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N ABSTRACT

N

_ Sections from two "lates, cast from the sane heat and heat
treated identically behaved altogether differently under ballistic
test, one “late falling badly whereas the second was satisfactory.
Failure of the noor plate was attributed to poor shock “roperties
as indicated by erystalline fracture and poor imnact values.
Surface network cracx system on both plates, but more pronounced
on vlate which falled, was severely oxidized indicrting that
dafect formed uvon solidification because of a noor mold condition,
The poor shock proverties of the falling rlate are attributed to
tempar embrittlement, < —

1. At the request of the Ordnance Research Center, Aberdeen
(reference Memorandum Revort dated 28 April 194k covering the acceptance
test of two 4 inch plates under Specification AXS-1013), samples from
two Plates submitted by Continental Foundry and Machine Comrauy were
forwarded to the laboratory for metallurgical examination, The two plates
were cast from the same heat of steel (Number 2123) at the Wheeling,

West Virginia Dlant and were "resumably heat treated simultaneocusly and
nominally identically, However, under ballistic test one nlate (2123.L)
vas comvletely satisfactory whereas the second vlate (2123.1) falled badly
both on the shock test because of a comnlete penetration with a large

back svall and excessive crackings and also on resistrnce to penetration.
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2, Metallurgical examination consisted of the following testsi
2. TYibre fracture tests.
b. Macroetch tests,
8. 3Brinell hardnass ncross sactions,
d. Venotch Charpy imrect tests.
8. Microscooic examination,
3, The detailed results o-f the examinations appear below:

a. Yibre fregture test. The samples as-received were notched
deeply and broken by the imnact dlow of a forze hammer. Plate 2123-1
showed a mottled, commletely cryetalline fracture, A surface network
effect visible on the unmachined nlate surface was cauneed by oxidized
cracks extending in nerrendicular to the surface to a distance of from
1/8 to 3/16 inches, Plate 2123l (which passed the ballistic test
satisfactortly) develovad an essentially fibrous fracture contalning not
over 5% of socattered crrystallinity in the central third of the section
which i3 2robably attributable to segregation effects. No continuous
surface network was visible on the face of the plate, but the fracture
showed evidence that the same defect was DPresent to a smaller degree,
The extreme difference in shock nroperties of the two plates, as
exemplified by the greatly differsnt fracture avrearances, is directly
agspociated with the obsarved wariability in ballistic shock test behavior,

b. Macroetch tasts, Macroetch tests were made of the full
section of each "late. The vhotogravhie results amrear zs Figure 1. It
will be observed that the two nlates are very similar in maecro arpearance
and both are extremely sound, The surface defect 1s plainly vigidble on
one f2ce of each plate. The eotched original nlate face of these sections
showed a continuous network of the cracks illustrated, Such eracks would
form stress concentrations if on the back face of the nlate during testing,
Pbut 1t is not considered that this condition was the primary cauee of the
observed differences in ballistic behavior,

€. Brinell herdness tests. Brinell hardness snurveys vere made
a0ross the thickness of ecach late, Twelve imouressions were made at
equally spaced intervals on a carefully ground surface, -The results
sbtained are as followss

Plate Number Ranze BHN Averase BEN
21231 229-241 235
21234 229-2l41 234

Hardnesses ‘rere sufficlently uniform across the sections to indicate
comvlete quench hardening., The vlates are very comnarable with respect
to hardness,
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4. Y-notch Charcvy imnact tests. Four V-notch Charpy impact
test svecimens were cut from each Plats section in such a manner that
the axls of the snacimens corrasvonded to the location midway between
the surface and center of the scections, Two specimens each from each
olate section were tested at (8% (20°C) and -L4OOP (=4O9C)., The results

are shown below:

V-noteh Charvy Impact Results

Plate Roon Temmergture Tests Tests at —LOOF
Number Py, Lba, Fracture® Ft, Lbs, <fracture*
bA, 5 Fe 16.5 Cv
2123-1 45, 8 Fo 14.9 Ob
83,0 b 54,2 Te
21234 .
> 77.5 F 51,3 Fe
*F - fibrous Fc - fibrous with scattered crvstallinity

Cb - bright erystealline

The rreat di“farenteq In choe “parartian of tha tys nlates, confirming
i ‘racture test results, are indicated by the relative i1 'sct values

at the =LO°F testin~ tem-rrature. The imimct values of the satisfactory
vlate material (2123.L) are Derfectly satisfactory for tnis hardness
rancse, althoush the Aecrense in imnct energy with the lowering of the
test tem erature 1ls somevhnt ~reater than would be exrected from tempered
martensite devoid of temnmer embrittlement.

8. Microsennic examinatinon, A detailsd metallogravhic study
~as made of the cherscteriatire nf the gurface erack aystem vhich was
gommon to both "lates but which was nore extensive in the case of
olate 212%1, In »dditisn, trhe mierstructures »f the twc vlates were
comvarad, Fisure CA shovs - “hstomiernerah at lo- manificstion of the
nature of the surfrce crnciza or checzs which vere ¢:mm n o both plates,
It will be observed that tre crncts are filled with ircn cride and that
the metal around tiie crack systems is severely decrrburized, Figure 2
aleo ghows the microstructures of thie two pPlates at thie center of the
sections, Both structureas an ear satisfactory and very similar,
Examination of the microstructure alone would lead to the ex-ectancy
that the shock »ronerties of the two Plates would be satisf-ctory and
comparable,

Figure 3 shows a ranorama of a typical erack system at the
surface of nlate 21231, I4 will bBa observed that the crack is filled
with iron oxide, and that, surroundine the crack, there is a considerable
gone wrich contains iron oxide vnarticles randomly distributed, Figure LC
shows a detall of the ¢lobular ir.n oxides surroundings the cracks, and
Figire UD ghows the com lete decerturization to ferrite of the metal
adjacent to the cracks,



4, The analysis of the heat of steel from which these plates were
poured is as follows!

Hept o, _C _Man_ _S3 _8 P Cr. Ny Mo _V

2123 .29 1,29 ,3% ,023 ,033 1,21 1,48 .50 ,09

Such an analysis has adequate hardenability to quench harden in a 4 inch
section, and the microstructure indicates that complete quench hardening
was obtained. The ballistic results on the satiesfactory -late (2123-4)
have nroven that this steel, if properly heat treated’, will —roduce
satisfactory shock "romerties. The failure of the second plate (2123-1)
could possidly be attrib:ted to one of two causes: (1) stopping the
quench before transformation had been completed and immedlately tempering
or (2) temmer embrittlement caused by ton slow a cool from the tempering
temperature. The equivalence in hardness and the similarity in
microstructure of the two >lates lent greater credence to the latter
factor as being responsible for the voor behavior, In order to
demonstrate that temper embrittlement was involved, a small section from
samdle 2123-1 was retempered Tor one hour at 1200°F and water quenched.
The fracture after this treatment was comvletely fidbrous, Temper embrittle-
ment 1s highly probable in a steel of this type (hish in manranese and
chromium and containing vanadium) when air cooled from the temper in a

4 inch section, It is probable that the fracture and imiact DProperties
of the satisfadtory -lote (ci23L4) were partially imuamlred by the alr
cooling treatment from the tem .ering tem»erature.

The surface network effect of oxidized cracs found on both
plates undoubtedly regulted from some unsatisfactory mold condition, It
18 cortaln that the cracks vere resent prior to homogseniszation of the
casting, since such oxidation adjacent to crack systems can occur only
at hich tem-eratures (in tils case 2000°F), The regularity of the network
condition is pugsling and sug~ests that the oracks follow the original
as~cast grain dboundaries, This would suggest that the effeoct was caused
by a poor mold condition,

5¢ The extreme diff rences in shock Proverties of these two Plates
(poured from the same heat of steel and heat treated nominally identically)
indicate the fallacy of hasing the ballistic accevtance of shield castings
on the ballistic nerforaance of test Dlates, The comolete validity of
the fibre fracture test 1s again confirmed, It is necessary that heavy
armor castings be essentially flbrous to yleld satisfectory ballistic
proverties and the only raocticable way of suaranteeins satisfactory shock
properties on such castin~s 1g by a strict applicatisn of the fibre

fracture test,
N. A, MrA'l’TIT;Ta‘.'S
Major, Ordnence Dept,
Chief, Armor Section
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