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w.4.T:IR1'0'111 .AR&Di~ Lt,BOBlTOi!' 

M•orandum :a.port lo. W, 710/ 565 

Partial Rtport on Pro bl• B-4. 21. 

Melallurdcal lulainat1on o! lUnehen 

l/'41 Bolied. Homogeneou, .l.raor Platea 

/ I AiSTJU.CT 

4 Metallurgioal examination,. inoludJ.Ji.g Br1n.U hN'dneu, traoture 
teat a tor at eel eounclneu and dnctili ty, maoro•~c_hJ,1\1, and aioro-

T~ ;,~v~~ ao.!l_)10 examiaat1on, were oouduoted on iiJ..aete•-09/PlMH which had 
_:.J bean1 teated c'.ai-the- erdmmce---B&a~ •• a part of the !:tfeot ot 

hard.iie11 pl'OQ'.Ul. All plate• were aatiatutorill heat treate4 ad all 
plate• but one {Aaab•r lltb};)are oonaidered to he.Te been procee1.- trom 
a4equately' eoun4 at.el. 1-----

-

1. Aa r-._ae•ted by the Ordnance Reae&rch Oente:r, 4.P .G. 470.5/'JJ)OI, • 
Win 470.5/7675(r), metallur&ical aaainaUon lla1 bea 00D1pleted on He>
Uone traa-'111.neteeA (19) l/4 inoh rolled. hoMgenMu11 armor te•t plate• 
fired at the Orcbum.ee Rnuroh Oen ter a1 a part ef tb.e program on the 
etteot ot .bar4ne1111 on ballistic properiiH. 1'hirhen. (13) plate• were 
furnillhe4 'b7 the Great .Lake• Steel Corporation ud. ball11t10 re1Ult1 .. 
have been raported in AD-505. Six (6) plate• were furnhhed by Stand.a.rt 
Steel Spring Oompan~r &ml. vere proceued from 1·teel produced by Jon•• & 
Laughlin Steel 0orpor11U on. :Balli atic relUl t1 trill b1 raported. in .A.D-504. 

2. Metallurgical examination conaiated of t he following tHta: 

!· Ir in ell hardn111. 

3. 

! . Oh•1 cal ualy ai • • 

.2,. 1ractu.re tHt for •teel •oundneH in longitudinal ancl 
tranner11 dii-eotion • and traoiure teat for duotili ty. 

!• KacrolOopic teat•· 

.!· K10ro1copio IDIUination !or atructlU'e, grain 1i1e, 
4ecarDu.r11at ion a.nd nonmet&llio inelu1ion1. 

The 4ei&1l reau.lt• of the metallureioa.l iHh are •• follow•: 
.L 

UNClASSIREl.' 
- - • • • • • • • • • 



.l• lrill,U hardnes1. Jrinell Ae.rdne11 rea41n.&1 were take 
on one taoe of the platH a.tier oareful nrfM• o-httnc \0 a depth ot 
approximat•l.T l/16 inoh \a ruoTt d.eoar'burisatlon. ft.Tt rea41D1• wve 
take on eaah 1&11ple \I.line a 1tu4ard. ll'ln.U aaebbe ti Ue4 vi \h a ' 
tung1tc oarlt14• 1-all. !he rellll.te art lho• \elni 

!rrle lo 1 

CILS l 

4 
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I 

10 

u 

Jrintll Bardpe11 lay• 

J81-1'ol 
36,-375 
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1-. 
141 
142 
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1~ 
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4~~ 

i.1~i.29 
1toi-i.15 
~352 
.JU-)21 

)52 

432 
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Unam ouncea 
J"11•."" ~ o 1c --. ·~ , , .. :TT ---

SOJ 21i.3 
Wl5 
21Jt6 
2Slt9 
2850 

2851 

)21. 

1n5--.29 
)31 
255 

J7frJ88 
269-277 

302 

~7 
350 
)17 
321 
~ 

]Jl 

155 
Jl5 
275 
302 

I : 
I 

~ -- .. 

..- ... -- - •-....... 
', 
- l . ! .. -,5 ... • 

... ,, ·4• ..... ... .. , ..... , u::-

]!. Ohpioal eaallli•. Chauoal an&l.71e1 were ob\&ined. 011 
0111 plate from each ol tht three group• inTolT.... !he r,wi,, are 
lhom below: 

irr1 e 10, ...2... .AL J! s p n Qr ..!! J - - -
(lLS l .Jo l. >'.) .a9 .020 .02J \r .,, .22 .002' 
cu.a 141 .36 l.52 .-,, .014 .022 tr .51 .21 .0024 
sc.r 43 .27 1.60 .23 .014 .015 u .01 .30 .0014 

' -a-mmcm 

- - - - - • • • • • • • • • - - - -,..- -~ - - -- . .-



l~TH! G'l'.l'JD 

The Great Lakes Steel plr~te s nr e obv10,10l y Pll from the 8&1118 heat o! 
steel. ltoth ty-pe compos1 tions hn.ve r.1ore t htn adequate bardenabili tr 
for the 1eation size lnvolTed • 

.!• haoture tests for iito@l soundnes s spd duoUliy. lraot\11"9 
tt1t1 for etHl toUn4nesa were made on 1peoima1 troa each plate in bo.:I:& 
th, lozicj.\ucUnal aud tran.nerse ci.ire0t1on1 on auple• tempered. at 1050•1. 
which relN.l.ted 1n a hardn1&1 maziJIJWll ot approXim&telT 310 JD. Saple• 
for the fracture te•t for duct111t1 (fibri te1t) V!i4·• broken in the 
ae-reoe1ved heat treated oondition. The remlts are eh.own belovJ 

lractura !oat for Steel !?undnes,e 11 bre lragt51 !111 -~I lo: ~!Q:t\J.Afn~ ~ffer• t ~r19H2a 11111111 
GLS l •:a •:a Lo~1tud1ul 11 brou• (iari) 

~ :a 0 • li'brn.1 

5 I J I I 

8 lJ B I • 
10 J B • • 
11 J i • • 
14 I B Tl°m:Lff8%'H • 

l~ I J Lon&i Ntliul Ji'brou• (im-4) 

142 » 0 • • 
143 J J I I 

l~ J :a Tran•var11 J1hna 
1i.; B I Longitudinal I 

1116 J D I • 
S('J 2843 B B ~MITC'H libroue (Har4) 

28~ :B J Loagitu41nal. 11br0111 

281'6 J B !rr.nffll'II • 
2849 :a J Longs. twU nal • 
2150 » J ?ran•verH I 

2851 I 0 It • 
•I,oJI.Ci ilMUA&l. 41.reotioJl auu1 traoture parallel lo tireoUoJl of maJor reuotld 
a1 rneal.ed 'b7 lo~tudinal f1ber1 in fraoture4 su.rtace. 

~• al»oYe re•ult• indioate Batilfactor1 heat tre!l.tmat tor all plat••• 
IA th11 Wak:neu Gf pla.t, and with the oompe1it1e1 ud. hl&t treatment• 
aplo,-ecl, '4• aot1l• tn>• ot fracture oen -e uiaWned. an.cl ea•ilT 
reoopiae4 at hardnea• H -up to approzimatei,- lK>O DII. AboTe ih11 b&rdile11 

lllSDfO'l:11) 
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~ICTiD 

the frMture beoomee fiat in appearance an d dii'fioalt to interpret. , 
No ceyete.llinUT wan mdent, however, i n ~ of the NqJlH teat.cl. 
Onl.1 plate (;LS 11-6 showed a reJeot&blt l , .minatod condition and t h11 •• 
developed only in the traar,erae tre.ature. Reoen\ ~arienct at th11 
araenal ha.1 umon1trated that the tr1111Tu11 flou,ure 11 the more 
1tffere criterion of steel touadneu. However, traoturea in this 41reo
Uon are aleo more dif'fieult to 1nh,rpite\. 

_!!. X,Cro9toh tflt,J. laoroetoh te1t1 wera ud.1 011 .ah pla,e 
1114 the re1Ult1 82"• tho.n a, 11gve l. Oonfir711Jl8 tu fracture te1t 
relUlts, only plate IJ.S 1116 appear• H haT• an. 1af•lor 110uncb:l111 
concU tion • 

.!• M1oro•oop1o pp1nat1on. Specimens from eaoh plah were 
euminMi. 1'or noueu.l.Uo inolul1on1, grala 11H, extent of teqarbv1aat11n 
M4 llioroetruoturt. OraiA 11H wa1 found. to be e. imiform AS'.al II in. all 
pl.at••· Decarburi•at.1011 •• neglig1ltle on all J1l2'.toa. fn,ical un
••hllio in.ol111ion U1trlbuUon1 ad aieroltruciures are illustra\14 la 
Jigur .. 2 and 3. .t. d1•oript11n ot the reanl h follow,: 

(l) loma9'e,\lip inelAAion1. Jlhotomlerograph of plate 
SOJ2850 ahown unetohe4 at 1100 i• •ntcal also of plate, 28~3 
and 281'6. 1Uoro-11peo1Jaen• are in trMffl?'le direotion. Will. 
cUairilRl\ed fin• ozlu-1111oate 0011plex 1nclu11ona are m4•'· 
ihot.oaiorograph ef plaie 28119 11 '1J,1oal alu et plat11 28115 
and 2651; cUreotion. 11 longUu.dlaal. !he s,we t,pt ot 1Aolu.-
1ion1 are lbnlll. total nO!llMltal.11• oon.tan.t ie: rather ' h1Ch but 
the uniform di •tribu\14.n pro'bablT vould n.Gt hi.we a 41\rimcal 
b&ll1 •tic effeo,. 

leIUlleWlio cU1tribuUon1 in the Great Lak11 Steel 
Oorporation plate• were wu!orm an4 of the type ehown b7 photo
m1orograpb1 of plaie1 ~LS 14 u4 1a,.;. Dirao\lon phoiogaphed 11 
longitudinal. Jiu oomplax ox1~a111oate 1ulu1ion• are lhown 
whieh are fairl7 nll d1atr1butec1. 

(2) K1orostru.oture. All plates ~b1,,c1 a uniform 
tempered marten a1 t e structu1·e with parheps .;. uecl1&1ble amoun, 
of high tm.perature tran•.fol'lle.tion prod.nets Tisi'ble in aoa• 
1peoi.11en1. f¥,p1oal miorostruotu.re11 ar-1 1.hown. ill Jigure J. 

llOTi: Ketallographic wric condl.ctea. b7 a. Toffa. 
- I 

4. ttummariaiDC the metallurgical ~minntione, 1 t appear• that 
till ple.t@B were •ati Biacto1·1l~ heat ,r ... ~ed.. Only •n• plah (GLS 1166) 
11 of queaUonaltl• 1\eel quality. lonmetallie 1n01L1aion oon.hnh were 
rather high in all platet but au.ff1ai.ent.ly vall Jinributed t.o be 
oonsiderecl not u\rillen 't&lo 

MaJor, Ort. Dept. 

- - • • • • • • • • • - -- -·----
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~ 1/'4 laob loll~ Ko110g•~u1 .Araor 

(Pho\oalorograph• XlOO, Vaotohe4) 
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. '~ ·, ·~ · lla\e GLI llf. Plate GL& 145 1 

laoll&llu Ullr11N\loa, ,n1ca1· ot all Groa\ Lek•• Steel OorporaUon plat••• 
i..,,.w,tnal 41reo,1on, tine aoapla 1111oa\• oz14.o incluat.0111, wll 41 •trilrdoti .. 

i- -
' 

11ato SCJ 28it9 Plaie 80.J 2850 
l.on«i tu.tlul Tranner ae 

laoludon 41dr1bu.tlon• \7Pioal ot all S\and&rcl S\ul Sprinc Ct>mp8llf plate,. 
&o, ONpla, •il1cat .. oz1cle inalu1ion1 well ti• trl'butod. 
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1/4 lach Rolltd. Bo•genNUa Arln$J' 

Cnetoalorogrll)h1 11000, Plcral Ehh) 

Plah IILS 11, iD 341. 
1'111pve4 11arhndt1c e.trua,uree 
Cor_poration plate• uemine4. 

11.A\e GI.I 141, :BHI 432 
characteriltic o! nll Great Lak: eo Steel 

flat• SCJ 2650, 27 5 :BHli Pl11t e SOJ 2849, 385 l3lill 
Tapered aartanAi tic 1tructure1 cb&racterilUa ot 11.ll Str-n d.P. 1:d Stvel Sprill€: 
CompaD¥ plahs examine~. Car'biu preaipUaUon. .-rid&n t ·1.n p 1. e.t01 at lo"'er 
Br1nell hardne1se1. 

JICHJB.il J 
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