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Watertown Arsonal Laboratory {j) 
Re,ort Number WAL 710/611 

IFJE 
24 July 1944 

Problem Numbor L2.l 

ARMOR PLAT]] - ROLLED ·0T1c· 
Invostigation of Experimental Heat Treatments of 

3/8 Inch Thick Homogeneous Armor Plnto 

ELEC'f h-~ 
. ·, "· 

APR 2 3 S86 ·. \ 

' ' I . , J O:aJECT A 
To doterminc · tho ballictie and metallurgical properties of experi­

mental o.nd ~roduction ennlysos of 3/8 inch thick homogeneous a.rmor plate 
which he.a been austempored or quenched and tempered to hardnesses common 
to ha.rd homogeneous armor. 

CONCLUSIONS 

1. Satisfactory ballistic nnd oetallurgical properties have been 
obtained on two types o'! steols in tho austempored condition which 
contained the following 1.)orcontnges of allo~'ing clements: (a) 1. 95 Ni, 
• 7 Cr, .2 Mo nnd (b) 4. 9 Ni, ,26 Mo. 

2. No superiority over the quenched r:1.nd tampered condition waa 
l\Ohievcd in any steel and, therefore, condderv,tion of nuatempering for 
heD.t trentmont of o.rmor is not justified bc? ~nurJe of the excessive harden­
nbili ty (in coneidoration of the section thickneso) roquirod to produce 
BRtiefnctory shock properti es. 

3. Inhomogeneity of ri1icrostructu.1·e, nnd the preoence of high 
t er.1:perntura transf ormo.tion :produc_ts, which were presont in poor qual1 ty 
nustor.ipored !)lntes, were chnrnetoristico which were !'oflectcd by tho 
presence of cr,;stE1,llini ty in the fi bro frncturc tost n.nd low notched bQI' 
impt\Ct valuon. 

4. The rntio of the yiold - tensile strength properties of the 
nustm:ipcred :9lr.i.toe contnining high nnd low tOt'IPcrl'.ture tranaforcntion 
products was l~r thnn in tho cnac of quenched and tempered Plntes. 

5. In noot ca.see, the quenched n""ld teopered ,1e,toe had sntisfnctory 
ballistic and r~ctnllurgiCl',l properties. 

6. The fibre frncture teat can be satisfactorily aP~lied to thin 
n:mor heat trontod to JSS..429 Brincll hnrlmes•e/ ~-

, E. L. 
This docum"nt h h APPROVED : f~r ~ubl~c l !-~l~us;~mde~n 0~1:>roved r Rosenrch Metallurgist 
distnb ut1011 is unl' ·, d.,ale, lts ._ . . __ uni e . ~ 

H. H. zomTIG 
Col~nol, Ordnance Dept. 
Director of Laboratory UNCLA ~flED 

• • • • • • • - - • • • • 
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RES'l'RICTED 

nTTRODUCTI ON 

In connection with the development of hard homogeneous aircraft 
armor to meet the requirements of Specification AliOS.l as outlined at 
the meeting of the Research Sub-Group for light aircraft armor held in 
the latter Part of 1942, a aeries of 3/e inch thick experimental and 
production plates were experimentally hon.t treated at Watertown Arsenal. 
These tests wE1re made in order to determi ne if austemperod low and high 
alloy contont plate had any specie.l ;·;: ,·,ri t over the standard quenched 
and tempered plato. 

:Balliatic results have been report od in pn.rt previously to some of 
the industrial members of tho Subcommittee on Rolled Armor. Thie report 
has b(.Jen written in order to !)rQvide o, conplote record of the ballistic 
and motnllurgical study of the compositions referred to below. 

Four experimental 800 lb. ingots of sovoral compositions were caot 
at Wnterto,..m Arsenal a.."ld forwarded to the Sir.ionds Saw and Steel Company 
where o~ch ingot was rolled into 3/8 inch thick pl~tes for · subsequent 
heat treatment. Two 1011 xl2" plntes of each analyois wero auatempered 
at Wntertown Arsonnl o.nd two corn~anion plates were quenched ond tempered 
nt Simonds Saw and Steel Oom~any. In o.ddition, several 3/S inch thick 
Disston hi~h nickol-molybdonUJ!\ nnd chrol'!lium-r:1olybdonun-vMadiur.1 plates 
nnd also 3/8 inch thick low nicke1-aolybdonun plates nnnufnctured by 
tho Ingersoll Steel and Disc Coopany were included in tho nbovo series 
of heat troatrnonts. 

With tho exception of two plates the sorioa of plntos wero haat 
treated to a hardness re.nge of 375-429 Brinell. The details on tho 
fabrication of the expt3rinontnl plates o.re given in Appendix A. 

1. !allistic Tests. 

Ballistic tosts were l".lfl.de no :::0llows: 

11• Ar-uy ballistic linits w,:, ::.-c r:,b tr.inccl on the plates with 
cal. • 30 J7 M2 n.nr.ru.::ii tion in accordance with Specif icl'.tion AXS..488, 
Rovision 2 for hard ho1.1ogeneoua l:'.ruor r,lato. 

~. The plates were a1tb,j0ctod to a shock test conahting of 
3 rounds of CEt.l. • 50 M2 ball ar.-ir:nmi tion fired nt nornal inpact nt E'. 

striking velocity of 2450 feet-9or-second. Also, representative plates 
were tested with one round of cal •• 50 ~ ¥~ annunition fired nt nomal 
~.t a striking vcloci ty of 21~50 f oot-:r,>cr-ac:cond. 

- - - - - - . • 
. . . . ' .. . 

I 
I I' .. 
r-- -· 

• ~7· . . . ' . . . . - .. . 
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RESTRICTED 

2. Metallurgical Exagiill\tion. 

After conpletion of the bnllistic tests, the plates were 
soctioned for a netallurgical study which included the followi?l8 teats: 
cho!lical Malyses, oncroscopic exar.:innt.io~, ::1icroscopic exanination nnd 
l3rinell hardness tosts r.~r..do on the cross sections of representative plates. 

In addition frncture t1)sts f or fi'Jre cl'--l1.rl".cterist1ca were nn.de 
on ench plnte. Sections 2 11 x811 wore !l1.c1:0cl ~Jcrpcncliculn.rly to the 
longitudinal axis nnd broktm quickl:, 1.md.er the drop he.r.:L1er. Also, apecial 
V-notch Charpy inpact bnrs .36ox.39l~" ,,:itb the notch cut on the .394" face 
width, pa.re.llol to t:1e ElUr!'a.co of the rilnte, r.md e.lso .252 11 diacieter ten­
sile bnrs were nnchined fron representative Jlates. 

R!JSUL~S .AUD DISCUSSICU 

l. B~llistic Tests. 

Photogr?.Pha of t niical n11ster:iperec1 &114 quenched and tenpered 
Pln.tes nftcr the ba.lliotic tests aro ahown in Figurea 1-4 inclusive. The 
results of the ballistic tests aro civen in Tablo I. Gencrnl.ly speaking, 
tho auston:-,11red ;ilatcs ,,;ere t1ore brittle under the shock test then the 
quenched flnd ton~cred Plates. For oxarJ~lo, of tho thirteen ~uatenpered 
plntes investigated, only four 1,osaoased sa.tisfa.ctory resistr.nce to tho 
shock test, nat1ely, plates 1123,,.1, 112}-2 (1. 95 Ni, • 7 Cr, .2 Mo), CV-1 
(4.9 Ni, .26 Mo) ru1d 14582 (1.3 Ni, .4 l'.o). 

A:,pl'.rently, in nost CMes, tho hardenability of tho coopositions 
wns ins11.ffici1:mt to prevent t:ie for::1n.tion 0f internedinte ten:rierature 
tra.nsforrJation products during the quench. 

The ballistic linita of the nusten~ered series were inferior to 
those of the quenched nnd te.'ll)erod gt•ot'!.:, . Tho ballistic lL,i ta of the 
austonpered plntes varied fror.1 79 !Det-per-sccond below to 70 feet-pel\­
second in oxcess of tho requirenonts wherol'.S tho ba.llistic licits of the 
quenched n.nd toopered plates vnric.i fro::~ 5 to 85 f oct-pol"-aecond in exceaa 
of the Specifications. 

Although the austen:riC'rcc. ·11..,_t.co CV-1 @c'. 14582 :i,)nssed the shock 
test, the bc.llistic linits were rnajioc ·~ivdy l foot-per-second in excess 
~"ld 60 feet-per-second 'below tl:.e roquirc· .. :or~tB. 

2. ~fotallurdcal Exn:-,11).S_tion. 

!:• Cher:.ic.:11 Annl:vaos. 

Cher.1ical nna.lyses of the '._)lates nre 61ven in Te1.ble II. 

-3-
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PJ:STR!CT~ 

Sar.1ple1 'Nos. 1120-1123 b clu.81 ve wera the expericental low 
alloy heats nl\de ttt Watertown Arsenal. !3r,~.1:Jlea 1,ros. CV-1, CV-2, CMV-6, 
OMV.s, 3 Md 2 are high nickel-r.1olybde:mr.1 a.ncl c!'l.roniur;.rnolybdenun­
vanadiun steals na.nufc.ctured by the Henry Diostcn nnd Sona, Inc. wherea1 
plo.tas Uoa. 14582 and 14932 are low nickol-;.1olybdenun nnd chrot1iun-. 
~oly~denun-vanl\diu.~ steels furnished by the InGersoll Steel nnd Disc Co. 

E.• Macroscopic Exapinntion. 

The nncrostructures of the longitudinal c.nd trnnaverso 
sectiona nfter dee:, etching in hot RCid A.re shown in Figures 5 and 6. 
Genernl.ly s:peo.king, the sani,lea are free froo :pronounced segregation• 
o..rid with the exception of Plates Nos. 14932 and CMV-6 are fnirly well 
cross rolled. A short fine lar.1inntion is evide11t in the longitudinal 
aoctions of !1latoo Nos. 1121 nnd 1122. Also, sorle decarburiza.tion is 
present on both surfaces of plate No. 3 • 

.E.• Microscopic :ii:x.:1J'linntion. 

Photor.iicrogro.?ho, illustrating the nicrootructure of the 
heat treated plntoe nre shotm in Figuroa f: a.~d 9. 

Satisfactory a.ustonpered plate hnd r:1icrostructure0 consisting 
essentially of be.inito re:3ultint~ fr0n clocon::,ooition of autenito botwoen 
550°F Md 6oooF whereas guod t1:uali ty qncnchcd a.'1.d tei:11'.)ered plate waa 
heat treated to yield toi:.r)crec nc-.rtonsi te. 

A deecrir>tion of fac sevora.l n lcrostr1.1.cturoa is given in 
the following. The nicro3tructuro of tJ-_o '.:iri ttlo }'il~tea Uoa. 1120-1 nnd 
1122-2 consists of r.10.rtond te, s0r.o f r::~~: to n1.d. other intcmodil'.t0 
tenpero.ture transfornation i:'Jrodu~t.a. '::: i·,c br:t ttlo aan:.ile lfo. 1121-2 
contnins r.lt:l.rtensite, sor::o f erri to and :!.rit ur::wdi::i.te te.r.1i,)crature trMe­
fol'Ol\tion products. The :J1•csEmco of nnrtonsi ta in tho above oe1,Uoned 
aar:ples reoul ted fr00 t he fnct t ~mt it W?.B noccosar:1' to iaotherr.lally 
treat then at 4500F or the tenpornture nt which nustoni te Partially 
tranafoms to • nrtcmsito in order t,., ;:inintain a hardness level of 3SS/4oo 
Brinell which was desired for the entire series of ex:_;erir.iental plntea. 

The quenched &,d toopered. ductile plates Nos. 1120 and 1121 
had ~- microstructure consisting of tonperod uartonsito whcrona ten,erod 
r.inrtensito and high te::r,-•ornturo trnnsforcntior. :r>roducts wGro r,rosent in 
the brittle pleto No. 1122, see Figure 7. The ductile austen,ered plate• 
Nos. 1123-1 Al1d CV-1 hac.1. a oicroatructure consiBthg ossontinl.ly of 
acicular bn.inite resulting fron n. docoupooition of austcnito botween 
550°F and 6oo°F, with evidence of r.iore carbides being present in BSJ:l~)le 
cv.1. Ten:pered z:w.rtnnsi to wao present in the ductile conpanion plntes 
Nos. 1123 and CV-2 as quenched a.1d tenperod. The brittle plate, CMV-8 
contained nixtures of a.cicular bainite and internodinto toriperature 
trMsforontion :iro~.uct.s whoroo.n the ductilo plntaCMV-6 contained uniforo 
tonpered nartensite, see Fieure s. 
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The brittle au:3tempe.red plates lfos. 3 nnd 14932 contained 
essentially intermediate temperature trMsformation products whereas the 
ductile quenched a.~d temperod nlates of the same series Noa. 2 and 
-14932-1 had a microstrncturc of tompcred iM.,_rtensite. Apparently the 
banded condition noted in tho quenched Md tempered plo.tes Mos. 2 and 
14932-1 docs not result in bri ttlo~mrn u::ider tho ohock: test applied. 
Plate lfo. 14582 which was Ponetratod und.? r the impact of cal •• 50 M2 ball 
ammur,itio~, but showod no evidence of brittleness had a microstructuro 
conoisting of cnrbidea in n lai:iollr.r co :1f1 :-::;urn.t1on a.nd :poooibly somo 
martonsito. Th0 com:pnnion ) lo.to No. l~-5f<2-l which ho.d n tempered marten,.. 
sitic structure pooseosed bettor ballistic pro~orticn than tho austompered 
pla.te. 

.9:. F:::-ncturq_ Testn for Fibre. 

Tho rooulto cf tho fracture tects for fibro charnctoristica 
are given in Table III. The sr.mpl~s which ho.d boo~1 quenched Md temperod 
to a. tarnPf'.lrod nn.rtensltic structure all eho,.,ed o. fibrous frncturo nlthough 
the harclnoss va,·ied from 375-429 Brinoll h,'\:rdnoss. Tho satisfo.ctory 
ballistic sanplcs Hoo. CV-1 Md 112}-l nuotern:r.>erecl to osoontially bninite 
Md both ho.ving a :Srinoll hnrdnoss of lKl6, exhibi tod o. silky nnd fibrous 
fracture. The bE-.lanco of tho ~stenpered se.T.1Plos showed evidence of 
crystallinity in tho fractures which was associntod with poor microstructuro~ 
ond brittlonooe under the applied shock test. Awa.rently, bainite 
structures of the type found in the nlckol-r.1olybdenur, steel CV, which 1e 
the result of the a.ustenite-bn.inite reaction rrt nbout 550-Goo°F a.re not 
associnted with brittleness when aubJocted to the shock teats npPliocl. 

il• V-notch Chn.rpy Im;vnct Tosta. 

The rosults of tho V-notch Chnrpy I~pact Toste are Presented 
in Tnble IV n.nd also graphically shown fo :!i'iguro 10. Si11.ce those tests 
woro nnde on a special in!)o.ct br-.r, soo 3'ie,urc lA, Appondix A, these reaul ta 
only serve to indicnto a. cor.1:~;a,riso :1 o:'..' tnc in!)nct values of tho a.ustOT.1Pered 
or quenched Md ter.1percd ;·13,tcrir•l. 

A review of t :i.eco dn.tr :; :· o•-; r, t:1:,.t foe ir\pnct vnlues of the 
quenched n.nd te1:iporod sa.r:i!)l (,r, toet ,,cl .:,.t -1,70')F Md v.t .. 40°F ,:,.re in general 
sor.tewhat auperior to the values ro;.-,o:i.·tcd. on the s~1ples o.ustoopcrcd to 
the oano ht1.rd:1ess. Tho t uo c.us":.e::ri,Grod on.-:i~los 1:Tos. 1123--2.3 nr,d CVl-1, 
which hnd goocl shock rcsi nting ~,ro:oertieo P. .. ncl nJ.60 t.'. fnirly uniforo 
structure, possf.lssed rdo,ti vely r .16h i • PD.ct vr~lv.es. 

T1:lo nuston;,)er.od snr.1 •:,lcs cf tho CY s0rico containing 4.9% 111 
Md .2G~~ :-Io not only reta.inod f\ fairly sr.tisfactory ir.1po.ct vnlue a.t -4o°F 
ir.. CoMiderntion of t i10 hnrdl,es3 involved, but also rcvealod A. silky 
fracture ".r::on broko.1 at t:1is teI.1Perature. Since this auRtenp,:i:rcd 
conposition wns the only •:> no of the seriee which did not s~10w crystnl.linity 
a.t-4ooF, it is evident t )w.t the resulting br.initic structure shown in 
Figure S is net conducive to shock failures. 

-5-
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f.. Tensile Tests. 

The results of the tensile tests are given in Table V. 

A review of those results shows that the ratio of the 
yield - tensil0 strength of the austempc!'ed plateo is relatively low as 
co:nparcd to t hat of tho quenched and tom:::icred .Plates. This is Probably 
associated w:i. th tho pros once of high l:Uld modi um tompcrature transformation 
31roducts in the material which was previously described. 

In a few c3,oc3;;;, '.nlatcs ,-:hich trc: r c ·orittlo under the shock 
toot had a somewhat lower ductili t:r t han t h0 ductile plo.tos. On tho 
other hand, no dofini to inve1·so corrol o.tion we.a oatablished botween 
ductility in tho tensile test .~nd 'brHtlene r.s r<;1sulting from shock 
failures. 

&• !moll Hardnq_r,o Tost E_. 

Tho rcsul to of tho :BrinoJJ. r.n::dnc so tea to aro given in 
Tablo V with tho exconti -:m of' ], lntes }inn. 112()..1 and 11;.~o-2. The 
nustampered :nlntes had n rro:?. r-:c of 33~lf29 3l'inoll hnrdncss whorene the 
quenched and drnwn pl[~t es ,.,ore heat trce.tc-i t 0 375-429 Brinoll. 

3. Dhcuo r, :lon 

Al thonf;h [Jr climinr.ry austornpering treatments Illl'.de on small 
sections of tho sel ected low o..'1d !1igh nlloy etoels investign.ted showed 
in raoet cnses n ncnrl~r complete nustonito-bA.inito trl".nsforma.tion with 
an nccompnn:,ine hnrdncsa of 388-4o0 Brinoll at M a.uste:nporing tomporature 
at 550...6oo0i, in rae.n;r cns us, tho bnllistic test PlCt.te fnil cd aftor the llatle 
nuote:npcring cyclo to po3sc~s tho S81!10 nicroetructure .1J'ld uimila.r 
hardnoso. This wno duo in nost cnsos to the 1nndo~nto r~~rdenability 
of the stools. In soi:.1e CF1.ses, high nnd intcrr.1odir.to tor.ipcro.ture trnne,.; 
formntion products wore foae4 ·. durir.g tho quench w:~.icl~ resulted in 
poor ::1etollurgicnl and bnllintic r>roportics. Furthernoro since it was 
desired to hent tront all bn.llistic nlates to n :Brinoll r .. !'..i•dnoee rn.ngo 
of 3SS..4o0, it becci.:.10 !locosst.'.rY to ioothcrna.lly treat throe of tho low 
nllc:r plntce Nos. 1120-1, 1121-2 '1l1d 112?-3 at 4500F wM.ch was in tho 
auAto:::ite>-r.1nrtensi te te:-.1pcrntu ro rnngo Md henco, t '.,e oxplnnntion of the 
:prosenco of r:in.rtensite in t hos e ov::;!)lco. 

The au.stonpcring of r.r-.:i') r ~-il nt o :~s ;1o t prnctical si.nco only 
rclo.tively sr!all srJ':1:)les co.~1 bo s r.(ti ·Jf r.cto1·n~· treated. Fo:e oxonplo, it 
ha.a boen deterninedltr..at s :r.1all oho ::l':-1 ,l oo (1+~6:tl/211 ) of Or-Mo-V steels 
sinilr.r to lfos. OMV-S, 3, 14932, 21nd. ·:~ -:,:·, "on.lli stic ros i stv..nco whon 
a.ustc:1pcrod to n br,.ki t o s t r u.cture ;,: .fL •d. t ~· n l3ri!loll hnrrlness of 444. On 
tho othcJ r hn,-id, this 1,mn c t :":!)o of 1Jtcol L, s ,:; ctions l0:v:.12xj/811 when 
austonpcrcd unrl e:r. t ~10 r.ir:: ·.o c •~:·,d. it iona :-.:1cl to t ho sp;.:o l:D.r t.necs levol f niled 
to possess snti.sfn.ct r,ry s:~0 clc r csieta."lCG n.l t 1wu r:sl: t he rc:Jistenco to 
1. Wntortown Arsenal Lc,.bora.tory Report ro. 710/19S(r) 11 Study of Now 

Methods of Heat Trol'\tinf; Ar.mor Plate, Aus tempering Dolnyod Quonching11
, 

dt'\ted May 1937. 
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DITRICTED 

penetration was conoidcrably above the requirements. These larger 
plates, in all cases, contaJ.ned sot1e high temPf.lrature transformation 
products. 

The two at,.stem1:icred steels which showed promising ballistic 
and I!letnllurgical properties in this investigatio·n were the 1. 95 Ni, 
• 7 Cr, .2 Mo and 4. 9 1:a, .2 Mo stoels. These Gteols showed no markod 
superiority over tho quenched ond temperod compr.nion plates and thero­
fore, the auatempering process ia not justified since excessive harden­
nbili ty 1s required for the thickness of plnt~s involved. 

It hns been demonstrnted thnt the fibre teBt can be applied 
antisfnctorily to light plc.te hco.t trcP..ted to a.bout 388-429 Brinoll 
"hr.rdneos. 

-7-
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l'abrico.tion of Experitlenta.1 Amor Platos 

l. Steel Making Practice 

~e four experimental. hoats wero r.w.do o.t Watortown Arsenal. 
in an induction o.cid lined fu.rnaco and cnst in tho fom of 600-lb. ingots, 
moo.auring 611 x 12• x 36 1 including tho hot top. The hoots wero al.winum 
killod (alumi11.Ull l lb./ton). 

2. Rolling of Ingots 

The ingots wero slabbed D.nd cross rolled. into J/S" thick 
plate o.t the plont of the Sir..onde Saw md Steel Cor.-q,any. 

3. Root Troo.tnont of Platos 

'rhe prelitu.nary aueta.lperi!'lJ troot:1e11.ts were doterminod on 
1/41 x 1/411 x l" snoplos of tho cotlpositions listod in ~o.ble I. iho aua­
tocpering cycle wo.s dotcl-i.1incd which resulted in an austenite-bainito ro­
nction varying frou 90-100% cooplute. It wo.s noted thnt due to insufficient 
hardena.bility of soverri.l of the stools investiga.tod tho.t high and inter­
oodiate tODperaturo transfomo.tion products wore roto.i.nod o.!ter quenching 
froiil tho austeni ti zing tooipero.turo. 
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Plate No. ll20-l 

:SALLI STIO DA.TA Slim llO • .! 

9 X 10 X J/6 1 

Actual Thiclmeaa .J17" 
:Brinell Hardness 331 

Plate 
Bound. 
Bo. 

Striking 
Powder Velocity 
Obarge J/S 

Chemical An&;lYsia 
0 Cr Mo 

:'j'G' 1.03 '3j 

Results 
Oal. 

l 

2 

150 M2 :Sall Firi1s: 
187 gr. 2 6 

187 gr. 2~6 

P'r.P, 5/16 rt X J/41 punching. 

PTP, J/4rt x 5/8" punchi11&. 

Maximum height of bulge on back - none. 

Cal •• 30 AP M2 Firings: 

3 29 gr. 1728 

4 28 gr. 1694& 

5 ~ 5 161',.a ~,. gr. '10 

CP , pinhole. 

CP, core shattered, nose in plate. 

pp• SB. 

Austempered 

aActual :Ballistic Limit - 1671 f/ s. 
Specified :Salli stic Limit .. 1648 f/ s. - Spec. AXS-488, Rev. 2, Machinable 

Homogeneous Plate 

PLATI SATISFACDY 

J 



Plate No. 1120-2 

Plate 
Round Powder 

~ 0hru1;;!L_ 

:B.ALLI STI O DATA SHUT NO. g 

9 x 10 x 3/S" 
Actual 'lllicknosr, ,374" 
Brinell Hardness 315 

Chemical ~-l-1.1.yds 

0 _.Qr_ .J:!E. 
,3b 1.03 .33 

Strikin.g 
Velocity 
.. F/S_ 

Cal, , ~o M2 :Ball Firing_s: 
Rosul ts 

1 167 gr, 21666 PTP, 11/16 x 13/19' punching, 
ing through plate, 

2 186 gr, 2437 PTP, 7 / 8 x 1" punching, 

Maximum height of btuge on bo.ck - nono. 

Cal. • 30 p M2 Fir~!J!: 

3 P ,L, 1800!/ B 1699 CP, pinhole, 

4 27 ,5 gr, 1651 CP, pinholo, 

5 27 gr. 1637 Hit odgo of plo.te, 

6 27 gr, 16470. CP, pinholo, 

7 26. 7 gr, 16030. pp' LJ3, 

Cal, ,50 li2 M2 Firingsl 

s 187 gr, P!!P, 7 /8 x 11/16 11 , 

.Austempered. 

2" era.ck extcai~ 

o.Actual :Ballistic Limit - 1625 f/ s. 
Spocifiod Bnl.listic Limit - 1636 f/a, - Spoc, AXS--486, Rev, 2, Machin~lo 

Homogeneous Fla.to 

PIM~TE UNSATI Si'A0T0RY .. Low balli atio limit, Brittle ui1der oho ck test appliod, 

- - j 



Plato No. 1120 

BALLISTIC DATA aim NO. 3 

10 x 12 x 3/S" 
Aotunl Thickness .375n 
:Srinell Hnrdness 388 

Chornical ~r.J.ysis 
C _Q_r_ Mo 
~ 1.03 733 

Plo.to Striking 
Round Powder Volocity 

No. Cha.r~o FLS 
Cal. • 50 M2 :Bnll Firi~s: 

l 187 gr. 216() eat. PP, D 

2 187 g. II PP, LB 

3 187 gr. If PP, LB 

Mo.xi.mum height of bulge on back of pla.to ;_ 5/16n, 

Oo.l. • 30 ~ M2 lririn~ s: 
4 P .L. 1900 f/ s 1872 CP, small pinhole, 

5 30 gr. 1s53a. OP, small pinhole. 

6 2B gr. 1757 pp• M:S 

7 29 gr. 1777 l?P • MB, 

3 29,5 gr. lSJ.Qll- PP, LE 

Cal. • 20 aP M2 Firings: 

9 187 gr. . ,2440 J:•n:>, 3/4 X ~,/16 11 • 

'llenched and Tempered 

Resu.lt 

a.Actual l3allintic Li.mi t - 1632 f/ a. . 
Specified Bo.llistic Limit - 1779 f/ s. Spec. ~~CS..l!-138, Rev. 2, Hard Homogan.oous 

Plato 



-

Plato No. llc!).. 3 

:BALLISTIC Dt~TA SHEET NO. 4 

10 X 12 X 3/3ff 
Actual Thicknoss .3761 

Brinell Hardness 3gg. 

Chanical Analysis 

C Cr Mo 
.36 1.03 .33 

Plato Striking 
Round Powder Volocity 

Qlonchod ond Tompored 

No._ p!w.rgo F/ S Rosults _________ ...;;..;.::;.:.:;;:::.=~-------

Cal. ,50 M2 :Ball i~.r~M§: 

l 186 gr. 2450 ost. PP, L!l 

2 ff II PP• Ll1 - 1.0: :J.• c c1 go. 

3 ii ri PP, L.'3 

)J ,; n PP, Ll3 

Maximum height of bulge on bo.ck of plate - 5/161• 

ca;i.. • 30 ii? . H2 Firin,ei!!: 

5 P.L. 1900 f/s lS24o. 

6 PP, L:B 

o.,\.ctual ballistic limit - 1843 f/ s. 
Spocifiod ballistic limit - 1775 f/ s. - Spec. AXS-463, Rov. 2, Hard Homo­

geneous Pla. to 



Plate Ho. ll2l-l 

Plate 
Round Powder 

No 1 Charge 

BALLISTIC DA1!A mim HO. 5 

9 X 10 X 3/8" 
Actual 'l!hiclmeas • 36on 
l3r1nell Hardness liol 

Chemical Analysis 

C Cr .Ji2. 
735 :st, .22 

Strikine 
Velocity 

F/S 
I 

Cal. 1 2Q M2 :Ball Firin,:s: 

1 186 gr. 2~ PP, L'.B 

2 II 2450 PP, L13 

Results 

3 il 2456 PP, LB - plate broke into two pieces. 

Maximum height of bulge on back of plate - 1/4"• 

ca1. .30 AP 1•12 Firi~s: 

4 P .L. l800f/ s 17ogn CP, pinhole. 

5 27.5 gr. 1718 Hit odge of plate. 

6 27 gr. 1632 Hit edge of plate. 

7 27 .2 gr. 166oa PP, LB 

Cal, , ~ JiP li2 Firin5s: 

8 187 gr. 2~ Plate sha.ttorod. 

Austempered 

a.Actual ballistic limit - 1664 f/ o 
~ocified ballistic limit - 1715 f/ s - Spoc. AXS-488, Rev. 2, Hard Homogeneous 

Plato 

PLATE UN&.TISF,~CTORY - low ballistic liL:l!t and brittle undor shock test applied. 

- - -__ ,........._-.-. 



Plato No. 11~2 

Plate 
Round Powder 
_No. ~ha.rgo 

!ALLI STIC lll~ SBEE N01 6 

9 X 10 X J/81 

Actual ~claless .361" 
:Brinell Hardness liol 

Chemical. .AnoJ.ysis 

....Q_ Cr _Hg_ 
.35 :ib .22 

Striking 
Volocity 

FLS 
Cal • • 2Q M2 :Bo.ll Firings: · 

1 187 gr. 

2 " 

2466 

2~6 

PP,~ 

PP, L] 

Auatanperecl 

Results 

3 " 2427 PP, Iw - 7" ci·::, c!:: f'Xtonding through plate. 

Cal. 1 3Q KP Mg Firinss: 

4 

5 

6 

7 

8 

P.L. 1900f/s 

~ gr. 

2Ei gr. 

26.5 tT• 

26.5 gr. 

1796 

171go. 

16~ 

1685 

1690a 

CP, pinl1olo. 

PP, SB 

Hit rd. f 6. 

PP, MB 

aAotwu :Ballistic Limit - 1704 f/ s. . 
Spocifiod :Bolliotic Limit - 1719 f/ s. - Spoc. AXS-i.ss, Rov. 2, Hard Homo­

gonoous Plo.te 

~ tm· SATI Slt"'AOTORY - low bo.lli stic 1' ;, . .- and brittle under shook test q,pli ci 

-

I 

i 

i 



ilato No. 1121 

Plato 
Round Powder 

BALLISTIC DATA SJEE:i: NO. 1 

lO x 12 x 3/81 

Ac¥ Thickness .3651 

. :Brinell Hnrdness 388 _ 

Chemical Analysis 
0 Cr Mo 

.35 ~ 722 

Striking 
Velocity 

Qlonohod and Te111poro4 

No. .Qh!u-g;o_ --11.L Results 

Cal. 1~0 Mg :Ball lirings: 

1 186 gr. 2450 est. PP, I'8 

2 ff a P~ • 15/16 x l~ n punching. 

3 ii n PP,LB 

Maximum height of bu.l.ge on back of plate .. 3/811 • 

Onl. • JO ~ ~ Fir1nfi.s: 

4 '!I) gr. 1795 CP, pinholo. 

5 29 gr. 17700. CP • pinhole. 

6 2S gr. 1700 PP, M3 

7 28.5 gr. 17240. PP, MB 

Ca.t •• 50 AP M2 Firings& 

s 187 gr. PTP, 3/4 x 3/41 • 

a,~tuoJ. :Bllllistio Limit - 1745 f/ s. 
Spocifiod :Bll.l.listio Limit - 17.35 f/ s. - Spec. AXS-l488, RaY. 2, Bard Homo­

geneous Pl.a.to. 

PUTE &\TISFACTORY - :Borderline 

-- -



Plate Ho. 1121,-3 

lWaLIS!t'IO DATA SHm 10. 8 

10 X 12 X 3/61 

Actual !rhickness • 365 • 
:Srinoll Hard.."l.ess liol .. 

~ahed and !raapored 

Chemical. Analysis 
C Or ...!!2. 

:35 .s6 .22 

Plate Striking 
Round Powder Velocity 
No. Chort?je FLS Results 

Cal. • 50 M2 Ball Firi~ !!: . 

1 187 gr. 245<> est. PP, Ll3 

2 " n PP, Ll3 - aiDa.1.1 star ere.ck. 

3 • I PP, Ll3 - small star era.ck. 

C,:,.J. • • JQ AP ··M2 Firi~st 

6 30 gr. 1766 PP, MB - oracks on bule;e. 

7 31 gr. 1s34P- CP, pinhole. 

8 30.5 gr. 1794a pp I LJ3 

a.Actual. :Dallistic Limit - 1814 f/ s. . 
Specified l3ollistio Limit - 1735 f/ s. - Spoc. AXS.-1¥'..x!, Rev. 2, Bard Bomo­

gcneou,(i Pl{'l,t, ) 

Pla.to lo. 1123-l 

E_LATE SATISFACTORY 

:BALLISTIC DA!l'A ~ llO. '; --------·•- _.,•:"\'! 
9 x 10 x 3/G• 

i'-Ctual Thickness .367 11 

:Srinell Hnrdneso· 4ai1 
Chemical .Anal;ysi~ 
C Mn Mo 

:TI 00 J3 
Plate Striking 
Round Powder Velocity 

lTo 1 Charge FLS Results 
Cal •• 50 M2 !loll Firings: 

.lm.stempered 

1 187 gr. 2446 . P1"P, lower right hcmd corner broken off, 2lt2.I" DS. 
MoxiL1um height of bulgo 011 bllOlt of plate - nono. 

0&1., • 30 AP M2 FirillijBI 
2 P .L. 1000 f/ s 16s7a CP, pinhole. 

3 ZI gr. 16414 PP, MB 

OB11 150 AP M2 J'iringsa . 
4 mt gr. 245oost. P!3>. l-15/16 X 1 11 JS. 

a.Actual l3alliatio Limi~. 1664 f/s. . 
"ecif1ed rlal.11st1o Limit - 1743 f/ a. Spec • .AXS..1'86, Rev. 2, Bord; lfomo. Plo.tc 

PL\1'1 tm~!t'ISFAODY • low ballistic limit C'.nd brittle when shock toat applied. 



Pl8'e lo• 1128-2 

·liALLISTIC ~u m~·No. 10 

. 9 X 10 X J/6" 

PlAte 
Round. Povdor 
.!9.... Oharga 

.Actual Dl1 almeia • 37 21 

:Drinell Bardno•a 420 . 

Chcioal Analyaia 
0 • ..IR. 

:,j 0o .33 

Striking 
Volociti' 

Fl& 
Oal.1 1~ 112 :Ball Firings& 

lleaulta 

l 187 ~- 2556 PP, ~ - 51 cnck through plato. 

Oal.1 

2 

3 

4 

5 

6 

7 

112 a Hg J'ir1n£ga . 

P .r.. 1900 t/ • 1892 

P.r.. 1800 t/ a 16G9 

JO gr. 1770 
I 17s6• 
.. 

2G gr. 1708 

29 gr. 17386 

OP• 1/16 x 1/161• 

PP,K!3 

Hit odgo of plo.te. 

CP, pinholo • 

.tuat11;u1ro4 

•Actual. ~all1at1o Limit - 1762 t/e. 
Bgeoitied l3alliat1o Limit • 1763 t/ •• Spec. ~. In. 2, HarA. lomo. 

PlAtO 

Pl.AD tJISATIBJ'ACDI - low ball1atic limit and brittle under ahock teat 
appliacl. 



' • 

Plato No. 1122 

l3ALLISTIC WA sm:E':e JlO, ll 

lO x 12 x 3/G1 ~checl and Tanpered 
Actual Thickness .37on 
. :lrinell !tordner.s 375 

Plato Striking 
Round Powder VolooUy 

lTo, Cho.r~e FLS 

Cal, 1~0 Mg Jol.l FirinGs: 

l 166 gr. 2450 est. 

2 n n 

3 n " 

Ohmioal Analysis 

C Mn .J1R. 
7j'j l.bO .33 

Results 

PP, LD - 1 x l-1/ G" punching start od. 

CP, crack to rd, 11 • 

PP, L:l - era.eking on bul~o. 

4 1 n P~, ZlS lJ/16 x J,.l/G", 
Maximum hei{.;ht of bulge on back of plo.to - 5/16 1 • 

Ool, • 30 i'IP M2 Firinwi: 

5 Jl gr. lSG2 

6 P .L. 1900 f / s - 1ii t od.Go of pla.te. 

7 P.L. 1900 f/ s lC44 Hit rd. ,!'4. 

g P,L. 1900 f/s 1650 Hit rd, ll, 

9 P ,L. 1900 f/ s ·11.152 CP 1/16" :x: 1/1611 • 

10 JO r:;r. 18,30 OP, Gmall pinhole, 

ll 2Z er. 171J()El, CP, GIJoll pinl.olo. 

12 26 gr. 1690 PP, SJ 

13 27 gr. 17~a PP, JO 

Cal. ,20 a M2 Firin~s, 

·14 187 gr. 2450· est. PTP, l-ll/16 x ~9/16n JS, 

6~tw:u Jollistic Lim.t - 1760 f/s, 
Spocificd JalUstic Lir.11 t - 1755 f/ s. - Spoc • .AXS..lWc, Rov. 2, Hard HolJO, 

Plato 

PWlll UNSATISi.i\.CTORY • bri ttlo undor shock test applied, 

• . -. • • • • • • • • • - - - - • 
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Plate No. ll2a-3 

llALLISTIC WA SDm 1'01 12 

10 :X 12 X J/81 ~ched and Temperecl 

Plate 
Round Powder 
lfo ---!... Charge 

Actual 1hickness .3811 

:Brinell Hardness 429 

Chemical .Analyei s 
C Mn _.M2. 

:1J 1.bO .33 

Striking 
Velocity 

F/S 
Cal. .50 M2 Ball Firings: 

l 186 gr. 21'50 est. PP, Ll3 
2 II n PTP, 1-7 /16 x 1-1/16 11 

3 II n PP, LB 
4 n " PP,LB 

Cal. .JQ KP ·M2 Firi~s: 

~ P.L. 1900 f/ s - Hit rd. ll. 
P .L. 1900 f/ s 1776 PP,MB 

7 30 gr. 18440- CP, small pinhole. 
8 29 gr. 17s6 PP, MB 
9 29.5 gr. 1so5a PP, LB 

Results 

uxi t diameter. Hit rd. fl,. 

aActual Ballistic Limit - 1825 f/e. . 
Specified Ballistic Limit ... 1798 f/ s. - Spec. AJCS-ijg8, Rev. 2, Hard Homo. 

Plate 
PLATll SATISi'ACmtY 

Plate No. 112}-l 

J3.ALLISTIC DATA SHDr NO. ll 
9 X 10 X 3/8 11 

Plate Striking 
Round Powter Velocity 
~ Charge F/ S 
Cal •• 50 M2 :Ball Firin&sl 

l 187 gr. 2lf.5<)est. 

Actual Thickness .3531 

Brinell Hardness 1K>6 
Chll?lical Analysis 
C Ni Cr Mo 

732 1.95 :-Gs 722 

PP,LB 

Results 

2 n n 
3 n " 

PP, LB ... mnvJ.l era.eke on reo.r bulge. 
PP, LB - small cracks on rear bulge. 

Cal • • 30 iJP M2 Firings: 
4 P .L. 1900 f/ s 17760. CP, 1/16 x 1/16 11 punching started, 
5 Zl gr. 1670 PP• SB 
6 28 gr. 173go. PP, MB 

Austempered 

a.Act'ULll. Ballistic Limit - 1757 t/s. 
Specified Ballistic Limit - 1687 f/s. - Spoc. AX&-~, Rev. 2, Hard Homo. 

Plate 

PWJl SA.TISJ'AOiORY 



.. 
BWiIS?IO Em BO • . li 

Plate lo. 112}-2 

Plate Striking 

9 X 10 X J/81 

Actual Thickness .3641 

:Brinell Hardness 429 
Chemical Analysis 

C lli Cr Mo 
,.32 1.95 :is .22 

Ro1Jnd Powder Velocity 

Auatempered 

~ Charge F/S Results 
Cal •• 50 M2 :Ball Firings: 

1 187 gr. 2437 PP, Ll3 
2 186 gr. 2427 PP, L.'B 
3 187 gr. 2437 PP, LB 

Maximum height of bulge on back of plate - 5/16 11 • 

ca.1. •• 30 AP M2 Firings: 

4 P .L. 1900 f / s 1848a PP, L:B 
5 31 gr. 1872 CP, CIP :BnBe dentroyed, nose thru. plate 1/lf,n. 

Cal. • 50 AP M2 Firings: 

6 187 gr. 2442 PTP, 7/8 X 1/ ;:211 • --------------·- ··---~·- ···--·-------------
aActual :Ballistic Limit - 1860 f/s. 

Specified :Ballistic Limit - 1731 f/s. - Spec. A."<S-~S, Rev. 2, Hard ~o.Plate 

PLATE SATISFACTORY = 

Plate No. 1123 
l3ALLIS~I C DA~ ' mD:ET NO. 1,5 

10 X 12 X 3/8 11 

Actual ~iclmess .35gn 
:Brinoll Hardnoss 388 

Ohomioal Analysis 
0 Ni Cr Mo 

.32 1.95 :-Gi 722 
Plate Striking 
Round Powder Voloci ty 
~ Charge F / S 
Cal. • 50 M2 :Ball Firings: 

1 187 ,;r. 2466 PP, Ia! 
. 2 187 g. 21'66 PP, Ll3 

3 187 g. 2556 PP, LB 
Maximum height of bulge on back of plate - 3/6 11 • 

Cal. • 30 AP Mg Firings: 

g ~ :: ~~g 
6 27.3 gr. 1700 
I P.L. f~:/ a i,~ga 

16 ~:~ g: it~a 

PP, MB 
PP, M3 
PP, l,ta 
CP, mnall pinholo 
CP, small pinhole 
Hit rd. ,(/,2 
PP, MB 

oa1, .50 AP M2 Firings: 
11 187 gr. 2470 p~ - 1/211 X 7 /16 11 • 

~enched end Tempered 

Results 

a.Actual :Ballistic Limit - 1763 f /s. . 
Specified :So.llistic Limit - 1707 f/ a. Spoc • .AXS-4sS,Rov. 21 Hard Homo. Plo.to 

PU.TE WI SFAOl'ORY 



Plate Bo. 1123-3 
BALLISTIC ~!.\ SHm NO. 16 

10 X 12 ~ 3/r,n 
.Actu£il Thicknoas .31Jsn 

Brinoll Ho.rdness Jl9 . 

Plato Striking 
Bound Powder Velocity 
Mo. Charge F/ S 

Cal, .50 M2 Be.11 Firings: 

1 187 gr. 2450 ost. 
2 167 gr. 1 

3 187 gr. n 

Ohomicol Aru;l,ysi s 
C Ni Cr Mo 

.32 1.95 :-Gs 722 

pp t Ll3 
pp. L'.B 
pp I L'.B 

Cal • • 30 KP M2 Firings: 
4 P .L. 1800 £/ s 1697 PP, hit nonr Rd. ,Ji,1. 
5 29 gr. 1757e. CP, 1/16 :c 1/16 "· 
6 28.5 gr. 1737 PP, L'.B, Punchii:g started. 

qimched and rauporod 

Rosults 

7 28.5 gr. 1749a PP, L'B ___ ____ ________________ _ 
0Actual 3ollist1c Limit - 1752 f/s 

Spocifiod Ilo.J.listic Limit - 1667 i/ s .. Spc.c •. A.XS...~$, 
PL.ATE ~TI SFii.C~:ORY 

Rov. 2, Hord Homo. Plo.to -----..... ~ 
Plo.to No. OV-1 

~STIO DAT.A SHEET NO, 17 
9 x 10 x 3/8 11 

Acturu. Thicknoss .367n 
~rinoll Ha.rdnoas Lio6 . 

Chomicol .Analysis 
C lTi Mo 

722 4.01 3 
Plato Striking 
Round Powdor Velocity 

No. Clulrgo F/ S Resu.lts 
Cal. • 50 M2 Doll Firings: 

l lG7 gr. 245c) est. PP, Ll3 
2 137 gr• • PP, LB 
3 lG7 gr. 11 PP, L!3 
4 lG7 gr. n PP, Ln 

Ma.·dmum height of bulgo on back of plnto .. 3/ffft. 
Cal, 150 J:2 M2 Firings& 

5 167 &T• 2450 est. P~, 1/2 x 1/2•. 
Col •• 30 AP M2 Firings: 

6 30 gr. 1846 
7 2a.5 ~. 1700 

CP, CIP, noso thru plo.to 1/4". 
PP, CIP 

8 28.5 gr. 1710 
9 2s.5 er. 1700 

10 ;· 5 r-,r. 1800 
ll r;;r. 1703 
12 2 .5 gr. 16?! 

ia ~-,~·. u~: 

PP, hit rd. #4. 
Ya.wed im-i>t:'.c :; 
CP, CIP, nose thru plnto 1/4". 
CP, OIP at odeo of pla.to. 
PP,M:l 
CP, p~nholo light, 
n, Ll3 

&Actual 3nllistio Limit .. 1744 f/s . 
Spocifiod :!3cillistic Limit .., 1743 f/ s - Spoc • .1\.XS.l.18G, Rov. 

PLATE SA.TI SF.A.C!OORY 

Auat<111porod 

2, Hard Homo. Plate 



Plate lo. CV-2 

llALI.I &TIO JllB SR:m JrO. 18 

10 X 12 X 3/81 ~enched and iE111,Pered 

Plate Striking 

Actual Thickness .359 11 

3r1nell Rordnosa 379 
Chemical A.i.--ipJ.ysiE, 

C Ni Mo 
722 4.Gl 72b 

Round Powdor Voloci ty 
No. Cha.~ge F/S Rosul.ts 

Col •• 50 M2 !loll Firings: 
l 187 gr. 21i50 ost. PP, L:3 
2 18"{ gr. " PP, Ln 
3 167 gr. " PP, LD 

Maximum height of bulge on bock of pl~te - 5/16". 
Cal •• 50 AP M2 Firings& 

4 lcrf e;r. 245() ost. Pn>, 3/G" x 3/3". 
Cal • • 30 .t.P M2 Firings: 

5 29.5 gr. 1807 CP, 1/16 x 1/16"• 
6 29.0 gr. 1739 CP. pinl1olo lieht. 
7 20.0 gr. 1700 PP, M!l 
8 P.L. 1900 f/s 1915 Hit odge of plato. 
9 30.0 gr. 1790 Hit rd. no. 1. 

10 30.0 gr. 1796 OP, pinholo lir,ht. 
11 26.5 gr. 17270. CE', pinholo liGht. 
12 28.0 gr. 1711° PP, im 

6Actuol Jallistic Limit - 1719 f7; 
Spocifiod :lDllistic Limit - 1711 f/ s - Spec. "\XS..4GS, Rav. 2, Htu-d Homo. Pla.te 

PLATE 6'\.TI SF~\CTORY 
rm--.=--=:.:.== 

Pla.to No. 145132 

J.l~,IS'l'IC Dl\.'l'4, S:.iil!PJ~ lTO. 19 
10 x 12 x 3/G" 

Actunl Thicknoss .377 11 

Jrinoll Hnrdnoss 3as 

Plote Striking 
Bound Powdor Velocity 

lto, Ohargo F/ S 
Col •• 50 M2 JDll Firings& 1 li gr. 2542 

2 l gr. 245
4

6 0 ost. 
3 1 gr. 211-50 est. 

Ohomicr.l .An~si s 
0 Ni Mo 

:rrt 1.31 ~ 

P'l'P, 5/6 x 5/G", 
PP, 10 
P?, 10 

9a1. • 0 ~ M2 Firin. - s& 
167 gr. 2H O ost. PTP, h~t rd. I~, 3/4" x 5/8 11 • 

5 187 r;r. 24 · est. PTP, 3/8 x 3/'811• _ 
Cal •• 30 ~ M2 Firinfsl 

6 31 r,Te . tJ+70. OP, pinhole light. 
7 30 r,r. 16~2 PP, ~ 
8 30.2 gr, 16 l PP, !;1 
9 30,5 gr, 16 1 PP, SO 

10 30.6 gr. 1699a PP 

Austmporod 

a.Actual :lnllistic Limit• 1123 £/s ·-
Spocifiod Dollietic Limit - 17s3 f/ s - Spec •• UCS-l!-$13, Rov. 2, Hard Homo, Pla.to 

Pliill UNSA1'ISFJ1.0~Y .. low bv.llistic linit 



.. 

lWUSTIO ~ SBIE B01 2Q 

Pla\e lo. 11'58a-l . 12 X 12 X 3/ 81 

.Actual !lhicJme•a .375• 
llrinoll BardlleBB 375. 

Chemical &gl.ylia 
o 11 A 

:Tq i:Ji -;1io 

Plate Strildnc 
Jiound Povdel' Voloci\7 

Bo1 Omrge J/ 8 llollll\• 
oai, .50 112 na.u 11rw11 

l 187 gr. 21166 n. ND 
2 1s6.5 r,r. 2ll5o eiat. PP. JG> 
3 186.5 gr. 1 PP• ND 

Nmmum height ot lNlc• on back ot plato • 3/16•. 

o,i, ,59 ~ 112 J1riy11 
4 1s6.5 ,:r. ~ . e•t. P~. 3/a x 3/c1 • 

Cal. ,:,o AP K2 Jiriyal 

5 30.7 er. 16s4 
6 ,30.9 -· 1718 7 )l.O gr. 1728 
S 31.2 g. 1757 
9 31.5 er. 1767 

10 31.7 ~- 1824 
11 31.6 er. 1777• 
12 )1. 7 gr. 1821'-

n. SD 
PP• SO 
PP, IGl 
PP.MD 
PP, NJ3 
OP, hit rel, ,f6 
PJl,ND °'• hit rd. ,f6 

•.totu.a1 Dall1at1o L1m1 t - 1801 t/ • . 
8pec1f1e4 Da.1111\10 Limit • 1775 t/1 • _,oc. AU-400• lln. 2, lard lomo. Plate 

PLA.!3 SATISl'AODY 

™ISTIO DlTA Ell'l 10, 21 
Plate lo• CllV-8 · lO X 12 Z l/11 

Aolual !hlcJm111 ,380' 
D:rinell Bardne•1 la5 . 

Obtpioal AnA1.Yai1 
0 ..9I...JIQ. V 

:,g 1.15~;jo 

Plate striking 
Round Powder Velocit7 

Bo, Ohm-e;o 1/ S lloSJ.1\a 
Cal1 150 M2 Dall Jirgaa 

l 167 g. 21';0 oat. Plo.te broke into 4 piocoa. 

PWE UBSI\TISl'.A.ODY - :lri ttle Una.or Sboak Teat Applied 

• - • • • • • • • - - • - -



Plate No. CMV-6 
lWiLISTIO DATA fBm 10 • 22 

10 X 12 X 3/81 

Actual Thickness .37on 
~anched and Temperecl 

_ :Brinell Hardness 388 

Ohernicnl .Analysis 
C Cr Mo · V 

:lib 1.15 7w ,30 
Plate Striking 
Round Powder Velocity 

No. Charge F/S Results 
_________ _..;;;.;,_....;...... ______ _ 

Cal. ,50 M2 Bru.l Firings: 
l 187 gr, 2450 est. PP, LE 
2 11 n PP, LB - fine crack on bulge. 
3 n n PP, IiB 

Maximum height of bulge on back of plate - 1/4". 
Cal, ,50 ~ !'i2 Fi,ri~~: 

4 1$7gr. 245()est. PTP,1/2x7/16 11 • 

Cal. ,30 ~. i-12 F:1.rings: 
5 P .L. 1800 f I a 1679 PP, no bulge, 
6 P .L, 1900 f/ s lo :Jt CP, pinhole light, 
7 31 gr. lost PP, SB 
8 32 gr, 1699 iP, SB 
9 34 gr, 1853a Pl?, LB 

10 35 gr. 1901a. CP, pinhole light. 

aActual :Ballhtic Limit - 1877 f / s 
Specified :Ballistic Limit - 1755 f/ s - Spec • .AXS.-488, Rev, 

Plate No. 3 

PLATE SATISFACTORY 

~\LLISTIC DATA mm NO. 23 
10 :c 12 X 3/8 11 

.Actual Thickness .395a 
BrinQll Hardness 4ol 
Chomicnl A.'1.olys_~ 

C Cr Mo V 
.mf l,lS ~ -,30 

Plate Striking 
Round Powd.or Velocity 

2 , Hard Homo• Plo.t r-

Austempered 

Bo, Charge . F/S _________ R......;e;:.;:;sul=_t;;..;a;.....,_ ______ _ 

~ ,50 M2 Ball Ffrines: 
l 186 gr, 2450 est. PP, MJ3 
2 11 n PP, MB 
3 II II PP, MB 

Maximum height of bulgo on bl\ck of plBto • 3/16n, 
Cal •• 30 .AP __ M2 Firings,1. 

4 34 gr. 1970 
5 33 gr, 18Bf~ 
6 32 gr, l83tJP 

CP, pinhol.e light. 
CP, pinhole light. 
PP, Ml3 

Ce.J. •• 50 ~ M2 Firings: 
7 187 gr, 2450 est. Pn> - 7/16 x 1/2" - l½" crack to round~. 

BActuoJ. :Solliotic Limit - 185$ f/ s · 
Spocifiod :Ballistic Limit - 1851 f/ o - Spec. AXS-~G; Rav. 2,&.rd Homo. Pla.tc 

PLATE - :Sorderlino 



,, Plate ,No. 2 

:BALLISTIC ])j,TJ. SHDT NO. 24 

10 X 12 X J/8" 
Actual ThickneH .4o211 

Bri~ell Hardness 38g 

Chemice.1 .Analysis 
c Cr ~ ·v 
~ 1.16 .56 72b 

Plate Striking 
Round Powder Velocity 

Quenched and !L'empered 

No, _ Cha.!&L_ F /S ___ _ ___ R __ es __ u __ l..,_t __ s _______ _ 

Cal, ,50 M2 Ball Firings: 

1 186 gr. 2450 e.st. PP, MB 
2 186 gr. 11 PP, HB 
3 186 gr. 11 PP, HB 

Maximum height of bul{!.e on back of Plate - 1/611
• 

Cal~ 1 30 AP M2 Fii-in1;E1: 
4 35 gr. lost CP, , 1nhole light 
5 34 gr. 1950a CP, pinholP- light 
6 33 gr. 1901a PP, 14:B 

0a.1 1 1 50 AP I:f2 Firings: 

7 187 ir. 2450 est. PJ:P - 7/16 x 7/1611 exit diameter. ------· 
aActual Ballistic Limit - 1926 f/e 

Specified Ballistic Lirait - 1877 f/s - Spec. AXS..488, Rev. 2, Ha.rd Homo. Plate 
PL.A~tn~S~I~C~ORY - under Shock Teat Applied 

Plate Mo. 14932 
BA.L~ISTIC DATA SHEET NO. 25 

10 x 12 x 3/S" 
Actual Thiclcness .36311 

Brinell Ha.rdnesa 415 

Chemical Analysiq 
C Cr Mo V 

.52 1.24 Yi~ 
Plate Striking 
Round Powder Velocity 

Aus tempered 

H0• Cha,r,e 1 /s _________ ,=,1Rllll,loa111,11u.1..._ts..__ _______ _ 

Cal, ,50 M2 Ball Firings: 
l 187 gr. 2450 oot. 
2 187 gr. II 

3 187 gr. II 

PP, UB 
PP, BB 
Pla.to 'bl'o!:e i nto 2 pi9ces. 

Ca.11 1 59 ~ M2 Firinge: 
4 187 gr. 2450 est. PrP - 3/s x 3/S". 

Maximum height of bulge on "back of !Jlato - none. 
Cal, 1 30 ~ I1I2 Firings: 

OP 5 32.2 Jr. 1846a 
6 32 ·-0 g:;..r_. __ 1_s __ 29,_a __ P.P ___ ,_i_e ___________ . _____ _ 

aActunl :BalJ.iatic Limit - 1838 !/a 
Specified :9nl:.isdc Limit - 1805 f/s - Spec. AXS-488, Rev. 2, Hnrd Homo. Plato 

PL~Jl UNSATISFACTORY 

• • • • • • • • • • • • • • • 



(.I 

• 

Plnto No. 11'93a-1 

:BALLI STI O DA.~ SHEET l'iO. 26 

12 X 12 X 3/$11 

Actual Thickness .373n 
Brinoll H.'.lrdnoss 388 

Ohemicol AnffiYsis 
C Cr Mo V 

.52 1.24 :'91 .2li 

Plo.te Striking 
Bound Powd.or Velocity 

No. Charge F/S 
Oal •• 50 M2 :Ball Firinfjo: 

l lE:f( gr. 2437 PP• 11B 
2 11 245<) ost. PP• MB 
3 n " PP.MB 

Mwcimum height of bulge on bo.ck of plate - 1/4". 

OQJ., • 50 AP M2 Firings: 

4 187 gr. 2450 oat. PTP 3/S" x 3/S". 

Cal. • 30 JP M2 Firings: 

5 31 gr. lost 
6 31.5 e;r. 1800 

FP, MB 
PP, ID 

Results 

7 32.0 p;r. 1824° 
G 32.2 gr. W446 

PF• nooe in plo.to - core sha.ttored. 
CP, pir.hole light. 

a.Actual BoJ.listic Limit - lG34 i/ s . 
Specified :Ballistic Limit - 176.3 i/ s - Spec • .AXS-1483, Rov. 2, Bard Homo. Plnte 

PLATE SATISFAOTORY 

• • • • • • • • • • • • • -~-L--·- --- -----
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