
i 

'• . 

' " 
·, 

. ,. ... 
~ .. 
· •• ! 

._. 
·., 

i 
r-: 
: 1 
·' . ~· .. · 

r 
,: 1 

• 

p­

CD 
N 

~ 
Lt) 
a, 
c( 
I 

C 
c( 

o/1 ~- oL 
s ·- ---

EXTRA COPY 

WATERTOWN ARSENAL 
LABORATORY 

MEMORANDUM REPORT 
NO. WAL 710/629 

Metallurgical Examination of Twelve 

½ Inch Rolled Armor Plat~• Manufactured 

by Republic Steel C~rporation 

DIC!,A5S1'1ED ~ ~. • ( . 

MD Di ~ 0200.9 o.,...~ ~ --•- .. -·---- ~ . 

A81t. ~;O~~--=-------s~~~~~:, 

DATE 9 May 1944 

'W'ATIRTOYN ARSU.\L 
WATSRTOWN, NAIi. 

A 

--­I:: 
' 

O' 

~ 



I ' _, ..., 

.:./ , 1 '- 1. 1 1 ps#At» IL 1 J. L ~_!_i i/. J l 

WA.!IUOW .USJIW, LAJOIAT'E? 

DICll.t.llDl UCll! WAL 710/6?3 

11nal .bpor, on Probl• B-~.32 

Me'-llurpoal lne1P.o.t1on ot Tvelye 

' I 

1/2 hem Boll-. .vaor Platea Jl&utaowred 

ff lc,ullo StMl Oorp•l'aUOA 

., 
I • • ') ~,vact 

/ L_J), t n· f' r-

-~ leullvci~a:n1 naUon, 1nolu41Dc Jrinell harineaa 
1VT911, traoture e8'1 tor •\Hl 10un4ueaa and ft)re, uoro­
etoh teat,, ucl mi roaoopio euain&Uon, •• oendu.ctecl on 
each ot ,he twel.Te lat-• turn11be4 b7 -..,UU1o Stffl Oorp~Ue11r.: .. _ 
Ch•ioal. uaqM• were \aka ot ho plat••• .Ul platH were 
•U ataot•r11T hMt treah4 a• rneale4 b7 the fi'n'e tHt. 
Bowner, a \raoe ot or7nallinlt7 •• m4an\ in the two plate• 
wUh a u.rcSne11 ot onr 360. Plate ~1, &l.tboa&ll eo11plete~ 
tibrou,, eu1l,1te4 aa appreciable unat of tem\e ldlioll 
inclioatecl fau.l'7 heat tr•\ac\. !he illproper tiltre t-• t 
1.a.dioation va•. unclov.bhdlJ )eoaaa of the abnorma.l.17 low b&r4-
llH• ot th11 plate. ~ - --·· 

l. J.1 recpe•'ecl b7 the Orduue ieaareh Oete.r, .l.P.G. 470.5/1'896 -
fta. ~J0.5/7955(r) • etallurciaal u.ua1nat1on ha• bee ooaplete4 on HO­
Uon• fl'oa twelTe b2) 1/2 inch rolled plates mmu:taoture4 bJ the Jl1p11bUo 
Steel Corpora'\1on and teated. at .l'berdec a• a part of the dteot of .bardne•• 
;prop:•. Jalli •tio rellllta VS.11 'be r91>0rted 1n Armor Teat lltport AD-623 
ot the OrclD&oe B.e1NNh Oater. 

2. lletal.lurgical ex1P1naU011 inoluclM the :tol.lovbc te•t •: 
.,.,,... .. - -(i _. -~ 

·: 1 I I I I I Yml'mPf ! I I ! I I I I I ! I f I 

r~ : I 
' ;. I 

., . J L ~ -,- ] ~ 

• 1 ,"; f · .. .', f -~. 1, ;-· ·' } ') 
' 1 ' ., • ~ • • 

' 1 • 
J C-U * -.,.;, • . .; . 



• 11-ia.U banaeu 1Uffe7• 

l• Jna'1u'e , ... ter nHl 10UJ1De11 

.1~ l'no\v• teat tor tlk"• 

!- luro9'oh teat• 

•• Gllaloal aul.T•• -
!• IU.onwi,io ezem1naUn 

). ltml\1 p4 ll•cna. •• loa. a.1111.,, ot ,he ae,allurgioal u:e1naUon 
are u tollovaa 

!• Jn.a,U. hara••· IUffVI. 

Jrin.U b&rinas• read4nc• wve talun alozag a aro1• •eaUon 
ot uapl•• from ea.oh pla,e. !ht •erac, oroaa •eot1onal harclneH 11 obtained 
fro• \hree reaA1nc• talca at equal 1.Jltenala acroH the •eotlon. a,111U1 
are 11 •te4 below 1A table I an.cl mq 'be aompared vi th the T&lue1 rtpar\e4 'bJ 
tu manufacturer. 

Plate 
121 

a-2 

Z-5 

3-J 

3-JA 

!AILll 

Ct211 S19l~2nal Kardnt!• 
!ec• AYerye 

3i.1 .3i.1 

JU Jll 
.321-331 3,-

:,63 J6) 

1JmO£tt4: Talsea 
bz Mputagtvp 

JlK> 
,3ll 

J1lo 
364 

-

-. 
--

... 

. ... 

~1 285-29.3 290 9
·. 

I ..... 'I c·-c :.-;;-;.:;:---- ·, ~ < 
• .:, , , l-" . . 

---- -- - -- -- - · . 

16-4 )63--375 
1'.-lal ,>2 

6-3 J6J 
'--3' JJl,-J'l 

7-1 285 
S-1 2S5 
8-5 302-Jll 

367 
J()2 

J63 
331 
215 
285 

30'5 

-a-

)02 

)02 
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l• ,,_,., '•o tor f\al ~Ul• 

... UOJll appnxiaate)T 51 1n la«'h and 21 viu ,,... tapered. 
at 1133•1. , aotoud inm ffU'~ 11114 bl'Ok• •lov.13 1Ul4a" a a> taa .btdraulio 
pre••• . the retul\1 are 8Ullllllr11ecl la fable II. 

!• ,,.,,.. te•t for 11••• 
leoU•• •• .... aiH •• 1A the prmou :tno,ure teat a4 

RO\obe4 \J'&ff•rH]¥ \o a 4ep,h ot 1/2 inch trom eMh. aiu were brok• rapidJ¥ 
,..,.. ~ 4rop nieht uabe1a. hoaun of ero11 •eotieul rolUnc 1, •• 
41ffteult w 41•'1DCU11h '2le 41reoUoul pnp..U••• Hevner, tbe tapered 
,eo,l•• were ftltrn1 wher•• ,uu 1n the a.-reca1Te4 he&, ,reated. acm.41'1& 
renal.eel uue, ef n171WUIL19 at hip laaNae11. !he rellll.t1 are •-u.1'1184 
1JL ta1tl1 U. 

'MY 11 

haoture !e•t ie1Uli1 

Steel 
Plate Soaadae11 Jlbrea!c.s: .... la. 1101 ZBPKIA 

a-2 I l1bro11.1 Jiltl'OU8 

2-5 I l1brov.1 . ftbroa.a 

3-3 I '1brou.1 Jibroua 

J-JA :B J1brou1 J1bl"OWI 

lt-1 I ftltrou1 Yibroua 

i...i. I J1bl'OUI Jibroua - Trace 0171ialll1Ll\7 
(11gb Ba.ran•••> 

lt-lll I 111troua '1brcrwt 

6-J I J1brou1 J1brou1 - !rraoca <h71t&llWt7 
(~ lia.rdneH) 

6-JA I J1brou• ftm"OU• 

7-1 J 11brou1 fibrous 

1-1 I Jlbroll1 J'ib:rou1 

1-5 I Jl'brcni• 11.brou 

_.,_ 

.. 



Ille 1peo1llca, ra,e4 ill aooordaoe vi \h the traoture 1tand.arcll 
Wl'e tiltnua vi\h ,u ezolulion of ,wo pl&'••• !.be• aa-i,uon, rnulecl a ' 
b'aoe ot or,1Wl1Aity which aq be aUributed. to the h1Ch hard.DellH ot OT• 
J6o ... 

j. 1Mro1toh '••'•• 

ll&aroe,oh '••'• nre aa4e frQll aeoUona oa each plate an4 
pllotocnphla realh are lhom 1a ftcur• 1. The plates are aoceptabl• wi'il 
reapeo, to •ecr'ecaUoa • 

i,1.,. 
IP, 

.I• Ohplffl. analz••·· 
Ghemical azia1¥1e• ol>u.ined OJl two plate, ware •• tollov11 

Chmcal Oogoaitioa 

.L ..IL _J1 -1.. -L ..n ...Qt ..l.t ' .Ja .& 11 
.25 1.00 .20 .020 .012 .67 .~ .17 ,noe .0~ .02 .0016 
.25 1.01 .20 .019 .012 .68 .a.6 .17 trace .oe .02 .0015 

!• IU.oropplo p-1natioa • 

.l 1pecillc fl-OIi eaoh plate waa examined for aomaetalllo di•tril,u,. 
,1011 ad • loro1tructure. 

fnioal aomae'8.l.Uo cU. • tribution in the plate, 1• 1llu1tratecl 
1Jl Jicu,re i. hclulion1 tn,ioal of plate S-1 are alao charac,enitio of 
tn• obaened 1A plate• 7-1, 6-,JA, i.-4, and a-2. 

The mioro• tru.cture of plat11 ~2, 11-4, 3-5, 4-1'.\, and 8-1 vu 
t11W9recl ma.ncai te vi th ,race• of ferrite. The st:ra.cture of plat11 }-.3, 
b-J, 6-)l, 8-5, .3-3A, and 7-1 va• tapered urtcaite with grain bowulal7 
terr1,,. !he Jldoro1tru.cture of plate 4-1 rnealed tempered martc11te vi~ 
u. appreaiule UOW1t of ferrite. !'Jpioal photomicrograph• are •bown 1A 
Ji&v.r• 2. 

the IIU'faoe• of platea 2,-5 and 8-1 ah.owed no nict.coe of 
uoarlNrisaticm. lua'~er• ;-:,, 14-1, S-5 have J.aiyara of iron oxiu iAt.,_ 
llitUD&l, dill)er•ect. on one am'face; the r811AiD.in& platea haTe la,era 011 
lka'11 mrtaoe• ranging tr• 0.002• to 0.012• in thiakne••• (See 11.gure a-c 
:t~r illunrauoa.) 

~. steel IIOlUlda••• •• aa\1 •factor, in all plat••• Beat treatm•' \ 
vu apparc\1., •Uatao,01'7; ,he ft17inc aaounts ot ferrt,e olt• tr'f'ed in the 
aicronrv.0'111'11 are apparmtq a retleoUoa of the borderline hard.ca'bil1'1' 

-11-



et the •'Nl aplo7e4. !he IIIIOWl,e ot hlch h111paranre t.ru.•tonaUon 
preclwst• toalcl. upon (lltnohiDC were not mtficimt to oau.•e un1at.i•tactor, 
balli•Uo beb&Tior moapt 1D the ••• ot one plat.a. !hi• plat.• wa1 ot low 
bar4D•••• hovnera and, therefore, would probably al., be 1&tiatact.or, adc' 
the 'bal.li1Uo attack applied. Plate• w.-e of mffioimt. unifol'lli'T IO th&, 
balU•t.lo reaw.h ma, be considered a fanction o:! the reapeoU•• h&rdne•H •• 

APPllOf:&Dz 

f/.Q.~ 
I • .A.. KAftKWI 
)laJor, Ori • .Dtipt. 
Chief, ... r leoUon 

-~ 

"ht-~ 
II. Tofta 
At•'. Pq•• Solmoe .A.14• 
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~bllo Steel Cg17ora\iOll i, Inch lolled ~rmor Plate 

J'yptcal kic~1t1"11oture1 

A. Plate I - 1. 
liio'luloae. 

.. 

• 

'1,ical 1Ulph14e 

- ------ -----..----

. .. 

I ____ _I 

1. - Plat• 3 - J. Tnioal dllcate 
oxide, 10• nlph14• lnclu1lon1. 

1> • 11.att 2 - 5. '•pered 
aanen1it1 with trace, of ferrite. 
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-~ - Plate 7 - l. Tempered 
marten• ite and grain boundary 
ferrite • . , .. ·,· \ _,-.... . . \. .. ... ~~--
...... ~-!1-~':• .• . -· ~- ;.~-• .: ~ ... , ! • · . ., , .,-· .. .- •:;;-_~• .. ~"'~- .,,., .. ·:~ ..... · ... , r <: "-t: ;,;.- . . . .. - . :. .. •~, · • •":•• ' , _ . ~ .,_, .--4 • v, ,,,. _. , I 

· .. ,. ,:._· ._. / . .. i; ._~?_·;.:-.1. .\ :.t?f •;,~,:.~---·~~;.~•:-'J. 
,,,_ .... ~ ·. \ ., t /' ,: , . _, .--. . ,., 4:·,.,-\:--·:~ :-:::-..·< ·_·. -.A"'- ... ,. . . •! " . • ,. • • . , ! ) ' ·. ,- ·. ' •' . •. ~-i-f:"4':··' ,, .. ~-;.• 1. · 7. ··rfl· :,\· - ; ::·. ·. . 
~ , >: :;. r.·

1 
•. .-~,.J--,'. '.,:f}~,-.'_!_, .. }t.-

7
) \.:: .. · ·: .. •·· f ~ .. -~ r 

' ' f,t),,1• ('ii' '· -•, if 1 • .• . -- ' , _1i; ' .. G. --.. . -:.,;, "' ·•, r .Ji. .. l' •.,, · L..,,,_ ;. ' 1 \ ; ·· •· ~- .,_. ,..;; ; 
_,. ,-.. _1~r,_\, , .... ,~·- .~· - ' · -;.;. --=-,..-;..' 

,':'t I~• ·"'• . • •~ , "' . ..r,_ .. ,_ •'-- ·• I • • • ;• r ."'\... .... ~ - • • • • ., . "f" ; 

!/!~ '~) . ;. :- .q;/;~~:., . ,/ :<·.-.~ .. •., .. ;~~,.,..-~ 
• • 'J\ _;~~•~,~•~· 1_;~:; . .' . , ', • • •: . ."-.' • ... • •·,. ·I'/. •~ ·~ · : . 

• . ... '"" Jl'F', • . '4i. ' " _, •• -.. ; • . . •"'•·.r; .. -... , . -. . _, .-:~:"~~-r. \'.· .. \_ .. r~:.:J'._._':',: .. .r:\~-~,~~--~ .. 
I r,;, !\• . i·· 7· • ~ • · ·V . -.. · ·-rt~ .J -

1
~~ }.:-:\"\-~:-; , . • '". ii.-t.• : ... · "'"·"'c-~·----·~-~ . ,-.;,\-.;-.•:·' 'r .... . ---,., . · •--;.,:~·. •::~A ~} ·.: h\.'-./ / 

• .· · "I' r, I . . ~- : -~••n· . ,-t · 1.'·•• , , ,1- I , , ., J-., ... . . • .. . , , . --- 7 .. t·· ·· . ·•11'1 · ' ,.~. •,.I. · 'al •\......,,'· I .. \ 
. • • ·. ·.-: ✓, . ' . .;,:.:-,. ": •• - -:i ,_, \ .. ' ' 

~ - Platt 4 - 1. !eapered 
•rta1lte and appreciable amount 
ot ferrite. 
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