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4, The results of the above tests in detall are presented below,

a. Fidbre fracture tests. Samples spproximately 8" x 3¥
in size were notohed transversely to the long dimension to a
depth of approximately 3/4" on both sides end broken rapidly
by the impact of & forge hammer. All plates were completely
fibrous with small amounts of lustrous porosity visible in
the fractures.

. b. Macrostoh tests. Results of thess teste are shown as
Figure 1. The plates are considered to be satiefactory with
respect to soundnees and segregation for material of this thick-
ness. Considerable variation in solidification pattern is

ir_ noticeable among the sevsaral plates, The dendritic pattern

of

i seems to be well diffused in the majority of the plates, parti-~
- cularly 119, Q122 and QL23.

6. Brinell hardnesses. Brinell hardness determinationes

L were made across the section on samples from emch plate. The
- values reported are the average of three readings equidistantly
[ ] spaced. The readings reported by the manufacturer are also

recorded for purposes of comparison,

Brinell Eardnesses

Reported by Cross Sectional Values
Plate Yo, Manufacturer Range Avernge

@13 255-262 248255 253

Qb 255262 21248 246

W15 269271 262262 262 R

Q@16 269~277 262-269 67 IS

W17 293 285293 291

W 293 277-285 282

o Y3 sa-32 3 e ton Tor

a2 321-332 321321 30 "%’Zﬁxéﬁmai

wa2 ja-332 3a-32 321| pric TAB 5

o B amel o gmvmenn L

2k 340 331-341 338 SRRR—
BY e e e L
pisvribution/ 4107

RESTRICTED Avallability Coiod

Mﬁw}au amd;/OT SRS

- Dist Special ‘ )

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



AR T

AR A S R ot B G ol Sa i e i M e it A Lir i i

RESTRICTRD

Hardnessss across the section were uniform in all casees. The
values obtalned at this arsenal using the tungsten carbide
Brinell ball are, in general, somevwhat lower than those re-
ported by the manufacturer.

4. Chemistry and Jominy hardenability. Chemical analyses
were obtained on plates Q113 end QLl7. These resmilts, together
with the heat ladle analysis reported by the menufacturer, are
Ziven below,

Semple C Mn S1 S P L C Mo V
Q113 .32 .82 W5 ,029 .029 .52 .70 .31 .0l
Q17 .33 .78 .45 035 .029 .51 L7k .32 .015
ladde .29 .76 .M .029 .02 .53 .68 .33 -

The results obtained at this arsenal check the ladle annlysis
reported by the manufacturer as closely as would be expected.
This is the typical low alloy nickel-chromium-molybdenum
analyeis which has been successfully used by Lebanon Steel
Foundry during the past year.

Jominy hardenability results wers obtained on a
stendard end-gquenched bar from plate Qll3. The results are
shown in PMgure 2, The analysis retains a hardness of Rc U3
at a distance of approximately 12/16 inches from the quenched
end. This is equivalent to a plate thickness of 2 inches which
will quench out to YOO Brinell hardness at the center in a
still water quench. Hardenebility, therefore, is adequate for
the plate thicknesses involved in this series.

8. Microscopic examination. A specimen from each plate
was examined for grain sigze, extent of decarburization, non-
metallic inclusion distridution and mierostructure. 4ll plates
excopt Q15, Q121 and Ql23 were of clean steel with small
globular nonmetallic inclusions randomly distridbuted throughout
the outer portions of the plate and at the center concentrations
of nonmetallic material with a tendency to form a network. (See
Pigure 3.) These effeots are not considered to be serious, however,
and apparently resulted from a mold condition rather than a
characteristic of the heat of steel.

Decarburization of the plates was not serious, averag-
ing .0l" on each face. The grain size of all plates was a
mi!om A.SOT.M‘ 5‘6-

The miorostructures of all plates except Q18 and
Q124 were a uniformed tempered martensite with slight traces of
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formation of small amounts of bainite on quenehing. Plate
Ql24 shows cocasional patches of ferrite and carbide. The
microstructures of all plates are considered sstisfactory.
The small amounts of high temperature transformation products
in two of the plates did not either influence tha fracture NUCEIE
characteristics even &t rather high hardnesses or impalr the >
impact properties at low temperatures. :

high temperature transformation product. (3ee Figure 3.) .
\ Aclcularity increased with hardnese as expected. Plate Ql1E, .
! also essentially tempered martensite, showed evidence of the N
[
]
:
:

f. Impact tests. Charpy V-notch impact testa wers con-
ducted on ezch plate at four temperatures: +20°C. (+689F.),
-10°C. (+28°F,), -W0°C. (~W°R.) and -70°C. (~94°F.). The
impact ters were cut from the plate midway between surface »
and ocenter to avoid unsoundness as much as possible. The )
results in detall are tabulated ms Table I. Plets of impact
properties versus hardness and as influenced by temperature
are shown as Figure 4. Similarly curves are shown for the
individual plates as a function of temperature in Figure 5. .
The superior performance of this material in the impact test »
is indiceted by the small drop in absorbed energy with tempera~
ture down to -U40°C, (~HO®F.), Such performance is not only
a funotion of bhsat treated condition but is alse affected by
steel making practice. It will be observed that at hardnesses
above 320 Brinell the impact emergy falls off more repidly with _
a lovering of temperature. This effect correlatec with the p
inferior shock resistance of this material at higher hardnesses. ;
It has previously been shown in data obtained at this arsenal
that steels which retein 25 ft.lbe. impact at <40°F, have satis-
factory low temperature ballistic shock properties. This
statement hus bean applied,generally, to the heavier thickneases R
of armor at hardnesses up $o 260 Brinell, However, it will be »
seen that this steel retains 25 ft.lvs. impact at =LO°F, at g
hardnesses up to and including 290 Brinel]. It will further
be observed that all plates above 255 Brinell lose considerably
more impact reeistance as the temperature is further lowered
to -70°0, (~-94°F.)., This means that no cast armor can be
expected to consistently absord the specified shock test at >
temperatures in the range -50 to ~80°F. This is important ;
to be considered in future cold test programe; low temperature
ballistic tests must bas conducted at reasonadbly low temperatures
such "gs nay be encounteresd in combat, within the range =-20°
to =4H0°F,

1. W.A, Report [10/53%, WCorrelation of Netallurgieal Propsrties with the »
Low Temperature Ballistic Shock Characteristies of 1" to 2" Low Alloy
Cast Armor Tested at Camp Shilo" P, V. Riffia.
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TABLE I
Lebanon Stesl Foundry 1 Inch Cast Platen _
“ V-Noteh Charpy Impact Results l - '.
f?; Brinell Iupact Values and Type Fracture »
. Plate No. Hardness A° ¢ -10° ¢ -40° 0 -70° C R
Q13 %3 45.8 ¥ 39.9 F 32,9 F¢ 2.9 Of S
. 37.1 F 4o.5 ¥c R
n Ave. 38.5  Ave. 36.7 e
: QL1 26 4.0 F 38.9 F 40.9 Fe 25.2 cf
37.3 % 44,1 F
Ave. 38.1  Ave. 42.9
W15 262 9.4 7 1.5 F 30.9 Fe 15.7 Cf
32,5 T 32.9 Te °
Ave. 32,0  Ave, 34.9
QL16 267 3.2 F Rg.h ¥ 27.6 Ic 15.2 Cf
A F 32.5 Fe
Ave. 38.9 Ave. 0.0
W17 291 30,6 ¥ 29.8 ¥ 23,4 ¥C 14,2 Cfe °
28.2 T 28.2 Fe :
Ave. 29,0 Ave. 25.8 R
Q18 282 %.3F 314.2 F 29.7 Te 15.5 Cfe
35,6 ¥ 314 Fe o
Ave. 35.0 Ave, 30.5 '
Q19 31h 20,7 ¥ 29.5 F 18,7 cf 14.5 Cfe
Ave. 26,2  Avs. 19.1 R
QL0 321 271.9 ¥ 23.2 ¥e 15.5 Cfe  13.0 Cfe L
24,7 Fe 15.6 Ofe e
Ave. 23.9 dve. 15.5 e s
) 321 28,2 ¥ 24,9 Fe 19.6 6f  11.7 Cfe DI
25.2 ¥o 18.7 ¢f S
Ave. 25,0  Ave. 19.2
QL22 32 25.8 ¥ 2.5 Fo 16,1 Cfe 11,8 Cfe e
23.4 Pe 18,1 Cfe R
Ave. 22,0 Ave. 17.1 S
Qz3 334 22.0 F 18.3 Yo 12,9 Cfe 7.1 Cfe SN
19.4 Fo 15.0 Cfe RS
Ave. 18.8 Ave, 14.0 ° 1
QLak 338 0.8 F 17.0 F¢ 15.% Cfe 7.3 Cfe - ]
17.4 ¥¢ 9.8Cfe - L
Ave. 17,2  Ave. 12.6 S
SPorosity P
¥ o ¥ ; o
~ Gyetalitne f5 - atxed: §§:38:1§:2%%’ avitehine . e
¥C - Mixed - fibrous and crystalline 0fe - orystalline with fibrous edge. ;
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NO. NO. | C [MNISI| S |P |NI |CRIMO| V TEMR TIME! 6. S. o
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