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J«fiDdrandwn Report No. WAL 710/257 

Jinal Report on Problem B-4.48 

Rolled Homogeneous Armor Plate, 

Manutactured by Bepublio Steel Corporati(!! 

ABSTRACT --

. .. . ... 

Ketallurgioal exam1nat1on, 1nclu41ng Br1nell bard.neaae1, 
fracture teat a for steel aoundneH, fracture te1\1 tor re1ponH 
to heat treatment and macroetch tests, wa.1 conducted on each o! 
the twent7-!1Te plate• 1urniahed b7 RIIJ)ublio Steel Corporation. 
Mioroaoopio examination, oh•iaal analy1e1 ud JOllin;r harden­
ability determination• were made ot •eleoted plate,. All plate• 
were unitorml;r 1at11!aotor, with re1pect to 1teel 10UDdne11 and 
were properly heat treated a1 reTealed b7 the fibrou• aazm.- in 
which all except those euple• o! the • wmum hardne11e1 fractured • ..._ 

1. "-a requeated b7 the Ordnance Re•earch C111ter (-'PO OCll 470.5/JJ.3 -
Wt.n 470.5/s337(r)), metallurgical examination ha• bee completed on aectiona 
trom twant7-f1Te (25) li inch rollet homogmeou• armor plate, UD.ufaoture4 
by Republio Steel Corporation and te• t.ed at Aberdeen a1 a part ot the 1tt,st 
of hardnua program. The balli1t1c teat re8Ulta will be reported in .A.D-679. 

2. Metallurgical r:em1nat1on included the follovine te,tll 

3. 

a. Brinell hardne11e1 on aurfaoe and through aeotion. 

b. fracture te:it.1 for ateel 1oundne1& and reeponae to 
heat treatment. 

o. Macroetch teats. 

d. Chemical analy1e1 and J'omiD¥ h&rden.abili t1 . 

e. Mioro1oopic examination. 

The reaulh o! the metallurgical examination are aa follovs: 
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a. Brinell HardnesJ. Erinell hardneaa reaLlts a.re bnsod 'llt)on the 
&Ter~e o! tour surtace readings and six equid.1 stantly spaced reading• throu,;h 
the section. All readings 11 sted in Table I are re;iorted 1n the same aecpence 
1n each sample. 

b. lractu.re Teats for Steel Soundnus and Respon • e to Heat 

Treatment. 1racture tests for steel aoundneas in both direc­
tion a and !or responae -to heat treatment (tibre test) in ono direction were 
made on 1amplu from each plate. The plat ea were aati1faotory vi th reapect 
to 1teel 1oundneaa and were properly heat treated a1 eTidenced by the fibrou• 
traoture1. HowaTar, al tho.;.e.h plate:. R45, R46, R4<3 and R49 rnealed a llight 
crysta.llin1 ty in the center of t~e section it mq be oonaidered of not great 
1.:;iportance and to be 6Ui>ected at the hardness leT"la 1nl'01Ted. Sea Table II 
for reeul ta o! both fracture teat 1. The fracture teatl were made in aocordr­
anoe w1 th the requireman ts in Specification AXS-488, ReYi don 2. 

o. Macroet.ch T91ta. Macroetch tt• t • wve made on suple1 from 
platea R4, R57 and .159. lo pronounoed laminations or &8f;reg&t1ons were 
obaerTed. SH Jigure l for photomacro,copic reault1. 

d. • ChE~cal •m•lz.•1• and_Jomin,y hardenabl~itl determinat1on1 were 
1amplea troll plate• nli, R57 and R59. The ohemioal anal11ea are oonduoted on 

a • tollov11 

Ohaioal Compo11t1on 

Pla\e No, _g_ .!A ~ s _L ..!L _Qr ..!! ~ V B - -.a4 .27 .s6 -31 .017 .017 1.75 .!8 .33 .os5 Ir nil 
R57 .2S .87 .30 .015 .016 1.71 .92 .35 .os v nil 

:a59 .Z'( .117 .28 .017 .016 1. 73 .92 .35 .·os \r nil 

The hardanabilit1 is adequate tor the Hction inTolTed. Re1Ult1 ot JoaiDT 
hardenabllity data are illustrated in Jigure 2. 

· •· Microaoopic lxain,-t1on. -' 1eotio11 troa plate, a6, 119, B.27, 
R45 ad ll59 wa• ualned. tor nonanal.lio i11olu1ion 41 ttr1buUon. and mioro-
1truotur1. The plate• were clean w1 th no ade1irabl1 nouetal.lia 1ncluaiona 
obaened. 'l'he lllioroa\ruolure ot plate IZ7 wa• a lspere4. IIAZ'ttDli te 1nter­
aperaed with Cl"Ain boundary ferrite. ll19 and R~ were sillilar to prniou1 
plale1 in the dominant 1tructure vi th en1¥ oocaaional. grain bound.ari11 ot 
ferrite. Vh•eaa, B6 an4 R59 uhib1te4 a tapered aartenlile and fin.• 
carbide. Photomiorographs o! l1Pioal 11icrostructurea are lbovn 1n Jicure )• 

4. The plataa were uni!orml.7 aa'11taoto17 w1 th r,1peot to •teal 
aoundneH aD4 were well heat treated a1 munced. b7 the tibroua fracture• 
at high hardnees l9'f'els. ~'lm.1, the am.all B1Dounta of terri te reTealed will 
probabl, not be 1Uft1o1ct to oci•• un•aU1taoto17 balliatio behanor. 
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Therefore, bal.111tio charaoteri 1t1c1 will undoubtedly be a. !'unction of 
the re9Pect1Te hardness ot ea.ch plate. 

APPROVJ.D; 

1 a n( ~>., -
I. A. MATTHX'll'S 
MaJor, Ord. Dept. 
Chi e!, Armor Seot ion 
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TABLE I 

r 
Surface Hardneas 1 BIDl Crou Section Ha.rdn1u 1 13ml' 

Plate Read.in,g NU!:lbera Rea.ding NUJD b er 1 

_!2.,_ .J:_ _z__ ..J._ 4 ATe, ...L ~-1.. 4 ....5.... 6 !!L. 
R2 255 255 241 241 248 248 248 248 248 248 248 248 
R3 248 248 248 248 248 241 241 241 248 241 248 243 
a4 248 248 255 255 252 248 235 241 241 241 235 2~ ... 

R6 248 248 248 248 248 255 255 255 255 255 255 255 
R9 248 248 255 255 252 255 255 248 255 255 248 253 

f Bl.O 248 248 255 255 252 255 255 255 255 255 2'35 255 
Rl5 321 321 331 331 326 352 352 352 352 352 352 352 
lU8 331 341 341 341 338 341 341 341 341 341 341 341 
Rl9 341 341 34.,,, 341 341 341 341 341 341 341 341 341 
R25 ,302 311 302 302 304 285 285 285 277 293 293 286 - . - . 

• 1126 302 302 302 302 302 302 302 302 302 293 302 300 • 
R27 302 302 302 302 302 302 293 302 293 302 293 298 
R30 302 302 302 302 302 302 293 293 302 302 293 298 
R35 277 277 277 277 271 277 Z77 277 277 277 277 277 
R4; 352 352 352 352 352 363 375 375 375 375 375 373 • R~ 352 363 363 352 358 375 363 375 363 375 375 371 
:a47 352 352 363 352 ,360 363 363 J63 363 ,363 363 ,363 
R48 363 363 352 363 36o 341 352 352 352 352 352 350 
R1'9 363 363 363 363 363 363 352 363 352 363 363 359 -• 241 241 234 

) 
li52 229 235 235 229 232 229 229 235 229 
R53 235 235 235 235 235 129 229 241 241 235 235 235 
1155 241 241 235 229 237 229 229 241 241 235 229 234 
a56 229 235 235 235 233 235 229 235 229 235 229 232 

• R57 229 229 229 229 229 229 229 229 229 229 229 229 p 

R59 229 235 241 235 235 235 229 235 235 229 229 232 
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?late 
lo, 
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ll2 

RJ 
R4 
a6 
:a9 
lUO 
Bl5 
.IU.8 
lll9 
ll25 
ll26 
RZ'( 

RJO 
RJ5 

R4; 

R46 
B.47 

1.149 

R52 
R5J 
a55 
ll56 
ll57 
a59 
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li'bre J):aoture Te1t 
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" 
l11ctiall7 t1brou•, 
alight 0%7• tal.11nit7 
1n oen\er ot •ecUon 

I 

11brou• 
l11ant1~ f1brou1, 
tllcbt 0ey1\all1n1 •7 
1n canter of •ecnlon 
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nvou• 
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Steel Soundne11 feat 
Lopgi tuOJnal Trannerae 

B (woq) B 

B (voodJ') B 

ll C 
B (trace woo~) B 
J ( trace wooq) B 
B ( traoe wood.7) I 

B B 
I B 

J ( trace woq) B 
B B 
B B 
B B 
I B 

B ( trao) WOOIV) B 

J J 

I J 
I I 
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J (wooq) 
B (wooq) 
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B ( vaaa woocST) 
I ( vao, wooq) 

ll (wooq) 
B ( true wood.f) 
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