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Report No o 710/383 
fôûfcorftomi Arsenal 

:c i P 
Ootobor 21b 1940 

Eaatalnatlon of 

Two Ea^jorlmental Cast Armor Plata» 

Submitted by Lebanon Stool Foundry 

By 

AV 

,01.-:1 

Mii' Ion/ 

: 1 ity Codo: 

•vii rind/or 
Special 

Purpoao 
à 

UNAÑÑOÜRU; 
17 Tho pu^pooo of thio lavootlgotlon wqq to otucly the 

variations in tho o truc turo and tho phyoioal propor tlo g 

of a Botiafactory and an imoaftiofaofcory coot amor plata 

In order to explain their diverse ballioUc properties. 

Introduction 

Two oaot onO“lnoh armor platoa of excoptionally 

high balllatio limits ohowod considareblo difforeneo 

under shook tQßtoä Both platos cero cast from fcho oarae 

hoat and oubjootod to approximately fcho samo hoafc treat- 

Eonfc0p but on© plato uaa aatisfaotory while the other waa 

quita brittle and failed to pass Specification RIX3-72B. 

Gonoluolons 

I. The unoafclofaofcory plate had oonroor graino, 

more continuous ohaino of oorbidoo in the grain bound- 

arios,, and a mora brittle structure (aoioular martonsite)\ 

than tho satisfactory plate. 

¡ i’üiß akv.j'iu.'tf-tt bocMi fipprovod 
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2o Tho -lardness (Drîïioll <177} of fell© unaatiofactory 

plato nao groatoi1 thas'i that found In good quality armor 

plat®. 

Hoaulta (Watertown wrüonal ) 

Sfcruc turo 

lo PhotograpUo of fcho niaro*- and ciacroatruoturo 

aro ohovvn In Figures 1 to Vo 

Physical Properfcioa 

Brlnoll ílardnosa 

Plato No o 1 - Poor - 477 
Pluto lío# 2 - Good - 444 

Tonolio Teata 

8 • ’ Tono lio ^ 
•Spcoi« Socto Y.S.P« Strength Blon 
j ïâon Area Ibo«,/ lbo0/ yí 
gMark Sqolne úqoin# aqoin# 

POdo 
Break 

Appoaranoou 
Of ! 

Fracture ? 
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Toûfe Pgoooáinr© aná MgM^grlalg 

Tüo cúofe araor plQfcoo ono^inoSi thick tofo Foocivoá 

at thlö aFoanal affcOF fiFlins toot had boon ooz^plotod at 

AbôFdoon Proving ßroimd« Spoclcionû about lv ^ lw a 1CI 

viOFO out fron approçlsiatoly th© ©oator of oaoh platOp 

avoiding apeao too do©© to ponotrationoo Brlnoll hard- 

nooo roadlng© x*ovq ciado on oaoh of thooo opooinionop which 

were then polished and aubjeoted to raierooooplc oxaciina- 

t&on. 

Toot bare for toncllo toofco woro turned frota each 

plate ae clooo to the micro apooimonQ ao waa practical* 

Tho two baro of each plate wore out froin mutually per¬ 

pendicular directions and dooignatod A and D for iden¬ 

tification purpoooo« 

Chooieal analyocao hoafc treatmentsp and eomo tooto 

of phycical proportioo wore roportod by the Lebanon Steel 

Foundryp and thoyp together with tho ballistic data givcm 

bolowp are taken from tho Abordoon Partial Report $176, 

Second Report on fí&porimantai Cact Armor Plates* 

Chemical Analysia of Boat /M^^6S92 

Carbon 0o47p Chromium loÍ70 lUckel 2o20p Holybdenum 

0.00, Vanadium 0«21. 

3 - 
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HQQfc Treatmonto (By Lebanon) 

Plato Rootod to Hold Ronmrka 

AW-0BÏÏ3, 1 fí: S ..B000°P 6 hro. Tpansferrod fco furnaeo afc 
15B0°P and slowly coo3-öd. 

AVí-6692, 1 

AW-S492, 2 

16§0°P 

1B00°P 

60011P 

1000°P 

6 hro. Furnace eoolod. 

'0 hro. Quenched In oil 

ir % H I« H 6 hr s. 

6 hî''o. ” 
« tl 

Pfeyaloal Toafeao (By Lebanon) 

„ -E^SSn Static Liait Tono! lo S tronc > 
jSpooiaon Hardnoao Ibo./sq.ln. Ibo./oq.ln._Elon. Red. 

n 
n 

378 

303 

190,000 

176,000 

231,600 

£10,500 

4.0 5.8 

G.O 10.C 

« ‘Thoso phyoloal teste aro not typical of tbs plate since 
they wore nsado on toot boro which d.ld not have tho oaiae 
Brlnoll hardnsooes as the actual oaotlnßß« 

Balllotlo Datado 

; Plato 
: 

' 

Callbor 
Brlnoll of 
lïardnosa Shot 

Balllotle 
Limit 

ft•/000. 
Remarka 

iAW-6692-#l 460 Cal. o60 hi 0870 Unaatlsfactory, 
oraolro developed 
on shook tost. 

jAW-0S92-#2 
5 

444 2600 Satisfactory 

»«. values reported by Aberdeen Proving Ground. 
\ 
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PlöCUQQion 

Tàio miorootiTOofciaPoo of thooo platoo oro ohovm in 

Figuroo I ° V0 únô tho morootruoturo in Figuro Víe 
«• 

Bofeh aro aioesioood in detail oppoalto each photograph. 

In gonoralj thQ boat fcroataont given Plato Ko. 2 io 

ouparior to that glvon Po. 1 In that a looa brlttlo atruc- 

turo, l.o. p a cotoblnation of troootifco and ciartoneito 

(Plato lío. B) aa agalnat tho harder aoloular martonsite 
1 

of Plato Ko. Ip hao boon found more» affective in roolot- 

ing shock tooto. AlaOp tho finer grain found In Plato 

Ko. 2 produces a moro honogonoouH medium which aleo pro- 

motoe balliatio ductility. However, tho micro eegregation 

found in Plato Ko. 2 makes for lack of homogeneity, ana an 

Improvement In thio would bo doalrablo. Thio Id tho one 

inefcanoo in which tho struoturo of Plato Ko. 1 lo superior 

to Plato Ko. 2. 

Tho lalorostruoturoQ of both could bo Improved by a 

heat troatiaont dosignod to eliminato tho formation of 

chaina of oarbldo. 

Tho high hardnooa value of Plato Tío. 1 bears out tho 

findings of ftho mlopo-osamination that tho ultimato atruo- 

turo of Plato ïïo. 1 lo harder and thoroforo moro brittle 
\ 

than Plato No» Ë. 

ït haa boon pointed out» that othor eonditionOi, auch^ 

ao oompooltionp dipt oontontp oapbidoo0 otOop boing equal,, 

a VS.A. Roport #710/261 

¿i ñ rr 

3SN3dXd lN3WNd3AOD IV a330a0tíd3H 



fch© armor plato with th© lowor Brlnoll ïlardnoôo will show 

fchû groQfcor balllotlo ductility^ (io00£> loos tondonoy to 
'4» 

apallp cs>ack0 butfconp ofcOoJo Howover, it must bo also 

borno In mind that plateo with too low a Prlnoll reading 

will not have euffielent hardness to rooiofc penetration 

at tho ajxíclfioü volocitlos, 

, Tho phyoicûl toofco rancio üt fchio Araonal (Pago 2) 

jreBttHçâ iR wldoly dlfforont values from thooo roportod 
C»!é-*í‘y'.** ^. 

by tho Libanon Stool Foundry (Pag© 4)0 Slnco tho tosts 

raado by tho company woro carried out on oö0ö teot bars 

specially out from heat treated coupons with Brinell 

hardneosoo considerably loao than thoeo of tlio actual 

platee used In ballistic testing* tho values roportod by 

thorn hovo littlo boaring on tho true physical proportion of 

tho armor platee tentodp Tho voluoo obtained at this 

Arsonal on bora cut from the portion of the plato subjected 

to ballistic toots are more Indicativo of tho actual 

proportion of those plates0 

Respectfully auonilfcteii 

APPROVED« 
\io L. Rood* 
Rooearch Motallurrlef0 

So B* HltohlOp 
Lt0 Col o* Ordo Dopto* 
Director of I^iboratoryo 

Bo Lo Kruegel* 
Jnn1or Phyo1c1n t * 
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Both plateo ohow tho easo ana tun t; ox1 dii’fc in about 
•> the sano distribution » Eiùfe’ûïioly fino dirt in chain 
formation evident in tho background of i'lata Ho« 1 is 
also found in Pinto NOo ß when oubjootod to careful 
Oiiarainationo TJio look of r^ronlnenoe of this fino dirt 
in tho photograph of Plate ?k>. a is attributed to 
difforcmooo in tho polishing of tho speolnHae. 

Tna largo„ irregular blaak ureas found in both 
opoolaxma aro porous areas. Those arc shown in groats: 
dotail in Figuro lï0 

ñpeoifiiono uaefcohed, mgnlfiod '¿ü diüraotors. 

i’iato Mo. 1 - ;-fil907 
Plato !io. ö - MA1956 
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FIGURE I 

Specimens Unetched Magnified 35 Diameters 

w.A.639-^r>H:i 

Plate #3 
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PlßUPO ÏI 

Plato No« 1 

Tho voido aoon hero aro tho por&UG aroao montlonod 
In tho doooi’lptlon of Figuro i. They oeour most of ton 
near tho oúgoo of tho casting and always in the Intordon- 
dritio fillings., This etching roagenfc (Stood"a) rovealo 
sogrogatos Impurltlos (light aroao) at tho boundarloo of 
tho ddndrltooo Tho oogrogationo aro tho samo throughout 
tho spooiBon, 

Efcohod in Stpad'o Roagsnft. X100 KA190Q-I 

Plato No. 2 

Again tho voids occur In tho oegrogafcoo aroaa noar 
tho odgo of tho coating. Tho oogrogations which occur 
throughout tho apoolinon aro much caoro pronounced in thie 
plato than in Plato No, 1. 

Etohod In Stead’s Roagont. :aoo MA1969-I 
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FIGURE II 

Etched In Stead®s Reagent 

Plate #1 

tev 
W. A.0Mí)-^5tí‘l 

Plate #3 

Magnified 100 Diameters 

U- 

i-* 
j-\ 
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V *j 
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FIGURE III 

Etched In li NItal 

Plate 

Plate 42 

Magnified 1000 Diameters 
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Pleure IV 

Plato Ho» 1 

¿'ho carbidoü aro outlining grain bouuü&rlea lu fairly 
aontlnuoua chaina 0 A good mny of fciioua grain boundary 
carbiíloa &ro largo:1 than the background oarbidos which 
indicato Moro lalnuto grains within tho gi’OBuar outllnoa 0 
ISiOßo aro rovealod by a Ib-minuta etch In hurakimi 'a ro- 
agent» which a taino carbides black, leaving other consti¬ 
tuents uno tolled* 

IÍA19G2-1 8c 2 

Plate Ho * 2 

Tho curbIdog ohow a fcendanoy to outline grains„ but 
tho chaîna aro not nearly aa continuous ae they are in 
Plate Ho. 1= Thoaa outlines ohow a tendency to be more 
prominent near tho voids shown in Figures I and II. Tho 
carbidoa in the chain are often larger than fchooo found 
in Plato Ho. 1, v/hareas the background carbides aro defi¬ 
nitely fluor than those in Pluto Ho. 1 

Pitched lb rainutea in ¡.iuraku.u Î * a reagent. ÎÎA1963-1 i> 2 

t •• 

> -*» 

■' v.*«' 

A\“ 
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Plate -¾ 

3SN3dX3 lN3lAJNH3AOr) J.V aSOnüOHd 1H 

FIGURE IV 

Etched In Murakami’s Reagent 

Magnified 
Plate #2 
1000 Diame ters 
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Flpnvo V 

Plato No» 1 

The ooaroo graino in this plato oro vary evident 
oven at fchio low niagnifioation. 

Etohod In rJifcal. ÍÍÍA1900 

Plato î?o» 2 ¿ 

Tho graine in this plate ocm aloo bo seen,, but not 
oo olearly» They aro obviouoly finor. 

Etched in 1# Hital» HA1967 

Platos Ho. 1 and 8 

Tho dendritic pattorno are very pronounced In both 
plateo« 

Etched in OLerhoffor'o Reagent. HA1970 & HA1971 
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FIGURE V 

Etched in 1$ Ni tal Magnified 5 Diameters 

\ 

Plate #1 Plate *3 

Etched in Oberhoffer's Reagent Magnified 3 Diameters 

Plate *1 Plate -3 

W. A.(*:in-^.r),s 
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n^opooôsnaoôwo 

CMpaofeoy&igfelQQ a 

ßl ° &o plcÆo Dhono a ps’OEiiíicaüD ûonârifcio atruobupa 
feteougboufip with aoroo aogE*Qßatod oavbidooo Sao rioraiötaliioe 
ppocant avo noli ooabfcarodo 

#2 “ Tho ooobion hao a aoaaawhafc ooas?aOp dönds’Iüio 
oès’uefem*© and febe partially Qtobod«out carbidoa and non» 
caballio sogpogafeGG aro slightly goarser than these found in 
opooimsn #1. 
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ARMOR PLATE 
May 2,1940 VÍ.A.710-447 
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