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W.A.TERrOW'N ARSIJ'i,U. LA.BOB.ATOR! 

MJ2.10RA'·:D'iM :ra?ORT NO. WAL 710/6n 

Final rteport on ProblUI .B...4.40 

4 .Ju.17 1944 

M~Wlurgi~l Ex&ninat1on 0f Two 1/4 Inch, Two 3/8 Inch, and Twenty-one 

1/2 Inch Rollfl!d Hoao,;eneou.1 Ar11or Plate• Manu!19turt4 by 

Great Lake1 Steel Corporation 

' Metallurgical examination, 1nclud1n« Brinell hardneH 1urve71, 
fracture te1t for eteel • Jundne11, &nd macroetoh teBt1 wa1 conducted 
on f'laCh of the tvent7-f'ive :'latea turnilhed by Great Lake• Steel 
Corpor~tion. Microsoo'Pio examination wa• made on four nlate, • .ll.l 
~lntes except 7A were satisfacto17 with reepect to steel 1oundne1e. 

' 1. A1 reque1ted by the Ordne.noe Re1earch Center, (.A.PG 470.5/6503 -
Wtn 470. 5/q170), metallurp:ia&l examination Ml been comr,let84 on aections 
fro• two (2) l/4 inch, two (2) 3/8 inch, and twmt:,-one (21) 1/2 inch 
1·olled homo,seneous armor Plate• manufactured by the Great Lake• Steel 
Corporation mid tested at Abftt~een &I a ~art of the effect ot hardne11 
Drogr,. :Ball18tic re1ult1 of the 1/2 inch ~late• will be reported in 
.Armor est Report AD-515. The 1/4 inch Md J/8 inch plat•• are 1upplemental 
to tho se renorted in Armor Tes\ Report, AD-505 and .AD-514 re1pectivel7, 
of the Ordnance Research Center, Armor Branch. 

-

2. Metallurgical exam1Mt1on included the followinr, t11ts: 

•• Brinell hardness euneys. 

!• 1racture teat f 0r 1teel 1oundne11 • 

.£. Macroetch tnte . 

Micro900 ;1ic examinat1on1J. N\ f'iUj\ ~S" if-}~:Jl•O{t,• 
. \J (\iv J Jiill2s :1J44 
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3. Rl'Js,1lt1 anr\ D1~ouni ·m. Re1ult.1 of the ~etA11Uri;1c&l e xamiM.ti on are 
ae f 'J llo.,:a: 

A sfltct1 on from "11C ~ l" t~ w11s Bla:1chA.rd ~ou.nd to a de• ·th 
of 1/1(; inch to rem ,ve an.v t :".'.'CH nf decarburhation. Jurface Brinell 
1·,Lrd:1ene ua.di nt"• were then taken on en.ch section; Brinell re,\dinr:s vere 
P. le ,1 take:1 in t he c9,1b r i f t r e twenty-one l/2 inch :ilatea. The aYera,;e 
ha.rdn-,1'18 WA.I •)btain0d fr om t our readinve te.ken Rt equally spac.ed intervale. 
nf)aul t111 nre , ~un:1r. rh: d h~lcw in T1ible I. 

Table I 

~irlace qard..~es~ee Cent~r o f ?l~te ~ardne~••• 
'.") ) ;i_ \ A ' ; ,, 

- · -=-- - - ..L ~nt.:!L Ave.rat;e ,&nce Averoee 

u. 461-477 469 
lC 477-495 486 
?A 477 477 
2B 461-477 469 
3A 293 293 269-285 277 
3,B 285-293 289 277 277 
30 285- 302 293 285 285 

4.1 341 341 331 331 
4B 321-331 326 311 311 
40 341 341 3Jl 331 
5A 341 341 321-jJl 326 
51' 321-341 334 331-341 336 
50 331 331 321.-331 326 
6.A. 341 341 352 352 
6! 352-3';3 357 341-352 347 
6C 3i:;2 352 341 341 
7A. 415 415 415 415 
711 352-1+01 373 415 415 
7C 4ol-415 4og 415 415 
8.1 444 444 415-429 lJ.22 
SB 444 444 429 429 
8C 444 444 429 429 
9J. 461-477 469 461 461 
9B 477 477 44li-477 4~j5 

9c 477 477 461-477 469 
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Sectbns, f'l. rox.hiA. ':. el;, (..,_1/2 11 i::i leo.1:th 1tnd ~" wine yere 
cut !r0::; PI\C'"t eam))le l.n t.r, th ,1.irectionR, notched transversely, tem ,;Ared 
st l0 1j0°F t ·) rednce t:;i, hArdnP.as unif r,rr:il:,r to an '· r oxi :n.'\•,ely 300 Brinell, 
an:i t i 1" !1 hr ,ken slow~y 1.rn~.er r. =• aldwl.n S .mthwork !iydraulic test in t: 
rr,Ac ;11n A. ..·wenty-f nur -1f ':. .. ,e ' 'lat es ,.,ere acce:'t able '.·:1th r~r, ')ect t0 
atMl 11 •11 u1Clness. Plat~c 7J.. ,,n ,~ 9B ratflld D nnd C res · ectivc>ly, revenled 
'r on, m.nc~d laminations nenr th€! surface. See Table II f : r fracture 

test reaulte. 

Fracture 

Pl1te No 4 

u. 
lC 
2A 

2B 

3A 

3B 
3c 
lu 

4B 

40 
5A 

5B 
5c 
6A 
f;B 

(,C 

7A 
7B 

Tp,ble II 

Tl'!at for ~>teel 

Lon~1tud1nal 

B 

C 
B 

B 

B 

B 

:e 
B 

B 

B 

B 

B 

B 

B 

C 

B 

D 

B 

Sound.nees 

Tr['.!1 svere e 
B 

:B 
B 

B 

:a 
B 

l3 

B 

:B 

B 

B 

l3 

B 

B 

13 

tir : ••. ;,f ; 'lUJl C t-0 

:---

7c B 

B 

B 

B 

:e .~ ltj t tfiOAt 1,llL. _______ . · . 

g.A. B B 
. . . 
.··.• ... 

~ B b •., -- -------·•- - ·-----
gc B 

9A B 

9B C 

9C B 
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~acr~ Htc r. in,.· of " sect:hn from ench plate revealed that 
,ll 1 r1l .'\t"1 exce ·,t three Hftre sat 18! 8.Ctory v1th rea:, ec'G to eeeregation. 
-,l r: t~ ::i lA. 1 C, e.nd 2A ex.:11 bit i,d ·ronounced centerline tegrer:ation. 

_£. Micr,Jsco 1c 1-::xa:nina.tion • 

Sectir.ne were cut from fou~ ·1latea and exami~ed for non­
m"te.1110 1nclna1on, Md microstructure. Plates 3A. 5,B, nnd 9B were 
comU&ratively clPan st~els. Howev~r, in 9l3 there waa erldent near the 
surface M ,ilwninu:n oxi~_., ~tr!ntPr which showed up Pi.a & laalnAtion tn the 
fre.cture t~1t. Phte 7A c1ntl\ined a fairly hi r h nonmet.Alllc inclusion 
c -1ntent dist.ributAd unifor.nl:r throughout the snecimen. Ths microetructure 
of lote 3A WRI an acicul~r tem ~ered ~artenaite and 513 a tem .,ered 
:ne.rtens1 t~ with occsehn"'l r,rain boundary farrite. Platea 7A anc\ 9B t1A.d 
"- tem.,~red ~rtenaitic atruot11re, 7A with 10att.ered ferrite :iatchee. 
Phnt'):nicrograi;he of t;~r:•)icnl microetructuree are 1hown in 1igure 1. 

4. Steel soundn~sa was M.tiefR.Ct1Jry in all nla.te1. '!'he 
micrr'IRtructure of t!-1e s ·•~cir.ieno implied that the " latA~ were aPParentl7 
prorerly heat treated. Thu~ the small amount• of ferrite reTealed will 
nrobn.bly not be auff1o1ent to CI\USe unsathfactory ballistic behavior. 
T~-, bnlli~tic ren.lts ::ia:r be c ·msid.sred attributsbli, to the rea~)ective 
hnrd.ne'Jsea nf each lnte. 

Y/.Ct..r-f~~, 
N. A. MATTHEWS 
Major, OrclrurncA Dept. 
Chief, Armor Seotion 
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Grea\ Lui• Shtl Comu:aUoa 1/2 Ipoh lolld: :Y'ME Pla\t 

Typ1cal M\ft91\ructye1 
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Pl.a•• 3,l. Aoloular t•Pere4 marted,._ 
IHI - 2TT • 

11.a,, 7A. '•:Pered aanen•Ue vl\h 
oooa1loaal P&\ehe1 ot tel'Tlte. 
ID• 1'15. 
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Plate 51. 'l'em:neNA aana,u, with 
grain bo1U14&17 teffl\e. ID - 336. 
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