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Metullurgicei Baaaduatoon oi 5/ /4" Arwor Piaies

Mgaulactured by Urest sakes Sigeil volp.

aud e StalldaIy Stees LIl Guspaay

o

A AQ IV O i
Twelve sections trom 3/4 incn te.t parutes Fired at Aberdeen us &
‘wul were examided metiasaurgicully.
Steel soundness wus unitorm.y sctislactory un vne series ol six piutes.
However, three of tne otuer six piates were ol inleriour steel soundness.
Heat treuatuwent wus sutistactury ou il pintes. cCrystaslinity wus evident
on samp.es of piutes ut hurdiiesses .bove 350 Brine.l. 7 el ,Jv.rv(,‘

0/ / a?.rﬁ/ (’ —

1. A8 reguested by uranwnce Hesewrch Center, Aberdeen (L.P.G. 470.5/19<0
dtn 470.5/7414(r)), u metailurgical exuwainaiion Lug been completved on
twelve (i<) 3/4 inch arwor piutes sSuuuilied oy tae Ltwndard Stee. Lpring

Coupuny us & part ol the program Corse-wulliy the basiistic properties ot -

rolied nomogeneous armor witn huraness. Six (v) of toe piutes were mude

by the Greut Lukes Steel Curp. wud 8ix (u) Ly Junes una Luughlin Steel Curp.
Tue latter group ol piates were assuueu to uaVe veen beat treuted uy
Stunaard Stees Spring Cowmpany.

«e Tha resulis ol LLe L8888 cukicucied ul this arsenul show thaty the
piates mado Gy Jones sud Luughlin were ol ucceptubie steel quality (reted B)
and properly ueat treuted. The plate in tnis group possesaing tue nighest
terdenss (309 BdN) exnibited some cr,suaddinity associated with its high
haruness.

Jt tne 8iX plates mude Ly ure.t Lokes Suees Corp., three (#58,
#04, und #67) exhilited C qQuulity s8teeir .nd Liue rewsilder (#oU,#6<, and #66)
L quanlivy steed using standurds in ahich L and E ure considered rejectavlie.
Plaves nuviug a nardness ol 334 oily or Jawghor were ouvserved tou pouisess & trace
or more i crystullinity depeadiny upou b harduess, It is Ledt that tuis
lack of ductiiivy in tne Lracture test 138 not associuted with en iaproper
heat treutwent but ratner ie o unciivu ol tie aurdness lor thnis composition
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3. Tue pli.tes under investigution were iiscved =5 foliows:

ri Great Jakes bieel Lorp. Stundurd Sveel Spring Co.
. GLo 58 \ lsey 1745
; 60 ¢7a7’
:' ol 1748
WA i750
0o 41754
o7 4733

The aetariurgicul exasiuvation cunsisted of the foiiowing tests:
u. Unemical anulysis ol pletes GidS O7 and SGI 1745,

. aurdness oSurvaeys.

&. IFructure teste 1ur uuctiiity aud Bleel quusity.

d. dacroexuainution.

8. licroscopic exwuinution inciuaing microstructure, grain size,
end depth ul decarourisavion.

4.  Results scupsluil

Tae anulysis of ocue plate froaw eucu grouy wus ootuined and
tue resuits are saown in Tubie I.

Tscle ]

ueajcul U sition
‘B%g.ttoNQL & _Mp Oi S P N, Qor Mo B TP _AL
zt:.:: Lukes e300 1.54 .33 0ki .0<Q tr J0c <3 VU8 tr .06

Steel Corp.)

SCJ 1745
(Jones & Luuguiln <4 2.06 och4 U JULL TP W02 oad L0044 GU45 LO7
Steel Lorp.)

Tue two plutes cunilaln sariicieuat aiivy tv comgletesy hurden
sections weli ovar 3/4 of au inco tnick. butu couwpunies appsrentiy used
’ boron u8 i addition ugeat tov imgyrove tue aurdenabiilty in the plaves
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under cunsiderution.

b. durdness Tests

brineil und lwekweii C uurdaess surveys were conducted along
& cross section ul sumpies frow euch paut®. The uvelage vaiues of Drinell
reported ure tue average uf three rendings squiuistauutly spuced across tvhe
sectiovn. sweckweil C recdings were wade every 1/8 inch ucross the section.
Tae results ure suamsrized iu Tub.e Il und the uctuai iockwell C hardoess
readings ure iisced in Appendaix A.

Jubke II

Piute No. 1/4" ;‘rou‘ kdge Ceuver Averuge
Bdd BRe. Bl _Re. 2N

GLS 58 375 40.5 375 40 375
0 369 40 375 40.5 3N
o 528 38.5 303 40 359
by 331 37 33i 35.5 331
vb 334 36.5  33i 34 331
‘ 671 3l 34 331 34.5 318
SCJ 1745 26< 25.5 ' &bd 5.5 <62
2747 30 W.5 388 40 375
1748 35« 8.5 375 38.5 360
L1750 3406 3543 331 35 328 g
TR W1 3.5 Jul 3¢ nl . e
i w8 3.5 <93 30 268 ‘ RS
RN
g [ 8t BRRSEhS
Specimens were nutcued und cruken ror tue fibre fraucture ' . B

tesl «iiu uhe fructure test Lor stees quuliity naving & {ractured area cf
1" x T wad <-1/3" x T respective.y. The resuits are suusarized in
Tulle 111.
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Tuble ;ll

Fraucture Test Hesul

GLS 58 C ixed Fitrous sud Crystailine 37
o0 D Swaik saouat of crystuiiine 309
6L D Irace crysvalliae 358
L4 v Irace crystal.lde 331

66 D fruce cryswaiiiue 331

o7

C

Fibruus 311

Fivorous <62

[+ o

S 1745

1747 Suwuise waovunt ol crystasline 369

1748 Trace crystualiine 352

N

4750 Fibrous 326

T T - o

1751 Fiorous . u

[+

1753 Fivrous <85
The group oi plates acde by Jounes und waughliin Steel Corp.

exhibited good yuulity steei on the basis of vue Iructure test; tne

Grewt Lukes pluves were of inlerior quaiity and plautes GLS 60, ok, and 66

would be considered rejectubie under the preseanv ifracture test stundards.

The pintes ol naigh hurdiaess axnlvited suae crystaaiiaity
fructures froa buth producers. It i8 leit tuutl tue iack of ductiuity in
e [ruacture vest i8 ot assuvciated with iapropel nsut treutaent but rather
with the high huraness o:r tne piutes. It nus been vbserved thut using a
normal production heat ireatweat, Lnere is un upper hurdiess iimit above which
the steel exhibits crystaiiiaivy. Tnis liawiting value apparentiy varies
with the iype compositiun and possiuly the meitiug pructice. A saall
amount o1 crystaiiinity in sveei above 330 bHN shouud not be cauge for
rejection or urmor of 3/4 - i-1/8 incn tnickuesses utl the preseat tiae,
for it is poasible thut witn tae coapvsitions ave in use huving the high
hardenability requirea i1ur tne neuvier yage erwur, it is iapossible to
consigteatly vbtuin fibre iu twrunesses over 330 buN. Factors which
influence tne wuxiwum hurdness at which the ductiie (racture cen be
obtained on arwur in tuese tuickness runges ure being investiguted ut the
present tiue.

~dy=




RESTRICTED
; g.o i g Do i
h Nucroetcaed sectioas ¢l wne plaies were photographed and the
e resuits are snown in rFigures 1 anu 2. The plates sre acceptubie with
. respect to segregntion, though piate 1753 does reveul prowiuent non-
: wevailic segreg.tions. The plutes were cross-rulled us indicated by the
p similarity ol etching churacteristics in the transverse and longitudinal

gections.

8. 1 8¢C C

A speci.en {rom euch piate wus exuuwined for grain size,
extent of uecarburizution, anoa-metmilic incausion distribution and
microstructure.

Tone piutes exhiviting poor steel quality (plate 60, &, 6b)
contained fricble oxide stringers of the type saown in Figure 3A. For
typicul nun-metuiliic inciusiuns vuserved in both GLE and SJ plates, see
Figures 3b und 3C.

The wicrostructure ol wii plates except plate 1745 was a
unifora teupered wartensive with ao uppreciublie wusouat of ferrite.
Typicad structures cre suown iu rigure 4. Tne structure of glute 17%5
shows 4 s.iignt degree ol vauding aasociutea with tae iuw hurdness of
BHN 262.

The depth ufl decurburization, which varied sosewhut, and the
gruin size of tue piates were weasured on tas microsgecimens at i00L.
Results are iisved in Tuible LV.
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APPLIVIL &

Tebie L

wexweil C Hardness Tests

Rewulaugs every 1/8 incn scross section
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