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Watertown Arsenal 

Memorondwn Report WAL 710J 567 
Final Rsport on Pr oblem B-4.5 

lO December 1943 

Metallurgical Examination of TwelYe l Inoh 

Cas t. Homo,eneou. a Ar mor Pla.teo of Varying Hardnesses 

Man'll!actured by L1::1banon St eel Foundl'y 

~\l> '.' O ~r A•\~I 1 ,. '· 

· - ·--i ,-~ _As r~~sted by The Proving C&nter. Aberdeen (APG 470 .5/749, 
Wtn 470, 57o8'2QJ..:~metallv.rg1cal examine.t :.. Jn hat been ooapleted on twelve 
(12) l inch .oa~~ armor ~plate a manu!actu.red 'by :Lebanon Steel Foundry. 
Th~ plates were heat ,reated aimile.rly except for the !1nal tempering 
tempe~atures which wer~ varied to giTe the hardness•• desired. ~ Two platee 
were tested in eaoh hardneas ranee and all plate• vers from heat 'HE, 3498. 
Ballistic test results a.re reported in Armor Tut Report AD-381. The--,, 
plates were tested ae a pa.rt of t he large program at The Proving Center - .... 
on the effect of hardntlB on ballistio properties. The plates behaved 
in a manner coincident vi th the respective hardnuu1 under the applied 
ballistic tests. Flate, were Q;l.13 to q,124 1nolu11Te, 

2. The nietallurg1cal testa conduated 1nd1cah the plates to be of 
satisfactory quality wit~ reopect to eoundne1s and heat treated oondition. 
All eamplea developed the fibrou; fracture. even at hardnesses of 341 
Brinell. This ch~..r~cteristic 1s aeaociuted with a microatructure of 
essentially tempered martensite with traces of high temperature trnns­
!ormation•products. Charpy V-notoh impact tests were ~onducted on all 
plates at tour temperatures, from room temperature to -70°0. (-94°F.). 
These value a are oonlidered to be 1•epresentatiTe o! easen tially the beat 
impact properties \bat may be expected of oaat armor, especially at the 
low temperatur·ee and a.re recorded herein £or :tuiure r•ference. (See 
figures 4 and 5.) 

3. Metallurgical examination consisted o! the following tests: 
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~• Fibre fracture teats. 

l· Macroetoh tests. 

·.J · ' ' .. 

£• Brinell ll&rdness determ1nat1ona. 

!• Chemistry and Jominy hardenability. 

.!· M1croacop1c examination. 

t_. Ohs.rp1 V-notch impact teeta at 
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4. The rnulte of the above teeh in detail are presented below. 

.!• libr1 fracture taste. Sampl•• approximately 811 x 3• 
1JL aise were notched trena•ersely to the long diaension to a. 
depth of approximately 3/4" on both aidee and broken rapidly 
by the impact of a forge hammer. All pla.tu vere completely 
1'1brou1 with lill&ll amount a of lu1troue poroli \;r Tiaible in 
the !racturee. 

b. Macroetch· te1t1. ReS\llta of theae te1te are show a.a 
Figure l. The plate, are considered to be 1&ti1!actory with 
reepect to aoundneas and segregation !or material of this thick­
ness. Con11derable Tar1at1on in 1oliclification pattern 11 
noticeable among the aev-,ral plate •• The dendrUic pattern 
seem, to be well diffuaed in the majority of th.e plates, parti­
cularly ~19, ~22 and. Q;l.2J . 

• 
Oo Brinell hudnes1e1. Brinell hardneaa determinations 

were-macie acro,a ihe aection on 1amplea from each plate. The 
values reported are the average of three rea.4.1ng1 equ.1d1 stan tl;r 
spaced. 'l'he readings reported by- the manufacturer are alao 
recorded tor purpose• of compari1on. 

Brinell Hardnee•ea 

Reported 'b;r Oro11 Sectional Values 
Plate No. Manufacturer Ran,e A\'erage 

~13 255-262 2118-255 253 
~l~ 255.262 241-21+8 2~ 

Q,1.15 269-277 262-262 262 

~6 269-277 262-269 26i 
~17 2113 2s;-293 2')1 
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. . . ~a 293 277-285 282 / ·. ,_· . 

Qll9 J)2-JU )11-Jal 
Q.120 .:,02-311 321.-321 
~21 321-332 321.-321 
Ql.22 321-332 )21-321 
Q,12J 3140 331-341 
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~24 Jlto 331.3a.1 
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Hardneaeea a.oroaa the section were uniform in ali oaees. The 
Talues obtained at thia arsenal using the tungsten carbide 
!r1nell ball are, in general, somewhat lower than those re­
ported by the manufacturer. 

_!!:. Chemistry and Jominy hardene.b111 ty. Chemical analyses 
were obtained on plates I.Ul3 and Q).17. These reMll.te, together 
w1 th the heat lad.le analyai e reported by the m11Aufacturer, a.re 
given below. 

Sample ..L ..1Y!. ~ s _L ..1il ~ .!12. V -
~13 .32 .s2 .45 .029 .029 .52 • 70 031 .Ol 

~17 .33 .7s -~ .035 .029 .51 • 74 .32 .015 

La.dl• • 29 0 76 .4o .029 .025 .53 .68 .33 

The results obtained a.t th11 arRena.l cb.eok the ladle analysis 
reported by the manufacturer as closely aa would 'be expected.. 
Thie is the typical low alloy nickel-chromiu.m-mo~bdenum 
a.nalysi s which haa been successfully uaed bf Lebanon Steel 
Foundry during the paat yes:r. 

Jominy harden.ability resulte were ob\e.ined on a 
atandard and-quenched bar f'rom plate I.Ul3. The reeults are 
shown in ligw-a 2. The analyaia r1tain1 a b&rdaeae ot Re 43 
at a distance of approximately- 12/16 inchea from the qutnched 
and. Thia 11 equ.iTalent to a plate thiclcne11 ot 2 inohea which 
vill quench out to 4oo Brinell hardness at the center in a 
s\ill water quench. Hardenability, therefore, is adequate for 
the plate thiok:nessee inTolved in this aerie, . 

.!· Microscopic examination. A. speoimen :f'roa each plate 
wa1 examined for groin 11 H, extent of decarbur1 zai ion, non­
metallic incluaion d.1atribution and microatructue. All plates 
except ~15, 'l,1.2l and Q,123 were of clean ateel w1 \h amall 
globular nonmetallic inclusion& ran.do~ distributed throughout 
the outer portions of the plate and at the center concentrations 
of nonmeta.ll1c material with a tende11c7 to torm a network. (See 
J'igure 3.) Theae ef'feota a.re not conlidered to be aerioua, however, 
and apparently remlted from a mold condition ra,ner than a 
obaracter1st1c of the heat of ateel. 

Deca.rburieation o! the plates waa not 1erious, averag­
ing .OlN on eaoh face. The grain aise ot all plate• waa a 
uniform A.S.T.M. 5-6. 

The m1oro 1tructurea of all- plaha e:xoept Q,118 and 
q,1.24 vere a wiiformed ,empered martenaUe wi\b alight traces of 
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high temperature tranoforme.t1on product. (See lig\lre 3.) 
AcicularUy increased rl th hardness aa upechcl. Plate Q,118, 
alto essent1allj- tempered marten a1 te, showed nidence of the 
formation ot amall amounts of bainite on quenching. Plats 
~24 ehow1 oocasional patohe1 of ferrite and oar'bicle. The 
microatraeture1 of all plates are considered e~ti9factory. 
The small amounts of high temperature tran1f'ormaUon products 
in two of the plates d.1d not either influenoa \n1 fracture 
ch&ra.cter1at1os eVtn 6.t ;rq,ther high hardnea1e1 or impair the 
impact propertiae at low tamperatu.res. 

J.. Impact teats. Charp1 V-notch impact test• W8re con­
du.oted on er~~h plate at four temperatures: +20°0. (+6s•F.), 
-10°0. (+l8°F.), -~°C. (-40°1'.) and -70°0, (-94°.lt".). The 
impact bar a; were cut from the plate midway 'b1itwee11. surface 
&nd oe~ter to aTo1d uneoundnetJe as lll\10h a.1 poul'ble. 'l'he 
results in detail are tabulated as Table I. Plots of impact 
properties ver11u1 ho.rdneae and aa influenced bf temperature 
are ,hown. a.a l'iguro 4. Similarly ounes are 1how tor the 
individual platea aa a function ot temperatur~ in iigur~ 5. 
'rhe superior performance o! thi I material in the impact teat 
is ind.ice.tad. by the small drop in abaorbe4. en•ra with tempera,.. 
tu.re dow to -lK>"C. (-lto•:r.). Su.ah pertormanoe 1• not onll' 
a funation ot heat treated condition but ia alao affected by 
•teel mElking pre,ctice . lt vill be ob1ened that at hardne11ea 
above .320 :Brinell the impaet en.erg tall• otr more rapidly with 
a lowering of tenaperatur&. ~hia eff•ct con elate& w1 th the 
inferior ahock rttiatanoe of \hia material at hiiher hardneaaaa. 
It ha.a previo\.lely been uhovn in data obtained a\ this arsene.11 
that steels whioh rete.in 25 ft.lb,. impact at -~0 r. have satie­
tactory low temperature balliet1o shock propertie1. Thia 
.statement hu1 bean a.pplied,generall¥, to th& beaTier thiwcneases 
of armor at hardneuea up t,o 26o Br1nell. Howner, 1 t will be 
seen that this st•el retains 25 ft.lbs. impact a\ -4o0i. at 
hardneues up to and inolu.d.ing 290 .Br1nelJ . It will further 
be obaerved that all plate, aboTe 255 Brinell lo •e cons1derabl7 
more impact reaietauoe as the temperature 11 further lowered 
to -7ouo. (-94°F.). Thie 11ean1 that no cast a.r11or can be 
expected to conaiatentl.¥ absorb the specitied ehook test at 
'temperatures 1n the r~e -50 to -so•,. 'lbi1 11 1aportant 
to be considered in :future cold te1t progrwu; lc,w temperature 
balliatic test.a wit be conducted at reaeonably low temperatures 
au.ch aa 'U3 be encountered. in combat, wi\hin the range -20° 
to -llo01. 
W.J.. Report 710J534, 8correlat1on of Metallurgioal Propertie1 with the 
Low Tam_pera.ture :Ballistic Shock Oharacter11Uo1 ot 1 11 to 2• Low Alloy 
Cast Armor 'reated at Camp Shilo" P. V. Rif!in. 
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5. Metallurgical ~xamination indicated 1ati1fa0tory heat treated 
condition• in all caaea. 'lhe ma:terial ia considered to be o! superior 
quality-. Ballistic re11Ulta, therefore, m~ be expected to be repre-
1en\ative of esseniia.lly the beat that can 'be obtainell 1n ca.at armor 
at the respective hardnesses. 

',; , r: v ,: ,--~ 
i i (• I / k ,,LJ..,w,·½~. 

N .' A. M.i'l'THEWS, 
MaJ or, Otd. Dept. 

p t/4,~ 
P. V. R1tf1n, 
A1st. Metallurgl_at. 
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Plato No. 

q,113 

~l.14 

lol).17 

~18 

Q,119 

Q,l2l 

q,l.22 

Q.123 
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TABLE 1 --
Lebanon Shel Foundry l Inch Cnat .P~e.h• 

V-Noteh Charpy Impact Resulte 

Brinall 
Hardne~s 20° C 

253 45 .S F 

246 46.0 F 

39.4 F 

37 .2 F 

291 

282 35.3 1 

3].4 26.7 'i 

321 27 .9 1 

321 28.2 F 

32l 25.8 F 

334 22.0 F 

33s 20.8 F 

Impaot Values . .!'lld Tzye l!'racture _ 
-10° 0 -"4o0 O_ -70° C 

39. 9 :r 
37 . 1 F 

Ave. J8.5 
38.9 i 
37.3 F 

Ave. 38o l 

31.5 r 
32.5 i 

ATe. J2.0 

37.4 F 
l.K).4 F 

ATe. J8.9 
29.S F 
28.2 l' 

Ave. 29.0 

34.5 F 
35.6 1 

Avefl 35.0 

29.5 'i 
•22.9 1 

Ave. 26.2 

23.2 Fe 
24.7 Jc 

ATe. 23.9 

24.9 le 
25. 2 res 

Ave. 25.0 

a:>.5 Jo 
23.4 Jc 

ATe. 22.0 

l8.3 1o 
19.4 10· 

Ave. lS.S 

17.0 re 
l7c4 10 

Ave. 17 1 2 

J2o9 Fe 24.9 Of 
4o.5 Fe 

AYa. 36. 7 
4o.9 Fe 25. 2 Cf 
44.l F 

Ave. 42.9 

3&.9 io 15.7 Cf 
32.9 Fe 

.l·u. 34.9 

27.6 ic 15.2 Of 
32.5 le 

.A.Te. JJ.O 

23. 4 IC 14. 2 Cfe 
2s.2 Fe 

ATe. 25.8 

29.7 lo 15.5 Ote 
31.i. re 

ATe. )0.5 

lS.7 Of 14.5 Cfe 
19.5 Cf 

ATS. 19.l 

15.5 Cte 13.0 Cte 
l.5.6 Ote 

•••• 15.5 
19.6 Cf ll.7 Cfe 
18b 7 Ct 

AT9. 19. 2 

16.1 C!e 11.8 Cfa 
1g.1 Ofe 

ATe. 17 .l 

12.9 Cfe 7.l O!e 
15.0 Ci'e 

ATI, 14.0 

15.5 C:te 
9.8 C!e 

.A.Tt. 12.6 

7.3 C:te 

i - ll,1 brouJ l'c. - s1x14, ~red.ominan tlY f1 brouJ 
- Cryata.J.lint Cr ... m1std, red.om1nantlY cry1tall1ne 18 - Mixed - !ibrou1 and cryatallin• Oft - oeyah.l ina w1 th n{rou1 edge. 
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