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MJNOlWIJJOI( RIPOR! 10, "AA not62z A: 

Jipe] Rfpor\ on Prqblem JL.4,J) 

M1Wiumca1 !aa\atton ot Car;101:111iae\1 

sie,1 Cornorat1oa ii Inqh HomocfD•ou• Agor 

Metallurr,1.ce.l te1t1, includin« traoturt te1\1 tor 1\eel 
1ound.ne11 and hea\ trea\ment, macroetoh t11h, ~rlnell har4nH• 
determination,, ,en,tle te1t1 and miero•oopic em1nat1on, wen 
conducted on dx platH of •mng hardneeae1 te• ttd at Aberdeen 
under the effect ot btdP:•81 proqp. Heat treatment had been 
1eti1tactorr in all ca1e1. Steel 1oundne1e wa, aati1taotor7 on 
all but one plate, thie plat• 1howing on the traoture te1t a 
oontinuou1 l&1111nat1on l·lnoh from on• tao,. -ef---

1. Ae requeettd by !'he Ordnance R~search Center, Aberdeen 
(A.P.G. 470.5/4895, Wtn 470.5/7964(r)), metallurgical examination wa1 
conducted on aaJ11ple1 from 11x (6) l½ inch plate, produced b7 Carn-ct~ 
lll1no11 S\eel Corporation and teated at Aberd.een at a part of the 
l!lftect ot hardneu program. Metallurdcal te1t• hAd alrea4.7 been 
conducted on the ooapanion plat,, vhioh had been ahoak te1tedr the plat,, 
inYolTed in thit report h&d been tired tor re1i1tanc• to penetration te1t1. 
Metallurgical re•ult1 on the firet group 1t aix plate, prertoual7 esam1ne4 
vere reported in Memorandum Report No. WAL 710/5h5. Ballittic retult1 on 
all platH are to be found. in leport .AD.586 of The Ordnance Research Center, 
Armor Branch. 

2. Metallurgical teet1 con1i1ted ot the followings 

&• lr&cture teat• for 1teel aoundn111 in both rolling direction,. 

l,. 1recture teat for r11ponse to heat treatment. (libre Fracture 
Te•t.) 

Macroetch teate. 

Brinell hard.nean 



.!• Tensile te1t1. 

l• Micr0100pic elr&Dl1nation. 

3. The detail result• ot the examination, are•• tollov1: 

A• 'p2tr1 t91ts tor ete•l 19undne11. 1raoture teat 1peoimen1 
appro:dmat1l1 3 z I were cut in eaoh rolling direction, notched, snd 
broken • lowly under a pre••• The re•ulting fracture• were rated tor • teel 
1oundne11 in aocordance w1 th the 1tandard1 ot Specttication .AX&-488, 
llevi•1on 2. The rtaults are f(iTen belov under paragraph 31. Onl:, one 
plate, !ft.unbar 6, 1howet\ a definite laminated condition whloh can be 
con1idered unsatiafactoey. • continuou1 lamination developed in the 
tranaverae fracture of thi1 plate t inch from one turface of the plate. 
lone ot the other plate, 1howed oontinuou1 lamination• in M7 plane. •woodt' 
fracture characteri1tic wa1 eT1.dent in the longitudinal fracture• ot taoh 
plate. '!he woody f ractu.re is a,pparen,11 ••• onl7 ln armor w1 th •ome 
directional oharactari1tic1 and i • cau•e4 b7 tine, elongated non-.. talllc 
etringer•• '!he wood1 oon4ition i • inherent in any rolled product which 
contain• inhomogenitiea. It• effect 11 not con11dere4 to be great except 
ln1ofar a• the directional propertie• ma;r promote directional cracking and 
the non-metallic content, a• •uch, 1~ taTor the formation of back ,pa.11 .. 

l• 11bre rraaturo te•t •.. 8peolmen1 approrlmatel7 31 wide by 
~• in langth ver• notc.~e4 in to a depth ot 3/41 from each 114e and broken 
rapidly by the impact ot a force hammer. .All 111111ple• were completely 

· fibrou, indicating that the plate, had been ~at11!ac\orll7 heat treatl4. 
The detailed re•ult1 ot the fracture te1t1 anear belowl 

Practur• Te•t Rf,v.lta 
Sua,le St1ei Souny11• T11i l'lbr1 lracErl T1•i 
llwilber Longit!!4inal.• 'fran1x11:11 _ »1.·1,iia 11111:1 
25;-1 I - wood7 C !ran•Ter•e 11brou1 

29}-2 C - wood)r 0 l.on&itudlnal • 

26~3 :B - wood7 C - ehel ving i' • • from one fa.Ce 

302-4 B - wood7 C fran•TerH • 
277-5 0 - woody B Longitudinal • 

D - continuou1 
262-6 B - vood)r lamination t' from 'l'na 1Ter11 • 

one taoe 

•Longitudinal - plane of fracture parallel to direction ot major reduction. 
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£• Macroetch t11t~. Section• tor macroetohing were cut from 
each plate. The r f'1nlta appear aa Figure 1. Section• from plate• 1, 4 
and 6 are longitudinal; the balance of the 1ection1 are traneveree. An 
ingot pattern effect 11 apparent in all 1ection1 and i1 more pronounced in 
the section, from plat~, l, 2, 4, an~ 6. The ~,llistic effect of thia 
condition 11 unknown: hov~v~r, ln 1ome ca1e1 wherein the condition 11 
pronounced, it hat bf'en aae0C1Ated wHh laminations in the fracture, and. 
a b~ak epalling tendency. 

!• !rinell hardness \'sta. Surface !rinell hardnees~, ~rter 
surface ,r--rind1.nf; to a der. th of 1 8 inc~. were obt!lined on e~.c'li pb.te. 
Four impre11•on1 were mp.de. live 0ro1s-1ectional hsrdne~• 1eadings were 
ir.ade at equal spaced intervnl1. 

- -- Brtn1ll Hardn~'I" Vi\\_Ues 
Sample Suri~01 Cr">sl Se~tic,n 
N:!A!!lbe[ R.ctn.r.-fl! .A.xerat:1 ll&nge Av~Elf!t 
255-1 277.2g5 279 255-277 266 

29}-?. 302.311 309 29:,.-311 :,04 

269-3 ;'h9 269 262-269 265 

302-4 321-331 32G 321.)41 331 

277-5 302 302 293-311 304 

262-6 269 269 262-285 274 

Hardne11 reading• tended to be con1i1tently lover at the center, of the 
plate 'lect1one thA.,, n~ri.rer •; ·:a :rlate :rnrfaces indicating th.:i.t the 
h:ir,: Pn,,bility of +.h'! i,,..,,t. nf steel ·m~<?r tl1e quenchinl! oonditio:.s 
e~ployed was borderline for t~e s9Ction thickness. 

~. '?,naile tests. Stande.rd tendle bar1 of 0.357" diameter were 
machined from each plate at a location midw&l' between plate 1urface and 
center a.~d in a direction parallel to the macroetch te1t1. The reault1 are 
given belows 

, Acc P~!l1 on ,. .,., 

NTI :, 1:1: ~3-. , 
DTJ f''l', 1' 
UnEu m ,~ un <. ,, . 

Justifi •' 

By- · - - --·- -- . 
Distr it>nt l e.' .. ' 

-}­
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!1n1&l1 Pt2~1ES&!I 
Poyd1 Pet SfY'tl lngh 

• 11. ~ 9-ple !matl1 lel4 Point. 
g. :Li Qfi Iii a.a i.!!' ~.t DirtsaUga S~Elnri~ Lia.. 

25,-1 Longitudinal 135,000 95,000 19.3 63.7 

293-2 Tranaver1e 153,000 14o,ooo 14., 47.4 

269-3 • 132,500 105,000 17.9 56. 7 

302-4 Lon«i tudinal 16o,ooo 146,250 15.7 55,9 

277-5 'rran1Ter1e 148,500 134,375 14.3 51.0 

262-6 Lone,ltud1nal 136, 5()0 106.250 19.3 62.7 

The 111periority in elon~ation and reduction ot area of the ap1almena cut 
in the longitudinal direction 11 clea.rl7' indicated. Ten1ile propertie1 
ar• eat1ataotory and the yield and ten• ile atrengtha cheok the relative 
lrinell hardne11 valuee obtained'_, 

!, Microec•1pic examination. Specimen• from taoh plate were 
eX&JDinftd tor grain • ize, extent of decarburization, non-metallic 
inclu1ion1 and mioroatructure. The grain 1i1e in all ca1e1 wa• a uniform 
A.S.T.M. 6-7, Decarburi•at1on vat negligible. The re•ult1 ot the 
examination• tor non-•tallio 1~clu1ion1 and micro1tl'l1cture ar1 pre•ented 
belov tor the indirldual platea: 

• 

(1). Plate 255-1. Moderately clean 1teel 1howing occaeional 
~•!71'egated area• of sulphide and oxide inclueion1, 1ee Figure 2A. 
Microatructure e1sentiall7 tempered marteneite with trace• of high 
temperature products, 1imilar to 1it;Ure 2E. 

(2) • .Plate 29}:2. lnclu1ion1 eimilar to plate 255-1, 
aee figure 2A. Ntcro1tn•cture ••e•nttally tempered marten• ite 
with traoe1 of high ttmperature tranatormation product•, elmllar 
to 1igure 21. 

(~). Platt 269:3. Hi~er non-metallic content than 
maJortt7 of plate, con11at1ng of aulphlde and 1ilicat1 1nclu1lon1 
with occaaional 1trin~er1 ot al'Ullina inclusions, 11e 11gu.re 21. 
'lemp8red martenettiG 1truohr1 a1m1lar to Jligure 21. 

(4), PlaSt ))2-4. Non-metallic 1nclu1ion1 an4 micro­
etructure dmilar to plate 255-1, • ee Pigurea 2A and 21. 

(5). Platt 217-5. lnclu1ion1 • imilar to plate 255-1, 1ee 
11~r• 2.A. Micro•tru.cture e11entially tempered manenatte with 
trace• of higher temperature product,, reterence li,;ur1 2D. 

USTJllC'lJP 
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(6). PJ.ut 262-6. Baolcground 1• clean blit there are 
aon•14erable DU11ben of elongated. ox14e-nlph14• lnolu1ion•, ••• 
11gure 2c. Mtcro1tJ"l1ctuN 1i• ilar to plat• 255-1, •ee figure 21. 

IO'l'I: Met&llograph1c work aonduate4 by M. Totta. 

4. The plate, nrfb in ~•neral, pzoo4uae4 fro• adequatelJ •oun4 •teel. 
However, one plate \262-6) 1hoved a aontinuou• l.amlaatton on the traowr, 
te1t in the tran•Yer11 dlreatioD. Heat treat•mit-• ,mifol'lllJ 1ati1taato17. 
!hn plate• are con114ere4 to be of •atl1taat017 oTeral.1 qulitJ and ot 
adequate unttora1\J 10 that the balli1Ua renlt• .., 'be oon•14ere4 a 
reflection of hardne11 Tariatlon,. 

-5-
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