
Él 

i.-; 

ar 

i. 

r .- 

V. " ■ o.v«Awfc*,:x>g 'Íñ:t¿¿*!v .í..,- 1 —-y# ' 

v,vv.. - ^1 ^i •■ 
•:‘ -Ä- • . Y~) •* • V . ‘ 

•" •'-’%• ‘^éÀitômÿnn^ÂHâi^ti :: ••' ..^sraSáX.-. -.í 

- oto hsavï ’¿ást" v" %jJ^ 

■ (¿s. V ) -'«I:'’...' ,• ■; ¡ 

-$'' *' ’V r-*r.‘ ■ • • v]Nnv¿>; . J 
■ •■ .. '•„•V ’. ■ V ••‘.■ji.. a 4 

. - -Jj/jf-i? - - 

’"::i¡'T,"s.’ 

■rf+tr* 
■’ . rVsíí’r ;• •"» 

^..*y" V'. ^ • ’'i.._ •■ 'v v;'|r>- 

\ 
.•••’••*• v.%- 

. .Vi •.': 

Sw'fiiS ^ 

¿‘t' '-"^ÿ-. 1 

:Ä P' 

itfC V 

V * kr 

<i#' ^ 

■í ^r *. 

^'ílv-- 



Hôpos't Ko. 710/ 
Watertown A-rpeacil 

/ / / 

Juno 1?, 13**1 

,'til!llliiiiiiiiiin!iii 

Tl 

Motallur^loal iá-Kanlnafelon of 

'n/o Hnnvy Amaor Plittoo 

Purpoco 

Tho purpoB© of this iavesti^riUon vac to otutiy the Motnllurgianl 

charge ter in tic o of awapleo cut from tho C5?at«rfs of a 3-lnoh onet 

plato and a 15 srato cactiag Eiiiiufacturoà by tho Continental 

fîoll and î^teol foundry Company.-' - 
7 

Introduction 

It v/ûb roportoû that tho 3** plß.tn wn» ^enornlly sound, but thnt 

duo to o. few local caotloft dofooto it failed under tho impact of r 

75 K'a. Gholl. The 15rt ^rato caetln^ lileo failed undor tho Impact of 

a 6tí shell pp«eu3Bsably also beenuso of foundry defecto, (fat> ewnpl©« 

from each oí tho tvo plateo wore tsubaitted with a lottor detoá 

ßoCoffiber ih, I940 written by Mr. R. 0. Henelött, Oenoral HatallurMi^t, 

Continontol Holl rmd Ötoel Foundry Company. 

Concluoionß 7/^ r 
r> 

^Jîho resulte of this Invootlcßtlon iodlonte, tho fnilure of 

the material le due to tho following ¿Vafcoroi 

lo Cnoound raetal due to caw tiní; defocta, ooo Fi^ro rl. 

P. i-'Ktroaoly Xar¿;® ^rain ríecí, oeo Figuro v>’5» ., ., L. __ 
CÍJV^SIPII. >\î IOW < tMN'.FWTO: 

:: EESrrRÏCTEI) 1 
»V Mniioun V ovimv i)Krr. ’ 

niH'fMo uí.^ú', Ó H* 
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5» Short prominent oreioko» sgo Figure fi, 

Accession For 

NTIS GRA&I W 

DTIC TAB f i 
Unnn^ounc^d Q] 
Just. I ,ricnl. Ion_ 

4o Owhon oontent on tho Mgh oida. Hoo tlVjle boXov;. 
st r i blit i t.'ii/ 

Îiocialtîs 

1 o Chggigftl ABulye^o ; 

Tlic choaical tmalyaeû of thn two caatin/jA «reí 

Opting ,G Kn . P . _í; _ ¿1 M Cór Mo 

Dist 

vailability Codos 

Avail and/or 

Special 

¿tí 
NAMN0')l'|i'L 
Cu 

3" Plata .32 .S2 .018 .024 .480 l.W). 1.13 .51 .1& .05£ 

IS1” Orating .40 . 83 .022 .032 .503 1.44 1.13 .49 .16 .05S 

£?. liaeroB truc turc» 

a. Seep Ktehlajg 

ïni^rlor of 3W Ariaor Plate 

AT«» °&li - î.’iie motril ßhow« a quit© Conroe dondritio tí trac- 

turo throughout with prominent Interd^nàritlo and occaolonfiil 

em-ßil ©rficUß* 

Aroa w£rt - mero a truc turo and tho dondritoa in this 

nectlon aro as coara« ao those doeeribeá for Area uArt„ hut the infeor- 

dondrític Bogrefiatea i^re not as oztcnoiv©. 

hUcrlor of 1!:>H Grato Co.otln,f; 

Area “A,! - A reAeomxhly fino dendritic struoturo 1« ceen 

throughout this s^atloa. The tsagrefíftiioaa noted nro eimllor to oulnhldo- 

rich isupurlUee. 

Area “B*1 - TMb rao tal chova very heavy oegregatlona in 

the caid-wnll portion, and ehort quito proralnoAt orache. 

« P« 

fc.“ “■ i- .'J; 
^ ¿'n 
O"« 

tUJ 
:V.-'! 

>y 

r-mA 

1 

r.o 

.*/) 

-■-s 

:-:¾ 

V' 

r 

¿•-: 

- • . 

tv. 

r 

i.’.*, 

t 

>’ 3SN3dXd J.N3lAINl:i3AOD XV (JBOnUUÜdJH -; 



- . - ..,. .... . . - : . . ...- - , ‘ • .... . • . • . - .. - .. . . - :• t , 
' . • . - . -• ' * .L-. ..j'....-- .. .. ;vjj 

â 

B o Oa^r)ioffcr0 c Btgh 

Kntorior of 31* ï>la%o 

à?c?A wAfî « ïfta vasfcnl »howi a ooar*o d^ndritifî etracteo. 

Arm rtB(l - îh© «©tal «hov» a mixtura oí fino asid cor-rúo 

dendritic struatur«. 

interior of Gratlnf; 

Area V - A mediu® coaro« doridrltla wtraoturo io proflsnt. 

t\rQ& uBrt fairly oontre© ûQUdrltlo tntructtiro 1c evident 

3. Microscopio îiximln&Xlm 

Mlcroecoplo caaalimtion of ts&ajpl©» cut from Oho 3 inch plate 

and the 15 inch grat© üßßtins showed its each caoo fairly tjoll dlntrihutod 

uoBmetixlUö inaluaionß. ^10 amount of nomaetaiHow »widoxit waa cantsldorablos 

oM although no information in availnblo to indicate a detrimental of foot« 

it is believed daeirablo to reduce the eussount of nonio©t«tliloo ee such ho 

poöoiblo. 

¿Sonoro! etruotttró wes eorbitia ¿ind the rmtorial« posaoctod 

0 very ooaroe also of Siiaher ! rated on the &raln nlc© 

smlOo Only fernoee of not work ßrnin boundiiry cavbldo© wore evident. 

ha Treottagnt 

rfhe heat treatment of the two heavy caßi '»rmor platen 1« ne followoï 

itoatod to 1S00°Î in 22 Ura.. hold 12 hre. - »low moled with furnace. 

« (i ir.5o°y n XT ^ 

iGoo°y '*10 tí 

‘1 ^ norial lEod. 

ft 20 0 ** vetor qu^nchod, 

l!>75 ^ 
u 0 <1 

" 6 

» lP50°j? " 5.0 

II U W 

II 0 0 

\l 0 0 

(I 

- elov/ coni ad with furnneo. 
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9- yhyaâcal 7ggt» 

The rööultc of phytslccvl fcaato rsRdö on ths 3 5>nch «and X3 inch 

o&Btin&n are an foilowBj 

CaMtia^ 
^•ß.P. T.ß, HXoai^. 

iS 

Cont. of 
Äjjpeapßiioo of 

ärftotura 

3Ö Pinto 
Area nAu 

Aren n3u 

79,500 

79.000 

109,000 i?#c ,r/,4 U50 Tronic, conree * pi£ >\ü 
struc ture, lup fcrou© 
Offivitiaüi, 

101,300 xo.0 

15° örafcin# 
Arca °Arí 

Area 'vî »'.J Q 

S2.50Ô 

(?4,ooo 

110,000 

ñ^.OOO 

17.5 

5.0 

36-4 Partially cupped ooR?. 
pitted ©tructiu’Oo^e? 
on ato. 

11*0 90° break, spongy ftrs*: 
dendritic otctioturei. 

6. Har&nçgfl 

Brin©11 harßnQSsi dateriiilnatlonn made on fWM$p3.«?»«t tj^ken fron both 

casting» oro given bßloui 

QaofeiüTffi Brlnßll n/irOn«pß 

3“ Plat© » Area 5*au 
“ 0 Area WB» 

PI?, a7 
a?, 217 

13«» Orntizi^ - Area WAU 

ü Ar«a «3« 
22H, 2f?8 

228 

gont Procedure and /iatorialci 

ïv/o born about Bwrkôd SO-P íintí. two b^ro of th« ceiaa üíeg 

marked 30-0 wore irubnlttod for •xaifilnatloru Tno baro which wor« 

cut from the oentor of tho 3 inch pinto wore dent^aatod no 3W plato 

Area “A11 and Aron uBf< roopootivoly, ih® bor*' which were cut from 
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ï 
tho Vj inch ßTöfc© cüfttl«iÿ vero doil^ted «« ifj gretln^, Area wArt 

and Area "B*. 

MofcalUirfíiCftX oxaninatXoxi of thooa gûhjj?1«o inoluded. cheaical otmlyoiei, 

ïûÊûrop;oopio exeoltmtlcm, Microscopio GXfi£ïlai&.tion, physical teoto and 

her due go ourtreye. 

JHaouflflloa 

A curv^y of tho olur^loal nnalyBlo Indiente« thnl tho orurbon in th« 

tvm Ottütln^ß, c*tu QclniXy %ïmt of tîie 15 inch grnte oapting: rolnt,ivp*ly 

high. It Ir boiifíVfíd thfit it carbon r«nfí© of .25/^3^ would b$ »¡¡ore 

deoirablo for thlfn typo oí' rant or ini. 

G^nerfolly «poakinjs tho 3 ino^cwot pinte hr*,û v^ll® » coar «o don- 

dritio structure with prosilnont iotßrd®ndritio rw^r^^ntoa and oooaulonol 

crack ». In tho coco of the 19 inch grate oaoting r other henvy 

tlon« o.DftooIntnd vith quito prominent crock« wore preoent In th» ^ld- 

wall portion, ce» n<£ura #1. Vhe oleo and ai o tribu tío n of th«» dendritic 

eegre^nUon la both plates 1¾ shown in flfguro ílí. 

Figaros ¢3 to #7 Illustrât© the filero ©truc taro of tho 3° ^Inte and 

tho 15« ftjrrjto canting. Both caotiaftn lind au A.3.T.M. sprain öiz© Mo- 1. 

Efioent inventlgatlons sikdo axt Rook Island onù thlo Ans^wil Indícete 

that a very largo grain oleo mich no reported in thin natorial 1© 

corroie tod with poor belli ©tio properties« It hue been doterralnod to 

dato that good quality cast armor obould poorest? a ¿íraln nin® not 

largor than «o. 6 A.S.TJW. grain aiffo. Tho variation U the ductility 

valuó« of tho two castings, oopnolally that of th« lrj Inch iprato canting 
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indi«atftd thft pro-a©^,^ of 1» the rot erial. 
i'.*' •} •-'{, .<* •!• ‘‘i 

Rmpmtítííly ßutoitteä, 

APPROVED î 

&, ï»* îi^ed* 

5. 3. fiitphio. ^ 
Et, Col., Ord. ¿«pt,f 
Diroator ot laboratory. 
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Figure p 

Fichod in OberhofforTs Heagent 

Area ‘’A11 - Specimen 50~P~A Ai'ea ,,3n - Specimen 50-P-B 

Dendritic Structure of Plate 

Dendritic Structure of 1¾15 Grate Casting 

All Magnified 2 Diameters 

WoA *639-3197 
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aligar* 3 

Condition oí Hon-^^taiUßü in Oantingö 

Ilon^Mf/tallion ln 3^ 

hvm\ >?Ar; - ¿p{-?-clrjfin 50*»P«»A 

L&t&b, round inoluffion« in a foaok^round of nusieroa« 
$lm non-ujetollico. 

X25 Míw¡?696 

Aro« 0BW %ooi®®ü50- 

ftuBe fcyno and distribution of the non^nôtailio» äo in 
Aros?. tóAn, but ©lightly dirtier, 

X23 MA-^697 

gon^MgtolIlog in I*}** Qrato gogtlng 

Area "h" - ^eoiraon. ^O-^A 

A ^rsat may lar^e, romsd inoluoioae, vitb & ^nail amount 
of fine non-rntnllloB present. 

X25 «A-?b9H 

Area ^poolmen ¡jO-D-ß 

lâftrge, round Inclusions in *m extres<ely dirty background 
of fino non-siot^lllcs. 

X25 WA-2699 
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Figure 3 

Condition of Non-Metallics in Castings 
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Area MAM - Specimen 50-P-A Area MBM - Specimen 50-P-B 

Non-Metallies in 3” Plate 
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Area HAM -»Specimen 50-Ö-A Area MBM - Specimen 50-G.-B 

Non-Metallics in 15M Grate Casting 

All Unetched 
W#Aô639-3IÇ0 

Magnified 25 Diameters 
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Silgar« fe 

FiVideïioè of Porosity in CaAtinga 

Porooity In y1 l-3Iate 

Area uArt - t-:pQcimoa 

Poroeity in Äpcoifa©» 50-P-à. Tho lar^o blaok irr&çular 
er^a« aro ¢0¾ holf?«. Thia iw th« vorßt field found. ‘Thora 
aro in Mûition a f«w ©oattortó iiolos ln tho apeclaBon. 
Speciffion 50-r-B baa no fiold coRÇMar&blia to thl«, therv b oing 
only o tmi gas holcss in tho mvQlmvn* 

-H5 M/V-P731 

XJorauJlfcy in 1¾0 Grate Qmllng 

Area - ^peolíaen 50-0-B 

Porosity in 2?peoiíaon Jö^örB. $h© large black Irregular 
areas are gae holm?* liiere are only 0 few field* ao bad as 
thin, in addition ther® are eevernl »cattored holen in 
the opeeliaen and aleo in .Specimen JO-O-A. 





Figur# ¡5 

Orain Bise of Oaotlfifi« 

Qrñin zim òf îff Flmté 

Arga flAtf *> SpacjU^ii 50 

^ela sis© Indûx nuia^or 1. 

MA-270& 

Areâ f,lïn “ iror^lme.n 

Grain «íâo index 1-2. 

^25 MA-2709 

Qmin Bigg of 15 ” Grata Pax ting 

Ave& ^A* - ^pettiaan 

Grain sis# ind.ÄX number 1, 

*25 MA-2710 

‘♦B1* - ^o^oitaon 3CVG-B 

Grain »itre index nuaber 1. 

K/--27U 
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Figure 5 

Grain Size of Castings 

Area »A» - Specimen 50-P-A Area "B” - Specimen 50-P-B 
Grain Size of 3M Plate 

Area ^A11 - Specimen 50-G-A Area u - Specimen 50-G-B 
Grain Size of 15M Grate Casting 

All Etched in i$ Nital Magnified 25 Diameters 

W.A.639-3200 



tfigor* 6 

Maroçtruotim* &£ 0©slîing9 

Miero©truotur« of Y vinte 

t'Xm 1}A* - Speoimfin Brinell 217 

A coftTS® pBöiado-aartentaitilc ^orbite tevia® pronoimecd 
but fbirly uni forain distributed fãicro-«?«^re^tion. Th® 
triangular forpontion iß mnb proa infini- In th® dark /ira in© 
(ts«o Figur« 5) which ere of different uhostioal eoraposltlon 
than th# light grain o. 

X5ÜD «A-2701 

Area ^ 

Exactly th® «ws® above. 

Brin^ll 217 

X500 MA-2703 

Hioro^trnotur^ of 

Ai^-uí fíAr' - spftoisien Brinoll Ä2R 

Th« ap and 50^í-'-B 

Anita •* Sugn^:;3C*^~*S Briaoll 2?% 

Ü’hft earn. 

ka-?7C7 
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Figure 6 

Micro structure of Castings 

¡/fa, 

Area “A" - Specimen 50-P-A Area "B" - Specimen 50-F-B 
Microstructure of 3H Plate 

All Etched in 15¾ Nital Magnified 5OO Diameters 
W.A ,639-320 I 
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Figuro 7 

Condition of Carbltie® in feting» 

Oenorci Carbide Condition in Both Gastitusrs 

Uniformly distributed carHdee. '’¿he carbides wore revealed 
by a ten minute etch in Murakami *& Restent, which «taino carbides 
black. ,. >; 

^500 MA-g71g 

^vid^nce of Grain Boundary C«rbidor> in Both Caetlm;H 

&r&in boundaiy carbide chaina, Obains oxiot in only about 
5í¿ of each specimen. 

Wjo ^2716 

•r ví, 



Figure 7 

iOondi tlon of Car'd ide ë in : Oaf t ihge 

Oe ner al^arfiMICMd^ig^iin^BôïlvrCast in^s 

3hridenceXof: 

Âll:’^|e^ed^n7Mür^àmr^ë,^ 

fW.A¿d39-3202 
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