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Memorandum Re_2Prt ',i;-J, 710/565 

::HnA.l Report on .flrobl em :3-- 4. 16 

Ca.rnegie-Illinoi1 Steel Corporation 

6 Decelllber 1943 

l. The _f ro~! llii ~e,!Lter 1 Aberdeen resueet ~S,>(APG 470.5/2190. 
·m 470.5/7¾8r) t hnt metallur1~1c1-U exn.mfnation be conducted on six 
(6) li inch roll ~d homogeneous armor teet plates .amnu!actu.red by the 
Carneg i&-Illinoia St eel Corpora tion. The lix pla t o11 wero tested at 
Aber deen ,u1 a pa.r t of the larr, e progr run on the e:f'!ect of hardness on 
ballistic properties . The pla ten, t herefore, were from t he same heat 
of st ed an u were si milarly hea t tr,m t ,a d oxc o1) t for t ho final dra.v tsm­
per.:itures w~,ich 'i '3re variod to ;'.; i Ve t he hard.neasu dHiredJalliatic 
r e~nuts on the plc.tes n.re t o be reported in Armor Tea\ RepcJrr°nnwnmfflbtnenz--­
AD- 586 of Th~ Provi~g Cen~er. The six pl~tes were aas1gned the nwnber1 
l to 6 by .;\berdeen. 

2. the reoult o of the meta.llurgioal ex&rli.nation indicnt e that 
the six plate s are of ant1sfactory quality. The oalliatic resulta, 
therefore, should be considered representa tive of acceptable quality 
armor; and since the plates were fairly wiiform exc91>t for hardness, 
t ne veriatlon in ballistic performnnce obYo"ed among the aeveral plates 
m~ be attributed to t he d.1ff erenca1 in hardneu. 

3. Metnllurgical examination consisted of the following tests: 

!• f ibre fracture teat. Specimens alao examined !or steel quality. 

!!_. Macroeto h t e st:J. 

£.. .Phys1 cal tut a. 

~- :Brinell hardness determinations. 

!• Jominy hardenaJility and chemiatry on plate l. 

!• Micro 1copic examination. DTIC 
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4. The cie tcll ed. reault s o f t l-.0 rr.e t nllurgical exM!inations r:i.re na 
follow s: 

!!• Frac t t~ ~-~asts. ::ionplan n;>prox1mntelr 311x6 11 1n size were 
cut fr om eacr. sa, .,>l e f\ ,rn~ s:iec.. Tr,e oe.;:ipl ct! were notched. tran1Tersely 
t o t nfJ l o:-ig d.i ::i ansio:1 t o u <l !!p t h of 1/ 2 11 on onch dd.e and broken u~der 
the 1mpnct of a forb e tH,llIUner. The reffilltinr: fractu.res 'liere then exrunined 
for tLe p r e Elll:Ce of c r>· s tallinit:, flnd for etael quality. These 1·esult1 
follow: 

li~pl e .E'r ,Lc t ·t:- ,~ 
_ 1lo_~_ _ _~irdct 1f'ln 

2 

3 

4 

5 
6 

Lonci t1..Ldinal 

Lon ,. tu.d.: ,1. n.l 

Loni; i t ud.inAl 

.:1·ac t.u r, , 
-:oHci.1 tlon -- ·---

fl tro:.i s 

Fi bro ·.1s 

Fibre lC 

1ibrou::. 

Fibrous 

.Steel l.i.Ualit7 
Sut~sfuctory B lracture 

~at i 3f~cto17 B 1"ractcre 
Shor t lnm1nnt1ons conc,mtrc1ted 1.n midci.le 
t hird of section. 

Sd i sfaotory ~ :F'ractare 
Short laminations concentrn.t ed in one 
pl !"'.ne 1/ 2" f rom one f&.ee of plate. 

Sati s1'0.ctor1 C rracture 
Short Ironina tirms ooncantrated in middle 
t~ird of section. 

Satisfactory B }Tacture 

Satisfactory B Fracture 

All of the j_) la.teE we-re sati sfnct orily heat treD.ted as indicated by the 
d.uctil e fillr ouu fr ac ture,;. 'lh l-'! r.tMl c;_unlity \,'!l.!! excellent in four (4) 
of the plates nnd so mewhat inferior in the case of plates 3 and 4. The 
fractures of pl ntes 3 and 4 were barely inferior to a •13 11 fracture rating. 
FrOl"l the fract ure appearances it was difficult \o tell whether the fracture 
was lont'. itudin.:i.l or tr.:...r!Wel'se, and it, therefore, is concludod that the 
armor was well cro r.s rolled. an •..i. wou.ld !3how l1 t tlc dir~ctionn.1 charo.cter1 sUcs. 

b. !t.acrootch tosts. 'l1he results of the macroetch tests are 
oho,m in .a'ilure l. All pl .3.te~, except nwnber 5, ehow a definite ingot 
pattern effect which i:1 some cases has been o.esociated vi th back spalling 
tendencies i n henvier r,~uge plate produced bl this manufacturer. The 
dArker ~tchine bands, symr.ie trical about t he center of the plate, apparently 
correspond to the zone of t he ju.nctio~ between the oolU11I1a.r a.nd. equiaxed 
dandrite~ in tne original ingot und , therefore, undoubtedly reflect 
metallic se[;rec;ation to l;etr:.er ~ th a zone of reciuced denai ty. The streaks 
ahow by the macroetch do not correspond to zone• of increased concentra­
tions of non-metllllic i r.. clusions. The m:-1.croetched seet1ons represented 
a.re in tl1e tronsverse cilrection. 
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~• Pb,Y •ical ,~. Standard hruile ha\ apecimm.1 (.357 11 

diameter) were out in &he tranner,e direction froa eaon plate at a 
locaUon corre1poncling to t.ne mio.poia\ betwem wrfue and center ot 
th• plate. The re111Us on each pla\e follow: 

Plate Pound, Per Sg,wu-e lnoh ~ El. 1, 
~ 1!a_s1le .:»trenKth. Tield .E'oint 1 .l! O!het in 11411 R.£, 

l 135,500 109,lm 18,6 54.8 
2 153,500 135 ,6oo 15.7 50.2 

3 135,500 ll0,000 1s.o 55.9 
4 162,000 141,JOO 15.0 47 .8 
5 1i.6,ooo 125,000 17.1 52.9 

6 134,ooo 98,000 18.6 55.2 

i"raotures of all bar, 1howecl aaU otactoq cup and cone charaoteriltica. 
The reduot1on of area Talue1 N'e con11dered ucellea\ for the trnnner1e 
d1r9ct1on and in cont1derat1on o! the 1trength leTel • of plate, 2 and 4. 

cl. Brinell hardnH• teat,. Brinell hardne11 det1minat1on1, 
uaing the-tungsten carbide ball, vere made on the 1urtace and acro •s the 
thickneae of each plat.e. SU.Z.taoe readinG• were 111&4• after grinding to 
a d.91>th of approximately 3/32". Surface value• are the nTerage or tour 
readings whereas tilt determinations, equicli1tanU1 •paced, were made 
across th• 1eotion. the results are g1Ten below. 

Plate Surface lfrinell1 - Cro11 Seotional Brinell1 
No. .ilan&• Av•r9'! Bang! AT!Z'YI 

l 269-269 ~9 269-285 271 
2 302-311 J09 302-321 313 
3 262-269 267 26a-29J 277 

4 JZl-321 321 321-331 326 
5 302-302 :,02 293-311 JO~ 
6 277-277 277 269-2s5 278 

Harclne1se1 ~•re uniform acro,s the section coafil'Tliab the satiafaoiorine11 
ot the hea.t treatment. The Br1ntll hardnH•~• obtaiae4 correlate well 
w1 \h the tentile hat data raported above • 

.!• Chemi1try and J'ou11ny hardenabili'l• 1'bt chemical anal.y1i1 
and. hardena.b1l1 tr ot plate number l vere determ1nt4. 

Sample No. ..1.. .Jm._ _§1 ...L. _L. ..J!! ...9.t ~ :a 
l .28 1.23 .24 .022 .Oll .72 .79 .21 .0009 
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Th11 11 \h• tam1Uar ana.1¥111 oharacteriaUo ot' that u1e4 ~ Carneg1e­
lll1no11 Steel Ocn•porat1on d\LJ'lng t.be pa1t yea:r. The boron content 
anal)'11cl 1a that ,~1uallf tounci rea>.ltlng trom ad41Uo.u1 amowiUng to 
approximately .oo~. 

The .Jozaiq hardenabil1 t1· curYe 11 lhown a1 Figure 2. 'I'he 
1teel rfltain, a Rockwell C 43 hardneu at npproxbatei, 13/16 inche1 from 
the qv.lllCiled and which oorresponda to n plate thicknHt ot 21 which will 
qu.anch out to a Brlnell h&rdn111 o! l.too in a 1Ull wahr quench. Xhe 
haro.ena11111 tT, therefore, ia act.equate tor the l½ 1aoh plate th1ckn••• 
inTolTed in tbi1 1eri11. 

!• M1croaoop1o ·xaminaUon. k1croapeo1mu, aaro11 the aecUon 
were exa111ined. tor deoarburiu.Uon, grain 1111, t7P11 and. concentration 
of nonme\all1c inclulloa1, and heat ,raatecl. I\No\ve. '1'he cl.ecarbur1u.Uon 
on all platee wal •licht I amounting ,o .oo6-.oos lnch11. 'Bl• craiD. 1111 

. . . .. -

o t all plat II waa & uniform A. S.1' .M. 6-7. The d.etaile<l. reml ta ot the 
m1cro1copic exuinatiou1 follow: 

(l) Pl.Ah l. Clean •teel wt th ,oauered lhort 
su.lphide end 1ilicate inolu1ion1 ancl ocoal1onal ainor streaks 
o! alumina 1nclu1ion1. Microatructure wa1 a wufol'll tapered 
marhnl1Uc 1tNctur1 with ,race• of high t1111Perature \ran• 
lormntion product, inoluding ferrite. (See 11gu.re J.) 

(2) llatt 2. Clean 1teel vtth 1caU1re4 lhor\ IUlphicle 
and ailicate 1nolu1ion1. Xioro,truoture teapered. 11&rten1i te 
vi t.h trace• of high tazperatve produah inclu.41DC terr1 te. 

(3) Plate 3. Moderatel.Jr clean •tHl wUh well cl.i • tributed. 
1il1cate, 1ulph1u aad alumina 1nolu1lon1. Kioro1\ruotur1 tt111perecl 
mar\en1i te vi th trac11 of high t•p.-ature pro4u.n. 

(4) Plat, 4. Mo4erately olean ateel with •oatterecl 
t1lioate1 and 1ulph1dee and. 101ne 1truk1 ot alualna 1n.olu11ona. 
M1cro1truc\v1 tempered mart1n1Ue with trao11 of high taper .. 
ture product. (See 11gm-e 3.) 

(5) ~h 5. Clean ateel w1tA abort, well cl.11tributecl 
1111 cate anci phiu inolul1on1. 1'aparecl urt•u1 Uo 1tructure 
vi th trace, or high ttllll•ature tran,tormaUon produot1. 

(6) ilah 6. Clean 1tael w1 th 1cattered tu.lpbid.e 
inclu1ion1. StNctur, temp.-ed martena1 te vi th trace• of high 
temperature tran,tormation product. 

'rh, micro10op1c examination oon!iraed the t1brou1 fno\uree and the 
1&ti1!actory heat treated condition of the•• plat,,. The higher con­
centr~tion, of nou,,allic inolu1iona in plate, 3 and 4 correapond vith 
\he relatiTel.f poor fraoture1 of th••• two plat11. 
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U-FIED 
5. The aetellnrgical t.Hta conducted 1ndioate the •ix plate• 1nT01Te4 

to 'be aathtaoiorU.1 h•t treated ond of ad.eqWlte • teel qualit7. :Ball11t10 
rellllt1, therefore, 11111 be conaidered repreaentatiTe of aat1etacto17 araor 
at \he re1pectl'f'e h&rdne1111. 
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Oarnegi .. 1111nol I lt • Homoceneousi Armor 
ftpioal M1orot\l'llct.urea 

XlOOO Pla\e l Plcrf\l Etch 
Tapered. martonlite wi\h tr11oe1 ot high 
tempero.ture trnn1:tor11at1on prodUot c 1nclud-
1Dt: ferrite. · 

Xl.000 Pla\t 4 .PiorrJ. itoh 
•iemptrtd. marten ti te w1 th traoe, ot hi'b 
l•p•a,ur, tru•formo.Uon procluc\1 illolud­
inc terru,. 
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