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Metallurgical Rxamination of 2" Oast Armor 

Shock Tested with 105am. Proof Projectile» 

in. 

ABSTRACT 

In general, correlations were established between M±. iatlo 
shock properties and metallurgical properties, namely, '/-notch 
Charpy impact values, fibre fracture teat, and hardness. As a 
result of this investigation, it is indicated that 2* thick cast 
armer, heat treated to a fibrous condition at about 245-2^0 
Brinell hardness may be subjected to a striking velocity of about 
1200 feet per second, with a 105mm. proof projectile without 
causing undue cracking. ,,... 

1*  At the request of the Ordnance Research Center, Aberdeen , metal- 
lurgical examination was made on a series of eight 2" thick oast 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 shook resistance 
against this proof projectile. In addition, one 2-1/4" thick rolled homo- 
geneous plate which was subjected to the impact of the 105mm. proof projectile 
was examined. The samples submitted for this investigation 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. Metallurgical examination included the following tests; 

a. Chemical analyses. 

b. fibre fracture tests. 

£. Brinell hardness tests. 

d. Y-notch Charpy impact tests. 

e. Tensile tests. 

*— » !RI. 
\ 

f.    Microscopic examination. 

1.    «to 470.fi/t537Hr) - m 47Q.i>/Wrh 9 August 1944. 
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3.      The results of the metallurgical examination are given in detail 
as follow«: 

a. Chemical analyses.    Chemical analyses of the series of samples 
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 produced by General Steel 
Castings and the American Steel foundries. 

b. fibre fraoturo Tests.    As noted in Table II,  the fracture of 
the cast plates which were unsatisfactory under the ballistic 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 cryatallinity.    The fracture of the 2-1/4" thick rolled 
homogeneous plate consisted of cryatallinity in the central section with a 
zone of fibre near both surfaces.    It was determined chat 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.    Oross-seotional Brinell 
hardness tests which were made on properly surface ground cross sections are 
tabulated in Table II.    With the exception of sample Hos. 1714 and 4-46509,. 
the Brinall hardness values were fairly uniform across the section.    A notice- 
able decrease in the Brinell hardness was evident in the center of the oroee 
section of the above mentioned plates.    This may have been due to improper 
quench hardening of the plates. 

d. Y-Notch Charpy Impact tests. 

(l)    Tests made on samples "as-received*.    The results of the 
V-notch Charpy impact tests are given in Table II.    Of the series of samples 
taken from areas near or including the edge of the plate,  It is shown that 
sample Uos.  4608-1,   1*620-1, and 1917-1 which satisfactorily resisted the bal- 
listic sr.ock test had,  in general,   somewhat higher Y-notch Impact values at 
room temperature than sample Jlos.  4643-1 and 4608-1 whioh failed the shock test. 
This relationship was not  definitely established in the case of sample Ho. 
4693-1.    This discrepancy may be due to  the improper sampling of this parti- 
cular  series of plates,    furthermore, a good correlation was made between Charpy 
impact values of sections removed from areas near ballistic impacts on the  test 
plates which had satisfactory and poor  shock resistance under the  impacts of the 
proof projectile,    for example, plate No.  IJlk which resisted the  shock test 
satisfactorily had a fibrous fracture at a Brinell hardness of 25$ end good 
V-notch Charpy Impact values at +10*1.  and -4o°f,    This plate, undoubtedly, 
would have good shook resistance at subzero temperatures.    On the other hand, 
the poor  quality plate üo. 172D which showed 20Jfc crystallinity distributed 
throughout  the fracture,  had relatively low Y-notch impact values at +70°f. 
and -40°7.    The combination of high carbon,  high hardness and crystallinity 
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in this plate resulted in poor ballistic shock properties.    The rolled 
plate So. 4-46509 had poor metallurgical properties, namely, crystallinity 
in the center of the section and pronounced directional properties as indi- 
cated by the Y-notch Charpy impact values.    The Y-notch Charpy impact values 
ad determined by the transverse bar are very low at +70*3". and -40«]?.   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 believed that the crystal- 
linity is masked by the  "woody" condition. 

(2)    Teats made on small samples retempered at 1175°?»  for 
temper brittleness susceptibility.    Small samples were removed from the center 
section of the series of plates tested and retempered at 1175°*.  for 3 hours 
and subsequently quenched in water (the tempering temperature, 1175°*» }/&a 

used ky the manufacturers in the tempering of these plates).    Of the series of 
cast plates,  the satisfactory plate No«.  7574-C214 and the cracked plate No.  1720 
were embrittled by temper brittleness.    In this connection, it was noted that 
there was a noticeable increase in the impact value of these retempered samples, 
especially at -40o]T.    The fact that the impact values of the remaining six cast 
plates were not greatly improved after retempering indicates that the crystal- 
Unity noted in the fractures of these plates was doe to improper quench 
hardening.    The decrease in  the impact value of retempered sample Nos.  4b20-l 
and 1917-1 at -40°J1. after retempering may be due to the presence of discon- 
tinuities in the samples.    Crystallinity in the rolled plate Ho,   4-46509 was 
due chiefly to temper brittleness resulting from a slow rate of cooling from 
the tempering temperature and in some degree to improper quench hardening. 

e. Tensile Tests.    In most cases, no correlation was evident be- 
tween tensile tests and ballistic impact properties.    It was noted,  however, 
that  the  satisfactory plate Hos.  4620-1 and 1714 had a relatively high per- 
centage of reduction of area.    The rolled plate No.  4-46509 had pronounced 
directional properties as noted by the difference between the ductility of 
the longitudinal and transverse samples. 

f. Microscopic ttTnjrination.    Photomicrographs illustrating the 
micro structure of the plates examined are shown in ligures 1,  2,  3» and 4. 
Some ferrite segregation and a fairly uniform distribution of carbides were 
present near the surface of plate No.  464>-l while intermediate temperature 
transformation products were evident in   the central area of the  section.    In- 
termediate temperature transformation products ware evident throughout  the 
cross section of plate No„  4693-1«    Patches of ferrite with soae grain boundary 
carbides were present in  the cross section of sample No.   46o8-.lt   see .Figure 1. 
Intermediate  temperature transformation products associated with small areas 
of ferrite were   -ounu   throughout the cross section of sample NOB.  4620-1 and 
I917-I.    Sample No.  7974-C214 was definitely improperly quench hardened since 
a large amount of ferrite was detected from areas near the  surface and extending 
across the section of the plate,  see Jigure 2. 
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A tampered martensitic structure was evident in sample Nos. 171^ and 1720° 
It vas noted that sample Ho. 171^ bad a pronounced acicular structure.    The 
presence of ferrlte and intermediate temperature transformation products in 
th« center of the 2-1/4" thick rolled homogeneous plate So. U-U6509 indicated 
that this plate was improperly quench hardened*    This correlated with the 
crystallinity found in the center of the fracture and also to the decrease in 
hardness in this area.    A small amount of ferrite and tempered martensite wag 
evident near the surface of this plate,  see figure 3. 

hc      The results of this investigation indicated that a 2" thick cast 
plate, if heat treated to a fibrous condition at about 2*45-260 Brinell hardness, 
may be subjected to a striking velocity of about 1200 feet per second with a 
lO^mm« proof projectile without causing undue cracking.    In general, corre- 
lations were established between ballistic shook properties and metallurgical 
properties, namely, V-notch Charpy impact values determined at room temperature, 
fibre fracture test and hardness.    Fine crystallinity distributed throughout 
the fibroi.fl matrix of some of the fractures of the unsatisfactory plates wa» 
due to improper ouench 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 
removed from near and including the cast edge of the plates ore incorporated 
in this investigation, although in several cases,  definite conclusions could 
not be drawn in regard to correlation between ballistic and metallurgical 
properties due to the improper sampling of the plates.    These particular series 
of test platen were returned to  the manufacturer and,   therefore,  no additional 
samples could be procured for further investigation. 

M. Toffa 
Phys.  Scl. Aide 

&. L. Seed 
.Research Metallurgist 
Acting Chief, Anwar Section 
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¥erritd .\nd -^aroldet. 

American Steel foundries 797^-021^ 
Hear Conter 

/»rrite and carbides. 

Kacniflcation 11000 - Ätched in Picral" 

riOUJU 2. 
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Miorostructure of 2" Qaat Araor «ad 2-1/4" Boiled Araor 

Goaer^l Steol Casting 17l4 
i'eiDpörijii aarte:iäitt; tl»T3.igIioU.t  sec- 
lien,  c^'^rse  aclcvdüT atruoU^-er 

General Steel Cast lags 1720 
Tempered marteasite throughout section, 
fine aciculax atructvxe. 

Öoiw jferrlte uiia tüaptirod aaxtaaelte. /write bad intermediate teaper&ture 
iriux»A(jTsi^*.ioL ^redacts. 

JUgaifioation 11000 - Itched in Pioral 

naou }. 
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