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WATER'l'OWN ARSENAL LA.BORA'I'ORY 

MEMORANDUM REPORT WAL 710/591 

Final Report on Problem B..4,21 

12 Februar y 1944 

M~tallurgical Examina t ion of Twelve l Iaoh Cast Ar mor Platea 

Furnish6d by McConwaz-Torley Corporati on 

( ABSTRACT 

The plates showed a. la.ck of ducUli t y a.a evidencf3d by 
non-f ibrous fractures and poor V-notoh Charpy impact value10 
Th£i charactP riet1c dendri tic and . in eome CR sea ; cone ho id.al 
frA.cture e a re b4'lieved to reflect poor et£, el making pre ct ice. 
Heat tr atment of t he plates appear0d to be aatisfnctory . ,,..... 

I'-

1 8 

l o As r equested by t he Ordnance Research Center . APG 47005/3006 -
Wtn 470 .5/7675(r). metallurgical eX&llination has been completed oa 
sectiono from twelve (12) l inch ca1t pl~t,1 furnished by the McC onva1-
Torley Co rporati on and t ested at Aberdeen a a part of the effeot gt 
hardness :r ro~ra.m. :Ballistic reenlh h.An been reported in Armor Tut 
Report AD- 56 of The Proving Center. 

• 

2o Metallurgical examination in clud&d the following test1z 

a . Brinell hardnP.ss . 

£, Macroetch tests. 

£, ChemicAl o.nalyais and hArd~nability. 

~ . Ch~rpy impAct teete. 

f . Microscopic examination • 
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RESTRICTED 

The d~tails of t he metallurgical examinations are fl.S ! oll owll 

!!• Bri:qell hardness. Brinell hP.rdnes e determinati ons BOJ"O SB 
the section and on the surface to eh~ck the YAlu.es reported b;v t he 
manufacturer were '!IAde on a sample from each plate . Cross sec tional 
hardnesse s are haei,d upon fi • e imprel'ls:!. r,n11; at equal i nt ervals acros11 
the section. Surf ,, ce Brinella are the aYerage of three det e rm1na.t1ozu 
made aftAr careful erinding to remov~ deearburization o 

.Plate Cro~~ SPot1on{il Hardness Sut ffl C! Br!nelle Reported VBluu No. Rp.nge Average Average of Manufacture[ 

1 321-341 337 341 352 
2 248-255 251 257 269 

3 ,41- 352 ~43 352. 352 
4 ?34-248 240 2u,~ 248 
(-. 248-255 2'14 262 269 

7 311- 321 317 31g 331 
g 293-302 295 302 311 

10 277 277 277 2f55 
12 241-248 2li5 24S 248 

13 311- 321 319 324 331 
14 277- 285 279 235 285 
15 293--302 298 299 311 

Surface and cros s sectional ha rdnesses ch ~ek: closely, and those reporied 
by the manufacturer are in rather close a P:;reement with the determirtatiou 
made at this arsenal. 

~. Fre.ctur~ test for duc:Ulit:y (fibre tP-st). Sectiou 
approximately 5" in length, a.nd 3" vide "'ere notchAd tranaversel7 to a 
dep th of 1 inch from Aach side and broken by the impact of a steam 
hammer . The re1ults are tabulated belowl 
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Ple.te Concho i dl'll 
No, Porositz 

Yes 

Type Fractur Dendr1 t ic Ne.tur.!__ 

1 

2 

3 

4 

6 

7 

Yee 

Not evident 

Slight 

Slight 

Slight 

Slight 

M17Ad , fibrm1s ena cry. tall in~ Yes No 

Mixed, fibrous and crystall ine 

Cry s tall ine 

Jlibro1..u 

Ye s 

Slight 

Yes 

Sli ght 

Slight. 

No 

No 

Yes 

No 

No 

Appreciable 

10 

12 

13 

14 

15 

Considerable 

Considerable 

Mi ~ed , fibrou s and oryatal l ine 

Mixed , ma1nly fibrous 

Mixed , mainly !1broua 

Mixed , mainly tibrou1 

' Fibrous 

Cons iderable Mixed, fibrous and crystalline 

Slight Mainly _ fib r otHJ 

Considerable Mix"'d , fi brou e Md cry1.1talJ.ine 

Slight No 

Slight Appreci blei 

Sli ght Appreci .blt 

Slight Ap1 reciable 

YAs No 

FrActurea we r e difficult to interpret b Cl!IUU of thA presence of po r od ty, 
conchcide.l areas, end/ or e pronouncAd dend.ritia c nndi t ion on A.11 sample a, 
The dAndritic ~nd c nnchoida l aap~ots 11nd~ubt Adly hRve e det rimen tAl ef eat 
upon bal listic ehock resi s tRnCP. and prf!vent t ~, obt Ri nment of ~ c ompla tel1 
ductile f rac tura. It is probable triat all vh teR we re satiefact oril , he t 
treated as i ndicated by t he mi croscopic exa:ninfl ti on. The inf Pri nr fra.et11re1 , 
therefore , reflect poor steel making and. deoxida.ti on practices . 

£. 
each plate . 
structure 1e 
indicated on 

Maoroetch tl'lets. M.acroAtoh \1u\n wAre made on sections fr o1A 
The reeul t s are shown in Figure l . The pronounced dendri tic 
appa rent on all plates. Cons1<1.erable unsoundnes s 1a al10 
the maj ority of plates, pa.rticull'l.rly 1, 6, 7, 12 , a nd lh. 

£. Ch emical anp.l ya i R and J ominy ha r d.enabil ity . A chemical 
analys is wae obt a in d on plate 7 a nd a J ominy end- quench ho.rdenab1liiy ht!!t 
we.a c onduct ed on a bar from pla te 14. The ehemica1 analysis is shown below& 

C ~ JL _g s p .1I1 _QI Mo Al B 
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The a nalys is ohows a boron content wh ioh oorrelates with the l? XCeptional 
~ardenebil ity f or t}-ie analysis . ~'he M !'. reieidu.a.1 e.li.1111im1m cont en t i~ 
p i>rhapR on~ of t he fA.c to rs re::iponnibl e f 0r 1. lle ter.den<'.y toward & oon­
choidal fracture conditi on, Work at Battall~ Memorial Institu t e hat 
shown that t he con ~h"l ida l frA.ct'Ure lllAY bl!! r>roiluccd.. b ,y nn aluminum 
nitride precipitAte. High residual alu.11inilli and h igh nit r ogen content&, 
thPr Af or, , t~nd t -.:, p r mot e the c. '.}nch')i d.el fracture. It hns been shovnl 
that t e conch id~.l C')ndi t ion hns s.n a.dnrt: effect up-m impa ct properties, 

The except iona l hardene.bili tr c0ns i der1ng the a.na.l;rsii can 
on l y be e~plain~d by the observed boron co tent. No boron addit ions art 
reportAd by the m111.nufa cturer . The herden b11 1ty (See Fi gi.tr e 2 . ) 1s more 
tha n ade quate f or al inch APCtion an ir, ~, t i sf ac t or y f or a 2 i noh 
section as regerds t he transformati on io r 1gh t empP-ratu r t'! p roducts muah 
ae fp rri te and pearlitA . 

~. Ch~rpy mPRCt tests, In or der tn conf i rm t hp, frac ture te! t 
t nd~c ~ti ons, V-nc tch C e.rpy i 'ipAct te s h "'Are cond 11cted on spec i men!! from 
t n~ f cu r plates, numbPre 1 , 7, 8, and 10 . Te ets were c onduc t ed on t~~s t 
f 0 1r p la.t ,~c t o cover a ranp:e of hardn e l:11 a.11d because t he f r actu r e, (') f 
t hP Ae d a te s w re s.mong t hP be st of thos~ cxamint'!d. Duplica t e ap cimena 
were broken at 70°F And -u0°F. 

Hardneae 
V-No tch Cha rp;t l!ll:Qact Va l ues 

zooF _4oo:r 

l 337 

I 

1402 506 
9. 2 8. 6 

An . 11 . 7 -ATt . 1.1 

7 317 
22 .2 10. s 
20,l 11.s 

A·tre. 21. 1 Ave . 11.3 

295 
25 . 3 18.7 
~ m Au. 24. 8 Ave o 9. 

10 277 
2li. . (, 19.7 
~ !J.,,J 

A-ve. 27. 1 Avt'! . 21. 5 

The change in i mpact a bsorpti on with tr.mpera.t ure 1s no t exce s s! ve , which 
confirma t he RatiAfact orines R of t he 1 eat tr~atment . H0wever , t he leTel 
of energy ~bsorption ls low A.t any p~.rticu lnr hardnp, s s or t emperature. 

1 , va tnt own Ar s enal Laboratory 1\.ap rt Ho . ~AL 710/413, 11 A Prelirn i n ry 
'3t ' .. Hi? cf : :-- ~ Effrctz of th C, nc 1' -:: i r;,.l !'r ac t-..:. r e upon tha Phyli ool 
and M<>ta.l lurp. cal Cha act ,, r1et1cs 1f C..,_st; Arm o?, Oc tobi>r 1943. 
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RESTRIC TED 

Thi a condi t ion is pr obably a fu4ct i on of t he steel quali ty and r Af l eot 1 \ he 
inferi or pr ope rti ee r esul ting f r om t he dendrit ic and concho idal aepeot a . 
From t hA impa.ot ene rgy standpoi nt, thh ffi l'l.t erial i s a t beat app r odmahly 
go% effic i ent a• s ompa red to l inch cast armor at compa r able hardnn1sea 
produc ed by anot h Pr manufac ture r , 2 

f . Micro eoopic exami nat ion . S-pac imena fr om each pl a te• 'rlere 
examined f or non-metallic i nclusi ons , grain ni1e , ext en t of decarburi1ation 
and me t a l l o~raphi c atructu re . DPoa r bur i1at ion wae not exce ssive on any 
pl ate Bt a.mount ing t o approxima t el y .01,• on &1'!.0 h f ace . It was impo ssible 
t o accurately de ter mine t he grai n s ize on t he quench and t~mpered 1ample1. 
Hovever, a small apeo1men of the matertal queaohed afte r heating for \vo 
hou r s a t l ~00°F developed an A, S. T. M. grain 1i1e of *7 • 

Typical non- me t a l l ic i nolua 1on distributions are illu1traiet 
i n Figur e 3. To t a l non- metall i c inclu1ion content le high , The in~lu1ion1 
are of t wo general t y-p ea , (1) t he larg~r in,~ 1ilicate inclusions and (2) 
thee tr emely smal l sphe r oi da l inclusion, of an unknown type which ~r• lined 
up in a dir~c ti on paralle l to t he larger dendri tes below the plate surface• 
and whi ch may be aa, oc i ated wi t h t he d8ndrit1o aspects of this material. 
Thia type inclueion ie il lust r ated in the photomicrograph of plate #15. 

Typical mi c r os truc t u re1 e.re illustrated in Figure 3, The 
mic rostruct u r ee are uaent i ally temp erec!. l!I A, l"t8nei te, w1 th no evidence of 
h i gh temp~ra t ure transformation product• but with the possibility of 
par t i al transf or mation to bainite s a, eTid.e:aoed b: the acicular structurH 
ehown of pl ate ,,nu.mbers 7 e.nd 15 . However, t he plates tempered to l0w1r 
hB. rd nes R~R, ns in icat ed b. t he photomi crograph of plate 12, display a 
normal tempered martens1t1 c st ruc ture. It h, therefore , believed i l l!l.t 
t he plates have been wel l heat t r~at ed. Th11 evidence is aubetantia\ed by 
t hAt obta i ned on the i mpa.ct te st valuu a l i!'lfluenced by tempflrature. 

NOTE g Me t al lor,raph ic work cond cted by M. Yo f !a. 

li , Summa.rhinp; thP me tallur t; ice.l tuts conducteo on plA.tes, U vaa 
f ound t hat thA mat Arial l e ckPd t he proner ductili t y expect ed of good quali\y 
ca s t i=i r m0r i n t hi A t hickn eRa , Fr act ures were not fib r ous ,qven at comparativ"ly 
low hardne As ee and t he i ~pnct values were poor. ThesA deficienc k1~re no\ 
att r i bnt A.bl e to inf P. ri or h i<.>a.t trP.a tmf!lnt b11t rather t o faulty Rteel making 

rnctic eR which Ar e pr ob~bly r esp ns ible ! or the concho1dal nnd dendri\1C 
aapAc t a of the material, 

2. \'/ A.t e r t own Ars enal Labo ra t or;v MemorandUlll Report No . WAL 710/5(..7, 1 Metallurgical 
Exami nati on of Twelve 1 In ch Ca st Homogeneou s Armor Platea of Varying 
Ha rdnP.R sea anu:t'aotured by Lebanon Steel Foundry", 10 December 1943. 
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Unetched Plate 2 XlOO 
inclu1ion, la line Silicate inc~uoiona common to all pl~t••• 

' TempP.rAd 
e,nd 15. 

?lnte 7 Pl ate 15 XlOOO 
stnlctu r e~ c½ftreet ~ri,tic of platas 1, 3, 4, 7, 13 14 

Picral Etch 

Temp('red mnrt ens i t ic 
~tructurc chern.ct•-d at, ic o! 
pl~tea 2 , 6, 8, 10 , 12 ~t t h~ 
lower hardnP-ssee . 
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