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UNCLASSIFIED ~TIC 
Watertown Are-1 Lobmto?Z ~~~~:n_ .. ·, ..... ' 

laorandum llapori lo. W. 7l0/5S3 f .. ~, 
llaal. Baport on l'roblm ll-~. 2' A 

Ktu.llgpca.l llp,a&tion of al" iolltd. :iomogen1ou1 Armor .Plat, 

luuhctUl",4 DY B. ll1 a•ton -~ Son h In1,1 

Which Jaok1palle4 11Zl4tr the P'.l!f Ttf' 

1. lletv•11 ,a110 OelUIWLioation .l.P.G. 470.5/]5J2(r) -
W\n 470.5/774J(r), 22 Deo•"b•r 194~1 a aetall.111'glcal IIDlliutlon .ba1 
bee oompletecl en a aupla of the q- 1 tbiolc rolled hemogeuou1 &l'IIOI' 
forward.14 fro• tha Oraaoa lla1aaroh Oc hr, aeru• Pren.nc Grom4. 
1'ha plate, llwaber 14529-1, •• one ot twa prod.uoe4 b7 HC1J7 Dl •1ton an4 
Son •, Inc. under Con\raot ¥-670-om>-4707. ioih plates failed. to aHt 
the rHi •tuca io p•8'raUon an.cl ITP requ.ir••h \Did.er a,eo1t1aaUon. 
~lNSl-2(ta\a'1Te). the aubJeot plate baaJupalled. u,ea lapaot ot a 
~ •· .l.1.0. 1182 proJK'1,l• at aa obl1Cl'l1t1 ot 1t5•, ad \aokapalle4 
on the HI talt with a 90 •• A.1. K77 at o• 1)U1l11t7. the 4eta11• ot 
~• ball11Uo te•\1 are oon\ainad in Ab1rd.ec Pron~ ClroWl4 lltpOrt •o. ~U2JJ, 2-U Dec•~• 194J. _ 

\ i 

1 1 

.,,· t-~:ci·~h:,,.,t:•~tl:~~~DHrY&t1on1 rnult1roJI the aeiellurgloal 

• 

uamlnaUon of the 1ubmt tted section ot the plattt ~ :: __ _ 

.!• The 1teal tual.1 t.y, •• Judg14 trom hlo fracture•, one 1A 
a dir,ction perpencUcular to the o,her, 1• uo,11ea,. 1'h.e •teel 11 tree 
trom hanhl laain&tion.1 ad endmoea no directional properU••• 

l• !he 1Jlpaet pro,art.ia• oTer the temperature ranee of +20•0. 
to -leo•c. (+68°1. to -IK>-J.} are excellent tor the hardD.e• a lnel of the 
wbJeo, armor. Keat treating ezperiment • ahow \hat the 1teel baa no 
•ueo-,tlb111'1 wbat •onar to taper 'brittltneH. The ducUU'7 ot the 
1teel a• m1&1Urecl b7 the tan• ila teat 11 1&t1 ataotory. 

!· Xaoroet~ te1U 1A both rolling direoU,ms 1n41oa,e •at1,­
taotor7 aro 1• rolling and rneal the •-1 treedoa froni lamination• 1hown 
~ the traoture hat. 

J. The Jo1111ay llar4cabili ty det.-minaUon 1M1ow4 the 1teel to 
po• 1e11 aoaewhat 1Alllttic1at hardanabUit, !or \he section th1akAe11. 

·1 J ( f WJiJld#f I I I If! I I I I If I I I I I , 
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.i· Th• pho\Ogrllfi)h o! the oack of. tho plat£ show• a cond.1Uon 
14 the back•pal.led area ot l"O'Wt.d lo. 2 which look1 similar \o the 1ti lh-t1rH1 

ou•ed b7 hyclroge .,r1 Ul•ct. The euaination or ,11e 1Mple forwarcle4 
to W • ar11nal, li11oh wa1 looated appro.umately 611 awey from round. lo. 2 
failed. to lhow any 1igo• of 'br1Ulane11 upon tenaile, V-netoh Oharp7 iapaot, 
and truture tt1Uac. ~• appearance of the pb.o'4tr,raph. 1 •, of courH, 
1~aut!1o19nt tTidenoe of b_vdrogan uabr1t.tl8111an\. lt 1• reoo•m4e4 that 
the area, of the plate l•e41ately adjacent to \he ~11.olc-i,allecl regiOlll lt1 
mbJecte4 to tru\ure te•,, to 41scloH tbe txi •ten•• of po•11ble loeal 
Tariatione in 1teel qul.1t7. 

j. The po111b11Uy m •t, \hat the aall eorner umple ot -the 
plate eumined at thi1 areenfll 1• not rsprt1en\"t.1Te •f \ha general qual.1'T 
of the re1t of the plate. fhe test I oonduoted u:pon the w.bmitted. •ample 
1ndiaatt 1t to be ot ,nperior qvalit,v ;;ith r.o,_11ect to ole8Zlline11, lMk 
_of cllreational prop1rtie1, duet.ill '1, and tll' sile and irilpact 1\ra11&tb. 

£· Tht q,1eatione oont.ained in the lHtsic 001!\11\unication are 
ennered ln the il seussion at the end ot t.hi I rfJ!)on. 

). One halt ot a f'raoture teat 1ample cut from the corner ot the 
pl&le nur11\ t.ht P!I t&llur, •• :torwardecl trom the Orananoe lle1eaz-oh 
Oct.er, Aberdeen. The fracture bloalt wa, broken et ,he OrclD&ce lle1urah 
Centsr and waa rated there a, a 11 1 fracture wHh. respect to at.eel 
quali tr under the etand&rd1 eet for\h in .US-1688-2 ( 1ren•at1Te). !he ponloa 
ot the plate torwart•4 to t.h11 ar1enal waa 5• x 5-1/~• x 21• in 1111, u4 
it.1 looaUon on the pla\e 11 llhom ln Jlgure 1. Impaai Ne. 2 re1Ulte4 
from a 90 •• A.J'. K7?. at o• ob11 qui ty and a Teloci ty of 15 JO ft/ •ea. , 
111,paot lo. 10 tro• a 90 aa. A.f.C. MS2 at 4, 0 oblic_uit;y aa4 a Telocl\7 
ot 2031 t\/1eo., an4 1111pact lo. 12 from a 90 mm. A.P.C. WS2 at 45• 
obliqu.1'7 ancl a Teloc1t7 of 1956 tt/ 1eo. 

!he followinc \ed1 were ooncl.uch4 upon the 11U.b111 tt.ed 1uple1 

I• Chnloal ualyli1. 

l• Jrut.ure \e8' tor ateel qu.alltf in l' , direction perpen41oular 
to the or1g1nal. fracture. 

i· Joal117 hardenabili t7. 

!• Kaoro-• t.c.h te1t.11 in both rolling d1recUan11 • 

.I• Jrinell hardne •• aor011 the 1ect1on. 

1.• !111111• te1t1. 

4. Y-no\Oh 0harp7 impact test I in tr.e 1".s-receiYed oon41 tion 
and rehee.t-,reated. concli ti on 1. 

!· ll1ero1oepl• eum~tio11. 

i'he locatlon1 ot \he Tariou1 t11t. specimens are indioated in 
ft&11re 2. 

-~ u ,@Ir 
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au•••••" ' : 1· ' ' ' ,. . . . . ; ,· ... 
\,. I' • t ~ >~.,• J : \, I" '•• • • I , ., , / ,cl 

i.. lht retulh of the aetaU·1Jrgioal examination •• •• tollona 

!· Olymoal 4qa1y5:1. The 1111alyl11 of the 1teel 11 \he tollo~: 

0 .JIil 81 S F 11 Or __I! Ou T I .Jl 
:"ii -:v :ij ~ .015 li.5:, :12 -:26" :Yf iii1 .ooo§ .01 

2'b11 M&Ly11t ao-••1 vUh \hat r9J>Ort1d bt the aanufacturer on th• OA&-2 tom 
aon \alae4 1JI Abvd.een Prtnng Ground llqort. No. A.-ll2JJ ezotpt for t,he el••' 
boron. the uamtut.ver 11 r91>ort contain• no reterenee to boron. 

}.. lt•W• l••f • the fractured. au-tao, pred.uoecl at the 0r4nanoe 
&e•-'oh ~-t• 11 1llown n .11.gve )". The 1\eel .,_a1u7 11 rate4 u IJ1 ; 

1n ao•••' wt.th ,u raunc a1•1pe4 at the Ordnanoo Be1earoh Cater. IOlle 
lbon 41IO0zmto\e4 1tnacer1 are Y11ibl1 in the upper porUon ot the phot,opaph. 
•• fl'ao\~• 1• tlbrou1, ln41oaU•• ot cluoUle aat.aial. 

1'h1 Nllple •• aotohecl 1n a d.1reo'1oa perp•41oul.ar to ,ht 
ortpnal fraohr• an4 ltru•. the -11 apa nea111l ta,e4 aotohlac 1n at 
bot.la \he,., aK _,_.,the ...,1. &I well,., t,)Le tiua, &4 the a,i,11-
oau .• of ra,••• 1apu, blew• to proaoe traotve of ~ 1peo1••· !he ••el .-.U '1 la \ha Ur•t1•• perpm4iaular t,o tile or1giul fnotve llll'fue 
11 al• ra,14 u IJ1 • De fnature 11 f1brou1 ad Jqge&, with a re1ldul 
411141'1'10 pa\\era nil bl•, Jl&ar• ,a. 

!be r1nlt1 et ,he fracture , .. , 1A41oa\e \ha\ the luba1Ued. 
auple 1 • ot ID.Ual •••el tv,aU t7 w1 th r11peo\ to freedom from lu1u.tloa1 • 

.!• ~av larugalt111~. 'Ill• barclauili ,1 ·••t •pea1•• waa 
-,..11"DCIU4 • h•Unc ter hour• at 1500•1, \he ... t-,.-awe v.•-
'bf \li.e .....,anv• la heat ,na,1ac \he lllbJec\ &l'Jiler pl.Me. !he Jo1W11 'bar 
n,a1ae4 a urdae1• 1a ao••• ol llo 43 up to 12/.16\ha of u laoh troa tu 
•\er fol••• ••• 1te ftp.re , 1n4loalinc alf1o1c\ ~11'7 to 
ur4e plate \o IQ) JIii in the omter up to a \h1u:ne11 of 1.9• 1n 1\111 ••• 
a4 to 2.31 ill thilkne11 upon •pr_,- 1uenoh1D«. 11.1101 ,he \bl.aim••• ot the -.1••• plate 11 2.51 , \he 1teel ha• 1n1uttiol111t lw'denll.bil1t7 to ooaplneJ, 
IU&oh har4en H ur\enl1\e v.11Dc the moet clra1Uo qunah aT&lla'ble. A tlllllt 
1a ..... 111 tu oarltOJI ... ,-, would Wld.oubhdq re.1H \he har4•ab11U7 to 
a •ttatuior, lnel. 

'· I 

"" I 
~ 

J. Kacn-9,oh fea)t . Se0Uon1 parallel to the two fru\u.red mr-
faoe• ••• pr.p•ed for hot ao14 J1110ro1toh1nf. Pbotognph• ot the etohed. •Ml••• are ihom in Jlgure 5. !he 1t1el I unulll&l.J.7 olllll ancl fr•• fna . 
Hgl'ec&$lon1. the uoro1tnatv1 indioate• a\rem.i, '"' cro,~rolllDC p:raoU••• . 

Cnat1 ••our •• ,he eclc• ot the apec1mc Mite parallel to ,u r-
englaal f:l'ao\ure. !bit pollUoa oorr11pon41 io the left edc• of the ••tah ;:: 
Ibo• 1A Ila-• 2 llhiOA 11 •• ot \he pl&h edc•• whioh h&4 'bee n ... out 1, 
Jl'lel' to the ftJaai IIM\ v••-·· 1, it bel1ne4 \llat then Oraakl r,1111,... • · 
froa lbG'al nr,1111 ac••• lty flue ouUtA«. f~ .. oraaka are 001ifta• f 
\o \he pla\e •11 •'- are •• related to the balli1Uo failure,. 

loiA ,ha traotv.r• an4 t,he ucroetch \e1ts te•tit, to the hip 
qv.alJ.tT of the aaU\14 uaple . 

.t• .1n,,u larue1• • ~• Brinell harclne111 &0ro11 the 11aUon vu 
'-'ermllled. oa Ike epeelatll 9\ll for a1orowp1o oe•he.Uoa. !he 

...... ' ~., ~- . 
,r ... •J· (",... , . . . 
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OOD.IICRl'1 Ve rtedhge !roll aurface to aurface Vtr• 262, 262, 248, 262, 
aa4 255 Jr1nell. Th, reedtnc of 24s .Bl-ll w.a in th• ldW.e of the on •• 
1ea'10A. '!be lrillell harcl.nHI of the tubJect plate 11 eon.114.erecl -.tle­
fac\017 tor the ca&•· !he 11&u.tacturer r.-ported the hadne11 a• 269-296 ID, 

!_. !!!!,Ille fe1t1. Tb.e tenlil• propertie• d.etaminecl troc the 
iwo .3571t tenlll• 'bar, lllu1t.rated in ligure 2 .u·e a• follow,, 

,, .. ,. 
Yi~ld Strengt,1 f&nsilo ~t.r~ ~ ot 

~1ciaen 0 1 lf act lh 1 111 ~- 1.1. ~®a-ti 9A £9 ltAQNI 
l 116,250 129,500 17.1 61.7 oup u4 OOZll 

2 115,000 127,500 1~.3 ,a.7 inoaaplele 
cup and. oone 

!he aooTe TaluH are 1ncUcat1va ot glt04 qu.e.11\T 1tael at the 
hardAeH lnel involved. ieten~ back ,o ni,i,r, l, wcm i • •• photo­
graph of the baak of the plate after balll1t10 t11Ung, li 11 uted. tha, 
the fract~ed 1Urfaoe of the back l!p&l.lec1 area of roun<l No. 2 oon'-in1 
bript patahH TW7 11ailar in appearanoe '° tb.oN relUl. ilJlc fl'o• 19"vo1• tlak••· !hi • region 11 looated. oaly 11.x 1nohea ~ from the •-pl• tor­
n.r4e4 to t.h.11 ar1enal tor uamination. the tenaile test• ver, oon4u.ne4 
to de\eoi azJ¥ pe111~l• a4Yerte ettect of Qfllreg• ,ipon th.a 4uot111t7 aA 
the appuruoe ot tlle traow.re of the ten1il1 b&ra. me re•ul t1 of lb.e 
t.eadle t11t 1n41o.h t.b&t the 1abmltted. •-plt it f~•• fna brdl'ocea flak••• 

&• !-nohh Cb.an;, lgact ~•et,. !o oheak the blpao\ 1trac\h 
of tlle •teal and. the 1u.1oepti'bili ty to t,111per bri hlcesY, four Y-notoh 
Obarpy impact oar, were aa.ehiiled trom the 1teel in ihe a .. reoeiTe4 oon4Uion, 
and. troa e,a.oh of hD 2iz2ia1• pi.a•• whioh were reheat-wea\•4. .loth 
p1eoea were heaie4 ,o 1500•1., hel.4 at t1111puature tor l½ bour1 u4 ••• 
(U.lllohed. ~ •eet1on aiH wa• autfloict~ aall to iu1u.re ooaple,, 
tra,tonu.ticm \o uncli ,, upon qumohinc. J1t11 vere tap•e4 tor 2 
hours at 115()0 1,, ae beia& water tuanched. from the ten..,ariDc taperatur,, 
~d th.e other hrnaoe ooolad.. The 1\lrnaoe ooolui. wa.a aoo111pl11he4 'b7 
lb11U1zac &Sown the haperinc hrnact &4 allovine the 19•111• \o oool d.om 
v1 th the tun&ce o•ern1gh\. 

'l'he har4nen in ta.e a .. reo•1Ted. concl.i tion. wa1 248-262 ltr1n.U, 
and afleJ.· r-.heat-t:reat.ment it wae 209-277 iliii. . . . - - ·------11111111. 

'l'he impaci data are ae follow,: 
· ·'• '. ··,s~ i on For .. . ____,....,..:g_----t 
., -~ GRJi/H 

. 'I,\}'! 
.. ., -.,., ,·,need • 

: .. , '.J 1 c::.U o,i----:, . 
'·· ·-··-·-··--·--- - ---

F•:-·-· ·-·- ---------1 

:.. 

-~ 
~_!'f!~~6'i fm--

fi i.:,i ~· ihut ion/ - - --t - · 

•,1,-, . "f""tr , .~- ~ , 
: ~ \· \, .• ~- ~ f. ·~. ~ . ·~·~ : : ;·. : ~ :. ~-) 

Ava ilnbil ity Codes 
- --t 

:'.v n i.l and/or 

• • • • • 
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:~·. :~~ _•.,: ; .... :·;1;:--' 

Sp111Gimon ' ' , . ' .. .. . .. .... . - u: l ~ :r•.ct ~-~:· er~:th ,a,. • ' 0 (. .. ~ M\J • --- •• I.,.; 

~I (>• ·- ·- r. •~;., ·.L r c.--1.t:.: r.:--l t .l.lli '.l Cc_. r._•o ~J... ___ Ft .L't;:.:; . ______ L'r~_cJ.~ - -· -• -----•- ·- ---- oc. OJI'• 

l r .. ::; Rr~c c:l V P.CL +' ,, ... -.,J 
'-, '+<.it, :54. 7 ?ibrou• 

2 II ii +20 +68 60.0 I 

3 • " -4o -~ 5;1 .1~ • 
4 " n _ti{) -ij(J 57.s ,1 

Al water ~enc.a•d +20 +68 54.2 Jibrou• 
from Draw 

A2 • +20 +68 57.1 • 
.A.j II -lKI -~ ~, .1 I 

.1. II -40 -40 51~. 7 • 

.Bl l'Ur:laoe Oo ,Jl'ld +20 +t>8 56.2 J1brou1 
~ :i-0:·1 0: '" I 

12 If +20 +68 5!.2 • 
!3 • -~ -lw 5a.2 • 
J4 I -4o -40 57 .3 It 

.A.n impn.ct atr~th of npproximately 6o ft.lb11. ovor the 
tanrpc:,rnttn·~ r: ,:- t:'J of +2f)°C. co -ll0°0. (-1-6gC11. to -l!()l'l ]' . ) represent• ez,. 
oellent proper : i es fo i• rollt(l tu•n.or :\';, a hardnea• of 2u0-270 Brinell. 
T.be higll impact. ctrl"?\eth of the .furn~I) cooleci srorr_ple clemonatra.'.,e2 thAt 
the im·oject et 1~• ~i r:1-s no .; .,.0c e1>t _;_·L1 _:i.~ty towards hmj)er b1· i Ulenea•• 

~. ',l'i. c;~o c;,~ o·, 1c .b!.:wmin~.t.ion. !Ucro noooic t~Xaa::.nn t i oL of t:1tt 
l!ro ~16 1act1on-c;;:- -~h,; }late i n t.ur, unotG!l.ed. Condi tiou ravecll only aa1l 
1catter1d. nonmetallic inolulion1 and no lamination,, ligure JC. 'l'he 
microstruct,ur a c)on si. Ete of teIJiler t. d ~.;'l.r' t4Dui te w! t r1 Ao,:0 9 ferrite a!".i 
piJArlitl'! which had. formed at ,.1gh tempe:ratu.re due to t ae ha.rd111ab1lit7 
beine intn f f i clnn t t;'1 ·:Ut"n c: ,,1.,t fl ~" t.:'lick 1aotion., 11.6 .u-s 3D. 

5. The r '; aul tr. o~· t:,.e !netPlh.r ,;ic;:.l 0.xr1inatior1 o<.1tlined. ln 
p&ragrll)h 3 indj ce t o t :a1 e·•.!h:n:tt.~d £;i,1ple i.o "oe (').f fiU_1exior qualit7. 
Upon the basis of the1e teats, no e.2planation ca be off ered. for the 
O0OLU"r13n;: r, o: ·oackspalling ~on bRll:!. ~tie test1ns axce)t that the quality­
of the amnll i.p 1::c i ::i en eL:Jnin ed a, t thi c a.:· ~en; 1 ua;· not ·::10 raprasen ta.tive 
of thl'lt. cf t:·.e ·.r .. lli r,t1c::.lly 1:!!::,;·,.ctci &r flas. Pln~er. of :.eo.vy {;a .. :-; o ari, 

;:,3e.e !.·om la:rge Jort:J -,ns of tne original ingot a, e..nci. tiiu.a u.r oonta1n 
wide T&riationa in ated Lluality dap111d.1ng upon zeeref;ntiona within the 
111got1. lro.ct.ure \e1t1 mt\d~ Ul L,Q res io11a 1,x~.edi ::\'l; ttl;.r ao,Jaaent to the 
"backspalle .... regions me~r disclot1e loe~.l variations in atiel qual.1'7. 
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from the appui·anot'l of thP, photograph o! the 'ba&lt of the plate, 
U •• •1upected. t.ilat lwd.roc;en embri Ulement might rui.ve bean a factor 
reepontible for back sp&lltng, but t.he te• t1 cond.u.chd T1pen. t.he lllbmi-iecl 
umpl• rnealec.. no ti-e.ces of el!lbr1ttlem1nt ot ~ ty-pe. 

C::- The baBic lett er containad two qu•1UonG roi":8l'din& th, 1racture 
1eat for Steel l,,{clal.i t?. Ttiase qu11tion1 are: 

a. •Ie the fracture test, a, Ht forth in AXS 4sS-2 (1'mtat1ye), 
a measure of ate91 (U&l:ty, or 10lel7 one for the d1t11"11ination of 
in1u!fic1ent d.11owd from the top and. bottom of the 1D&Otf 1 

J?. •can i; ;i.e fracturft te1t on the heat, ireate6. pro4uct be u1ecl 
a, a mea•ur<1 of onrall ,teel qu.alitf, be1idH ih• feature• ot :fiber 
or cry 1t&llini ty, u•1n& only the present 1ta.ncJ.L,.rds as lhown tor 
deterlliniut~ 11teel qual.1 t:, on the •aa-rolled.1 pl.Ate!• 

'.l'r .. e an ewer io 1u11tion •!· 1 11 that ~• !rl!.cture tHt 1• bo\h a 
mea•u.r, of 1ted ('1Al.1ty a.nd the determinat1en st in1Uli1a1ct 41IOAl'4 from 
th, top and bott.om of 'i; i.:i0 ingot. l.f the ingei containecl. large aaount1 of 
uonmet.allic1 diatriou.ted throughout, th, fracture hat 11 oapabl• ot 41• 
olo1ine, t..W. 1 oondi t.ion and reJecUna all plat ea raade tr011 that iagot it the 
1teel quality 11 wfficiantly poor. 

'.Che •ner io ,ue1Uon "i. • 11 f&rtl.¥ aa•were4 ~ paracraph 
l-4b(J) of Speoifiu.t,hn All i.sa {i.eY. 2} of U ltT•b• 194.3, page 7, 
which read.1 a, :tollov1: 

•Preparai_ion and :f'ractu.riM of 1pecim!41. The 1.P•iaa1 ahall 'be haz'ci..4 
and tnpare4 to a h&r<inHI not e.u1e41lig ,300 Briaell. Mier thil h•t­
treatment, the 1pecimen1 1hall be nicked perpc41eular]¥ \o ad. at the 
center oi the longi tudin&l. ma (leavi.llg a maz1Jma area '° be fl-actu.recl), 
ad. broken 1lov1T in a pr, 11. 1 

the frac\ure t.11t mu1t be oonduotecl gpoD \he heat. treaitd. plate 
and not upon the •a• rolledT"'piate mention.eel in 11111tiea '}. •. !he tera 
•a• rolltd" 11 understood to 11eu the oon41tion rewliht; ?roa hot rolllzlc 
and air cool in& v1 th.out ,u.b HflC t h•t tr•taent. IA ihe •at-rolled.• 
concll t1on the et tel will fre.eture 1n a bri t tl• aanner Ci'riDc a CU78'&l.l1Ae · 
fracture. Whm i h i. 1 occurs, the shelving op•• 'Ip wha ludu.ted, h•t 
treated 1t1el 11 fractured., doH noi d.-,·elop. ~e path ,t the fraoture of 
a br1 ttle aaterial will not be greatl.Y in.tlueoel 'by uueiallio lainationa 
mile 1n a h•t treated, duoUle material the path of ihe traoture will be 
deviated. by the ludnaUona, reaulU.~ in the rtT-1.aUoa ot ,he d.11tributioa 
and. uount of nonmetall1ca 1A the plate • 

• 6,. 
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The !rn.c\ure teat, U proper~ applied. to the hM.t treated. prodDot, 
11 a meaau.re of overall eteel qu.ali\7. 
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