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LIGHT ARMC')R Pl,ATS: 

by s . Tour - Techn1oal Staff, 

Otf1oe of Chief ot Ordnanoe, u. s. Arv>:/• 

BEFORi!. '\'HE l 'ORl.D WAR. 

Prevlou, to the rao,mt war the only light armor plat.a 11&ed 

waa 1n the torm ot eh1old1 tor ara.llery veb1olee. Theee 

lh1elde were 0.16 1nohea, 0.20 1nohe1 and 0.26 1nohea 1.n 

tbiolmese, and pr1or to the aooeptance ot eaoh shield, 1~ waa 

teated 1n aooor4ancae w1t.h the tollonng apeo1t1oat1ona: 

(a plua or m1nua ~olera.nce ot O.03 1nohes waa allowed 

th1oltneeseH ot plates) 

"Armor Plate O.l~ 1nohGa thick ahall be teated by 

firing with a United States Magazine R1fle, Mod6l 1903, 

Caliber • :JO, and a oupro-n1okel J aoketed l&O-gra1n 

bllllet w1t.b a 1N&1le veloo1t,J ot 2,140 fee\ per uecond, 

tor d.lreot- 1mpaot, at a range ot l>O yard.1, and t.be 

quality ot the mteel muei be such \hat the plaieo sh@ll 

noi be penetrated, oraoked, b?'Oken, or mator1allJt 

deformed, axoept, howaver, that very fine hair ora.cka 

formed in the back el.de of t.he bulge made b,v any 3.mp61ot 

may be permitted.• 

"Arm.or plate 0.9 1nohea th1clL ab.all bo toet0d by 

tiring with the United St,at,ee r1tle,oe.l1ber .30," 

cupro-nl.ok.ol-Jacketed, l60-gra1n bullut with a mu2 le 

3SN3dX3 lN3WNl:l3/\0D l.'v 03::>nOOl:ld3~ 
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veloo1ty ot 2,700 to~\ per seoond tor d1reot lmpaot mt 

a range ot '10 yarda.• 

'Armor plate 0.86 1nohe1 t.hl~k w1ll be teeted 1n t he 

earae aann1r aa for o.g 1nobee \hlu, exoept that tJlG 

range wlll be 20 7ardo. All other :requirements for 0.9 

1naha1 and 0.95 lnohe1 t,hiolr. plat,,e Wlll be the so.mo ae 

tor o.u lnob•• plat..1.• 

1 When flred at,, armor plat.• auat, be 1111pported in a 

11milar manner to that ooeup11d when aaeembl•d to its 

v1b1ole. fhe po1nt ot iapaot ot t.he ln&llet mu• t., except. 

aa below, be on the a14e wh1oh will be \award the front 

ot t..he vehiole when on t.be t1nng lln1. In no oaae, 

however, met the bulge on the plat.I 1ntertere •1th the 

proper tunot1on1ng ot the part.• or w1t.b \he oorreot 

at,t.aohment. and titting ot b1nge1, braoke\a, eto. If 1n 

exoept1onal oa1ee the ava1lable apao, tor t.h• po1nt of 

impact 11 too 11111ted, t.he plate aay be tired at from 

t.be rear e1cle • • 

It will be noted that no armor p1ero1ng IUWllWl1t1on waa 

u1ed 1n the aboYe te1t1. In the tall of 1917 a abort. reawue 

ot o~Dd1t1ona 1nd1.oated \hat then were 1oae tJl.lrteen different 

k1n4a of ateel wh1oh, under t.be prope:r oond.1t1Gnl ot manutau:ituN, 

would resist the standard teat tor plat•• 0.1& 1nohe1 t.biok, 

,&e1ng t.he uaual tolerances of plua or mlnua of .o:s. 'fbe 1011 

on the ball1at1o range, however, ran very h1gb, a\ t.1HII being 

-2-
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ae nob a1 60~. Thia 1011 waa d1aoouraglng t.o tJie u.nutnot.u~ rm 

a1 1 t wae aot. poaaible to 1mlle4J.at,el,y det.eo\ all ot the Mtt:1.mon1 

tott the h1gn peroent.agt ot tailw-e1 10 •• t.o bet.t,er oontrol t.he 

pl'04uc\1on and t.hll8 \ht \Ulllona1~ of t.he produot.. It wao 

tound that ln hardl.y any oa•• ba4 \he unutaotw-er been able to 

pro4uoe &l\J q1.1a11\11:J ot material wh1ch would 1uo0esafully pnem 

t.he halllat.10 teat, •UJiout. tzoeedlng t.he ••an th1oltneoe or o. ta 

inoh11 and approaohlng \ht mutmwa tb1okn••• 0.180 inoheo. lo 

average tb1okneea was eat1mated to have been betw,en 0.175 

1nohea and 0.178 1noh91. 

The steels which wtro m•nutaoture4 1nt.o light e.rmo:• platlJt 

tor the u. s. Government prior to t,he war ••re msde, bp bot 

o.ruoible and eleot.r1o tllrn1.a• proo••••• and 001.1ld be di v1c1 d 

roughl.y 1nt.o two cla11e1, nickel at.eel• and ohromo n1o1t.@l o'il.oele. 

In Table I will be tound a 1111, ot t.he oompoe1tlone of etuelrn 

whiah had been uaed and wllioh were adYooated, and in nuu\Y cRs~s 

1t111 are advooated, aa the beat ooapoa1t1ona known. The 

pl'aot1 . e was \O heat. t.reat. the plate• 'l)J q1.1enoh1ng 1n a su1tabl 

med1wa trom a temperaiure beiween 1460 and 1&00 degreem 

Fahrenheit, until not, qu1t.e oold and t.ben t.emper at a t l:)mpe :t" t,.ll"G 

matt1o1ent to gJ.ve t.he dea1ro~ br1nell hardneec. 

DURING TUE WORLI> WAR. 

War cond1 t.1ona neoees1 t.at.ed the 1samed1a\e development, of 

both t.h1ck.er and thlnner light. armor plate than t.hoeo ment,!on~Cl 

aboYe. The t..b1nner plate •a• requlrecl tore b81meia (1.'h1oh w1ll 
_.,_ 

3SN3dX3 lN3WNtl3/\0D l.'tf 03::ll1001:ld31:l - --- --
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not. be dieoueaed 1n thin paµeA"') and the t.h1oker ••• required 

tor the p~oteotlon ot tanka. 

In the Fall of 1917 the tiret ser1oua ettort ne ms.do to 

procure th1~ anor plato fer \he au-toaAmerloa.n RaDa.Ul\ 

Tank. Boao twent.y ateel oonoema ••re approaohe4 •1th rega:t1d 

to tbe1r tao111t1ea and the1r w1111ngne11 \O attemp\ \o 

••m•taot.ure this plat.e. It. wu oon11d1r1cl neoeaaar1 to plaee 

oont.raota with at.eel 11aa~aotuNr1 tor \he o•pleted artiole 0 

ao a sreat. deal ot t,he drilling and aaoh1nlng •ould havfl to be 

done pr1or t,o the heat treat.1ng prooeaa whioh pr-epa.ree 1,he 

pl.aie tor the bal11et1c teat. Yo17 tew ot \he Amer1oAn steel 

mak.ara had had exper1enoo 1A the aa.nutaot.ure ot thin armor 

plate ot a. thiokneee 0.8& 1nohe1 and prae\1oally none of t,h()m 

bad had any exper1@moe 1n t.ho ma.nutaoture ot plate 1n 

tll1ckne1aes above 0.26 1nohae. Approximately ?Of, or the t hlln 

armor plate on tbs Rena\.llt T811k we.a 0.80 inoheo in th.1.okmn:sa, 

while the balanoe was divided between 0.319 inohee and . Q~ 

incheo. No epec1t1cat.iona tor balllot.lo t.eat.,ing ot' plat,B ot 

these thicltne• ae, existed. Tho ~@inetring Div181on wit} ~h~ 

aae1atanoe ot some ot the other d1v1aion1 created ballleU.o 

teat epoo1t1oat1ons founded aa well aa poe11ble upon e~nd.~raB 

· taken troll the Br1t.1sh and Fronoh. The speolt1oat1om; aa 

created by th! Ordnance Department required t.he tesU.nl) of 

every plate, alt.hough 1t waa unt\erat..ood that. the F:renoh on 

oert.a1n t1pe1 ot plate we~o content wlt.h the \estlng ot one 

· 3SN3dX3 J.N3WNl:f3/\0~ J.'11' 03::>nOOl:fd31:f · - - - - - _,, __ -
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out. ot every tnnty-t1ve,. As a re•ult of the que1,1eo f1<1nt 

out to the var1oue a\eel manutao\urert1 only one manufaoturor 

app1ared t.o be int.ere1t.ed 1n at.tempt.1ng t.he work. aa t.her·a \fflS 

so little data available 1n tJu.a oo\Ult.ry. 

The tollonag are \be ap101ti.eaU.on• •blob vera 1amued bJ· 

t,he Ordnance Depart.mant. at t.b1a t.1me tor the 'balUet.io t.01iit.i. 

ot plate• 0.26 1nohe1, 0.318 1nohea an4 0.6 1noh'is 1n Ul.ick.n~ a. 

•For o.sm 1noh•• \hlokneee ot plato the ea.me 

ball1et1o teai aball be u•ed aa t.ba\ apeo1f1ad in 

Ordnano• pmphl•t. l4M• tor ahleldtl 0.2& lnoh•• in 

t.biem••• tor AI-Ull•r1 Vlhiol•••• (t.hla 1~ tJ28 same 

ball1aUo \eat wh1oh was 4eaor1be4 at t.ha tlret. ot 

Ulla paper tor t.h11 t.h1okne11). 

•ror o.~lQ 11lohea t.ll1okn••• ot plate five ahoto 

ot een1oe ammunition (2700 t.e. lf>O grain•) shall 

bt t1re4 troa a maoh1ne gun at. one point. on t.he 

plate at a l'IUlg9 ot ten Jard•. The abcne teat. to 

apply to all plat•• ot 0,312 lnoh•• th1ckne11 

oont.a1n1ng a flat eurtaoe ot not- l••• than 64 equ.r"ra 

1nohee, olear ot bol••• on plate• not. bavlng an 

un-lntarrupted area aa great aa 64 aquare 1noh••• 

one ahot 1ball be tired trom a een1ce rltle at. 

\he aame range, u11ng \he 1am, amaun1t1on. 1 

1 Eaoh plate ot t.he t1rat. t.hree hwldred aet.1 of 

plat.ea 0.6 1nohe1 1n thlckn811 eball be aubJeot.ed 

3SN3dX3 J.N3v-lNl:!3/\0!) J.\f 03::)11001:ld31:l 

a t ~ I 



:; 

.; -

• 
\ ·. 
i .' r · · ' - ~ · I 
\: .. • ~-=--':J-i fl:.":°',..; 1 "'".r: ,..-"! --:-• ~ 

1. 

- . ~-. , 

' .. 
>- f·~u ~ .T ~~ i:.t'!.~ l'U 

• 

e 

to t1ve shots tired with serv1oe ammwut1on (8?00 t.a.-

100 sra1na) bullsta reversed, at a range of ten yarda 

and otrU1ng w1th1n a o1role of five lnohea 1n 

d1amater. It t.be plates ao teated appear ut1efaotor1 

t.o a pi-o,-rly ln1truote4 s•••rwa•at aaea,, eene1d$raiion 

shall be glven t.o the dropping ot th11 te• t- tor tl10 

Nmai.ning plate, of o.e 1nobel t.hiokne11. All platBI 

O.G 1nohe1 1n th101tne1a ahall be •ubJeoted to f1vo 

shots, t1r·ed a,t, a rnngu ot t1tt.y 7ard1, all etrlldng 

w1th1n a ten 1noh c1role, u11ng araor p1ero1ng bt.1llsts 

( asoo t. a. ) • The above t.eat. shall appl.J t.o all plntea 

0.6 1nchea thiok oon\a1n1ng a flat aurtaoe of not lees 

than approx1mately 144 aquare 1nobe1, olea1• of holem. 

On plates not h~v1ng an uninterrupted area as gre&t ae 

144 equax .. 1nch11 1 one &bot. •hall be tired, w1th bullo.,13 

reversed, at. t,en ya1-d1 and ono shot. uo1ng a:ri110:r p1a,rc.11ir:; 

bl.\111\e a\ t1tt..Y ,1a.rde.• 

1 Th• qual1t,y of aieel must be auoh that tho plats 

Ghall not. be penet.1"ated, cracked, broken, or m .t En"ia U.y 

deformed, except, ths.t very tine halzt cracks t'ori:ued in 

tho baok aide ot the bulge, made by the impact m..qy bo 

permitted. A deep nole made by an armor piercing 

bullet, 11 not oons1dered as a detormauon of the plat~ .~ 

Thaee speo1t1oat1ons ae o.r1g1nall.y adopted, wer~ l:at, r• 

a.hanged tor t.he o.e 1nchee tb1ok plat8, to the toll.01,1,ag3 

"All platea 0.6 1nchea th1ok shall be t,01t,ed b,7 bliVifl#,' t.h 

-6-
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1bot1 fired s. t a range ot tifty yarde , w1doly aepar&t-ed , 

1.llillg armor p1e:L--o1ng bullets ( 9800 t. o.). "All plat.ell o.s 
inch.em thiok not having an 110-intlirl"\.t'>t.&d ~.ren e.1 great 

aa 14..4 sqaare inehe1, al1all be wat.ed bJ having one allot 

fired at them, ua1ng armor pl.eroing bullet.e at, t1ft.y y rde •11 

A.lt.hout,h t.here was eomia d1ff1o\.llty at. t1rst. 1n &r\lum1ng 

the 11-it.areat ot the manutftciurers in th11 proble11 t,hoN was 

OYent.ually produo•d wader the abovt 1peo1tloat1ona t.ho~ean~o 

oz t.ona of light armor plate. That 1t wa1 po111ble t.o 

obtain these plateil f:rom a number ot dU'fe,:eent. oonoei·na w . s 

in a l 11r ,;0 pa.rt due t.o t,be fa.ct that repreeentat1Tes of tJ1@ 

Ordnance Depart.ment e.nd th& manutaot,W"lre ware abl• to 

ooope1~ate. A :zaeet1ng ot the JMnutact.W'el'I ot l1ght armo111 

plate wa.1 held 1n Wamhlngton 1n Januo.ey 1918 and tJ1ero wsre 

preeent mall¥ m~utact.urera ot 11t,eel and ott1ce:ra ot the 

Ordnanae Department.. The var1ou.e oonoeme had been rfJqueste<l 

to la,y on the t.a'ble tor the uao ot all owapetlt.or1&1 all dv.t 

wh1oh bad bean aooumulAted by them and wh1ch had ennble(1 t h 

· ~~ produce n oatistaot.or1 product. AlthOUSh th.ill ,m~ s d-crnld:iid 

depal"t.ure t:rom the ordinary procedure 1n peaoe U.m3a~ u~ a 

!n Una with the pi~oedure t.alton b1 t.h9 Or'dnanoe Dep 1• -~ nt 

1n \be manutaoture of ot.her me\erlal than llgbt U"IDO~ pl3te 

and the baet porrn1'blo method tor the procaw. .. ing ot ::a r.1, r.m.w oo 

for t hG oou.nt.ry . The manufe.ot,urer•o otemed to fasl , i, 

no t.w1 t.t-in tnndins tlw tG.ct. th.at 1 t had ooet. them eons .c .. tJ nlJl<t 
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money emd yeare ot expu•ienoe to deVGlo1> t.hoir pi:>a.utiooa a1 

Governmamt.. ,u1s ask.lng only tor that to vbloh 1 t. was anti t l0c • 

They wore w1ll1ng t.o g ive t:,Q thei~ oorapet1t.ore the ber.mfi t 

ot oomlng into thaix• plantn and oeeing w1t.h t.hi.&ir own ey ei tB 

Ju• t. what vu beinG done. Tllls ooop1n.t.1on •a• a Yer:, gri.oQt 

oompan,y happened t o have had conald.6.'r1able d1tt101.1lt.1 in 

tlatt.on111g and otralght.en1ng, but wen llAYing a very 

probou.noed suoceso 1n produ.oing plates of high pb¥s10B1.l quAlit.y, 

vhereaa, aome othtr concern• he.d praotloally no d1ff1oulty in 

tJw tlatt.en1ng and utralsbt.enlns operaUona, 'bllt. <Ud not have 

tlle auooesB s.lont~ U19 other lines. 

Some ot the analyr.Beo whioh wen-e ttood in the produot.1on of 

thes-1 plat.es aro shown 1n Ta'blo I. Tho praotioe in a maJor1ty 

ot the plants no to aMeal the plate fl.ft.or roll1ng, 1n orda1• 

to allow of ~ .al11nab1l1ty. In t.he oa.e~• ,:rhere plate we.e 

puroba.1ed from oni manutaoturtr to be tw-ruehe4 to another 

manlltaoturer before lleat t.raatn2snt. it wna apeo1t1ed that t.ht 

plate, be annenled 1n suoh a manner au to b.ave a 'br1ntll 

hardn1a1 not to exo@ed 300. As a general rule 1t wa1 found 

that for the oomµoa1 t!!.one u.sed a pz•oporly ann&nled plate wor ted 

very aatlste.otor1ly on punoh1ng ,,~d l'll3ohin1ng. Due t.o wei~in~, 

ahrlnkaga p at.o. 1 t uas, ot eotu~eo, neoeeeary t.o drlll 1n t.ho 

hea\ treated plate thQ very important holes wb1oh had 11ttla 

d1weneianal toloranoe, b\lt. a majority oft.he puno.hing and 

-s--
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aaehine work waa done on t he anneo.led. plate . Soru0 o · the 

d1ft1oult.1ea wh1ob were e11oounttr•d 1n at t empt1ng to 0.0 111 blo 

l te-)lt. armor plate e.re deeor1b•d by Col. ft. B. Jd.l"dan of fh.1ok 

Island Arsenal 1n an article on ~ e aanutaot.u1•e ot thlrk v:ul: 

tanks 1n t.he Ju ly-August 1900 i11euo ot Army Ord.nano&. '1'h.G'.I 

neat trea t.ins ot t he platea vo.r1ed to a oonel den 1bl 0 extent 

1n 10 far aa ut.hods were oonoerned, but all oonsi sted of a 

q~enoh t:rom above tho or1\1oal temperaiur, ot t h~ steel 

followed by a. tomper. In soma cases the plat.as w11"8 htrtld 1n 

a eo-oal l a>d •tat.tenor• f or oil <1t.ta noning, 1n ordsr to 

<leoreaee warpage. In aome oaete the tempering waa dorut 

bet-ween hsat.ed cUeo, wbloh at the 1ame Ume perfected 4~ 

flat\en1ng ot t.be plats. In a nwaber ot oaaea no device mu, 

uaed dar1ng quencb1ng or drawing to deorea1e warpaga, but tht9 

plate• were flattened on the anvil by •1aw-1m1th1ng.• The 

latte:r met.hod ot flattening plat.es 1a, of cour••• open to t h® 

obJeotion that lt lo an exp;nalve operation aa well ae to tho 

obJeot1on that it dotraota from the stNngth ot the plate by 

1nt:roduo1ng local atra1ne at var1oua polnts. 

It. will ba ru,t1cad trom the above tJlat. the requ1ren1ents 

tor 11ghi armor plate W@Nf changed trom t.ho1e of proteot1on 

fNII a .~o oal1ber 1er¥'1oe b\allet bttto:re the Worlcl war tG 

prottot1on from a • so ca.11'bor a rmor p1ero1ng bullet, during 

the Wor ld War. It wlll later be seen t.nat \he requ1remantm 

h.ave become ot111 higher, lna1muoh ae tboy d•maad protaot1on 

from a htav1er and more powertul .30 oaliber armor p1'erc1ng 

· 3SN3dX3 lN3WNl:l3/\0D l'lf ·Q3Jfl001:ld31:l ~ --· --
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bullet, and from a • DO oa l 1ber armor p1e:rc1.ng bull et i rnila ~ 

t.o tz1e Ge1~ma11 13 m/m ant.1-t.ank armor pi ercing ballst,. It. illl 

praot1oall,y l mpoas1ble to mo.ko·a def1n1t• oompar1mon be twe n 

a 1erv1oa ~ul let whioh has a oupro-n1okel Jaoke ted lead 

bullet and an armor p1ttl'dlng 'bullet. wh1oh oon1dnts ot u 

01.tpr o-n\okal jack.et oonts.1n1ng a lead enYelope in which i s n 

har'dsnod at ael oore of proJoot1le ehape. In Table VI I will 

bo tound tho charaoterlst1oa of theme d1tter,nt. typea of 

bulle\1. Tha result• obta1Ded in oo• pet1t1vo ie0ta vf t .heBa 

bullets will be d1scueeed in a further por\1on ct t.hi e pap$r. 

DEVELOPUl'N'r WORI~ DURING Tmt WORt,O WA..B. . 

Light armor plate 11 still ver, mu.ob int.he develoµm nt 

stage. D@val opment work was initiated Just aa soon &m i t wm~ 

found necessary to armor artillery materiel w1t.h pl ete mon.i 

reaist.4!.nt than tbat. which had prev1ouely been ueed. O~z•t..g,i n 

data subm1 ttecl to tha Ord.nanoe D6 partment. ae&aed t.o 1nd1oat,o 

t.he.t some det1n1te r esults ~oulu be obta1ne4 it arrangemente 

we:r'.'e ma.do whtn'"aby some one or mo.r-e oonoerne •1 \b oompet,ent 

personnel could go very extensively 1nt.o t.he problem ot 

developing l1ght armoz• pat.Iii. Suoh arrangement,a nre u,le i.n 

tbs fall of 1917. The metallarg11t1 at one ot the10 eoncerna 

oone1dered that ln the light of previoua exper1unta 1n 

ct,ucl_ying the properties ot zirconium and mol,Jfb4enwa at,aela, 

t.he best type or plats oould be made from thee• 1\1el1. In 

.,10-
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Tabl• IV 1a a l111t. ot aompora1 t1ons ot at.eels •h1oh ws1~e 

experimented wit.h 1n th11 manner. Aft.er an anoraoue uowit. 

ot expor1raent,al. work hac1 boen done on the•• a\eele cr1t1oa1 

stwU11 ot t.he ball11t10 resulta obt.aintd 1n<Uoated that 

IMN Jn"OlaablJ ftiat.14 la \h4t es,11'1• en11, oertaia Wicont.:ro111&4 ·•· · ··, 

1rreplar1t1••• as a re10.lt. ~! ~hJ.ob Ila.DI ot \be reaulte lttuatd 

to be 1.rrat1onal and oontrad1otorJ. 

In oone1der1ng t.he d1ttere11t. group1 ot alloy steels ehoun 

1n Table IV, tJie ablUt.1 ot the Yar10UI me\all to reB18t 

penetration was con11dered ot ohiot 1mport.anoe. The best 

NIUlt.1 were obtained. from D1ck1l-0Gbal\-alreonlwn alloy 

et.eels, wh1ob alt.hough ot wide!¥ divergent chom1cal e...Ml.YRlfflp 

ga,,. excellent. ba.ll1• t1o teats. The n1uel-o1Ucon-r.iroonium 

all01e e;ave the next beet 1'eeult.1, alt.hough 1n thEH\(2! t,hex e 

vaa o. great lack of u.n.itormity and the wide vsr1et1on in t h 

analya1s of the different heats ot this group rendered it 

wiw1se to make a det1n1t.e dee111oD regarding the qu.al1t1ae ot 

the materlal without.. t'urtller 1nveat1p.t.1on. The teat,s on 

allo, at.eel oonta1n1ng ohrolllium n1eltel and molybdem.lli1 in 

various comblnat1ona eeemtid to •how n.o marked advanta~ea of 

t.hle claoe over tlHt n1ckel-n111aon-&1roon1um ols.ea. The 

reeUlt.1 ot all ot the anal.Jsos, however, t.ak.en aa a ,,holo, 

mhowed eu~h laok of un1torm1ty that 1t seemed 1mpoo~1ble to 

AJT1Ve at a det1n1te oonoluaion ae to wh1oh ot the va~iou~ 

alloy, presented the moat de11rable teature1. 

-11-

3SN3dX3 .lN3WNIB/\OD l.'11 C3::>naOtld3tl 

··-



• . J 

• ~. i::. - - ·.,. • ~•••-'_ ~ .. -Ml 

ln <1eterm.1ni..ns! t.tua ball1stio •alues ot t h1n armor pla t,0 0 

1i 1a, ot course, aooeaeary t.hat the oharno\er of the mto©l 

alug ae r eg&.rd1 waight, quality alld poe1Uon 1n ~he b~llet 

should be wtll eet&blluh.ed 4lnd &J.l of th@ ot~h(ljl" ballietif.'I 

oon41t1ona aocure.tei, detenuned. An 1nveat1ga.t1on ot th$ 

ammwl1t1on used 1n taot.ing tho pls.t,es referred to 1n tl• 

paragraph above and ab.on on Table IV·, ahOnd \hat, 1 t. we.o very 

non.-wutorm. The we1gbt ot t.be bl&llet, oore varleci from 09. 30 

grains t,o 64. 7 grains end. the chemioal a.nal;ra11 of a nW1Jbm, 

ot tlle cores t'Jhowed that eome conto.1nod. l;J oarbon im.d l . 51~ 

ol'lroll1wa, whena1 ot.he11a eont.alned approxlaa\el,J U oo.rbon 

and 01~ 0.10,% oh.t'om1wn. One ot tJla ob1eM'er1 ot the t.<aete 

waa also led to the op1n1on t.hat oortain of ihe aieel oore1 

'Ol'ere not. conoent.1•10 1n tho1r matr1lt of lead and U111 would , 

of course , tend to deo1"eaee the valae ot the reaults. 

AlU1ough there WEUl found t.h1a gre&t- 1rregular1tJ 1n 

&1111un1t1on, 1\ did not aeem to t\111,J aoooun\ tor \he •r~at1o 

be.lllst1o 1'-teul t,e ana 't.he.:refora the inathod of manufacture amil 

huat t,ren~asnt of tna plates was 0are~ll.V gone into. I t~ a 

towld that plates only twelve inOM• aquare anli 0.380 1n0htlo 

th1ok varied greatly 1n br1noil hardneaa. Ont plate varled 

oaeee it. 'Vi& o found th0 !lotue.l br1nell hnl"'Clneos of a pa.tic w 1.\1 

n"'t. that which tho reoorda showed tor that plate, f or QXaii pl ffl 0 

one -plat,o whioh wao supposed to 'be ot b:rinell bardneoa 477, 

wae tound to bave a hardne111 varying trom 62t t.o 56&. I t, 1,ttJ 

-12-
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not to be iuen tor granted t.hat allot the • any plat•• ehowe4 

9 oh tremendou• 1rNgul&r1t.J a• the one• noted aboYe, but. tbe 

"'t that a peroenuse ot the plat.ea were lrregul.&Jt oa1t. a 

doub\ Ul)OA all of \be plat••· 

Reall&1DS \bat turt.her 4-velopaent work upon l1gh\ araor 

plat, should be oollduo\ed 1n aucb aanntr •• to aalte more det1n1t.t 

eonol~11on1 po111ble, a tu.rt.her program wu drawn up tor tJle 

ork. so• e time bad t.hen elapsed 11noo e.xparimente had been 

atartod on t.he developmeni ot \.b1n armo, plat,1 aa4 pN0\1eaU., 

all t.hat had ~•n learned••• that there were nwa1Z'Oll1 

ooapo11t1cn1 wbloh lt pNperly prepared and treated wo~ld s1•• 
thln &l"IIOr plat• ot ••'1"1 good or auper1or ball1et1~ properU••· 

I \ •a• deo14td \bat. 1ttori ehoul4 t1rat, be ooacantrat.ed on 

eaper1ll1nt1 t,o produoe an armor plate ot o.ao 1noh•• t.hiolm•••• 

A 11st. ot ooapo11\1on1 as ebown 1a Tall.le,,••• 4rallll 11p -4 • 

progru ••• pNpared oo••~1ng \he aanutaoture et eteel1 of t.h••• 
ooapoe1t.1on1 lnt.o plate• ot O.Q6 1nohea 1n th1okne••· Tb1a 

propaa oOTer94 t.,o~ \he obtainln& ot pl\J•ioal obaraoter11t1oa 

ot tJi••• 1\eele and tile \e1t,1ng ot \he pla\e1 ba111at1oa1111a 

order tba\ \he 1t-e1l1111gbt, be evaluated. prop•rly and 

ooapar1eon1 aade btt.ween t.hem. Sbort.l,J att,er . t.ho plaol.Qg •~. 

the order tor tbe11 1teel1, the Arm1et1oe ne eigned. 

DffELO.PtlDIT WORJC SINCE THI SIGNING OF THE Aru.llSTIOE. 

It wa1 4eo14e4 tha\ turther development, vork ~pon 11sh\ 

armor plate would be puehed, but that. t1ae would be t.aken t.o 
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caretull.y 1tu4Y all ot the de.ta so tar obu1ned and t.o draw 

up a program tor tho tuture which was as ao1ent1f1o and 

oomprehen11ve ae poea1ble. At about tb1e p.e1•1od tlle Smfllll 

Arm• D1v1e1oa beoue vary aot1Ye 1n work toward• the 

development ot better and more ponrtul .30 caliber ar11or 

p1ero1ng uamu.n1t1on. It had already been tound that the 

earv1oe ll.l'IIOr p1ero1ng ammunition gave very irregular raaulta 

and al10 1nfer1or to Bome ot the type• of ru~or p1ero1ng 

emmWl1t.1on developed abroad. 51noe no detailed apeo1t.toat.1on• 

had at any \11" been prepared oover1ng l!l.lUIUWl1t1on tor the 

teatJ.ng ot 11shi armor plate, other then 1tnt1ng that 1t 

ohould 'be •erv1ae ammunt t1on, it we.• at, onoe evident. that it 

tho eerv1oe ammunition were ohe.nged tha reaulte obtained upon 

plate• betore and. aft.er t.h1e change would not be 41reotlt 

comparable. 

It 1mmed1at.•l.J became appannt that to echnttt1oall.:, 

oond.uot, experimental work on l1gbt armor ple:t.e 1 t would bo 

neoenaary to adopt. a 1tanda.rd amm11n1t.1on t.o be used 1n 

b1P.-.lllat10 teeUng lrreepeot1ve ot whethe!" or not tb11 

lllIWWU.t1on was the beat wbJ.ch could be developed. It. was 

believed t.hat W1th1n oerte1n 11m1te the 11ght armor plate 

whiob proYed beet wlth whateTer epaolal armor testing 

ammunition was decided upon would also prove bast w1th the 

eerv1oe ammwa1t.lon u•ed during the war or w1th euoh 

1mprovad ammunition a, was 1n prooasa ot development. 

~-
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It might, of oourao, be poaa1ble o oonduct a 1uff1o1ent 

numbor ot teats w1t.h t.wo d1tteren\ VP•• ot amaaunU,1on w 
develop a oon•ere1on f actor by wh1ob the value ot a given 

p1eoe ot armor• plate oould be changed from be1ng 1.n t,em11 of 

one bullet. t.o belQ 1n t.enu ot aaother IN.Ue\. '1le que1\101u1· ·· 

ot ball1atle1 an.d ball11t1c pertormanoe of armer p1a~o1ng 

ammuut1on and ot l1t')lt armor plate are in auob an 

undeYeloped au.te that 1t, 1a pl'&ot.1oali., iapo111ble at, tJle 

preesnt time to gtve an abaolute oon•er•1on taotor auoh a& 

1nd1oat.ed above although ao11e approx1aat.1on IIJ.gbt, be 

obt.a1ne4. In Table VII aN 11••• ••• ·· tlpN1 wh.\ob t o 11ome 

extent. can 'be uatd tor a comparison ot a tew ot t.he d!.ttf:l.t- nt, 

types ot ammun1t1on. 

Not only wa1 1 t oona1dered neoes•ar.v to st.and.e.rdimo t..ho 

8JllDUA1t 1on uee4 but. 1t. no aleo thought neoeeae.ry t o 

et,andardlz• t.he method• ot teot1ng to aa great a degree aa 

poaelble. In a la tor pol't1on ct tJUa papei- 11111 be gt v0n 

the atnnda1~ methocl ot testing l1gbt armor pl&tia n.s adoptetl 

at th111 t1m• and aa ravieed but very al1ght.ly t-o date;. 

It. was decided thn t tho plat.es made up of t he oomr,00i t 1ois 

shown on Table V should be t.eated 1n aooordenoe !J,1 t..h t hlK3 

at.Ando.rd method ot t eot1ng and 1t waa directed th&t tho work 

ot pNparat1on ot these plate• ahould proceed s~ r apidly ao 

poru1ble. It 11a1 expeott>d that the reeult.a wh10h aoul<l 'b 

obts.1ned upon t.heae plate a would be ot great. l nt'!ree :, E1n,1 
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value. Al't~x· t.i.ls plates were L'Ollad., e.nneaJ.eu anJ. l'.'ee.dy 

tor heat. traatment 1t. we.a i'ound t.uat. a. a1at.ak.e ru1d. been 

at tho establiehment at wh1oh t.hct anneal.1ng ot the pla. t,eo l r,td 

·..,o!ln conduot;.(;)d. ,_and the.t. t.hSt plateo h8.d be~n armeslE:lu ln inn 

OX1d1zing a.tmospltero t or a. period of fCN-t,-t1gllt. houre at 

approx1niatli)4' iooo0cfl As a reou.lt.. ut th1a annealing the 

platoo were ver:, heav1 J..y eoa.ltd and were deo&rb\lr·1zed to 6U.oh 

an exten~ aa to make them of no value tor the d&V$lop~e , ' of 

light, armor plate. '£hie aet, ot plate• waa therefore Ber, ppe~ 

and 1 t. wa~ neoeasary to 1111 t1ate a nolf1 program • 

At a.boat. t-h1e t.1me 1 t became evident, that. illt queat1on of 

t.he devolopment. ot lif)lt. armor plate wao of 1JDpo1:•ianoe not. 

onJ..y t.o the Ordnanot Department bu.~ alao t,o tJ1e t~av.v Depat .. tir.ilGI it 

and to t.hg i1.1r se1,-.,~1c0. Arrnngei:.ienta ..,,ere then made w1 " e 1" 

wb1oh tJle thx•ee ooi.ld oooperate 111 the work. It, 10 very 

grat.11',Ying to be e1ble to stat.a that tb1.s ooop1.rat.1on bae 

oont.1nuad ap t.o t.he p.reaent. t1u and 1t. 1e hoped t,h&t. it will 

continue in future work &.nd result tor the good ot all 

aerv1cos oonoerned. 

'111e Navy Department tool\. up the qu.est.1on ot determining U1J 

value or z1.roon1um stesl for' light. armo.:r- plati. The wo1•.k. W~!;J 

ver1 oarel'ull.V ou.tl1ned in cm at.t.empt t.o a.void. &ll of th1a 

d1ff1aultle• wh1ch bad been enoountered 1n work prev1ou0 to 

that date. Under very oaretul auperv1e1oll 1 at.eels 11ero 

p1•apa.red and light. armor plate manutaot.ured. The pl&t (H.1 w iritY 
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very oar~tull:, be~t treated and phya1oal ieete were m&do to 

deterlll1ne as close ae poaaible the propert1e1 ot the f1nie~Gd 

plates. Ball1at.1o t .eat.1ng wa1 oe.retully oonduot.ed in 

aoao.rdanoe ~1th tha wet.hod a{f'~ed upon and referred to 

pre~1eu11.Y .I.a t.bla paper. Oou1denble 41ft1ell1'1 wu 

onoountered in l'l&JlUt~otu.r1ng the steela, th• re1ult,a obtaine~ 

vrerw not very near to t.hoeo deaired 1n so tar aa &1roordwn 

O:)ntent• •ere eonoc,rru,d.. It. was alao tound that the plat.@o 

&a rolled nre not ot uniform th1okneaa, and t.hat, #aoh pl nt@ 

·10 1taelt waa non-un1tom 1n hat'<lneaa. Ball11\1o tests ot 

1.beae plat••• al\bough d.11appo1nt1ng aa a whole, 11emed \o 

1nd1oate that t.he boat that could be expected ot a plat ~ o. a6 
1nohea 1n th1okneas wa.a Na1at.anoe t.o penotrat.1on by t he 

lb0-gra1.n .::io oal1ber a..rmor t.1et1ng a.JIWWl1t1on at a at. r1lt1ng 

veloelty ot 1600 t.a. 

The Navy Department have not limited them,elvea, however, 

to a stud¥ ot onl,J the &1J'oon1wa at.eel• , but aN oarey1ng out 

an extans1vo progrem upon numerous 1teels ot oompoe1t1one 

repraaent.ed by various reputable at.osl conoemo a11 beitnil\ 

wort,ey ot oona1rlet"ei. t1on. Tho Navy Department hill.Ve not, L)t ~n 

lim1 UOB thomeolvee entirely ~o plates_ 0.20 1nohtui th.1. ~lt 

alt.hough this thiolulooe 1e prim.a.1•11,1 t.lle one in v;h.'i..oh tbiay 

are lntereated, Md tor wh1ob they are 1n tha markGt . In 01--d.r 

to oe.rry on the development ot lig.'lt armor plate t ;iey h .9.Vti) 

obtained hwidrede ot plates ot various oompon1.t1om.1 0 

t.h1oknesaea &Uld hardnesses. 

-17-
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Xt eoon °b-Df.,M to be real1z•d that too little wnm known 

abol.\t the .r~l&t1ons between he.rdne1H, thlekness, oompas ~.tion 

and l:allis'i'.ic proµortios of l1ght. armor plate. ao~o h(9l i ev111s 

tha t t.hero wiaa s o~rtain opt1aiWll rut.rdneas tor a glvon 

oompoa1t.1on ot plat.e, whet.be:r t.hat. plate was o.gl) 1noheca or 

0&00 inches in th.10.lmese. Other•• believed t.bat tor eaoh 

th1okntae ot plate t.11Gre was a oertain opt,1mum hardnesPJ. 

Asswnl.ng that. platee of various oompos1t1one were properly 

heat treated to bring oui tha beat qual.1t1~• ot the ste0l, 

it ne bel10ved by some that, the propert1ea ot \he steel am 

rsp01•ted 'by tonB1le t,01t, rasult.s oould. be uae4 a• indioat,i"'te 

of ball1et.1c values. It was dao1ded that.work along t.h1e lifl(t 

should be conducted. Five oompos1t.1one ae shown 1n Table VX 

woiro seleoted t.o be used 1n a st.ud.y ot t.he rel.l.at1ons ot 

1-.w.rdnu.,m, valoolty e.rui t.hl~okneec. From eaoh of the t1vo 

C:Qmp<>s1 tlone, t.ho 1'ollow1ng mat.e.rial wae obtained& 

16 teat one-1noh roanda. 
16 platoa, 191 X 1g• X .261 tJuok. 

2 platea, 121 X 12n X .3la1 tJ11~. 
18 p.Lntoe, 12" x l2" x • .376 11 t.b1olit. 

a platel'il, 1a 11 x 121 x .4.:5'1 11 t.hiek. 
16 plates, lf!" x 12" : .6 8 th.tu. 

1'tl9 i'1rst mtep 1n t.he work was to sti.ley the t1ve compoai tion:, 

,u reprasented by t he titt.een tGat ot onat-i~h round0 nna t 

C1.etermina the proper quenobing tampera.t.uro to be usod for 1iu1.ol • 

Using th1e quonohlng tempe1•atura the tensile et.,r,mgthg ®1 1'11 '::i i@ 

limit, alongat.lonp rocluot1on of aree. and br1noll hardnem 

. ' ,. .. . ' . ,.,,.. "' .. ,l · , • r 
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eunea tor tempering t.emperatuNa _up t ,-1 1000° r. were 

determined. A few p1eoea ot 11orap plat.• tl'om eaoh ot t.h~ 

0orapo11t1ona were t.hen exper1montally heat treat.sd in 

order to dote r ml.ne t he appl1oa'b1l.1 ty ot the data obtain@<\ 

upon the one 1noh rowicils to the beat. t.reat1ng ot tlat. plat . 

The next otup was to talte eight plat.ea ct O.Ro inches in 

thl.omees, elgb.t plates ot o.~76 inohee th1oknaae and o1gbt 

platoa of O.ij 1nohe1 t.h1okne11 ot eaob ooapo11\1on and 

atte1• quenching t..emper t.hem at t8llperature• ot 600, 600, "100 , 

aoo, 900, 1000, 1100 and U300° i'. Th1• ha• given pl11.teo ot' 

each t.h1cu111 ot oaoh ooapoa1U.on ot Y&J71ng barlineaoom. 

Ball1at1o teat.a aro now b&1ng oonduoted "POD t.h••• plateo 

t.o dete.rmlnc the etr1t1ng veloo1t,J neo•••IL17 \o penetrat, 

eaoll. i'or each t.b1okntuae hardneas-veloo1 ~ our,,•• •111 b~ 
\ 

plott.ed 1n order to show the ball1a\1o pl'Opert1ea of plate• 

ot dlfterent. hardnea•ea. bu.tot t.he same thlokne• ee• and 

oompo11t.1on1. l'Jlom Ul••• °"'"'' 1t 11 hoped. 1\ Will be 

poS11blo to det.erm1ne the hardness g1Y1ng the beet b«\ll1st1a 

proport.1ee tor eaoh tb10.knea1 and tor eaoh ooapoa1 t1on. The 

rema.1n1ng plates ot the 111t ot •arylng tb1okne11ea 1hovm 

above will 1.hen be treated to glve these apparent btat 

hardnaaaea. 'l'lle3 will then be ts1ted ba111at1call.¥ and 

t.hioknea1-valo01 t.y ourve111 plotted 1n an endeavor to ehow t hit __ ,, 

efteot ot th1okneso on ball1at1o prope~t1ee. It 1s hoped 

tJlat tba result.a of the above expu•1un1.a wlll 1n41oat• to 

-19-
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1omo extent what t.be etteote are ot var1oue treatmeDta and 

Yaa-1ouo thloknee1e1 upon the ball11t10 propert1a• ot plate 

ot tJle1e five reapeot.1ve oompo11t1one. 

METHOD or Tii:5Tll4G EXPiRlliENTAL LIGHT JJ\IOR Pt.l'l'E. 

!be tollowlng ••t.bo4 of t.e1t..1ng experl•en\al Usbt armor 

plate 11 t.he one whicb baa been rete.rred \o preY1ouai., in 

this paper and. t.h9 one wb1cb baa been adopted bJ t.be Ordnance 

Department. 1n ooo~rat1on w1\h the 1'1ayY Depart,ment, and tho 

A~lr sen1ce 1n ol'd.or t.hat. result.1 may be a, near oomparablt 

•• poa11'ble. 

•Tu obJ••' ot \he ballle\lo \e1\lng of ezperlaent.al 

11gbt. al'lf'ior plat., shall be t.o 4et.ei'il1ne tbe aotual at.r1lt1ng 

Yeloo1t.y nece1ear1 to ptnt\rat,e t.ht plat.e w1t,h the atetndardl-

1:ed ammunition and undH• the at.andard1&e4 cond1t.1ona noted 

below. The sir.a ot plat.ea to be uoed 1n t.1111 work uhall ba 

121 lt 12•. The thlokneaa ot t.htt plates anall be un1torm end 

w1tJl1n t.h1 ord1nar, 11111t.a PN•or1bed tor Ugh\ araor plate, 

name}Jr plua .oo• minus .02•. The plate• ahall be support~ed 

on a 1t.andard butt. The bolt.1 at, the four corners of tl-i-. 

plat.•• ahall be ao t.1f!)lt.snad that the plate 1a r1g1dly h l <l 

age.1nat. t.he heav.v t.1mber frame-work. All 1mpaot.a toF t h® 

aet.erm1nat1on of propert1ee oft.ha pla~• lhall be normial. ~nd 

t,he m1n1mum d1stanoes between 1mpaots shall be one inoh. All 

umu.n1 t.1on uaed in the teat shall btt t1red trom a r 1fl~ 1n a 

tixed NI\ and with operator• protected against aoold0nt." 

.. go.. 
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1 A et.andard UIIIW11t.1on having a standard bullet, 1n wh1ob 

11 a et.andard steel dart or bullet coN of a standard a1ae, 

c~mpo11\1on, hardness and po11t1on shall be ueed. 'l'b1e &l'lllOP 

p11N1ng lNllA\ aball 'be \ht caliber • :JO l60-gra1rl uaer 

t.e1\1ng lNllet, nth 73 gra1n oore. A properl.Y heat, t.reatscl 

steel •hall be u•e4 tor \he bl.lllet eore. sitp1 shall be 

t.aken t,o oont.Jtol t.he veloo1 t,y ot th1a ammm1 t.1on to 1u0b an 

ext.ant a1 to be able to determine t.ht aotual l1m1t of the 

plat,e. TlUa oont.rol shall be obtained o.e tollo••: 

(a) BJ ,aalng UIIIWl1t1on loaded to Yarylng ••loo1t.1•• 

1n 1neremen\a ot 100 feet per 1eoond, trom 1,200 to ~,ooo tee\ 

per aeeond. 

(b) 11 JnOV1ng the plate or the r1n• 10 a, t,o obtain 

varyJ.ng d.1at.anoe1 be\ween the 1111.&ale ot the rifle and tbe plat.., 

(o) DI ulag OJ.1tance velooit.J oun11 ot t.he UDUAlUon t,o 

aorreoi tort.he var11ns d.11\anoee.• 

uA ohronograpb eball be u1e4 to maaaure the Yeloo1t1e• ot 

each shot t1:re4. . Pbo\ograpba ehall be taken ot the tNmt &114 

baok ot each plate atur t.e1t.. The tollowlna 1ntonat,1on •ball 

be palnt.14 upon the plate before pbowgrapb.lnga (1) lhlllb•r of 

plat.e, (2) The tao• ot plate, e1thlr front, or back., (Z) 17 eaoll 
:1 ,, . ; ~ . ' 

1mpaot, 1t1 1eqQeac• maaber, t.hat le, t1r1t, aeaon4, \h1r4 
~~ '4 1• • i--

1 .• , • . 1,9 . 

shot., et.o. 'rhe t.e1t ot ea.oh plat.• shall be i-eport.ed on a . -~ 

atan.daJ'd tona and aitaohe4 \o t.h1• ton aball be •~oh photograph• 

ae are taken before er atier the teat.• 
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Dt\1'£ LO.PME;NT WOnK ON PI.ATES 'l'HlClt&R 'fHAN O. () INCHES. 

The development work eo tar d.esor1bed baa 'bettfl on t,hin 

armor plat.o tor rea1at1ns .30 oaUber armor p!erolng wmnWli• 

t1on. Th1e requ1rea a plate ~P to 0.6 iltchee 1n thioknes ft . 

In \hi Swamer of 1919 lntol'tll\UOA ••• reoe1Yecl fNlll Uw Taail, 

T:ra0t,or and Trailer D1Y1a1on tJlat. 1t waa dea1red t.o armor 

t,anJ.ta tor prot,eot.1on against t,l:le Gel"IIIUl ~ '1• ant-1-tanJt 

armor p1ero1ng amrmm1t1on and \hat it was deeir•d to develop 

au. e •• t}() oal1ber armor p1erc1ng amananlt.1on eqWll or 

1upor1or to t.hi1 13 m/• allllllWl1t.1on. It waa dea1red to know 

wba\ t.b1oknea1 and klnd of armor plat.e 1t wo\ll.4 be neoeaeal'"J 

to use to rea11t thia b~llet.. Sou t.ea\1 ware 1.lllmediately 

oonduotad to determ1ns t.he penetration ot thia aamun1L1on at 

various rans••• '1.the t.hioltest plate wh.1oh had been uaed up to 

t.bla i1me wa1 0.6 1nohea. Penetration \est.a ••re oonduot~d 

1111.ng one or more ot t.he1e platrea, both wit.h an a1r gap betw&an 

t.b•• and ola.!QJ>ecl toget.he.r. It. wao tound b1 oomparing \he 

1dent.at1ons 1n thtse teat.a, t.bat., ~ontrary to aooopted t.h@orii,r.~ 
. -

t.hl armor pierotng bullet core penetrated tartb1r when two 

plat.e1 ot armor were separated by an 1noh ot a1r mpo.ee, i.hm.n 

when t.he two plates vere 10 0lam1)td together u to vlrtunl.ly 

torm one plate 1.2 1nohea in thickneae. It••• tou.nd t.h11t iwo 

plat-ea 0.6 1nobee 1n t.hlckneea wo\lld b• neoeaaary to tiffoNl 

ample protaot.ion agalnet t.h1a 13 •/m armor p1erc1ng B.truuwi1t.ion 

ai all ranges, but tha~ ~-0 GUOh pla\el would not ba ~blt t ~ 

•1t.hatand two hit-• 1n t.be aawt plaot. It, na al10 f'ou.nd that, 

, __ - -- ---
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a a1ngle pl st.e ot O.G 1nohea th1omaee wao psrrora t&d at 

ranges up to 900 yarda. Theme t.e1te were all conduot.od w1 t.b 

1mpaat,o normal t.o t..h• plat.a. Fw•t.her t,ea\e were oonductea 

to determlne t,ru, maximum penetration at a d.1e t anoo of t wont.y-

11•• .Jard.I bl \h11 -un1t.1•n 1n anor plat., at angles of 10, 

11, 20, 30 and 45 dogreea trom nol'lllal. Again th•re we1"e not 

••allable plate• greater \ban 0.6 1noh11 ln t.hlomeaa and ill~ 

\eeie ••re oonduot14 upon oompo11te plates made ~P by 

olamplng thin plat-•• t.oget,ber. 'i'be tollcnring reaults WH''e 

obt.a1nad 1n t.h1a worka 

Angle 

10° 
lt>o 
ffOO 
so0 

450 

Penet.rauoa 1a 1Dabee 

1.1~ 
0.9K 
0.,00? 
o.~16 
o.ia 

The pene t rai1on t1gurea abown aboYo repreaent. the dep\h of 

indent madtt, and not. the th:dtneas of plate required to w1t i'l­

etand the amwwut-1on. A plate 0,133 inono11 tJuok will not 

wit.hat.and the ammuntt.1.on at an angle ot @ 0 , although a plste 

1.a 1nonee thlolt at an angle ot 4&0 wlll onl,y b9 i ndent.ea. l!l 

dept.h 0,133 lnobe1, The m1n1mum thlokne•••• •h1ob were round 

t.o be neceas&I")' t,o stop \he bullet, ••res 

fh1okneRe t.o atop bullet. in 1n,lh®u. 

o.,ia 
0.86 
0.6 

For normal 1mpao\ the tollowing reaulta were obtained ~it-b tha ~ 

bullet. at, ranges as 1ruUoat.tJ<l: 
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Diatanoe 1n yards. Dspt.h ot penet1•at1on Minimum th1okmzHUD 

28 yards 
100 II 
20() A 

1n 1nohee. 1n inchee to mtop 

1.062 1nohea 
.934 • 
.074 • 

bullet. 

1.194 1noheo 
1.062 • 

.912 D 

All ot tJut above reault,s were obtained. by tlrlns the 13 

ra/ra &.r1nor p1al"o1ng ammu.n1t.1on at oompoait.o platen. That le to 

say, a heavy plate wa1 made up by clo.mplng together a numbart 

ot t.hinner plate,. In t.h1s work 1t wae toun4 that the totnl 

penetrat1on o'bt.a1ned wae d1t'te.rent when the oombln11tlon plat,o 

waa made up b>y us1ag a • 8 1noh th1olt plat.e baok1d by a plate 

.319 1nC'd1111 tJuolr., or bl a .s1a 1nohl1 t.h1.ok plate be.oked by 

a .6 inohea thick plate. It•~• alRO found that the 

panet.ratlon obta1nad varied w1 t.b the method ot euppox•t.ing t,h.e 

plate when 1'1:red at. 'r\eat.e have not as yet been conduct ed 't/D 

4etel"l.ll1ne the, penetration which would be obta1ned e.ga1n.et. 

solid plates, due t.o the faot tlla.t euoh 1olld plates hnv0 not 

been ava1lable. 

In ordtr to at the same tlm~ oarry on davelopmant work ot 

plat.ee grester than o.o 1nohe• 1n th1oltnese tor proteot.t r.~n 

aga1net. the Oeraan 15 11/m ammn1 t.1on or the soon to be 

developed u. s. .60 oallber armor piercing ammunition , H .. '.Wfi\;;i 

decided to enl1at. the aid ot aeveral experienced steel 

llaDllfaot\lNl'I. 'fo do t.h1a a pl'OpOlal ft& 1en\ OU\ IUld ft-,®p 

aome t1me arrange1Aent.a were made w1ib tbN• 41tterent r:rntft'bU.aih­

ment.1. In th1o work it. 1n the obJeot t,o develop tha f'oll.o •i~~r. 

., , 
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( 1) A plato 0 .6 i nches or lee.w 1n thioknas s , when 

ball1st1o propert1e1 will be auoh t.hat it will bo 

a'bla to ree1at pen.ot.rat.1on ot \he .30 or.Uber ru.•01r• 

t©otirig bullet w11gh1.ng approxtmat.91,y 150 gris,.tnn 

with 8800 t.s. at1~11t1ns veloolt,J, (a) a plnte o.7ij 

i11ohea Ol" leae 1n t.hioknesm, whoee balllatio 

proport1ea w1ll be euob \hat lt will be able to 

rea1et penet.rat1on of the .oo oa11ber armor p1er n1ng 

bullet, ••18h1ns approx1maMtlJ' 800 grains and w1 t.11 

2600 t.,. e\rUtlng veloo1t,y, US) plates ot 0.1876 

1noh••• .86 1noh•• and o.~7& 1n0he1 tb1okn0se wh1cll 

wlll ba•• maxl• t.\111-111•\lo pNS,.'i-t.1e• ln realating 

penetnuon of t.he .30 oalll>er al'IIOr te•t1ng bl.\llet.. 

nth at.r1.k1ng Yeloo1t.1ea 1••• \ban 9800 t.a. (4) 

plate• ot t.hloknoaeea o.826 1nohea and 1.00 1noh 

which will have aaxJ.mua ball11Uo propart1ea in 

re111t1ng peneiratlon of \he .60 oal1ber armor p1oro1np; 

bullet, with at.rlk1ng veloolty leH or more than 

2600 t.s. 

In general, the ••ana and met.bod• ot exeoutlng the 

work a.re being leti t.o the oontract,ora. Plates o.o 1nchom 

or leas 1n t.hickneee fJUbmit.ted tor teat. are required t,o be 

19 lnoh•• square. Plat.el 0.691 lnohe• or more 1n thiokneeo 

submitted tor teat are required to be 18 1nohee square. All 

plate• are required t.o be free trOJB 1ea111, tla•• and other 

-26-
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aul"taoe defeat.a and must bo 1-ollad and not. to:rgod, t.o si.r.e. 

The oontraotore a1~ permit.tad t.o use an,y oompoe1t1on o, .. 

treatment.a or oomb1nat1on111 ot eame which 1n t.he1r op1n1on 

are moat. 1u1\able tor the work. I\ 1a 1p101t1ed, however, 

that at least three oompoe1t1ons ahall be uaed to~ each 

t.hiolmess ot plate and tor aaoh oompoe1t1on t,here shall. be 

oubmltt.ed tor teat, not le11 than a1x or more t.han ten platoe 

ot each t.h1okneas. Mo pb_J11oal teat& are be1ng required 

o~ber than the ball1at1o te• ia although t.he department l1&s 

rea,rved tha r1s;ht to make 11.1.0h t.e1\1 a\ 1t1 own •xii•n•• a• 

1t. aeea tit. Platea ot eaoh ot the tJuotne11 mentioned above 

are being a.ooepted and payment to-i- au• aut.hor1ae4 when t.he 

contractor• has shown tha.t t,he plate1 10 aublait.ted for 

aooeptanoe ha.ve tho beat ball1at.1o prop1rtite of 1.uiy which ho 

haa been abl• to proauoe. 

OAR JfARDE!iii:D LIGHT AJWOR Pt.ATE. 

Some teete have also been conduot.td and 1ome are being 

planned t'or the tut1.u-e ot oa•• hardened light. armor plat.a. 

There are 1n gffntrf\l two oou.raee wh1oh can be followed 1n thGi 

developing ot l1gllt. armo1'" plat.e. One 1a the dovelop1nf~ of & 

plat,e ot uniform oompQa1t1on and heat. treatment, th1•ougbout, 

while the other is the devoloptng ot a plate wh1oh ie onse 

hardened on tho aide f (ll,c1ng t,he tire but which he.s R. tough back . 

It 1a evldent that the bullet oore ot the ermor p1o~o1ng 

anwun1 t1on muat, be harder t.llan the plate ·1n ord6'r t10 l.>0 abl$ 

3SN3dX3 .lN3WNl:l31\0D-.l::'V 03::>na01:ld31:l · .. 
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to penetrate the plate 1t t.be bod1 ot t he latter ie of 

wtt1e1ent, at.rengt.h t.o witllet.and t.he impact wi thout bu.lt,ing . 

It the plat.ct naa 111tt101ent atrengt.h not. to bulge under t he 

111paot.. and t.he ~lei core 1a &Ott.er tJlan t.he plate, th1r 0 

11 l1t,tle obanoe tor pen•t,rat1on. An3 oompoa1t1on of l!Jl t ~ol 

that ia u1ed tor light. armor plate must bu aaob t hat it oen 

be readily forged e.nd rolled into t.he de11red t hickness . an~ll 

al10 t.ha\ 1t oan \>e annealed ao that it can be macbined and 

dr1lled. 'I1he1e oond1t1one llm1t the ultl.mate hardnean m.nd 

toaghne11 that can be allowed 1n the t1n1ahed plate. It la 

&110 neoe11ar1 to 11m1t both the oomp0a1t1on ot the steal 

and the heat t,reat.ment. ot l&JtUt by pq1.ng du.e eone1dera. t1on t,.o 

the d1tt1oultie1 of hardening wlt.hout oraoUng or exoeoe1v~ 

warping. The bullet core• after being t1n1ahed reaey toP 

heat treatment OM be aubJeoted to a very eevare q~anchln3 

and oonaequent.ly 1 t, 1bould be po1a1ble to mak.e them veey 

muoh harder tJian eny plate hardened all the wa:, through.. •rti2.1 

mean• that no mat.t.er wbtlt kind ot steel and heat, t,reat.mtmt w0 

uae for llght armor plate, a bullet can be made ot eqWAll.y 

good mater1&l and heat. t.1"9at.ed so that it poe1eaaea gi"eater 

h.ardneae than the plate and conaequenti, 1t abould be abla to 

peaetrat.e t.he plat.e. It a plat... bowevezt, 001114 be ca.a• 

hardened on t.ne s1d.a tao1ng the t1r1ng and at,1ll retain a 

back auft1o1ecatl,y strong and tough t.o w1t.hatan4 the 1mpe.et, 

1 t could present to the bullet a hardn••" equal t.o or great.ox" 

-2'1-
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t.ban that ot the bullet. CON and the bullet CO!'i &h ould be 

bros.en u.p w1thout penet.re.t.1on. In ileat treating such a pl e.ttt 

1t might even bo po1a1ble to go to t.he extreme tha. t. t he oe. ae 

hardened aurtaoe could be .t'Ull ot crack.a and oheoJts and etl l l ,. 
. !· ... "' ~ .. • 1 i 

give excellent. protaot.1on asaJ.nat al'IIOr p1ero1ng a1umun1tlon , · 

1t t.ne baok of the plate ha4 satt1c1ent mtrongt.b to r eeiet thG 

t.endena,y t.o bulge wider tha impact. It \he above line of 

reaeon1ng is t.rue, or even app.rox.1matel.Y ~e, a oase hB.rd.ened 

plate Gllould give a maximwn prot.eot,1on aa long ae the i mpact 

ot t-ha bu.ll et 1a i n•~t f1o1ent to break the back ot t he plat e 

and the hal'4ne•s ot the plate 1• sutfic1ent to break t.he bull•t• It' 

If, however, t.ha bullet 1& tlrad with a Yeloo1t,,y such tha t, 1111 

•triking energy 11 too great t,o be withstood b.Y t.he tough bs.ok 

ot a oaae hardened plat.a, thin 1 t. OQn be exp voted t hat, the 

reeiat.a.noe to pene\rat1on otte1'9d bl auoh a o~ee harclenad plaw 

will be lame than that. otfered by a bomogeneou• plate of eq1al 

th1okneam. 

Some oaee hal'd.aned pla\e1 &r9 being obta1ned 1n sliea frnw 

• ~r; 1nohea thick. t.o • '16 1nche1 th1ok 1n order to at,uo.,v t.he 

value ot s110h a pr0oe11 and the above 11ne ot res.Boning . There 

are ot oourae a great many obJeot,1ona troa a manutei.otur 1ng 

a\an4po1nt, t,o a oa•e-b.ardeud Ugbt armor plate ln1t 1t 1, 

believed that theatt oan and mat be oveZ'aome i f tht1 prot ection. 

ot1'erod by suoh a p.l6lte ls oons1dero.bl.Y great.er than t hat 

ottered by a homogeneous plate • 

--:-· --- - --~ .... ,, 
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• 30 CAL. AFWOI\ TBfJ'!'UJG A.MMtmI'l' ION. 

Although conelderable t1r1ng haa been conducted 1n 

aocord.anoe w1 th standard method outlined above, th9 me thod ham 

not provon ent.1rely a&tlet~.ctory becaueo of the 1'1?.c t t hat the 

ammun1t.1on used has not been very un1torm. Tho firs t ditf'icult.:, 

enoounterad 1n runmun1tion wae w1t.h the bullet oores. Some 

ballet oorea eeemed to sha.ttor 1mmed1nt.ely upon h.l ttlng the 

plat.e, others *muanroomedM t111d et.ill others macle clean i ndents 

w1tbout ,any deformation to themnelves. A very cnretul 

1nveat1gat1on ot the bullet oorea showed that there vma a 

clealded laok ot W11tor.m1t.y or the mfJ.terie.l trom wh1ch they wen 

be1ng made and 1n the heat treatment to wh1oh they were being 

au'bJeot.od. A batter quality ot steal hs.a been opeo1t1ed tor th~ 

bullet aore and a vsey oaretul 1nepeot1on 1& being institut ed 

to see that tho material 1s unitorm and 1t 11 hoped thnt 1n th.a 

future there w1ll be no d1tf1o~l\¥ trom non-un1tor11ity of ooreo~ 

Cona1derable d1ff1uult,y baa also been encountered• duo t o 

the non-un1i'orm1 t.y of valoo1 t.v ot tbl!!I apeoial o.mmW\1 t1on. It. 

baa been to\lnd t.hat t.he aotUtll. velocity, a1 recorded by a 

Ghronograph varies 1n many oaaes as much as 100 teet. per seaon.d • 

plus or m1nlls, .from t.he velool t1es shown on the oartons as U " 

one• to wh1oh tM ammW\l.tlon waa loaded. To 101111 extent th119 

110n-un1rormi ty can be explained by the tact tha.t the co.rt.r1d,gea, 

are being made up w1th raduoed ohargee to give low veloo1t1em 

and the dena1 ty ot loading he.a thue been very materially cruing ,1 . 
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It 1• neoe11u1 t.o oa.retull.J 8hue \be powder 4own \owardo 

t.he head ot eaoh oal'tr1<le;e before same 1a insert.ad 1n tha 

r•1tle. It has been found that a varlatlon of pl'1s or minus 

10 teat. per aeaond oaa DI reatl.U • .t obt.aiaed b.Y w&111l1ng OJ? 

eoollng the oartl,idge before 1naert-1ns same in the .rifle e.nd 

4ll8 to th1a taot the valooit1ea obt.a1ned vn~y wltb the 

ollmat.ic 0ond1t,1on1 ot the 481. 

Recently 1t nae been found tbs.\ the bulleta steme{l t o be 

going Uu·o11gh. the ohronogr&ph g;crtene 1n ,1 tlpped pos 1 t. ion 

1n41oa\1ve either ot t.wu.bling or euctea1v& :,aw& A rui•thtr 

at.\.ld,y of this phemimenon b3 the t.&li.1ng ot photographs or the 

bullets 1n flight, baa 1nelloat-ed that, the bullet.a have ,,. very 

oxoeoa1ve yaw which no doabt, 1a accentuated by t he ol"ironogrnph 

soreena. Teote have not as .vet. been oonduot.ed to det..ePn 1n~ 

the dietanoe ille bullet 11U1ai 't.J'avel befortt 1t ns,ttles down.n 

It \be armor plat.• 1a 10 c;sloae lo t,be rlfle that. t.he bull~l"t. 

hae not had \1M t.o 101\tl• domff betore making 1.Jlpaot, it 1G 

eY14ent that. the panet.rauon obt.a1ned will not bo 0ompa 1•0.blo 

t.o t.hat wh1oh would have b<Hn obtained had t.ha bullet bean 

t.ravel1ng w1th tJle aam• velool~Y but without "yaw." 

I\ le hope4 that. t.heaa d1tt1oult1ee with amman1tion will t,Q 

overoome 1n the very near tutu:re. 

CONCLUSION. 

The work ot development, ot llght, armor pla~• ha.A been 

1ubJ1ot.ed to a great. 1UJV 11t-back.1. Humerous d1ttlou.lt,1ee i'lav1 
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been overcome only at the expense ot e. great f.lmount ot labor 

and time. Mt11.ny d1tficult1es a.re at1ll to bo met no doubt 

and 1 t. 1 s hoped tl-lSl t they w111 be overcome ·,•1th eome ms".eu.re 

~ ot eucos•a. 

The work to tat,e has been oonduotc,l st neei-c,u, t,hnte · · 

t.hroughoat the coantry and directed an well 11'-' conducted b1 

an ever changing poreonnel. In order to oenti-al1ie the work 

ot bnll1et1c tasting experlment.r..l 11(.?')lt. armor pleto tor tbe 

Ordnance Department a n much e e poe d.ble, 1 t ht:t.A been propoaed 

to 1nntall a "Light P.rruor .Plate 'PeP.tlng flange• at Aberdeen 

Proving Ground. Wi t.h t,h1s J"M&& 1n. opeN.tion unde.r comf)atent. 

dlrect1on, it 1s intended to send ~o Aberdesn Proving Ground 

tor 'b&ll11t1c testing all of t,he exper1mentnl pl&tee whlch 

are bcting obtained on the Vllza1oue programs previously dtuoi-ibci,d 

1n this paper. Plane 0.t. preeent. al@o 1nolude t.he obte.1n1ng ot 

more pl.a.tea, but these programs have not as yet been worksd 

out 1n 1utt1c1en\ d11tail to allow ot 411au111ne; Ulem at t..h1a 

time. 

It 1e hoped thl.l.t a further peper osn be, preeented after 

the add1 t1onal dJ.ta 1a obtained from ee.cb or the V£1.r1oue 

programs 1-eterred to 1n thie pnper • 

• * ••• 
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