 
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Psrbucklin~ Vt:llr and projectile- rings. 

Th• proj,rtil•-hoi<t cradle, whirh roccivcs the pro­
jectile from the projectile hoist, can swing up and 
down (arrow A) bdwecn lts hoist or r<-rCi\ling position 
(align•d with thr hoist), <hown in the figure, and its 
discharg< P"'ition, alignL'd with the tubular projectile 
transfer tra,· The projectile-hoist cradle is rotated 
on a journal hraring surrotJnding tht trunnion by a 
hydraulic cylinder (sho"n in fig. 7119). The cradle 
locks in t·ilht.r }~ition, regardle ... ~ of gun elrvation 
anglr, and "'l;ardlM.' of whether or not the gun is 
moving in eh."'·~ttion. There is a similttr fJO'"'d1,, .. r-hoist 
cradle ( not shown in the figure) on the l•ft trunnion, 
which hM 11imilar posit iorn; with rf'~p<'<:t to chc: powc.kr 
hoilit nnd the powder trans.fer tray. 

Thr powdL"r transfer tray an<l µrojcttile transfer 
ttay. whtn ~wung outboard a.~ in figurr 7H 11. arc in 
firin~ position. 'rhL-sc trays can swing (arrow> B, C ) 
inboard, under the thrust of hydraulic rylindr.r< ( the 
<)lindn for tht projectile tray is "i<iblr in lil(Urc 7H8) 
to ramming position, in which they arc aligm:d ·wit.ll 
r>a.('h othrr, with the gun breeC'h, a.ncl with th<' rammer. 

\.\.'ht-n in firing pooition, the tray!I t1.llO''" ck~rance 
for the gun to recoil and for the cjcctc.:d ('(ll'tridgc c.ns~ 
to mov<.· a long Lhc spanning uay into t hr. e mpty 
po\\de1·.ra.~t tray. Notr. that the spanning tray= whic.:h 
is structurally ;.t part of tht: housing, 1nnv~s in recoil 
\\ i1h the_· hou ... ing under the empty powdcr·cas<.· tray, 
which n·main~ )tationary. 
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PROJECTILE TRANSFER 
TRAY 

F1c.u1:u: iHl 1.-8"/ 55 RF sun and 1urrr;t. Loading equipmr;nt. 

\\!hC'n the powdr.r transfer tray swings inward 
(arrow C), tlw empty powder-case tray, which is 
link~d to thf' transfer tray and move.s with it, goes 
do,,:nward to the casc:-cjc:ction mechanism. This. 
mc-chanism is a h}·draulicaHy driv~n ('hain-ronvr.yor 
unit which thrusts the t'mpty cases outside through a 
tube under the gun bal'l'el to fa ll 10 the ship' s deck. 

7H 10. Operating cycle 

Following is the sequence of operations in normal 
aulomatic op~ration, beginning with the hoists full 1 

and with gun-loading equipment in the positions. 
<hown in figure 7Hl l. 

l. !foist.< load cradle.<. Fir<t of all, the projr.ccilr 
and powder hoists lift a projectile and powder case: 
into thr.ir respective c.radles, compressing a heavy coil 
spriug in each (fig. 7H12). (Since about the sam• 
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thing happens in both cradks, only the projettile 
<'radle is shown in tht"; figure. The fuzc setter is not 
shown. ) Spring-loaded pawls hold the projer.til• and 
rase in the cradles. 

2. C1adl-e tnovement to disc;harge positic>n. Next1 

<:ac.h c:.radlc swings upward to dischatge position, auto­
rnat ica lly latr:hing in alignment with the transfer tray 
(fig. 7H 1 '.1 ) . (Only the projectile side isshown.) 

'.{. Tramf"r to t>anJ/er trn)'. When the powder 
cradle rc-acht·s this position, inkrlock switches close a 
cirtoit. which causes irnrne<liaLe hycfr;m1ic retraction of 
the retaining pawl. The r.omprcsscd coil spring in 
tht· cradk thncupon throws the }Xl\•.:dei: case into 
1he transfer tray. 

Operations on the project.ii<- side f'lr~ similar, c.xccpt 
t ha t retaining pav.•I re:tra<:tion is synd1ronize<l to OCC\IJ' 
only when the breech is open (fig. 7HM) . Thi< <le-
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lay•d <leliv-.y of 1he Jll'Ojectilc keep' the projectile 
fuzc in <"Ontart with th~ fu?.t setter until the la)t 
posslbk moment, and ~o redurM fuze dead time. It 
also simplifi('.S operation~ in case of mis5-rc or othrr 
malfunrtion, 

\\'hen the projcc.1ile ha~ been throv. n into its tran~· 
r~r tray, a buffer bring. it to a controlk-d stop, and a 

f muu. 7Hl2 -8"/~) Rt gun and turn:L 
into hoist cradlf'. 
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rcminin~ l:urh keep' it from •lipping fo1·ward too 
'oon. O:hcr cam and <top devices similarly ktrp the 
pth,drr o.t'>C !n plare within iL~ tray, ;wd, at the right 
timr. p<><iiion th<· pn•jcctik and ra«' propcrlv for 

F:<a~•P 7H1,, a·· .,;,; RF gun and tU"f'I. C:udlf' Ol(')vins 
to dischargr- pm.itton. 

F1ca·1u:. 7HH.-8'' 3~ RF gun and h1r<~l. Projectile in 
tra!'\sftr tr:w. <"radk stiJI in U:isc.h~rvc- ~uion. 

~ 
~· 

F:m:ar 7HI), 8" , .)j. Rt~ gun and tu.int. 
towa...a ram:ni.:iJ?: positton 
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EXTRACTOR 

BREECH BLOCK 

f fOt!Rr: 7JI 16.-S"/5S RF gu:\ ~ild h11"1't;t. St<l.rt ~f rnmming action. 

ramming. hi<.'aO\\·hik., th <.· cradks automatiG\l!y 
swing down to recC'iving posilion~ r~ady w he rrloadf'd 
by the.i r hoi!;t~. 

4. TranJ.fer trays to rammitiff poiition. At the samr 
drnt:, or wht·n other int<.·rlocking dcm<:nts pt:nnit, the 
two l 1-:iys. are hydrao lk.ally swung jnto ramming po~i­
tion; and the powder case and projec-tile arc properly 
positioned for ramming . Figure iI-ll5 sho\•.'s how thL· 

tray~ 11u) vt tm"·ard ramming posh inn·. 
.i. Ramming. \Vhen the trays a re lined up with 

the open breech and the ram mer ( fig. i II 16) , the 
rammcr rants tht· proj<:(:tilt:. and powdi:r case.· in to the: 
gun rhambe.r~ chen auto1naticall): t~vt-rsl"~ and retrac:B. 
The spring-loaded pawl at the top of the brecchblcrk 
e.ngages the cal'tridge-l·ase rjnt to pre,•ent the case. 
t'ron1 sliding rf'ar\ .. ·ard into th~ path of hre.~<:hhlock 
dosing movc..·mcnt {fig. i l I l i ). 

6. Breech dosing. (Fig. Hll8. ) When ' he ram­
rnn chain has dean:d the bre<:d1blo1.:k, the block rises. 
Breechbtock movi:mi::nt wrdges. the powd<:'r <.:ast: i 11to 

the- <:harnher. 
7. Bteech lockin~. {Fig. iH19. ) Po~itive ~top~ 

limit brccckblock closing movement at a position that 
synd1roniit·• with the rnd of bolt t ravel on the bolt 

nnn. Tht· spriog-loa<led bolt moves forward across 
the> top of t ht earn to hre.ech-lo<"'ked po~ition, and thr. 
cocking k vcr and firing m<.·chanim1 move to firing 
posit io11. 

8. G un {;rirlg. In its firing pf1si1io11i 1he pin i~ in 
<:onta<'t with chr primer of thr pm-..·drr ca~r. As the 
firing circuit is dosed, the ntrn:nt ignites the prim<.T 
~~nd the po,i,.·dcr rharg<." 

9. Cun recoil,. gvrr couTJlerrecoil, arul br<1ech oj)f;U · 

ing. During counterrccoil (J; ram in the slide. r.auscs 

~ 
r 
I 
I 

F1m:Rt i'H l i.- 8''! 5.S Rf gun and turret. R amml"r rt'trnc:t· f lCllJU, 7Hl8.-8''/~5 RF gun and h.t(J't't. Breech do11ing; 
ing: <:ast'·n:taining pawl fun('ti<>ning. ~:ise bting wedged. 

4t~1!';' fJ-5i-H 151 
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I 

l . , 

fmuflf: iH19.- 8"/55 RF gun and turr~t. .Bree~h closc:d 
aod lod'°d: firing piri contacting primer. 

two push bars to rotate 1he gear in the block and 
retract the breech holt ( fig. 7H20). This retracts 
the firing pin, unlocks the block, and causes the 
breeehblock C)·linder valves to port hydraulic fluid 
into the cylinder to lower the block. 

10. Ca.i. extractor operation. As it nears full open 
position, the breechblock actuates a valve that admits 
hydraulic fluid to rhe extractor hydraulic cylinder. 
In full open position, the top of the brcediblock is 
bdow the path of the empry p<>wder case when it is 
e~tractcd (fig. 7H21 ) . Both extractors move to ex· 
tract the case and eject it to the rear ( fig. 7H22 \ . 
Then they retract. 

I I. Gas ejector operation. When the case extrac­
tors arc actuated: a mechanical linkage (not illus­
trated) opens the blow valve of the gas ejector. This 
porU; air i 1ia the pilot va)ve. to three orifices frt the 
breechway. The air automatically shuts oJT. 

12. Breechb/ock to loadit1fi position. The brecch­
block rnoves upward approximately 0.75 inch to gun. 
loading po.ition. 

flcu1uo 7H20.-8"i55 RF gun and turre1. Brccchblock 
unlocking in C:(ltn)ltrrc<"oil movt'mmt . 

F1cu10: ?H2 1.- 8"/.55 RF gun and rnrrn. RrC'('Ch OPt<J\ 
(in <:<l$C·i:x1rac:tion position) . 
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Fie.vat 7H22.-8"/55 RF gul\ and 1urrrt. Extr.i.c tor actiOJl. 

13. Empty-case tray operation. A~ thr. empt)' case 
comes out of the chamber (fig. 7II23), the guide keep' 
it from boing thrown out of the >lidt. Th• hydraulic 
buffer takes the impact of th• ra.<e, and the two retain­
ing latchC$ (one is shown in the figure) hold it in 
plaer in the rmpty-case tray. 

lly now the powder a ncl proju1il• irars have been 
reloaded. Arrival of the empty ca•c in it> tray actu-

FKn:ti.r. 71123. 8"/.)~ RY gvn and iurtt't . Emptr-casC' nar 
r-cct:ivc-s t'Xtr...Ctt"d e.U(", 
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F1ouke 7H24. - 8"/55 RF gun and turrcl. F.mpt)'-c:asc: tnt)' 
moving downward . 

PAWL 

F1ouae 7H~)--8"/5S RF gun and turrtt. i-:mpty c:a!><' ln 
tjtttor 

... , I of a scrie. ol interlocked clcciric switches, and 
the 2 rtloadf"d trays mo\·c toward ramming position 
nna mnrc, ready for the next <hot. As the powder­
ra~r tray swings do'"'nwardl so doc·s the c.tuply-tase. 
1ray (fig. 7Il24') . T he ca<e-rctaining latches are 
rammed up<:n, and thr. empty cas-c U dumped into 
the c..u<'·cjcct ion mechanism under the gun didc. 

11. CaJt rjrctor action. The ca~t rj«tor consists 
principally of a sprocket-driv•n endic>s chain with 
two "'JUally •pared pawls, and a tube leading out5ide 
•h• turrrt under the gun. with a spring-loaded door 
a1 it< rnd. When 1he empty ra.<e land• on the ejector, 
it dcpn.'$$CS a pawl whirh closes a S\o,:itch; this causes 
the ca~e--rj~C'tor drive to move chl' rhain fono;ard onr. 
fl ight (on•·hnlf the k ngth of th• d1oin) ( fog. 7H25). 
A~ lhr rhain rnovc.:s for.vard, l of ih 2 pav.·ls pushes 
lhe prmdrr <·;.\sc into th~ tube. Since the r:apac.ity 
of thr rmpty-ta>e tube is only fi,e ca.<c•, eventually 
1he <aSt-s at 1h• front end an: ejori<d past the door 
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'"'' w the ship'< deck :fig. iH26). A ' P"cial drain 
d.isposE"s of sea w•ttcr that may be .shipped in hl'~v~ 
w<:athcr whilf' th~ door is open. 

--- --------

ft01.1tr. iH2b.· 8 .. 1;~ Rf '{Un :-nd turrN. Emprr n~e 
ix-int t'XP"Ue-d frv1n t'Jc-Uor tub<-. 

7H11. Training and elevoting gear 

The guns of thi-'i tu1·ret an.: laid by arc-a.nd·pinion 
trpc elevating ~tctr. The training gtar i~ ,imilar to 
that of other turn"• in<talla1ions. 

'1'hr trainjng units im:ludr. thr: training gt·ar c!lrrtri<:. 
hydr'auli<.: drive t quipmeu ti a train n~C"'r.ivt?"r·n:gulator,. 

and control slution equipment for the rurrtt training 
•)'<ltrn. Thrrt are 3 ckvatin;:: gtnr a.>.<emblic<. 3 ~un 
elevation indir::uor-rttrolators and J>0''f1 drives. anC 
l pointer's comr<.>l ! tation E"quip1m.·nt for 1ht- gun dt'· 
v:iting system. 

'l'urrP.t t raining nnd gur1 l;..iying are controlkd much 
••in the 6''147 dual·purp<>« turrtl dts<:ribrd rarlier 
in thi~ chapter. The pointer's and ttaim.·r's control 
t•quipmem provides for ahre-~ methods of ('t>ntrol­
ftttlomatic: locfll, and hand. ff\ automacir, 1hc r-kc· 
tri<·-hy<lraulic tra in and dcvation power drivr., al't" 
under thr im1t11:diatc comml Of the fi re l"()Mtrol di. 
rr<"t()~~ or somr ()(her source ()f gun order signal$. 
In local, ilie puwcr dri,·es are <Onlro!!ed 1hrough the 
rf"C'eiver·r<:gula1or or indirator·n·gula;:ort. b> the 
trniner's and pointer'~ hatid\,:heek I n hand romroJ~ 

du.: r<·<·river-regulator and i.tH.li<.:ator-r<"gulaturs ar<: hr· 
p:t,<td. and tht ttainc:r1s and pninkris hand,\ht-_.b. dt. 

rcnly <"<Hl1rol A-end 1ilt to "'l)Ulatc the funr1icmiug of 
lllt' dcvating fi nd training prnvt'"r drivt-s. 

7H12. Fire control 

Jn ~cncral. fil't ("ontrol arr.1.ngtmf"nts art quite s.imi­
~'*r to thote ))())Sible , .. ith 1h<' lt'orceJtn di'l.« 6" /·17 
tunets dc:scrih<-d in the µn.:c:edin~ ~rr.tion. Th<: turret 
battrry ran hl' toncrn11ecl IJy 111ain-hatt.rry di r-ectors 
lltrough forwa:d <.>r after plot, or hy the M·rondar~·· 

batt~I')' dirt•(:tof" T urn.·b I I a.nci 11 r have their ()WTI 

r~tdar equipmt:·u1 for dr:f'M11ini11g tarf!Ct )(')("a.lion. in· 
rl1Jd ing range. Turn:t 11 ran fun('tiou to :iim thc­
gt2ns of tul'rX:t I. (Thi~ i~ cn lk·d ""hi·tttrr<'l" c~outrol! 
brr;iu~e turret 11 i~ ')(;' \·eral fort h i.~hi:-r th~m turrf"t 1.:1 
~1C'h rnrttt can all(() funC'tio11 in local control. 

7H 13. CrQw 1totions and operations 

Forty-four mtn arc rcquirtrl to man thr hattlc sta· 
tion~ r1f th is turrrt ins;tallati<.>n. T '<\ rntv-sc:v<:n me.n 
<.>( this complemc:nt, Jocatrd in the lcvei~ ~low chl' 
~n house, opera.tr tht'" auununition '\C'rvice to tht guns; 
<ix othf>n:.~ s.tationed in the gun house~ C'ontrol and 
r11;!tintain gun ope1a tions: t hf"t.t' 33 ml·n arr idrn1irnlly 
rniploytd in all nir1hods of turret r.omrol. 

T he balance of the organi1:0.~ti<.>n con~istr; nf 2 gun· 
la.\'ing operator" aud 10 turrtr rontrohnc.~n. all ~ta-
1:<.>ncd in th(' gun houX>. Tht"K 12 men hh~ ,·a1)ing 
duti<:s. dcpcndi11g vn the mrth('l(I oi l"'Qntrol. In thi~ 
in~tallation, in fully automati<.· <lpcration, Ch e opcr~ 
nti<uls of thf' .gu n.; an· <'On troll«d from th t lurrd 
ofhc·e:r·~ booth in tht> (f"tlr uf tht• turrrt r tom control 
panels and swih:hboards. 

F.ightccn mtn~btr") <.>f thr C'n""\\ an.: loc\lcd in tht 
gun house. ( fig. 7H2i). Thcr<' are 10 t<..-r•:I control­
rlll"n, 2 gun-la)·ing opl'raton t1nd 6 gun oprrntr1r~. 

Tht ... 10 turn.·t ronuolim:n arC' thf" turret officer, 
tt.rrct captain. C'nmputcr opnator. 2 radar np<•rnton, 
J ~:ker;. sight stllC't~ and chcd.er. TI1\:' <.:hCt krr i.<> 

.1 member of the.:< rc:w in training opera1ion'i (mly; his 
~ldtion is not nuH'u\e<l in battlr action . 
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The two gun.lnying operato~ are th<.· J>ointt>r and 
t1.1i nc.·r. 

Tht" 6 gun oprratot'$ arc the =1 gun (:aptain~, thfir 
,.,,,scants. and thl· dt.-ctrician. TI1is clectrki:m i~ ~ta-
1io11l'Cl in thr gun house for .~<'1Wral maimr 1°H1nc(' <.>f 
fOnlrol and co111municatlon'i cirC'uit~. Hi~ principal 
r~:sponsibility i) ttouble C'Otl't"t li<.>n and aid i11 main. 
cnininct <"'Ontinuou\ Opt>ration of tht> gun .... 
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CIMtfR 
tlltOJECTlt. E: 
..01n 

F1cuav. 7H28. 8"15:i Rt· ~ur1 and turrt-t. t:ppu proj«u1lr A:n n(w rnuioru .. 

Eight n.1eml:x:n of the tur rtl organization arc sta­
ti<'tntd in th f' upper pmjectik Rat -3 in tht> inn<"r­
('c,nnpartment, 2 at the rear right and 3 at thC" n:ar left 
of 1he outer co1111>artni.n~ (fi!(. iH28i. The)' ore all 
t·nga.~'"d in supp1ying proje<'tilr~ to th~ hois1~. with the 
ringuperatots m~ti ncainingsuppl>· to all. 

Thr: lower n .. \t i:, 5Ct up sin1ihlrly. f'X<'t"pt for a.n &td<li-
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t iunal rrr: .. n11au-a rovio,g ckctrkian v.:ith m::i.inte­
na.n('it- duties. Figure iH29 ~hows the s.tatiou anan~e­
mtnu. of the rrm,1indcr of lht· turret organiZ4ttion. 

Trn m<.'n condlJC't the pm,,rler transfcT St"1vicc; thrr r 

111cn ~<.-rvc carh hoht under 11u1x:rvision of ;i pett)­
ottir<•t. 
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FIRST 1'0-0ERMAH. RIGHT 

fmuu: 7Hl9. 8" ').) kfv:un anC tu.Ifft. Pf'l\\d'"T·h .. ndliuK roomc.rt"\1:s1ations. 
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Chapter 8 

SEMIAUTOMATIC WEAPONS 

A. General 

SA 1. Introduction 

St.miautom:uic guns are case gun' ir- ""'hic.:h energy 
.\IOred <luring rt:<.:oil is us:c:d on countrrrtroil to operatlf" 
the brf"rrh mtrhanism, L'je<:-t the empty <.:asc, and late 
to close the breech and ( if rNp1irNI) coc:k t hc- firing 
mr<'hanism. Power for loadinK, ramming, and firing 
is supplit.cl '-t'pnratdy and ret1uires indcf)cnc.lcnt control 
by nu:mb.;rs of the gun ere._ ..... 

The ryrk of operation is as follows: ( J ) thr gun 
recoil~ after firing, and energy is :stored in the.: c:ounter­
"''°il sy>lcm. ( 2) during rounterrt"eOil tho h,...tth­
block i< automaticallr lowered and the rmpty case is 
c'(lntacd , (3) ahn the ne.xt f".aj,t h rnmmtd into the­
chamber. the block is automaticalli• rai<ed to clow. th• 
breech; nnd ( 4) the firing mechani;m is <ockc<l. either 
when the block is lowered or wht"n it i1 ra i\rd , depend­
ing on the design of thl· gun, and the gun is then read)" 
for anmhtr opt.rating cyde. The (iring r;.Hc of .s(.:mi­
automatic guns depends largelr upon tht tin'IP l'f'<Ju ir<'d 
to load. 

All semiautomatic: ~um. u~e fixt"d or >ttmifixed tto1-
m11ni1ion1 dcix·nding upon their ~iZt' . TheSf' guns 
utilize a •lidini:·"<dg• breechblo<k. /\ firing mc~ha­
nism it fiu"-d in the brecchblocl. tn firt thf' primer 
t>IPC:trirall> ()r b> percussion. 

Scmiautomati(' 2'\nls arc U'Scd c~tcnsivdv bv the 
llnit<d States l\a;y on all typ0< of rnmha'tont and 
amcili;i I')' \~"~'Ids.. Exampks o f this typr e>f gun are the 

'>" 38 all t'P"'l and Y'; :tt ( Marl< 39 onli·J d~gned 
for semi fixed ammunition> and thf" ~i" · :">0 3.nd 5" /25 
wh.ich use- fixt-d ammunition. Although these guns 
difft"r in mc-rhanical <lelails) they all u-.e th<.· vertical 
s!iding-\,·rd(ft. ~tmiautornatic hrt>t"rh mtrhanism. 

The 3" 1~0 caliber semiautomatic gmi is a pedestal· 
mottnlfd, ha nd-Joa<lnl \<\·eapon wh ich is nol capabk oi 
firing M :i rntt> romparaht~ to the n r.\"C'l' :1° /:''>0 <"aliber 
rapid-fin· gun, w~it:h is. covered in ch3ptcr 9. The 
formt>1 is. 'till in u~ on cet lairi typ<·"> <>r ~malJ pat r'Ol 
<:raft :ind on auxiliarv \es.s.eJs. 

T he 5" 25 cali~r gun is also used on an open· 
pedMtal l}'}k ,ingl<" mount. Th<· rludl-pu~ 5" ' 25 
<"a1ib<"r is no\' mounted onh· on :l fr-w of the older 
hl·avy cruiscn in the rcst."rvc. At·et 

During Wnrld War fl a <pocial u·ot-type .'>" / 25 
c.:alibcr pt..·<lcstal mount was dc.:.vdoµcd for use on flc~l 
~uhm:niiir~. T'h is is ::i single.-purpo~,. mc:n1m wich 
maximum dc\'ation of 40c>. It is not equipped with 
a power dri\.·e. The aminunilion is fixedJ consfating 
of a projcctil<· weighing ~;4 pound\ and a ra1'tridgc 
"i1h a 1,.,do<l weight of 21 pound>. 

The Y', JS caJiber and the 5'' .:54 C':tlih<-r a..~mblies 
art< in m01 t.· general ust· than any of the above and will 
he d•<rrihcd in more dttail. T hl· 5" 138 calilxcr is 
partirul:id)' \\C"ll adaptt?d lO u~ for the.: purpo~l· uf 
demonstrating thr operating principl~·~ grnf'rally ap­
plkabk· to all ~1.:miautomatic gun'>. 

B. Five-Inch 38-Caliber Assemblies 

881. General 

Tht· 5" :SS C".llit>Pt gun is a ~··miautomdtic. dual· 
purp•'h<'. fX."tlt.·stotl- or ba.se-ring-m(')unttcf ~un whi<'h 
u::.<'~ ,;<'miflx<·d ammunition. The prind~~ll features 
of 5'' /~~8 C'l'llihc.~rgu n a:)St·mblics iU't.• as (vJlow'!: 

l. Vrrcirl'l l ~liciin15-wrdgc breech mc.·di~mism. 

2. Hydnutlir. l'~l~oi( ~l rH.l hydrop1wumatic counter· 
(l'<'OiJ S)"itCm!'. 
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:t Pm,(·1 ·c>J.H-r.tt<.-<l n1m111n. 
4 l'O\\ tT-OJ)f'r.lted el~ating an<l tr':linin.ct ~c>ar. 
.i. \1m .. 1hlt·-pri,m lf.·lt"&:Of)c...,_ 
6. PO\\f"T·(')~ratrd fuzf"-~lling proj('(''lil(' hoiM ( f.:\­

n·pt on mounts of typ< 4 listcd in aniclr Ull27) 
7. Powc.·r-opt..·rall:<l po'"df'r hoin nn nl1 twiu 1nuunu. 

arid SOlll(,' ') il"l~ l t·f., 

T ht- nprr~ling principle of tl11: 5" ·~R ralibn gun i1' 
the.· ~amt '()I all or lh<' in~ta11alirm~ founl1 ('fl nav;.Jl 



Chaptor 8- SEMIAUTOMATIC WEAPONS 
--- --

BARREL BREECHBLOCX RECOIL CYLINDER ASSEMBLY 

PUSH ROD (INNER} 

DIFFERENTIAL CYLINDER ASSEMBLY 

vc'SSC-Js. )imor v;uiations in mnl1:\nic<1I ff"dlun".S ~­

flf'et cith~r impro"·ement in di":e.ign ()r tht -.pecial rr· 
quirtmrmi <>r <"'ertain installations l'h<.· rn;tjority of 
thc·s.e varfatiom arc· in r;lotmt design. 

Th<' gun1 slide, and housing as~crnbli1:si lhe b reech 
mcchnnism, ~tnd t hl.~ir a&>ociatt"<l p:u·t~ t'llY' nlmost iden­
tical in :i JJ mounts. ThC' greatest \'ariation in thcst· 
parts ocrurs in the twin mount. in \\liich the gun t-rn­
p1ace-uu.•nt~ fon11 left and tight gun a<.'C"mhlie:'\, alike 
in all rMJW'flS t"X<'rpt for thE" re,·rl"'W'd lrft and right 
arrangf'mc-nu of the two gun~ slide, ~u1d homiug 
;ts...'<."mbli('l.. the br('C("h mrt·hani .. m. "nd thf"i1 com­
pontnt pnrt,. F.ach assembly i~ mounted !eparatdy 
in cnrriag<.'5 o n a large rectangular phltfonn. T his 
<liffr:rence rhanges th~ appt"aran<"f' of thr gun as.scn1-
bly but do<:5 not affc.·ct the mcth<mkal OjR'rating 
princ.ipli:.s. 

Twin moun1 as~mhJiPs are i1'11> tall,~cl on banlr-.h ips, 
cruise", carriers, and dcstroyrrs. Sin~k mounts are 
found on c:an-ic;f\ ;.utd destrovc.-r t''(.·on11 am.I on many 

...... ... :: .. 
;:; 

o: the f"ldf'r cruiK'n and dcstro''l'f', d.) '"''<"11 a-s on 
variom tyµl') of mintt:-aft. landing rra.ft, patrol r raft. 
;iml au'<il iMit«. 

Thr mnin purpm.<· of this scccion i~ tu descr ibe the 
basi<" fcatun:s. the.· fm1rtifJn~ and lhf' 1'll<'("h.ini<:al oprra­
tion of tht· 5'1 ·3R r alib<"r twin mount nsiwmb)v. lu­
n~nHirh M the two gun asscmblit·l' <11'.' jdt-m,ic:al in 
oµcrat)ng 1>rindpko;. only thf' righ1 M!'tmhly wil1 be 
di'<.·u,,f\d, unlt"'5-S otherwiS<' stated. Ollu.·r typr·_c: of 
.i" '{R :nnunt"' arc di!<-usscd brldh· at th~ ~nrl of the 
SC'('"don 

882. Ammunition 

Thr gun W•f'~ ~t>mitixed ammunition e<.>rhi,ting of a 
;)4-pound proj\.''l.'.tilc and a. c.·a~r"- ~·1~..,~·mh ly wti~hin.g 

about 2U f>O\llKb. wh ich intlud«~ :l l!J.pound µowd\.'r 
rharg1.'. Thr )Jrvjf<"'tiks Ui--<'d arc antiaircraft cun1mon> 
<'ommr..n, illuminating, and lVP )Jn<.>kL'. Th<' hal­
li~1ir pcrfonn~mn· obiaincd with a 1 :-, .. )X"Jund scn·in.~ 
charg•: is .~, follow!.: initial \'tfocity, 2.600 ket j><'f 
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second: maximum horfaootal r:inge, 18,()0C) yards; 
maximum \"CniC'al rang<'7 37,3<X> fttl The gun is 
capable or sustained firing at a ratt "tll in exc<><s of 
any whirh ran be auaincd by the loadini: <rew. An 
c..x.pcricnc<'Ci C'l"e\\o' ran load alJO\lt 15 JOunds fX'r min· 
utt': fof' long J>t:riods, and may attain a ~hort·pt"rioci tate 
of 22 rou nrl~ per J11i nu te. 

883. Gun 

The gun i• a rad ially expanded mnnobloc barrel 
whi('h weighs about 2 tons. T he rifiing ha< a unifonn 
twi~t or I turn in 30 calibc:n. The bore is chromium­
platcd from th• forward portion of the powder cham­
lx:r to the muuJt. The barrel is connected to the 
hou•ing by means of a bayon•t-t)'P" joint and locked 
by a key and key-bolt seated in a keyway in the harrrl. 
T his design facilitates regunning the mount withoot 
<l is111ant li 11g thl· breech mechanism nr nthtr parts. 

884. Hou• ing 

The hou•inl'( i< a roctangvla1· block.,hapcd forging 
about 5 feet long and less than 2 fttt wide between its 
p.tr•llcl side facn Its forward portion i; machined to 
""cci' e the barrel. In the center is a vertit'al wdl ac­
rommodatiug the breechblock; and to th• rear of this, 
align•d with 1h• barrel bore, is;, trough-like ammuni­
tion -loading tray. T hree borPs in th~ ah<r end of the 
housing nnd parallel to the gun h<>rr n..'< i ~ p ro\'irle twin 
l't<'Oil C)'li11d1:rs and a single countrrrtr(')i J rylin<lr1·. 

ELECTRIC 1->'rCR.l.L; •• .!C 
R;..v.,.•LR ASSEM~L Y 

I ~LIDE WELP>.•E~T I 

Earh <icl• r.cc or the housing has a for•-and-ah slot 
formin.'l the htaring •urfacc for the slidr guide rail~ 

The housing a<..vmhly "'PJ>0rl$ the gun in the slidr, 
prf"\'t-nh 1hc gun from rotating, and mo,·M on the slide 
guide~ during recoil and <:ount r:m:coil. 

Other housing actaC'hrnents and th<:it 01.x:rntions a rc 
discus~rd l:i.tcr in this section. 

885. Slide 

The slide, shown in figmc 8B2 i.s a lnrgr. box-<haped 
~tructur~ within which the housing 1110\~"$ in rc<:oil and 
counttl\"'oil It is open at the top and bottom, and 
closed at tht ,...,.r by a removable pl•t<. Th• rear 
plate fonm a scat for the support-bar hoo•ing of the 
<ounttrroil med1anism. The top rcntl"r of rhe rear 
plate pro\'idts a rnounting surfaC"r. for th~ ca~ tray 
a nd guide p l•te. T he front pl•tC has a circula r open­
ing for the g un, a gun support bearing, and openings 
for the p istol\ rods. T he gun hou,inl'( i• rnppm·tNI ;1nd 
guided by two guide rails bo lted to the inn.r ' id• 
platrs. The elevating arr, gun-port shield, and ram­
mcr me<'hanl\n' arc secured to tht ,Jidt>. The slid<'" 
iWembly i• <upporttd in the carria!(C by integral tmn­
nions on roller ~:irings. 

The ,lidc encloses and supports th~ hou>ing and its 
asscmbliM during rt'<.'.oil and countC"Jt'CC"OiJ, and pro­
vid°' " mothod of •levating and dt·prc.,ing the gun. 

F.xctpt for che rammer, the singlt nioun1 sllllt· i11us­
tratr<l in figure 8B2 is sim ila r to tht ri1th t-hand gu n 
slid e in thr twin mount. 
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FmuRe 8B3.-!i''/38 recoil mechanism. Abov<': (J1 bMtcr)'· Bdow: In reooil pollitivn. 

886. Recoil system 

. '111~ recoil sy'.tem (.fig . 883) utiliics pistops working 
m twm hydraulic cylinders to ab.orb tht major shock 
of recoil, and to provide a buffer for cnuntPrrecoil 
<"tJ.shioning its rerurn to batttry. ' 

Tht pi>ton rods, which arc inttgral with their pis­
tvns. exrtnd forward from the hydraulic cvlinden 
through the homing ( through" series of bronz~ ,Jeeve.; 
and pa.:king g lands ), and are secured to the g un slide 
by piMon rf1d yok('s and nuts. Thrr~for~, the pistons 
aJ1d rods remain ~tationary in n.:<.:oil ~1nd counterrf"<X>il 
while the <ylinders move. T he after ends of the pis­
tons arr open arid hollow to admit tht buffer plungers. 

Tht t" in recoil cylinders arc form'(! b)· two lonci· 
tudiual borN in the housing paraU•I to tht gun aJ.. 
1010 th~:J.C bores are fitted bronze slc:cvc:> or liners. aboul 
18 inrhts long, having in their inntr surfaces d1rc.<:e 
equall)' spared grooves of variable depth. As ex­
plaint'd in c;haptcr 5, thr.s.e groovt.$ control and throtdf" 
the amc1ur1c of hydraulic: fluid pa~~ing fn.ml one side 
of tho p i1tnn to the. od1cr, and "° in1u re the propc.r 
rate uf rc<'oil hrake action. Pressure: in both rvlinde-tS 
;, k•pt '"Jual by a pres.,ure equalizing line. . 

'rh• rylindcr heads closing the alttr end of the cylin-
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<kr ~cri.·c: ~ts rombination rylinder hra.d-., hufff"1' p1ung ­
rr<., and ~cab for adjusting \·alv\:S, As the gun is. rr­
turncd t() ha1tt•f)· in countem:coil. th\." l>uff\'.r plun-ucn;; 
c:nu..·r the open pistons and produn- a da.~hpol t-ri-:..CL 
F • ..-.ap" of Auid through each plur.gcr during this ac­
tion is rontroll•d by a ne<Xlle v:thc ( adjusting valve} 
which alttr. the <ize of the op<ning in 1h• plunger 
through which the fluid is pa.sing. Thu< 1he valves 
rl'nltrol lh<.: rat<: at whkh the gun returns to battery at 
the ~nd rtf tounttrrecoil, and tht ~n1c1ot1thrkss with 
which it5 forward motion stops. Thcsr vnlves are usu­
a lh >Cl b<;(orc the gun is inst<tllcd on a ship. 

887. Counterrecoif system 

The counterrn-oil sy:)-tem is ct. h}"<lrupneumatic t)'pe 
of recuptrator. The qlindf'r ;., formed hy a bore in 
the <th<r p.rt of the housing, lxlow the loading tray 
and parallrl to the gun axi~. Thr <":()untf'ttec:oil 
plunger, 3 hi~hly polished, hollow cyli nder about 2 
feet Jong and ~~y; inches in diamettr, rxt<'nds out of 
the after end of the air cylinder through a chevron 
packing and packing gland. It is tuuf)lcd to the n:ar 
platt or the >lidc by the su11por1 bk ... k, support bar, 
and <upport bar housing. S•• hgurr 884. This 
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COlJtHER~ECOI L 
PLUNGER 

PACKING FOllONER 

Fua:ar. 8B4'.- ~··,3s C'ounl<rncoil systC'll"t. Ru!'l in full f'('(OJl pos!tion 

cvup)ing t\l'J'~ngcm~nt is not rigid, Uut is de~igl)t:d to 
pt.rm it enough frccdonl or motion so that the. counttr­
cocoil pluugcr rnn a lign it<0lf "ith the puking ~land, 
thu> prc,·mting distortion of the JMcking and wn· 
><querlt air l•akag<: thr<lllgh the packin~ gland. 

\\.'hen the K'ltn is io lJattc.:ry, normal µres~ure in the 
air r.ylindcr i" kqJt at I ,4l)0-t,550 p~i. Recoil cnm­
prns<.-s thf' air further and th<: prcssurf" ri~ to 
approximat•I) 2,250 psi. 

Fluid umlcr l""lure is forced to th~ dtevron park­
ing from the diff<'r.ntial .:ylind'!· through driliiug> in 
th• a ir· c~ lindcr forgi ng &c figure 8B·L 

l\s cM harrd and howinr: mo"·t.~ ah in H.'"Coil. thf' 
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rE"r:oil pistons aud piston l'ods arc he)d ~u1.liunar)' by 
the slide while th• recoil cyli ncl•rs move with the 
housing. R~coil Auid i> fon-cd pa!l the pistons 
through thr '-ariaulc depth grooves, and the mO\·r­
mcn t r>f the reC'oiling parts i4. t'f'(ardcd and finally 
stopped. 

As4,i4.ling this b 1akt action or th !'.' rt't.oil S}"HC'I)) is tln: 
a('ti()n of the ttcupcrator. t\) the air cylinder movt"c. 
aft n\.(t the s.taticmary countern.~oil p)un~tr, the air 
pressurt if\ tht: <:ylinde.r' is inl·rcat<:tcf. 

\.\'hen the rta1 ward ac-tio11 of che rc>('()il ing part~ 
ha~ h('en scopprd, the high]~ tomprcsscd nlr v.·ithin 
d1t• n.-t upit"r.uor main rylindn dri\"6 Lht- q·linder and 
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gun housing forward. T he fint 6 inrh•> of this 
counterrocoH motion i~ r<'tarded only by thr recoil 
lluid as it is di>placcd past the re<oi l piMon. Then 
the plun_~Cr! of <h• recoil cylindtr heads rnier <hr open 
ends of the recoil pistons and produce· their dashpot 
effect (as <:xplainrd in chapter 5), "' romrollrd hy 
the nrtd 1¢ valves. 

\ \'hen tht: gun is not in usc
1 

the hoU5ing i~ Y-cured 
to the >lidc by a metal safety ii11k. ( It should always 
be di~<"onne<.ttd before firing, but ntithtr gun nor 
mount will bl' damaged i[ this is not done.) 

888. Breechblock 

The brr•chhlock (fig. 8B5) ;, a v•nical sliding 
wedge whi<.:h fies into a rectangulet.r w<.: 11 cut through 
the r.entrr of the housing from top to bottom. R ibs 
on the left and right sides of the block ma«.h groo"es 
in the brrcchblock guide; of the housing and guidr. <he 
blrJck \\S it mo\.·e~ up and down to do~ or open the 
brr:erh . They also funrtio ri: to tran~rnit the recoil 
shock from the bre<.-chblock to the hou<ing. The 
upper portion of <h• forward f;wc of th-. hloek is 
beveled, and the brcechblock guides slant forward 
slightly from honom to top. The "'"It is twofold. 
A' the block rises it alw moves slightly forward to 
\Vt'<lgc thr rnrtridgc <:a&: home> while the.: bcvd('d for­
ward fact..~ assist~ thC': wedging action. A bore pene­
trating the block from rf>ar to face romains the fir i n~ 
1nechanism. Additfonal borc5 house the scar, !i<'a~· 
safet>' latch. rNra~~tin,g levc:r bearing bloC'k.s, and 
operating ~haft n:ntral arm. Slots or groovt"S ma­
chiucd in th• right :md left sid"S or the bl<X'k "'"'' a.< 
c:amwa)"S for thf' ~xlractor inner lugs. Tla.-sc slots are 
fitted at the upper end " 'ith palkt>-shoulders against 
which the inner lugs bear "hon tht block ha< heen 
dropped. 

889. Extractors 

1-~xtractiou of the empty cartridge casr i~ a medum­
ical operntior\ accomplished by the cxtraC't(')r~ a"> th~ 
bree<:hblo<:k i~ lowered during cnuntcrrc«oil. T he 
t\ .. 'O ('xtractOr'$ are f'OCkcr arms; f'a<'h with inne!' and 
outer lug> projecting from the oppo<ing Oat surfaces 
~\tits b.'1c.e. The outer lugs ride in kidney.c.hapt·<l ~lots 
in the brmhblock guides of the housing. '" the><: 
sl(')\s tlH.' lug~ (':an rno\·c in a fore-and·afc dir<:rti(')n, 
but not \lfJ and d(')wn. 

Th<' extrt1('to1-s also have ecct·ntric. innrr lugs \\·hid1 
fit into slot< m~chined in car.h side of the· brrrr.hblock. 
As the blork drops, these inner lugs ride in <heir ; l01s 
and an" fot'lt:d forward by the c-urved portiun. SincP 
the l'Xtrnctors arc ra<:ker ;i rms rocking on th, ... brn·<.:h· 
face: 'lH: upprr portion of each ~xtractur is forcNI aft 

wh«n the inn'" lugs are forced forward. The lips on 
the extractors engage the rim of thr cartridge r.ase. 
The quick forward motion of the lower end of thr 
extractors ram('S .l\ n accelerated flip of the rxtra.ctor 
lips to the rear, thus extracting the """ (fig. sn:>) . 
Spring-loaded extractor plungers {fig. 8B6) push for­
ward against tht" ()U te !" lugs and assist in extrar.tion. 

T h• hreechbloc.k is held down against lhc ;u:tion of 
the operatin!( ~pring by the inner lugs bl'aring on the 
pallets. (SIT fig. 885.) When the blor.k i1 in its 
!()we.st po$ition. the extractor innc:r lugs 3.re in the 
cun·ed portion of their sloe; and are held there by the 
extractor plungers, which are pushing forward on the 
outer lugs. Thr lower surfaces of th<: lugs and the 
upper surfacrs of the. pallets arc fiatkned to provid<: 
good b<;aring surfar.cs. 

The breech cannot be closed as long as the lugs bear 
on the pallet<. However, when the gun i> IMded, the 
rim of the '"" .irikes the ~xtra<:tor lips and forces 
them forward. (Ser. fig. 8R5. ) The c.'tractor rocker 
aC"tion movC'! the inner lugs afl agains.t lhc; action of 
the <x:r-ar.inr phmgcr springs, until they rkar the 
pallets and ·~ in the vertical por tion of the slo«. 
The opc·rnting spring can then force the brccchblock 
upward to close the breech. 

8810. Operating shalt 
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The verti<al motion of the brecchbloc:k is r.omrnllrd 
by the operating <haft ( fig. 887), which rot:itcs in 
bearing caf" on the hottom of the housing. The op­
erating ~haft is rotated automatically by <'am action 
during the firing crck, or manually by mow·mrnt of 
the hand·Op<'rating lever. 

T he opel'ating <haft has c.ranks on bo1h ends. A 
lug extends out from the operating-shaft cra1ik at th• 
left end to engage the operating-shaft ram pbte for 
5emiautomatic operation of the breech mt:<:hani~m. 
T hr crank at the right end (hand-opernting crank) 
has a projrrti"~ Ing whir.h engages a crank of the' 
ham.l·opcrn.tin1t mcC'hanism for manual (')pr.rati(')n. 
:\ear the left end of the shaft is a curved. ram-like 
arm to whirh tht opNating-spring chain is attachetl. 
In the <'.'entC"r i~ thl' operati!)g-~haft. ('enhal ann) rnadf" 
up of i\ .. ·o par:tllt! arms> ,,·ith a pin pa.~~;,~ through 
both arms. The pin also passes through the Gltr\'td 
!>l(')t of th.:' r..-.1nu·1ing l <~vl;"r whlch operates belwl"en the 
arms during shnft rotation. The cnd5 of the pin pro­
ject l>cyond the sides of the central arm and carry 
the bearing blocks. These bearing blocks •lidc in the 
inrlined bcaring-hlock ways (fig. 8B5) within the b<H· 
to:n of th~ brreC"hhlock. T huii rmatinn (')f thP !.hat't 
cauS(-s vc-rtic.:al movcmcm o! the brcechbl«k. 
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8811. Salvo lotch 

ThC' salvo latch, sho\•;n in figurt' 8'88> i:> <1 po~itivf'­

t)'pc latch. mounted yn th<.· ldt opel'ating-shaft ht .. ar­
ing. \Vith the bn:cd1block rni.;t'd and du: gun in b<1l-

kr~-. the latch is engaged "ith the latching lug on 
the operating-shaft <"rank. Engag<:d1 it prCvt'J\ts the 
op~ning cf the breech of an unfired gun by preventing 
rot at ion of the. oper1lting ~haft unkss the latch is 
tripprd by hand . Dudng gun r<x·oil 11u)vf'rru~nt, Lhe 
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latch-operating lug projecting from the salvo latch 
passes beneath the salvo-latch cam plate. This force.i 
the ~alvo lat<:h down, petmitting Lhe ~pring-loade<l 

pawl to snap forward and n:tain the Jatch in its dis· 
~f1gag<;d po~itioo by be-afing agains~ the lower surface 
of the latching Jug. The- operating-shaft <'rank is now 
free to rotate to permit opening of the brc.cch. When 
the brcechblock is closed agai n, rotMion of the operat­
ing shaft <'auses the- latching lug to rotate aft and force 
the salvo-latch pawl aft. T his pennits the salvo latch 
co ri$C under spring pressure and e:ng.age the latch lug) 
so that the breech i; locked . 

8812. Operating-spring assembly 

Th.is assembly consists of ail operMjng c.hain) con­
necting rod, <'Oil springi adjusting nut> and r.ylindrical 
housing for the spring. 

O ne end of the operating chain is attached to the 
operating shaft ( fig. 8Bi ), while the other end is 
s(-cured to the connecting rod. This rod passes 
through the coil spring and is attached to the after end 
of it by the adjusting nut. T he housing which rndose~ 
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the spring i< holte.d to the lower part of thl' gun housing 
(fig. 8B7). Opening the hreech compN',s<e$ 1he spring, 
because the ro tation of tht.· operating shaft wind:: up 
the chain connection on the shaft, pulling on the ad­
justing nut on the other end of th<: spring. In this 
way the spring stores up the cn<'fgy for closing the 
breech. The adjusting nut p1'ovides a means for vary .. 
ing the spring tension, ,.,·hkh in turn regulates lhe. 
fon.:t" of the breech closing. 

8813. Cam plate 

/\. pivokd cam plate, mounted in the innP.t left face 
of the sl ide~ as shown in figure 8B9, controls the rota­
tion of the operating 5haft by means of a crank ann 
at the left end of the shafl. During recoil, the crank 
pushes the earn plat~ o utv.·al'<l towat<l the slide about 
the pivot pin. Thi$ movr.rnent <'ompr<'~ses a. ::;pring 
placed bctwl'.cn the cam plate and the slide. The 
opetating shaft do<.·s not rotate at this time. At the 
instant the crank moves abnft the cau1 plate, the spring 
snaps th~ r.am plat~ har.k into position. 
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During counterrE"coil1 t he log on the operating-shaft 
crank strikes the r-urved portion of the emu plate and 
is forced downward by it. This motion of the crank 
rotate-s the. operating shaft and lowt·rs the brecr:hhlock. 

The central inhoard section of tht' cam plate tapers 
down to :t wedge-shaped groove whkh is opposite the 
po~ition of the lug on the:: cnrnk when the gun is in 
battery and the brerchbiock is open. This groove j}('r· 
mits th<' crank to rise as the hrecr.hblock closes. 

·.4. movable Gi.m-platc retractor, has a ('a,rn surface 
which po::;itio1l$ the cam plate against the slide so that 
the rn•ll plate will be inoJl"rative. T he. breechblock 
mmt th•n be lowered by a handcrank. The cam-plate 
~tractor can be moved forward lo the position desig­
nated by symbol S (single) for manua I operation or 
pul1ed rearward to the position designated hy symbol 
A { automatir} for semi-automatic operation, in ""hirh 
the cam plate will open the breech during counter· 
r~~oit 

8814. Hand operating lever 

Since the hand op~rating lever on the 5"/38 ralibrr 
gun js not a. recoiling part, it is necessary to provide 
a mechanical l inkage which acts to engage the operat­
ing shaft when the gun is in battery and still permits 
the shafr to move fredy in recoil. T he linkage is 
mounted and pivoted on the right outside face of the 
slide, as shown in figure SB I 0. 

The hand operating lever is linked 10 a latch bell 
crank. which projec;ts in fro10 the side of the slide. 
With the g11n in battery, the latch bell crank contacts 
the hand-opel'ating crank at chc right end of tltt" 
bteech.-op<.~rating shaft in such a way that rotation of 
the latch hell crank (in a counterclockwise direction 
by the hand-operating lever) will cause rotation of 
the bree<:h-opcrating shaft and the lowering of thr 
breechblock. 
Th~ hand-dosing latch is provided to permic rnanl.1a1 

closing of th~ breech during artion in case there is a 
failure in the brerr.h-operating spring or r.onnc:-cting 
rod. 

8815. Firing m&cha nism 

The firing mechanism provides. for perrussion ~nd 
olectrirnl firing. Electrical firing requin:s that the 
firing pin be insulated fron1 the gun, but he in contact 
with th•' primer when the hreechhlock is closed. Per­
ru~ion firing \•.:ith the pin resting on chr. prin1cr is 
obtained by str iking the pin with a plunger. The 
arrangemt·nt of the firing mechanism in th~: cocked 
position is shown in tigme 8Bl I, part A. 

The retracting le.1.1er fa pivoted in the brcechblo<:k 
extensions. The VPrtlcal arm of the retracting lever 
engages a Hang<.· on the firin.~-pin unit. A pin carried 
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in chr. <>perating-shaft central arm passes through the 
skH in the lower arrn of the reuacting lever. \\'hen 
the brecchblock «rank rotate< to lower the hreech ­
block, th<' pin rides. in the slot and forces the retracting 
lever to rotate and r.or.k th~ firing-pin unit. It is to 
be noted that cocking is accomplished when the hlock 
drops. 

The tiring-pin unit, shown in figure SRI I, part A, 
is held in the hreechbloc.k bv the mechanism lock. 
In the rired ( uncockcdi position, the firir;g plun,ge.r 
rests. againsc the $houlder on the firing pin. During 
cocking~ th<.· retracting lever puJJs the cuckit1g handle 
and firing pin aft, the.rcby drawing the firing plunger 
to the rear and compressing the firing ~pring. Th<.·. 
cocking sleeve, attached to the plunger, move.s afl 
un til the rncking-slceve lug just pa•l<'s the Jear 
shou(der. Al the same time, thr. contact sp1ing is 
compressed. 

As the brecchblock doses, th• retracr ing kver allows 
the contact spring to move the firing pin forward until 
ii g•ntly but firmly eontaers the primer afte.r the block 
is fully closed .. During the movemr.nt of the. firing pin, 
the scar shoulder engages the cocking-sleeve lug, hold ­
ing the cocking sleeve and firing plunger in the cocked 
position . As the brccdiblock finishes closing, the cen­
tral arni of the operating shaft raises the scar ~afety 
latch, disengaging its lug from the groove in the scar. 
The pin is then in position to pa~s the current for 
electriral firing> and ready to ttansmit tht~ blow of the 
firing plunger for percussion firing (part A of fig. 
81\ l l) . 

Pcrcus..~ion firing is initiated hy the point.c.,r, \\.·ho 
presses a foot t readle. Through a system of linkages 
and push rods (discussed in the next article.), the: sear 
is pushed inward against its spring. This releases the 
rncking-slee.vc lug through rhe sear notch. The firing 
spring drives the cocking sleeve and firing plunger 
fo"vard, and the blow of the plunger drives the firing 
pin into the prim<:r, thus firing the gun. 

The gun cannot be fired until the breech is fully 
d osed, because until then, ( 1) the firing pin docs not 
touch the primer, (2) the scar is locked by the sear 
<afe.ty latch, and (3) the''"" is out of alignment with 
the inner push rod of the foot firing linkage. 

8816. Foot-fl ring linkage and fl ring slop m&cha­
nism 

The foot-firing mcdianisms of hoth guns arc 01x:r· 
a t<.'tl by a foot treadle.~ mount<.:.d on the outboard si<l~ 
of tho ldt carriage. They are controlled by the point· 
ds right foot when it is desired to fire the guns by per­
<'ossion. As the pointer deptesses the ttcadle, its action 
is transmitted through a sy!>tem of cranks and 11".v<"rs to 
the outer push rod located in the slide. Sec part ll of 



NAVAL ORDNANCE AND GUNNERY, VOL. 1 

SLIDE WELOMENT BRACKET BREECHBLOCK OPERATING SHAFT 

INSTRUCTION PLATE 

·\ ,.._ 

HAND.~LOSING LATCH 

\ ., '~ 

LATCH BELL CRANK 

', 

LEVER LATCH LINK LEVER STOP SLIDING LATCH ASSEMBLY 

F.c::uRF. 8D i0.-5"/38 haz!d-opc:rating mec:hanam. 

figure 8D 11. :Vlov.n1"nt of th is push rod pivots the 
trip plat< inward. T his moves the inner push rod (in 
the housing) inward. The end of th.is rod is in con­
tact with the srar when the hreech is fu1ly dosed. 
:\fovement of the inner push rod displaces the scar, 
and the gun rires.. 

To ensure that the firing rod can be rotated only 
\vhC' n the gun is not pointed into oval ship, a firing ~·top 
mechmu:~-m js used. The principles of this mechanism 
were explained in chapter 5; and the mechanism as it is 
insl.illkd on 5-inch mounts is shown in figure 8Rl l~ 
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part B. Tt funr.tions to •n terrnpt rlrc; both hy percus­
sion and ek<:trically; whenever thr. axis of the Uor<: is. 
atigrn:d with somt~ part of the shlp'!.> Stl'uCl\1te. 

A spring-loaded plungrr that bears against a circular 
earn plate pcnnits fire wht·n it is in contact with a 
recessed part of the cam plate sorfaee, and stop• fire 
when in contaC't ,.,..ith a raised part of the cam plat<' 
rnrface. The pattern to which the earn is.cut is p1ottrd 
individually for each gun mount. 

As t ht'-: gun is P.1evated, the plunger is positioned 
v~rtically by the elevation input rod and rack. As the 
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mo11n1 is train•d, 1he prohle rnrn i> ro1at<'CI by 1he lx-v•I 
l'!(">N and p<nion 10 corm pond "ith the pc>'ilion o! the 
muunt. Th~ 1h• po>ition at "hich thr plunger 
strikcs th• profik cam ''ill be drierni:ne<l bv 1he et.->· 
tionand 1n.ino! 1~gun. 

If the plungcr ridf< on • portion uf the cam which 
is not rc«°Uf'd the dut<h 1hruw-out l•"r arid clutch 
1,..,.,,r do not <-Ontact cath othro TI1c point<r prt'»ing 
tht treadle does not n1ove 1hr firing rod, and ht cannot 
fir• the gun.. rr. "" 1hr other hand, the plunger ridt< 
un a rttt»t'd po11ion uf th• pmfilc <.1m. thr bdl crank 
"ill move tho linkage .,,,h.1 thtdutrh throw-out lO\cr 
and clu1d1 lr'rr :<re in tontatl. ond motion of the 
puinter< !001 on tht treadle ,,ill b<- tr.msmi11rd tu the 
firing rod, ~nd thu• the gun will ht fired. Tht profik 
cam must be so c,;ut thn• whcs\ it i" ~iti<mcd by dn 
angl<- of dC\·ation and tu in ...r the gun "hi< h would 
dam:lge """•hip, thr plunger ,,;11 <t:ikc a nont'('c~d 
"'rfacc of th• CJm. 
I~ mo1~n1 of the plunger is a!.o 1ran>mi:ud to 

a switch 1n thr clcrtric firing cirruil when thr plunger 
ndn out or the a-<:o~d <urfacc of thr pr(l/ilc cam-

8817. Gas ejector system 

Ca, fJt'<.(Ofl lunrtion to pf'f'\rnt tlu.: cn111·of )>O\,·<kr 
g.,c .. into gun 111<.>unt• to .akguard ag.,in>t the danger 
n! flarcb.lck~ ... nd to 1tti<:t iu m.tintaining a rapid rat'" 
of fin: b)· ck•nug thr hott of ga><.-s. Air under pres. 
mrc of •PP"''irna1cly 75 ixi i• pip1:d to th• gun mount 
from the ,hip'< <uppl) It mt>\t< 1l11ough mhing and 
.ir pa.«a~<--bored in th• gun howing to no:r:zlc. located 
111 thc brcrrhhlock guid.-,a>• and pointtd 1o"~rd the 
i:un bon:. Uuring <UUnterrrroil of the gun, a g•<> 
1·iector '"h·c loroi.d in thr fon,·ard anti top of the 
lrou<im:r " c<1111mcd nprn and the !(•• ejection action 

ocgi~ Th .. '·'"~ i• tripJ"'d •nd clOS<'d h) ""tion of 
tht r.unmer nJ')tnuin.,; 1haft ac. th<.• next rnund h 
r:11m:x-d A hand Jc,w permits manual op<"ninc: and 
cle><ing o! tl:e v~:w. 
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8818. Gu n operating cycle 

\,Vhf'n th~ gun i~ fin::d 1 thr follo\,·ing <.:yck· of oprra­
tion takes phu:c.•. 

The foru nf thr cxpandi11g ..,-a..e.< cause< di< barr .. l 
3nd housing aslt"mhlies to move rearward In rrco~I 
with in th1~ :,lidt. During the fir-;t pal't o f rcroil. the 
salvo latr h is d i!lc.:ng aged a nd the- opera ting ~haft i~ 

thr n free to rotate-. T he h r:iking or r<:tardin~ ar tion 
of the rocoil and rountcrrcn.>il )y\tews s1op' the rear­
\\-.;trd artion, :.nd the n:c.:uprratnr moves the rc:coilin'! 
parts fonv~ud a~ain.. Thi1i forward niO\ ttmrnt. l~ 
tu rn, i-; chf"rktd ·and smoothed h}' t he da~hµ<.1t <Hid 
hutlinp; action within the l't>:rnil c:ylindcr. 

During <.:oun l~ner:oil the opcriAt ing shaft i~ rocatcd 
upon <onta<t "ith its cam plat•. This ml3tion drop; 
the breechbloc;k, retrac1> th• firing pin, set< the ~ear, 
tm<l t ompt(':i.sC'S thr opnatin'{ spring . As iht breech 
<•p~"n~, che outer lugs of tht f"XlNl.<'lon are t hrns t for· 
ward by thc.-ir plungers , ... h ilt" the inner lugs ~U'C' moved 
forwa rd by thrir <lotted cam""'" in th• hrtC<"hblock 
The lip< of the c-xtrncton uiap io the rear. extracting 
th<.: empty ca-;e, and thf" innrr lugs come tu rest on 
the pallets, holdin~ the brccd 1blvck down a~li nst the 
prc,;~urc of the upcratiilg sprin,:r. Du ring the initial 

SttL~i. .;).,A~~ 
STOP 

rll0\'1~men t in rnunterrecoil, the gas eje-Ct(Jr v;ilve is 
t l'ij)pC'd to open position. 

\\'hen the next round js r<t mmrd, the ra.rtri<liisc case 
uip> !he extractor<, rockin~ thr inner lu~ nff the 
p.alkts. The ([as-cj<-ctor valve ;, tripped 10 CLOSE by 
rotation of the rammer-nperating shaft. The block 
ri~('\ \ .. ·~dging thr <'artridgc ti\)c, 1noving the rf"traf't· 
ing lrvrr to pc:rmit th e: firing pin to contart the: µri mer! 
and bringing the ~at in linl"' with thr. inner pu~h rod 
of hr foo1 firinir mechanism. Simultanrou>h'. ~ thr 
opcrat:!?g shah rutatt-s, the lntrhing lug on the shaft 
pi<ks up the snhn-latrh pawl >nd cnabks the salvo 
latch to lock th(.· brc.c.:dt. Tht gun is now rr ad )' co 
lire tht· nC'xt rriunrl. 

8819. Rammer mechanism 

Thr: ram mer :i~scmbly is a S\:miautornatiC', tkctric. 
hydrau lic unit mounted a t o n<" :-.ide of chf" Jo:iding tray 
un the uppi>r rrar portion of the d idc. It is c.ksigne<l 
to fun Ciion propcrlr at any gun elevat ion. 

lhc power unit corujsb of a 7 Y2·hp i>lrcnic motor 
whid1 drive:) a h~d1-auli<' pump mounted in chc oil 
>upply tank. 

The rammn it<clf (fig. SB12) i1Jclude< : 

:,; ..,,... ?I~ 

1..£VER 

$H t Ll ~llA~f:­
l..AlCM LCVEq 

$~t.:L.L 

Gv.:.t<J 
LATCH 

~ REAR CYLlf\OUt )<l(AJ 
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CROSSHEAD ARM ALIGNMENT ARROW RAMMER PISTON ROD 

SHELL GUARD 

SPRING GUIDE 

PJGURt 8B13. -5"/38 r:an1mer p inion and rscl arr.-nQ'.'~mC'l\l. 

I. a hydraulic cylinder 
2. a pislon and piston rod 
3. a pinion sccur~<l to th<~ after end nf th~ pistCH'I 

rod by a yokt 
1. a fixed rack (fig. 8Bl3) <ecun:d tn the inner face 

of the slide 
5. a crosshrad, com~iMing of a ('t'O)shead detail 

(movable rack}, n nosshcad arm, and a •hell guard <>r 
spade 

6. control vah~ and op•rating Ir'~" 
In open mounts the rark·<rnd-pinion arrangement 

:C\ o. 5 ) is 0111ittcd. Th<: cro.,head driv'S the spnd• 
clirc..·ct. 

The h}dr-,mlic pump intmdm:cs oil undc:r ptf'"-'l.:'C 

intn t.he cylin<kr to drive the piston fon,:ird for r;un-
111ing and ~ift for rctrarti11g. This HHJtion js tnm~­
mi1tcd to lht: cro:.~~head thrnugh the pinion h h ich i4i 
meshed with bnth the fi~•d pack and th• rro<shcad clt­
tail (movable rark). Thr rarnrner pi>ton pulls the 
pinion fon.,·ard about 26!/2 inrhes. fordng !t to mt.ttc .. · 
il\·h1,1c·en the hv(') ra<:ks ~<> that the ('rc.>.S$hrad is tran~~ 
lattd a dinancc equal to twirt the linr:ir tra\·el or thr 
µininn. Thi~ pinion arram~ement pcnni~ the U't" of 
a shon•r cylind'Y which can be compktol) mdo<'d 
within the shield. 

T hf' spadt°' rams the projt>ctik and case into thr 
rhamber at the 1amc cimt. The face of lhc spadt ;, 
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padded "ith rubber and backed with cam·a< to prevent 
damagt· to tht' base of the c~s<: during the ramming 
oµc:ration. The ~ra'k is mountc.:d on the crosshc:aci 
in ~uth a manner 1hat it can bt moved upward about 
.) inthc; against the action of a \'Cnical Spring plac::W 
lx·twttn spade and cro.,ht;id. A •pring-loadcd 
plunger (plunger latch) projt•rts from tht inbo«rd 
side of the spade. 

Thr oossh•ad xuide and ram plate i' mounted along 
one sidt of the loading tray. It; purpose is to guide 
and ~uppon. the rmi.shead1 and 10 provide c:arn sur· 
faceii upon which the pJung(·1· latch ride:~ and hcnrf' 
('Ontroh. the vertiral motion nr lh<.· spade-. After a 
round is rammed, the hre•~hbl0<·k ri~ and fore"' the 
spadt'" up'"·ard ahout 3 inrhr1... After the gun is fired .• 
as the· 11pnde and rm~c;head mov(I' aft in n·trnctiou, the 
plu11gt.:r lat<'h ric.ks up an inclinrd ram sudarE- on 1.hc 
ram plate and 1.hc spade i, 1«iscd an additional 2 
'.nchc~ TlJc.· up,\:ird movcmf"nt of the spadr .. totaling 
about 5 inr-ht"$, i~ sufficif'nt to f>trmit the ejected case 
to p:'l llf\ under the ~p.-1de. 

i\ projection on th• forward ltft side of the cro:;s­
hf"ac.I c:ntf.i~es with :i ram1nc:r interlock mc<.·h:mism at 
the end oi :hr rain stroke, latching the crosshrad 10 
tht· hO\hing. ~11'1 t- interlock rnrchanism i~ n spring· 
loaded rntd l p<1rtl)" •ncloscd in lh• safety-link hracht. 
·1·he c,,l'()')~head is unlatrhed by rcfotivf" mot.ion betwf'eo 
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housing ;md slide during the first part of recoil as the 
nunmf.r int~rlork i~ fo1'(;e.d co the left by t he- u nlat('h­
ing <'am on the cam plate. A lever is attached to 
fX·nuit maoual rdntsl~. 

Control valves, operated par tly by hand and pal'tl)· 
automatirally through a control shah and linkage, 
mounted as in figure SBH, control the motion of the 
piston. , :\·fove.ment (~f Lhe r.ontl'ol ~haft and tinkagt": 
position~ hydraulic valves whkh cau'iie the pismn w 
ram, r<.·trart, or r<:main at rn.·utrnl. An operator can 
conuol lh<: rarnm<~r at any poi!'ll in the cyde. hy mov­
ing the control kver. 

Ne:ar the end of tJle retract stroke.~ the crossh<.:-<.-t.d 
engag<":> a rctrnc;t.r.omrol rod c;onnect.ed to th e control 
Yo.dvcs by a linkage. \.Vhen the rammer forr.e~ t he. 
1·eu-act-control rod a ~hort d istance aft, the linkage and 
valve.s arr rf'::tnrned tc• neucral positiCln and rctfactiun 
is stopped. 

\Vhc;~n a mun<l is ramuied and the lm.·cd1bloc:k ris<·s. 
forcing the $pade up,vard, Lhe spade pl ungt~r la tc.h 
artuact·s the latch-pin lever. The latch -pin fe.ver ii> 
rotH)t~cted to tht·. e,_·ontrnl uu:chanism so that upward 
n1m·f'::nH•m nf th~ 1~ver pClsitions the control valve to 
rH:utral, rckasing th<' ram pre~sure. 

LEGEND 

I - OPERATING LEVER 
2 - OPERATING SHAFT 
3- SAFETY LINK BRACKET 
4- RETRACTION CAM 
5- RETRACTION CAM FOLLOWER 
6 - SHELL GUARD STOP 
7- AUTOMATIC PILOT VALVE ROD 
8- OPERATING VALVE PUSH ROD 
9- REMOVABLE CAM PL ATE 
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10 - LATCH PIN LEVER 
II - RAMMER INTERLOCK CAM SURFACE 
12 - RAMMER INTERLOCK 
13- GAS EJECTOR INTERMEDIATE LEVER 
14 - RAMMER INTERLOCK MANUAL 

REL EASE LEVE R 
15 - GAS EJECTOR HANO LEVER 
16 - GAS EJECTOR TRIP PLATE 
17 - SAFETY LINK \STOWED POSITION) 
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Automatic n>traction of the rarnmcr is acc:omplill\htd 
b)' means of a r:H'l"I follower nttttrhed to the control 
shaft wh ich rides ovt.r the cam rnountrd on the upper 
part of the housing. The retraction cam mov_.s rear­
-.ard during re<'Oil or the gun. <>!"'rating the cam fol­
IU\\l'~r whic-h rotates the c-ontrol shaft to the- rttract 
position. 

8820. Ramming cycle 

A\.mme that the rartridgc case and projectile have 
l~n plared in the loading tray and that tht ~pade 
i~ ht-hi nd the caM" in position for ramming. 1-hc pro­
j<.·ccik man throws che hand control k vtr il\lo the 
RAM position; the spade movf< forward. forring the 
ammunition into th~ gun; and the rrosshead is lorkc-d 
to tht hou•ing by thr cmsshead interlock latch. (Fig. 
8811.) When the rim of th• cartridge ca.r mikes 
thP f"xtracto~, 1 hti: brel·chbloc-k rises and foN'<'~ the 
•p:tdo upward. A• the spade rises, •he plunger latch 
forces the latch·pin lever upward. T his anion re­
tum\ tfu: control \:;live to the neutral position. 

Af!A'r the gun is r.red, the follnwing actions takr 
place during the fim part of •"<:Coil: ( 1) The n<>S>hcad 
ricks b:t<:k with the recoiling gun nnd housing; (2) the 
rro11~ht>a.d unlatrhing cam pusht.~ against th e cross.­
head interlock, J:1tch. releasing the crosshead; and (3) 
tht r.tmmcr mntrol shaft is P""itiontd for rctrartinn by 
the J't.1.l'action cam, and the: ra.m1"r1t.r continu es to re­
ll'\\(:t under its own pow('t . 

During retraction. the plunger larch ricks on the 
indin('d cam ~urfac;..e on the <'Olm plate, and tht ~pade 
i.s raiv-d to pro\·id,. the oclcss.ary dearaoc~ for the 
<'i<~'tcd ca>e. :Near the end of the rrcract stroke, the 
<:ro~shcad cngagrs th l· rc:tra<'t-ron trol rod. \\ihci-11 the 
ra111mf'1' forces thP t'Nc'a<.:t-contrnl rod a short di~tance 

aft, the ronttul valvr~ ;ire l"f"turncd to the neutral posi ­
tion and retraction is scoppffi The spade i< htld ir. 
its upper position h) a latrh "hich !!lust be reltased 
manually by mean• of the spadc-relea.~ lever bclorr 
1hr spade ran d1·vp into po!lition to s tart anoth~r rarn­
min~ cydc. 

Th<'re are two inclined cam 4.urfac~~ Orl the fon,·ard 
part of the crm~bcad guide and cam plate whi<h are 
not used in ordin<lt)' operation. The plun~r-r ln1ch is 
rni~r<l <ibovc thc~t. s111·(a<:<.·s by tht ri~iog bn:cchblock, 
and rid~~ past t hem durine- recvil, dircrtlv to the t•ross­
hPad guide and ('am plate~ The lower of the two cam 
s.urfares is used wh~n exerdsin11: 1ht: rammer ";th the 
br~'<.x·h mrrhani>rn idle and the breech Op<'n. Thrn 
tht spade is nor 1·ai,ed by the brttehblock, but i< rai•ed 
by th• latch riding the low'" rnni <urface. The upper 
«nm ~urfacc is inc:ludrcl in du.· dr!ign as a J.m.:cautlon­
ary mcasutt"'. 1£ the ram Mrokc ic; started "ith the 
•pa<lc in its "/' l""ition, thr <padc plunger latrh will 

ridr the uppu tam s.utface. This prevent& damagt·, 
>l1<>uld the breechlJl<.><'k be do.rd. 

8821. loa ding operation 

A<.<unic that the ~n crew has b<cn firing. Alter the 
~j(.·ucd r-a~ ha .. clc.·3rcd the loading tray, the ,eun cap­
tain depresses th• .<f!ade. release le:ur to drop the 
<r•dr. 

'l'hr po:1,:dcr man take~ a powtkr case out. of the 
powder hoist, ft'lllOv<"s the primtr·pmtec-ting <·ap, and 
plarl'< the case on thr loading rray. Th.- fJmjutile 
man remo\•es a pt'Qjectik from 1 he projcctilc hoi~t and 
p lnces it on thr loncling tray just for\\'ard of the.: case. 
The projectile man then pulb the r:m1mer lrvcr to 
RAM. and th• charge is ramm•d home. After th< 
gun fir<-s, the hot ra...,. is ejec-tc-d through the case ejcc· 
tion rhure for angks of fire up to 4-0°. For higher 
angles or fire, thr hot case must he rrmovcd mt1nually 
by thr• h ot-cast· man. 

8822. Carriage, stand, and roll or path 

The gen eral arrttngeim:nt of thr11;r parts is dHJ\\'n in 
figure 8BD. 

The carriage is an assemhly (lf th< h<rn:-ring type. 
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The right and kft gm1 carriag«s are •ecuttd to the 
four fore-and-aft girders which are supportrd by the 
bt.lSC ring. The b~ ring support~ t.he tv..-in guns, thC'ir 
f'IPvating and training <lri\-·t•s1 hoisu, sights, shield. and 
othr r parts or the rotating a.<SM•bly. The upper roller 
path is fitted into the baS<: ring. 

Tht: stand is a l~rgl' ~ circuhu 4.teel <'..a~ting with ~t 
Aangr at the buttom around tht outer circumfeN"nre 
for bolting to the gun foundatinn. Tt is dcsignt:d to 
a<"<"Ommodatc t hr traini ng t irclc and IO\·\ll"I' roll('.r 
path. 

'l'h• upper ruller path furni•ht• a bearing 1urfacr 
for the hori1.0nr.l rollers and th• radial rollers. A 
radial bearing surfare secm"<"d to the inner vtrtical 
su1-f.al'"e of th l· $land servrs a~ the other bearing ~ur­
larc o( th< radinl bL'arings. The horizontal rollers 
hn1r on th<.· lower pa.th, permittiug the mount t() rotate. 
llronzr ..-parnturs suppon and ~f>'lrate tl1t rollers. 

Secured to the base ring are four holding-d<>"'' clip<. 
ck)igncd to fit u ncier the training drr1e '"'ith a $mall 
nrnount of ckaran<"r. Thf':v se1·vi: to stcadv the mount 
during rotation and firing;, and to hold tl;<.. mount to 
the roller path. 

8823. Training and e levating gear 

Thf"i:.e asS<.'111blics, illusuatrd in figure OD 16, are 
dcctric -hydrauli(' powt>r drh.Ts n( similar type.: in ar· 
r;utgl·mcm. operatinn: and t·ontrol: hut ditt'Pr('nt in 
si1t .:tnd c:ap;,city Thf" training gear is drh·cn by a 
40-horscpo\,f"r mott>r and th(.· elevating gf"ar by " 10-
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l'toca.:r 8816.-~"/38 twin-rr.ounl tlcvati:nC' and trt.ir'llng gur. 

hcmit•powc.r mot(')r. Each has its ov.n hydrauli<' tram~­
mission unit. 

Each tram.mission unit <"Onsi~ts of a hydrnulir p1.11np 
connected by prr«ure line• to a hydraulic: motor. 
The output of the pump to the motor i• controlled by 
an indicator-rrgulator or by a (Ontrol unit. Through 
each traosmiS.)ion unit, the constant-~pe-ed. unidirc('­
tional input frorn the electric motor is convC"rted into 
a. reversible~ variahle-Spl·cd outptu to the rt,pective 
fkvating arc-.:; <.>r training rack. FurthE"-r discussion of 
automatic control equipment ;, found in rhapter 10. 

Both pointer and trainer ha\'c t,,-o shift lc\'en avail· 
nble. OnP. o( these is a Jfutd selector, "hich pcn11its 
o •election of either high sperd or low sperd <lprration. 
The other lever provide-s a c;.hoice of "1 methods. of 
gun moutme.nt control, 3 of \,hich cmplo)' power drive 
while th• foonh is a manual operation. In• 4 
methods of gun movement ront rol are a. follows: 

1. Automatic. Tiiis is r.:mote director rontrol of 
the hydraulic pump hy electri<:ol signals transmined 
co the lndicator-rtgulators of the e levating or training 
aoscmbli.,_ Thr. <peed sdcc1or l••·er must ~ in the 
11tGrt SPEW P"~ition if automatic control i~ stlt.·ctcd. 
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2. Local. In thi~ mode, rotation of the pointer's or 
u·.iine-r's h~mdwhre-1 positions a. sf"rvo dcvit:.c whir.h jn 
turn pmitio11s an A-end tilt box of the ;.\ppropriate 
drive. This type of control, then, is simila r to autO· 
m:Hic:, except th:u rotation of the handwhl-cl~ take5 
the place of the clC<"trical >ignals from the n:motc 
point. Eithrr high or low spc•d may be sclrcted. 

3. l!atld. This is po\•,:('t drive contl'O) using th~ 
handwhccls with thdr shaft~ and gc.:ars to P"~ition tht· 

A-end tilt box without th• intermediate u•e of the 
seno mechanism. Either hil(h or low spt"Cd may be 
oc!cri.d. 

4 . • ·\1atlUfll. 1 -h is is tmrnual drive of the gun 
111ow:mcnt, with the handwh(><'ls geared dil'C'ftly to du: 
training rack or titivating arr. 'The hydraulir uan~­

mission and the po"er dri,·~ arc bypas.W(I and hence 
inopcrativf' . 1'\ormally, only )ow speed i< r-mpJoyed 
in manual. 

The selector lt\'C'fS of the- poin~er and trainer oper­
ate' independently, M:> that a different gun rl"\OV<'Uli.'llt 

control ot ~pc:cd may be ~mploved in train (mm the: 
tor't rol or spffd in use in clc~atinn. 
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UfPER SEC I ION 

PROKE 
INIERLOCK 

CAM 

DOOR 
INIERLOCK 

CAM 

HAND 
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fW.OWHEfl 
___. ~N SECURED 

POSITION) 

MANUAL 
flAN:JWHEEl 

/llACKEl 

F1ou1t& 8Bl i.-5"/38 projectile: hoi~t. 

8824. Projectile hoists 

The twin rnount is rqu ipped with r ight and l•IL 
hoists o{ similar design. T hey arc S<'mi-autom:uic 
endks,.,<hain1 enclosed, dual-tube hoists \dlh ekctric­
hydraulir drive. An auxiliary manual drive is pro· 
vided for emrrgency use. Figure 8817 show• the 
uppc:r end of th• hoi>ts in th• gun mount and the 
lower end in the handling room. Each hoist is sep· 
arately driven and controlled, but an indicator-regu­
lator .imuhancowly adjusts fuze ;ettir.gs for both hoi<L< 
through shafts and .c:•an>. 

The hoist drive consist> of a JO-hp ekctric motor, a 
hydraulic pump enclosed in a tank, a motor unit. and 
a control unit. The hydraulk pump is «>nnectcd co 
the hydraulic motor by pressure Jines. 

Thr hydraulic motor is geared to a <hain-driving 
sprock•t in the upper end of the hoist. A lower idkr 
sprocket is enclosed iu the lowe-r sprocket housing. An 
cndlt-S$ pou:u chain or hoist chain is held between the 
Lwo spmckets 0< shown in figuff 8Bl8. On either 
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side of the: power rhain ~re fuze·JtltittR drive chain.t. 
These will he discussed late1'. 

Two projectile flights (fuz-. sockets) arc auached 
to the JlO" er chain of each hoist. The nights arc so 
placed thM l is at the upper end of 1 tube when the 
o rher is at the lower end of the opposttc tub<-. The 
upper and lowcr po•ition of the flighL~ are the limiting 
points of chain movement. . ~ . 
Th~ control gC"al' sho\ .. 'n m figute 8BL9 COJ'l$Ins or a 

>ptcm of linkages from the top and the bottom of thr 
hoist to the hydr«ulic control unit. At the bottom ol 
thf' hoiM, a control cam pr<>trudes into each hojsting 
tube. A projcctil~ pla~d in one of the>e tubes dr­
prtssc."S thr c-arn and caust~ its clutch to ("ngagc t~c 
shaf~ to the starcing lever. 'T'hen, wlH:n the ho1M 
door is dosed on that projc<:tile, the shaft is tumrd, 
actuating the starting valve. 

At the top of the hoist, n projectile-interlock ca111 
protrude< into earh tulx. If a proj•ctilc is at. th• 
top of th• hoist, the cam "·ill be dcpr....ed, po.uion· 
in~ th<.· interlock vn.lvc in neutral. ~o that thr powf"J' 
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NOTE - ARROWS INOICATE DIRECTION OF 
AOTAT'°N ro l~REAS£ FV?€ 
SET'IHC. Tl\!:( 

H'l"ORAL."l..IC MOTOR 
ANO CCNTR()l. UNIT 

FteUllE 8818.-S"/38 projf'C-til~ ho:St. Hoistir.g and futt-scrnng ~ar. (Schematic.) 

drive c'1nnOL hoist. The doors a t the top of the hoist 
are also equipped with interlock cams. When dther 
door is open. its cam acts to prevent hoisting. 

The control cam and interlock cams thus proviM 
safety features which will prevent the power drive 
frou1 funrtioning: 

I. When lhc projectile is being placed in the hoist. 
2. When the loaded flight reaches the top position. 
3. While the projectile is being removed from the 

hoist. 

A-.ume chat a projectile is in ii. flight at the top of 
the hobt and that the other llight is empty and at the 
bottom of the hoist. With che projcetile-in~rlock 
cam at the top dtpn.:ss.cd, the hydraulir. unit is main­
t;.~ined in neutral. ~ow n projectiJc is. lUanually 
loaded in the other tube and the lower door is clos<:d. 
The depressed control ram and che dMC<! door a<tu­
atc th<" starting \"alve> but the interlock valve pre­
vents a hoisting cycle. The projectile at the top is 
then 1i1anuaUy rt-moved. ~rhi~ remov:i.l of the projec-
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OUTPUT SHAFT 

HYDRAULIC MOTOR 
ANO CONTROL UNIT 

UPPER INTERLOCK 
PLUNGER LEVER 

STARTING VALVE l.EVER 

MANUAL 

MANUAL DRIVE 
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SPROCKET 

PROJECTILE IN EITHER SIDE 
AT BOTTOM DEPRESSES CAM 
ANO ENGAGES CLUTCH. 
CLOSING DOOR OPERAT£S 
STARTING VALVE. 

SPROCKET 

1'1<Hau: 8Bl9.-5"/ 38 projcc:tifo hoist. Hydraulic: srstt'ffl COtHrol:s. 
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tile fn..._-. the interl0<k cam .rnd forces the "PP'"' dunr 
open. As long as the door i> open, the door intrrl()('k 
cam p.-. .. nts hoisting. When th• projectile clears 
th<: door. the door $napq d(')~d under spring pN-c:~ur"<.\ 
and the door interlock jq rel~ase<l. The hydrauli<' 
motor drive~, the projcc.:tik rises, and thf! ernpty flight 
goc• down. As the proj«tilc rcadK'S the top or th• 
boi.i, the interlock cam is d•prt<..,.d, placing the hy­
draulic controls in neutral. The abo\'e q.·df' witl con­
tinue as long a< <hells arc lo.'\dtd and rrmovrd. A 
handwhed, g(.·arcd to tht po, .. er-<lrive output ~halt 
through a dutch, pt0vidcJ an auxiliary rnanu:il driH"' 
to IX' usc:d in ca5e of pow("1' faihtrL·'. 

Projectile. are manually loaded and removed from 
the hoi.st. Manually OP"mtNI upper and lower pro­
jtttilt-f'jtttor mechanisms facilitate r"('Tr\Oval. This 
type or hoiu fumisha the gun mount with a rapid, 
nJntinuou! supply of projrttilc.·'>. 

The fuzc-sctting mcrhani<m ronsists of (I) a fuze­
sr.tting inclic.awr~rcgulator, {2) foze-s<:tter chain~, an<l 
(3) projectile flights. These chree componrnts, 
shown .chematir.ally in figure 8BIO, arc called 1'1/Ula­
tor, fut< chains, and {li11.hts in the following discu«;on. 

The regulator is a drviC<' "hirh sets the luzc by 
contmlling the position or the fuu C'haiM. It is 
mounted al an angle on the carriage inboard of th• 
right gun. The regulator ran be set for either mon­
ual or nutornatic control by menns of a selector lever. 

To manual r.ontrol, the gun-crew fuu. setter turns 

the maoMnl handwhul. to actuate the chain-setting 
drive, and th• time setting is effr<trd hy one of the 
foHowiug methods: 

I. By mnl(hing pointers, in which case· the luzc 
seuer matchc~ poin ters on 2 :;cts of regulator dials, 
one set of which is actuated by elc-..ctrital signals from 
the computtr in the director syMf'm, and the othc:r 
<et by rot•tion of the manual handwhrr.I. 

2. B) <tiling the desired fU2C time on the regulator 
dials, in whk.h case the manual handwhed is turnrd 
until the dials indir.ate the fuzc time opposite lix<d 
index markt;. TI1is m ethod i~ u«-cl when the corn­
puter is disconnected from the regulator. 

fn automatic control, the uu\nuttl handwheel is di'>­
cngagcd, and the fuzc chains art automatically posi­
tioned by an ~IN:tric power driv• in the regulator. 
The power driv• i< r.ontrolled by clcuriral <ignals from 
the computtr. The gun-ere'" fu1-e setter has no ron­
trol over the regulator in automatic rontroJ. 

A flight 'onsim e«entially of nn outer $OCk~t at· 
tached to the hoist chain, and an inner sock1:t so 
xnountc.-d on hil.11 bearings that it r:in rotate within 
thr. outer socket. (Fig. 8B20, left.) Thr. inner socket 
is geared to a sprocket which engages the fuzc rhain. 
The fuzc chnins are endless chain< mounted on the 
outboard >ides of the hoiM chain. 

A fuze is set by rocating the lime-ring lug (fig. 
8B20, right). The projectile must be placed on thr 
hoist with the fuze fixed lug in the V-slot to obtain 
correct s~ttings. T he initial r\rtC setting is SAFf., and 

SPRING 
,,----LOADED 

SPROCKET 

A 

PAWLS 

INNER 
SOCKET 

TIME RING 
LUG 

B 

P1011ru~ 81:SZO. Fuze-sr-tting mr'C'h~lnhrn, 5"/38 <:aliher gun. A. Prujectile fl ight. U. •·uu. 
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during the foze-sctcing O[>f"tation the t ime ring !-. m­
inted from the maximum timr setting dou 1n to the 
•ctting l'equin:d. 

The pawl~ on the inner S()(ket will engage the cime­
ring lug when thMe parts are in alignment. Further 
rotation of the socket, after engagement, sets th< f111.e. 
nu ring hoisting, the point in the flight travel at which 
engagement doe< take. pl«ce dfpends upon the fuzc 
setting desi,.ed. 

TI1c sprocket transmits fuzc-sctting adju~tmcnt fmm 
the fuY.e chain to the time fuu in the following wa)-.: 

I. Dy movement of the Right with te>pcct to the 
fuze chain whm the projectile is hoisted . The gear­
ing is <0 arranged that movement of the flight from 
the lower to the upper po$ition causes the inner <ocket 
to rotate almMt exactly one rtvolution in a direction 
to reduce the t ime "tt.ing on the fuze. A Mtation of 
:115n is equivalent to 45 seconds fuu:-seuing time.. 

2. llv muvcm<nt of the fu1.0 chain. T his is con­
trolled .by the rtgulator. 

From the abo,·c disc=ion it is apparent that if a 
high fuze setting is desired, the: regulator must w 
position the fuze chain that th• pawls will engage 
the time-ring lug late in the hoisting cyde. The cime 
oing will then be turned a small amount during the 
rtmaindcr of the flight travel and the setting will be 
high. On the other hand, the pawls are po;itioncd 
for early engagement in making low fuzt ~cttings. 
Thus, in obtaining a given fuzc setting, it is unly ne-ces­
;ary to make the !<'tting on thf regulator whic h posi­
tiom the fu>e d1ain, and then hoist the projettile. 

Changes in fnzc setting may be introduced at any 
time while the pmjcetilc is in the hoist by changing 
th• setting on the rrgul• tor. T he fuze will be set for 
the tinle indic•tcd by tho regulator when the projectile 
i1 lilted out of tht flight, even though it has rcmnined 
at the delivery end of the hoi.i for some 1:noe. 

Projectile~ \\·i thout mechani('al time fuz.e~, \uch as 
VT-fuzed or target projec.tik;, con be hoi>ted by th is 
t.<.1uipment. Such proj1.:ctilr s niay even be hvi!ltrd in­
tf'rspaced with rncrhanical timt fuzc ammunition, if so 
dr<ired. for, having no fuze lug>, the \'T-!uzcd or 
t.argf't projertilt:. are tma fkctcd by the fu1e-$etting 
mechanism of tht' hoist. Such n situation orcurs in 
1\A firing when me-chanical time fuzes al"(' fired in tet­
~pared with VT fuzes to aid in <potting thf" hurst onto 
1hc 1arge1. 

8825. Powder hoist 

The l\ .... in mount is <:quipped with r ight nnd left 
ho ists of similar de<ign (fig 8ll21). T h<) arc semi­
automatic endlt)S·chain: end~, ~inglc-tuhe hoists 
,.,.·\th elec:-tric-hydr:tulic. drfrf". A manual drivt i< pro-
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vidrd for c:mergrnry us<.'. Figu te SB2 l shriws th~ 

llJJ(Jt'r hoii:.l location. 
F::u:h hoi~t j~ driven and rontrollcd bv arl ~.: kc.·tric: · 

h,·dr3\Jlic <lrh·c. This drive conc.is'-'5 o"r an t lf'ctric 
motor. pump, and tank unil c..onnectcd by piping to a 
hydtau lic: motnr and control u ni t. 

Th<" hydraulir niotor is gen1v:d to a cht\it'l·driving 
>µrockn in the uppn end of th• hoist. An idler 
4-pn.x:kct is mounted in the lowc.·r end. A ronveyor 
rh>in, pro,;dr<l with fh·e flight, uniformly spaud. is 
held bch·. f'en the spMCket•. It is rew!':';ihk, for hoist­
i n.~ or lo\\Tring powder c:a~f"~. A HOJST-STOP-t .OWER. 

hand-operated 1·on1.rol lever, <"Onn•ct~d tu the hy­
<lraulir C'Ontrol unit~ r~ulate$ the dirP.ction uf motion. 

The rontrol gear • fig. 8ll22). linked tot~ hydraulic 
rnrurol unit, i\ ~imilar to that of the projcctilf' hoist 
·1 hi~ r-ontroJ l'quipmt"nt n:guh\tc'" tht> hoiMjng itnd lo, .. · .. 
<:ring Hrnit of 1'\U.'h Aight supp<>• ting a powdrr r.n~.-,., and 
prf'vr-nts hoisting or low<.·ring when it is unsafe. A 
hnnd" ht>el, geared to the power-drive O\otput shaft 
through a clutch, pro,·idcs an auxiliary dri,·e to be 
U\f"d in c.as.e of powr-r faiJurc. 

Ca~CS arc 11''131'1Ufll1V loaded llnd rf"rnoved from the 
hoist. and tht· hois~ furni!'lhe~ the gun mount wit h a 
rapid, cominunu\ <;upply of J>O''"df'r case~. 

8826. Sights and sight assembly 

~·1ovable prhin-type tek5C:OJK.'~ arr mounttd at. th e 
p1.1inter~s, <'h<·rkcr's~ and tra.inrr':s ->tations. Figure 
8112~ <hows the locat ion of the telescope• and the sight 
'"'lt<..·r's indirator. The tekscOP" an: located within 
hood•d >ight port< which proj<.,.t through the side 
•hidd p!a ... <. 

T he: (.'lcY~uin,~ r~risms in the tl'll'('(' te:Jr.-scopcs are all 
moved ~imuhancous1y h; a ~~·stc.-m of interrnnnecting 
4.hahs and gf'ar:. in rcsponsr to rotation of thr <.ighl­
angle har.drrank. Similarly. all th• <kfle<"tion prisms 
art po~itic.u1l·d br rhe deOc:ctiun handrrank. Since 
t hL· tdcsc:op<'S an· mounted on the carriagt· iriMcad of 
thf slick) the f·l~"'nting prisms mmt he l'Otatc<l b}' the 
c.·k\'ating gear. as thf" gun elevates. to mainlaln tht" 
,crtical nnglr "hith has ~n ~t between tht I.OS 
and axis of thr l">n1't. In dc-Rc·rtion ~Hing. however, 
sin(':(' hoth th<.· $ight and gon'> rnovc· togrlhE'r a<> the 
111ount is Lraiw:d~ the latrral nr~glr:- between tht- telc­
~rnpe and a.."ic. (')( 1.-he bore: is mainta ined, uncc it has. 
been ,,,.t. Ad1us1abk roupling> in the <hafting pro­
'1dc for indq~ndtnt adjustrnrnt of any onr of th~ 
tPlrKopc-s or· th~ i 1'ld icat<.)f dials. 

' l'he sight sctttr'< indicator has 2 <i~ht-anglc dials 
I high -sp<'<'d •nd I low-'Jl"~d). 2 deflection dials 
' high-speed and 1 low-sl"'<'d). and a ,..._ngc dial a• 

sho" n in figure 8824. Th~ sight-angle nnd de-
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SlGKT SETTEft·s tHDlC"lOll 

OE-FLC¢TIO"N CROSS SHA.fl OIFftRE~TIAL HOU$1NG 

Ftc;.ua! 8B"23.-Sights in ~0/38 twin mount. 

flcc1ion dials consist of t\ .. ·o dials each; an inner dial 
is ck-ctrically operaied from the computer. The 
innrr dials have a po~ition index mark, bu~ no grad­
uated <cak. T he sight-angle high-speed outtr-ring 
dial is graduated in minute• of ~re. and the low-speed 
outt.r di;<! in JOO minutes of arc. The dcAection high­
spe-cd outrr·ring dial is graduated e\·ery mil, and the 
lo"'·speed outer dial ~v..-y 100 mils. The outer sight­
anglc and <.lcfkction ring dials are operated b)' the 
sighh:t11glc nod the denection handcrank~. The l'angc 
dial is geared to the sight-angk handcrank and ha< 
s.pira1 graduations r.:vcry 100 yards, with readings in­
cn·~sing inwatds n-tdia11r in a clockwi5'e direction. 
\Vhcn the dials are at zero position in dcAe('[ion and 
de\'ation, the index or ca<h ol the dinls mat<hes a 
fixc..·d index. Sights are set I))' the sight ~etter in one 
of two \•.:ay5. If the computer is furnishing sight angle 
and deflrtti<>n electrically, the proper ~tting is ob· 
taincd hr turning the handwhcds until index marks 
on the outel' ring dials mat('h with the index nu'l.rk~ 
on thl' innf:I' dials which are positionE'd by the com· 
putcr. If sight angle and dcAN:tion are rccciwd by 
voir.e. trammission> the handwhcel1> arc turned until 
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lllc ring dials sho" the desired S<:ttings opposite tht 
fixed pointers. In the lane.r method, the sight-angle 
setting~ desired might be <"'Xpres~cd in yards, anti this 
~~uing 'wm1d then be rnadc on the range dial. 

Sin('c the telescopc-s a re mounted on tht. carriag<' 
instead of the s1ide, the elc-vnting prism'°' arc..· rotated "-'> 
the gun tie.vales as "ell as by ehnnging sight-angle in­
puts. The two variabk qu1'ntities, gun elevation ortkr 
and sight angle,. :ux·. c.ombint"d in a differ'ential co pl'O· 

duce thi~ efTcct. The net ff~<.•ll keeps the vcrtkal 
nngle bct"'ern the line of sight anrl the axis of the bore 
in agJ'eerncnt wilh the angle set on the sight-angk 
dials for nrty positi<>rl of tht gun in elevation. 

8827. Types of mounts and shields 

There ~ffe. four main types of 5'' / 38 mount 
a:>semblks: 

L F.nrloscd twin mount wich ammunition·handling 
room bent"ath the rnount. 'fhe t~·pc of mm>nt is the 
i:tandard in~t.'lllation on bllttlcships1 cruisers, ancJ de­
stroyet'1'. It is also used on the k;land (starboard) sidt 
of Essex d;:is.s aircraft carriers. This is chc type with 
which thi~ chapter has b<"'e.n C(ln<.:erntd up to now. 
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2. Encl<><td single mount "·ith ammunition­
handling room ben.ath the mount. Th~ rndosed 
single mount is the old standard dC$ll'U)-.:r-t)'P" mount. 
It is no'' found on the many minccraft and auxiliaries 
which have b<-•n dtvtloped from the old<r cla.%•-' of 
dcstroyrrs, as well as on most of th\' <lc~troycr ~s.corts 
in the Jlf<'t:t f\nd many large auxiliari~, ( 1'Cpair ships~ 

destroyer tcnden;, etc.). 
3. Open single mount wi th mmmrnition-handling 

room btnealh the mount. Thi~ ln(')unt was specially 
developed for innallation in the w;i]kway1 on the port 
sidt of aircraft c:miers. It is abo occasionally found 
on au.~iliary ~Is. 

4. Open single mount "ithout ammunition­
handling room. )\founts of this typ<' (an ~ installed 
on ship) v.1thout ~xrrnsive reconstruction. For that 
reason it is a type of insta1Jation frcqucndy usrd on 
converted vtssds originally of merr.h~1nt types. There 
arc no amn'luni1ion hoi~ts a.'\sociated with this mount . 

8828. Other characteristics of 5" / 38 caliber twin 
mounts 

All l\\ in mounts are enclm-ed in a shield of armor 
plate whkh varies in thic.'<n= from !4 inch on destroy­
rrs lo 2y, inch« on bauleships. The <hirld is a box­
like •tructurc about 15y, feet Ion.I!, 1:1 fl"tt wide, and 
IOY, fu1 high . It provides weather, hla.11, and 
splinter protection for the crew. 

There arr dnors on both right and left sides near 
the after end, through which the OJ>'l'aling personnel 
cntE"r or leave thr gun rooxn. Other door~ and acccs,'i 
cover plalcs are prm~ded to make tht operating 
mechanisms more accessible for impc:ction and repair. 
T ... -o identiral openings in the front plates prO\~dt gun 
ports. Th• r.ase-;,jector chutes lead to doors in the 
rear plate of th• shield. A roof hatch is located near 
the after cud of the gun mount. Whrre mount loca· 
tion rcmdrrs it ncccs"1ry, this hatch is equipped with a 
blast hood OI' shidd. Sight hoods mountod on the side 
shield pl:tt<\I pr'Ovidc protective covering for the three 
telescopes. Thr hoods are fitted with hinged shutters 
and handcr:mb, so that they can be opened and do<.ed 
from th• inside. A vrmilation systrm in,tallcd in the 
gun room 'upplil-s air to various p:an.' of the mount 
and handling room. 

All twin mount~ are l-quippcd ,,ith varjous type~ of 
electrical power installations. 

AU powrr motors haw• associated r<>nlr<>ll<:rs and 
push-button arrangcmencs to >tart and Stop them. 
The power equipment also includi:; electric heaters 
for warming the gun room and tht hydtaH1ic 
<'quiprncnt. 
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lllwnination in the gun and handling l"OOm is sup­
plird b~ the ship's ~r.JM'ral illumination d,...uit. This 
circuit al«> indmlcs outlets for ( I ) baulc lanterns, (2) 
"induw--.ip<r motors attached to ea~h 1clrscopc, and 
(3) th• l..a1tlc illumination u-an>furmcr. 

The hattle- illumination sy~trm ptO\'idcs illumination 
hy ~rn~\11 larnps at nil inslruments.and controls

1 
suc:h a~ 

telr:~r:op~~, dials, ear.h gun bn:c<'h, nnd 1 he bottom~ of 
the projor1ilc hoists. 

Th<.· mount i'i provided \•dth Lwo~ourccsof electricity 
for firing the ~1m: {1) a motor·g<"nl'rator (ship's 
power <upply:, and (2) a 6-volt battery lotated in the 
mount handling room. A S('l«tOr »-itr.h mounted 
near the point•r's station controls the >0<1rcc. The 
firing drcuit providC$ for de<·trical firing either locally 
or from a re-mote station. 

Gun·clevation, gun·train, fuze.~euiug, and sight· 
setting <:kctrkal signals arc supplir.d to the indicator­
regulAtor:s ;.tnd thP. "ight sdtcr's indirator in th(' mount 
by firt" r:onfrol circu iu from the C'omputtr. 

Thr communications facilities for tht twin mount 
includr ( I J a voice tube between gun room ond upper 
ha.ndlini: roorn, ( 21 a.n automatic telephone which is 
part of the 'hip\ gcncral communi<'atk>ns system, (3} 
a h•ttlc tdcphor.r S)"tcm' (sound-powtred tc:lcphone 
cif'f'uiu) between mount and fire control Sta.lions. (4) 
an auxiliary sound-powered telephone drcui1 with call 
beJI brlw('\'fl the mount and the low~:r ammunition· 
handling '"'0111, :tnd (:>) a powerful loud-s1>eakcr whir.h 
is <:onneC'tt'<I to the director and pl()ttiog room. 

Approximntf'ly 27 men arc recp1ir(d to man all sta. 
1ions in thr mount and the upper handling room. 
Addi1io11al personnel in the lower handling room and 
magazines arc required when fire is to be sustained for 
considtrablc periods. 

8829. 5"/ 38 caliber single mounts 

Midc from the nurnl:><:r of guns in.iallc<l, there 
are four significant dlfTerentt.s between th<' ''iU'iou.s 
5" /38 caliber <ingl• mount asS<.•nblic• t1nd the 5" /38 
raHhrr twin mount assernhly. ThC')c differences are 
in ( I ) the rammcr, (2) ihr <ight mccl1:1ni•m, (3) the 
po"" drhc, and (4) th• ammunition-handling 
arrange:mrnt'-. 

The r3.mmf'r on ihe. 5"/38 caliber ~inglt mount. ~ 
not equipped with thf" 2 to 1 gt·ar r3.tio ammgemcnt 
described in articlo BB 19. The r•11•mer piston travels 
thf" ~awe distanc<: in it.) cyJindC"r that the no!shead 
and spntlc move during the ramming stroke. 

Although final results are thr s.i.mr, sights on singk 
mount~ ar<" clifferl·nt in dt"sign from thn~t nn 1hc twins. 
Thl·rc i~ no diffrrrntia l for ~~ddinf{ gun tlrvation a1ld 
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1ight angle. Instead, lhc linkages to the sight prisms 
on •ndoscd •ing!c mounts arc driven by a large 1ight 
driving gear inside the large circular housing next to 
the slidr. This gr:>r in turn is driven by a banjo. 
shaped <1sscmbly which rnov<.·s in ek\'ation with chC' 
slide." Jn the banjo arc a worm and \vOrm gear mc­
chanic<1lly ronnl'ct<·d to the sight angl• crank. Turn· 
ing the cnmk ra.u)l·s this gear train to rotate a pinion 
n1eshed with the i>ight d riving grar, which jn turn 
positions the sight pris1ns. 

Sights un single upcn mounts are in general ~imilar 
to thosr on singJE" f'nclosed moun ts, t-xccpt on open 
mounts noc rq\1ippcd with rnovablc-prisrn telcscC>pes. 
On such mounts. the mech~\nical linkage br1efiy de­
.cribed •bovc positions the pads on which the sight 
tdescopc~ are mountfd, 

Se,·eral different typrs oi P'"''" driv• arc u.-d with 
~ing]c mounts, drp<:n<ling t.• pt>n che type o f mount &nd 
th• <hip upon whi<h install•<!. On ships whid1 are 
equipped ";th fire control insrnlla.tion< th<' drive$ are 
~u<:h as tt' pro,·ide for autourntic <'Ontrol, loc;.\J con ­
trol, and l"l'!anual controJ. On many converted mer­
chant ships only local a11d manual controls are 
a,•ailable. 

'J"he j" /38 caliber <inglc mounts o{ the handling· 
room type are •quipped with projcctjJe hoists of the 
same typ<' M used in t\,;n mounts. Thc.·rc arc, how­
ever, no powder hoi~ts. Po\vde:r is pa~->ed from the 
upper handling room m the gun room through a 
scu ttle. :-founts nf other th<tn thr handliog-room 
type are not oquipp<'d with hoist., but do have a fuze 
!>Ntt·r located outboard of the projec:til<~ man's st:ition. 

C. Five-Inch 54-Caliber Assembly 

8C l. General 

Thr Y' /5~ mount Mark 39 is an enclosed, dual-pur· 
post, srruiautmnaliG, rapid-fire~ tray-lvading.. base­
ring type ~ingle gun mount. lt ls a mount resembling­
thc !V' / 38 caliO.'t >inglr enclosed mount. It di:'fcrs, 
however, from that basic type in its elevation and train 
pov11er driv~~) and it~ ammunition service. Arid its 
sights- arc: like thos('. of 5" /38 twin mounH. 

8C2. Design development 

The 5"/54 calib¢r mount, •hown in figure 8Cl, i< a 
design dcv~loped primarily for the USS .\1 idu:a) cla.<S 
c-arriers. l t will also be installtd on c:crttlin other· n<.·\.,·­
construction vessels. I nst.allations on ea.ch Mid way 
rlMs ship consist of 9 port and 9 starboard mu1.m[~ 
placed outboard b<>low the kvel of tht !light deck. 

T he mount~ arc: $1.1pport1:d on cylindriral foundation 
bulkheods similar to turr•t foundations. T hese foun. 
da.tlons a.re structurally supported on sponson'i ex· 
tending from the ship'< hull, '' ith spam.on platfonns 
mounted nush with the main dc<:k. Thr foundation 
bulkh<·ad forms the upper amm uuition·l·u\ndHng roQm 
cnclosul"<'.. 

8C3. Mount arrangement 

The general design (' cc fi~. 8C2 and 8C~ ) and 
functional ~rrangcment of the 5" / 54 <aliber gun a~d 
1t1ount are (>acterned after the 5" /38 calib•r $ing!e and 
~win enclosed mounts. 

This rnvunt has an enclosed gun room arrangement 
, ... ith shield> gun_. slide: and hoists mouutcd on a ba~e­
ring tyJX' ea.rrlagc above: an ammunidou-handJing 
rnnm. The carriage is mpp<.l1'tcd and rotates on br.ar­
ingi:. on a corh·t-ntion:.l stand. Carriage and gun arc 
uranged for empty-case cjtction ( rom the gun 
through ~hute and dool"$: in 1hc carr'iagc <fverhang to 
the main deck level o i the sponson. Cun room nnd 
handling room arc· weathcr .. \N11ctl ancl power-ven­
tilated. 

8C4. Elevaling and training gears 

The po" er drh-.s for devoting the gun and training 
tht. mount are sq.>orate high·<peed all·•lectric ompli· 
d~·ne u nits {chapter 10 discm:~~s the operation of 
arnpJid~ne units) ('QntroHerl by clrrtri<' signals- either 
from a rtmote <·omputcr (when in aul.omatic: ) or 
from the local handwhed stotir.ns. T he elevating 
and training gears ~tre e<1\1lppcd for auxilial'y J0-4inual 
drive. The t'kYating and ttaining powc.:r·,drive g .. ·n~ 
rr:ning equipment is rc:mot<'I)' located in the ship at 
the <econd platform. 111c l imit< of gun laying motion 
;\re from 10° dfpn·ssion to 83° cl~\-«ltion. with a maxi­
mum train of 190;). 
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8CS. Ammunition 

Thil) gun u~e'S ~·mifixf:"d arnmunii..ion con~ist.iug of 
" 7().pound projectile and a <;ttse assembly weighing 
32 p<>und>. The powdor charge itself weighs 18 
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pounds. The gun and its crew are capable of a 
su.1tained firing rate of about 15 to 18 rounds per 
minute. 

8C6. Ballistic data 

The mount is designed for use against surface and 
airborne targets. The gun has a horizontal range of 
about 26,000 yards and a maximum vertical range of 
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49,000 feet. Initial velocity of service rounds is 2,6.'iO 
feet per second. 

8C7. Personnel 

A minimum crew of 16 men, 10 for the gun room 
and 6 for the handling room, is required for ammuni­
tion service, gun loading, gun laying, and sight 
operations. 
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