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Final Aeport on Proble10 B-4. 67 

!i!.~~11:;,xie!\l Exrun1n~tion of.. Eighteen Plec es of 

25/64" 'rhick Ro)),ed Homos;eneous A"'lll.or 

ABSTB.ACT '"' ::J 
Metallurg1 eel e.xam1nntion of 18 pieces of armor pla te 25/61,fi' 

2,,S~'.cut from heat SCN219-l, rolled by lo'!'d Motor Company e.nd 
heat traated 'b;y Stand.a.rd Steel Spring Company hat been completed. 
This material s-pall ed badly when tee tei with cal. • 50.h.PM2 amrm,m 1.t ion 
"u.nde!'" requirements of A.X.5-495. The results of this inveatignti-Jn 
in1Ucate that gpnllil'lf3 wag due to the presence of eeg~egatione of elon­
gated sillcato norunetallic 1nclu~1ons 1n the material. Thie condition 
was revealed by the -to,-don test, microl!!c op ic exam1nn.t1on, and. also 
b7 11woodinese 11 in th~ fractur.e teet for. steel sound.ness. D1-reet1onal 
pr.ope'!'t1es a.re ev~dent in the ma.t•Jr1al as revealed by maero1copic 
examination and '~odiness1'1n the fracture test. A' "'woody..,._,cond1tion 
in rolled armor is indicative of poor qualit7 pla te and therefo'!'e , 
ie not dedre."Qle in good qu.ali ty plnte.~ 

~" 
1. At the request of the Office of the ch.1et of Ordn..-i.nce,.Detroi t1 , a 

meta.llurgical exa.mtna.Uon to . determine the cause for spall in.g has been conducted 
on 18 pieces of armor plate "25/64 11x2 11 xS" cut from heat SCN2.19-l, rolled by For d 
Motor Comp:uiy and beet treated b~• Sta."ldard Steel Spring Colll"J a.ny. This material 
epalled badly when tested "'1th cal • • 50·#.PM2 ammunition under the Tequirements 
of AJCS-495. 

2. The eaJDples under in-vestigation are listed below: 18 f racture sample" 
?.5/64":x2 11x8 11 cut from hest SCN219-1 as followe: 

l. OO'M 470.5/Watertown Arsenal, 29 Nov. 1944 - lftn 470.5/108, 29 NoT. 1944 
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3. 

fr c,111 N219-lTl 

3 - tr&.ll sverse '1.1 uction 
3 •· l or.g1t ta d1no.l d1re c ion 

lrom. N219- 1Ml 

3 ... tra.n 5,veru di r e cti.on 
3 - long1tuc!.1na.l direcUon 

F1'01!1 N21 9-ll31 

3 -· transverse direc ion 
3 - 1 ongi t,uu.i nu.l ui 1·ect i on 

Ketall.argical examination i nc l uded t .e following tHta : 

.!• .orinell h.rdnua su.rve.r . 

b. lractu.re te at for steel souncinei. a. -
£• Macroe tch teet tt. 

~. Torsion test, . 

!· Chnxu1 cil.l a.nalyiis. 

[. bUc:roec.opi.c. exuinotioI! . 

4 . Reeul h a!ld..,Pilcuador. . Re sul tu of the me ta. llur?,"!.cal exrooination are 
as !ol lawG: 

OnEI sampl e llti. a ou t from each of the frac ture d sec tions of hf.ls,t 
SCN'219- l w.unely, lTl, lV.l, lBl .. n d prop orly su.rface groun<l to r611lo•re any tra.cH 
of de cM"bux•izaticn . l3ri nell h.ardnoils readirige Wtlr e taken on the. eur .tace of the 
isample s and. tb~ l!ve r a.ge ha.rdne \1 s wM.l obtained from four rMd.inga taken at 
equ.ully apa..c:ed intervals . The va lu us ,1ere, fair ly u,nifor1n acro ns tho sect1on a . 
P.esults H-rri sai.11ur,farJud belciw ln Tab le I ~ 

N219-U'l 

1219- Ull 

li2l9-lil 

Surfa co Hard.r.erHse:& . _ .. ____ , __________ ______, __ ...., 
~!!,ti!.. Ji Vtl,!_a£,! 

363 

352-363 

341 
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1. lactun ,,,r, (qr •l••l IAIPl\811 • 

hction• • 25/6••x2•xa• were notch.ad and than bNken 1lowi, with 
a Bald.vlA Sou\hwrlc bldraullc t••UA& aach1u. SMplu, taken from each NcUoa 
and in both 41rectlon.1 were fractured in the 11as- rec•1•ed.• conditlo11 (.BBll 341-363) 
w»n&• tbl naaioinc ... plea were fir•t t•mpered at 1050.:>f. to rvd11~e t he hard.­
noH unlfonly to approxiaat.el1 300 Brinell and then notc~d. and tract.uNd ln 
llk• aauer. Thie epec1Mne tor • teel eo,1ndneu were rated in accordance w1tb tbl 
1tandard1 of epee1ticat1on 488, revi ,ton a. !'l:wl reaul ts of tbf. hate ar, tbowa 
below in Table II . 

Syplt 1g. 

1219 .. lTl 

1219-:uu 

1219-1B1 

lmc~v.r4l-?tati. tar ~Ull. Soun4u11 

11A1-1!~1Y11\1
~ 

k>sd\wUai 

C 

wooq 

wood.7 

.oody 
j 

:rran,uru 
•c 
•c 
•c 

ltS.l .ltt..i 
Jlult,..b. 

5219- lfl 

1219-•llll 

11219-1;:Sl 

Lon,J,twUoeJ _ ___ _ 

B - woo4y 

•c - wood7 

B - wooclJ 

C - woi>df 

•c - woody 

•c - wooq 

•1u1catlon of 1he1~1n, in fract~ro. 

T ADIIO tll 

!bl fracture t•1t revealed ~woodln•••" onl1 in the lon&it\ldinal direction of 
rolun,. 

a. xacro,tgh \11t1. 

i 

Mac~t.chtn, of a umpl• from each aection revealed no pronowic•d 
ludut1ons, Ne 11"11'• lo Dlreotloul properti•• in the eampltt were rtff&led 
!n the ueroecop1~ examination in that the traneveree eeetlon• etched • ore deeplJ 
than the loncitwUnal HcUone. A fairly good correlatJon wa, eatabliehed be­
tween the •wood711 colMli tlon ud the macro,tructureo 

,. Zor11ga ,,,1,. 
A toraion hat for reYealtn& l&11inat10?11 in et Ml l wae conducted. 

on the 1uple1 inTeetlcated in th.\• report. Section, t'x3•xT(tblckne1a) wera cut 

l. WiA,J, 710/321. 
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adJaee ot, to the • aero. tcb tt1t 'bar , claaped 1n a Y! •e, and tw1 • ted. w1 tb a wNnch 
at a.n angle ot approd•t•l1 1ao•. Tbe detomed. bar • reHaled ftl'JiAC 4ecN11 
of cent erline laminatlone, ucl to. 1011• ca•e1 e11dence of 1near10.c w,u noticed, 
It 11 evi~en~ fr?~ tbl data renewed thu• tar. that tbs top ad • 1441• eectloni 
ehow pron~uce4 lamination• ot • ilicate • trlncere, wheraa1 the bottom••••• to 
ha:n tM leaat Mount ot HcrepUon. See 11pre 2 for photomi crugraph illua­
tratini N8ult• of the torelon te1t1 . 

The rel\llt of t» chemical anal1t11 ot euple 11219-lMl obtained. 
•• a, rollowe : 

~ .JJa.. ~ -1- -L J{1 -Wr ...k ..L ~ ...61 Jig, ..Z1 
.30 l.40 .25 ,016 .020 ,15 ,66 111 Ill .10 . 02 . 28 ,03 

,.... 
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I 
.0009 

J. ,ample from each .. cuon •• Haiaed • loroecop1call7. 'l'be 
110.uetalUe ooutent or l'rl ud lJU waa tairl7 hi&h w1. th ,tnnc•r• ot e1Ucate 
nonmetallic inclu1i~n1 •••nl1 41atr1bute4 throu&bnut the areaa exa• ine!. Tbl 
nonmetallic incluaion content of l.Bl waa con1idtrabl7 lower , with occu1ozaal 
atriupr1 ot a1Ucate inoludou• . A atrealc of alumina oxtd• va, obaer•ed ill 
Ul ., The nonaetalllc lncluaion corit•nt cUatr1but1o~ obee"•d. in th• wietcbld 
area, of tbit a1crospec1Hn• corNlated tai rl1 well w1. th both the tortloa. te1t 
an~ tb9 1 wood1ne11M re•oaled b1 the !ract~re teat tor 1teel 1oundn•••• Tht 
microetruoture of the top, aiddl• and bottom 1a11ple1 w1u a t•peNd aart•••U•. 
lor typl cal _pho t om1crographa. ••• 1iguN 2. 

5. Tbe reeulta ot tkMIH te1t1 indicated that the 1pallia& con.a.l Uon of 
the aatuial e::1:h1 bi tecl wbea au'bJ•cted. to i:lpach wt tb cal. • !iO AfM2 proJeoHl•• 
may b• attributed to the aegregatlon of allicat• nouetalllc laclualon atrtaprt 
n•••l•d by the tonion and _m1croecopic inTeetlptlona. The aatertal po1ae11e4 
direct\onal propert1e1 •• n••al•d. b7 ucro1coplc ezamiutlon ud the tracwre 
teat . 

I. L. UED 
Re March Me tall.urgt • t 
Acttn, Chi.et. J.rlllOr Section 

. -~. - 4-
MSTRICT@ 

~-* 
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-~~1p ' ce.l ~. ic ro !l t :-u •,~t , u· e ot' 2~1/ bt,'1 ·f l, i •:.:: i .; ,~. e,, 

Typi t.al lam1nat1one r•~e a.l ~d by tor ni on test. 

. . 

- . 
XlCO -- N21 9-l n Une-tl!hed Xl ':C N~l9-L31 Une t ch e d 
TfP1ca l ll il1 cate nc,n ir.,tallic in('lu a.ion 
'11Ftribution tr, 111 ana. l~l. 

Se,~ q·,at.el! wtr~ak o f 1.1 •.:.icine. l.u 
cl1.1ni ,:,n, Sc~ s tH-:at;;a evl.dent. 

T~mperod mar ten o 1 te . 11')' lJ ~ '~al 
"'nd lllle 
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