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0,60% chromium, and no vanadium, Approximately ona week later,

the industrial members of the subcommittee held a meeting and b
decided upon the compouitions to be investigated. The composi- '
tions chosen were based upon the alloy restrictionsand the esmall

amount of data on low alloy compositions which had been vbtained Q o
at Watertown Arsenal and by the armor producers. .

DEVELOPMENT PROCEDURE

Ag a result of the meeting of the industrial subcommittee
members, five type compssitions were chosen for investigation.
The burden of preparing the test plates wae distributed among
the several companies then making cast armor, and each company
in the initial steges concentrated on two or three compositions
vhich were most adaptable to their processing conditions with
speclial attention devoted to the conservation of alloys recharged
into the furnaces as scrap for remelting.

The following type analysaes were chosen for complete
investigation:

Maximum Chemistry
Type L Mn Si Ni _Cr Mo Cu

wm—e nt—

AC-la 30 1,00 .60 SO0 50 50 e r
AO-1b .25 1,00 .60 50 .50 .50 1,00
Ac"aa 030 1'65 .60 - .60 060 Lasad

»
AC=-2 30 1,60 .60 - - +50 =
Ac'.Ba .25 1.00 1.00 - - .50 1.75
AC~-Tb 25 1,10 .90 - - - 1.75
AC-L 25 50 .50 - B N
AC=5 .30 1,00 .50 - 60 50 .75
_ During the months Mareh and April approximately two hundred
and forty (240) cast armor test plates of the type compositions
ligted above as well as certain other compositions were cast,
prepared, and heat treated for ballistic tests at the Aberdeen -
Proving Ground., Several test plates of Grade "B¥ cast steel
were 8lso prepared for ballistic tests as a base Joint on the
effect of an absolute minimum of alloys,
The low alloy development plates were tested immediately ‘
upon receipt at the Aberdeen Proving Ground and reports forwarded 'L
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_Lype
4C-la

AC-2a

AC-2b

40-3a
AC-5

*Range of Mean Compositions

C Mn Si Ni Cr Mo Cu Manufecturer
.28/ .70/ .25/ .50 .50 .40/ ~~ Continental Roll & Steel
.30 1.00 .6 .50 Foundry Company
Lebanon Steel Foundry
Sivyer Steel Castings Co.
Union Steel Castinge Co.
Pittsburgh Steel TFoundry Corp.
Wehr Steel Company
.28/ 1,50/ W0 =~ .ij‘g/ .10/ ~~ American Steel Foundries
.30 1.55 . Ho American Mangsnese Steel -
Div. of Amerioan Brake
Shoe and Foundry 0o.
General Steel Castings Corp.
.28/ 1.4o/ .gg/ « = ,3%/ == Symington-Gould Corp,
.30 1,50 . 50 Soullin Steel Company
Texas Flectric Steel Co,
+2 1,00 .85 =~ « ,50 1,40 Pacific Car & Toundry Co.
27 .80 .5 =~ 60 ,50 .75 Ford Motor Company

*The mean compositions selected by the several companies appear as
a range,

restrictions on this element,.

Three companies are now in total production on the new, low
alloy analyses, and the majority of the baslance of the producers
will get into complete production during the month of May, 19u2.

Bach of the compositions originally proposed for investiga-
tion has proven successful in meeting the Specificatjion AXS-U92,
Composition AO=-4, although eatisfactory, has been discontinued
because later advice from the War Production Board indicated

that the molybdenum content was excessive in light of the recent
Composition AC~-3b 18 not to de

used becemse of its extremely low hardenability, It is not
believed adequate for the thicknesses of castings which may be
sncountered,

Compositions AC~la, 40-28, and AC-5 have adequate harden-
ability in a water quench for casting thicknesses up to a-1/un,

In Oomposition AC-2b the mangenese content must be at least

1,506 to provide adequate hardenability in this thickness, Compo-

sition AC-3a, although having low hardenability, is nevertheless

successful in 2" plate t.uiclmesses. The advantage of this steel

lies in its low carbon content and superior weldadility,
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In general, the new compositions will withstand the slug
shock test, Examination of the attached three charts, which
contain the complete information on the tests of two hundred
and thirteen (213) plates, will indicate the results obtained.
Satisfactory ballistic results can be achieved with the new
compositions with a considerably lesser degree of homogenigzation
of the as-cast material, This is very important from the pro-
duction standpoint especially in the case of new producers who
by using a shorter and lower-temperature homogenizing cycle
could get into greater production with existing facilities,

The ballistic results obtained on the Grade "B" steel plates
were not eatisfactory, Tempering to a sufficlently high tempera-
ture to provide adequate shock resistance produces a material
too soft to meet the penetration requirements., In general, the
ballistic limit rune approximately 100 f/s below the specification
velue,

In the use of the low alloy steels, the decreased harden-
ability is countered by a drastic quenching operation. In some
cases caustic quenching 1e to be used to obtain the maximum effect
from the contained alloys.

The low temperature ballistic properties of the low alloy
compositions have not been explored. This is to be done at the
earliest date possible.

CONCLUSIONS

4
1, Results on the experimental plates indicate that the
shock resisting properties of the new low alloy compositions
will be reasonably comparable to those of the o0ld, higher alloy
nickel-chrome-molybdenum and chrome-molybdenum steels, -

' ’
2. Vanadium requirements for cast armor have been eliminated
entirely.

* 3. Chromium coz;;mh have been rodnced. from a maximon of
o a naxisunm of ,

'W,. Nickel contents have been reduced from a meximum of 2,50%
¢ a maximum of ,60%.0f the five new compositions to bde produced,
only one type, AC-la, countains nickel as an alloying element,

5.. The molybdenum contents of the new analyses are in general
less than in the old compositinns,

6. The average manganese content of the new compositions
is higher than in the case of the old compositions,

=5



7. " Present indications are that the margin of excess on
ballistic 1imit will be adequate for the low alloy compoeitions
although slightly inferior to the old analyses, This can only
be mubstantiated by a correlation of results on acceptance tes*

plates,

8, JFor satisfactory ballietic results, the time and tem-
perature of homogenization may be reduced for the new alloys
thus easing the extreme 'bottleneck' on heat treating facilities,

9. The low alloy analyses are sasier to handle in production
from several standpoints, but the quenching operation is critical

and must bYe carefully controlled.

The repair welding of the low

alloy analyses may be performed with less or no preheat, and be-
cause of the lack of alr hardening tendencies less trouble with
cracking after homogenisation is to be expecte%.

APPROVED:

H, E, Z0RKIG,
Colonel, Ord, Dept.,
Director of Laboratory.

L] ‘. u‘ thew..
Capt,, Ord, Dept.

B, L, Read.
Research Metallurgist,
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