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WATERTOWN 4RSIN4L LABOB.l'fORT 

MDtORANDUM RIPOR'l' NO. \(Al, Jl0/344 

1inal Report on Problem B-4.61 

14 NoTember 1944 

Metallurgical Examination of lourteen J/4 Inch 

Bolled Homogeneous Armor Platea Ma.ro1tactured by 

Grc~t La,.~es Steel Corporatio~ 

) I I ( ' 
~ 

? Metallurgical exe;nina tion, including Brinell hardneee 
surveys, fracture tests for steel 1oundness Md fibre was 
e onduct~d on ea.ch of the f ourteen,{plate1,~niahed by Great 
La.kee Steel Corp~-r!tti·on. Hcroscop!c -~ macroscopic eX&lll-
1nat iong a.nn c~ernical analyses vere made of select ed ~o...-m.les. 
All t :1.e sampl~s except fou rc.(JlDIL-1-rscturee))'were SA.ti sfactory 
,...,1th respect to steel soundness. Thirteen of the sa.m:oles 
responded to heat treat-;ient sathfA.ct oril1 as revealed by the 
fibrous manner in whic ' t hey fractured. Sample 57 with e. :Brinell 
hardness f 3gg reveal ed a mixed fracture. 

l. As reques ted by t he Ord.."l.ance Research Centerl, metallur~ical 
examination has been completed on s ections fron fourteen (14), 3/4 inc~ 
rolled homot;eneous armor plates manufl\ctured b1 the Gr eat Lt1kas Steel 
Corporation Md teeted e t Aberdeen aR a part o! the e~f ect of hardness 
progrA.In. 

2. Metallurgical exanina tion on repr~eentative samples included the 
foll owin~ tests: 

.I• Surface and oro ~s sectional Brinell hardness surveys . 

:£. Fracture tents f or steel eoundness and fibre fracture tests 
tor. reveal1nr, response to heat treatment. 

~- Chemical analyses. 

~- Macroscopic examination. 

.!• Microscopic examination • 
I 

le APG 470.5/74-0 - Wtn 4oo. ll2/J208(r)i dftted 10 October 1944. 
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3. The reeulta of t he meta.llur,•,; ical examinati on a.re a.a follows: 

A· Brinell ha.rd.n e•HJ. \)n caref ully gr ound 1mrfacee and erase 
sections Brinell hardness tests were made. The values re or ted are based 
upon t he average of fi ve snr fA.Ce and five cross sectional r eadine;a, equi­
dist&ntly epaced through t he . ec tion . The rf!o,1lto are given in Table I. 
In a.11 ca1ea, t he SA.lll!)l ns were heat treated to a fairl y unif rm hard.neu 
alone their respective s11rf o.cea a.nd cr,1s s sections. 

~. lracture t ents f or steel sound.~esa and fibre fr cture test• 
f or revealin1~ response t o hAat treatment. On aections 3 x8xlO" fracture 
t est s were mA.de on the p r opArl • notched sections and then rated with reepect 
to steel s oundnese a.nd heat t roA.ted c onditi on (See Table !I for results of 
t eRts ). With the exceJit i on :Y" snm~)le Nos . 70, 1r 9, 171 11.nrl 172, the 
balance of the sampl es ha.d sA.tisfactory fractures wit~ r es~ect to steel 
s oundness . Cnlltl'~et el y fi hr on f r ctures were no ten 1.n e. 1 a..-nplee except 
No . 57 •rh ich revealed e. mixed fracture. 

.£. Chemical a.nn.l v~M• The chemical analysee obt ained of samples 
were a s follows: 

c· emical Co!!!J!o&ition 

Sample No, C ..1!4... _ _g_ s p ?li Cr ~ Va ..§ Al - B 

68 .3() 1.55 .29 .021 .020 Nil .49 .21 Trace .13 .06 .004 
70 .29 1.56 .27 .021 .020 Nil .48 .20 Trace .12 .06 .004 

,4. Maorosc_opi~ _.l!~J.~tion. SeotionA were cut fr o·n samples and 
macroetehed in a hot acid s olution~~ HCl ~ 50~ H2o) for fifteen minutes. 
Section s 63 and 65 were fr ee f r ot1 nonmetallic inclusions while No. 70 showed 
eT1den ce of centerline stringer lBJ11in~tions. Noa. 59 and 172 were c ompara­
tively clean with s ime cent orline segre,~ation. Uo. 169 revealed a few 
scatte r ed nonmP.tall1c inclusions and also exhibited evidence o f ingo thm. 

~- Microscopic exp..~1nat1~n. Metallogrsphie s~~ple s cut from 
sections of selected pl at es w~r e exa.~ined f or nonmetall ic inclualon d1etr1-
but1on Md microstructure. Of those e:xam1ned No. 172 revealed the hi~heet 
sulphide nonmetallic i ncl u sion .,distributt on, and Mme 0! t.hA stringer type. 
l'lear t he surface was a.n alillllina stringer. Whereas, in Hoa . 70 and 169 which 
a.110 were compa ratively r i .-11 i n nonmetallic inclus ion cont ent , the sulphid.es 
were s~aller although evenly dl ctribu.ted t , roughout the arAae No. 57 was 
f a irly clean. 

With the exceu t 1.on of No. 57, the microstructure waa an 
acicula.r tezD!)ered martensite 0 Sample 57 revealed a finer tempered marten-
eite with eT1dence of so r:ie r:nrb~des. (See 11gure l f or ty-nicpl mioroetructuree). 
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4. The reaults of t hl'.lse tests i ndicate t hat ten o'f the samp les were 
sati sf actory with r espect to steel s oundnes s a nd all b ,_t one , a t a Brin ell 
hardnesa of 388, fractured i n a f ibrous manner whioh i s indicative o! 
proper heat treatment. 

rn-* M. YOFFA 
Asst. Ph7. Sci. Aide 

APPRO VEn : 

e. ;(.~ (il.,(_ 

• 

E. L. RF,ED 
Research Metal lur~ist 
Acting C~ief, Armor Secti , n 

~;·:~·~:-:-~;~r ~ 
DTI C T B fl 
Unannounc ed 0 
Jus t i f icatio.~----

By ________ _ 

Dist r~bl!,t i_on( ----Avai l abi li t y Codes 
Ava il ar,di-or- -~ 

Dist Special 
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TJ\13LE I ---
Brinel l Har9Jl es e Survey 

Sur ! f!ice Hairdne sa 1 BHN Cross Sect ion Hardnees 1 :BHN 
Sampl e No1 Ran.ee Averagg Rane;e AverMe 

57 3ss.3gg 3gg 3gg_3gg 3gg 

59 375-3gg 385 J88-4ol 391 

61 363-375 368 375-375 375 

63 341-352 350 352-363 359 

65 341-341 341 341-31+1 341 

68 321-331 325 321-331 329 

69 341-341 341 341-31~1 341 

70 321-331 329 302-331 323 

167 285-293 290 293-:,02 295 

lbS 269-277 275 269-277 272 

169 285-293 287 269-285 285 

.170 269-2g5 282 285-285 285 

171 302-302 302 293-302 297 

172 302-302 302 311-311 311 
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T.Alll,J II 

Fracture Teat Re1ult1 

S11112i1 H21 S~Hl So:gndn111 fibre Fr1gtur1 T11i 

57 B Mixed 

59 B · Jibroua 

61 l3 11broua 

63 ! flbrou1 

65 B librou1 

68 C librou• 

69 :e Fibroua 

70 D 1ibroua 

167 B Jibroue 

168 :e Jibrou1 

lb9 D 1ibrous 

170 :s libroua 

171 D libroua 

172 D libroua 

,. 
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RfPUblio Steel Corporation - 3/4 Inch Rolled Armor Plate 

!ypical Micro1tructure1 

XlOOO Bo. 172 Picrnl 
Aciculsr tempered martensite. 
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