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oEJEcT

To tnvesu"gate slx oselllating turrets on tho bastr of ttrelr vlr1nerabij,lty to
various ttrpe of belListlc ettack.

suls&.F{ t

VarLous types of balllstic attack have beea eonductcd egainst nost amor ereas,
clearances, the oomponent parts of the tnrmlone and the top cover platc of oscillatiag
turrets vrith a rlelr torards detcrd.ning the turet ts vulnerabllity to attack snd
artiving at urggcstcd nctlmds of i-nproving the prttection efforded by thls tumct
dsstgn.

coNcqlsroNs

Thc osclllattng turret has both advantagee end disadventegas ss corparrad to thc
prasent Amertcan produotlon nodels of one plece turets of standard deslgn and lt rrllL
be a aettcr of coapreatm by the uslng forces as to vhether the oscillating hrrrct rill

acceptablc for their necds.

ruMHMEND[TIM{

Tbrough consid,eretion bs gircn to aach of tho changes in deslgn rtrteh arc
auggcstnd jn thts repsrt.
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I. rygs0puflIos

, A, pISCUS$IOH

1. ?he osclLlatlng turret ras of lntereet becaure of certaJn deslreblle deetgn
feetlil'.oe wtrich strould add to 1ts effectlvenees ln eombet. Frmdamentally t&e princlple
of operatLon of the osciJ.latine turret is that tlte osclJ-lating tunret seotlon, xttlch
mountg the grrr, rtoves up and dorn oa trc plns anchored to e ring surr.or:nding the entLne
clrcrmfersnce of the osclllatlng eecu.on. the size of tlre turet l-s reletil-rrely melI
due to the fact that the gun moves rlth ths turrst and ttre reeoll of the gun can be
kept to s mln:inun ed.nce the graT ri1I alreys recolL through the same Bpeoe rlthln t&e
turret regardless of the elevation of the gun. These princlples of operation of thls
psrticuler tunet meko automatto ).oading possibl€. itost of the upper frcnte1 srnor
&rsas of the ossiJ.latirg tunr.et present high obLlqult{es to attacklng proJectlles, and
gur shlelds whtch ere heavy and subJect to i.moblllsatlon by baL1letlc etteok are
alj.rnlnatod. A roof cover plet€ on thte turet could be llftod up conpletrLy to fectll-
tate easy loadllg of araunltdon snd equlprnent lnto the tutret. ltresa and other feetureg
nade possible by tJre osclllatd.ng turret have added to tlre interest for investlgetil.on
and stur{y of thls hrnret design. The tests covened by ttrrls r€port rere for the plrpose
of pmvidtng lnfomatlon coneerning reehiosses ln tlre osellLeti.ng tumet deslgn as
relatod to vrrlnereblJ.ity to ballistlc attack.

2. Six cest osclLlatirog turrets for ttre 9fu Crun, rhlch are the subject of
thls report, were submlttsd to Aberdeen Provlng fuor:nd by Rlreem tr{anufacturlng Oonpary
for ttre pur?ose of obteinlng lnforuation as to the pr.otectlon afforded ageinst verious
typea of bal-listlc atteck. fire entlre turnet or oscllleting sectd-on olevates rtthln a

rota$ne rLngr (somettaog referred to as the stdrtlng rine) vtrlch eonstttutas the
tnmnlon morrntlng asmbly, and each turret body ls deslgned so that tilre gun is en
lntegf,el" part of lhe turnat. . Slnce the osciLlating deeign presents Bany nsr firLner-
abllity prob3.ens as complrred to the pesent Arnerlcan pnoductLon uodela of one plece
standerd deslgn turrets ttror.ough coneideration has been ginen to these problems ln tttle
r€port.

3. In eddition to the tssting of the turret armor surfaoaa, vsrious teste rer€
csndueted to detenalne the posslblltty of fragments and blest enterin$ the inei.de of
the tsnk through the clearance bebreen the oscillatl-ng sectton and the rc'tattng rllng.
Arrengments for coverlng thts clearance on the jnslde of the turret, rlth layare of
nylon.'cloth and e netal shteLd rere each toeted and are dtscuesed in tAls r€Portr
[nother lnrestlgatlon ras nade of the slrock reslstance of the trrnrdon bearings to
yarjoue baU.lstd,o'attscks end the eff,ectivenegs of a brrlleLrsplash trep arengennent on
the top eousr plate of the tumet. Detetled results of e-11 these taati ane lncLuded ln
thls report and e chart sboring the tests perforoed on each turrnet may bo fourd in
fippend.x C.

l*. Detalled flring data for these tests are included 1n Appendlx D, and four
Eesort:xhs&ports $$d.tted pevtous to thls report are Lncluded in Appendtx B. Photo-
grapho lncluded ln Appendlx F, Sub-Appendix L, shor tlre gpneral deslga of the tu:ret
and eeoh nrnbered s$rars refers to a thiclmess neasurement taken ln tld.s 8rl8&o A

consecutivre list of these ax€&6 rlth the thlcknese meaflulsmanta qf be fornd for each
tlrrret in the APG Physisel Test Laboratory Reports. (See lppendix E)'
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B. fiErEm{cEg

1. Lett+r, fILe D[ trlO,S/Og (f .lan 53) c, .ApG 451.6/6, OnnW-ECtf, ritrr
rndors€msnt 1, subJect: Ea11lsttc.Teet of osclllet:ng Tu:rets.'

2. Lettarr- flle D[ 1r7g.5f,.PO (ff Ur 53)% A,pG 451.6ft6, OBUIX-EmA, SubJectr
Balll-tslts Test of OsctlLetlng ?urrete.

3. Ictter, ftle,S t+7z.5fhpo (30 .lufy 53), trc &2.5/2gL, ORmtrN-ECCA, SubJectr
Llnlr-Belt Se}f-Altgnine hl1er Bearing s, fiF-Z7)2g.t,

t
l+, Eeport, Aberdeen Prtving Gror:nde Amor Test Heport A0-1L?0.

- 5. Reportl l*l.nk-Be1t Company Eaboratory Report No. 322A, SubJectr Belltstlc
Teeting of, 9&n 0solllatlng Turret Lburtlng ko Llnk-BeLt DE223mt notter Beerlngs.

II. IESCftTPTIOII OF NSTEruAL

A. UA,TERI}N, TESTP

1. C*st Osctllating Turret for tha gfur ern developed by &ream Sfg, 0o.e
?est tumet No. 1, Casttng &rle} *u. 3r equtpped rtth X^ink-g€tt ilearinga !lo. ffi;22326t
rith nrbber and raetal aLeeve ar.orlnd the baaring. .

2, Cast Oscjf.lattng Ttrrr:et for the 9fu ell derreloped by Bbesm ilfg. Co.1
?eet Ttrrret So. 2, Castlng Serlel No. 51 eqrrtpped rlth Link-Be1t Bearings $o. DE2232OT
rlth rubber and metal e1e6ve arrcund the bearing.

3. Cast OscrllatJ.ng Turnet for the gfui Om developed by Eheem Hfg. Co.,
Teet Tumet ![o. 4, Castlng s€r"tdl Ho. 4 egrlpped rlth trenty layers of nyLon ctoltr
enclosed in a canva$ covsr oner the lnstde olearrence behoen the osclllating sectlon
eni tte rotatlng ri.ng, snd furtlrer eqrrlpped rlth l;fuik-Be1t Beerings Ho. DE2232OT, and
a tog <n"€r plate eqrlpped rith e double groove bulLet spllash trap. (See Ptotogiaphb
AqCE6hhg@ffi, Appendix F, $ub-Appendk ().

l+, Cact Gsclllatlng turr"et for the gem Gun developed by Rheam !ffg. Co.,
Test ?urret Ho. 5p Castlng Sertal No. ?1 equlpped rlth ILntc-Belt Bearings h. x#,2232gl
rlth a mltd metal sleeve eround the bearlng.-(See Photograph A92654 Appendlx F, Sub-
Appendtx 5).

5, Cest Oselllating Turret for the gQrm qrrr developed by Bheern $fg. Co.,
Teat tl:rpet ilo. 31 Caatlng Serlal No. 8, eqr:ipped vittr Llnk-Belt Bearing Ho. m223&T.

6. Cast Oscllletlrg Tunet for the g0nn eln developed by Rtrilea !{fg. Co.,
Test'Truret No. 5, Caating Serle3 No. 6, equlpped rlth *g*etaL shleLd amangament-over
the inside clearance betraen the osclJlating ectlon and the rctating ring. Link-Belt.
Beerlngg ![o. Iffi22]2OI, and a top cover plate equlpped rlth a &uble-grcove, tnrllet-
op.Lash trap. (See Photographs A95237-A952t2t Appendix F, Sub-&ppendlx 6).-
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B. 0{nt5 AryD TIIBES I,SE!

1. &m, 9Om, T1582, No. 1L2, r/nrUe, 9fum, T15E2r No. 3?250.

. 2. 0un, 7&M, T91E3r No. /+??, w/tuue, 7fu, TglE3r l{o. 25232.

3. Gun, 5fu, B, No. 11055, ,/Tube, 5nrl.nr l{1, No. 64L0.

l+. qrn, 57mrr., Ulr, No. 126, w/EuWt 5.fu,, [L, No. 2lr6W,

5. Gui, 3kl., l[341, I{o. 86/*p, wTtube, 3kl., H], No, L20OO6.

6, 0m, 37tw, H3, fu. 13900, r/Tube, 3%w, M3A1r l{o. U-0003.

7. Horltzer, 105m, H2A1, llo. 3tr7e wfube, 105mr, X2AL, Ho. 19414.

B. Rlfle, Accur*cXr Uann t]rye, Caltber.JO, No. 1?0 rlth Receiver No. lr5.

9. Bifle, Accuraey, Hann Type, Caliber 30, UL9O3, Heoeirrer No. L5L25ft.
a

C. AMIINITIOI{

1, ProJectIle, Hlate Proofing, 105rnnr MtO04

2. Shot, APr 9fur, T33 vryLndshle1d, xot ts-Sn-55

3. shot, HVAP, 9fur, u3oA rr/rindshiel"d, xfe.r,rc, Lot fEu-F4

!r. Shot, AP, ?&'rq, T12885, r/fiLndshleLd, tr6t FsC-5-?, Ibt NsC-5-1

5. $hot, AP, 5har., WA, vf&otattng Band, Lot &rhrorn

6. she]"1, fitgh 8]a1o61ne, 3Aw, t[54, Lot lhlo:orn

'1. Bu}let, Ba1lr Cellber .50p H2

8. Bul}et, AP, Celtbet .5Ot W

9. BuLlet, BaIL, Caliber .30, H2, I,ot FA-lIo

10. Bu.l"Iet, AP, Cellb€r .30, H2

I[I. DETAIIS otr' TESI

. A. PrcCgfi'FM

1. Prlor to aLl- tasttng, the slx osclllating turets uorn meesurrad for
thlcloress by means of a supersonic refleobsoolr.- The turrets rore marlmd off ln
approld-nateiy 10, x 10n sectlonE and nunbered. ($ee APG Photographs ABS7Lrur88?28'
lnclusivra Appendlx F, Sub-Appendlx L ). A mooth spot ras graund as close to tlre cgnt€r
of each sectlon ss surface condttlons tould pemit so elL measunsnents muLd be tsken

coNFrDExnlr.-l&rym;m
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sitb tbe reflectoscoper One neasur^ement sas obteined i-n each block end s list of
tlre measursrl€nts for the* .blocks may be found for eech turret ln the AFG Ptryolcal
Test Laboratory &eports included in Appendlx E. It wILl be noted that there &::s m
plmtogr*phs ohoving the thlekne$a ur€asurenent locatlons on five of t,tre turrets. How-
oyer, alI turrets were parked off la squar€s ldentical to those of Test tnrryet No' I
Blslnl fu futographs A8871?-ltSg12S" incluslve (Appendir P, sub-Appendtx 3.). These
plstographs sfpufa be :eferred to for a nefereoci to measirrrsnsnLiocations for atf
hgsta included in tlese tests. Measirrements 134, to 163 i:relusirre, are locat*d on
the rotating rlngr and dr:e to tlre shape of it5 e:aet naximrru thlcLrrese measrments
couLd not be obtalned. Thiclmess€s jn ihese loaattons should be cstrsidered as apprcr-
imate.

2, To aondr:ct tbo bellistdc tests of these tumets, eadh tu:ret nas in turn
S.aeed oa a turntable in such a posltd-on as to permit the desfusd typs of attack.
Since a varloty of tests rere conducted on eaeh turet, a detailed e:qplanatlon of the
test procedn:ro for each turret ts included belos:

Br Test ?urret Ho. 1, Casting Seria1 No. 3.

(f ) The frrntal" and side ar6ss of Test turr"et No, l were subJeeted to
a di.rreet frontel attack end to e 30 flank"ettackr 3Cg off ttle
Lorgitudinal axis of the hrrf,€t rith 9kr AP, 133 pr"ojeetales.
In eddition to t&e fr.ontal attacks, the turret sas subJected to
s direct (gd) fl"ank *ttack on the-Left slde and a 6@ ftsrk ettaek
on tire right side rlth the ?&nn, AP, T12885 proJectila. IeveLs of
prctectton against the various Laltistic attacks rene established'
insofer as tlte turmt design xottld aIlow.

(2) To determlne the effect of shock on the trunnlon beariagsrend
coutrnnent parts, one goum AP, 133 proJectile wes fired egaiast
the right trnnrnion and one }agrr., T12885 proJectile sas fired
ageinst the left tnrnnlon. Both impacts rere placed at locatlons

. near the trunnlon whlch rculd subject the be*ri-ngs to e htgh level
of slmck.

(3) After all flrlng hed been eompleted t}re turret ras completely dis-
ass$nhl,ed in orrler to e:rad-ne the bearings and the oonponent parts
of tlre tnnglon. The outer race srd the bearings rtere lnspectd
for damage r:esLltlng from shock, as well as damage from penetratLon
of fragrenie'to tfue surfeces of the inner end outer bearing race'

b. Teat Turret l{o. 2, Cesting SeriaL No. 5.

(f ) tUe fronti snd slde trt€as of Test turret No. 2 rere subJeeted to
a direct frronta.l stteck end to a 3F flank attaeQ 3CP off the
longitudhal ad-s of t'he tarretl xittr 9ftr4, gvAPt u30/r proJectiles'
In add.ition to tJle frontal atteeks, the turret was subJeeted to
a direct (ee 1 flank attack on tlre fteht side and a 6F flenk at-back
en ttrc left stdo rith ttre 5VnrL, APr-If7O proJectile. Levels of
protection against the verious ballistlc sttacks were establlislpd
insofar as tire turret design vould elloro

ffiffiiif !,?:HTE-1H"' -l-
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(a) A.gain; as on Test Turret No. 1, fu deteruine the effect of shock
on tlre trr.ymion bearlnge and eonponent parts, one 9fum, AP, T33

proJectlle was flred fron dlrect f,Lank against botJ: the rfuht
end-left trunnlons to strlke directly on the tnmnions. Prevlous
teets conducted on the first turyet ln rhlch Jnpaots *erc pleced
near ttre tnurnlons indlcated thet tbe attacks used rorrld not dunage

the bearjnpexcessively, ttrerefor.e lt ras feLt that a more s€vlst€
test ras uieded in ordei to meke en eva'luation. this norp severo
tBst rae obtained by inpacting the tnxrnione dlrectl.y'

cr test Turret No. 4, Castlng $eria1 Ho' 4.

(f ) This tupet ras equipped rLth t*renty La3rers of nyLon gf,oth incLosed
ln a canvao cover over the jnside clear*nce rhtch muld normally
be lnslde of a tank beteeen the osclllating section end the rct'eting
rlng. Thls covering ras designed to protect the lnstde of t"he

tuget and h1Ll agalnst fraem6nts anil tnrllet splash. - 
(See lpO

rhotoerephr- lgba}Atgg5S jiclus1w, Appendtx F, sub-[ppendlx"4 ).
i Alsor*thls turret was equlpped rlt! t top cover plate rbich ras

designad rttj. e double-groove, bu1let--spLash tryp T?"ld t'he pertp
eter of the turyet cofor pIate. (See Sketch 1, ThLrd Eemorendtrt

Report, Appendix B).

( ) The frnntal and $ide clearances between the oscillatJng s€ctt'on
and the rotating ring of Test Turret No. /r were subJected to direct
frontal attecke rith Caliber .3Or Be1l H2, Callber '50i 8811 H2,

and Caliber .50r AP, M2, soall- aiurs proiettile-a to tna-Iitatc the
prctegtlon afloiaed-by i,he twenty laycrs of nylon cloth. In
*aattto, to the tnsting conducted rvlth the sma.Ll arts pr^oJectILe,

fragmentatLon grenaaes, MILz, sere statically detgngte{ along *he

outslde of the clear.ance on itre frcnt and back of ttre tr:rret and

trco 3?fitr, IIE, M5l+ proJectiLes were ffu^od agalnstt'tre fisnt of the
turret niar ite cliaranee. When all testlng of the cloth rea
conpleted the cloth Eas reroved flom the tumet for a detaLled
e:ranlnat'Iou.

(:) To detemrlne tle effectd.veoess of ttre doubls-g:roove spLaeh trap
arotxtd tfie pe:{.rneter of t}re turret cover plate against maIL . -

** p"oj""iffip,nlne Os.llber .50r Ball H2 proJectl^Leg sare ftred
agatnit ltre maii clearance betraen the covrer plate end the
oscjJ.lating eectLon. E:sminilg tha top oorrer pl.lte.it ras fcLt
that shock agalnst the uppor side of the turret bustle d'ght-pln
11," &;-;16} platc t6 d6-tnrtetr. therefort. or€ 10@ Fmof
ffuSectiles m.bOfu ras firea ,i-eait, stde of f,he tu:ret at app:ox-

imately Itio rp* to defurxrine lf lt rould be possible to deveS-op

urotgh-of e luLge to ceuse this conditlon'

-8-
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d. Teet Turet No. J Cestfurg Serid- No. ?.

(1) Test Turet No. 5 raa equlpp€d ritb e mlid netel sLecw over
the outetde of the tmnnion baerings instead of the nrbber end
netal conbinatlon sleeve shleh was us€d on the turrete pneviously

, testcd, The frontal and side areas of the turet uere subJectad
to a dirsct frtntal gtteck and to a 3A flank attack, 3CP of,f ttre
longitudinal a:d.s of the tumet, E:tth 90trmr AP, 333 proJectileso
fn addltton to the f,rontal attacks the eide'brustle aroes getra
subJected to both e direct (gf ) frL*rk atteok and a 6@ ftarlk
attack on the Lef,t slde rtth ?6un, AP, ff28E6 proJectlles ard on
the right sl& rtth 5'&a, AP, 1fr0 proJectileg. X.evels of prot+ctLon
agalnst ths various baLllstic attacks used were agaln establlshsd,
as rras neatioqred on otber turets, insofar.aB the turret deslgn
nould alIor.

(2) To determlne the effect of shock on the tnnurion beartngs md
component parbs, one 9&m, AP, T33 proJect{'!66 was flr.ed agalnst
both the rfeht lna teft tlunnions from a 3e f[ank ettaok. ilot]r
i-npacts nere placed at locatlons near the trr:rnlons rbLch rmu1d,
s'ubJect the bearings to the greatest arcunt of shock the shock
test,s of the tnmnions on tlrts turrat rere eonducted etnllerLy to
the tests condubted on Test ?urret No. L in order to inuke a eoaF
partmn of the ef,feots of shock on the two dlfferent ttrrpes of
tn:rrnion bearing sLeevres used. After a.ll firtng had bcen cotpleted,
the turr:et was comp.letoly disassanbiled from the rrotating rtng in
order to exanine the bearinge and the conporent parts of the
tmnnion.

'or Test Tr:rret No. 3, Castlng SerleL No. 8.

(1) Stnce testing bad been conduoted on one turrst (?est Turet, Uo. 4)
wtrlch rras equtpped ulth a covering over the lnstds cJ.esrance
betrean the osclllating section and the rotatlng ring, tt raa
felt that testlng should be dona using slmil"er teot proaedureg
on a turret rtrlch hsd no coverlng ovar the cLearanoe tn mrkc an
aecurate evaLuatLon of the prctectlon offered. In order to earry
out thls plLenr tbe frontaL end aide cLearaneo betreen the oscll-
Latlng seotton and ttre rotating rlng of Test Turret lb. 3 ter"e
subJectod to dlr.ect frontaL attecks on ths outslde wittr CaLiber .30
8e11, W., Caliber,50, Bal-L lP, and Cal1ber.5O, AP, H2 meIL ams
proJeetl"les, The cl.earance b€tvoen the osci]Iatfurg sectLon and
the rotatiqg ring on tiH.s turet res cover€d at the lower edge of
the turet, rhlctr rculd normqlly be on the lnslde of a txnk, rlth
a screen of 2t* ST. Ahminm (.025n thick), referred to es fursl
ln thls rcportr on the front and rlth Kreft pspr on the gtdes
end back. Thesa screens of peper or Dural prrov-{ded e means of
datermlning the extont to whleh bullet op1ash and fr*€lnents repa
enterfug the clearanee betrneen tho osc'tllatlng eectlon and the
rotatlng ring, thereby enterlng rhet nould be the insldo of a tank.

-9-CONFIDENTIAL..-@IM



DECLASSTFU]D

Authority nr *r P'8at,SttZ
.t :-.

rnN H DE NTIAL--SxrEIIFtr*rynil'*{v

By deterrnlnlng the extont to rhich buLlet splash and fragnent,s
rnere entsring thls cleerence a more eomplete evaluatlon of t*re
effectlvrsness of placlng trenty layers of nylon cloth on ttre
dnd.dd,,of this clearerse e&u:Id be made.

(2) In eddltion to the testing conductect with ttre mql,] armo proJecti3"ee,
fragmentatlon hand grenadep,l{K-21 uere statloally detonated along
the outside of the cLearans€ on ihe frrcnt of the tur"ret (See Sketch
2, For:rth }d66s3s16a, Eeportr Appendix B) and one J'iun, Wt M5l,
proJectlle was flr€d against the fnont of the turrst near t&-ta
clearance. The setup usilng & screeD of paper or lh.tral on the ln-
side of the clearance to detemlne how many fregments re:p entering
the clearance was the ssme as ttrat described for the saali arms
attacks irt the precedlng paragraph. .

f. Test Turret No. 6, Casting $ertel" Ho. 6.

(f ) Test Turret No. 6 ras equlpped rlth a metel shleld atrmgenent-
(See APg Photographs Agi?j,1-L9521&r a,ppendix F, sub-Appendtx 6)
over the furstde clearanea rrhlch vould normal1y be Lneide of a
tank between the oecillating rectton and the rotating rl,ng, As
ras the cam wlth the nylon eloth on ?est Turret No.'/e tttls
coverlng ras designed to protact the ingide of ttre turnet and hul"l "

against fragments and bullst spl[ash.

(2) ?he frontal end eide cleerances betneen the oscl1.Lating eotd.on
and the rotating rlng of t}1e turr"et p3e subJected to dtrect,
frontel attscks rlth Celib€r .30, BslI U2, Cs}iber .50r BaLl U2
and Csllber .50 AP, H2 mal1 erus prrcJectiles to evaulate tlre
protectlon afforded by the rnetaL shield ar:rangement. In additS.on
to the meIL arms tasts, fragmentation grenades, UIL2, rere
stattcally detonated along the outeide of the cleamnoe on the' front of the turret and trc 3'&m HE, U54 proJeetiles rere flred
agalnst the frcnt of the turret near flds cLaarenee. Sfuee the
metal ableLd errmgelilent hed a ms}I openlng on the lnsLde of
the twret, thla cleeranee ras covsred on the inside w"ith b
scro€n of 2l+ $t Aluni.s* (.025u thlck) er Itraft peper in eaeh
test to deteraLne bor many ffagnente and hor mueh blast ras
penetrating this openlng. Thl,s testing on the eJ.earance oonpleted
three phaees of tests rtrieh nrare sonductsd to detertfuie rhat ootfld
be &ne to stop fragments and bilast from enterlng the tank" OnB

turet ras tcstad yrlth no covering, enother had a bnenty laysr
nylon c.6v€r end stil1 a ttrird turret hed a metal shteld arrang€-
rsent cover ov6r the ineide elearence betraen the oscilLatlng sectton
and the rotating ri-ng.

.1O-
CONFIDENTIAL..@



DECLASSIFIEI)

AuthoritY,.r,-r P'6;t'sttZ
' :-

TINFIDENTIAt...@
v -;-

B, SESTTgIF A!,rq 0BSEBqII$g

1. The complete rrcr:nd-by-round results for each tumet tosted B&y b€ foundln AppendLx D and shotld be referred to for a mors detalled discusslon then ts prs-
sBntsd here. ft will be noted i-r: the detalled results and the Menorandrm neporta
(Appendix B) tttat ln many ease6 due t,o the.limlted area over rrrhieb a unifonn ob1lguity
and thlelcress exist€dr- ballistic linits could mt be obtained in ev*.luatlng the pru-

taction offered. Detalled results of the laboratory tests may be found fn {fre lp-O
Phystoal Test Reports included in Appendlx E. Results of the tests perfomed on eecbitrrret are lncluded belor:

&r Test tu:ret l$o. l, Oestlng Seri-*1 No. 3.

(1) From the results of the tpets nrith the 9fun Ap, TJI proJectjie
it appears that the pmtectton afforded by ttrls osclllatd.ag
turt'et ls rrery good in the highly sloped ane*to the ri.ght and
loft of the grm. The area rnder t'he gun and the adJacent srgss
xhieh have aLnost 0p obllqui-ty &,:not offer a very hlgh Leve1 of
protectiori egainst ehls pzuJectile, (S*e APB Phodg"a[],s A89569-
4895?t Appendi.x F, SuLAppendlx 1).

(2) &Lreot {Laak and 50p flLank attacks on the bustle side arcas of
the turret with ?6rm AP, T12886 pzrJectjlas lndLcet4 that thess
attaeks could not be dofeated at renges less than 41000 yardo
and possibley even at sonevhat greater r&ng€lr Botlr. side erees
of the tumet bustLe have very little obIiqir5.ty. The bal1lstd.e
Linits for the ?6mr AP, Tl28E5 rrere 1458 fps on 2.75$ of amror'
frum dlrect flank on the left slde end 17]8 fps on 2.t*5n of
axmor from @ f,Lank attack on the right slde (tn lpC Photographo

(:) &re 9fun LP, T33 pr"oJeetile tdt r:nder tho grur near the rotating
rtng and pr.oduced face pets"lllng of the aluor whlch ptnned thg
oscillating tatret section to the rotatlng ring and preumtod
further elevetLon and depresslon of the turet. It is feLt ttret

'r much mal"ler proJectlles oouLd produce the same r"esults if thsy
remeLned in the arlnr after inpect or pmducod large enor:gh petals

' oT th" surface. (See APO Fh*t*graph A89[?O Append.i F, Sub-Appondlx
1)'

' {*) one 9kn AP, 133 proJectile against ttre rlght tnunnbn (see fiound
llr APG Photograph A8957lr Appendix F, Sub-Appendtx 1) and one
lfu ff28E6 prtJectlle against the leit trunion (see &und 18.
APG Photograph A895"/2, Appndix F, S,gb*Appen&tx f ) Oia some d#age
to the bearings. Both boarings, bowerrer, rcuLd mI1 aftcr tlre
hrrret ras dlsassenbled fr.on the skLrt. The bearings could not
be checked before rercval because the osclllating turret section
rras l.ooked i-n pLaee by arnor petalled out against tlre slclrt mctlon.
For a detailed vieu of the danrage done to eich bearing r-efer to
APG Photographs A899?8-A899W, A932L>tt93222, ApperdS.x F, Sub-

I AppendJ.x L. 0onsiderable difficulty ras encountered in dLs-
asstliub}lng the oscllIatlng sectd"on from ttre rrotatlng rtng due to'
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the varplng of t'he beerlng re-t'a1ner 91umd W :t't-:ry:I. of tlre

t*prat"'ilL-lr'" t'"t"tt;!'- Ft* :lilt rrere found inside the

beartngsandthetnnerandouterroar-slrfaoesverescarradby
fragments jn eeveraL pl;;s; G 

"rqrn" 
the photographs nentLoned

'eborrB.

b. Test Turret No. 2, Casting furia1'No' 5'

(1)- Posu}ts of the tests rlth the gotilnrHvl\P't6304 proJectiJ-e against

the oscillating -grrret- 6. 
-r- jndtcate tiiai t*ri pnotectton afforded

i!-eo"a-G-trre"hiehly sloped anee to the left of the gun agaklst
dlrect fr',ontaL attack. AL was lndicated on Test Turret No' 1
above, the srea r:ncler tlie'gun and adJacent areas which have aLnost

tr orrifquiW ao not offer'" tigtr 1evel of protect&n against elther
the gQrrn nri t:: or the g0mn HvAr, M394 pnoJectil-e-l:.-P?d!:,1'{.,.^-
these tests' jndlcste that attacks with the thmrH[ltPrH30/+ prcJ8c't'ilee'
at ttre area rrnder the grm when the turret is eI'evated can rpt be

defeated at eny range less than /+000 yards and possibly €von sln€-
what er€at", "une*ul 

(See APG fhotographs A90?62r A9A'763t &ppendJ'x

F, Sur:-Appendtx 2).

(2) five impacts with the gelm II'/AP U304 proJectiLe f*.* ? 3oP fiontal
flLenk o, ur" area to the right of ttre gun gave protectdon cornplet'a

penetratlons r*nging in velocity from :-9?9 tp,1 itt. lJ:y obllqrity
area to y.Sl tpr-' in a high obliqulty ares' (See lfC fhoQegnh-
AIWAI,, Appendlx r, suri-ippunaii z)... nrrect flank and 6o0 flenk
attacks on the bust"La sidfi'areas oi this turret rlth the 5"inn AP

H?o proJe*tri" indicate a poorer leveJ- of pr"otcctlon t'ha4 a tq:ret
of this clase ahorfld rromatty be expected to naijltatn. As sas

mentloneri tn the ipsults of test Turret No. 1 above, the design
of the oscilJ.au.ng tumet bustle ls such thet the side areaa present
very.llttLe ob.Llquity. The ballistic -lirnits for the 5'mr-&?J?:,,^
rrere tB5O fps on'Z.'5io of annor fron direct flank on t}e ri€ht 8l-de

ana zg6-rpi-rrr-z.ao; oi-n*or fro4 6f ftank attack on the l-eft
side. -(sei-aFc photos;;du aloiae, Lgwff, A90?71, L9w12t AppendLx

F, 5s6-Appendlx 2).

(l) The turret rae elevnted approxlmately- 15o and severaS' ?PfItL
MSOL proJectiles were fir;d so that the irnpaets muld st'rik6 txre

&rrret in the erea beneatlr the gun and Just above the tu:ret cld'lt'
Enoqb Urrfg" ras produced on the face oi ttre ermor atornd the Lm-

pact are*r to prevent depregslon of the tu:met. (See Botrnds 13r29r

and 6, APG PhotoSraph nq0l6i' Appendlx F' $ub-Appendlx 2)'

(a) cre 9ftua, AP' T33 pmJeclile f:.re.a fr"om direct flarrk agatnst each

tnxmlo; *i,,pi*tiry'dlJplaeed the trunnlon pln' bearln6r- houslng

sleever--a"J iorpotlnt parts from the.turret. For a completn

assen:biy af*g"* of tire trlnnion parts seo ttre Drawisg 11 A'ppendix

C. tire"tnpait loeations are shown 'in APG.Pho.toqraphs,Ag0?65 and

Lgo"t6i nfpinai* r, 5rr6_tppundjrc 2. The attack dga3nst t]m Left
truru:ion'pushed tle trunnion pin bearing, 

- 
sleeve, and bearing cover

plete tron tfre housing. The irearfng reti:'n"r lemalned in ths tr:rc'et
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end t&e outer race of the bearing ree brsken lnto turo piecee.
(See APG Photograph A91J,95, Appandix F, Sub-Appendix 2). Tha
attack agelnst the right tn:nnlon completo}y displlaaed ttre
trurnlom pln and the bearlng frum the buaingr md the beerlng
ltee1f ras courp.Letely deraoltshed. (See lf0 Photograph A91496r
Appendlx F, SuLippendlx 2).

(S) &th ettscks agefuist the tnrnnlons of th*,s turret repreoent r
posolb}.y, the severest attacks ttrrat there areas tou:ld ]:c sub-

' Jocted to under conbat condltlone. It is felt tltat ore dlrect
f,Lenk ettaok wlth a 9fui, Aq tlJ proJectlle against elt&ar trunnlon
at a striklrg veloclty of appro:dnateLy 2000 fps rould oeut'.- r.
serfuus duaage to the tr:rrct as*mbly and posslbly prevent further
oecllLetlon. In addltion to the dmrage uhtch *ouLd be &ne to the
turet ptrFerr all personnel in the tank rrculd be eryoeed to belng
Etruek by tlre tmnnion psrts rtrlch rere dlsplaced. ths trrnrd.on
pln ls ttro +rt s of osclllatLon of the turryet which supports qIl
tbe trunrdon componants. ($ee Drerlng Appendlx C). Thls pin ts
snsbored to the sktr"tlng r{,ng rlth bo}ts end t'he fallure of thesa
bolts by the shock of 9OmrAP,l33 pmJectiJ.es caused 'l*re entlre
trd.oa pla, bearfng, and conponent parts to be dlsplaced lnslde
ttre tenk.

9r Test Turr.ot Ib. /+, Casttng $erieL l{o. ,r..
\,

(1) The tests conductad on Test Tumet n\ a rlth Callber .30 Be,Ll,

cLoth orrer the cLearanca bshreen ttre osd!.llattng sectd.en and the
rctati.ng ring dtd not cause any complete $eaetratlone of ths
nylon cloth by fragnents or buIlet splesh, \tmilar tbsts lrlt&
Ca}itrer .5o Birtf, X2 mnunttlon did not ceueri any complleda pene-
tration eittrer, but serrcra.l flres nere stsxted by the fregments
fram these pmJectlles on the csnvas covering nhlch ras placed
over the tranty la3rer pad of nyLon cLoth. Six rcunds 6f ceLib€r

. .50 AP,U2 summr.tton TBr"6 flred against the same elaarenees end
none of .tltem rounds produced fragments whieh gava compllete pene-
tretlons of the nylon cloth.

(2) $ince aboei conplete protectd.on res offered by t'tle nylon sloth
agalnst fregrnents produced by me1"1 ern+ eight fragmentat,lon
grenades rene etettcal,ly detonated along tfte cleeranoe to make
s Erot€ conoplate evelrrat$.on of t'he pmtectlon affordod. From the
detonetlon of theee grenades only one fragnent completely penetrstsd
t}te nylon clottr and canvee coverlng. Errldence thet neny fragnentc
dtd enter.the cleargrroe and etrike the nylon alottr nas found
rhen tJre turret ras dtsassembled after ttre taet ras aonpleted
theee fragmento were noted lfing on tlre top layor of cl-oth.

End
Ttre

blrgt. fi:om ttre fra*rmentation prenedee ras severe! enough to prrll
tfue aloth mray frod tlle o'scllfiting mctd"ons or t]re rof,ating rlng
ia serrcral- eroes rhera lt sas festened.
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(f) Sesults of the test condueted on t&1s tumet by firtne trc
3.&r I$, lI54 proJectiles rmder the gnn near the clearance
betteen the r^otatlng rtng and the osc1l1atlng sectlon tndtcated
that ttre blest rrss severe enough to tear the cloth fran the
oscillatjng sectlon end ttre rotating rlng. Apprcrd-netely four-
tean maIl fragnents completely penetrated tlre henty la5rera of
ny3-on clottr and the cenvas co.rering. Exantnlng the cloth aftar
testdng ras eompleted tndicated that about four tlrnea tha nrmber
of fragments whlch nent thr.ough all twenty laXers of the nylon
cloth penetrated the first ten 1a3rers. A1t*rough the sizes of
theee fragments rhlch completoly penotrated the ny3"on cLoth can-
not be determlned, ercamlnetlon of the holea produced ln the cloth
indlcata tJrat only one fragment approached a llalt of 3/Ln Ln
diameter. Agaln as ra6 rnenttoned in the test confilcrtatd:tliiry
flegnontatd.on grenades nany of the smellep fragaents rhJ.ch p€ns-
tratad the trrenty }a;rers of ny3-on cloth had insuffloient veloctty
to penetrate ttrs cenves cover'Lng. It nust be reallsed ttrst .a1-. tlsugb some fragnonts did conpletely penetrate the nyLon cloth
in tAls test, nost of then after travellng thrcugh the elearanoe,
the ny)-on cloth, and the coveri.ng nould probably have lnsufficient
veloclty to cause casuaLtd.es eong personneL or danage to conponentc
lnslde tlro tank. For photographs of the nylon cloth after lt res
removed from the tumet. (See APO Photographs Agl633-49L637, Ay
pendix F, Sub-Append1x /*), (ft rift be noted that the 37rm,rl[E,
Htd proJectile rae the l-ergest IIE prroJectlle used in ttds test
end it can be expeeted that larger HE pmJectiles I.f fr.reil
would produce more blest and larger fregnents resu3-tlng in more
complete penetrations of the nyLon cLoth).

(a) ftesu.[ts of the tpst conducted to detenntne the effeotlrreness of
a double-g?noove splash trap around' tlre perineter of the turrat
top corr€r plate egainst fragnents and bu"Llet sp.Lash lndicate that
one splash t:rap alone souLd be sufflclent to stop t&esa mtssrJ.es.
Several rounds hlt dlrectly in ttre crack betreen the top cover
plate and the sectlon of the turret rhtch hol,ds the top plsts
ht m fragnents went beyond the fLret splash trap. (See Sketch
1, Thlrd ltremorandrm Report, Appendlx B).

(i) The trst conduoted to detsrrlne lf shock against the top slde
sectd.on of the bustle eou.].d tnrlge ttrls ares enoug]r to ]cey the
top cover plate to ths tulret slde dld not gl-ve any tndicatlon
that such a condltion soul-d oeeur under the test cond.tlons lrith
a 10fua Proof ProJectlle EL,0U*. trt sas found, hotvrever, that the
four boLts which held thls partlcular top cover plate to the
tutret nould be sheared in eLnost every case end the top cover
pllate rould probably be hmcked off.

-Ll+-
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d. Test Tumet l{o. 5, Casttng Serlal- ItIo. ?.

(f ) Frron the r-esults of tbe tests wlth the 9fu.4P, T33 proJeetlL'er
on Test Turret No. 5 it appeare tihat the prdtcction afforded by
thle oscl}Leting hrrret ls gbod ln the htettly sloped areas to
tht r:ight and left of the g:un afl ras discuesed Ln t&d testlrr$ done
on Test Surrot ![o. ]. a.bova. The ar^ea under the gun end tbe
affaceat aretrwhich heve elnost @ obl,lqulty stl.ll offer ? poor
leie1 of pnotectlon egalnst &e 9fu,A4 t:: proJectlle. (See
APO Phofuerephs A92t52-Ag2t*53, A92tr55r 'Appendk F, Sub-AppendS-x 5).

(2) &re aruror of thl.a tr:rret ras lnferlor to the errtor of tun:eirprgvl-
ously tested. After firtag apprrxiaateLy elght rounds egaXnst t}te
front of tlre turtet et both dtrect frpntal ard 3cp flank attacka
a forty-flve lnch horlzonta"l creck derreloped actpsg the upper

,'front of tn, turr"et casting *bow the openlng for the gun" (S.e
APC Photogreph A92t+53, Appendlx F, Sub-Appendix 5). Another crack,
tmrtry-elght tnchee long, startad rarder the opening for the gun
end rren into tlre forty-flve lnch creck. In addition to tld,a
axcesslve creck rtlieh deneLoped lherc vas crater{.ng and spaili.ng
of the armor ln several places from tnpacts with the 9fun, A4 T::
proJeetile.

(:) Direct fllenk and 6F 1Lant< ettaeko on ttre r{gbt side bustle eroa
wlth 5ft!r,AP, 1tr70 proJectlJles ayrd on the left slde bustl"e eraa
trtth ?fui,AP, TL28E6 proJectfles indtca,te that the. bel"Llstic
llmlts obtalned frorm them attscks rmuld compere very c1omLy
rrtth the bellistlc }lrnlts obtained'fron prevlous teets eonducted
under #[L*r oonditlons. Alttrough tlre protection bal]-lst'lc
limit,s conp*red vrry c1ose3-y rlth the tests conducted on prerfuus
turretr, the arapr of' thts tunet developed raore spalling rnd 1'

erecke than ttre prevlous tr:rrets test6d. (Seq lpO Photogrttphs
Ag?,tnlrgt L92/-54 XgZ+S6t Appendix F, Strb-Appenalx 5).

(a) One 9As$ AP, T33 proJectlle *gainst tlre Left ard right tmrurtons
near tlre bearings end tnxrnton assembLy fmm a 30 flank attack
darneged bottr bearlnga. Ttrese bearinga were equlpped rttlt e mlid
retal el"eeve around tha bearings fiheress prevloua'trmeti t,ested
r:nder ttrese condltlons EBre equlpped rlth a msteL end nrbber
sleeve. ?he ettack of the rlght tn:nrd"on rrith ttre gfutAP, t33
pr"oJectlle conplletely denoltshed the boartn6 end conponent pqrta
of the tn:nnion asserably. A si:nllar ette.ck orr the left tmrnnton
sheared one boLt, on the cover plate but the beartng r',Emelned ln
ttre twret. The bearlng ras dtsaosenbled f:'on the.twret afber
tlra test ras complleted. Iretsl chlps rere forn:d jnslde the bearing
and the tnner and outer ra.ces were brinelLed ln everal pilacaBo
(See apC Photographs A92l+50-A92tr5lr lL92t+57, L92657t. A9265$ Ay

. pendlx F, SubJlppendtx 5).

(l) The test perfo::ned on Test Turet No. J duplicated teste conducted
on Test Turrrts $os. L and 2 and wes a check on the evaluetlon
of the protection offared by these turrete. A conparlmn
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of Pratection Belllstlc tttnits obtained on the dlffenent turrets
hes been lneluded in tabuLeted form jn Chert 3e AppendLx C.
Whers baLlistic linits trel.e rmt, gtven for a partleuler ar€a
refer to the Detetled Teat Data in Appendlx D for each trerreL
D,uo."to the U:ntted area, ln certain locatlons of tlre turret, wtrtch
had a rmlform obllqulty Bnd thlckness, protectlon baLllstic-limlte
could not always be obtalned.

€o Test Turret No. l, Castlng SeriaL No. 8.

(f ) The tests conducted rlth Callber .30,8q11r M2 amnrmition to de-
temlne lprv much bu1let spllash and fragrnents rere entoring the
clearance beheen the osclillatlng section *nd the rotat,ing rtng
when no protecttve covertng xas used on Test Tumet No. 3 caused
complete penetratlons of the Dural and Kraft peperr All felr
rounds of the Caliber .3Q 8a11, 1tr2 pnoJectiles p'roduced conp3-eta
penetratlons of the Xnrral and/or paper. i&ny of ttre fragnents
entering the flont clearsnce folloued the clearere€ erouRd t*m
per*-neter of the turret and caused complete penetrations of the
Kraft papor over tbe back clearanc€r Similar te ste onduoted rlth
the Caliber .l0,Se1]"r I{2 prrcJectlle caueed complete penetrat$-ong
of ttre Dr:ral and Kraft paper ln aLmost every inetance where ttrc
round rres a fair orp. Although the Callber .50,AP, H2 proJectd.les
which hit near the clearance d1d not ceuse compllete penetrat't"ons
of the Kraft peper end DuraJ., crater{"ng arcund the l-mpact ar"ee
produced fragments rrirleh entered the cleerance and caused conplete
penetrattons.

(2) Using ttie same test setup as nes used ln the snalL ar:ms tcst,
three l[IG-z, fraguentation, hand grrenades trere statically detonated
at tJrr'eo dlfferent places along ttre cLearance on tlre front of the
turret (See sketch 2, Fourth Hemorandwr fuport, Appendix B). From
the detonation of these fragnentetl,on hand greaedes, frcgnenta
cornpletely penetrated the &raI in all three tests and the paper
completely disint*grated. The fragnronts from one granada torre
the Dural approximately fourtoen lnehes and there wer"e more thbn
fifty srall conplete penetratLons of the DuraL. (See APG Photo-
6raphs h926O5 and A92507 for test setnpr Appendlx F, Sub-llppendLx
3).

(l) Fesults of the test conducted by flr{-ng one J'hn,ffir M54 prrJecttle
under the gr:n near the cLeargnce betreen the notatlng rlng and
the oscl1latlng sectj.on indtcato thet ernugh blast and fregnents
nere pr^oduced by this prcJectile to severely penetrate and tesr
the Dural whlch was pleced under the entilee lnslde firnt cleeranco
of thls tumet. The firaft paper over the instde baok end slde
clearance vas comp.Lete).y torn up by the blast and fragnents, (S€e
APG Photographs A926f,t+ and A926O$r Appendix I', &rb-Append.x 3).
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f. Test Turret No. 6, Castlng Sertal No. 6.

(f ) The tests conducted on Test Tumet $o. 5 vrit& Caliber .J0 8411,
M2 amrurltd.on to detemlne ttre effectiveness of pLaclng a meta-l

coverlng owr the oleeranee betrreen ttre oscrJJ"atlng mctl-on end

the rotetLng rixg caused several snaLl fragnents Lees tban l/*n
dlameter tofpenelrate the ltraft, peper under the clleerslc€r Slurlar
tests rftfr galiber .50 BsllrHa.ammunition caumd sevsrel conp'Lete

ptinetratlons of the paper. 'Slt nourds of Caliber .5O APt U2

e161a1ltLon ltsrs firOd agairlst ttre sme cLeerence and one fragneat
produeed a eomplete penetratlon of ttrs Kraft paper'

(2) Forrr fragnentatLon hand greandes, MK-2, ryre statlcally.$etonated
along th6 clearence wtth only oni freqirent-.n9net:r1ltlg.tlrc, &ra1"
iG"-AfC fhotoemptr L95Z/,L, A,ppendix F, Sub-Appendlx 6)'_*Eesults
of the teet coidu"t"A on tirls- 

-turret 
Uy firtng ttYo 3'futr HE, U5l+

proJeetlLes undor the grur near the elearance betraen the rcteting
iUE ena tle osclllattne section ind,lcated ttrat lf ttre proJectl]e
detonated on the oscil.lstjJrg sectton the blest rYaE severa enough

from one ror:nd to.conpletely tear up the Kraft pap€r pnder t'he

back of the tumet and ceuse nany compllete penetrett ons of the
&ral under thO front clearence. $lne complete penatrat'Lons of
tha .025 D\11'B} shset rere 3.erger tJran l/zn in dlsmet€r and forty-
.slx penetrations sere l-ess Znin lZn dlamet€r. (See APG Photo-

tmltr.l33?;-"oxr?ill"';,Tht5%Sx fl' *:'#1i X Hf L.
case of Test turret $o. I where no aovering res pllaced ovar ttlls
clesrence urder sl:nj.lar test condltiens. (Refer to APG Photogrepha '

l'g260l*, Appendlx F, Sub-Appendlx 3)'

1V. ffiFCtUSIOIoq

A. Based on the results obtained fr.cm the tests conducted and e4lelrrd in 'this
report lt ls concludod tlrat:

L. ?he hlgtrly sLoped arrpr ereas to either eids of the grrn affrrd a 
-hlgher

Level of pr.oteetLorieeainst attacks ft"onl dlrect frontrlth the 9fuirAPrT33 and 9&m,
gutp, u:o/' pmJectlS'es then &es the T48 tu:ret of stenderd deslgn'

Z. The armor area under tha gura, agaJnst attack frrcla di:rect flont rlth t'tre

g0m[rAP, ?33 and gfumrH$[Pru]odoan Ue Eefiated at ranges much greater than ls nouraLly
experlenced in tank combet.

3, One impact fron t[6 gorm, A4833 proJectS]er or th9 9O$rHVLPIU30/o proJectile
or possibly ev€n a ma1ler caliter proJe'ct*1e, ciura prevent.erevati6n or depression of
the sun if the Lnpact is placed 3usi a6ovo thl mtati"ng sldrt ring and produees fece

ilrili"*-g,',j/r;;-burae3'Jr if i pruJectil.e penetratei through the rotatjng rtne into
ifr" o*":llatine turret sectLon and keeps t'he tro couponents together.
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l+. Tha aree on the ouatlc eidas, against attacka fron dircct flank and b0o
flank syrth atther the 5'lw, AP, H70 pro3act1.lc or thc 76rytr, AP, T12BE6 proJactilc, can
br del'eetsd at rangcs much greater than is norual for a .tarit turrat ot' this c1a88o

5o A dlrect flank ettaok on tho trunnion aeeembly rith the 90nn, AP, ffi
proJactllo at valocities o1' approximately 2tJO0 fps, ri.ll causc acrious damago to the
trunnion boarlng and component parts rfhieh ril1 ln turn prevent l'urther olevatton and
dcprsssion of the guno

6o A dlrect t'lank sttack with a ?6nm, AP, Tlz8Eo proJectlla and e ,Oo flank
attack rith a tOma, AP, T)) projectile noar ths trunnion assombly on the rota.ting rlng
indicated that the oearl,ngs roulo withetand the uhock undsr eithsr condition wlthout
belng axo€saively damaged, although eonsiderabls dlt't'icuJ.ty might be eueouatared in
diaaccambltng the trunnion partao Iu addition, the graasa seala uader tho bearing cov6r
plate rculd not rctrin t']uid lubricaatc 

"

7, Tn:nnion boarings cquippea with a solld metal sloeve around the bearlag
do not offor ae much reeletance to shock rrn€tor attack from a ]Oo flank with g0nm, AP,
Tl) proJectilcs as do bearinga equipped with a ruboer anu motal glseve around the
boaring, rhon subjectad to ths sane attack conoitioneo

8o Fragrnents and/or blast fron oMII urms, I'ragmentatlon grenaclcs, and )fm
EE projcctilcc will eater tn. lne1d, of a tank oqulppoct rith an oaclllating turrct through
the clceranca DctwEen ths oscillating, eeotlon and tho rotating ring with sufficicnt
Salocity to ondangor tho equlprnant and personnal lneldc tha tank unloEa somc protcotlw
covering is providcd for tho cl.earancco

9o tnenty layera o1' nylon cloth ovcr the insj.da cloaranco between thc
oacillating saction and ths rotating rlng crl' an osclllating turrGt wae effcctlve !n
pravontlng tho sntranco of tho groat majority ot' l'ragments produced by attaoke from
gnall arms, fragmontetion grenactoo anct )'lwa, HE proJcctilaao

ra

10. A notal Ehleld arr&ngemont over tne lnside clearance berrean the oeoil-
Iatlng ecction and the rotating rrn6 of an oeoillating turot wao only partially
o$fectlve in prevontin6 fragnento produced by snall srms, fragmentation grenadas and
)Tw, IIE proJcctiles frcm entering tho lnaidc ot' the turreto

Ilo The ooublo*groovo splash trap arqund tho pcrlmetor of tne top covar platc
oa a turrot ur' tho oscillating dasign ras eft'ectivc in otopptn6, tragmonte and oullet
cplash i'ron srna1l arnc projactilas"

vo RECOI&iEN0A1I0$S

Ao It ls reeomroonded thEt

Io Sarious considaration be given to bni.nging, about changes ln dcaign rhich
wiLl provido iraprcved protacti.on in the armor area bolor the gun on thc turret osoll-
Ieting saoticao

2o lfroro obliquity bo givcn to the buetle olde areas in ordor to provido r hlgher
lcvel of protecti.on in thasc arcaso

*18-

CONFIDENTIAT-'ffi
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1o The cl.earance bstwesn the.rotating st{irt ring and the oscillating turret
scctlon bo inoreased to provont keiing of tho t*o "o*porroiu 

whon projectllos produco
petalling or bulging on the facc of the armoro

i
lr" Sonc aiditlonal me&ns othor than bolte bs considered for faetening t'ha

trunnion pino to the rotatlng ring and some non-fluid lubrlcant bo uecd ln lubricating
the bcaring,o

," Tha ruotal and rubber conbinatlon sleevc arourd tho trunnion bearlrrg3 bc
used !n profercnco to the aolid metal slecve sinco tho comblnation elsove offers morc
rcsigtrnco to shock" . ,

6o $omc neang of covering thc insldo cloaranco botwaen the rotatlng ring
and thc oscilletlng section bc used i-f fragmenta and/cr blast fron saall arms, fragnon-
tation g,ronades and 37mr, HE pqJcctiloa arc to be stopped. from enterlng tho tank,

't " ?ha trenty layero of nylUrcloth over tha lnsidc clcaranee bctrreen tha
osoillating eectlou and tho rotating rlng be usod lnstead of tho raetal shlcld arrangonont
if protocticn a6ainat btast and fragraonts from rclatlvely ema11 callbor projactiler ia
to bc providedo

Bo Chang,ca bo brought about la the msthod of fasteniag tire nylon cloth bctrccn
thc osoillating ecction and th6 rotating ring of oecillating turrcts to rcduoa the
possiblllty of putling tho cloth frcn thosa parta by blest fron hlgh exploelvaao

9; Somo firo resiatant naterial bo uecd ts & oovor for "tJ:c nylon cloth othcr
than oanvas in ordEr to sut do*n ths flroe that could bo stcrtod by fragmante otrtking
suoh $atoriale aud by rhite phoaphorous and by JeIIlad gabolino,

10" t{hon dofinttc nothods of fsstenlng tho top covor plata to the oacillattrg
turct havo beon dcvised, it ie *uggcstrd thrt in lnweti6atlon bo conductod to dctcrnino
tho posalbility of koylug tha top "oru" 

platc to the turrst and/or displacing tha top
cov6r plato fron tho turret by proJectila inpacts on tho turrot gido wall'so

P D" Ho WI?T
let Lt., Ord Corpe
Proof Offlcar

APPR0YEDT

*,^{*.*,0**
UTO FO COILERAIC

Dlreotor,
Developmcnt & Proof Sotqr:iees Arac & Anmunition Dlf"

_rg*

coxFlDENTIAL'.-W
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r.lRoRt[ToRY
PHYSICAL TEST

OSDBfFDfS-Lg

TSff, ofr

OealilEtlng Ianh lurret
tlo. 3. 

.

AtsJECT OF IESf,:

To obtaln thc uaIL
thlekneEs qf the abone turet,
before test et A.f.G.

IE$I FLAllEPulEr

1. Instrueentatlonl
Eefleetoacep€r

2. Procedure:

SEBVIGTE DTVISICN$
I,ABORAfORY TTE}Ogf

Beport Eo. 51-I*1.L6

Sheet 1 , of 1-

De,te of ?est 2A Anrll" 1953

Report Conplete 
-, 

6 Fav 19q3

Condueted for A & A Dtvl4on

Hr. lC. Fless

ProJect Ho.

tlork kder

ftafaiences

frz-586

fio. 291?*tr1.c-O -

_ * t{,sae __
a. The turret uas

narked off ln approxfunately 108 x IOn
reetlons and nuubered (see IIG Fhotographs 4887L7-A89728, inclurive,
Appeadlr If).

b, A mooth spot, rar ground as close to the center of eoeh sectlon
ap cqrfece condltlons uould pernllt ao ^J 

l measurGnente corld be taken vlth
tJre refLeetosoope. &e (1) naasureuont uao obtaiaed ln eaah b}oek.

cr $ectlona 13/" to 163, lnoluel've, are located on tbe sklrt,
aad due to the ehapa of lt1 enct aaxlcrrts thlelnrees E€asurensnta could not
be obtaLned. ftrl,ckneseee ln theee locetLons should be co*raldered as approd.uato.

itESULtSr

I, For data see ipp*nOLx I.

. 2. For pbotograpbs aee .ippendix II"

Irol
Appendlx
Appendtr

Stgaedr

I
fi

Approvedr
pl ,

Iaboratory.

{r

fhysical ?eat
Megsurem€ats &ctlon,
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$ectioa
flo.

I
2,

)
I
5
6
7
s
I
10u
L2
13
u
L5
r.6
l.'l
18
19
20
2t
22
23
?4
25

.26
27
28
29
30
31
)a
33
34
35
36
37
38
39
/ro

O&DBO-DPS.IS

XhLohness Heasurements of

:

tuport $o. 53-l-W

Sectlon
$o.

81
82
83
w
8,
{fi
87
88
89
90
91
92
93
94
95
e6
97
98
99
100
101
102
103
104
105
105
107
108
109
110
11r-
112
113
u/,
u5
116
Ir7
Lr8
119
L20

Bo. '3r r*itb liklrt, 3o. 4

Lr

'r i..- .-"

lbiaknegs

3.75,r
l+.25
2.10
2.00
L. ro
1,w
2.90
3,fr
3,fr
4,25
3.fr
3.L0
2.Q5
1.?0
?.25
l+,25
/+.25
4,fr
5,t 5
5.fi
6.m
3.75
1.s0
3.00
5.fi
5.25
l+.?5
/*,25
5.00
?.00
4.50
3,fr
lr175
6.oo
lr.7'5
/e.of,
2.25
2,25
2.fr
2.?5

Osclllating

Seotlon
Ho.

41
42
l+3
t*
45
lrb
l+7
/+8

49
50
5L
52
53v
55
fr
57
58
59
60
61
o1
63
u.
65
&
67
68
69
70
7t
72
73
74
75
76
77
78
79
80

Tank l\rret,

Ibi"ehness

2.251
5.fr
5.ra
4.10
t+,20
/+.20
3.95
1.60
1.80
L,75
3.fr
3.75
2.40
1.90
1.75
!.75
2.00
3.10
3.00
3.00
2.',|5
2,&
2.4
2,25
2r@
2.fr
2'4a
2.25
2.&
2.L0
2.00
1.50
1,80
1.90
2.00
1r?5
/+.50
2.00
2.5A
3,W

&1che€$

3.10ll
5.25
2,15
3.00
1"00
1.m
1.@
1.00
1.00
1.00
1.00
1.00
1.O0
1.OO
L.00
1.00
r,o0
1.00
1,10
1.90
1,90
1.90
2.00
1.W
1.90
1.75
1.60
1,60
1.75
1.50
r.60
L,50
L,50
r.00
1.00
1.00
1.50
r.fi
2r'15
2,7A

AppendlxI,, tB
1, g4,ft Ti.Y'lli; ;'"{ ; i'r'',{l-i

.F: mtt*t' ;g-"r- -'o:*

i
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121
t22
L23
L21+

125
L26
L27
128
L29
130
131
132
L33
l3l+
t35
L36
L37
l-38
t39
llro
1/+1
ua,
u3
Ll*l*
l/+5
u6
w7
148
u9
150
151
L'2
:-53
L5t+
L55
\*
1. <1
'l <Q

-u.J

ffiffiffi"trlffiTHT?f:t

oRnBc-DPS-tS

?bickneaa &basurenents

Sectlon
Ng. , _ fbichees

Report !lo. 53-T=W

rith Skirt, l.Io. 4Osclllatiag

Sectlon

f,aak ?umet, No. 31

trielmese

2.frt,
2.5A
3.25

161
L62
L63

2.&n
3.lC
3.10
3.C5 !2.fr
2,30
2.5a
2.fr
2.1*,
2.60
2.10
1.80
2.1+
L.75
2,75
3.25
3.00
2.5A
2,55
3.00
3.00
3.00
3;oo
/*.00
3"7J
3.00
3.00
L.75
1.00
1.00
3.00
1,10
1.Lc
1.50
2r&
2.50
3.00
2.54
2./rQ
2,fr

Appendlx -I..,
.": !: .

{.'r:''*-",.a i,1.,ii
, ":' .'' 

"
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0ITDBG-DFS-tS

Thlchaesg Xeasu]'enents ef

$ffiIl3;[TrAL
nsprt Io. ,Yl-lfi*,

Tank 'furret, l{o. 8, uith *k'lrtr Ho. 3

Sectioa
Itoo,* .

L
2
3
l+

5
6
7

9
10
11
I2
13
w
L5
16
t7
18
19
20
2t
22
23
2l+
25
26
?7
/.6
29
n
3l
32
33
3l+
35
36
37
38
)9
/,D

fbtchregs

4.nn
l*,@
2.1+o
2.l+D
1.50
2.W
,o(
3,95
/+.CI5

5.25
3.?5
2.55
2,55
1.60
3.0O
lr.@
l+.W
4.50
5.t$
6.00
5,25
2rfr
1,60
3.25
5.75
6.o5
5.25
4.10
5.fr
6.n
l+.75
3./*5
/*,2A
5.80
/*.6a
lrr50
2.70
2.25
3.OO
2./r5

0sel11atlng

Seetlon
No"

l+L
/"2
/+3
/r.1"

l+5

L6
l+7
1.8

49
50
51
52
53
51
55
56
57
58
59
60
61
ot
63
6/,
65
65
67
68
69
70
?1
72
73
7l+
75
76
77
?8
79
80

&islmpsg

2,65t1
5.7 5
5.50
434
/".75
4.,45
4.00
1.80
1.90
2.20
3.75 '
3.95
2.5A
1,go
L,75
L.75
2.80
3.25
3,25
3.00
2.y)
2.',l5
3.10
3.00
3.00
2.85
2,go
2.94
2.50
2.34
2.30
1,75
L.g5
2.00
2.55
2.25
2.fr
2.5a
3.CO
3.00

Sectlon
No. .

81
82
83
64
85
86
87
88
89
90
91
92
93
9l+
95
96
9?
98
99
100
101
102
LO3
104
r05
to6
LO?
r08
109
ILO
111
ru
113
1l/i
u5
116
117
118
119
120

thlshess

2.90t',
5.75
2.54
3.50
1,25
1.10
1.10
1.OO
1.25
1.2'
1.10
1.05
1.05
L,25
L.25
1.00
1.10
1.00
1.00
1.00
2.0c
1.90
i.so
L,75
1.75
1.@
1.@
1.60
1.60
1.60
1.65
1.@
1.60
L.25
1.00
1.00
1.50
l.yJ
3,AJ
2,5C

Appendlx f
qrc. it=t... 

e. :".t
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ileport No. 53-I-J,61+

of Oscillabing tank luret, No. 8, ''flth Sklrt, No. 3

ffiffiffif H&**t
ORI-,BG.DTS-LS

fhlckress Mea suremenLs

Section
No. 

,

121
Llt
L23tu
L25
L26
L27
128
t?g
130
131
t32
L33
13l+
L35
l.36
t37
L38
L39
1/O
11+I
t/Q,
u3
\U+
L45
u6
Ll+7
1/+8

u9
150
15r
L52
]-53
L5/+
L55
L56
L57
158
L59
t&

Thj,chge-ss

2,75n
2.75
3.10
3.10
2.75
2,'75
2,95
2.W
2.go
3.00
3.50
2.00
2.25
L.45
3.00
3.10
2.fl
2,45
2,50
2,ga
3.00
3.03
3.05
3.fr
2.fr
3,50
2.A5
L.75
2.55
1.60
2.25
2,fr
2.00
3.@
3.O5
3.10
3.00
2.95
2,34
2.n

161
t62
L63

Sectlon
No. Ihlckng.ss

2.0011
2.54
2,24

Measurements 134-163 taken on skLrt.

fery"a*,r ':i

!: .. r. -. ,.S1
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A88?I7 COf,Frmr{TrlL E neEnoEEN PROV|NG GROUND I
hoJcot Uo. [f2-586. h*, fumct, Orcl1lrttng, Srrrlrl No.

top vlcr ahorlng thloErisl Daturcncnt )'ooatlonr bcfono

20 Aprll 1965

5.
tert at lPO.
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l88Z[8 coxFIDEmIlL C ,teenOEEN pROvtNG GROUND E 2o Apr11 196g
PnoJcot too E[8-586. trnk, Turrot, Oaollretlngr sonlrr l{oo 5o

Rcrr vlcr rhorlng thlolncat Dclrulcrat Iooif,lonr bcfonc tcrt rt lPO.



DECLASSl TED

I nuttrority N-$-u gilsia-

CONF IDENT IAL

ProJcot IIo. lf:jff: -.!:+, Trrrct, Oaolltrtlngr Sorle1 xo" 5.Rce'r vlcr rborlng thlo6csr uriuroreat rooi,Eronr-uofonc tcrt et Apo.
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CONF I DENT IAL

Ag872O COI{FIDB}IETAL ABERDEEN PROVING GROUND 20 lprl1
hoJoot Noo fllB-68-6.- .T!.t, rurrct, orollretlr€r gorlrr No. 5.fhrcc-qrrrtor: nlglrt fnoit vlcr Strorrng thlo[iea" rc.",gcrcntIooetlorr bcforr tcrt rt lXl. '
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188?21 COITFTDENTIAL E egenoEEN pRovtNG oRouND 8 20 Apnll 1955
ProJcct xoo Tf2-686. Trnk, Trrmot, oaolLlatlng, serlel No. 3oThrcc-qrrrtcr rlgbt front vtor ihorlng thlokieee mcasrrncmentIocetlorr bcfonc tcrt et AFO.
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AArI22 COXETIEilTTAL ABERDEEN PROVING 6ROUND 9O Aprll 1955
hoJcct Xo. fl- .'o+-oilt3;:tie li*r llll"i;3il1'til1ffi ,1"il1:,',Jh":i 10car10nrbcfonc tcgt at ApO.
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488725 COIIFIDEMIAL ABERDEEN PROVING GROUND 20 Apnl1 1955
ProJcct I[o. T12-586.

Thrcc-qurntcr lcft
bcforc tcst et APO.

T.tik, Tr:rr:ct, Osolllatlng, Scnlel Noo 5.front vlcr shor!.ng thlcknegs mca,guremont looatlonr



DECLASSIFIEI.I
f^--

AuthoritY l.t,-s P8;t' 5ttZ

COTIF IIIENT IAL

L88721 COITFIDEII[tAL ABERDEEN PROVING GROUND 2O Apnl1 1953
ProJcct !ro. rP2!-5t.- -Tenk, Trmet, orclllatlngr scr:laI No. 3.rhrcorquartcr rlgbt rcei. vlo sf,orlng thlckiSa! neerurcment locatlonabcforc tcct tt ApG.
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488725 Cor{FrDE}iltlL
PnoJect No. TE2-686.

ABERDEEN PROVING GROUND
Tank, Turnet-, 0soilIatlr€r $crlel

20 April 1955
[oo 5.

H:::f:I"I^+glt rcri vler 
"frorio!-turcri6e" ri"clre*nr rooarloanbefonc test et AFG.
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A8B?26 CONF'IDENTIAL

ProJect No. TT2-586.
Threc-quarter left
bofore test at APG.

I naEnoEEN PRovrNG GRouND
Tank, Turret, 0cclllatlng,
rear vler ahowlng thlckncss

$ 20 Aprll 1e55

Senlal No. 5.
meesurement locatlonr



- DECLASSIFI-EU
f^--

AuthoritY ru,-r PgaG SttZ

CONFIDENTIAL

A88727 CONFIDEMTIAL 8 ,{EENOEEN PROVING GROUND 20 Aprl1 L955
ProJect No" TT2-586. Tank, Tumet, 0sc1l1at1ng, serlal No. 3.Rlght rlde vlcl ahorlng-thlokncic neasurcrcif, locatlons beforetast at APG.
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RDEEN PROVING GROUND 2O MaY 1955

pro jecr No. rrz-sa6: - p:rlii:i?.'^:"3ffi1 li:t*le:tffi"1HIil3'*/*r,,u-3i::"T'i"31?;i"3i'"ift'*ilf ili"gq; n'i,-ias, piojectile
;il;id.--nounds-i, 2, 3, 4, 8, e' loo
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Project No. Tf2-586. BaLllstlc Test of osctllatlng TurretsrDirect frontal attack wlth the 9O3En, AP, Tgg, piojectile w/wind.-shleLd. Rounds b, 6, l. G::n elevaied ipp::oiiinat6ry 13o.


