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' hardened 1/4¥ thick rolled plate was 38 f/s below the requirements
ﬂ of hard rolled plate of equivalent thickness, The alloy face on the

A cast plate flaked and cracked badly under bdallistic impact. The
g 1/4" thick rolled plate broke into two pieces under the impact of
. cal. .50 ball ammunition.

"I ' 5. The unsatisfactory ballistic properties of the 1.4 thick

capt plate are correlated with its poor metallurgical properties,
namely, low hardness of case, pronounced cracks in the case which
progress along cardbide segregations in the austenitic layer and
continuing info the steel base, poor diffusion detween the case and
core, and heterogeneous structure of the core.

6. The unsatisfactory dallistic properties of the 1/4" thick
rolled plate werecorrelated with its poor metallurgical properties,
namely, low hardness of the austenitic case, poor diffusion detween
case and core and heterogeneous structure of the core consisting of
ferrite and carbides arranged in an acicular pattern.

7. The depth of the alloy case of the cast and rolled plates
which varied considerably in thickness was somewhat less than that
required on good quality face hardened plates. :
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INTRODUCTION

This investiration was conducted in accordance with request91'2
by the Pittsburgh Ordnance District as a result cf preliminary teste

mede on fece hardened castings manufactured by the Pittsburgh Rolls
Division of the Blaw-Enox Comnany.

Their vrocess is briefly described below:

The surface of that nart of the mold corraesvonding to
the face of the teat plate was covered with a 1/4" thick
coating of a nesty mixture consisting of equal narts by
volume of 20-mesh ferro chromium, ferro~-mancaness and lamn
black tosether wvith a small amount of ferro-silicon to
prevent ges evolution, These ingredients wers mixed with
linseed oil to & consistency of putty, and an-liad to the
mold by the use of a trowel, after which the mold was dried
in an oven, '

The metal is poured at anproximately 2800°F, at which
NS temperature the ingrediente in the anmlied coating are
e claimed to be dissolved into the fece of the plete. The
casting is slowly cooled in the mold after pouring.

4 preliminary investigation was made by the Pittsburgh Rolls
Divieion of the Blaw-Knox Company on a 36"x36"x1%" cast plate
vroduced by the same process which developed a2 hardness of 500-

610 Brinell et e depth of 1/L" below the surfece upon spray quench-
ing. The anslysis of the case layer of the plate was 2.19% carbon, |
7.75% nanganese, and 5.28% chromium,

It was therefore suggested by this Arsena13 that a sample of the

treated material be forwarded for preliminary heat treatment experi-
ments and ballistic tests,

Accordingly, an as cast flat plate 18"xU9"x1,L" in size was
received at this Arsenal for further tests, This plate was cut into
two egqual sections, anproximastely 18"x2L" for the investigetion,

During the progress of this investigation a 18"x18"x1/4" rolled
face hardened nlate vas submitted to this Arsenal for examination.
This rolled samnle was precpered from a cast, face herdened plate

1, PIT 2u8,8/592, 16 July 1943, Avpendix A,

2, PIT 248.8/801, 20 Cotobar 1943, Appendix A,

3., WIN 470,5/7267, July 30, 1943, Appendix A.
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- vroduced at the same time and in the same manner as the previously '
/| submitted 1,4" thick cast plate. This rolled plate was decidedly )

bowed, as received, the high alloy layor being on the concave side, - L
After heat treatment, however, the curvature of the plato was nearly e
eliminated.. LT

R T
........
.........

. Preliminary hoat treatments made on small sammles of the plates, ' -
. as received and also the final heat treatments of the balligtic test '
, wlates including the resulting Brinell and Vic'vers Brinell hardness
: values arc givon in Inclosure A, Tadble 1.

Preliminary Studies were made on two high carbon, high chromium
steels in order to determine their merit as a satisfactory hard -
facing material on this type of nlate, , ’

TEST PROCIIURE

1. Visual Tzamination

. The cast and rolled nlates were examined on the high
alloy surface and on the rear surface for cracks and other casting
defeots,

- r—y T A

2. 3Ballistic Teutn.

a. Quenched and Drawn Cast Plate, 18x2Ux1, 4"

This nlate was tested in accordance with Snec. AXS-L92,
Rovision 3, A ballistic limit was obtained on this nlate with
%7 mm. AP M7L ghot when mounted for normal immast. Yor information
nurposes, the nlate was subjected to a PTP teat using 37 mm, AP M74 -
shot with a striking velocity of 2000 £/s.

-----
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b. GQuenched and Drawn 18x18x1/4" Rolled Plate

This nlate was tested in accordance with Smeec, AXS-U8E,
Revision 2, for hard homogeneous nlate. 4 bYallistic limit wae -
determined on the heat treated 1/4" thick nlate with Cal, .30 AP M2 L
ammunition when mounted for normal impact. This plate was sudbjected -
to a PTP test consisting of firing two rounds of Cal, .50 AP M2
ammunition at a velocity of about 1500 f/e, normal impact,

3. Metallurgical Txamination -

a. 1.4" Thick Cast Plate y

The metallurgical study included chemical analyses of e
the high alley face and the steel base, macrosconic and microsconic v

ol
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oexamination and Jominy hardenability test. 4 Brinell hardness

n survey was made on the high allo{ surface and on the cross sections
- . of samples, 'as cast, after preliminary heat treatments and also
- on a sample cut from the ballistioc tost plate after the final heat
R treatment, Vickers Brinell hardnoes surveys were alsc made on

N cross sections cut from the heat treated ballistic test plate.

b b, 1/4" Thick Rolled Plate

Macroscopic and microscopic ecxaminations were made on
, sections cut from the heat treated vlate, Brinell hardness
: determinations were made on the high alloy face and on the rear
. face of samnles cut from the rolled plate, as received; after
preliminary heat treatments and on a sample cut from the bdallistic
tost nlate after the final heat troatment., Vickers Brinell
- determinaticns were also made on & cross section cut from the
ballistic test nlate,

4, Zxperimental High Carbon, High Chromium Hard Yace Compositions

Studies were made on high carbon - high chromium alloys
in order to determine if they would retain a suitable face hardness
required for good quality face hardened plate when drawn %0 a temp-
erature necessary for the promer hardness of the steel bano. T

Two 60 1b, ingots Ux¥xlO" of the compositions shown below

were cast at Watsrtown Arsenal and homogenized at 1800°F for 5 hours \
followed by air cooling.

No. c Mn Cr Mo
1314 «80/ .90 .40/ .60 6/7 .15/.25
1315 .80/.90 40/.,60 10/11 .15/.25

Small sections of these ingoté were heated to 1700°F for 4 hours,
quenched in water and drawn 4 hours at 850°F, 950°F, and 1050°F.

RSSULTS AI'D DISCUSSIQN

l, Visuwal Examination

a. 1,4" Thick Cast Plate

A crack, about 53" in length and in the high alloy
face, was observed progressing normal to the left hand odge of the
vlate. This crack, which was located at a position about 24"

~5-
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above the bottom edge, extended into 'the cross scetion of the nlate
to a denth of about 7% of the thickness of the ~late. (See Fig. 1)

b, 1/4" Thick Rolled Plate

The »late as received was badly bowed, a deflection
of about 22" being nresent in a span of 18 inches. Tle high alloy
faco was on tic concave surface. After heat treatment, however,
the bow in the plate was ncarly eliminated.

2. Ballistic Tests

A sumnary of the ballistic tests made on the cast and
rolled nlates is given in Table 1. Photographs of the plates tested
arc shown in Figures 1-5 inclusive. Detailed firing :ecords are
contained in Inclosure A.

The relativoly soft high alloy face on the cast and rolled
plates was not effective in increasing the ballistic resistance of
the nlates. The ballistic limit of the face hardened cast plate was
only 13 f/s in excess of the specifications for liomogeneous cast armor
nlate of equivalent thiclkness. The ballistic limit of the rolled
1/4" thick wlate was 38 f/s below the requirements of rolled hard
homogeneous -late of equivalent thickness,

Under the immact of 37 mm. AP M74 »rojectiles; with & striking
velocity of 979-1606 f/s; tre high alloy surface of the 14" thick
cast plate flaked and cracked tadly in some areas, (See Fig, 2)
Comnlete nenetrations were obtained at velocities as low as 1027 f/e.

The 1/4" thick vlate showed evidence of some spalling under
te menetration test and when subjected to the PTP test using
Cal. .50 AP nrojectiles, with & striking velocity of 1430 f£/s, the
nlate browe into two pieces.

3. Metallurgical Exmmination

a. Chemical Aralyrsis

Cheialcal aralysis of the high alloy face and steel
base of the 1.4" thiclr cast plate and the W.A. experimental high
carbon, high chromium hard facing alloys are given in Table II,

~6-
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TAZLE II

Chemical Analysis of the High Alloy F¥ace and

Steel Base of the 1.4" Thick Cast Platc and

Emerimental W.A., Eigh Carbon, Zigh Chromium

Facing Alloys
1.4" Thick
Cast Plate
as received _C Mn__Si S P N Cr lo V Cu A
Tace 2.40 9.20 2,14 ,015 .04k 2,52 8,12 ,35 ,85 — —

Steel Baso 34 JT7T .25 .017 .031 3.33 .06 .45 .06 ,02 .015

Sxperimental

WA, Eigh €

High Cr EHard

Facing Alloys _C lin _Si S P M Or Ho V Cu Al
1311& .80 -61 051" 0019 .021 veen 6.82 020 -~ -t L auad
1315 76 L6l .53 021 018 — 9.06 ,18 — o= o

Note: The 1/4" thick rolled nlate had a similar high alloy austenitic
face and same type of steel base, therefore, a chemical analysis was
not mede on this nparticular vlate.

The high alloy face c ntains sufficient carbon and
manganese together with large amounts of nickel, chromium, molybdenum,
and vanadium to nroduce a stable austenitic alloy. Both the mangaaese
and chromium are anpreciably higher than ths values reported for these
elements in the cast plate which when spray quenched dr Pittsburgh
Rolls Divieion reportedly developed the desired hardress. JFrom a
theoretical standpoint, the solution appears to be a reduction in the
carbon content and elimination, if posaible, of all the elements
except chromium. It is understood from a practicel noint of view,
that a fairly high carbon content must be nresent in the facing
compounds to promote fusibility when cast under the recommended
procedure.

b. lacroscopic Examination

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

......

8-
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Five cracks were detected in tho high alloy layer of
the cast plate as received, These cracks were intensified bty heat )
treatment, On the surface of the heat treated sections of the cast

plate a continuous series of network cracks were detected ae shown
in Fig. 6.

A segregation of nonmetallic inclusions and some :
fine porosity was present in the center of the eross section of )
the cast nlate. Occasionally small areas of the high alloy facing
material were detected in the conter of the cross section of the
strel base,

Yo cracks werc detected in the high alloy face of the .
1/4" thick rolled plate, )

A considerable variation was dotected in the thickness
of the high alloy face on the cast and rolled nlates, (See Tig. 7

ce. Microscopiz Examination

The microstructures of the face hardened cast and rolled
vlates are shown in Figures & and 9.

. It was noted that the cracks observed in the high alloy
face of the 1.4" thicic plate, "as caet, progressed along segregates
of corplex carbides which were located in the dendritic fillings. !
In many cases these cracks proceeded into the steel base, (See Fig. 8) o
The matrix of the high alloy surface of the nlate, s cast, was T e
chiefly austenitic,

After heat treatment, which included high temperature LT
homogenization, serresations o1 cardidee still persisted together ?
with a fine mrecipitation of very fine carvide, which developed in N
the austenitic matrix, (See Fig. 9) Furthermore after “eat treet-
ment, the crack systems i1 the hig- a'loy face were intensified
end nrogressed tn a considerable denth into the steel Lese, (See Fig, 9)

In some cases cracks extended into the ateel base to a depth of 3",

Generally snealing there wes no wronounced diffusion zone
at the junction of thre hirsh alloy sur®:=ce layver and t e steel base of
the cast 1,L" thick vlate,

The nmicrostructu e of the steel base of the nlete, as
cast, wes definitelr a idnanstatten structure consisting of ferrite , t' i
and sorbite. ' '

PPV T oW S
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| In soume areas in the steel base, continuous films
- of oxide were detected around t.le grain bdcundaries, a condition
[‘ which is correlated with poor steel making oractice,

After heat treatuent, some ferritc associated with
" fine carbides was observed in the steel base of the caest plate.
- (dee Fig. 9) Due to the fact that it was necessary to draw this
plate to 1325°F, in order to arrive at a Brinell hardness of 270,
it is believed that the ferrite present in th: microstructure
resulted from reheating to,a temperaturc above the lower critical
point, In this connection™, the acy point of a similar steel,
namely Sao 2335, is 1275°F,

rarxed bands of complex carbides were detected in the
austenitic matrix of tae high alloy face of tlie 1/4" thick heat treated
rolled plate, (See Fig., 9) Tae microctructu.e of the steel base of
thic plate consisted of ferrite and fine carbide arranged in an
acicular pattern, ZFailure under shock may have been due to this type
of microctructure. Pronounced banding associated with segregations of
nonmetallic inclusions as revealed by the Overhoffer etch was evident in
the steel base. (See Fig. 9) A rather sharp demarcation was
observed between the high alloy face and the core of this plate,

Several tilickness measurements were made of the high
alloy face on the cast and rolled plates and are reported below:

Thicknpss of diga Alloy Face
1,47 thick cast plate L2210 Lok 30n oAt LM

1/4" thick rolled plate ,034" 058" ,032" ,012" 015"

As noted above there was a noticeable variation detected in the
thickness of the high alloy face on tne semples examined.

The average tnickness of the alloy face of the cast and
rolled plates was less tnan the requirements for good quality face
hardened plate. Goocd quality plate has a cage thickness, approximately
20-25% of the gauge of the plate,

d. Jominy -ardenability Test

Tue results of tiue end quench hardenability test which
are shown in Fig. 10 are sumiarized in Table III below!

4, Mipproximate Critical Temperatures of SAX Steels" by i. J. R. horris,
R. Sergeson and &. W, Gable, i.etal Progress, August 1935,

-10-
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Tas.3 111
End uench Hardengbility of Steel Base of

1,4" Thick Cast Plste

Jominy Hardenability Data Thickness of
Hardness Mo, of 1/16" for g drop Herdness at Plate Quench-
c 1/1F" from to  2-1/2" from =able in Yater
Cuntent Quenched end  of of 42 Re Quenched end to 4OO BHN
% Re 5 Re 10 Rg Lgo BUN Re in Centar
N 50 R.7 11 9 32 1,6"

The results of tre hardena“ility test indicete thet the steel base of
the 1,4" thick cast plate has sufficient “erdenability to water
guonch prqperly throughout its cross section,

8. Heat Trestment end Hardness Survevs

It was determined that the hizh temperature heating
cyveles end subsequent draving temperatures used in this investiecation
falled to transform the stable high alloy sustenitic face on the cast
and rolled -.lates into a hard martensitic surface lsyer,

The results of the hardness determinations mesde on the
hirh alloy fece and the steel base of cast =nd rolled sections efter
the preliminary heat treatments and also the results of the hardness
surveys mpde on the tallistic test vlates are glven in Teble I,
Inclosure 4.

The fact that the high alloy fece of the 1.L4" thick
cast plate remainse a stable austenitic alloy after t-e homogenizing
end subseguent heat tr:atments is verified br the fect thet the hurd-
ness of all these heat treated samnleg 1ls relativelr low, varying
from 293 to 352 3rinell, It should be noted that the alloy fece of
the nlate submitted as not mede martensit’c o heating the nlate to
1600°F end epray quenchins according to thre practice of the
Pittsburgh Rolls Division, The steel base of the cast plate had an
rdecuste hardensbility, resulting in an as quenched hardness of
UF1-514 Brinell, It should be noted, however, that a relatively high
drewing temperature was necessary to nroduce a 3rinell herdness of
avproxirately 270 in the core of this vlate, A series of network cracks
were detected in some sreas of the high alloy ~urface of t™-e heat
treated 1.4" thiek cast nlate. This condition was not observed on the
hirh alloy surface of the 1/4" thick rolled vlate, ]
The hardneses of the cese of the 1/4" thick rolled plate,
as received, varied from 4O1-UlK Brinell, After heat treatment, the
hardness of the cace was 388 Brinell, and 425-L455 Vickers Brinell,
Thie relled plate had a satisfactory as quenched hardness of U461-477

~1lm
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Brinell and was drawn to 388 Brinell after tempering at 750°F,

A summzry of the hardness deterninations made on the
1.4" thick cast snd 1/4" thick rolled plate is ziven in Tabdle IV,

TaBLE [V

Summary of Hardness Determinations
Brinell Hardness

Materinl _ Tece Back

1,4" Cast Plat
ar cans 02, 302, 293 277, 277, 285
1.4" Cost Plete :
ouenched snd 352, 381, 382 269, 255, 269
dravn 421, 429, 450, LLE *270, 274, 287, 290
1.4" Cast Plate
Spray cuenched 352, 352, 152 269, 2%9, 2€9
and drawn
1/4* Rolled Plate
as rolled 415, Lol, W15 293, 285, 293
MW RBovled Flate g8, 38, 38 388, 375, 388

o e en sus5, h2s, k29, Lo 383, 387, 394, kol

Drawn
*Vickers Brinell Herdness Yalues

f. Experimental ‘atertown Arsenal :iigh Cerbon,
High Chromium Hard Face Compositions

1t was determined that the alloys containing .76/80%
cerbon, 6,82/9.06% chiromium, and ,18/,20% molybdenum retained a
Brinell hardness of 477/495 at e tempering temverature of 950°F,
wvhile at a tempering temperature of 10509F, the hardness decreased to
341 Brinell,

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

~12-
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TLBILD V

“ Hardness Tests liade on eat Treated

Tatartown Arsenal Txperimental High Carbon

Hipgh Chromium Hard Face Compositions

P Brinell Hardness

WA+ FXperimental Qienched

High C, Hizh Cr, from 1700°F Drawn 4 hrs. at
Hard Face Compositions into Vater 850°F 950°F 1050°F
1314

C 480 Or 6.82 Mo <20 601 477 47 341
I 1515

C +76 Cr 9,06 o ,18 601 495 495 341
*. | 4, General d
o It is evident that the face layer on the plates submitted
1 contained a greater percentage of alloy than the face composition

- prepared by the Pittsburih Rolls Division of the Blaw-Knox Company.

The face layers on the cast and rolled plate tested at this arsenal

renained austenitic after various heat treatments including spray e
quenching and hence offered no resistance to the penetration test. >
Furthermore, due to poor diffusion between the case and core of the
cast plate, the high alloy face flaked and cracked badly under
ballistic impact., A face hardness of 600 Vickers was reportsd by the
Pittsburgh Rolls Division of the Blaw-Kncx Campany on a sample spray ] T
quenched by them, o

In selecting compositions for a good quality face hardened cast
plate, the fallowing factors should be considereds

ae The compositions of face and back should be so selected KRS
with respect to coefficients of erpansion and critical points that ‘ Y
upon final quenching, excess warping would be eliminated. ) )

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

ce The composition of face and core should be so selected ®
that after heat treatment, the case should have a uniform martensitic '
structure (500-600 Brinell hardness) with a sorbitic or tempered = = .-
martensitic core (about 270 Brinell hardness for cast armor, 13" in e
thickness). _ BRI

.
L R
# % 4 salastog b
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These combinations of factors are difficult to meet in the
nanufacture of the type of face hardened plate described ‘.erein
both from the practical and theoretical point of view.

For example, it is understood that at least 2% carbon is necessary
in the face hardening mixture of the alloy face to promote fluidity
during the melting procedure. Such a high carbon content in com-
bination with an element such as chromium forms considerable carbide,
which requires a high solution temperature, about 1800~1S00°F.
Although this alloy steel retains a hardness of about Rockwell C 62 at
a draving temperature of 1000°F, the high solution temperature recome
mended will cause objectionable grain growth in the steel base, It
is believed that hard alloy facing compositions containing such 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 shovwed evidence of brittleness vhen subjected to a
ballistic test.

An attempt was made at this arsensal to prepare a hard face compo—-
sition containing a lower carbon content, high chromium, and low
molybdenum which would retain the proper face hardness at a drawing
temperature of about’ 1050-1150°F or better (a temperature range necessary
for a core hardness of about 27C Brinell hardness required for cast armor
13" in thickness).

It was determined that these quenched alloys containing 0.76/0.80%
carbon, 6.82/9,06¢ chromium, and 0,18/0.20% molybdenum retained a
Brinell hardness of 495 at a maxinum drawing temperature of 950°F &and at
a drew of 1050°F, a Brinell hardness of 341 Brinell was obtained.

It is evident that this type of an alloy fails to fulfill the above
requirements. No ballistic tests were made in this composition,

The face hardened 1/4" thick plate which was rolled from a heavy
face hardened cast plate, cast in the same me .1er as the 1l.4" thick
plate sutmitted had poor metallurgical and ba.listic properties as
described herein,

It has been detoermined thet a too high chromium content cannot b2
used in the alloy surface of rolled duplex plate, since difficulties
arise in flame cutting the material, Furthermore, face spalls were
prevalent under ballistic impact due to carbide segreyations in the
case of the various types of this rolled light duplex plate tested and
examined.

The .most promising duplex plate produced is made up of a low carbon,
nickel molybdenum base with u medium hiegh carbon, nickel molybdenum face.

The results of this preliminary investigation indicate that this
process of casting face hardened armor plate is not practical,

~14~
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Preliminary and Final Heat Treatments of

Pace Hardened 1l,4" Thick Cast and

1/4" Thick Rolled Plate

1. Series of Samples for Preliminary Heat Treatments

Small sections approximately 3"x3/4'x1, 4" were cut from
the central portions of the cast plate and heat treated in an attempt
to produce’ & 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"x1!xl/UM were cut from
the edge of the 1/4" thick rolled plate for the purpose of determining
its proper quencaing and drawing temperaturc. ‘

The series of preliminary ineat treatments are listed below:

&

1o

1.4

Thick Cast Plate

(1)
(2)
(3)

()
(5)

1/un

One sample heated to 1700°F for 6§ hrs., air cooled.
One sample of a.(l) heatod to 1500°F, water quenched,
Five semples of a.(l) heated to 1500°F, water
quenched end drawn 4 hrs., at 2000°F, 1100°F,

1200°F, 1275°F, and 1325°F until a core hardness

of approximately 270 Brinell was obtained.

One sample heated to 1900°F for 6 hre., air cooled.

One sample heated to 1900°F for 6 hrs., quenched
in water.

Thick Rolled Plate

(1)
(2)

(3)

Cne sample heated to 1650°F for 2 hrs., air cooled.

One sample of b.(1) heated to 1500°F for 1 hr,,
quencned in water,

.

Two samples of b.(1) heated to 1500°F for 1 hr.,
quenched in watcr drawn 2 hrs., at 900°F and 750°F
until a core hardness of approximately 380 Brinell
wag ooteined.
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2., ¥inal Heat Treatments

8. 1,1" Thick Cast Plate

One sectien of the cast nlate 18"x24" was heated to
1700°F for F hre., air cooled, rehested to 1500°F for 2 hrs., vater

quenched and dravn at 1325°F for 4 hre., followed by alr co-ling.

One section of the cest plate 18"x2L" was heated to
1600°F for & hrs., snray cuenched, end drawn to 1325°F for U hrs.,
folloved by air cocling.

b. 1/4" Thick Rolled Flate

The plate vas heated ty 1650°F for 2 hrs., air gooled,
rehcated to 1500°F for 1 hp., water quenched rnd drawn at 750°F for
2 hre., follcwed by air cooling.

Inclesure A - rage 2




TABLE 1

Hordnegs Determinations iipde on The High
Alloy Face and on The Steel Brse of

;. Cast and Rolled Secctions after Preliminary

3 and Fingl Heat Treatments

(Vickers Brinell )
Brinell Hardness (Nos. are given in )
(Sanples Hos, 11 & 17)

High Alloy Foce - Cross section of
Sample Surface Steel Bpse
Sections 3"x3/L"x1 U" Cast Plote
Preliminary Heat Trestments
1. As cast . %02 302 293 277 277 285
2. Heated to 1 60°F. £ hre., air
cogled. 9 ' 2f2* 262 293 293 321 302
H OF 4 H .« eV, d
3¢ ngzzge;? 1900°F, & mre., vater 405 31 302 514 477 461
Heate °F, .
Y, C:z;:g.to 1700 6 hre., air 21 31 311 121 302 311

5. Heated to 1700°F, € hrs., air
cooled. Reheated to 1500°F, 2 321* 31 341 574 495 514
hrs., water quenched.

6. Sample heat treated as of 5 and
tempered at 1000°F, L hrs., air 277* 352 341 341 363 363
cooled, _

7. oample heat treated as of 5§ and
tempered at 1100°F, L hrs., air 311*
cooledc

W1 o3 352 363 352

8, vample heat treated as of 5 end
tempered at 1200°F, 4 hrs., air 341 311* 341 311 341 3y
cooled,

9. Samnle heat treated as of 5 and j.lf,fj~f:
tempered st 1275°F, L hrs., air 311 352 311 285 293 311 | e |
cooled . -;.'1

10, Sample heat treated as of 5 snd L;Qﬂ?;}ifr
tempered at 1325°F, L hre., air 341 331 311 277 277 285 RS
ccoled, - =

,-
Ce )

* Oracks develaped during Brinell Hardness Test.

Inclosure A - Page 3 ST
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; TABLE 1 (CONT'D)

) (Vickers Brinell®™

7 )
' Brinell Hardness (os, are given in )
(Samples Yog, 11 & 17)
High Alloy Face Cress Section of
Sﬂ%ple N Surface Steel Bese
Scctions 18"x2L"x1 4" Cast Plate '

Fingl Heat Treatment

11, Heated to 1700°F, € hrs., air
caoled, Reheated to 1500°F, 352 341 352 259 255 269

2 hrs., water guenched. Drawn 421 L429 Lko hup* 270 274 287 290*
4 hrs., at 1325°F, air cooled.

12, Hested to 1600°F, 8 hre., spray

gquenched, 352 352 352 401 401 41s
13, § i 12, draw t 1325°F, :
P W henns ot sooted w2 3@ e 269 269 269
Samrle

Sections 2"x1"x1/4" Rolled Plate
Preliminary Heat Treatments

14, As rolled, b1 Lel W1s 293 285 293

15. 2Z$§:g.to 1450°F, 2-hrs.. alr 514 Slu. 495 477 461 hT?

t6s Same os 2, drawnm ot TS0, 2 Bre. sep 35 38 388 368 388
Jamnle

Sectinng 18"x18"x1/4" Rolled Plate
: Final Heat Treatment

17. Heated tec 1A50°F, 2 hrs., air

r-—
! s ’

PSP S T )

cooled, Reheated to 1500°F, 1 hr. 388 388 388 388 375 388

water cucnched, drawn 750°F, 455 425 429 UYhpe 383 337 394 4OL*

2 hrs., air cooled, ]
) o .
) ‘.‘
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TABLE I1

Ballistic Tests on Cast Plate - 18"x2L"x1 L"

[] - Hardness
X Cast Plate 1.4" Thick Face - 341-352 Brinell
Back - 255-269 Brinell
;f Round  Striking Velocity f/s
'. Number 27 mm, M7U AP Result
1 16¢6 PTP . Exit 2-1/W"x2.7/16",
{ 2 1438 PTP - Exit 2-1/W"x2-1/4",
3 1345 PTP - Exit 2-7/8x2".
L 1142 CP - Back opening 1-1/2"x1-1/u",
5 1028 CP - Back opening partially backed
by support,
6 200C App. PTP ~ Exit 2-5/8"x2-3/u",
7 1134 CP - BS 1,4"x1.6",
8 10272 CP - Punching started 2"xl,uL"
: crack to edge of plate 2.9"
long.,
9 936 PP . Edge of plate.
10 930 App. FP . SB,cracks on back 1l.1"x,7"
lang.
11 979% PP .~ SB

& ballistic limit, 1003 /s,

High alley face flaked and cracked under ballistic test, sce Fig. 2,

. DR
.......
.....

............
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TABLE III

Bmllistic Tests on Rolled Plate -~ 18"x18"x1/L"

Hardness
- Face - 429-U455 Vickers Brinell
Rolled Plote 1/W" Thick Back - 383-401 Vickers Brinell

Round Striking Velocity f/s
Number Cal, ,30 APM2 Result

1 Velocity Lost CP - Pinhole 1/16"x1/16",

2 1060 PP - No bulge.

12108 PP -~ No bulge.

3
4 1190 CP - Pinhole,backed by support

12528 PTP ~ 7/16"x3/8" BS,
Cal, ,HC APM2
1480 PTP -~ 13/16"x5/8", 12"crack.

1480 PTP - 9/16"x5/8",plate broke into
2 pleces,

& ballistic limit 1231 f/s,

Inclosure A - Page 6
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YAR DEZPART.ENT
PITTS3JRGF CRDI'ANCZ DISTRICT
1202 CUAB™R 7F CCii.mRCE BUILDING

PITT3BURGH, PA.

PIT. 2u8.8/592
Attn: of 16 July 1943 Knode/vlm
Industriel Division
Engineering

Wtn 470.5/7267

Subject: Experiments on Face-Hardened Armor at Pitusburgh Rells
Division, Blaw=Knox Company.

Tos Office Chief of Ordnance
Pentagon Building
Vashington, D, C,

iR~ i

Attnt S2O0TR

1. For many years, the steel casting manufacturere in thie
district have been face hardening castings, particularly for rclls and
surfsces which are subject to wear, Thie office has worked with the
Pitteburgh Rolls Division of the Blaw-Knex Company to determine if
this same orinciple could be applied to armor castings and thus improve
the ballistic properties,

2, In order to determine the depth of penetration of the face-
hardened surfsce, a standard ballistic test plate 36 x 36 x 14" in
thickness was cast as follows!

4

a. The mould was prepared in the usual manner except
that the surface of that part of the mould corresmonding to the face
of the test nlate which was to be hardened, wae covered with a £V
coating of a nastey mixture consisting of ecual varts by volume of
20-mesh Forro chrome, Ferro manganese and lamp black and a small amount
of Terro silicon to orevent blowing, These ingredients were mixed
with linaeed oill to a consistency of outty, and anplied to tre mould
by the use of a trowel, The mould was then dried very slowly in an
oven,

b. The casting was bottom poured in order that the
metal would not wash the applied mixture from the sides of the mould,
The metal was poured ot 2875°F at which temverature it absorbed the
metal in the apnlied coating. The casting vas allowed to cool slowly
in the sand, '

€. This cesting was made from a heat of metal which they
used in the menufacture »f their rolls, the chemical compesition of
which follows:®

Analysis
St 3 P dn Tc Ni Cr 10 v
.22 026 043 .72 .54 - ,32 48 05




CoPY

Subject: ZExperiments on Fece Hardened Armor,
Tot 0CO - SPOTR 16 July 1943 Enode/vlm

o

{i ! d. After cooling in sand, the casting was "eat treated
" in the followine manner: -«
o Heat to 1A25°F - Hold 3 hours
" Oeol slowly to 1Q00°F
v ' Heat to 1625°F - Hold 2 hours
F Spray the alloyed face vith water
Heat to 1050°F -~ Hold 2 hours
Furnacoe Cool

3. (a) It 18 to be emphasiged that the casting of this test
plate was done only to demonstrate the possidbilitr of ootaining an
alloyed surface in the initial casting which differs from the composi-
tion of the rnarent metal., No attempt has been made to deter~ine the
most sultable alloy for either the surface or the parent metal, nor
vhat depth of penetration is most desirable, This casting was made
from a heat of steel from the reguler foundry practice =nd does not
represent sny steel which they would nropose to use as a parent metal
but was merely cast to determine the depth of the penetration that
could te expected,

(b) It will be noted on Figure No, 1, that a hardness of
over 600 Vickers, was obtained on the surface and extends to a depth
of 3", and then the hardness arparently graduates back to that of
the parent structure. In this first trial, the thickness of the
coating of 1" gave a penetration of a-proximately %". This office
believes that the same denth of penetration may be obtained if the
thickness of the coating were reduced to anmproximately 1/8", Photo-
micrograph #1, ¥2, and #3 verify the results of the hardness values .
and show that a very hard surface is obtained, Chemical analyveais of
the hardened surface showed the following percentaces of alloving
elements! -~ ancaneccge 7.75%, Chromium 5.28%. Carbon 2.19%,

4, As a result of this mreliminerv inveastigation, it would
annear to this office thet castings can be made with a hardened
surface. However, coansiderable more exmerimental work would have
to be done in order to determine the prover esnalysis for the parent
netal, the composition of the mixture to be anplied to the mould, the
thickness of coating and row it should be applied, and also the proper
heat treatment that should be used for such casting.

1t is suegested that his office give this suggestion serious consider- :
ation and advise this office of his recommendations concerning the ] ®
ccmposition of steel and heat treatment that should be used to RO
obtain the most effective ballistic nroperties. RO

5. It is recuested that his office arrange for a research RN
and developmerit contract to the Pitisbursgh Rolls Division of Blaw- RO )
Knox Company to furnish castings as required in the development of
e satisfactory armor plate by this method in accordance with a RIRNIRNICRR
vrogram to be outlined by his cffice.

,-
e

Enclt 1 graph F, B. BALL
3 FPhotomicrographs o District Chief
N ) ® ° ° ® o o ° ° © o o
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: Wtn 470.5/726 ;
h . 0,0, u7o.é]1ugs6 . ,
' PIT 248,8/592 .
SPOTB lst Ind, .
}] Bpllistic Steel and Yelding Section, Special Service, Technical S
h Division, 24 July 1943 N
To: Commanding Officer, Vatertown Arsenal, “atertown, wass., ’
Attention: Labcratory.
1, It is requested that an opinion be rendered ag to vhether
or not there is encugh merit in the basic subject to make arrangements
as reauested in paragranh five. )
2, Te in the analysis means total carbon content, It 18 noted
that t e metal is drawn at nearly high enough temperature for armor
and that casing is about the right nercentage depth for cese-hardened
armor of about 13" in thickness,
)
3. Purthermore, it has been reported that a Bend test on the
casing indicates toughness, e
By order of the Chief of Ordnance! o
\ i :
(5/7)6. Flkine Xnable '
Colcnel, Ord, Dept,
Assistant,
Encl: 1 greph ' S
3 Fhotonicrngravhs, i'
)
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: Wtn, L70,5/7267
: 0.0, 470.5/14686
PIT 248,8/592 2nd Ind, Matthews/amv

- C.C., “atertown Argenal, Vatertown 72, Meesachusetts, 30 July 1943,

Tot Chief of Ordnance, U.S.A,, Fentagon Building, Yashin ton, D, C,
Attn: SFOTB

1, Reference process described in basic correspondence, and
the request for an opinion as to the merit of the prccess &8 stated
in paragraph 1 of the lst Indorsement, the following comnents are »
offered: »

a. The process has interesting vossibilities because it is
apparently possible to treat the vase metal to the optimum strength-
ductility characteristics +hiile at the sene time retaining an extremely i
hard face, »

b, It is ccnsidered thet the case would be brittle under
nrojectile immect and mrobably considerable fece spalling and crack-
ing in the face layer would cccur, These tendencies could probably
be minimized br adjusting the carbon content of the hardened layer .
to a velue of amvroximately 1,00%. »

c. Obviously, a cesti-g nroduced dr this nrocess could
not be welded from the face-hardened side.

d. BSuch castings could not be machined after final heat -
treatment; end if machining were verformed before final heat treat- !

ment, subsecuent distertion in the aquenching and drawing orerations e
wonld preduce diffioculties, : SRR

8. It is felt that such a vrocess could undoudbtedly in-
crease the ballistic efficiency of cest ermcr but only at a sacrifice -
with respect to back spalling and cracking tendencies., It is further ’
believed, however, that with the control of bsse metal vroperties that
should be possible; it would be expected that improved ballistic limit
characteristics could be obtained without Jeopardizing shock and
projectile-~through-plate nroperties to a damaring e-tent.

2, It is supgsstod that two (2) sections of the cest 1i" plate 4
12" x12" in size be furnished this Arsenal for heat treatirg and
metallurgical studies before additional exneriments by the facility
gre conducted, '

For the Commanding Officert

H, #d. ZoRNIG , Sl
Colonel, Ord. Dert., 'j”iT;?;f1¥
¥ Incls, Agsistant. RO

3 Pnotomicerogranhs e e
4 Inecls, w/d S
Dup, Copy of Graph ST
Dup. Copiles of 3 Photomicrographs BRI,
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' 0.0. 470.5/1468E
“tn. 470,5/7267
%_ PIT, 2Lg,8/592 . -
{ SPOTB 3rd Ind. » o

———

Ballistic Steel and Welding Sectinn, Srecial Service, Technicel
Divisinn, 3 August 1943

i. To: Pittsburgh Ordnence District 1202 Chamber of Commerce -“uilding, e
Pittsburgh, FPennsylvania ] ]

1. It is requested that complience with paragraph two of
second indorsement be masde by direct transmittal to ~etertown Arsenal,

By order of the Chief of Crdnance!

(s/1)G. Elkins Knable
Colonel, Ord, Dept.

Agsistant.
4 Inecls, - : _
1 Gr aph ’ ®
3 Photomicreographs
1 Inel, w/d
Dup. Copy of Graph
Dup, Conies of 3 Photomicrosravhs, . )
. ) °
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PIT No, 2L8,8/592
) Industrial Div.
| Engineerin
[i 0,0, h70.571h686
Wt. 470,5/7267
SPCT3 Lth Ind, Knode/VRJ /ma

Pittsburech Ordnance District, 1202 Cramber of Commerce 3uilding, Fittsbdurgh,
(19) Pennsylvania. To: The Commanding Officer, atertown Arsenal, ‘iatertovn,
(72) Mass, 17 August 1943, Attn: OCol, H, H, Zornig.

1. In resnonae to action reauested by his Arsenal in 2nd Indorse-
ment to basic latter, and as directed to this office through 3rd Indorse-
ment, a samnle of east armor face-hardened by subject nrocess is being
shiovned, marked for sttention of Colenel H, H, Zornig,

2. The section is 1" thick, 3" x 18" in eize, in the as-cest
¢ondition and of the following ladle enalysis:?

¢. 8 B In. 8. M. d. T,
.36 021 ,033 21 3.9 LWy .06

The alloy ccncentratinn in the surface layer vas obteined by coating the
mold according to» the method Zlven in the basic letter from this office
date 16 July,

3. 8ince no appropriation has beon made available for this pro-
ject, the submitted samnle was cast from steel which hapmened to be avall-
able at the foundry. It serves only to i!lustrate the metaliurgical possi-
bilities of the methnd, but ie not necessarily possessed of potential ballls-
tic quelities. Obviously, these can cnly be obtained by selection of the
parent metal and by development of the process to wroduce a ballistically
satisfactory surface,

4. The objecticns raised in comments (c), (d) and (e) of 2nd Ind.
are not necessarily applicable to subject process, It should be understosd
that, b its verry nature, the trematment ma) be selectively aprplied, TR
omitting it from areas reaquiring machining or welding, It is also not S e
cbvioug why the addition of the hardened surface shculd increase the tendency T T
of the base metal to back-snall or crack beyond any tendency ncw existing,
since ne alteraticn of this underlying metal is ccntemplated.

ree
®

5. 4+t is suegestad that the experiernce of his Arsenal be mede
available ir. stating specificaticns for f*rther develcpment of the »rocess, CoT
The denth, hardness, and analysis of the "case" and the physical preverties i °
and ccmpesition of the varent metal, as might appear desirable upon the basis
of previous experierce, will aid in dirncting the continuing study of this
office.

Fer the District Chief:
G .CRGE H. LVCDE

‘ . ;'~’Ia,Jor. Ord. Depto
Incle,-Y4 ‘ Asgisgtant
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“All DEPARTLET ‘
PITT3SBURGH CRDNANICE JISTRICT 2

r 1202 C-AMBZR COF Cuwu.ACE BUILDI.G ’ ".fn
PITTS3URGH, Fa. Ll
Knode/WRJ /ma TN
7 September 1943 NERTEI
PIT 2Ug,8/718 » o
‘ . Attnt of
s Industrial Div,
| Engineering
0,0, 470.5/14686 .
F Wtn, 470.5/7267 b o
SPUTB

Subject: Experiments on Face Hardened Armcr at ‘ )
Pittsburgh Rolls division of Blaw-Knox Company » [

To: The Cemnanding Cfficer
Vatertown Arsenal
Watertown (72) Massachusette

ATTN: Colonel H, ¥, Zornig

oy T
o

1, Reference is mede to Parasgraph 1 of LUth Indorsement dated .;';“?}f:
17 August 1943, SRR

2, Semple of cast face-hardened ~rmor is heing shipped today
as descrided therein,

R o
[
L

For the District Chicf:

,‘l

(S/T)GECRGE H. KHODZT ) °
Major, Ord., Dept. ‘ c ‘,Aa,1
Agsgistant USRS
T
k
) o
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VAR DEPARTMELT
Pitteburgh Ordnance District
1202 Chamber of Commerce Building

Pittsburgh 19, Pa,

Enode/YRJ /ma
20 October 1943

Ytn 470,5/7371
PIT 248,8/801
Attn: Ind, Div, - Eng,

Subjectt ZExperiments on Face Hardened Armor at
Pitteburgh Rolls Division of Jlaw Knox Company

Tos The Commanding Officer
Watertewn Arsenal
Yatertown (72) Massachusetts

Attns Col, H H, Zornig

1., Reference PIT 248,8/592 dated 7 Sevtember 1943 upon
subject, This office desires information obtained from examina-
tion end test of cast armor eample submitted at that time,

2, Rolling experiments conducted by the facility have
produced a vlate 1/lU-inch in thickness, A samnle about 18 inches
squere is being shinped today, marked for his attention, This
rolled specimen “as prepared from a cast, face hardened plate
produced at the same time snd in the same manner as the previously
rubmitted casting. Mo preperation preceded rolling other than
heating to rolline temperature and no affort was msde to
stralghten the rolled piece,

3, This office vill ve interested to learn the results of
further tests as may be sugzgested by the potential abilityv of this
product to be reduced in thickness by rolling without destroying
the identity or adherence of the hardcned surface,

For the District Chief:

(S/T) GECORGE H. ¥NODE
dajor, Ord, Dept,
Asslstant

..........
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Yen 470.5/7371
PIT 248,8/801
ﬁ Attn: Ind, Div., Zng. lst Ind, Reed /A /amv

C,0., Army Service Forces, Ordnance Department, /atertown Arsensl,
atertown 72, Messachusetts, 19 November 19L3,

- To: District Chief, Pittsburgh Ordrance District, 1202 Chamber of
' Co ‘merce Building, Pittsburegh, Pa., A4ttn! Industrial Div., - Engineering,

1, The face hardened cast plate which wes submitted with letter
file No, PIT 2Lg.8/718, dated 7 September 1943, “as been examinei and
the following preliminary repcrt submitted:

t; 8. The material is ballistica’ly unsatisfactory es
, ' ccmpared with homogeneous cast armor,

b. The carbon and alloy content of the face layer
nof the sample submitted 1s sufficient to produc-
a felrly stable austenitic alloy which cannnt b
transformed to martensite by variocus heat treat: ats,

c. Because of the .etention of large amounts of aus-
tenite upon cocling from above the critical range,
1t was { possible to develcp the desired high
hardness in the face layer.

2, Considerable thcught is belng given to the idea of arriving
at a sultable composition of the face and ccre which when heat treated
will result in a martensitic case having a Brinell hardness of about
600 end a tempered martensitic core having a Brinell hardness of about

270, In this connection, tests are being made on scveral promising
herd face compositions,

3. A report covering the tests of the cast nlate and the %"
rolled vlete submitted with letter file No, PIT 2L8,8/801 is being
prepared and will be forwarded to his office when completed,

For t-e Commanding Officer: ! *
G. L. CoX
Lt, Col,, Crd., Dept, : °
Asgistant, P Ce e
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