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DEOLASSI.1'1.ID 
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v,'i<· To determi ne ·oy a seri es of prelimina.ry :1eat t r eatmen t s whether 
a satisfactory hard. case n ay b e obtained on t ~1e surface of a 1.41t:...·_.·,,- , 
thick cast armor in con junct i on wHh a sorbi .Lic or tempered. marten
sitic cor e at an ai1proxL;1ate hardness of 270 :B rinell and, if 
successful , t o st uc"l.;y further t he balhstic pcssibil i tics of such a 
material. 

also to determine the metal lurgical and ballistic cha racteristic s 
of a 1/411 thick rolled pl ate which was preparecl from a cast face 
hardened plate , produced at tho same time ancl in the sar.1e manner as 

·1 
/ 

I. 

' 

tho 1. 411 thick casting . ·-· ___ - ·- - ---- -------~ 

co:i.;; CLTJ SI OH s L 
. h1 • dt;-;mwmt h a s been approved 
fo, public relea;;;e and sale; its 
di:·bbution is unlimited. 

1. The results of thi s preliminary investigation indicat e that , . 
this process of casting face n.a.rclrn ed armor plate is no t practical. f-

2. The carbon and allo.y ccn tent of the face layer cf the sampl,e 
of the 1.4 11 t hick cast armor arj.d. ti1e 1/4 11 thick rolled armor is 
r.:-.uff ici en t to produce a fairly stalile austeni ti c alloy which cannot 
be transformed to martonsi te b;y various heat t rea tments. A sorbi tic 
or tempered martenni tic cvre was not obtained sin~e a draw temperature 
exceeding the lower cri tic;:i,l point was necessar y to obta in an 
approximate 270 J3rinell hardness. A TJicrostructure consisting of 
ferrite and fine carbide resulted. 

.3. :Becau se of the retention of l a r ge amountn of austenite up on 
cooling the plate from above t11e critical rang e, it was impos s ible to 
dovelofJ the de sired. l1ardness in t~·ic face alloy layers of the cast and 
rolled. plates. 

4. The r elati v el y soft high alloy face on L1e cast and. rolled 
plates was not effective in increasing the ballistic 1imits of the 
plat es . The bailistic limit of the f ace ~~·dened 1.4" thick cast 
p l ate was 1.3 f/ s in exces s of the cpecific1:1tio!1s f0r homogeneo us CA.st 
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11¥~Z~~~~t:~j-,til1¥~,.:\~~-~t':i~\.-~:~·r~-1,·Ji7tf,•m~ ' 

ffli""'1--ar - ~,~1,n~m'f m·~"f iJf 1·· t · ,rt --~1/ / ~~,,.,!i; •1!·tt 'r f ri ••~11'-' 1 r-n '· 1'· 1' so r:.' ,,. ·"\ 
111

~ J_\II 1't
5 AT!ii'~~t~~:\ti. ~- ~,N' G'NAu--,~6i1-1,ziE,81l{~,lu~~j~}~J,~rru~1\im41 

' __ IJEP· B1Y LAW~ ' I ' • 

• • • • • • • • • • • • • 

• 

• 
. . - . . . . . . .. . . •· - -

• . ' 
. . - - . 

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

- •- . .. 
t ', • • · ·--· .• :·. ••\ • 
.. .. · .· .- . - .· -~ .. . .. . . - .. 
t . -· .. . _.. ..· . 
- .. · .. - ., · .. · .. _ 
. · .. -- .-- .. ·- _- .. 

. - - . .. . . . .. 
, • - . .. . • ,I : - - 1 
• • 
- ,·: .· . . . . . . · ~ 

.. • -.. . . ·. - _· • • . • t' 

'. -.~ - ~ ~ .. ·~~.~-~-.<~: 
•' .. _ .. · .· .· · ... 

, . . l 
• J 

• ... . • . 4 

... ,. ··, 
, . - . . .. ! 

~ . . . ... ., -. ~· ' . 
. ,' . -- . .. . 

~~\ ::.:··_:.-·(<\.:: 
.- I •. . • . .. . · .. .. , ••. •.• _,,. . . .. r 

\. __ •• / I • 

· ...... ·."" ... - ... _-.. -. · .. . 
I•., " ",. • .. • •• 
,• ... . . _ .. .. -... ..... .. 
: ..... . :- .. .. .. -. -. ..... ... ....... .. 
0 • .. 0 • ._ ' - o, ._ I . · .. ·· ..... _ - -.... . _ .. 

• • : . - . - . - .---;; . .. - . . . . . .. - ... ... - .. . .. . . . . -. . - - ., . - - - . . .. . - - - - . .. . . ... - . ' -
'"-~ -.·_.· -.---~-- --~---·.---.. .. ·-_ .. -.. _. ·-.--.. ------ - -_. -_ .. ·-:. ·-~ .. ·-: ... -: .. ·-:-·-:.··: - .. ~ -.. - . _ .. · __ . . : ·_._·~ ---,_-.· . ·. · . ' ... .. · .- -~ .·: . ~ .·_·. ·_- ·_ .... - -:_ ... ·:--~--:- .· - . . - . ·.· . _ .. --· ._ -- .. -. .. 

. - ---- - - - - - ·-- ·· .. _ .. · - .. .. _ ... ~--- : - .- ~ - -~ :- ... - - •. :_. ~--~- - -: .... : -.- ~- -- :~ - : -.- : · .. -:- : · .• - ~ - - - ~- - -·· _. ·. · •. 1_" . . • . ·- · : · .. · · .- _· · _ .. _· _ -.· _ - . - . · •• - . _. .' - _.- : _ · -: - - ~ - -~ - ~ -~ ~ 

-::_:~~~~~:~:,:::,:>-:~ -~-.~~-= .: ~ -~2:~~~~:~~:~;;~ ~~:~ ::,~~; ::::::~: ~~,::~~~,:::~~:,>~:,~~:;;,:,~ ~j~ ~;~-,;,;i:~:,:j,;;,~, ·,iMi';;i~;,.,~s~;,,~;;<:·d:~:;;:;.;; aj ~: ~-i :;~It>=•~~;;~~~:~:~'&!~'~;.'~~ ~~:;:~~,:: .... :;,~:~,~{. 



I- . • ~. -

t·. 

·• ,1 .. 

.. 

... ,,. 

- . . - . - - ... , ... -.... . ·"' - ... -...:.. .. ' 
I 

UN-S\f\f.t\ 
hardened l/4• thiak rolled plate wa1 38 t/ • below the requirement• 
ot hard rolled plate ot equ1Talent th1ckne11. 'rhe alloy taDe on the 
ca•t plate fiaked and cracked badly under ballilt1c illpact. The 
1/4• thidc rolled plate broke into two piece, under the impact of 
cal •• 50 ball ammunition, 

5, 1'he unat11tactory balli• tia propertie• of the 1.41 thick 
oa•t plate are correlated vith 1t• poor metallurgical properti••• 
name~. low hardne11 of ca•e• pronounced cracks 1n the ca~• which 
progres1 along carbide 1egregat1on1 1n the auateni t1o l,qer 1111d 
cont1nu1nc into the steel base, poor dit:tu•ion betwen the oaae ud 
core, and heterogeneous 1tru.cture of the core. 

6. !the un1at11tacto17 balli1t10 propertiea of the l/41 thick 
rolled plate ..-e correlated with i ta poor metallurgical properti••• 
namely, lov bardn111 of the auaten1t1c caae, poor ditfulion between 
caae and core ud heteroceneoua structure ot the core con1i1t1nC ot . 
ferrite and carbU.e1 arranged in u aoioular pattem. 

7. !the d9Pth ot the alloy oaae of the oaat and rolled platH 
which varied con1id8Z'ably in thiokne11 va1 eomewhat le•• than that 
required on good qual1 ty face hardened plate,. · 
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IlrrRODUCTION 

This investi~ation was conducted in accordance with requestal,2 
by the Pi ttaburgh Ordnance District s.s a reaul t of preliminary teste 
m11de on face hardened castings manufactured o:, the Pittsburgh Rolle 
Division of the Blaw-Knox Comnany. 

Their proce~• is briefly described below: 

T~e ~ur~pce of that nart of the mold corree~oniing to 
thP. face of thB teRt plate ,..,a, covered. ,-,1th a 1/4" thick 
coA.ting of e. TIMt 7 mixture conAiatinie: of P-qual '"lP.rts by 
volume of 20-meRh f~rro chromium, fP.rro-manP,anea~ and lam~ , . 
black to~t~er with a small amount of f,,.rro-silicon to 
-prevent ~e evolution. T"'eee in~rediente WAr8 'lliXed wi tli 
linseed oil to e consistency of putty, .and a,,·,11~d to the 
mold by the use of a . trowel, aft Pr which the mold •-ras dried 
in an oven. 

The !!letal 1a poured at &1'Jproxirnately 2800°1, at which 
temperature the ingredients in the ap~liP-d coating are 
claimed to be dissolved into the feco of the plete. The 
casting is alowly cooled in the mold after pouring. 

A preliminary investigation waa ma.de b~ the Pittaburgh Rolle 
Division of the Blaw-Knox Company on a 36"x36"xl½" cast plate 
~roduced by the same precess which developed a hardne1a of 500-
610 Brinell Pt e. depth of 1/4" below the surfe.ee upon spray ouench,. 
ing. · The ane.lyRis of the case layer of the plate was 2.19% ca.rbon, 
7.75% manganese, and 5.28~ chromium. 

It waa therefore suggested by this Arsenal3 that a sample of the 
treated material be for,.,arded for preliminary heat treatment experi
ments and ballistic teats. 

Accordini!:lY, an as cast flat pla.te l8"x49"xl.4" in size was 
recei ,,ed a.t this ArRenal for furthPr testa. This pla.te was· cut into 
two eaual sections, a~proximately 18"x24" for t~e investigetion. 

Durinl!: the progrei:is of this inve1tigation a 1811 xl~"xl/4" rolled 
fece hardened i,late •·•as aubmi tted to thiR Arsenal for examination. 
This rolled samnl~ was prepered from a cast, fac4' hPrdened plate 

l, PIT 248.8/592, 1~ July 194,, A~pendix A. 

2. PIT 248.8/801, 20 CotobAr 1943, Appendix A. 

3. , WTN 470. 5/72€,7, July 30, 1943, AppPndix A. 
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~reduced at the l&me time and in the 1&me manner aa the previou1l1 
aubmitted 1~4• thick oaut nl&te. Tb.ii rollod plate vaa decidedl7 
bowed, a, received, the high alloy layer being on the concavo 11de • . 
After boat treatment , however, the curvature of the ~lato waa nearly 
eliminated •. 

Preliminaey hoat treatment, made on amall aar.,lea of the platea, 
as received and also t~e final heat treatment• of the balli• tic te1t 
~Jl&tes including the resulting :Srinell and Vic'r:ere !rinell hardne•e 
T&luea aro gi•on in Inclo1Ure A, fable l. 

Preliminaey Stu.41os wore made on tvo 'high carbon, high chromium 
steel• in order to determine their merit aa a aatiatactoey hard 
facing material on this type of nlate. 

1. Visual ~amination 

The caat and rolled "'l)latea were e:aamined on the high 
alloy eurf'ace and on the rear eurface for crack, and other ca1ting 
defects. 

2. !alliatic Teat, 

!.• <penched &nd Drawn C&at Plate, lSx24xl.411 

Thia 'l'll&te "'8.1 teated in accordance wi-th Soeo. AXS-492, 
Revision~. A 'ballistic limit w.a o~t&ined on thia "T>late with 
~7 mm. AP M7lJ. ahot when mounted tor normal inM&ot. J'or intonation 
"T>'\ll1>0•e1, the ,:,late w.e aub.1ooted to a P'rP teat 11aing 37 rnm. a M74 
shot vith a atti~ing velocity ot 2000 t/1. 

~• ~enched and Drawn lSxl~xl/4" !olled Plate 

Thia nlate we.a tested in aocord,a,nce with Sr>ec. AXS-488, 
Revision 2, for hard homogoneous "T)late. A ballistic limit was 
determined on· the heat treated 1/41 thick nlate with Cal •• 30 J.P M2 
ammunition when mounted for normal imoact. Thia ~late we.a aubjeoted · 
to a PTP teat consisting of firing two rounda ot Cal •• 50 AP M2 
ammunition at a velocity of about 1500 f/a, normal im:i,a.ct. 

3. Metallurgi~l Emmination 

I 

The metallurgical study included chemical analyse, ot 
the high alloy face and the stPel baee, ma.croaco~ic and microeconic 

• • • • • 
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emmination and Jomi117 bardenability teat • .1 lrinoll hardneae 
1urToy was Jn!!,de on t}?.e high alloy surface and on thn cro11 •oction1 
of aanmle1, as ca• t; attar ~reliminar, heat treatment• and aloo 
on a l&m'Dle cut trom the balli1tic to1t plate atter the tin&l hoat 
treatment. Vic~er• !rin&ll bardno11 •urTeya wore also made on 
eroae •ectiona cut trom tho heat treated ballistic tft• t plate. 

~• 1/4• i'hick Bolled Plat! 

Macroscopic and m1croacop1c oJamination• were me.do on 
aection1 cut from the heat treated ~late. !rinell bardnee• 
determinations were ma.do on the high alloy face and on t~e rear 
face of 1&mple1 cut trom the rolled plate, a1 receive~ atter 
preliminary heat treatments and on a sample cut from the balli1tlc 
teat plate after the final heat treatment. Vicker• !rinell 
determination• were &110 m~de on a croae section O\\t from the 
"ballistic teat ~late. 

~ .. -. - . - .. . - . 
. . 

• 
f I • • • • • • : .. • ~ • • 

I . •• .. . . . .... . 
' .... . . . . .. . . .... .. 
:.· . 

• 

r • 
. .. -

4. !xperimenta.l High Carbon, High Chromium Bard Jaoe Oompoai tion1 . . . ....... , 

' .. .. 

• • 

Studiea were made on high carbon - high chromium &11071 
in order to determine it the:, would retain a 1ui table face hardne11 
reauired tor good ~ualit:, face hardened ~late when drawn to a temp
erature neceseary for the :proner hardne •• ot the 1teel ba•o. ·., 

.. . . 
Two 6o lb. ingots 4x4x1.o• of the compoaitiona ahovn below 

were cast at Watertown Arsenal and homogenize~ at l800Q1 for 5 hour• 
followed by air cooling. 

No. 
1314 

1315 

C Mn 

.4o/.6o 

.4o/.6o 

Cr 

6/7 

10/11 

Mo 
.15/.25 

.15/.25 

Small sections of these ingots were heated to· 1700°7 for 4 houra, 
quenc,hed in water and dre.wn 4 hours at 850°1, 950°1, and 1050~1. -

!CSULTS ..1.1·n DISCUSSiqlT 

1. Visual Examinati~ 

!:.· 1.4" n;_1ck Cast Pla~ 

A crack, about 5l" in length and in the high alloy 
tace, was ob1erved progressing normal to the left band odge ot the 
~late. Thia crack, which wa• located at a position about 24" 

• • • • • 
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above the bottom edgo, extended into ' the oross section of the TJlate 
to a deTJth of a.bout 7~~, of the thic'mcos of the ·, late. (See Fig. 1) 

!• 1/4" Thick Rolled Plate 

Tho ~late aa received was b~dly bowed, a deflection 
of about 2t" being nrcsont in a s:oan of 18 inches. i::10 high alloy 
face was on the concave surface. After heat troatment, however, 
tho bow in the plate was nearly eliminated. 

A sunt:iary of the ballistic tests made on the cast and 
rolled ~lat~o is given in Table 1. Photographs of the plates tested 
arc shown in Figures 1-5 inclusive. Detailed firing :.·ecords are 
contain~d in Inolosure A. 

The relatively soft high alloy face on the ca.st and rolled 
plates was not effective in increasing the ballistic resistaneo o! 
the plates. The ballistic limit of the face hardened caat plato was 
only 13 f/s in excess of the s,ocifications for homogeneous cast annor 
~late of equivalent thiclmess. ':1'he balli~tic limit of the rolled 
1/4" thicl-: '1late was 3g f/s 'belo1" the requirements of rolled hard 
homogeneous 1lato of equivalent thickness. 

Under the im,.,act of 37 mm. "'2 M74 'IJrojectiles. with a striking 
velocity of 979-1606 f/s, tr.e high alloy surface of the 1.4" thick 
cast -plate fla'.ced and cracked. 'badly in some areas. ( See Fig. 2) 
Collt!ilete nenetrations wore obtained at velocities as low as 1027 f/s. 

• 

The 1/4" thick ))late showe,d evidence of so::1e s:oalling under 
t:'e 'IJenetration test and when subjected to the PTP test using 
Cal •• 50 AP ,,rojectiles, with a striking velocity of 14BO f/s, the 
')late bro'rn into two pieces. 

3. Metallurgical :Examination 

a.. Chemical Ar·alysis 

Chedical ar.al~·sis of the high alloy f ::.cc and steel 
base of the 1.4" thicl-:: cast plate and the ii .A. experimental high 
carbon, high chromium hard facing alloys are given in Table II. 
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TA:al.E II 

Chemir.al Analysis of tho High Allol Fa.ee and 

~teel :Base of tho 1.4" Thick Cast Plato ana 

Er.2erimental W .A. EieJi ~ .z:.l?o~,_ :-!igh Chromium 

1.4" Thick 
Ce.st Plate 

as received 
Jaco 

Steel :Baa,o 

Experimental 
W.A. High C 
High Cr . F.ard 
Facing Alloys 

1314 

1315 

C Hn Si S P ?ti Cr Ho V Cu Al -- - .....__ - -- - - - - -- -
2.4o 9.20 2.14 .015 .o44 2.52 s.12 .35 .s5 

.34 .77 .25 .017 .031 3.33 .06 .45 .06 .02 .015 

C Un Si S P iU Cr Ho V Cu Al -.....-----------------
.so .61 .54 .019 .021 

• 76 .61 .53 .021 .018 

6.82 .20 

9.06 .18 --
Note~ The 1/4" thick rolled plate had a similar high alloy austenitia 
face and same type of steel base, therefore, a chemical analysis was 
not me.de on this particular ~late. 

The high alloy face C· ntaina sufficient carbon and 
ma.n[;anese together with large a.mounts of nickel, chromium, molybdenum, 
and vanadium to ~roduce a ,table austenitic alloy. Both the manga.4e1e 
an~ chromium are anpreciably higher than the values reported for these 
elements in the cast plate which when spray quenched b~r Pittsburgh 
Rolls Divieion reported!:,, developed the desired hardJieH. i'rom a. 
theoretical standpoint, the solution appears to be a reduction in the 
carbon content and elimination, if possible, of all the elements 
except chromill!ll. It is understood from a practical ~oint of view, 
that a fairly hig.~ carbon content must be ~resent in the facing 
compounds to promote fusibility when cast under the recommended 
'l)rocedure. 

b. Macroscopic EJCS.mina tion 

The macrostructure of the 1.4K thick cast plate and the 
1/4" thick rolled plate, as received and after heat treatment ia 
shown in Fig. 6. 

• • • • • 
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RESTRIC~D 

Five cracks were detected in tho high alloy layer of 
the cast plate as received, These crack3 were intensified by heat 
treatment. On the surface of the heat treated sectionn of the cast 
plate a continuous 3erios of network cracks were detected as shown 
in Fig. 6. 

A segregation of nonmetallic inclusions and some 
fine porosity was present in the center of the cross section of 
the ca.st ~late. Occasionally small areas of the high alloy facing 
material were detected in the center of tho cross section of the 
st "l.ll base. 

Fo cracks were detected in the high alloy face of the 
1/4" thick rolled plate. 

J. considerable variation was dotected in tho thickness 
of the high alloy face on the cast and rolled nlatcs. (See Fig. 7) 

Microscop~-~ Examination 

The microstru.ctures of the face hardened cast and rolled 
plates are ohown in Figures g e.nd 9• 

It was noted t!l8.t tl'l.e cracks observed in the high allo~ 
face of the i.4" thick plate, ,..as cast;· progressed along segregates 
of cocplex carbides which were located in the dendritic fillings. 
In many cases these cracks proceeded into the steel base. (See Fig. S) 
'l'he matrix of the high alloy ou.rfece of the ;,late, es cast, ,,,es 
chiefly austenitic. 

After heat treat!!lent, ,,,hich included hi e;h temperature 
homo~enization, se~re~ations oi ear~idee still persisted together 
,.,1th a fine nrecipitation 0f v,=,ry fine carbide. w'!:ich dev,,.loped in 
tr,e eu~teni tic matrix. ( See Fi~. 9) F,1.rthP.rr.iore cifter 1·eat treet-
1'1'\ ent, t1•e crE1ck s~rst €ms Li. t'' n hie:"' e 7 lo:, f~ce were intensified 
Pnd r., ror.rMsP.d ti') a conRidPrable o.ent"'i int o the steel base. (See Fi~. 9) 
In Rorne CRRl"R cracks exte~tet into t~e ~tPel bAPe to a depth of½" • 

Generally suP.a~inR t~Pre wpe no nronounced diffusion zone 
at tlie juncti on of t'!:e hiP-h alloy ~ur"" :c ce layP.r a.nd t;..,e i::t~el base of 
the cast l.h" thick nla.te, 

The ni crostructu,·"' of the steel base of t"'e :->lete. as 
cast. WPS definl. tel:' a ~ridr:iA,netat t en structure consistinr of ferrite 
ano. ROrbi te. 
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In some areas i.n the steel base, continuouc films 
of oxidt:: were detected arouno.. t.ie grain boundaries, a condition 
which ia correlated with poor steel making :yractice. 

After heat treat:.1ent. some ferrite associated with 
fine carbides was obcerved in the steel base of the ca.ct plate. 
(.:,ee Fig. 9.) Due to the fact that it was neceaaary to drav thia 
plate to 1325°F • in order to arrive at a Brinell hardness of 270, 
it is believed that the ferrite present in the microstructure 
resulted from reheating to

4
a temperature above the lo\.,.er critical 

point. In t ~lis connection , the ACl point of a cimilo.r steel, 
namely~ 2335, is 1275°F. 

i.-iarked. bands of com~Jlex carbideo were detected in the 
aucteni tic matrix of t:ne high all~y face of t :1e 1/4" thick heat treated 
rolled plate• (See Fig. 9-) The micror::tructu.. e of the steel base of 
this plate consisted of ferrite and fine carbide arranged in an 
acicular pattern. Failure uno..er shock mey :1a.ve been due to thio tY?e 
of micr~ctructure. Pronounced banding aonociated. with segregations of 
nonmetallic inclusiono as revealed by the 0-::>erhoffer etch was eTid.ent in 
the steel base. (See Fig. 9.) A rather sharp demarcation was 
observed between the high alloy face and the core of thio plate. 

Several thickness mea.surementc were made of tho high 
alloy face on the ~ast and rolled plates and are reported below; 

1.4n t:1ick cast plate 

1/411 thick rolled plate 

Thicr.npss of iiit;~1 Alloy i'a_c __ e __ 
.22 11 .25n .30 11 .25 11 - .21" 

,034n .05gn .032 11 .012 11 .015 11 

As noted above there was a noticeable variation detected in the 
thickness of the high allo~r face on tho sa:,r~leo examined. 

Tne average tnickness of the alloy face of the cast a.~d 
rolled plates was less than the requirementc for good quality face 
harde~ed plate. .Good quality plate has a cace thickness, ap) roximately 
20-25,4, of the gauge of ti1e plate • 

• 

~. Jominy ~ardenability Test 

T~1e resul t:J of t~1e end quench :iardenabili ty test which 
are shown in Fig. 10 are sum:1arized in Table III below, 

4. 11.Approximate Critical Temperatures of ~ titeels" by i.-,. J. R. i•10rris, 
R. Sergoaon and G. W. Gable, i.-.etal ?rogress, Augut.t 1935. 
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RESTRil:i~ED 

End *ench Hardenability of Steel Base ot 

1,4" Thick Cast Plete 

Jominy Hardenability ~ata 
H11.rdncea Ee,, of 1/16_~_..f.9.J:._LJr.QP. ~rd.Dell at 

C 
C"ntt::nt 

1/1~" from to 2-1/2" tro~ 
~enclied end ot of 42 Re QOJ..,nched end 

Thicknese of 
Fla te Quench
able in ~!at e:r 

tn 400 BHN 
in Cent,:r 

• 

% Re 5 Re ~ 4oo 13!:N _ ~--
50 5. 7 11 9 32 

The r1>sults of t"'e hardena'Jilit~, tPst indicpte t"1Pt t°fle steel baae of 
th~ 1.4" thick cast plate he.1 sufficient "'e.rdenabili ty to water 
auonch properly thro'U#;hout its cross SP.Ction • 

.!• Heat ~rea.t-nent a.pd Hardne11 Surve;ra 

It was determined that the hi~h temperature ~eating 
cyeles e.nd subsequent dra,··ing tempP.ratures used in this 1nveat1~ation 
failed to trans! orm the ste.ble high alloy austeni tic face on the ca.it 
and rolled ,,lat es into a hard martensi tic surface le.yer. 

The result• of the hardness determinations m~de on the 
hirh alloy f~.ce a."ld the steel baee of cast P-nd rolled sections efter 
the preliminary heat treatments end aleo the results of the hardness 
surveys lllPde on the callistic teat l,latea are given in Teble I, 
lncloaure A. 

The fact that the high alloy !~co of tre 1.4" thick 
caat plate remains a stable austenitic alloy e.fter t'-e 'riomogenizing 
~nd subseauent heat tr,~s.tments 1a verified b:r the fpct that the ruird
nese of all these heat treated eamnles is rela.tivel ~· l ow, varying 
from 293 to 352 3rinell, It ehould be noted t11at the alloy fece of 
the -:"Jlate Rubmitted •·as not r.1pc.e me.rtensi t :· c. -o-· 11ea~ing the :nlate to 
1600°F pnd eprAy Quenchinl" according to t'te pre.ctice of tl:e 
Pi ttsbur~h Rolls Di vision, The steel base of the cast plate hs.d en 
Pdeau.ate harden~bility. resultin~ in an as quenched hardness of 
4~1-514 Brinell. It should be noted, howevP.r, tha.t a relatively high 
dra.,.1ini1? temperature was nece~srfry to nroduce a :Srinell hE1rdneaa of 
approxk,atel;, 270 in the core of this -ol~ + e. A qeries of network cre,eks 
were detectP.d in som13 areas of t"'e hiph alloy "'Ur:f'ece of t"~e heat 
tri>ated 1.4" t1:ick c~st nla.te. This condition was not obRerved on the 
'hi,o:h alloy surface of the 1/4" thicl{ rolled plate. 

The ha.rdnMs of the ce.se of the 1/4" thick rolled plate, 
as received, varied from 401-415 Brinell. After ~eat treatment, the 
hardness of the ca~e was 3gg Brinell, and 425-455 Vickers Brin~ll. 
This relled plate had a satisfactory as quenched hardneas of 461-477 
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Brinell and was drawn to 388 ~rinell after tempering at 750°F. 

A sum.~2ry of the hardness deter~inations made on the 
1.4" thick cast e.na. 1/411 thick rolled plate is given in ':'e.ble IV . 

TABLE IV 

Swm:1er:r of Hard.neaa DeteI'!!linatio!!! 

Material 

1.4" Cast Plate 
ae cast 

1.4" Ce.st PlPte 
ouenched Pnd 
dra,,rn 

1.4" Ca.st Ple.te 
Spray cmenched 
and drawn 

1/4" Rolled Plate 
aa rolled 

1/4" Rolled .r]ll te 
Quenc',ed and 
Drawn 

Brinoll Hardness 
Fece Back 

302, 302, ~93 277, 277, 285 

352, 341, 3i:;2 269, 25~. 269 
*421, 429, 450, 44h *270, 274, 2g7, 290 

352. 352, 352 

415, 401, 415 293, 285, 293 

388, }88, 388 388, 375, 388 
•455, 425, 429, 442 •383, 387, 394, 4ol 

*Vickers Brinell Hardness ·;aluae 

f. Experimental 1-·atertown Arsenal ~-:igh Cprbon, 
High Chro:nium Hard Face C:mposHiom1 

It was determined that thi, alloys containing • 7'o/.$0~o 
carbon, 6.82/9.06% chromium, ~nd .18/ .205ii molybdenum retained a 
Brinell hardness of 477 /495 at a te!llpering tem·,:>erature of 950°1. 
¥hile at a tempering temperature of 1050°F, the hardness decreased to 
341 Brinell. 

• • 

A summary of these hardness tests is given in Table V • 

• • 
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Tl.BL£ V 

Hardness Tests 1:c.de on Hnat Treated 

~rat'3rtown Arsenal Experinental High Carbon 

High Chromium Hard Face Compositions 

nrim~ll Hardness 
VI.A. Experimental 
High C, Hi :~h Cr, 

Hard Face Compos i t~.ons 

~1enched 
frora 17oo•F 
into Vfator 

Drawn 4 hrs. at 
sso°F 9so•F 1oso°F 

1514 
C .BO Cr 6.82 Mo .20 601 477 477 341 

1~15 
C • 76 Cr 9.06 Ho .18 601 495 495 S41 

4. General 

It is evident that the face layer on the plates submitted 
contained a greater percentage of alloy than the face composition 

• 

;.. 

• 
.. . 

• 

• 

• 
· prepared by the Pittsburt;h Rolls Division of the Blaw-Kncx Com~ny. 

• 

The face layers on the cast and rolled plate tested at this arsenal 
renained austenitic after various heat treatments including spray 
quenching and hence offered no resistance to the penetration test. 
Furthermore, due to poor diffusion between the case and core r,f the 
cast plate, the high alloy face flaked and cracked badly under 
ballistic impact. J.. f&.ce hardness of 600 Vickers v,as reported by the 
Pittsburgh Rolls Division of the Dlaw-Kncx Cam~ny on a sample spray 
quenched by them. 

In selecting compositions for a good quality fRce hardened cast 
plate, the f,.,llowing factors should be considered, 

a. The compositions of face and back should be so selected 
wi t.b respect to coe!.'ficients of eY.pansion and critical points that 
upon final quenching, excess warping would be eliminated, 

b. A proper diffusion between case and core should be 
evid~nt, thereby eliminating excessive face spalling, 

c. The com~osition of face and core should be so selected 
tha'- after-heat treatr.1ent, the case should have a uniform martensitic 
str·ucture (500-600 Brinell hardness) with a sorbitic or tempered 
martensitic core (about 270 Brinell hardness for cast armor, ll" in 
th:ickness) • 
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RESTIUCTED 

These combinations of factors at·e dif.~icult to meet in the 
r,1B.nufact11re of the ty;)e of face hardened plate doscribed 1 .erein 
both fror.i the practical and theoretical point of view. 

For example, it is understood that at least 2% c:-n·bon is necessary 
in the face hardening mixture of the alloy face to promote fluidity 
du.ring the melting procedure. Such a high carbon content in com
bination ,,ith an eletJBnt such as chromiwn fems conr.iiderable carbide, 
which requireo a high solution temperature, about l800-1900°F. 
Althouch this alloy steel retains a hardness of about Rockvrell C 62 at 
a draYTinG temperature of l000°F, the hich solution temperature recom
mended will cause objectionable grain growth in the steel base. It 
is believed that hard alloy facinr; compositions containing S'..lCh a 
high carbon content will be brittle under ballistic impact. In fact 
several materials such as a laminated plowshare steel with a high 
carbon face showed evidence of brittleness vrhen subjected to a 
ballistic test. 

An attempt was nade at this arscn&l to prepare a hard face compo
sition containing a lower carbon content, high chromium, and low 
molybdenum which would retain t,he proper face hardness at a drawing 
temperature of about· l050-ll50°F or better (a temperature range necessary 
for a core hardness of about 270 Brinell hardness required for cast armor 
l½" in thickness) • 

It v,as determinnd that these quenched alloys containing o. 76/0.80% 
carbon, 6.82/9.06% chromium, und 0,18/0.20% molybdenwn retained a 
Brinell hardness of 495 at a maxinum drawing temperature of 950°F and at 
a dr8.w of 1oso•F, a Rrinell. hardness of 34i Brinell was obtained. 
It is evident that this type of an allo:t fails to fulfill the above 
requir,Jments. Uo ballistic tests were made in this composition. 

The face hardened 1/411 thick plate which \·,as rolled from a heavy 
face hardened cast plate, cast in the sane mf . 1er as the 1..4" thick 
plate suanitted had poor metallurgical and 'oa.~listic properties as 
described herein. 

It has baen det.ennined that a too high chromiwn content aannot b-3 
used in the alloy f,ur:~ace of rolled duplex plate, since difficulties 
arise in flame cuttinc the material. Furthe:nnore, face spalls were 
prevalent under ballistic impact due to carbide segregations in the 
case of the various types of this rolled light duplex plate tested and 
examined, 

The .most ~romising duplex plate produced is made up of a low carbon, 
nickel molybdenum base with u mediwn hi~, carbon, nickel molybdenum face. 

Tl1e results of this prelir.iinary investiea,tion indicate that t~1is 
process of casting face hardened armor plate is not practical. 
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WATERTOWN ARSENAL 

1,411 THICK f"ACE HARDENED CAST ARMOR 
16 NOVEMBER 1943 f"RONT WTN,71C- 2194 
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fflCft Hardened 1.411 Thick Cut 
. ~ 
t . , .... .~ ... 

\ 

( 
✓ 

\ ? 

Nit l PlcrBl 

Xl00 Ni tal Picral . 
¼" thick rolled plate 
after heat treatment. 
High alloy tac~ and core. 
Note bands ~f carbides in 
case. 

X50 Oberhofter 
¼" thick rolled plate 
after heat treatment. 
Banding in core. 

,t 

XlOOO Ni ta!. Picral 
¼" thick r~lled plate 
after heat treatment. 
Tempered martenaite 1n · 
core. 

FIG.9 
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1. 

Preliminary and iinal Heat ~reatments of 

Face Hardened l. 4" ~ck Cast and 

1/4" Thick Rolled Plate 

Series of Samples for Preliminary Heat Treatments 

Snall sections approximately 3nx3/4 11xl.4" were cut from 
the central portions of the cast plate and heat t _reated in an attempt 
to produce' a hard martensitic face together with a tempered marten
sitic or a sorbitic core at a hardness of approximately 270 Brinell • 

.Also small sections, approximately 2"xl 11xl/4" were cut from 
the edge of t!ie 1/4" thick rolled platt3 for the pur-J?ose of determining 
1 ts proper quellc~1ing and drawing tempora.turo. 

~e series of preliminary aeat treatments are listed belov: 

~• 1.4" Thick Cast Plate 

(1) One sample heated to 1700°1 for 6 hrs., air cooled. 

(2) 

(3) 

(4) 

One sample of a. (l) heated to 1500°1, water quenched. 

Five samples of a.(l) heated to 1500°1, water 
quenched end drawn 4 hrs. , at 1000°1, ll00°F, 
1200°1, 1275°1, and 1325°1 until a core hardness 
of approximately 270 Brinell was obtained. 

One sample heated to l9()0°F for 6 hrs., air cooled. 

(5) One sample heated to 1900°F for 6 hrs., quenched 
in watt,r. 

~- l/411 Thick Rolled Plate 

(1) One sample heated to 1650QF !or 2 hrs., air cooled. 

(2) One sample of ~.(l) heated to 1500°1 for l hr •• 
quencaed in W&.ter. 

(3) Two samples of b.(l) heated to 1500°F for 1 hr., 
quenched. in water drawn 2 hrs., at 900°F and 750°F 
ur. til a noro hardneos of ap}_Jroximately 380 :Brinell 
wao o ote.ined.. 
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2. Final Heat Tr~atments 

A• l,h" Thick Cast Plate 

One Recticn of the cast nlfl te 1811 x24" •··as heated to 
1700°r for F- hrs., air cooled, rehPeted to 1500°r for 2 hrs., 1-•at~r 
auenclied and drawn at 1325°F tor 4 r.re., follo,.,ed by air co, •, lin~. 

One ~Pction of the cest plete 18"x2411 we.e heated to 
1600°F for 8 l-trs., R,ray c,u.i:incl-ied, end. dra,.m to 1325"-T for 4 hrs., 
follo•~d b~ air ~ooling. 

:'£. l/411 Thick Rolled PJ.D. tA 

The plate was heated t, lf50°F for 2 hrs., air Hooled, 
reheated. to 15ooc1 for 1 hit., water quenched ~nd drawn at 750 F for 
2 hrs., follcwed by air cooling. 
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TABLE I 

~ .rdnees Determinations i4ade on The High 

.Llloy Face and on Tbe Steel l3pee o! 

Cast Rnd Rolled Section, after Preliminary 

end iinal Heat TrP.atmente 

(Vickers Brinell ) 

Sample 
Sections 3"x3/4"xl, 4" Cast Plate 

Preli~inPrY HPet Tre~tmentR 

1. As ca~t 

2. Heated to 1900°1, f; 'hrs., A.ir 
cooled. 

3. Heated t(J 190or-r. M 1-i rs • • wat Pr 
auenched, 

4. HP-atP.d t,, 1700°F, 6 hrs., air 
cooled. 

5, HAated t o 1700°F, 6 hra., air 
ccoled. Reheated to 1500°F, 2 
hrs., water ~uonched. 

6. ->ample heat treated as of 5 and 
tempered e.t 1000°F, 4 hrs., air 
cooled, 

7. .::>ample l:leat treated as of 5 and 
tempered at ll00°F, 4 hrs., air 
cooled. 

s. vample heat treated as of 5 end 
tempere1 at 1200°F, 4 hrs., air 
cooled. 

9, Sam~le heat treated as of 5 and 
tem:9 ered Eit 1275°F, 4 hrs., air 
cooled 

10, Sample heat tree.tP.d as of 5 e.nd 
tempered at 132i:;°F. 4 hrs., air 
ccoled. 

Brinell i:iardne11 (Nos. are gi~en in ) 
( S@ples Hos, ll & 17) 

High Alloy FPce - Cross .::>ection of-
Surface $teel Base 

302 302 293 

2~2• 2~2 293 

302 311 302 

321 311 311 

321• 341 341 

277• 352 341 

311• 341 341 

341 311• 341 

311 352 311 

341 331 311 

277 277 285 

293 321 302 

514 477 461 

321 302 311 

534 495 514 

311 341 341 

285 293 311 

277 277 285 

• Cracks develapei during.Brinell Hard.nese Test. . . . 
.) 
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TABLE I (CONT'Dl 

Sample 
• ,.Sections_ 1gl~x2411 x1,41 Cast Pl§t~ 

Final H~at ~reatment 

11. Heated to 1700°1, 6 hrs., air 
Moled. Re'lee.ted. to 1500°F, 
2 hrs., water auenched. Drawn 
4 hrs., at 1325°F, air cooled. 

12. Heated to 1600°F, 8 ~rs., spray 
auenched. 

13. Same as 12, dra1orn at 1325°F, 
4 hrs., air cooled. 

SPcti.ons _2"xl"xl/411 ~olled PlPte 
Preli~inarY H~at Treatments 

Brinell Hardness 

High Alloy Face 
Surface 

(Vickers ~rinell* 
(jos. are Riven in J 
( Samples Nos, ll & 17) 

Cress oection of 
Steel Brae 

352 341 352 269 255 269 
421 429 450 446• 270 274 287 290* 

352 352 352 4ol 401 415 
• 

352 352 352 

' . 

14. As rolled.. 

15. HAated to 1t-50°F, 2 hrs., air 
Mo led. 

415 4cl 415 

514 514 495 

1~. Same as 2, drawn at 750°F, 2 hrs. 388 _ 
375 3

gg 
air cooled. 

Jemnle 
Sectirms 1811 xl8 11 xl74" Rolled Plate 

Final Heat Treatment 

17. 

293 285 293 

477 461 477 

Heat i-:, d tc lh50°F, 2 hrs., air 
cooled. Rehee.ted to 1500°F, l 
wat e r C'UonchPd, drawn 750°F, 

hr. 388 388 388 388 375 388 

2 hrs., air cooled. 

• 

• • • 
. . . . . . . . . . .. . .. -.· · .... ·. · · .. . ... _ .. ... . · _ .. · .. . · ·- ._ .. 

• • • . . . . .. . . . . . . . . -. ' .. . .. . 
. ... . . . . · .. . · ..... ... .. · . 

. . . . . . .. . . . . ...... :-:•:\. ~-~-· .. :.~-:-~ -:. ~--~~-:~~-.:~ -:.:-:. ·-. ~ · .. . ·. . .---~ . -~--. ~- .. ·>- ·:-~ · ;- .. , 

455 425 429 44~ 383 3~7 394 401* 
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TABLE II 

:Sallis tic Teets on Cast Fleta - 18" x24" xl,4" 

HardneRs 
Cast PlA.te 1.4" Thick Face - 341-352 Brinell 

Back - 255-269 Brinell 

Round 
Number 

l 

2 

3 

4 

5 

6 

7 

g 

10 

11 

Striking Velocity r/a 
31 mm 1 11.74 AP 

1606 

143s 

1345 

1142 

1028 

200C App. 

1134 

10278 

930 App. 

979E1-

a ballistic licit, 1003 f/s, 

&sult 

PTF - Exit 2-l/4"%2-7/16". 

PTP - Exit 2-l/4"x2.-l/4". 

PT.P - Exit 2-7 / Sx2" • 

CP - :Back opening l-l/211 xl-l/4". 

CF - Back opening partially backea 
by aupport, 

PTF - Exit 2-5/8"%2-3/411
• 

CP - :SS l.4"xl.6". 

CF - Punching started 2"xl,4" 
crack to edge of plate 2.9" 
long. 

PP - Edge of plate. 

pp SB, cracks on back 1. l II x, 7" 
1,.,ng. 

PP - SB 

Hip.:h all()y face flaked a.nd cracked under oallistic teat, soe Fig. 2. 
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Ballistic Tests on Rolled PlE1te - 18"x18"xl/4" 

Hardne11 
Rolled Plete l/4" Thick 

Round 
Number 

l 

2 

5 

6 

7 

Striking Vel~city f/a 
Cal, ,30 APM2 
Velocity Lost 

1060 

1190 

1252a 

Cal, ,5Q AP~ 

1480 

1480 

a ballistic limit 1231 f/1. 

Face. 429-455 VickPre Brinell 
Back - 383--401 Vickers Brinell 

Result 

CP - Pinhole 1/16"x1/1611
• 

PP - No bulge. 

PP - No bulge. 

CF - Pinhole, backed b~• support 

PTP - 7/16 11 xJ/8" BS. 

PTP - 13/16"x5/S", 12 .. crack. 

Pl'F - 9/16"x5/S",plate broke into 
2 piece,. 
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"'AR D!:PARTl!P".T 
PITTS.S-.JR1}!-" ORDFJJJCE DlSTRIC~ 

1202 cu..Ai •J3:--R ~,r CCii:-~""lic:a: l3UILDI 1-10 
PITT.:3:Bu-:RGH, PA. 

PI'r. 248.8/592 
Attn: of 

Industrial Diviaion 
Engineering 

\itn 470.5/7267 

16 July 1943 Kno4e/vlm 

Subject: Experiments on Face-Hardened Armor ,at Pit·., sburgh Rolls 
Divi1ion, Blaw-Knox Com~any. 

Toi Office Chief of Ordnance 
Pentagqn Building 
Washington~ D. C. 

Attn: S? O T R 

1. For many years, the etael casting :nanufacturere in thia 
district have been face hardening oaatinga, particularly for rolla and 
surfaces which are aubject to wear. Thia office ha1 worked with the 
Pittsburgh Rolls Divisi~n of the Blaw-Knox Company to determine if 
this same principle could be applied to armor caatinr,a and thus improve 
the ballistic properties·. 

2. In order to determine the depth of penetration of the tace
hardenfld surfs.ca. a stanaard. ballistic test plate 36 x 36 x lt" 1n 
thickness ,.,a, cast a• f ollo-..,s: 

A• 'rhe mould ,,,f!s pre:oared in the usual manner except 
that the eurfaCP- of that nart of t~e mould correa~ond1n£ to the f&ce. 
of the test nla.te which w~s to be herdened, was covered -,.,1th a ¼" 
coatin~ o! a 'T)aste? mixtur'e conshting of eoual narts by volume of 
20-mesh Ferro c"-rome, FPrro manraneae end lamp black and a small amount 
of Ferro silicon to prevent blowin,;. These ingredient& were mixed 
with linReed oil to a consistency of putty, end e.~plied to ti-,e mould 
by the use of a trowel. The mould waa then dried. very slowly in an 
oven. 

E,. Tne casting was bottom -poured in order that the 
metal would not waah the applied mixture from the sides of the mould. 
The metal "'as poured Pt 2s75°F at which tera:r;erature it absorbed the 
metal in the ap~1lied coating. The castir.g ,,,as all01•1ed to cool slowly 
in the sand. 

.9... 'I'his casting ... ,as made from a heat of metal 1,•hich they 
used in the manufacture r1 f th~ir rolls, the Cht,~ical comp()si tion of 
which follows: 

~lYsis 

Si ~ J:_ J1n --1£ !Ii Cr ~ V - -
.22 .026 .043 .12 • 54 .. - • 92 .48 .05 
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Subject: 
To: 

Experiments on Fece Hardened Armor. 
OCO - SPOTR lh July 1943 Knod..e/-vlm 

-2-

~. A:f'tt'lr cooling in sand, the casting was ~1P.at treated 
in the f ollowint!; manner: • 

Heat to 1425°F - Hold 3 hours 
O~ol elo,.,l~ to 1000°F 
Htat to 1625°F ~ Hold 2 hours 
Spray the alloyP.d face 1-•i th water 
Heat to 1050°F - Hold 2 hours 
Furnaco Cool 

3. (a) It is to be emphasized that the casting of this test 
plate ,..,as done only to demonstrate the possi bilit~' of ootaining an 
alloyed. surface in the initial casting w~ich differs from the compoli
tion of the !)arent metal. lie attempt has been made to deter . .,..• ine the 
most suitable alloy for either the surface or the parent ~etal, nor 
,..,hat depth of penetration is most desirable. 'Xhis casting was ma.de 
from a hP.at of steel from t".le regulE>r foundry practice f'nc1. does not 
represent e.ny steel which they would nropose to use as a parent metal 
but was merely cast to determine the depth of the penetration that 
could be expected. 

( b) It will be noted on Figure No. 1, that a hardnese of 
over 600 Vickers, was obtained on the surface and extends to a depth 
of¾", and then the hardness aJ parently graduates back to that of 
the parent structure. In this first trial, the thickness of the 
coating of ¼" gave a penetration of a·;proximately t". · Thia office 
believes that the same der,th of penetration may be obtained if the 
thickness of t"1e coating 1,•ere reduced. to an}')roxi'?lately l/811

• Photo
~icrograph ~l. +2, and +3 verify the results of t"1e hardness values 
and show tha.t a very herd surface ia obtained. Cli.e.rnica.l ana.l~rsia of 
the hardened surfece s'li.owed the follo,.,ing percl'lnta>;es of allo:.ring 
elements: - :-!an17anP.ee 7. 75%. Chromium 5. 2!3i. Carbon 2.19%. 

4. As a result of this TJreliminar~' invl'l• ti~ation, it ,.,ould 
an-,") ear to thh o-f'fice thEit castings can be r.iade with a h~rdened 
Rurfece. Ho,,,evPr, Cl)nsi r1."rable more enPrimental work would have 
to be done in order to determine the pro-oer EJnalysis for the :pa.rent 
netal, the composition of t~e ~ixture to be anplied to t~e mould, the 
triickne!'la of coating a.nd r .o'tl it should be a.:pplied, and also the proper 
teat treatment that should be usPd for sue~ casting. 

It is suP.:~ested that his office give this su~geetion serious consider
ation and advise this office of his rP.co~mendat!ons concerning the 
ccmposi tion of steel ar.d 1·,eat tri,atment that should be used to 
obtain the most effective ballistic ~ropertice. 

5. It is recuested that h19 of~ice arrange for a research 
and development contract to the Pittsburgh Ro:ls Division of l3law
Knox Company to furnish castings as required in the development of 
a satisfactory armor plate by this method in accordance with a 
~rogram to be outlined by hie cffice~ 
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Wtn 470.517267 
O.O, ~70.5 l46S6 
PIT 248.8/592 
SPOTB 1st Ind. 

Ballistic Steel and •.Telding Section, Special SArvice, Technical 
Division, 24 July 1943 

'I'o: Co11unanding Officer, ,_:atert.01,·n Arsenal, 1:at erto\\l?l, •·iaes., 
Attention: Laboratory. 

l. It is requested t~at an opinion be rendered as to ~~ether 
or not t~Pre is enough merit in t~e basic subjPCt to ma.kc arrangements 
as r r auestP.d in p~ra~ra~h five. 

2. Te in the analysis ~eans totEtl carbon content. It is noted 
tnat t,._,e '!letnl i~ dra\ol?l at nearl? hiP:h enou~h temperature for a.r!'lor 
end t'li.Et.t casing is about t'li.e ri~ht m ireentagc depth for ce.se-hardened 
amor of about 1½" in thickness. 

3. Furthermore, it has been reported that a Bend teat on the 
easing indicates t~ughneRs, 

.BJ ord~r of the Chief of Ordnance: 

Encl~ 1 eraph 
3 ~hotQcicrngraphs. 

(S/'I')G. Elkins Knable 
Colon~l, Ord. Dept, 
Assistant. 
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Wtn. 470.5/7267 
o.o. 470.5/14686 
FIT 248.8/592 

CCPY 

2ncl Ind. Matthews/amv 

c.o., "'a.tertown Arsenal, llatertoi.rn 72, ,~cssachusette, 30 July 1943 • 

To: Chief of Ordnance, U.S.A., Fentagon Building, ·:lashin ton, D. C. 
Attn: SPUTB 

1~ Referecce process described in basic correspondence, and 
the request for an opinion as to the merit of the precess PS stated 
in paragraph 1 of the 1st Indorseraent, the following com:nents are 
offered: 

A• The process ~as interesting ~ossibilities because it is 
apparently posf'ible to treat the base metal to the optimum strength
ductility characteristics ,-,hile at t1.e f\e.::ie time retaintng an extremely 
hard face. 

• 

]_. It is ccnsidered tl'!at the case would be brittle under 
T)rojectile im,ect and -orobably considPrable fe.ce a-palling and crack
ing in the fa.ce lEtyer would c,ccur. 'I'hese tendencies could probably 
be minimized b:, adjusting the carbon content of the hardened layer 
to a ve.lue of it"'"Jnroxir.iately 1.00%. 

. . 

• • 

_£. Obviously, a casti·,r- nroduced o:r t~is r;rocess could 
not be ,,,elc'led frorn t~e fe.ce-ha.rdene\i iid.e • 

.!!,. S11ch castings could not be mf!chinP,d R.fter final '1-ies.t 
treatment; end if machining were !)erfcrmed before final heat treat
ment, subeeC1uent diRtcrtion in the ouenchinP: and drawing operations 
would produce difficulties. 

~- It is felt that such a ~roceeR could undoubtedlr in
creAse the ballistic efficiency of cast ermcr but only at a sacrifice 
with respect to back spallin~ and cracking tendencies. It is further 
believed, howcvP,r, that with the control of bese metal :properties that 
should be possible; it wo'.lld 'Je expected that improved ballistic limit 
characteristics cr,uld be obtain"'d without jeopardizing shcck and 
projE.ctile-throug~-plate properties to a. dana.Finr, e·,tent. 

2, It is sup:ge.stod that two (2) sections of tho ce .. st lt" plate 
12 11 xl2 11 in size be furnished this Arsenal for heat treatir.g and 
metallurrical stud.ies before add.itional eX!)eriments b:.' the facility 
are cr,nducted. 

For the Co~manding Officer; 

4 Incle. 
Gra:nh 
3 P~otomicrograDhs 

4 Incls. w/d, 
D-~p. Copy of GrRph 
Dup. Copies of 3 P'1otomicrographs 

• • • • • • • 

H. H. ZJRUIG , 
Colonel, Ord. Dept., 
Assistant. 
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o.o. 470.5/14~~~ 
•·tn. 470.5/7267 
PIT. 2Lg.s/592 
SPOTJ3 

COPY 

Ballistic Steel and Welding Secti~n, Special Service, TechnicPl 
Divisi~n, 3 August 1943 

To: Pi ttsburrh Ordna~1ce Dlstrict 1202 ChambAr of Commerce J,1ildin€:, 
Pittsburgh, ?ennsylvania 

1. It is requested t :1at com:r,liance 1,,1 th paragraph two qf 
second indorHement be msde by direct trar.emittal to· etertown Arsenal. 

By order of t he Chief of Ordnance: 

4 Incls. -
1 Graph 
3 Photomicrographs 

1 Incl. w/d 
Dup. Copy of Graph 
Dup. Copies of 3 ?hntor1icro1,:ra:nhs. 

(S/T.) G. Elkins Knable 
Colonel, Ord. Dept. 
Assistant. 
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PIT No. 248.8/592 
Industrial Div. 
Engineerin~ 
o.o. 470.5114686 
Wt,:. 470.5/7267 
52C•T:S 

COPY -

4th Ind. Knode/\:&r /ma 

Fitt ibur,e:h Ordnance DiAtrict, 1202 Cr.amber of Co!llr.lerce .duilding, Pi tts'bureh, 
(19) Pen~sylvenia. To: The Commanding O!'ficer, 1:atertown Arsenal, :illterto,..,n .. 
(72) Mass. 17 August 1943. Attnl Col. H. H. Zornig. 

1. In reanonqe to action reauested by his Arsenal in 2~d Indorae
ment tc basic latter, and as directed to thi~ office through 3rd Indorse
ment, a samTile of' eaAt a.rmor fE1ce-hardened br subject ...,rocess is being 
shipryed, marke~ for Pttention of Colcnel H. H. Zorni1. 

2. The ~ection is 1\ n thick, 3t:" X 1811 in cii ze, in the e.s-ceat 
ccndition and of the followin~ l?dle enalysi": 

Q. ~. ~- lin. Si. fil. k!a_. !. 
.36 .021 .033 -~~ .21 3.19 .44 .o64 

The alloy ccncentratir,n in tho surface la:rer '1-•as obtained. b~, coating the 
mold according t~ the method given in the basic letter from this office 
date 16 July. 

3. Since no a~propriat1on ha.s beon ~ade available for this pro
ject, the submi ttod sam'T'lle was ca.et from steel "'hich hap·,ened to be avail
able at the foundry. It serves only to i~lustrat~ the metallurgical poesi
bilitiee of the methnd, but is not necessarily possessed of potential ball.,ia
tic qualities. Obviouelr, these can only be obtained b? selection of the 
parent metal and b:r development of the process to ~-Jroduce a ba .lJ. istically 
satisfactory surface. 
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4. The ob,jectfons raised in colll?!lents (c), ld) and (e) of 2nd Ind. 
are not necessarily apl)licab! e t ,1 B"J.bject procesR. It should be understood 
that, b;• its ver;r nature, tr..e tr ,"iatment ma:r bE' selectively applied, 

• 

emitting it from areas requiring machininr, or welding. It is also not 
nbvioue why the addition of t~e hardened surface ehculd increase the tendency 
of the bltse metal to ba.ck-sriall or crack beyond any tendency new existing, 
Rince nc altcratirn of this underlyin12: metal ie ccntem!)lated. 

5. rt is s,1e;1;ested that thP. .,.:,cp.,.riP-r.ce of '1-iis Arsenal be made 
available ir. statinp.: RJJP.Cifica.tfrns for f'.lrther devclr.·pr.:ent of the ;"rocesa. 
'rhc: de:nth, hardnABB, and ar,alysis r,f the "case" and t11d physical pr,-perties 
and ccmpcai ti0n of th~ pa.rent ,r.otal, as ::iight appear desirable upon the bast'1 
of pre~rious expPriP-r.co, will aid in dir~cting thH continuing study of this 
office. 

Fr.r the District Chief: 

Incls,-4 

G ;(!.HGil ii. :irnCD2 
,•iajor, Ord. Dept • . 
Aseiatant 
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PIT 248,8/71.8 
Attnl of 

Industrial Div. 
Engineering 

c.o. 470.5/14686 
Wtn. 470.5/7267 
SPuTB 

. 'Ali. DE:P A..--lT. iZ_;'l' 
PI TT .3BURGH o:-un:~;CE J I ~TRI CT 

1202 C~1.il3:R OF CvH.-.~2CE .i3UILl)L ~G 
PITT63URGH, r'a. 

7 .3eptember 19~-3 
Knode/W&J/ma 

Subject: Experiments on Far.e Hardened Armer at 
Pittsburgh Rolle Division of Blaw-Knox Company 

To: The Cc~~andinP, O!ficer 
Watertown Arsenal 
Watertown (72) Ma~sachusette 

ATTN: Colonel H. P., Z~rnig 

1. Ref Prence is me.de to Para~raph 1 of 4th Indorscment dated 
17 Aup;u~t 19u3. 

2. Se.mple of cast face-hardened r rmor is _being shipped today 
as described therein. 

For the District Chief: 

( s/ T )GECRGE H. Imom:: 
~4aj or, Ord. Dept. 
Assistant 
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VAR DEPARTMEllT 
Pittsburgh Ordnance Dittrict 

1202 Chamber ~t Commerce Building 
Pittsburgh 19, Pa. 

20 October 1943 
Knode/WRJ/ma 

1Ttn 470.5/7371 
PIT 24~.8/801 
Attnz Ind. Div. - Eng. 

• 

Subject: Experiments on Face Hardened Armor at 
Pittsburgh Rolle Diviaion of Jlaw Knox Company 

Toz The Commanding Officer 
Watertcwn Arqenal 
~·'atertown (72) Ma~sachusetta 

Attn& Col, H, H, Zomig 

1. Reference PIT 248.8/592 dated 7 Seyte~ber 1943 upon 
subject. Thia office desires 1ntormation obtained from examin&
tion end test of caat armor sample eubmi tted at that ti me. 

2, Rolling experiments conductP.d b? the facility have 
produced a Tllete 1/4-inch in thiekneae, .t. • am!)le o.bout 18 inchee 
aque.re is being shi-ryped t.oday, !Darked for hie attention. Tli.ia 
rolled Rpecimen •··as prepared from a cast, face h8.rdened plate 
pr~duced at the same time end in the eeme I!lanner as the previou• ly 
Rubmitted casting. No prep~ration preceded rolling other than 
heating to rollin~ temoerature and no effort wa1 me.de to 
atraip.hten the rolled piece. 

3, Thie office will ·.,e intere• ted to learn the re•ulte ot 
further teats as may be su~geated by the potential abilit~ of thi1 
product to be reduced in thickneae by rolling without destroying 
the identity or adherence of tho hardened surface. 

For the District Chief: 

• • • • • • 

( S/i) GlXJRG! H, Y..NODl!l 
:;iajor, Ord. Dept. 
Aesiatant 
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tTtn 4 70. 5/7371 
PIT 248.8/801 
Attn: Ind. Div., ~ng. 1st Ind. 

c.r,., Army SP-rvice Forces, Ordnance Departmrmt, ·ratertown Arsenal, 
"A.tPrto,,rn 72, I~si:;achu~etts, 19 November 19lij. 

To: District Chief, Pittsburg~ Ordnance Dietrtct, 1202 Cha.~ber of 
Co -,.,ere!) BuilcHni!?, l'ittsbur~h, Pa. Attn: Ina.ustrial Div. - Engineerin~. 

1. The fA.Ce hardened ca.st plate which wes submitted i.•i th letter 
file No. PIT 248. 8/718, datai\ 7 September 1943, '.1as been exa.!!lined and 
the followinl?' preliminary repcrt sub111itted: 

A• The material is ballistica1 ly unsatisfactory as 
ccmpared •·•i th homo~eneous ca.st arm(")r. 

£. Tha carbon and allny content of the face la.,ver 
of the sample eubmittAd is sufficient to produ~-
a fairly stable austeni tic alloy i.•hic~ canr.nt b, 
transfnrmed to martensito b:, various heat treat1 '.lte • 

!:_. Because of t~1e .·etcntion of large a..'tlounts of aua
tcnite upon cocling fro!n e.bove the critical range, 
it wai:; i ~por,si ble to de=velcp the desired high 
h8.rdness in the face layr-T. 

2, ConsidPrable thC'.ight is being gi von to the idea of arriving 
at a suitable composition of thE· face and r.ore which w~en heat treated 
will result in a marten~itic case having a Brinell hardness of about 
600 end a tempered martensi tic core ~ .ving a Brinell hardness of about 
270. In this connection, tests are bein~ made on several promising 
hflrd face compositions. 

3. A report covering the tests of the cast :11late a.nd the ¼" 
rolled :Olflte submitted with letter file No. PIT 248.8/801 is being 
prepared and 11•111 be fon•arded to hie office when completed. 

For t~e Co1lillanding Officer: 

• • • • • • • . - .. - . . 

G. L. COX 
Lt1• Col., Ord. Dept. 
Assistant. 
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