
CHAl''l'l•:lt I X. 

NAVAL GUN MOUNTS. 

Section f.-Gencral. 

901. 'l'llf' 1rlCt\1t1t lg Ute cntif(' S)·,.tc11\ i11Wr1>0:-NI bet.wee1• tlte str\IC.. 
tun' of tho " loip '"'d the l(ttn. 

The principal £11nclio11• Uwt" monnt mll•t perform nrc : (l) •lli>i>Orl 
the RUil in """" a pc,.itioll ii.at i\ CM rendily he """"' (2) pn:J\'ide for 
clcv11t.lon 111a l I r.-~in, (3) provide for rf'COll nnd counte,r-1·ecoil. 

Tho priuc:lpnl J'cqufronwni« of n, moder!\ i;nn monnt are : (I) Stlfrt.y 
unclcr all f:<)nclifin11:"1.

1 
\\'hicl1 1iecC'liS1tnt~ prO(>er cl<'~ign n1\cl rcqui'!iLt~ 

strc11~ ll <>f 11\:tt<"rials, ~ tl1at the mottrlt \\'ill 1>erforrn i(s f1111etio11$ '''itlt 
the l<'ft.<t clon~or to lhc peroonnel Op<'rnUng it; (2) rapidit.y, en~e, "'"' 
smoolhncs• of 01><'rntion; (3) facility of ndjuslment: {-1) simplicity :lud 
n'lil\bility; (.;) ~ual nbsorp~ion of th~ i-hock of recoil nncl itil diJi­
tribution O\'Or n •ufficicnl are:. of the ship lo prc,·cn~ injury to tlw 
ship's struclurr; (6) 11ccurale ""'' rolinblc conlrol of power, tilher hnnd 
or motor. 

902. Shipbonrd instnllations incluclc mnny ty~< of mount~, .omc of 
\vhielt trro: (1) 1,ur1'f't 11'lo t1u ts-, in ,,·hicl'I tl\O p,tlJ>H 1.1.rc l•ousf~< I i 11 :11'1 
arnull'O(l l:!tl'UULUrc (:U[1:\lllO or l'Ol:.ltiou, t.J1c [.(lilt::; c)OV;l.l.iJ1g inclr;J'l fll ld • 

Nilly Of lhC ~lfllCtUrC. 
(2) PedestAl mount.«, in which " rwrfogr rota~ on a >tn1ion11ry 

pcdr~tfrl, or t-1lJ1 11tl IJolt•'<I t.n t.J1e ,.;laip'R 1<-ln.1c(u1t. Dr<ta<t::;idr. :•11<1 tt11li· 
:s.irt'r:,f&. rnou111s arc u,..uolly of tl1ix (.)'Pf', n~ \\.·ell 3h most Olh<'r a·, .i•, 
5' :in<l 6• mounLs. 

(3) R~ll l>Ockct•, for usr in mon11ti11g lip:hl p:uns o.t the ship's mil. 
(•I) Milit11ry ~op mounis, for U•c in m111111ting lip:ht JJ:UnN in U1\' 

101><. 
~lounh sometime.< 11;cd by thn i'Q'M·y cll!Owhcrc Ll11u1 on bonrd >hip 

oro: 
( I} ll<>flt niotttlttS, for tisc of 0J11~·JU>u 11f l ('t' t>r ot.bcr ~Unfi in 1 l1c ~l•i11~' 

bool•. 
(2) Firld 111ounts, for moo of fiPld AUn• :L<hore with n landinl( forCX'. 
(:\) ll:til\\'ny 1not1nts1 for use of ln~t· Jt1111f( 01t r3iJ,vn) .. e..-.rs :l"l1ore. 
903. For JlllrJ)O::K'~ uf i11trocl11c.'tiot•, !\ brit•f idcu [., here 1ti\'t•r1 n~ tc) 

the n·IMion which the component port.- o! " rep....,..,ntative shipboord 
mount honr to one another: 
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(I) The slide is a cylindrical C3'iling llithin which t.he gun slides 
axially in recoil nnd counter-reooil. Jn elevalion, the slide with its con­
tlline<l gun, operates independently of the roAt of the mount. From 
oit.J1r.r side of tho $lidc, in a horizontal plane, project the trunnions, 
which r""t in snilablc !x-.arinlt$ in 

(2) The carriage. This is the part which roh1les in train, carrying 
with it the slide nnd gun. In n turret mount the deck l119$ ond gun 
girtler8 are togr:tl1er ar1alogous to tlle cnrriago. 'l'l1e ~1rria.p;c rests \1pon 
n.nd rotates on n roller path on n. stutio11nry mernbcr c1alled 

(3) The su111d. T his is bolted lo the ship's structul'e. ln a turret it is a 
hciwy assemblage of girders built into the ship's structure. 

9()4. Modern naval gu.n mountin~ arc designed to ha,·c nrcs of 
elev:.liou approximately as follow~: 8-inch mounts on heavy cruiser< 
40°, l.unel. mounts on bat.Ue.shlJ)IJ of the California und ft!C1rylo.nd 
clas~~s 30°; luncls QI) earlier classes of hal.ll"<hips were do.igued fot• 
15° clcvntion, bul on the Ok"'1toma, Percmylmnia, and New Jfezico 
0111-~, this cle\'ation was, on modcruizstion, increased to 300; broad­
side l(\ms, 20° clc,·alion, and anti·nircraft guns 90° ele,·ation. Turret 
gnn~ lutve 5° deprr~~ion and broadside and anti-aircraft. gun~ have 10° 
clrp1·c~$i()1L T he train is usually lirnited only hy t·he ship'ssl.rucl.nrc and 
lhc location of tl10 mount in tl1e <hip. 

905. The metals used in naval gun mounts arc CftSt stool, forged 
•trol, nnd specinl bronzes. Cast iron is not used. Cm;I. steel Is used for 
tlotl priJJcipal slrcngt.11 members, such as tho Mrringc, slide, and st"n<l, 
nncl al•o for tho lurger c:1sL i 11~s of t.hc dcvn,t.lni; aud t raining gr"1r. 
Bronze is used fol' nil plain bcarini;s :md bu•hings where moving parls 
•n' of •teel. Bronr.c is also used for the ""1nllcr <mStings, where the lL~ 
of en.st steel is impmcf.icablc, on nccow1t of the clitlicult.ic• o( casting, 
and for all metal rarts coming in contact \\ith t,hc powder. 

906. Stresses in deck structure and mount due to firing.-T bo bulls 
securing the mo11111. to the deck and the deck •f.ructure it•elf mu•C be 
c•1>nblc of withstanding the weight of ~he gun and mount and the turn­
init moment produced by the reaction of the •lide tnmnious in the 
tr11n11iort scnts of t.Jic cn.rringc. 

The forces aeti11g on the deck st.ructnrc H.ncl mount when llrn guu 
is fired are shown in Fig. 901. 

Ji, i• the force of resistance In recoil exerted l>y the recoil cylinder. 
R, i• the force tending to push the breech <inc of the st,.nd down into 
tha deck. R, is tho force tending t.o teal' tho bolts nt the muzde side 
of the st.and out of Hie deck. Jl, i• tho she:iring force, I.ending to shear 
off lbe bolts in t\ horizontal piano. IV is the weight of the entire 
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010-un(,, h1cllidi1lg the gt1rl, 'l"he~t} forc~s, ll.i, R:!, a11d Ii J 1nay ))«; cictcr­
mined 8S follows: 

For equilibrium, t he summlltion of a ll horizontal forces is <>qua! to 

'l'aki1'lg mon1er1ts :ibOltt Jl1 Vi'C get 

(ll' 

or 

ll.h - Wm - R~l = 0, 

R), - !Fm. 
[{. = ' • l 
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1~ttking 1r1-01r1(!r1ts iibot1t R,,J 1'\1e get: 

R.lt + Jl'(l - n;) - R1l = 0 

R,h+ TJT{l - ml 
l?l = . 

l 

(1) 

(2) 

P==il ~ 

H 5 

(4) 

(5) 

8 1 ancl R-! a.re cxprcsse<I in te1'1ns of ll,, the <>tl1cr q11aotitie.s lJeing 
lu1ow11. R, can be found by n\cthods outlined in Ar t . 100'1. 

'.Equut.ioni; (3) aud (5) give the value of t he rcacLions at. the beginning 
of reC(>il. TJ1~ value (>f tl1e reactioti..'$ \vit:J1 tl1e gurt at. ext.remc recoil m:-1)r 

be cfotermined by rnnking the proper u.llowu.nce for (.he 1uovcment of 
the weight of the recoiling part.s through the distance of recoil. 

'\Vhen the gun is elevated the force R, can be resoil'ed into a vertie'1.I 
component aet.ing down ward wit.It t.hc weight of the gun and a hori· . . 
•out.al component acting similarly to n, above, but of less magnitude. 

'f he computations above can be used ill designing the strength of the 
rnount, and t be st.rength of the deck structure on which the mount is 
Phteed. 

By t aking the resultant of (1) R, aciing parallel to tbc axis of the 
gu1t and (2) t.he weight of the parts supported by the trllllllions, acting 
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vcrtica.11lr cJO\Vn\vUr<l, the J)l'e&st1ro 011 tlic t.run11ion~ <l11ri11g Ciri11,:c 1\lt'l,Y 
be comput!'d und 1.hc neces&'try Strength of tho:«! parl.:< tlwn 1k11-r­
minl'd, 

907. In the following J><lgllS descriptions of typical broadside, anti· 
o.ircrtLCt, ru•tl turret gw\ mounts :t.r~ gi,•c•11. 'J'l1exc 11:1ounts are Lile one:, 
1n().$t <>ftc11 CJ1cou_11t.erect aboarcl $hip. 1~·1artl1«\r U1fornt.at.io11 as c.o .1:.;pocinl 
t.ypcs o t' rnou11ts is g ive11 in t ltc clln1>~c·r!f cu1 na,rnl lrulcling ~ltttS t\11cl 
m achine !!""'· The s u bjccts of .tir)hl-i, IJ ucl of rn<:oil artd counter->·ccoil 
1niccJ1riti'i.-.~111N t\l't: J1ot l re.atecl i1l dotit il iu I hiN clut1>tcr, t>ei11g suf-Tici1•11t,I)' 
CO\'('l'Cli in t.l1e c11:t.pt l!.l'S S))eCi!llly t lCV<>l('d t<) l,h()SC Sltbjf:ct.s. 

Section II.- A Broads ide Gun l\1ount. 

908. The following description of 11 !ypit'l<I bro.•dside gun 111otrnl i­
to be studied with frequent reference u1 Pia le~ I, II, Jll, 11nd l \ '. Tl1r 
pl:ites bcini: in gren~ detail, the descriplion is intended lo ;;upplcmrnt 
a study or !b.e plntcs, rt\thcr than the rcvc1·s~. 

The slide (Pli•tc JV) is o. cylindrical steel cnsting fi t trrl wit.It L.ronzc 
front nt1<I rc-r~1· li11C'1"R i11 '''hicl1 t,110 gUJl Hliclc.::i iJ\ recoil n.n<.I ct>U1ltcr .. 
r-0eoil. Tri t l\O s lide Jincrs is c11t ti,kuy\•t'n,y [11Lu 'vl\i(:h tho g u11 i~ )(C)'C(I to 
f)rC\'CJlt l'0(1r1ti<)Jl . Cu.st ::-oJicll.}' \Vil,)1 t liQ $lido :1rf.'\ t\vo tr111111 io1l$1 'vith 

'1>rojccti11g l)osi;cs. ' l 'ho trt1n11io11s ru.i.;~ i1~ IJCH l'ingt: in t he c:1rrir1,gc it1· 11 ;~ 
~t11<l lllCl'Oby 8\.lJ))>ort tl1c slide Jt.n<l gur1 i1' t l1e c..'l.rrj::igc. At the IO\\'CI' for~ 
ward end ol 01c olide is cast a p:id to whicl1 i• atla<:hcd the ndjuijtnbl• 
elevnling nre. The slide may be mo,·cJ iu ck,.nlion in n vcrtic.'ll plnnl\ 
about. the trun11io11 :ui.<;;, tl1e gu11 111ovi11g '''ith it in elevation. Dc1lcsth 
the slido nnd ""st integrally with it /lrt' tircnlnr brackets that ouppor~ 
lhc t\\'C) rf'coil ~L11cl cot1r1tcr-rccoil C)tli11rlr~. In t,L1e t)·pe of n1ou11l illu1'­
trntod tloo r<.:coil nml couo ~er-recoil o lo11u·11t.~ 11rc bo<h conrniilf'd in 
encl> of the two cyli nders. Ilecoil is chcok('cl hy the combiJ1cd action or 
tho rocolt plstm1 u11d liquid and of U10 cuun l-Or-rcc:oil $pring,~, t lw ~11 11 
being r<'tu1·11od l.o l>:1t.Lery by I.ho en orgy stored in the com pn·s0<~I 

s1)ri11g8. l.1llgl') ilre providecl on tl'c .tilitlf' for t.i 1<~ !-liµ;l1t.s. ::i.nd ot.h<•r itCCl':ot~ 
i;ory .11.11i.;:•rntus. Pres.:;ure grca.sc fit(,ing~ on tl1c slide force greu:-:~· inlo 
groo\,ts c11t. i11 (J1c U111er S\1rfa~ of 1 l1c 81ide liners. 11\ tmi11 tl1e )'lli<l('I 
(and gun) move with the CM'ringc. 

909. T he carriage (Pince Ill) consist, ~ntinlly of n hollow cylin· 
clric:LI l>;~e \Vit.h l\\'O 11p,,·ard-1,rojcclit1g n1·rns c~1st integra.11.}' ,,·ith ii. 
'l'J1csc l<:r1ni11t1lo in ;)e~lts for the t.ru11ni<>11 l>c:.,ri.ug;:i a r1d frietionlC:-.i 
bcu.rini.t;li. "!'11c lrtu1uio11s are rctninccl ill their bea1·iogs. b:)' 1nrar1M of tho 
Cil[> .s41Litl'l!t1. B lo\'fl tio11 of l·h_c µ111 l is t'<:t<>Il.lJ>litill tCl l.brouglt a l.\vo-.hnnd 
drivo 111ou11 ted on t he left-hand sido or t.lic cnrriiigc und i'unct lmoi11K 
through bevel gen.rs nnd n worm t.o tho elevnti11g pin ion, wl.tich inrsl1~1 
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wilh tho ~lcv11ti11g arc :it t:whc<I to Uio slide. Brackets nrc bolted to 
the side of the enrringe to SllJlJXlrl thi• 11wchun;..,rn. The arc of cle,·atioll 
is from 10° below loorixontnl to 20° "'""""·The gon earritige i; trained by 
m.cnns of n t ''ro-lt:lnd 111echa?1is111 c.nrrictl 011 brackets 01l t.he rigl1trl1:111ll 
(.:1rringc nr111, operntir1g tbro ugl1 IH~\·cl J(•':l~ lo :l u·orru lJl.("Shinp; ,,·ith 
l ttc tri1in i11g ciL·clt, v.·l1icl1 is a \\'01·111 ritck HtcurrcJ t<> tJ1e slnnd. Plt1 l­
iorn)S for tlic poi1, ler a ncl t.l'{l\.nc;r n.rn ~c·cur<·d t.o Lhc bnsc of tl1e C1trringo. 
A btfo cko~ for 11uppoi-~ing tho hrL\t<:ry hox n>t'.Y be secured to the on 1~ 
tinge 1,11.."I<'. "l'hc :~r 1 11l') of t ))o c11r1· i:1go :trt~ llO\V n1f.&.dt~ v.·it.ll ex lo11di11g 
>bonldm'l< to which nw,v be bolted shi<'l<i• f(ll' ell' ''l1<111.<:fJl\11.p(,/ l«11.,·i.:11 •. 'J _,J 

poi11tcrs. · 
910. The s tand (Plalc 11) proje<>lx iJHO the hollow b"se of the cnr· 

riage, \\'ltl' l'C it. i~ g11iclc-cl b)' llflJ>l'r n1ld I0\\1Cr ))1u.;.hi11gs Let•ri11g »g11i11~l 
thf' bcnri1tgs '"'ithirt &.l1e c:arringt> l>1~~r . 'l'l1c '''Cigl>t of t-he carringc fl) 
borne hy rollcn. or bnll• which turn on h~rdcned steel roller pnthh, 
ho11::ccl in ti1e ca.rriagc bni:~ a11cl :o;l ill\tl. 1\ llnngc projecti11g ''P'''~trcl fr'i!rn 
the bn~~ of the st,.ncl ~11pports t he l.rr•ining drclc nud tJ1e azimuth Inell· 
cu tor ,11 ro. \\;fl tc1·~t igllt. l1n11dholcr> ,,,, op J)<>~lc c- ftide!-' o f t.11<:: Ct\rrin.~r J,n.O\t' 
Utftkc Lil•' bc;;t1·iug8 re11clil~i' !~cco~1ihlc fo l' inspcctio11 ~lll<-1 gi,·<; nc<:t~R~ l,c> 
fhC ho).Jl1\l{·<h>\Vll c Ji})S . fJc.>lcli1 1g~c_l (J\Vll Cli[">.!J l\l"C lL('ft.\' 'j' )tlfl(:ll lug!-; f)() ] l,t;d 

1.0 the ~l nnd :111tl projr:cf.i11g O\>·er fi fln,ngc c>f 1,J1c! c~'rria.ge or, ' 'i C<: ,·cr."n, 
for tJte pn l' f)(1.,,c •>f iiQlcli ng the ca r1·iagc on tl\O $t:111d \Vii er~ fi ri1'lg, 

911. Frictionless bearings.-'fhc UJJJ><'r $Urf:o.ees of the onrrini:;e 
rlieek" nrc mnchinrd to provide slots int<> which fil cap l!f/l.l(trC• secur<'<l 
\\ilh e:l.p..s<111nn~ llolts c~ee ll'i~. 902). l.<Y.;t 111oaiotl rf.).:1ultiog rron1 \\'Ct\r­

ing of tl10 lr111111io11 bttshill~ or 6C-AtS i:l clinlli1:\led l>l"' taperotl Ct~f>­

S<LUUrC shrws or tldjLlSt·iug r:e<lges titting i1tt.o ~lolti U1 tl1c cap Rqtu\ rCS a1tcl 
!>taring n.g11.i11:.it. llu·~ t rt1nnio11 bushi11g. 'l1l1eislj \Ve(lgc-shn.pccl sliocs n.1·c 
ioreet<I i11 t u tho 1-11<>1.l{ l>:,· ltlC:\11:; of cn.})-.$c..1u1lre :~<lj Ltsri.r1g 1111ts c>r k 11<>1J.-. 
~urning 01\ Cllj) ~t-1qu11r() 8"tU<1s flt)cl ll"f'l'lng :'~a.itu:i L 8lioul<lcr;; c>n t l10 0L1te1· 
c-11di$ of t 111! c1LJ>-~<. tut1.rc -Mliocs. 

'1'11<" li: nif•'-('<.lµ:e~1 uport \vLicll t.l1c or;cilJnling 1>91·ts r<>c.dt \vl1c11 tllo 
gun i~ rle\1nt..c<l or depressed, :\re J1c1t1P:ttl \ril l1iu JX>Ckcts cut i11 t1lf\ <·x· 
1endinf( lul(ll on 1.he outer ends of t.lw tr111111io11 bo • .$CS. Bach knifc-e<lgo 
,Jides in tlu: lower cud of the rcce<s of I he trunnion ho..., &nd i.• :ul­
ju,Jrd nnd secured in Jl00litio11 by :m adju-tinf( screw which ~hrc<ldx 
lhrouirh I f10 cxtcudiug Jttg a11cl i-s tr1:tint:.\i11l'll ir1 lite clc.:;;i rctl J,>0Sitio1l 
hy iL l1>cki 11~ c1au1p soe.:ct1rc<I b)' u. locki11g-clt\1llJ) bolt.. ' l'l1c clt.:11<l \\1Cigl1t 
6f tho <ll>cillnting pnrts is tmn• l'nrrl'd from t he knifc-<'dge to :1 knif<:· 
edge UCl\l'ing held by fL d1·ivH lit, in ".1.,1. in lh" upp<~r tillrf:oco or 1.liu 
ll )lri11~ bur. 'l'hc SJ>ring hi.~r i!'.> s u1JpOrl,C:<I on (, \\'C> u.llo}· .. st.ccl rc)llOl'!1\. 
C'ut\'(lC1 1·C>CC"ttf(('!-I :it c~:tch e11c.I (1f t..luJ 11 J) t•in~ l1t.Lr ~(~T\'C :.ls t i f"lJl<·r rel I h·r 
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path.~; simi.lar rece:lllcs in the rollr,1· bearing iw1ction ns lower roller 
palhs. The roller bearing rests upon a. projc-ctlng shoulder ~st on the 
cArringe nrm below the trunnion se.<i,t. " ' hen the ~In is nt rest, the 
woight of U1~ oscillat.ing pa rts I• e,trried by tltcse frict ionless bearings 
which trnnofer the weiizht directly lo the curl"ing<> ai-ms; but when the 
pressure 011 th~sc b(\.Jlrings i:; i11cre:1Scd by firi!tg, tl1e spring bn.rs de­
flect and allow tho t runnion• lo bcm· ngrunst the trunnion scats, pro­
viding 'unple support for the gun and slid". T he frict ionless bcnrings 
a re protected by 1runniou bearing covers boll ed lo the carriage nrms. 

912. Adjustment oi frictionless bearings.-H thc gun and aliclc nrc 
i1ot pro]l<,.ly nnd :tcenrately ba )(1nccd on the l runnions, ~he elevating 
gear will opcmle with clifilculty, rspccially in ono direcLiou. If the ele­
\"!\l.ing gear for" properly balanced gun doeo; not opcn\lc properly, Lhe 
wusc will uormnlli• be found due to the improper adjustment. of tho 
frictionless bearings. lf the adju~ling screws ate not. adjusted "" r.~ t.o 
t ran>fer the wcip:he of the gun tlnd slide lo U10 spring bai-;;, 0 1· if they 
are so adjus ted rh11L U~c !ruuui<Jll$ are forc"tl aguinsr, the upper surfaces 
or their bearingi>, th~n the friotion)cs., hearings will not function 
properly and elevation and dc1ire;;sion will be difficult. These dis­
crepaucic)s UJay occur in ei ther one or both bearin~. Accurate adjust­
ment c)f thc•e bearingB is easily ~ccoinplished by t urning the adjusting 
screws until thin fcclc1-;; may be ius~rtec.l botweoo the t,runnions and 
their bearing s11rfnccs, after which the adjusting nuts may he lnckcd 
securely with the locking cla111pil 1>ro,.;ded. 

Section III.-Anti-aircraft Mounts. 

913. General.-Jn itc.ldition to • mall-caliber machine gu•IS, our 
,.;,.,.y now h'"' the 3-inch 50-cr,lihcr, the 5-iuch 25-c.aliber, nud Lhc 5-
iuob 38-enliber ~11mi-aut-0mntic guns inouuted on bo"rd ship r or llnti­
aircraft lx<Herie.<. 

Anti->1ircmft i:uns must be mounted on wc.'1.Ulcr c.lecks whri·c they 
cA1\ fite at 1rt:.i.ximun1 elev·n.t ion, 1 1 : 1.\'t~ rni1\in1wu interference (rotl\ tl1e 
ship's s Lrncture, nncl ht; rea•ouably clear of tho hln•t. nf other guns. 

Tile followinp: nre desirable fe,.turcs for anti-Aircrait gun mounts: 
(l } 1Iigbelc1·ation. 
(2} I.ow t.runnion bcighL. 
(3) l<:.~se>and rnpidiLy or elevution and tl"alt>ing. 
(·l) Rapidity of loadiug aml firlnii:. 
Ob1·ioui;ly some of theoe features can be nl>L~i ued only at t ho ex­

pense of others. 
't'o utilize economieally on board :tliip the a.vailablc g111\ posit.ions, 

the tonnage, and the pcraounel, it is 11e~ssary that all anti-aircraft 
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guns nJ•o be efficirnt gwi< for tiring nl <urfoce target•. The 5-inclt 38-
calibcr gu11.c for tttcnt eon.~truction ''"' l wo.1>urposc: gun~, iL., fur use 
against ~urfac:.! and nircroft t:IJ1!:el:1. 

914. Plates V and VI show the 3-ineh, SO-caliber anti-aircraft gun 
and mount.-A~ \\ill be nol<:d, the trwuiion hright i• c:omidcrablc­
nbout. 66 inchc•-and lite inount is cut awn.y 'IL the re:Lr to allow for 
90° rxtromo elcv:ition. Localed on the upper deck, the gun i' cnpal.>lo 
of t.rnining t hroui:;h 360° i111d, e.'e•1>l over sroi\11 arcs wl.ere llw 111not.1 
and &tacks may interfere, it can be fin.'11Rt111! Rnglco of tr:1in . 

'l'ho drt.111Is of Ll1e mouut arn ~l 1own in Pin Les V >1n<;l YI. IL "ill bt~ 
seen thal the cnrriagc, which form:1 Ou: gr<·r1ter pfirt of the mo1111t, 
rests o»•r n low cylindric:LI $l:tud lht<I ib holle1I to a foundniion plat~ in 
the deck. Th• ""rria~ is support<:<!°'' the •lnnd by two b.'111 bcnrin~, 
nu inner and nn ouler ball bearing. 'fhc<se t wu bt.'llring-s :i.re dc.;iJlncd 10 

Ftc. 9X(. T~ 3-J.:-cu C.utntAQ&. ~.Uaa. XI, I• Sn-POwn;o ox T'!'Q B.u..L BcAftl'I;(~ 
AXo Is ~1ELD TO TDE STA.'l(D ttf ,,N •\Wt:::.TL-..;c Rtxo. 

rcdticc~ fricti<>Ji f,o n 1oini1uum. 1·hc i111\c\r l>t~ilriu,:: ta.kr.s t))t! con11>rrt(l(fo1l 
load, wt•ight, :uul •·ort.ic:il downwnrd thru~t of recoil when tlw gun I< 
fired. The out<w I waring hold.s the cnrrlap;c on the i;tilnd and Lim• t :ak~• 
the ten~ion lond tlur. to roU of lh~ • hip :Ind to upward thru•I of ri•t•oil 
whcu the J(UI\ b fired at low '1ngle• of rlc•·ittion. This is the function uf 
the holdin~-dowu clips in the con\'cntional broadside mount. Fii:nrt' 
003 show~ the •land <llld a portion uf the tJirriage, in section, Mnd 
cl~ly bidlcftte1< the dct<iil> of as>embly and thr rneru1~ by wWch the 
carri:ti:<' i.< retained upon rhc stnJJd. The bolb fur &·curing the fiuuge 
of I.be t ruining cirelr lo the flange of tho tiCtUld luwe been o mitt.,tl in the 
fig,1 rn ( C)I' tl10 .~nkc <lf clcar1)c.cia . 

. i\ traii1ing \\'(1r11a, 111esl1i1tg \tilh tJ10 Crni1,in~ circle, is co1\11('ct("<l 1>)' fl. 

st1.itflLlt ~1,urL tLn<l ,geilring ""'it.la tllf:\ trainer'!\ t'"·o-l·1ftl!(I dri\'t• :o;h<>''''l nr 
the rii.:ht nf tho g 1111. 
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On the left. hide: of the Curriuge is I.he pointer's t.wo-honcl drive, which 
:lCtl1n f C'~~ 11 ,;i1,iOtl 1u<:hlllnR 'vii 11 tl1e elcva(iug are .sbowr1 i11 JlJn tc~ V. 

The truininJ( ond •'ifvaling gears are of lhc scandard bron.dFidc mount 
type. 

AL I he 101> of 1 he carrfage are Lhc trunnion sen ts in which the t run­
nions resL. 'fh~ lllllcr Corm part of the slide Lhroui:h which the guu 
~lidc:; ort rf'COil a11<l counter-recoil. 

915. The 5-inch, 25-cnliber anti-aircraft gun wns designed :rnd tl~­
velopod by t ho N'avy to fill the need for au ant.i-uircrnft gun of lnrger 
C:\Jibcr \\'it l1 higll rt\~C of fit·e. This gtin is sen1i-~'11t.0111ntic 1b11t l i~ irL­
,.·n.ri:lL>l.Y 11ao<1 t\iJ at10J1 \\'ftcJ1 firing nt. aircr::i.i t t:1rg<'ts. \\!hilo tli.>Kig;\f'.•1 1 

r>ritllt\ril,y :~on ftn Li .. t~it·c1·n fL KllJl., it rll (l.)f ~\ )$() I)<' llSC'CI for firi nµ: :lli :O:ll l'­
face (.n,1·1(cls . Tho following bl'icf descr iption is int.cmcl.,cl t.o • 11 pplo111out 
a s l.udy of J'IM.ca Vll und VIII. 

'fhe slide it' <t lurgo lJOX·i:l1t\ 1J..:ll ::;l ccl 110\1sing '''itl\ !'.\ ror'r pli•~c lJ1)ILccl 
on i ts nfLN end. 

(a) The s lide house" the bn:'cch of t he gun :u1d guidt•s 1ht· 1(11 11 during 
recoil nnd countcr-l'<'coil. 

(I>) 1"11(' for\\'nrcl f'lll<ll<'> •>f tl'c t"'·o rC'coil pi~t.o11 rotl~ urt• 11t•ctirc'd to tl1c 
for\\1:\rcl end of 1 tt(\ ,..Jitl<'. 'J"l1r rrcoil r-;~·stc111 il'i of tl1t> l1.)1Clr:1t1lic t.)'J><'. 

(c} The nflcr end of the cotmlcr-l"('<X)il plunger is •eeured LO I hr nflrr 
end of lhc s lide (!"<':Ir 1>l:>t..-}. The countcr-1'e(:(1il •y•t.cm iH or U1c by­
dmulie-pncumntir rypc. 

(d) T he trunniorui arr on the outboard sitl"" of the ~lidc, f\1HI, 
thro\1gt. thr 111, li1<: \Yt•ight c>f ll1e gttll anc( t.l1c £orcc 0 £ rC<?Oil l\l'C <IC• 
ti,·orcd to tJ1r c:•rrir~(;('. 

(o) T he •'lcvatinp: """ i~ ~ccurod to ~he Hlide dirccl.ly undo,r 1.lw for­
'''arcl pH.rt. 

(f) 'l"l1c l>rcoch 1ncchn11bs1r1 hn.n<l*opcrn.t.i21g luver is rnou11(0(l cn1 t.J1c 
righ t side of Che slide. 

(g) The power ra1111nor i~ moun tccl on the righ ~ side or t.ho slide and 
:tl)O\le it. 

The carriage is supported on the s tund by two ball bcnrings, an iuucr 
and a.n c)1tl <>r l>nll l1t•nr·ing. 'rhe oti1'er bearing takes tl'IO com1>ressio1.i 
load, wright ,""'' vcrtiCJ•l downw:ud thrust. of recoil when gun is 6rcd. 
The inner bc .. ring hold• the cn.rria.gc on the s1nnd and thus takes tho 
tension load dur to roll of Lho ~hip and to upward 01n1sl of roooll when 
firing gun nt lo\\' nngl<"' of olov:>tion. ft is thlL' :<(!ell lhnt the iunct ions 
performed by t hr h111or nnd 0111er bctlrings of this mount nrc rcgpec­
li\·cly 1ierformrd hy ti ... oul.<>r and inner beariu~· or lhc 3-ineh, 50-enli­
her lllOllllf. illu:-c(.r:\lf•(l in J-,ig. f!O:J. ,-1.lie trai1tiJlJE; fil\Cl ClC\"&ti11g gct\rt:I are 
of tlu,stund:Hd bro1u:lr<irl"-mQunt type. 
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The stand is n low hca\•y •lcel custing having a square base. The 
~and contains th<> lo"'er b~ll race for lhe outer ball hearing and the 
upper b1tll race for the inn<>r ball bcoi·ing. 

The fuie setter is mounted lo the left and aft of the breech of the 
gun on a platform which ismtached LO the gun carriage. 

T hi• gun can be moved rapidly in bot.h elcn•1,ion nnd lraiJ1. T he 
trunnions arc equipped with roJl(:r b~arings which st~r\'c both as mnin 
trunnion and fricli<mlc..<s trunnion bearings. 'l'be~c bcnriogs nre simila r 
to those 'hown in l'lttle Xl 11. 

Section IV.-Turret Mounts. 

916. General eonsiderations.- The turret. in•tnUation on cnch class 
of i;hip varies, being a grad ual dc,·clopmenL from t.ypo lo type. In 
general, t.he developments in turreL design bo,vo progressed from the 
use of a single gt11t iJl n turret, to it 111t\.xi.m\1n1 of fot1r f,.'1lJ)S i11 a t•irret. 
It. ID'1>Y be accepted lbat thi$ development is b:ised upon sound princi­
ples and follows 11 corresponding irocrnasc in the si•c of t.hc nuvie• of 
the principal powers. 

Fro10 the constructor'• point of \'iew, it ha~ been practicnlly dcmo11-
stratecl that th" weigbi of i11•taUat,io11 per g\111 is the lcr1st for a th rce­
gun turreL, and increases in both direct.ions from this number, due to 
the fact that lho S()llCC occupied by l.b:i-t portion of the three guns con­
tained i11side the turret p!\n is bounded Ycry lieady by a square, which 
is the l~rii:e~t rt:cl.anglc which cm> he inscribed in a oirclc of a given 
siw. It is a.Jso true that the least weight. is l'Cquired for designs whor(J 
all guns arc c..1rricd u1 one~lidc, but flcxibiliiy ls tJiereby lo"t. 

The prirnury objocts to be accomplished in lhc design of :i turrol """ 
nccun\Oy aud ra1lidity of gunfnc, 1\l1d efficiency and relia bilit.y vf all 
n1eeh:u1ical icotl1rcs of tJ1e ttirrci., eonll>inecl 'vitl1 bhc 1n1t)\i•n1~111 }X)/$.-i\i­

ble protection aguiust. dam3ge by t.hc enemy'~ gunfire. The details of 
gun and muu11t s l\ould be worked <>UL lo climinat<> cxCCMivc disper:<ion 
i11 the f:l l.J of slic)t, and to a,,·oid a11,>· i11Cl·cnsc iu clis1)cr~io11 , tRu:=:r(l b:1 

any progressive permanent deflection in mctnl wbicb i< strained by t hn 
forces rcsulth>g from the discharge of the guns. The vnriou~ macloinc.s 
installed for use in t.he service of the guns should he de>igncd wiLh a 
liberal factor of S!Lfoly to insure cout.inuous opera! ion over uu ex­
tended period of thnc, and should be simple in design to facilitate up­
keep, Rn.cl to avoid the necessity of too much mecl1m1icn] skill i1nd ex­
pcricmce on tl10 par t of 1.lte personnel. Protection is similar to insu re 
agninsl accident und should be the llUlximurn which can be 00tni11cd 
wit.hont uudue siicrifice of acc11r:rny of gunfire i>nd mecbc«1ical rdin· 
),iilii.y ' 
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917. Historical.-The earlier turret designs in tlw U.S. N1wy were 
t\"10-gt.tn t.t1rrcts '"it.}1 1\·hat. is k11o"'n a.s n. sii~.gle-st,o.ue hoi.~t. Tha.t is, t.he 
powder M1d shell were taken from the magazines and shell rooms and 
p laced in a.n open car for each gun, whicl1 was hoisted Lo t he breech 
of t he gun, traveling up and down in an opcm well. The guns were 
loaded, using rammcrs fixed in t.Jm rear of t.Jrn turret so I hat the guns 
had to be broughtc to the horizontal posit.ion t.c1 be loaded. 

'Vhen modern target practice wns int roduced in the Navy, r1bout 
1903, tl1ere occLtrretl severn.l ver}r scriou~ i\1t·rc l. ~1ccic.le11ts, clue to tl1is 
open type of construdiou; and all lurrnls were modified by fiLt.ing them 
'''it11 :.i.ut.oma.t.ic sJl.t1tters, to ::;t~a l tl1e l1anclli11g roo111 fro1tt ll1c tttrl'Ct 
chamber, except at the instant th(' c"r w'ci passing the >hutter. This 
\Vas J1ot ~utire1y ·~ati~fact.or~t, ancl ne"' clesigns '''ere ma(lc <>It t11e 1,\vo· 
~i;age hoist pl'inciple; t lrnt is, the 1>owder and shell were brought up from 
t.l1e l1~u11:1liJlg rooin to nJ1 intcr111erlintc compu.rt.rncnt. i11 one set of hoistsJ 
and there t ransfeHed to anotbcr set which c.:irricd t hem t-0 t.he guns. 
This pcnnitted lhe introdllclioit of a more posit.lvc flame seal bctwr.<:n 
t11e t\trret cllfLn1l>1!r i111c.l t)1e cna-g:t.zi1.1es :ts Lhis iJtlcrmcclinte com1)0.rt­
ment was fit ted with interlock~ which did not permilc doors lo be open 
at the same time t-0 both turret 1md h:mdling room. Variable loading 
l>Ositions ''t<1re al$o proviclecl l)y l>ltt.ting tl1e rn,r11m(~I" on n.n ur111 f ro1r1 ll1e 
gun slide, t.hus permitting t.hc f!;llll to he loaded at any angle of clcvll· 
fiOJl. 

Iu au effort to secure nn incrcnsed rntc of nrc nnd inc:rcasccl rcliabiliLy 
of t.urre1, gear, 111aJ~y (.tlrrcts \''etc coJ1,~ct·lc<l to ''lland loadi11g.1

' TJ10 
fLtn.t:n \Jniti<>Il C<tr.s , .,:ere reo10,·e() :~11c.l l.ttl1e t 1oisl~: t>Olvc1·-whi}) 01>erntcd, 
were instalkd for hoisl,ing slmll. T he powder was passed.up by ltall(l by 
men s tanding on fixed ph,tforms nt different. JeyeJs. 'fhe telescopic 
ra1n1r1<!r:> i:hc11 in 1Jse \rere t.a.ke11 ottt. a1tcl hand r~11n1r1(~r:s U!St~<l. Jf;_\1u..I 
loading required larger turret crews and required a lnrger amount of 
sf.rC1\llOtJS '''Ork b)' t.}\(}Sn Cl'(~\VS. 

918. Modern types.- Modcrn ta.rgct prnct.icc crNi tcrl the demand 
for, and (.he Buren11 of Ordnance designed, manufncturcd, and i.nstnllccl 
niuch faster and more reliable Currct machinery tha t displaced hand 
loa<ling for ittrret gtu1s • .r\ll [JU\vdet txr~ rto\v i11 use are of Ll1e fla.mc­
jlroof l.ype. T he puslLer type of shell hoist J.ns practically displaced the 
Wb.ip type. The chain f.ype of rammer has displaced tJ10 telesc<Jpic: type. 
Turret machinery is, in general, both fast and rug,~ed. In t.he devclop­
n1enf of turret powder hoist.s, the maximum number of ft~me-ptoof 

eoi.nt>artrl1e1tts, fi tted with i11teri<>e.king fl!\me. ~en.ls, conlpatil>lc \vitl1 all 
adcqt1ate a1nu1u11itio11 suppJ)r ha.\re beeJl ·mst,f~Ued bct\vccn the n1aga..­
ziues and Ui.e guns. 
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A 14-I NCH, 3-GUN TURRET. 

The <lc11Cripiion whieh follows n11plics i:cncraUy to !\II modorn tur­
ret~, S.11,ch to 16.inch inclu8i,rc. 

919. Major structural subdivisions (See Pin\<>$ IX nnd X). 
(u) The barbette.- This< i• " cylinder of lu,,,·y armor s11rroundinp: 

the turret strnclum from lhc Jowc:'t't protect he deek up lo U1c armored 
turret J>rOper. Tho h:.rhellc is sla l iorrnry n11d is nor joitwd f,o 1.hc r<·•t 
of t.lu: l urrcl. 

(h) The turret foundation.-'J'hix i• It lo<·:o vy st.ruct.11rc of p: l1•dcr~ 
amt bcuius buill into the •lr11ct111·0 of the ~hip. It ;, cyli11dricnl in •hnJ)(' 
:.tnc] t)Xf1Cll<.ki lll)\\'t~rcl close to tl•c irtllt'r xu rri~CC! or tl1c Ua.1·Lclte, tot\ flftirll 
near the LOP oi 1lw barbcltc. At it' lop il " ' r>l'orts the circuh>r roller 
psth, c:1rrying ihr rollers cm which the entire rr.,·oh·in11: 1>0riion of thr 
turrol ro1:1tci<. 

(c) The turret proper.-This ;, th~ hf':\vlly nrmorcd box-like ~true· 
ture from whl<h thr gim• protruck>, fi11d which may be seen lo 1·ot:1lr 
fro111 1l1c Ollt.,i<lc-. ·111c cireulnr l>ttrlx·tl<" l\r1nor cxtCtl(I~ fron1 tt ,,,,i11I 
j u~t· Utile>'" t hn 11 l'nt<>r P.CCttrci'.;1 to t11r) rf'>VC>l\1i n~ portio11 of tlt1.! I l1rrt•l, 
dow11 LO (.l11i ln\n•.• l: 11ro(.QCli\'C dock or"" ;.hip, HO tJ11tl. Hie t ul'l'ul. l'(lc,f, 
fro11t, trnd •ido Jllntcs, t og~thN wit.Ii the llnrlrnt te and pnJ(ec(iv<· <h'ck 
arn1or :,illt,nl i>n1k'ciion to ll1c gu11is t\n(I l)lf\chincry '''ithi11 tl1f\ ltlrrt•t 
t\ttcl to Ll1e 111ng:lxines Uo11ca.tl1 the turret. 

(d) The revolving turret structurc.-ThiH ;, all of i hr irnlt'r • I ruc­
ture forming n11r :i.<scmbl:.gc with lhc 1urrct propor, nnd ext('111li1111: 
downw:\rd wi1hi11 Lhe t.urrc~ found:U.in11 tn thed .. >ek of the lower po .. tlrr 
lm11dlin11 room. The weight of thi.< •(r11ct11ro ruid the t11rrel. 1>ro1irr rr.t. 
Md rolHte on t hr rolleN< on the roller pnt Ii. All 010 01>rr:1ti11g oom1•,rt­
r11w1t~, r11n.cl1it1f'ry, :t11<l ot11cr gro..ar !\rt' irt tlto lt1rret revoJ,·i11g ~(rt1("t\1f'f 
:.1.11<l tt1rrtil. JJro11r1·. 

920. Interior s ubdivisions.-(3) The turret chamber i• Lhnl. Jlll rl, of 
tlle tu rrct ijll rrc•1t1ttl i11~ tl10 gu11 po."i tl<,n~. I t, i ttcludes 1,lu:: gt~t1 cl1tLn1l>rrs 
and ihc gun pltA. The ~111 breecht'I< nro in the gun chll1J1l><:r><, t>S wrll n< 
the tl~ l ivery end• of the shell hoL<t. 1111d powder supply. It i' hcrr tlrnt 
Lhe 11u11s arc ln:ulrd. 

(b) The turret booth, a~ the N':tr of lhc turre1 proper, is scp.'1atctl 
from the lurrcl rhnmber by'f131111~proof bulkhe<>ds, !\nd b 80 <l<'l'lftllcd 
as !(J give the turret officer n direct ''l~w of lite guns (.brough auitabl~ 
d•ad li11hts. (Pint<> XJ.) Ac•=• to the turret chamber ~ oblnincd 
through doo"'. ~:nch turret boolh hA.<" quick-ncting tc,·cr or other d~ 
vice f"" npcl'l1 I in~ chc sprinkliug •Y~l•·m iu U10 t urret chn mhcr nml nlso 
i11 UJ>J><·r· 1\11d IO\V<'t' 1)0\Vrl (~t· .. hancllinJ( J'<>Um'J :ln<l l.c> rl1'(:JlcJ1 po,~·tlcr in 
the lr:1iJ1 liotwccn lower cmd upper hnndling rooms. Tho turret booth 
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iH Jl lSO fitted v.·i(,)1 a le ,1cr Ot ot.J1er (l~\ricc ror <)pe1'at.i11g t\l l Cll1.Crger1cy 
a l .. r m. The turret bootlt is habit uully occu1>icd by th" tu rre~ officor 
'"L1c1l tl1c t.urrc-:t. is in ope.ration. 

(c) Handling rooms.-Tho h tlllrliing i·ooms 11.rc sp11ces which nr" 
h'1.bitunlly utili iorl in the 11mmunit.ion supf)ly trnin for la·nn$(erring 
powder or s hell from th~ ~tow11gc to the su1>11ly hoist.s, from one hoi.~t 
tc} ft1\0tll~t, or f ro1l.1 011e JJ)('a.ns of s11pp))' l-0 :111otl1er 1ne:'J.11s o f .St• J>J>ly. 
1' 1 1<·~c rrtay llt: f111·t l1.er tli l'\ ting\1i$11<~<I ~s f>CJ'''<-fc r-Jin1\c11i11g 1·001)1$ ttnd 
sl1ell-l1:11)dli11~ l'<><>rl1s. Sl1ell stO\\'t\g(~ iR the tc rrn t1sccl (O (lcs igl'•f1.tC! ope11 
8JJ!lCt~~ 'vl1erc ~11clls nrc sto,,·c<i 'vitl1in tll.c t \1r r et. bn.rbcttc 0 1\ t l'c circle 
decks 1\ t \':ltious height• (t11d thro\1ghout (chc turret . . strucl.ure. 

']'he Jnt1ga zi1\ CS <.\Jlcl l<>\ver po'''<lcr l1a.n<l li11g roo1n !l l'C <c1djHcf!.-1lt to tl:ic 
~0Ho111 of the t urret revok ing s Lrueturc. 'fltey urc not in the LurreL 
propo r bu t for m o.n cs...enl iAI part of t he a m munition supply fllcilities. 

(<.I) Other spaces 11,ro t.J1c stol':\j(O l>nttery roonl, tt·~in ing gf:n r room, 
bn1l<l JU\:.;,sing 1)ll~t,fc>r11l$ (fo1· JlC>\V<..i er), ti\11k CtJtrtr>a rt.mertt fo r t.hc-:spri11l\.­
le.r \\':ttcr \:\n ks, hlo\vc 1· rQOlll.S, ct.c. 

921. Special apparatus.-'J'ltc gt-1\Cr:t I r~(}ltireJ11cr1 t$ reg;ircli ng ittr­
rct cooxt,ruct iori require I.Im( nothing shnll he ttt.tachcd to 1.hc t urret. 
arn1or <;Xl:t:J>t. fit t ing,:; l'C<'Ltlirecl l' .}" tlic. st rl1cLure, <>r filtiltgt; \':t1ic:h l>y 
their n:\lurc nnd u:;c c :tlll\Qt otherwise be plnced foT I he cOkien t <JJ>Cr:l­

t io1l: o f 1:.he (.u l'r{'t. i'.·l cru1~ :-, rt} providc~d t«> f)J'<~\'e11 t bolts, nti ts , rive~ 
l1r.nds, l't,c., llying in 1.hc lurr<)C '"' the rc8ul ~ oi shell impact. In n il lur­
ret<1, exoop~ singlc-• lide turre ts, Ila.inc-proof bulkhcncls scpa n1to the 
:;e•:erol gt111s . 

A r;un spr"y is inst.alk«l nc:u· tho breech of nnch 11:un and lit l.~d with 
• quick-a"t.ing v:dvc con t.ro llo.d from the burret. booth, turrel OYcr­

~ang, and gun cham ber. Anut her wa t.cr spray i~ fitt t'<I on tlu~ end of :. 
fiexH>IO hose c11p1ible of bcinl\ uecd in I.be gill> br<:c<:h (Ir " "Y otho1· porl, 
of tho turret gw1 ch•nnlK:t" 

.l!:ach g t tl\ i •1 fll~ t t11·rct. is fi t.t.ed 'vitil ~ gr's cx1>e.lli1\g cle,·icc. Blov;er~ 
:lte iJ1:-;tnlled i>t t.J\e. t.t1rrc t. fo r \·e11 t ils ti11g J>ltt])Os~:;, ~tu<) l l Ltri11g gu1l Ciri1lg 
tho l·tlrl'r:f i.:; u"1ir1tai11ecl un<ler ;.1. slijt)1t. a ir pJ'ossurc. 

The in~ake$ of the turre t ventil~t-ing ~ystcin :<re so localc<l '"' to 
minill\iZc I.lie 1>0.,.ibility of d rawi.ng in to the $yst.cm goscs from firos in 
::ict.ioJL (':'a.re i:1 1,ak<!11, so fz.11· a~ 11rnct-icitblc, (,o kl~er> \Va tcr {\tld ~lJrU..)' 
from ontoring ~he tul'l'ct~ t h1·ougli the g ll11 ports, and • il':h l,i ng slits , 
while t he t urrots n re being operated. 

A ~prinkling >Y•l:ern iS inst.allcd to drench powder in tho gun clrnm· 
bcrs, u1>pc1· }1{l 1 tclliu~ . .rc10011 lo,vc 1· Jin nd Jj11g roo1t\~ a.itd 1.l1c [>C>\vcJ01· tral11 
Let ... ;ccll l lJlper (lll(f lO\\'CJ' l1ar1(lli11g r OOlllS \\·L1ore CXL>OOCd iu cai::.-0 or fire. 
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Voice t.ubc~, bells, buzzers, telephone, mid liro-ccmtrol instrumcnta 11ro 
in>talled. 

9 22. The turret mount.- Thc princi1>nl 1>a.rls of a turret mount arc 
( l) the gun, with breech mechanism und yoke, (2) slide, includin1t rc>­
coil and eonn(<)r-recoil mcchnni"R<, (3) deck lug.o and gun ~irdcrs, (4) 
clcvnting nnd t.rai11ing gcnr, in cluding rollers :111cl roller pr•ihs, (5) shell 
nncl powder hoists, (6) rnmmcr nncl • p:u1uiug I.rays, (7) •ight,q. (Sec 
P lt\t,eil l X nnrl X.) 

rl'ho g\l ll, yc)ko, IJreccl1 mccl)rt.ni1:1n1, fl.Jld sights fLt'C cJe~cl'ibc~d in ot..l1cr 
cllt\fltcra :l.nfl \\/il l LlOt be dealt \vitl1 lu·r<•. 

923. The gun slide, of which the l.r11 1111ions nre p~rt s, "'Pl)Orts tho 
gun :\n ct t.1l6 recoiJ a11d coun1 er .. re.coil mccJ\nni:-in1s. ,..fl1e slid~, t'.se-C'1\ .. 
lially a hollow cylinder, is of cast •tcd and is lined °)\'ith bro111.c. 1'h" 
tru1111ion~, nl>ou\ '''l1ich the gur1s :\re 1rlO\'C<I i1l cle,·ation, are locntod 
approximat.-ly :it lhe center of gn•vity ol the oscillnting wciithl• which 
they s uµ1>ort ""cl as close ns prnclitnblc lo Lhc turret face plt>te in ordrr 
th:<t the port. opcniugii mny bo reduced to" minimum. On the ii:tm $lido• 
of Ll1e Co.lv',/r>1"11i(t. :lll.d .\f o,'ryla·1icl clfll'JSCS, tho t ru11r1it.>111-1 a.tc sct1liC)'lir1· 
c.lrie:\1 bot;')OR, I.lie tipper fol'\V,\rtl K<;CtOrtJ being cl.at. 11,..-a.y to ])ern1i1. i11· 
s(.:>llfL!.inn c:losc:r to t.hc turret, lace pl11t,rJ. Trunnion and deck lug of " 
modurnir.cd l ·1-inch biLLtlcshi p moun t. " re i llus tntl.ed in l'l:ilo XII; 
t.hose or an 8-inch gun mount for 11 l1Nl\'Y cn1i>cr in Pl:i.t.e XTll. 
ll will he not.cd lhnt the 14-ineh 111ount, hn\'ing 30° clevntion, ml­

heres to tho r:ulicr method ol a small lrictionl~"'' bet>ring nbout which 
Llae ~n i:o: moved in elc\·at icJ11 a11d a @rpomtc larger 1nai1l llriui1~ 
through which the forces of firini; arc lnu1smiLtcd f.o the shi1>'• ~Lruc­
ture thronp:h the deck lugs and guu girder~. The eud thrust is li<kc1111p 
by lhc key und keyw(•Y of the t ru nnlon busl1ing and deck lug. T hi• 
1,rtLnni11t1 l)1t!"l1ir1g is eccentric;. R,ot:tti<1n or thiH ecccul·l"ic Jlushi 1lg pt:r­
Jft its :1.clj11sl.rr101Lt for J)nr:1.l lc1lis1)l of t.l1r }Z 11 11~, 

I1l (,)le 8-i11cl1 nlo\1nt, l1i1v-iJ1~ 1-l()" olo"·t~fii c>11, tl1e Jrtt~ iJ1 f)eu ring iii rcn .. 
<lcr<;d n:; 11cnt'ly frict.ionles."i ft.s J><•~~il) lc 11,y tl1c rollers. "fhe:'\c~ rc>llc·r l>on.r .. 
i11g:- Rrr,·r. l>oth ns frict.ionless t.r11n11iou l1<•o ril1J.c~ a1ld ns t l1e rna i11 trun­
nion b<:arini;s which take !.he entire lond 011<1 shock when the 11:m1s nr<' 
fired. 'l'he!<O roller bcarin@' bnvc no ndjust men~ of any sort. Note 1 hat 
the l\Xinl length or 1he rollers is dh·idrd into (WO to reduce the Jlfll<.'i­
biJity or cracking the rollen< due lo their le11gtb or due lo <heir being 
sligh tly c:nutcd. D ue to greulc\' \'Oil nnd pitch or Lhc hca.\•y crui•crs, thl' 
mo11nt. is fitLc<l \vi th tl1rt1st rings tel t.1·n11:111tit. tllo oncl thrL1st . 

To :.dju~t. Lloc: cl":.rance o f t.hc trunnion be,. ring o f the l •l-i11ch mnu11 L 
(l'l1<t.o XJ.J): \Vith nll pn rls in placo un<I Jltl t'l .4 :md J; sluckcrl oil, 

(1) Screw tip nuts C and J) 1111!il lruJlnion is lifted from its b<:~ri11~ 
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suJTicienlly l.o J'.>Crmit inseition of trunnion fccl~r gauge on undoi- ~i<lc 
of (,ru11t1ic.u1. 

(2) Screw up nut ,1 u.ntil firmly in cont.act wibh ho~s of deck lug, 
then •Crew up ono-fourth of a turn addit.ionnl. Set loc:knut If until in 
con l>l.ct with 11. 

(3) 'Readjust 11uts C and D by screwing UJ) C un til brunnio11 rcclP,r 
gnugc Ct\ll ttgi\i11 l>f~ i11scrtcd 011 tul.cler Aide of trt11111io1l1 :set loc:k11uL /) 
until in eonl:\Ct with C. 

\Vith tho lw:\ring ndjnstcd n.s abo\·c, Uie eulirc weight aud fricl ion 
of lll.0\1i1lg Lite (>8cillati11g \\·eight-s ill e)e,~ntion arc born~ t.1po11 t.l1c frie-
1.ionl~J'.~ roll~r be:1ri11gs mul trnnsmitted to the deck Jug through tho 
follo,vi1lg })Arf..>J: ft1lcru111 nr-01, ft1len11n J>in, le\~cr, s1>riJ1J,f, ro<I, Bcllc,·ille 
spring wnshe,.,., •pri11g rorl wn.shcr, :md s1>ri.ng rod nut. The Belleville 
~J>rir1g ,.,.n...,_J,er:i ~re lle~1\')' sa\1eer-shn1)ed washersJ Aft.crritttc: 'va:-:hcrs 
1>cing i1'''Crle(I :i..;; ~11<>\\'Jl . \\rl1cn tJac gu1IB are fired t-hc ~liocl-. c,r:111:::..-
1nit.tcr1 (.hrougll 1.l1e f11l<:r11n1 fl t'nJ, Jc,•er, spriJ),g rod1 etc., couscl) tl1e 
p11irs of llcllC)villc s pring washers t.o dish or ffa.tten, thus permil t.ing Lho 
:;pring rocl, s1>ti11g rucl \V<tsher, :u1d SJ)ring rocl nut to bo 1on·o1·cd st1J­
ficim1t.ly to pcrm i~ Llw levm· ""d fulcrum <nm to deposit the mnbl tru11-
uio11 i1l jt,s bcnrit1g a>ld so ut.ilize it:> grcntcr :.\J"CrL t,o tr::i.n$111it t l1c sl\oCk 
or firing I:(> t.he deck lugs and to the ships st.ructure. 

924. Tile recoil mechanism, consisting of t.he recoil cyli•lder and 
t.lirottlinµ: rods, is ILt.lnched to the slide . The piston rod t~ attached to 
t.bo µ:u n yoko n.nrl recoil• with the gun . During 1·ccoll, the liquid it\ tho 
cylinclc1· iR forcod througll Lhe orific:es [ormccl between t.hc throHlihg 
1~d$ nnd the aperture$ in Lhe pisbon. The mecl1od of comput ing tho 
pr<>pc::r diJi:1c1•sic>ns C)f throtlli11g rods is <liseus~ccl i.11 (';l1ti.1Jtcr ·x. 

'J'.l\O 01\crg)' :1bsorbcd by·- Ll1e 11.>•tlr:tltlje bral\e rt~t1lt.!:I in }t cc111s iclcr­
"ble hci,ting oi the tccoil cylinder liquill. 'l'h(: expa ns ion of tho [i(\llid 
i.:J COJllpOn~:.1tc<l for }))' 1nc.n11s of an ex.11rt:1tsio11. clia1riber 'vl1icl1 11:~ bec1t 
pro,•icled for all turrets . Tltis chamber is eouneclecl to the forwtLrd eml 
or iho 1·ccoil cylinder. I t functions nttlomatic-ally, :utd requirt.'8 llO at­
tcnlion except the exercise of ordinary prec.M1tio11, during the proet>ss 
or filling ~ho recoil cylinders, to sec lhat the exparnilon chamber re­
mtt.insc1npt)r. 

'li10 recoil mechnnism performs its primary ftmctiou durittg recoil, 
bul, i • hos a limited effect nlso on count.er-recoil. 

925. The counter-reeoil mechanism, which is also al-1"\cbed to the 
•lidc, is provid~'<I for t.hc primn.ry purpose of rctur1lilli; the guns to the 
b9(tcri• pO$il.io11 a.t r.11 imglcs of clcvntion. However, ii docs have a 
lh.nil,ccl effect dul'iug the recoil. 

tint.ii rcoont.ly, U1c force for rel.urning t he guns to b11ttery was de-
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ri\1ecl entirel)r fr<>m the co111pression of f.hc. 11elicill s1>ri11gs, l>ut 011 nc­
cot1nt of t.he large iricrense of the rccoili1Lg \\'(}igl1ts 1.tnd the a11gles to 
v;·l1ich guns are TI(>'v c~Jc,,a.t(!.d1 .$pri11gs a.re irnpr,1cf.ic;a.ble. rn ba.1,t lr·sllips 
of the Califon •ia and :lf<lr 11la11d <:lasses t.hc return of the guns to battery 
(iltl'irtg C<)untC1'-l'CCOil i.S (LCCOmplisJ1cd ))y a con1l>ir1aliOJ) Of SJ>ri nf,."8 a.rld 
con.1prcsscct air. l11 these llJounl.s t.licre are fo t11· cou11ter-recoi) spri11g 
Lubes per gtu>. (Six in the cnsc of 16-inch guns .) T hese ;;pring tube~, t wo 
on lop and lwo on lhe undernea th side of t.hc slido, "re sccm·ed by 
1ueit11::; o f s l.ri ips bo ll:ed i l l plact}. 

Secured to the yok" 1rnd running tbrougl> ~'ach spring ~ubc is a piston 
rod which has i ts piston tit t.hc end fart.hc.'\1. rc:111ovcd from t.hc yok(:. 
Between this piston and the head of it.s t ube ncn.rest the yoke nrc six 
set.s of double ~piral springs,_ each t wo sets bd ng scp,n a tcd by 11. dbk 
that is supported on the rod. ' 

.. l 'bc function of t.Llcse tSpriJlgs L-3 lo r~iurJt tit~ g ltl t to b :ctf.ter4· a ft l'r 
recoil, ilJl <.( Ut o rtler t,o <.lo (,ftis a l 1t1:t.xir11ttrr1 eJcvu.t ion t.he springs arc 
a:-5.5e trttJlec.l \vil-l1 i11it.i:tl co1i1prc::;~io11 <.>f ttpproxi111a.tel)~ fift)' ir~ehe~. ~\ir 
ii') t\IS<> i11jcctocl i11tc) tl1c t11bes fro1r1 tile g}lS-ejecting S)'Steru at, at'l i11if.ial 
pressure of .50 pounds 1>cr square inch, which i> furt her conlpr('5'"' ' 
along with the s prings when the gun r(,coils. 

Upon counter-recoil the force. of impt>ct caused by (.be cxpM>sion of 
t.hc cotinter-rceoil springs a11<l a ir is rcsi.~te(l I))' t.lLe 11eCt!!'!cii Ly or rc­
l llrlling tile liquid in Ll>c i·ccoil cyliuder Lo the a fter side of tJ1e piston. 
'"l'J1el·e is also a cou11 t.cr-recoil clLeck pltLnger \Vllicl1, '-'S t l1e g11r1 ret12r11~ 
lo bal(ery, eut.ers a small cyliu<ler provided iit t he forwaTd end of t he 
recbil cylinder. 'J'hc fit of t he plunger is such !.hat a rela tively good 
cushioning effect L$ renliz~,d . Coun ter-recoil sy$tcm~ of t.lic modern­
ized bat.tleships are described In Art. 1021 cl seq. 

926. The deck lugs, which contain t he tnmnioJl scats and <:ap 
sqltllrcs, arc l1cn\r~r steel castitlgB bolted to t.l1c gUJa girder:-\. 'J.' hcir 
fuJ1ction is t bc sa me ~s tha(. of the c~rriage of >l· broadsid" mou11 L. T he 
g lltl girclcrs for11L Li1c i)\l!)pOrL~ for Lhe {leek lu~ ;111d <-~le\':J. L i11g !!;Car ; 
a 11J Ll1rot1gl1 t.J1e111 t l1e fi riug fo rce::;, :tt, tJu-~ trun11io11s, ate t r:\11.:.;u1i[(.rcl 
lo il1e roller path. (Sec l'l•tcs XI l :~nd X I I I.) 

927. The elevating gear' (Plates IX Md X).- In the latest iurrcts 
t ne guns arc arranged t.o el<,va w indc peudeutly . Under norma l con· 
di liOJl!:i, Lo~vevor1 all t.l1ret~ <~ lq\·ati11g gears :.1.rc loc:ku<.I t,ogether IJ)' 
clutcltt-'s sc) tltu.t. :111 g tt11s clc,·ntc togcthc1-. 'J~hc clc,~ati11.g gear pl'O\' idcd 

1 .'1.U ina<ih.i.o.cry of a modern t.urreL is e!ccl,_i:jcaU5• <i1:er;1ted. Spee<l c;ont.rul of clc­
\'&tlou1 tr.tin, soule r:;rritners, nnd pusl1er-t.~·pe :ltn1nuuitiun hoists is obtaine<.J ~hr-011gh 
the use (If \lni\'efS:ll !3peed g~ir.s. Other motors have atr~iight elcctri<:HI c:uotro!. Fvr a 
d~ri}>tion or the uuiver.sal sJJ(>ec:l gear, see 1\rt .. 932 el seq. 
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for nll gu11s is sirniltlr. Sttffieie11t po'''Cl' is pro\•i<le<l in cu<~ l1 s~t so t}1at 
all tbl'ee guns may he operated by •ny single set of electric and l1y­
d1·aulic mot.ol's. In ea<>C of n casualty which wou ld increase t.he re­
sisUrnce imposed upon the clevat.ing gear, the guns may be deY~ted 
with all tliree electric motol's and speed gears OJ)el'ating simultane­
ousl)·. The elevat.iog gc3t' for ctich gt111 COll$iSts oj on electric motor 
driving 11 univers• l speed gear. The B-cncl of t he speed gear collllects 
to tl1e clc\.·:1t.i11g 1\ L1t 'vl1it 1l <lri,'C-s tJ1c clc"·::i.t.ing sere,~~ attached to tll.e 
slide. The elevating nut. is support.eel by tbe oscillati11g beariJ1g which 
in turn is supported by the ti"""'om casti11g :ttlaehed Lo the turret 
::iir11ct,t1rc. Rot,at.io11 of tl1e elc\1at ing nut. ir11parls <tll tlP'''a .. rtl or clo'' '11-
\\'ilrcl 11\olio11 to t,hc ~lc,,atiug sere''' clepttrldi11g c1n tht~ clircctio1t of rota-
1;ioo o( !.he nut . 

The rate MHI amount of elevation of the guns n.re controlled through 
~two-hand drive comtccting !,o t he con trol :;haft. of the A-end of the 
}1y<.f t'~.t.l1lic si1eed ge~tr. 'l'liii; tnro-ha11d dt·i,,c i;.; locatcrl ir1 i\ con,re11ie11t 
posit.iol1 '''itll rcfere11ce t.o Llie l'igltL tcl<:ii<:<JJ)C and g\1tl -})oir1t,cr's seut, 
•O lhaL the .p:w1 poiutcr nmy keep h is eye on l11e telescope for all posi­
tion:; of t.hc gun in elevation . 

'l'he fol low-up type of control fa used; one turn of the h;mdwlteel 
produces a definit.o l\nglc of elc\·a(.ion of the gun; im<l the direction of 
rota tion of the g1111 about t.ht) trwrnion axis conesponds to the direction 
of rol!tlioll of the hnudwbcel. A definite ratio als<> exists between the 
rate of roLalion of Ute band wheel and t.he i·ate of t)lenttion of t.hc guns, 
a,11cl 'vhe11 t ile Ua.11tl\\'l1eeh; eou1c to rest the gt111 i~ brot1gl1t f10 r<~i. 
\Vith the t.ypc of con trol described ihe guns can be operated with t he 
!'iame facilit~· as ::i. l1HJl(l -or>er:1led Jr1ot11J t .. 

928. The training gea.r.-Thc turret-revolving sirucLure is rotated 
l>y t.}1e t rair1i11g-gcar n\acl1iner)1 clriveJ1 l>y ~Lr1 <;lectr ic motor aJ1<l u11i­
ver:;ul speed gear. (S(>C Art. 9;12.) The driYing end of thcspcr.cl gear cou­
oects d ircclly (.o the worm shaft which dri vcs the worm wheel :ittnclicd 
lo (,fN f.rain illg pinion shn.ft. The tra·ining pinion (~o<' l'hte X), which 
i.s secured clirecll,y· to Ll1c traiJlillg-pinlon sl1o ft , 111csl1cs wit l1 t l10 traiu­
ir,g titck scct1recl to (fi t: l u rret fotu1<latio11. 

111 t.11el~test ~h i ps, 01le \r Or1r1 \V}leel and u11e l)in iorl are llHCCl. 'I'lic g<:ar 
i:S clriven b}~ one 1n:.1.ir1 elect ric rtlotor t ltrough c1 .. t111 iversl:1l speecl gei1r 
'\

1it J1 .i.t follo'\'-llP ~\rr~ngc1n•~11 t. JtS f<> l' the e1C''~1ting gC<Ll'. 1"'1le torque 
is transmitted from tlw motor to t he ir<>ining pinion direct without. the 
use of friction discs, such :is wol'e used in t.he olde» turrets. In t his ease 
tl1e gear is det:iigned with Sltffic:ic11t. strctlgtb to \vithstanc1 i..he iorces 
res\UtiJ\g frou1 t l1e fu·iJlg of the g t111s, ti11i:I t.he i11f}rl i:l of the~ t\lrret. clue 
to $i.ai·ting and s topping. 
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Auxiliitr.)' t.rLtining gear is pro\··iclecl for use i11 cft.s e t.lte 1r1a.irt electric 
trlot<>r or sp(.!Cd geal' becc>111e..'S <li:5c.tbled . .. ff1is ge.ar consists <>f a lo\v­
PO\VCrccl c1cctric _n1oto1' rccci ving Cl1r1·(~1tt from st(>t'!\gC batteries sto'i\'ed 
in the revolving .$tructure of the turret. The speed of train, 11s in the 
case of the· m~in gear, is controlled ihrough a small universal speed 
gear. Hand training is al~o provided for emergenc.ies when power is 
not on tlw turret .. This gear is not efficient, aud is inadequat.e for tra in­
ing t.he turret nt any ti•lt.i!;factory speed, being proviclccl a.5 a last rnsort . 

As has been mentioned, the turret revolving structure rests on rol­
lers which rcsi on :i. miler pat h sup1)ortcd on ihc t.m-rcc fom1dation. 
l'}ie rollers, \VlliCl1 are fruatus.11s of co11es1 nre s1)accd I.>.)' a scpara.Lor 
rirtg flo11ti11g 011 t l1e roller axl~s. ,.l'\lle ,,·eig11t af'1<l vertical forCf!S rest1lti11g 
irOJl\ firi11g ~Ll'C :-;ttt>P<)rte<l l>y tl1c <:01tic.nl Sltrface of tl1e roller1 a11d 1,lie 
horizontal tlnust due to firing is tr:msmitted fron1 the rcvoh·ing struc­
t.ure t.o the t urret foundation through the roller flanges. The turret. is 
nlso pr<>virlcd with holdiu.g-down clipo attached lo the revolving t1u­
rct structure and projecting under the si,ationnry turret. roller path 
or vice "'er:;tl., to t>rcvcni ii from l)ciJ.1g th.ro"rJ1 fron1 its fo\1ndtttion bJ• 
force f ro1J1 <.tll)' outsiclc 1:)0\trce. 

929. Powder supply (Plates IX and X) .- Thc powder is stowed in 
the po\\'Clcr n1sg~1zi11e:; ir1 air .. tig~1t. po\vder t:~t11ks . 11\ sup1)))ri1)g PO\'i·clcr 
t o the guns the powd~"· is taken from the f.rtnks and pa•sed Lhrougb 
flame-proof scuttles in the magazine doors to the lower powder-hau­
clling room. From thi.~ point the powder is carried Jiy hand to the lower 
end of tb.e powder conveyor where t.he powder bags are fed int.o t.he 
receiving encl of !IJl endless-chain conveyor hoist. T wo hoists of this 
i.ype are used. Tl1cse hoist.s deliver the powder bags to the t rays lo­
cated in lhe upper powder-handling room bcnc1>th the pan separating 
t,l1e turret gLtrt clla1t1ber £ro111 t.l1is roo11\. 011c cl)a.rgc for en.ch gu1l is 
assentbled j11 this t'<)Oin for t ratt.'51r1it tal t.o tl1e gltlls as required. 

In the upper powder-hiLndling room, the powder bags are loaded 
into the powder c.ars which con\•ey the powder from the upper powdet­
ht1ndling room to the breech of the gul\S. One powder car is provided 
-for each gl111, a.11cl c11cl1 cnr is arrang<:!d to C..'\-rrJ: a cotJlplete cl1argc per 
trip. The charge is hoisted while the shell is being nimmed in~o the 
guu. The powder car is Ila.me proof so tbnt the chnrge is complett•lY 
protected from Oarebacks until the bags arc dumped out into spanning 
t.r:1j-·s })rior to bei11g ra1r11r1ed i11Lo t.l1e gun. The \tllpcr pO~'t'der hoist is 
of a rceiproeatiug type, hydraulically openiied. An A-end of" speed 
g·ear scr\1es $IS:-\ })Urnp and cleli ''ers liquitl u11dcr pressure. T l1e tnot.iorl of 
the car is cont.rolled by tbe movement of the con~rol screw of the speed 
gear-. Flame-proof doors 6tted with interlocks form a seal between the 
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upper powder-handllr>g room and the gw1 chamber of the turret, so 
that. Lhcre e:m be no direct communication at nuy time between the 
gun churnher nnd the lower powder-handling room. 

In ca.~e power is not a vttifablo fol' hoisting powder, 0 1<' powder bnb'S 
may be hoisted from the lower handling room to the upper powdor­
hnndiing room by meuns oi a whip hoist provided. t: 1)()n arrival in the 
upper powder-handling room the powder bngs are p11ssed t.hrough 
hateheo in the upper powcfor-hoi~t trunk to t.!1e l>reech oi the gWI by 
hand . Platforms aro provided for rhe n~c of the powder-pa~~ing crew. 

930. Shell hoists (!'late~ IX and X).- 'Ihc shell hoist, which il! a 
standard navy type, extends from the shell-handling room, located 
directly below t.he upper powdcr- lumdling room, to tho gun chamber, 
at a point. opposi to the breech of each outbo,.rd gun. '/'wo hoists a re 
used . Shells :u·c stowed on platforms in the turret foundation ;p"ce 
and in the shell-ll:mdling room. 'rhe ~hells are st.owed on their bases in 
such " way t.liat onci shell cau bo removed from its fastenings wi thout. 
dist.urbing the udj11CCJ)t shelfs. 'l'he shell is p11rbucklcd from it,~ stowed 
posibiou to tJ1c hoist by means of :l mauilu. rope nurning (wer a winch 
dri,·eu by the shell-hoi•t motor. 

From its pooitio11 in the lower end of the shd l hoist, the shell is r:i.iscd 
by a serlc• of short. strokes to the guu chamber >tbove. ;Vwr the hoist 
has once been filled, :1 shell ar rives at the gun •It the t()rmination of 
each upwal'cl st.roko. Anothct shell b then loaded into the lower end of 
the t.ube. 'l1le hoist is hydrauli~1lly open1ted by means of au i\-<lnd 
of a hydraulic speed genr. Th<> • peed gear, which acts"" a pump, de­
liver• liquid under pressure to n nun which actua tes '' rnck bi<r :tlld 
pawls which rnise the column of •hells i.11 the hoist d1rm1gh a clisinnco 
of one ~hell heigh~ on each upw&rd stroke. During the return :;trokc 
o( the rnm t he shells are supported by a sc1·i1'8 of pawls fixed to the shell 
tubo. The motion of tho hoist is controlled M1rougl1 the cont rol screw 
of the hydr:mlic sp<!C<I gei\r. 'J'hc shells a r<: dumped out of tbc upper 
end of the hoist. by Jl\eaus of n cradle. Yrom ~hi< point the •hells :ne 
wiled t.o the gun•. I t is impossible to strike the .$hells below by me:uis 
of t.l1i:; hoIBt. 'VlJ(! I~ po,ver L".i 11<>t. :t\•ailabJe i11 tl1c turrt~t. f<>r r 1.11111ing 
the shell hoi$t, shells mn,y be hoi.$ted to Urn tune~ ch::u11 her by means 
Of a cttai11 purctlaSC USitlg ~ln a\1Xiliary tube. 

931. Rammer and spanning tray (Plato :X£V).-1'hc shell and pow­
der cuarge are rammed int.o po;i ~ion in the gun hy means of a cha in 
.ram1uer. The guns arc lonclcd nl 11 fixe.d l oadi11~ nngle. After opening lhc 
breech, the spruu1i11g tray is CJtrried fonvard from its folded position, 
at the forward end oi the rnmm~r, so as to cxwnd into 1be chamber or 
the gun. The shell is t.hen rammed fro1n its p<>sition in Lhe rammer tn'Y 
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to i t& p<lsiti<n1 in tl1e gltn })y lnca1\S oi a cl1sir1 . .. .\fter Joacli11g the ~un 
th(' t ray is fo lclr.d hack cleal' of the rr;coil posit ion (>f the gun. 'J"he ram­
mcr head i.s attached to the <:nd or the chain that comes in contact wi th 
t he s hell, a nd L~ provided with hydnwlic buffers to relieve the rammer 
tn~chauisoJ of sllock. ~[l1c cl)~lill is e0Jtt,fti1led i11 a. ram1ner c:..1sing a11d is 
driven by a s prockeL which in lurn is driven by a hydraulic speed gear 
ot ~Ollle for111 of clutcl1. Direct.i<>n t.>f rr1ot.io11 is co11t,r<>llecl thrc>11gl1 the 
control sh<ift of the spc"'c! gc'1r or by men-ns of a clutcih . 

Section V.- The Waterbury Hydraulic Speed Gear. 

932. The \Vaterbury hydr~wlic s peed gcn,r (PJatcs XV and XVJ) is 
a machine for f,ran.~mitt.ing l'Otary power at variable speeds and in 
<;ithor direct.ion wit hout steps or Dbn•pl gr.tdaLions, while t.he source of 
po,ver rotate:; con(iuuottsly i.Jt one (lirectiou 'vit.hout u1ly 11ccess~tr)' 

change of speed. 'l,l)is soui-ce nla~· be <-l11 engin~} <>f a tly J;:i11d, ~1.n electric 
molor, a •haii, or auy rotating mcchunisin fron1 which i t i.5 desired to 
lransirtiL power. T he mcdi111n of transmission is oiL This being pract.i­
call~r inco1.i11>rt~::;.-;iblc, tl1e dri,ri11g is "~et.}' J)OSit.ive, c)xccpt t() t}u} cxt.e11t 
6f the:: \1CrJ~ :sligl1t fe<tl<a.ge I1eces~arJ• for fubric;1tic)n. 

933. A-end and B-end.- Functionally the mncbi.nc consists o( t wo 
separa,te mcchanisins •fosignatcd, rcspcct.iv~ly, the A-end and lhe 
B-encL 

The A-end is n,n oil pump operated by lhe driving power, what­
ever t hat mD.y be. Its function 1'; Lo tfolivcJr o il to the B--0nd :it nny l'e­
<tu.ircd rnlc and preosure and rc;ccivc. it, back ag,\bl , t.Jrns keeping up an 
oil circula tion. The A-end contains a controlling device by which t,he 
guanliLy of oil delivered to the B-end is regulated cxact.ly t,o m()et t.hc 
~peed rnquircmcni.s of the B -end. T he shnft of the A-end is supposed 
to rotate in one direction only, :ct a constant speed. 

'l'he B -encl is a hydrr111lic engine. Jts tolat.ing part• arc a lmost exact.ly 
like thos(! of the A-end. In it.s capacity "~ '"' eugine its shaft rotat,cs 
~t any speed and in either d irection ill exact obedience to the qu:intit.y 
and direction oi clcJh•cry oi the oil it rncci,·cs from the A-end. 

934. Arrangement of the ends.- When conditions permit, the l wo 
ends arc 1initcd iulo one machine, a middle part.i tion, called a valve.­
Plate Ol' 1m:d7Jlalc, separating the two part~. If the two shafts are to 
s1and in" str:iight line, t he \'akeplaf,e is n. flat dL5c wilh parallel fae.e.s, 
If, however, the shafts are i-o stancl in nny other position tban ristrnight 
llne, the slrnpe of ihe vah-eplate mn.y be vt,ried to ineet U1e require­
ments. 

'.!:he condit,ions of insti11lation may ho suoh :<s to require th" locating 
of. tho A- u11d J3-ends some dist.ance a part . F.aoh end will Lheu l1ave its 
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own valveplate, which may lx• appropri11tdy termed an end1>lalc. 
The lwo e11dplales will luive their two main oil passages connected by 
t'wo pipes. Since t.lie chief fll11ctiou of t.hc vnlveplatc or cndplflte.~ is lo 
fur1li8l.l p~~:;il.ge.s for tlit"' circulHtit>11 of oil l><-!t.\\'(~e 11 tJ1c t\VO e11ds of tl1e 
gear, it is e\•idel1t tlirt.t tile co11uect.iJ1g piJ)f:S ruity tJ(!-s<> be:11t a.s to i11.ali.e 
possible iiu unlimit.ed variel.y of arnlngen1cl1ts . 

935. Description.-To s implify the description Jct us consider ()nly 
Ll1e u1:iiLi~(l or C-i..y1)e of c11aeliir1e \v})erci11 tl1e shaft.s nre i11 li11e \Vith 
each oUter. 

The fixed parls, which du not rolal<! wif.11 th<! slmft.s in t lte transrnis-
1:do1\ of J)O\\'Cr, ~re tlle Cfli=5es, Lile vftlve1)late, tlte tilting' box, t.1\c tt11glc~ 
l)OX, nnd the con.trot sht\ft .. Tl, is irllport,::~1lt to rci11e111l1cr tbcsc Jlo11~ 
rot.atiug piirts. 

All the working parts of the lllltclti!le are enclosed within crlindric;Ll 
s1)ells, ci1lle<l cases, Ot)e for e:_~c11 eruJ of t,J1c 1rt!l Cl1i11c. 'l'hc OJ>CJli or b~rgc, 
ends or the cases are •Ccurely bolLcd itgtwutit I.he opposite faces of t.he 
valvcplntc by JoJ>g bolls pnssillg tbrougl1 the cases a11d the valvcplnte. 
The other ends of (.he cnscs arc closed i.n to fonu lrnbs thr<lugli which 
the shafts extend. Legs Ms t on t.ho cases provide Jl1cirns for securi ng 
the n1~.1.cl1h1c to it;:; support. 

'J' l1tJS co1nbi11cd the c~t..1>CS fo1·nl ru1 oil re.Yet\~oir \vitl1i1t \vl1icla tJ1c ac­
tive parts rotate. The grentcr portion of t.Jw oil is n<lt under pressure, 
bt1t is i11 con11n\11tication \Viti\ t l1c nir tl1tougl1 <.lit~ oil ea:71a~1.s1:,,i~. bo.t on 
t<>p ( )f t.hc C~\$C. ']'Ito ()lt)y llCti\'C oil, \\•)1icf1 i$ clirectly LISCcJ ill tr~LllS­
mittjr1g t lic po"·cr, is cncl<>scd V>'itl1in tl1c '/)Ort ·f><tS:,,·ages of tf1e. \r~1 J •:c .. 
plate and within t he cylind"rs ah(•ad of t.hc pistons. 

936. Valveplate or midplate is ri very important clement of the ma· 
chine. On each of its faces is c:1ref111ly p1·cpnrcd a contacl. s urface 
ug11ins~ which the fncc of a cylinder bnncl rotates. Passing through the 
valvepl}\.t.e }tf(~ t\V<> se1r1i .. a111lular pitSSttgc}s, c11,Uc<l 1,it~lvepl<ile port:J, one: 
in each half of the pliite, extomding from the A-face to t.he B-fac<" 
tlnough whicl1 t.lte oil circulates when tn1nsmitting power. Bel.ween 
the ports, both i<t Lite Lop aud the bot.torn, are A>Lt fac.es ca lled la·nds, 
into which are cut shoit reduced exter1sio11s from tho ports. As U1a 
cylinder barrel rotates, Lhe cylinder por ts pass in •ucecssion "'cross 
these kinds and the contents of <Jach cyliLL<for is for tho moment im­
J)tili>Orle<l \vitliirl tile C}•lif1dcr \1t·l1ile being carriccl 1\.cross f1·01u ooe port 
to Lhe other. At the r..enter of the vitlvcplatc nre boar iJ1g:s Jor the inner 
CJ'tdi:s of ll1e sh~tf(:.s . Se\·er.al \'ttlvc.s ftre <tll$c.> Joctttcd iJ1 tl1c '':tl\•cplnto1 

which will be described imthet 011 under the heitding minor parts. 
937. Tilting box and angle box.-T hc purpose of the tiltino box iu th~ 

.r\ -CJl<I is to ca.r l'.}'' a. l.ft~"u:st rol-ter t.rai:I~ :tg~Litl:>t \\'))ich tl1e sm;lcct r i11g rrln)' 
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rotl1tc i1l a, l)lnnc at; allJ' clc.$irecf }t11gJc tc) its shaft .. Tn tl1<:, cn,rlic~r clc:;ig1>::: 
thc1·e were 1,wo tilting boxes, one in each end oi the machine, but lutnr 
the B -tiJl.ing box wns dis placed by a wedge-shaped c:nsting, called the 
o.11glc bOx, c~\.r1·51i11g it~ t·olll"l' tr:;i.ck a1: 911 n,11glo of abo11t. 2-0 degrc<~S fr<>111 
perpendicular, and screwed securely t.o t he end of t.hc inside of t.lic D­
ense. This •ubslitut.c for t l1e tilting box is possible for the H-cnd, since 
the nngle i• not changed nfl.er once being set. But. in t he A-encl the 
tilting box 1t 1Uti(· be rd.,\incd for the 1·enson that (.be speed o.nd clircction 
of rotat.ion of UH: B-cnd a rc controlled by clwngin(/ the r.mglc Qf tlie ~ilt­
ing l>o:r.. T ile Lilt.ing box i:o:: st1spo11dod, ancl J.na)r IJo C).<;cilla.tccl1 ( )It t \\'O 

trunnions, which :>re screwed tlll'ough fro1l\ t.he outside of t ho case a nd 
c:ntcr bronze bushed holes ill t.hc t.i.lt.i.ng box. An clongntccl hole is cut 
f,hrough the bottorn of t he box so ns t.o give a free passagq for t.he main 
shaft cve11 when t.l1e box is tilicd to its maximum angle. 

P1·oiceting irom the bottom of the box arc four fingers 01· prongs 
forming guides or slide,vays for the guide blocks conncct ccl wit h t he 
control shaft . 

938. Control shnft.- Thc purpose of t.hc control slioft is to tilt th" 
tiJt.in.g l)C)X <>n its trlll)ltion:s cit.her \\'l'.I.)' fro1n tl1c _11cutral or per(H.!rtdicu .. 
litr position accordi.ng to the direction nnd speed required of 1.ho B-shnft. 
l t is a t.brcnded shaft provided wit.h n titl'uSI· Jl<mge, or collar, made 
integral with tho shaft . This flange bears against a fiber t hrust ring ad­
justed Bgainst the ftnnge of t he eontrol-shnft bearing, which is screwed 
into t h<> lmnger which forms n part of the cn.se. T he control-shn ft buar­
iJ1g is l<->Cl\ed i1l t.l1e },!~ngc1· l>)' the ben.ring 11t1t. 'J,l1c lo,v.:~r e11<J <>f t.l 1t~ 

control sh11ft bcnrs very freely in "socket. in t he coutrol-shitft thrust 
sere,,·, 'vhicli is $Cl'C\\'ccl i11t.o the botton1 01· Jov.-cr e11ci <>f tl1e J1ou~i11g , 

'1.'he t,) 1J'CtL<lc~<.l J><>rf.i(111 <>f tlu~ cor1trc>l sh~lff. c~'rrics ::1. tr\1n11ionc~c.I J1l1t1 

·~·l 1t>tiC tru11n i<>11::; CtLl'IJ' folll' guiclc !)locks, t;\VO 011 Ct·l Cb t.run11 ic>n. 'l'h<~ 
out.er t'ro of ~l1cso bJc)cJ\s sJi<lc in guidc'''a)•s pln,11cc{ i11 the f' idc$ of the 
hous iJ1g-. '"l'l1e i11r1cr bl<>cks &Jidc l1et\vecn the. fi11gcr!-l c)JJ tl1 <~ bot. t<.>111 of 
the t ilting box. 

'l"'be (\trJ1ir1~ of t.J1e co111.rc>l ~l1aft, <.:lltl:)(~S tl1e f1rtw11io11ed 11t1t. to lnOv e 

OJ> or (lov.·n, carryi11g '''il.11 it. tl1e fi11ger!". c>f tbe lu>x. Th(~ a11gl1la r posi­
t ion' of the 1.ilting box are therefore det<Jrmined by the rotation of t.he 
cou1.1·ol s hi•ft. 

The rotating parts of I.he A- and B-t:n d~ are iLl.ike except. t.he location 
or the sock1;ls itl t.lle socket rir1gs ri11<l <>f tl•e C)'li11ders :.t11<l J)Orts in tl1e 
c:•linclcr b:.irrels. \:Ve mxy, therefore, oonfi11e Oltr at.te11iio11 to Otte. e11d 
only. These paits :>re so a .. cmhlt:d upon t.lw sh,;ft as Lo form wliat may 
be c11lled a, , h<lft grOUJ), comprising the s h:>ft, (.he cylinder b11rrel with 
the keys thi.t co1111ecL it with the s lu\ft, the sock et ring wit11 tbe un.i-
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vcrsnl joint that connect.• it "·ith the s!tart, 1<nd the pistons nnd con­
uccLim: rods. 

939. Sha!ts.- T11c A- and JHbaft, sr" slikr. Hu..hing~ in tho huh$ 
or I.he c:i~rs form the main bearings, whilt tJ1e innrr encfa or the sbnft s 
are pro,~dcd with roller be:uinl!)I in the ,·11h·eplstc. The ends of the two 
shaft• arc scpnraled ill the ,·ah-c plntc by" fiber tlllic called the inll'r-
6/iof i cli~1:. At t ho intersect.ion or t ho plane of tlw "ocket ri ng the •hnft, i< 
formed inl o o closed yoke a1-01mcl I ho 11ni\·crs11l-joi11c pi•rl• dc•crihod 
\W<ler 1•1iirrns11ljt>inl. 

'Vberr.1 the shaf~ pnsses through the b111·r-.I it i~ flattened ou two llicl1-s 
and perforated to receive the barrel k"V' nncl i• threaded to receive the 
barrel nut. 

The barrel nu~ (l<'rformS no other function thnn to prcl'eot the lxu­
rel from eliding orr the <har~ when tho H>-iembled ltf'OllP of shart, barrel, 
•nd socket ring are being handled. \\"hon the gear is fully a!IBCruhl<'<I 
ancl in opcmt:ion the barrel d<K'S not touch the nut. 

940. Cylinder bttrrel.-Thc cylind~r barrel contains nine eylindr..,., 
IL is loOS(•I)• nu.ached to the ; haft hy t·WO keys provided wi(.11 ph·ots 
fitting lonsrly in II hole througb the ahnft .. The loose lit of lb& IJari'<'I on 
lhc sb:1r1 tngeth~r uith the pivoted key$ givCl! it a slight rroo«om n( 
motion so thnt its face crui rest ~qm.,·ely ngninat the face of the ,·ah·Q· 
plate. '.\(oreovcr, It can Rlide freely endwioc along the shnft. This end· 
\ri.ISC motio11 is ai<INI b)· a barrd •prin9 l,,;1cking n~inst a pin iu t Iii• 
~hart. The purpo.;e of the spring is to hold the b.'lrrcl agnin~t the ,·nk.-. 
plnle when not in operation. \Vhcn the oil is under pressure, the bam·I 
i$ hrlcl ni:ninl't the ,-ah·eplat.c nutomatically by re".iso11 oi the fact 1lml 
tl1e cyli1,rlrr ports nre sm:111er than 1 t1r pi~to11~, gi\·ir1g a.11 cxcf"s~ i11tl'r­
nal p1·e~'11rr, forcin11: t.l1c bari·el oownrrl• tho vnh·oplat-0. 

T he eyll nrlcr hnJTcl :i,nd lwy• do Hot t,rnnsmit MlY o{ the wt1rld11g 
torque. 

941. Pistons.-There a re nine piston~ iu each barrol, lbe pi~to1" out! 
cylindcl1! hci11g l(ronnrl and l(\pped to a smooth workil\I( fit withn11t 
""Y imckin!(. Xlirrow shnllow rumulnr groov<11 arc cut nrouml rhr 
pi«ton.<, ""hich ~cn·e to intem1pt the lcnk~c streaut lin"" a.nd to trJP 
dirt. 

Connecting rods.- E.ach pi;ton is ronnccted to lhe socket ring h_,. • 
<1J11ruiclinu rlJll. The rods hn,·e perfectly ~phericnl ball euds of une<1u:1I 
di:uoete,.,.. Tho smaller encl is ~ecuretl into n ~ocket formed Jn thr pi·· 
ton, wliich i ~ fi ts perfcct.ly, by u l>ronzc split. pist<m-~ockct bu•hlJ\~ 
which l• •ecurcd in place by (\finely tlu·rnclcn piston-sock,•t cap. . 

The 11u1in puq>Me for hMing one "3!! rnd ~wnlfor than the olhrr" 
to make iL riosaiblc to s tring the ri11i;~iockct c11p nnd the piston..,;ockcl 
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cap O\'er the sninllcr ci1cl; t l1e ijnialler ball if<:. }lrevcrlt<:d fr<;r11 bei11g 
drawn bnck through the pi~t.on-wckct c.~p by the split bu>hing. 

The lal'gC ha.II end is secul'ed in a socket in Lho sockot ring by the 
ring-socket CSlp. 

Through the end of t.he pi•ton and through the whole length of the 
connecting rnd is n sm:ill bole which feeds oil under pressure from lhc 
active oil systeu1 to lubl'icntc i.lie hnlls and socket,~. 

942. Socket ring.-The. socket ri11g has eut into it niuc sockets fitted 
with bron,.e ring H<>cket cups i1gainst which rest. the la ri:c ball end$ of 
tbe connecting ro<ls. Thc.'!C sockets nro unequally spa«<! to correct 
certni11 irreg\1latifirs of the \1ni\•er$a1 joir1t. 

'rho b11ck of the socket ring is provided with " chrome-v~rradium 
roller t rnck which has t wo roller faces, olle for the rm1in eonic,il t hrust, 
rolls and the other for the diagonal U1n1st, or cylindrical, rolls. (Plate.< 
XV ilJld XVI and models in the ).{ode! Room illustrat,c tho use of 
spheric.~! rolls insread or cones and eylinclcrs.) 

On t.hc inner body of the socket ring arc formod the socket rill!( t;n lll­
nions at right nngles to l he main sh oft nnd sh:;ft. pin. 

943. Universal joint connects t he shniC aucl socket riug in much lh(' 
~nmc m1'1mc:r as :L compass is 1nounted ir1 its S?;imbnl ri11gs. 1,.his joi1\t. 
con.~ist$ of" slinft-trunnjoued intermcdintc ring block oscillating with 
the main sb.a(t pin in the yoko of the ma.in shaft., and oscillating about, 
the socket riug trnunions "'I right nngles to the sh:tft pin. 

The entire working tor<1ue of t.11e g~ar is lt'l\usmittcd through 1.ho 
socket ring, the univcr'11l joill t trunn ions, rtnd bhe rnnin shnf~ pin. 

!>44. Minor parts. (a) Replenishing valves.-Thcrc is ne<.'('SSarily " 
SH)al! nmon11t of lcnknge of oil from t.hc higlr pre.s~urc active 11ortio11 
into t.he inactive bocly of oil enclosed in the c.'l.;;e.<;. Provi~ion mnst be 
made to '"' pl:1cc t,his leakngc ns fast As it occurs, ot bcrwiso t.h(:ro would 
be" vacuurn In tbc cylinders and port puissages. For this rea.son there 
are t.wo chee.k ,·nlv•-< in t.11e lowet pnrt of the valveplate called re7>lcii­
iil1in9 roh~. One oi tbf.<re is connected \l'ith each port p:;,,'l!ngc nnd 
)l<:rlll(ls the oil to (low frncly from th" c:1~e ~po.cc i11t<1 the )'>Or t passng<:, 
but pre,·cut.~ it« flowing in the opJ><"'ite direct.ion . 

The v11lve itself is'' 'tee! bull. ' L'ho sent iti n steel picc.. screWc)rl in 
from the ool;;idc. Tire hnle iu the ,·~h·eplnte t.lirough which the seiu i• 
in~erted is closed by a plug cnllcd the replenishing-valve cnp. 

(b') Relief valves.-ln the \,ran~miiting of power at ,·ery low speed 
iri the D-cud it is rossible thnt the oil p1·c.•surc may ri~e to th"""'"'"l.s 
Of pounds per squ'"" inch should thQ re;ista11cc w be O\'crcumc be 
eQl·respontlingl.)' ,grrn.t.. It. is tl1CJ·cfc>rc f\eCC.HSltr)t t<> Pl'<J\'i<les.ufct.y vu.fvek 
to be set ftt :tny clc.sircd 1••~'xlmttw prt"".s::;.\1rc, ~9)' ·1,000 or l,200 11011nd~ 
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pcl' squnro inch. Should the prrssm·c rxcet•d this amount tho oil wlll 
escape from thr high pre..«s\lre port JW<•agP lhro\IJ!;h a rclUj rolrc into 
I he cal'<: ~J>llCP nnd flow baek Ag:iin through a replenislllng vah·c into 
I he low p=•urc pon pas-.<11ge. 

' J'ho relirf-Ynh-e group COI»L<ti< O! ll \'sh·r, a • pring, a plug, Alld nd­
jusf ing wn•hrrs. The plug forms the backing ror thr spring, OOilltlr<•­

sion of \\•hic}1 is :.Ldjustcd b}' the 11s<} <>f inore or fe\\rcr copper '''n..~h<'l'.i 

under lh~ lwsd of t.he plug. 
(c) Air valves.-At I.he highcRt )lOlllt$ ln t he t wo port pa.sngcij a l'CI 

Jlccdle \'81,·e,.;. The p\ll'f>O~<' of t J1f·~n ix 10 nllo\v ~1 1 l )r r1ir tl1at rnf')' l)t' 
i1nprisoncd in the pas.sa~ lo (',l\c:npr in1<• 1 1 lt~ case SJ)a<:e "'he.nee ii Cl\ll 

rise through the oil expansion bnx. It i• only nccc.."8ary to opcn the"'• 
\•alves ono or two t.ums ditrwg the filling pm""-""• after which they a,,. 
lo Ill' clnst'<l tight; they pcrfonn no other function. 

Thimble car- are screwed over tho Cll(b of these ,-,.h·cscrcw• lo pri-­
,·ent o il from !raking out or air from being "''eked in . 

{d) Oil expansion box.-As the propc1· functicmiug of the m~chl11e 
rcquirc~s that Lhe medium of power trnnfiruission be practically inco111· 
prossiblc, it. is important th~i no nir hn allowed t.o mix with the oil. Th• 
case m\l~t, therefore l>ci entirely fu ll of oil. T o meet thL$ rcquironlClut. 
fully it. i• ncccsenry to have the oil in I ho. mnchi11" connected with nn 
•xteri111 l '!1 pply that will always be in cornmunical.ion with f,hc interior 
nnrl l'"' nc1t purmit the entmnoo of !tir. 1,11e oil C>X-p~nsion hox 1'oCr\'CS 
this purp<»r. 111 the illustrations thn box i:s repre;cntcd as cmmrc1cd 
directly with th,. top of the case. In prnctit<', howe\·er, the bnx mny 
be lo.;11led in any con,·enient place near by and connected with tho r:o.c 
by a pipe. The connections 'hould alway~ be such as to allow the rn•Y 
cscnpo of ni r froUI t.he case. 

In tho lid of t ho box will be notir.crl n hnfHe. Immediately ~bovc lhi• 
a rc holrfi In corom\mici1tiou with [.he 011t•idr. nir. 'l'hc baffic Pl'C\'e11ts 
1lrn •pln•hinl( of the oil in tlw box lrorn gt,opping the air hole•, should 
I hnr<' tlr n !ii t1dt~r1l tush of oil fron1 tllo ca~e iuto tl1c ()ox. 'l'J1is iA nn in­
tcrc•ting nnd important phenomenon. Should lhe machine bcco111c 
overloodcd, tho How of oil through 1hc rclirf ,-ah·e U; more rnpid th:ul 
the supply lhrough the repleni•hinl( ' 'oh·c for the rc•asou that thr relirl 
,-al"e ;., actwg under high Jl""""ure while the replenishing ,-ah·c i.< nc1-
ing 0111)· under a.l11)ospheric prrs~11re. ~\ momencat:· , . ._,cuttrn i~ pro-­
duecd in the active body o! oil, wh ich i~ the same in cfiecL as ii t h~ 
whole volume of oil had suddenly inr.rrn.•ccl. 

(c) Stuffing boxes and packing.-\Vhr rr. t.lu: Hhaits pnss tliruup:h I.he 
casr• thNc a rc •tufting boxes. 1'11<·.r: nrc of the: ordinary type a11 <1 1rnod 
no special comment furtbc1· than t-0 call attention lo the kind 11nd shnpO 
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of material tL.«e<i in packing. Leather eups of CJ-sect.ion are nsed, the 
Tl-channel being filled wit.h puro n•be:;tos yarn containing no pi.raffin, 
tallow, or wax filling. Two of these U-ringi. are u.•cd in each stuffing 
box. If i.J\ey alone do not, till t.he box :1 sufficient quantity of usbcstos 
yatn may be placed belwcen the leather rings . 

Io the t;hrcad<!d surface of t.hc cont rol-shafL bcari ng is a groove whicl1 
is to be fill~cl with a leatne.r sfril) o:illed the control hcaritlll: 1 hread pack­
ing. Wlien t.l1c bca1ing piece i:; screwed into tJ1e hunger nnc! the control­
shaft besrillg nut is screwed down tight, this lcath~r strip i.< compr()SS()tl 
into t:he ch~nnel between t.lu; top of (.he hnn11:cr, the nut, nud Ute bc11r­
ing ~o as 10 pre,·ont any leakaj!;c <Jf oil or air. 

\\1here t.bc end of the ca~c fits nga in$t t.hc ''alvcplat.e, only n papnr 
gasket is usect. This i~ cut to fit th:tt pt>l'l of the face of the valvcplnte 
th,.,t, comes in oontnct wit.h the c••c. It. is ec1oeuted to the vnlveplate 
with 11 solution of sbcll:ie in olcohol. 

(f} Plugs.-Thc various plug>; need only to bo ment.ioncd. ltt t.110 

,·alvoplate ilrc) two g"up;e plug;;. These close holes connected with each 
port pa..<Snge for !he at.tnchment of pn1$Surc p;augC8 when do.sired. In 
t.he cnscs <1re plugs for draimtge, cseap• of air, equalizing pi~s, etc. 

945. The pressure of the oil lit 1,he valveplntc pa$Sagc depends UP<"' 
1.he r~sistnnce offen'd l.o the turning of the ll-shaft n11cl 11ot upo11 t he 
~peed. Thci p"1&•ure ri,.,;; instnntly to n>eet auy rc.<istnnce up to the 
Cll.pacity of the dl'iving motol'. If (.he A~1ocket rin!l: slnnd$ alm<1st per­
pendicular to ihc shaft, only n very smnll <1u,rnti~y of oil is transferred 
per roiat.ion, which has the clTect. of giving" very great lcverng0, and 
even a •mall mol.or may produce a prcs;,ure oi 1<Cvcr11I hundred pound~, 
and, of course, 11 cotr<~$POlllli11g torque or turning e!Tort on f.11e 8-tihaft. 
Tbc actually i><"llli."~ible pr~ssur~ in :my pariieul:1; machine dcpc11tl< 
upon t.hc slrengt.h of t.h" parts, bu t is l irullccl by the sott.i ng of f.hc reli<)f 
''al\·es. 

946. Operation of the gear.-In order that. the f11 11 cti<'miJig of the 
val'ious parts of the machine may be under;tood, let us 11ssumo that 
the gear is assembled and filled wit.111>il ready for running. 

Tl1c entirt! spacn within the c:i.sc' Blld vah·cplnte not actually oc­
cupied by metal i• filled wit.Ji oil. :::;ro air pockets exist:, and in order thaf; 
no air may enter the ease, the oil is made to fill the expansion box about 
half full . A definite port.ion of t,hc oil is enclo~ed within the cylinclerl\ 
ahead of the pi•tous anti within the port P••&lges of the v,11vcplal<:. 
This i• t.he really acth·o portion of the oil, nud if t.here were no knkago 
this i~ a ll tho oil that would be used .in transruittinl( onergJ'. The inac­
li"c oil which fills the • pace wit.bin 1 he ca<.eo is nevr.r uudor pressure. 
~t is &itllply a supr>ly for lubric11Lion, into which leakage from the iu:tivc 
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oil may Oow :ind from which this l~okage is replcni~beJ through lhe 
rel)lcr1ishing vitl,·es, the toti::.l qua.r1tit)f r<'n1ttining consta.ill . 

\Vith our al.Lontion directed lo t ho) A-end of U1c sectional vir·w•, let 
us first •ssume t h:.i the A-tilt ing box with its socket ring i; set Al the 
neutral position, that ii<, pcrpcndicul•r lo the •lt0fk {;nder these cou­
dhion.~ the shnft in rolMi,ng mil 1:<1rry around with it the socket ru11! 
nnd the cylinder barrel h1gcther ";th the pbtons nnd connectfog rod~, 
l111t the pititOll• will lrnvu 110 tendency to reciprnc.ole in t,hc cyli11dcrs. 
There mJJ, therefore, hi' no drawinit of the oil in nor forcilig it out 
through the ,-nh-cplate. Th~ only work done ";II oo the stirrinfl of the 
oil in t,be case by t he revolving parts nnd the light [riction of the shaft 
bc11ri ngs and the sliding of tlte face of the cy!iJldor barrel a.gnin~t t.hr. 
face of t he vn lvcplatc. The B~nd will not be disturbed. 

If the control •hait be turued a litllr •o :is to moYc the top of the 
tilting box awny from the ,-,.h·eplate Anrl if the A-shaft be rotating 
O''Cr t.oward• thr. obser\'cr, then the •haft will rotM.e the socket ring, 
which is nit.ached to it. hy the univc:rs:<I joint., nn<l will 3lso rot.:tte the 
cylinder barrel, which is kc•ye<l to it. The pistons f\nd piston rod• will 
rotate with 1hcse two P,\rls, since they are eontninrd in them. The 
t.ilting box rcmnius stationnry and the socket ring rotntCR wit bin it, 
but is .:ons1.rnlncd by t he roller hc:irings to maint:1in constnntly the 
angl~ nt which the tilting bo.x rnf\y hi\ tilted. All t he pisto11•, n• they 
lllO\'e up on the far side of the machinr, will draw in oil U1ro11gh t.he 
port ill tho for •ide of the \'nh-eplate; nll llrn pist,on$ as they move down 
on the ne:"' s itlo wi ll s lide in towurd• tho \0 0.lvepl1otc nnd force I hr nil 
I ht'Ough the port in tlu1 nc•11 r ~ide of tho VC1lveplolc, T he neor po1·t will 
thus be under l>l'<!ssur·c whih• the far port is i11 surtion. 

It should be uoticed thAI when n piston reach<'>' the top or hiEl•t'f 
pc).sitio11, in i ts rc,·ollLliou, il for :111 i1\sitant rt\z.\kt:ij 110 f'nd 1UO\'Cr11i>.nt 
:.l 1lrl the oil i1\ tl>at p11rti<:ttlH l' cl·li11(l<'r i~ cnrriefl :~croi:\8. l,h<~ lar\tl, or 
sp~co bet.ween t.hc two v:ilvepla lc por1~, from the ~11clion 'irlo to the 
pre.sure side. The same condifjoo exi•t1< wheu a eylind~r is P""'inl? its 
loweot position, except that the pi>lon ;, then at the irwer end of it~ 
$trok.c fLncl i~ J)~l~sing fr<>rn the pressure 1Si1.lc to th<! suct.i(lr1 s icl<:. 

T he quanf ily of oil forc"d l.l\l'Oll!"(h t loCl \'ah·oplnt~' pOl't dnpen1 ls lllJ<>TJ 

I.lie angle nt which the tilting box stnnd~ anti eon•rquently the lcuglh 
of the pk--ton stroke. 

IV"c have s poken of forcing the oil through lbe vnh-cplaic port, but 
lhls cannot 1.akc pbco uule~~ there is •<>Ille me,u1s 1\0tinµ; to rect!i\'C> the 
oil nnd carry it ncross to 1he porl thnt i" under H•ciion. Thi;; is t.hc func· 
lion of t.hc B..:nd. The B-sockot ring nlwo.ys st.1111d3 nt an sn1tlP of 
about 70° to the B-shaft, nnd when the B-sh:ift rotate• the ll-pi;tous 
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will 111:\kc th~ir full strokr "" they pn'<S bt•twc..n thr hottom rmd 1he 
top )lQsitions. Nt)''', \\•lien t.l,e :\-c_,,Jir1d<'rs :•re 1110\•iJ 1JC cl(l\\'ll on Lllf' 11ear 

sidr, fts descrihr<I abo,·e, oil is forced lh1·ou.11;h th• \'ah••plate 11•wt of 
thi~ gidc into the R-cyl!ndc1>< oi the ncnr side. llul they cannot rt>cei\-~ 
~hr uil unles.< their piston.< mo\'C bock to gh·e •P.•<X'. Tl1i4 mo1~111fnl of 
llle 71i$f.-On.3 co11l·n1,111Jicat''' (n tJ1c i11cli1,c!l $f>(f~oS ri?lfJ il1ro14(Jli tJic <;Ot1.urtti11g 

nxls ca"''"' Lilt' •ocl:ci ~i'll!} lo ''"loft on its roller lhru•t· hc1trin,1t, and to 
carry the shnft around "itb. it. The ;ha(t in tune rolntrs the eylinrlrr 
b•m11 keyed to it, rutd the whole group rotnt<'>$ in the Oflpu5'ite dil'('OI ion 
1-0 the m1atiou of 1he A-~haft .. {Seo Fig. !lOJ.) 

SOCKET R/Ni; 
B-ENO 

T ·THRUST OF" PISTON ROO 
V · VERTICAL COMPONl!W' (NCIN-USEFUL) 
F - COMPONENT ROTATIN6 SOCKET 

Rll'/6 ( USEF"UL} 

F1u. !10 I. 

Thr ~peed ol rot<ttion ol chr 13-,:.hnfL drpcnd> 111>011 the qun11lity of 
c)jf it 111ust t.nk•• rnre of. TJu, l~·sockrt ring beiJ1g Bl\\'it,)'S .c:et il.t i(."' u1axiw 
mum :1nglc givr-. the pi,l cm~ their full ~troke. Jf t•:icb cylinder hn~ a 
caracity ol •ay 3 cubic inrloe;<, the rcw1h1ug ol all nine of tho D~ylin­
dr"' would trnu•frr 27 cubic inch"" of uil from thr ncnr side to I he for 
•idc. If now the control •httft of thr A-<-nd be turnrd Mi "-' t<> tilt the 
A·!!-Ocket ring only ii lillle, •<r•Y enough 1<1 rcciproc:.tc rnch piston lo lite 
extent of tli~plneing 1-1 00 of :i. culJic inch, all nine nf the A-c~·lindern 
will together trau•fr.r 9-100 cubic inchc~ of oil from !he fat si<lr It> the 
near oide :>t each rntalion of the ~haft. Since the e~p.ocity of tho ll­
cylindcrg per rot nl i<>n of the J3..-h<tit is 27 cubic inches, 300 rot at ions of 
the A-shrift wilf bo neeessnr.v 1.0 1·o(ntn t.hr 13-•hafl. u11cc. lf tlw A-.~ookct. 
ring be tilted •Lill farther, the. 13-~hnft mu$t rotate pror•ortionaH·ly 
foster. The •fl"rd of the D..,.heft i• thus depcndeni upon the ~nglr 
through which 1l1e <ilrinit bc>x hns brrn turned. 

\\Tc J1avc 1,h11K fo r sp<>hcn of the; A~~oekcl· ri11g "'' tll!.<·d in <>ue rlll'cr~ 
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tion only. If it be tilted in the oppc,.ite direction, that. is, with the lop 
toword~ thr ,·ah-cplale, and the A~.Jiaft still ro\Rle>< in the ~umc dtr .. r. 
rion ·~before, the oil will be sucked in from the near port of the ,·oh-c•­
platc and cArried across the lower lond 10 U1e far side. Thi• will, of 
coun;r, cause the B-•haft to rotate OPPll•ite to its former dirl'ctio11, 
t.bnt is, in the s~me direction as the A-sh11ft. 
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