. + 1 -
AL i ae
s T T o |

A T e
- 0 .

| ‘-!;;mmmnmmzéﬁé, ,

UNCLASSIFIED . @
N - o -h:‘-';'v'. .
N
(o))
»
%  WATERTOWN ARSENAL
a LABORATORY
<
MEMORANDUM REPORT
| NO. WAL 710/705

Metallurgical Examination of 2% Cast Armor

Shock Tested witk 105mm, Proof Projectiles

>

(o

8 This document has been approved ‘
for public release and sale; ‘ts

! distribution is unlimited. o

— N. Yoffa ia

g Physical Science aide d

=

..............

.
......................
. A = Dg ) D W W Tt .



"

THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE  LEGIBLY.




i o s S Sl et
1 . 4
SRR

F
4
t
b
-
3

Mg ah am an s i e Ran ]
- )

2 e e I T W 0 e il B R e e e Bl iy e i i i i e e i i e

RESTRICTRD .

WATKRTOWN ARSENAL LABORATORY
KEMORANIUN REPGRT.NO, WAL 710/705
Final Beport on Problem B-4.50

22 December 19kk

Metallurzical Lxamination of 2¥ Cast Armoxr
Shock Tested with 105mm. Proof-Projectiles

ABSTRACT

In general, correlations were established betweer wull.istic
shock properties and metallurgical properties, namely, i-notch
Charpy impact values, fibre fracture test, and hardness. As a -
result of this investigation, it is indicated that 2% thick cast
armcr, heat treated to a fibrous condition at about 245260
Brinell hardness may Le subjected to a striking velocity of about
1200 feet per second, with a 10Smm. proof projectile withoui
cansing undue cracking. -

l. At the request of the Ordnance Research Center, Aberdnnl. me tal-
lurgioal examination was made on a series of eight 2" thick cast armor plates
which have been tested with 105mm. proof projectiles in order to determine a
correlation between ballistic shock properties and metallurgical properties.
Four of these samples represented plates which showed good shock resistance
and three of the samples represented plates which had poor shock resistance
against this proof projectile. In addition, one 2-1/4* thick rolled homo-
geneous plate which was subjected to the impact of the 105aw. proof projectile
was examined. The samples submitted for this investigati-n included those re-
moved from areas near and including the edge of the plate and also from areas
near the impacts on the test plate.

2. Metaliurgiocal examination included the following tests:

a. Chemical analyses.

b. Fibre fracture tests. s
€. Brinell hardness tests. ’/.g E

d. V-notch Charpy impact tests. e PIRRAT

6. Tensile tests, -

I

. Migcroscopic examination.
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3. The results of the metallurgical examination are given in detail
as follows:

&. Chemical analyses. Chemical analyses of the series of sagplea
tested are given in Table I. Generally speaking, the acid open hearth steels
made by Continental Foundry and Machine Company contain a higher sulphur and
phosphorus content than the basic open hearth steels proiuced by General Jteel
Castings and the american Steel Foundries.

b. JFibre Fracture Tests. 4s noted in Table II, the fracture of
the cast plates which were unsatisfactory under the bailistic shock tests con-
sisted of a fibrous matrix with scattered fine crystallinity distributed over
the section. The satisfactory cast plates had a fracture consisting of a
fibrous zone near each face of the plate although the center of the section
exhibited shrinkage or crystallinity. The fracture of the 2-1/4" thick rolled
homogeneous plate consisted of crystallinity in the central section with a
zons of fibre near both surfaces. It was determined that crystallinity in the
series of plates was due to improper quench hardening and also to temper
brittleness resulting from slow rates of cooling from the tempering temperature.
These results will be discussed under the discussion of the V-notch impact tests.

C. Cross—Sectional Brinell hardness tests. Cross-sectional Brinell
hardness tests which were mads on rroperly surface ground crooss sections are
tabulated in Table II. With the exception of sample Nos. 1714 and 4-46509,.
the Brinall hardness values were fairly uniform across the section. 4 notice-
able decrease in the Brinell hardness was evident in the ocenter of the crows
section of the above mentioned plates. This may have been dus to improper
quench hardening of the plates.

d. V-Notch Charpy Impact tests.

(1) Tests made on samples “as-received”. The results of the
V-notch Charpy impact tests are givan in Table I1. Of the series of samples
taken Irom areas near or including the edge of the plate, it is shown that
sample Nos. 4008-1, 4620-1, and 1917-1 wvhich satisfactorily resisted the bal-
listic srock test bad, in general, somewhat higher V-notch impact values at
room temperaturs than sample Nos. 40o43-1 and 4b0Z-1 which failed the shock test.
Thls relationship was not definitely established 1a the case of sample Ko,
493-1. This discrepancy may be due to the improper sampling of this parti-
cular series of plates. Jurthermore, a good correlation was made between Charpy
impact values of sections removed Irom areas near ballistic impacts on the test
plates which had satisfactory and poor shoak resistance undsr the impacts of the
proof projectile. Fer example, plate No. 1714 which resisted the shock test
satisfactorily had a fibrous fracture at a Brinell hardness of 258 and good
V-notch Charpy impact values at +70°F. and -40°F. This plate, undoudtedly,
would have good shook resistance at subzero temperatures. On the other hand,
the poor quality plate Mo. 1720 which showed 20% crystallinity distriduted
throughout the fracture, had relatively low V-notch impact values at +70°7%.
and -40°F. The oombination of high carbon, high hsrdness and crystallinity
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in this plate resulted in poor ballistic shock properties. The rolled
plate No. 446509 had poor matallurgical properties, namsly, orystallinity
in the center of the section and pronounced directional properties as indi-
cated by the V-notoh Charpy impact values. The Y-notch Charpy impact values
a3 determined by the transverse bar are very low at +70°F. and -40°F. A
*"woody" condition was observed in the longitudinal fracture of this plate.
Crystallinity, which is evident in the central area of the fracture, is not
always revealed in the fracture of the longitudinal impact bar (notch per-
pendicular to final direction of rolling). It is belleved that the crystal-
linity ie magked by the "woody" condition.

(2) Tests made on swall samples retewperesd at 1175°F, for
temper brittleness susceptibility. Small samples were raemcved from thes center
section of the series of plates tested and retempered at 1175°F, for 3 hours .
and subsequently quenched in water (the tempering temperature, 1175°F, was
used by the manufacturers in the tempering of these plates)., Of the series of
cast plates, the satisfactory plate No. 7574-Cl1l4 and the cracked plats No. 1720
woere embrittled by temper brittlensss, In this conuecticn, it was noted that
there was a noticeable increase in the lmpact value of these retempered samples,
especially at -4O°F. The fact that the impact values of the remaining six cast
plates were not greatly lmproved after retempering indicates that the crystal-
linity noted in the fracturas of these plates was dus to improper quench
hardening. The decrease in the impact valus of retempered sample Nos. 4020-1
and 1917-1 at -LO°F. after retempering may be dus to the presence of discon-
tinuities in the samples. Crystallinity in the rolled plate No. U4~L0509 was
due chiefly to teupsr brittleness resulting from a slow rate of cooling from
the tempering temperature and in some degree to lmpropsr quench hardening.

e. Tensile Tests. In most cases, no corrslation was evident be-
tween tensile tests and ballisti. impact properties. It was noted, however,
that the satisfactory plate Nos. 4620-1 and 1714 had a relatively high per-
centage of reduction of area. The rolled plate No. 446509 had pronounced
directional properties as noted by the difference bestween the ductility of
the longitudinal and transverse samples.

1. Microscoplc Xxamination. FPhotomicrographs illuvstrating tae
microstructure of the plates exaczined are shown in Figures 1, 2, 3, and k.
Some ferrite ssgregation and a fairly uniform distridbution of carbides were
present near the surface of plate No. 4643-1 while intermediate temperature
transforation products were evident in the central area of the section. In-
ternediate temperature transformation products were evident throughout the
cross section of plate No, 4693-1. Patches of ferrite with some grain boundary
carbides were present in the cross section of sample No. 46081, see Figure 1.
intermediate temperature transformation products associated with small areas
of ferrite were --i. throughout the cross section of sample Nos. 4620-1 and
1917-1. saaple No. 7J37TH-C2lY4 was definitely impreperly quanch hardened since
a large amount of ferrite was detected fron areas near the surface and extending
across tnhe section of the plate, see Figure 2.
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A tempered martensitic structure was evident in sample Nos. 1714 and 1720.

It was noted that sample No. 1714 had & pronounced acicular structure. The
presence cf ferrite and intermediate temperature transformation products in
the center of the 2-1/4¥ thick rolled homogeneous plate No. 4-46509 indicated
that this plate was improperly quench hardened. This correlated with the
crystallinity found in the center of the fractwe and also to the decrease in
bardness in this area. A small amowmt of ferrite and tempered martensite was
evident near the surfaceaf this plate, see Figure 3.

4. The results of this investigation indicated that a 2% thick cast
plate, if heat treated to a fibrous condition at about 2U5-260 Brinell hardness,
may be subjected to a striking velocity of about 1200 feet per second with a
105mm. proof projectile withoui causing undue cracking. In general, corre-
lations were established betiwssen ballistic shoak properties and metallurgical
properties, namely, V-notoh Charpy impact valuss determined at room temperature,
fibre fraoture test and hardness. Fine crystallinity distridbuted throughout
the fibrous matrix of some of the fractures of the unsatisfactory plates wa:
dus to improper quench hardening. This was confirmed by the presence of inter-
mediate temperature transformation products and ferrite segregations. In several
cases, the samples containing ferrite segregations were also susceptible to
temper embrittlement. The results of the tests made on the series of samples
removod from near and including the cast edge of the plates are incorporated
in this investigation, although in several cases, definite conclusions could
not be drawn in regard to correlation between balligtic and metallurgical
properties dus to the improper sampling of the plates. These particular series
of test plates were returned to the mamufacturer and, therefore, no additional
saamples could be procured for further investigation.

- K. Yoffa
| Phya. Sci, Alde
ii

65;7;247132%2€/¢#f
K. L, Reed
Research Metallurgist

Acting Chief, Armur Ssction
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