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Metallugéicul Examination of 2" Cast and 25' Rolled

Homogenercus armor Shock Tested witk 105mm T8 Proof Projectiles

ABSTRACT ,
———— e
\A be /

4 netallurgicel] examinaticn hge bdeen couwpleted on two 234 track
rolled homogenecus and four 2% thick cast armor plates which had
been tested with 1C5mm T8 groof preectilss, In gaheral, good corre-
lations were ectablished betwean ballistic shock propertiec and
metellurgical prepertioes, namely, the fracture test and V-notch Charpy
impact energy valuos.y Temper brittlencuss was detected Ir three of the
castinge, two of whickh wad falled the sbock test.

1. At the rejuest of tke Ordnonce Recearch (enter, Aberdoen.l petallur-~
gical examirution has beer completed on twe 23" thick rolled homogeneous and
four 2% thick cat® armor plates which hac heen tegted with 105mm T8 proecf pro-

Jectiles in orcder to compare ballistic shcck properties with metallurgical
properties. :

2 Metallurgz!lcaul examipatinn included *he following testsi

a. Chemicul analyeses.

b. Fracture test ior steel oscuncness and iidbre chuaraecteristics,.
¢e Brinell hardregs Yosts.

4s  V-notch Coarpy !mpact tests.

Tennile tests.

[ L]

i. Microsccplc examination.

1. wtn U70.5/117 - AfG H70.5/983, dated 9 Decombe
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2. The results of the metallurgical examination are giver in detal)
as follows$

a. Chemlcal anslyses.

Chemical anzlyses of the series of plates testad are given in
Table I.

E. Frecture test for steel soundness and fibre characteristics.

Fracture tests were made on notched sections and the gteels
were ratec with respect to eieel scundness and fibrs for revealing response to
heat treatmezt. The steel soundcess of sample No. 3532070-1M1 was satlefactory.
A pronounced laminatior of "D" steecl soundzess rating was present in the transe-
verse section of sample No. 3582C82-1T1. A elight degree of "wooliness” was
noted in both of the rollsé plates. These plates also fractured in a fibrous
manner. As noted in Table 111 the frecture of the cast plates which were unsat-
isfactory under the ballistic shock tests diesplayed a fidbrous matrix with
scatterec crystalllnity distributed throughout the sextlon. The satisfactery
cast plates had a fibrous fracture although the center of the sections exhidited
shrinkage. Tanseeddashadabegemessnsletesnideniedtastisessntomasssttonsusfubhe
dthnsmessanttuintns.

c. Brinell lerdresc tosts,

Gross-gectional Brinell hardnens tests, which were made on gur-
tface ground specimen: are tabulatei in Table II. Tho Brinell hardiness readings
acroee the section ware relatively uniforam. EHowever, readings made at Watertown
sreenal were scmewvhe! higher than thcea reported by the manufacturers, especially
in tre cese of semple Ko. 351750, where the manufacturer reported a hardness
34 points lower then that attained at Watertown Arseszal.

4. V-notch Charpy impact tests.

Teots were made on standard V-notch Charpy bare in the "ag-received”
condition. ané after retempering. The "ag-received" Charpy bars were cut from
positicne neur the jurface and at the center of the asections, the retempered
izguct bare from heifway botween ¢ke surface and the center, Specimens from
both sets were broken at *70°F ond &t ~LO®F. A sutiefactory ccrrelation was
obtained batween the V-notch Charpy impact tests and the bellimtic shock tests.
Samplo No. 55S7082-171 wrich setigfactor!ly resisted the balliatic shock teet
tad consideradbly higlier V-notch {mpact eneryy values than sample No. 3532070-1M1
wbich feiled the stock test. The rclatively luw V~notch Charpy velues of plate
¥o. §352070-1M1 obtained at the surface indicated that the material was improp-
erly heat troatei. Thia was nct resniily revealed dy the impact tests rade on
the center sectione of the plates because of the presence of segregated nom=
metallic loclusfons which influence the type of fracture. It {s believed that
the presence of the neametallic incluzicns in the midsection of this plate
increased the V-not:h Chargy value, It was also n“-arved that there were no
merked directional properties in the two rolledpiates Nos. S55207C-1Ml and
S$352082-1T1. Cest plates Nos. GS17HO and SGL26 which Lad poer shock resistance



under the impacts of the provf projectiles had low impact energy valuas at -LO°F.
Jpon rete4p~‘1ng thaga sections at 1175°F for 1 hour and water guenching the
valled at -40%i incroased considerably indicating that the matorial was temper
trittle. However, siuple No. 081753 which passed the shock test was aleo temper
brittle, 1The regults glao indicate that when the metal at the surface of armor
has geod resistance tu !apact as measured by V-notch impact tests, the ballistic
shoex propertios ars satisfacoory, even though the center sections of the same
platsa have relatively poor shock properties. 3Since hallistic fallure is almeat
always initiated &t the plats surfaces, it is reasonable to expect that the sur~
fuce properties may, to a great extent, detarmias the bullietic characteristics
of the arwir. Datu on impact enarsy values ohtained from these tosts are tubulated
1a Table 111.

a, Tenglle tests,

Tensile burs were machined from sections located balfwuy betwsen
the surlace and the center of the castings. Longitudinal and transverse tensile
test burs in thoe rolled plates were machined from a similar locatlon to those
otta‘nad from the cast plates. The yresulta of the tests are given 1a Table 1V.
No currelation waz apparent between the tensile tests and ballletic imppet
sropertics, Morcover, these teasts Iindicated that the rolled plates wore uniform-
ly crosgs rolled as thereé was no pronounced difference noted between the ductil-
ity o2 the longltudinal and transvarse samples. .

f. Microscopic examination,

Fhotcmisrographs illustrating the typlcal microstructures of the
samples are shown in Flgure 1. No marked segregation of nonmetallie inclusions
was detectad in the sectiuns of the cas! plates investiguted. The center of
the gections of rolled plates Nos, SS52070-1M1 and §S32082-1T1 contained more
fins silicats inclusions, (frequently found in steels exhibiting "woody" frac-
tures) than near the surface. The miorostructure of rolled plates, Nos.
553207C~1M1 and 53520232-1T1 consistad of a coarse acicular structure which was
charactaristic of both surface and center. The microstrusture of cast plates,
Nos. GG1750 and GS1753 cousisted of a uniform distridution of fine cardides.
Fine =lodbular carbldes worse-pressnt in the mizrostructuare of sample No.
3G L.U3 while a fairly uniform distribution of fine carbides was present in
sanple No. Si L26.

4. In general, correlations were estahlished batween ballistic shock
properties and melallurgical properties, namely, the fracture test and V-notch
Chaurpy 3impact value:. It was further determined that satisfactory shock
oroperties can be obtained on plates having a fairly hizh V-notch Charpy impact
energy value at the surface although the center section of the same plates
may have a relatively low impact value. NoO correlation was evident betwsen
the tensile tests and shocx properties. The cast samples were heat treated to
an average Brinsll hardness range of 243-293. The rolled plates had an average




Brinell hardnees of 272-27%. The microstructures of the cast plates consisted

of a fairly unifsrm distributlon of carbides whils the rolled plates had &
coarse acioular structure.
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¥. Yoffa
Phy. Sci. Alde
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Fine globuilar cartides.
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A1l microstructures X1000, etchsd in Picral.
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