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1inal Re-port on Problem L4. JS 

7ff 

Ne\&1l9u1ca1 !xpiAA,\ion ~, rwte•n 5/16 Inqh Rolled Homogen,0µ1 

&a2r Plc.tfl Mapufacturtd, bz on,, Lake• st,11 Corporauop 

\El\ 

-- X.tallurgical e.xamin&Uon, inoludtn~ Brinell hardn111 1UJ"Te79, 
fracture teat, tor , ateel 1ound.ne11 and fibre, and macroetoh \eat• 
wa• conducted on each ot the fourteen plattt ftt.nllahed bf Great 
Le.tea Steel OorPoration. Mi0ro1conlc 8%&1linat1on wa• made on 1lx 
plate• and chemic~l anal1••• were taken of two. All plate, except 
two were fibrous. Platea 17 and 19 reYealed. traoe• ot C1'1etallinlt1 
at hal-dnea1e1 of 388 nnd 375 re1pectl'Y•l7. /-.... ~ 

1. .la requested b7 the Ordnance Research Center, .A.PG 470.5/5865 -
Wtn ~70.5/8122, metallur~cal exa11inatlon ha• been completed. on aectloa1 
from fourteen (14) 5/16 lnoh rolled ho• ogeneou, armor nlAte• aanufactured. 
'b7 the Great Lakea Steel Corporation and teated at Abel'cleen at a Part of 
,he ,tt19t qf hardnen pto«tM.• Belliltlc reaulta will be reported in 
Arllor 'l'Ht Report Wo • .u>-510 of the Ordnance Retearch Center, 

2. Me\allur~lc!U eraainaUon included the followin~ hatat 

,a. Brlnell hard.neae 11Nne11. 

!- 7raoture ,e,t tor 1teel 1oundnee1. 

!• 1raoture te1t tor ra1pon1• to heat treataent. 

4. Macroetoh ,.,,,. -
.l• Chemical anal711H, -

t_. Mtcroacoplc dallinatioo, 
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!.• 1raoture ,,,t for [!IP0DIO t9 heat ttM\•tnt. 

Section• the 1aae 111• at aboTe vere notched \ran1Ter1el7 
to a depth oft inch from eaoh 11de and broken rapidly under a drop 
weigh, mechan1Rm . The es..~nle br~ken 1n one direction va, aa-rece1Ted, 
whereat the aeoond 1aaple, taken in the o1'J)0•1te rollln« direction, 
va1 temPered at 1050°1. Beoau11 of croee aect1onal rollln« lt n1 
difficult to d1et11\i'Ui •h the directi onal pro~rtie•• !he t•Pered 
1eot1on1 vere f1broue whereat two of the 1ection1 in the a1-rece1vtd he&\ 
treated condi t1on revealed traces of 017et11l linity at hi.di hardne11. 

'!'able II 

Pl.ate Steel Soundn1a1 Te• ta 11b[I T11~ 
-1!.2.&_ L!u~gUudinal Tz:an1Tor11 Te'.'!IE~r9d !t-Rgoo!vd 

15 ::s J ltbrou• 1ibrou1 

17 B B 1lbroua 
1ibroue - Trac, Cryatallinit7 

(High H&1'dne11) 

19 B B 11brou1 J'tbro1.11 - Trace C171tallinit;y 
(High H&rdnete) 

21 B B 11broua librou1 

25 D B 11brou• 1ibroua 

27 B D librou• li~rou1 

28 D B 11broua 1ibrou1 

124 :a :s llbrou1 libroue 

147 :B B Jtbrou.1 librou• 
148 B D 11broua librot:.a 

149 D B 1ibroua librou1 

150 :e C 1ibroua 1tbrou1 

151 B B 11brou• 11brou• 
152 B B librou• Jibrou1 

~- Macto~~~h iea~1-

Macroetahing of a 1eotion fro• each Pl&te reTealed no 
undeetrablft 1egre~tion 1n thirtee of the Plat••• In plate 27, aenter­
ltne 11ir1tgt1Ltion ••• pronounced and exhibited what would • eem to be 
micro1oopicall7 1trlnge~lUce nom1et&llie incluaiona. HoweTer, when a 
1ection of the eue nlate V&e eDJ111ned under the microaooµe centerline 
aegr1g&tion va1 a pparent but onl7 1lightl7 and the 1ncluaiona were of 
a 1aall 1111cate type. 
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~• Chemical anal.Y1e1. 

Chemical analyses obtained on tvo plate• were as follow,: 

Chemical Compo• ition 

Plate No, C _Jin_ _!i _L p _?31 .-21: ..!st .L __!__ _k -
27 • 31 1.48 .29 .027 .025 Nil .55 .26 Bil .0023 Nil 

14g • 31 1.49 .29 .030 ,,025 NU .56 .26 111 .0022 Nil 

!- N10r2ac2utc exo19i1t1on. 

A section from ~late• 15, 17, 27, 28, 147, and 152 wa• 
examined for nonmetallic di• tribution, m1croetructure, and depth of 
decarburisation. 

Plate• 15, 17, and 28 had a fairly high concentration of 
sulphide and small fine oxlde-1ilioate nonmetallic 1~0lueion1, the latter 
in the majority, ae illuatrated in Figure 1-A. Plate• 147 and 152 exhibited 
a higher nonmetallic content with fine elongated comnlex 1ilicate-oxide1 
and sulphide•• Plate 27 va1 fairly clean Yith alight centerline 
aegregAtion of fine 1llicate lnclu• iona. 

The microatructure of all Platea wa• a tem~ered mart1n1ite; 
decarbu.rizat1on vae negligible in all ca1ea. 

4. The microatructure, reYealing a tempered marten• lte, indicate• 
all Plat e, vere eat11factorily heat treated. The traces of c171tallinit7 
obaened in plate• 17 and 19 are nrobably a tu.nction of the high hardne11 
and therefore, not attributed to imProPer heat t~eatment. the inferior 
eteel 1oundne11 of • ome of the Plates. as recorded in Table II, may not · 
cause ~dTerse balli s tic behaYior: the ballistic results being a function 
of the reapectiTe hardneeeee ot the plates. 

APPBOVED: 

1( C l>(«a rukl-, 
11. A. ~KJNS 
Major, Ordnance Dept. 
Chief, Armor Section 

'h) ~ tf a.., 

M. YORA 
A1at. Ph7. Sci. Aide 
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XlOO 

GREAT LAKES STDL CO~RATIOH 5/16 IBCH ROLLID .ARMOR 

TYPICAL MICROS'l'HUC'l'URES 

Unetohed XlOOO 

A - Pl.ate 28. line complex • ll1.ca,e­
ox1de 1ncludon1.' 

ate1i.47". Te11Pttred ll&l't.alih 
at a Brinell hardne11 of 444. 

B - Pl.ate 152. line complex 1ilicate­
oxide1 and 1ulph1de inclu1ion1. 
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