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Development of Low A:\.loy Cast Armor 
t4 .,. 
\ . . .. 

~~3'841 
Between February and May, 1942 

INTRODUCTION 
A , 

At the beginning of 1942, the following chemistries were ..... 
being used for the production of cast armor: •, 

Maximum Chemistries 
C A.. Ni Ct' Mo V " 

American Steel Foundries .30 1.00 3.00 .4o 
I 

Continental Roll and Steel .33 .90 1.50 1.25 .55 ' . 
Foundry Company 

' 
General Steel Castings Oo. .30 • 65 2.60 .6o 

Lebanon Steel Foundry .25 .10 2.00 1.00 .55 .05 

Scullin Steel Co. .35 .85 1.50 .70 

Sivyer Steel Castings Co. .30 .85 1.6o .90 

Symington-Gould Corp. .30 .75 1.70 .75 

Union Steel Castings Co. .35 .90 2.50 1.10 .50 

Wehr Steel Company .32 .90 ·2.00 1.10 .so 

Ford Motor Company .26 .10 1.60 .70 

On Februaey 7, 1942 a special meeting of the Subcommittee 
for Cast Armor was called at the request of the Office, Chief 
of Ordnance at which time representatives of the War Production 
Board outlined the expected scarcities of nickel, chromium, and 
ranadiwn for use in cast and rolled armor. 

discussions on alloys 1.ndicated that 
84~Gntaining a maxilll'lJII of o.60.' nickel, 

. 
" 

This! dor.1 1m oT'l t h-, c; hi:?en oppta.ed 
~ for p ll 'l:-li " r I . · , 1 .d ~ale; its 

di:ltribution is udi1:·1itad 
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o.~ chromium, and no vanadium. Approximately ona week later, 
the industrial members of the subcommittee held a meeting and 
decided upon the compo oitions to be investigated. The composi
tions chosen were baaed upon the alloy restrictioMand the small 
amount of data on low alloy composition, which had been t,btained 
at Watertown Arsenal and by the armor producers. 

DJIVELOPMffiT PROCEDURE 

As a result of the meeting of the industrial BUbcommittee 
members, five type oomp'.,aitiona were chosen for investigation. 
The burden of preparing the teat platea waa distributed among 
the several companies then making cast armor, and each company 
in the initial ata&es concentrated on two or three compoaitione 
which were moat adaptable to their proceBBing conditions with 
special attention devoted to the conservation of alloya recharged 
into the furnaces as scrap for remelting. 

The following type analyses were chosen for complete 
investigation: 

Maximum Chemist!J'.: 
~ ...Q_ .11!!_ ~ Ni Cr .11£ _£1L 

AC-la .30 1.00 .6o .50 .50 .50 

AC-lb .25 1.00 .6o .50 .50 .50 1.00 

AC-2a .30 1.65 • 60 .. .6o .60 

A0..2b .30 1.60 .60 .50 

AC-Ja .25 1.00 1.00 .50 1.75 

AC-Jb .25 1.10 .90 1.75 

J.C-4 .25 • 50 .50 .50 .75 

.A.C..5 .30 1.00 .50 .6o .50 .75 

During the mon'1i1 March and .April approximately two hundr-
and ' forty (2!.to) cast armor teat plates of the t11>e compoaitiona 
liated above as well aa certain other compositions were ca.at, 
prepared, and heat treated for ballistic teats at the .t.berd.een 
Proving Ground.. Several teat plates of Grade "!• cast steel 
were alao prepared tor ball~stic teatl as a baee .faint on the 
effect of an absolute .minimum of alloys, 

The low alloy developmP.nt plntes were tested imediatel;y 
upon receipt at the Aberdeen Proving Ground and reports for~ded 
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to Watertown Arsenal at two or three day intervals. A tabulation 
of the results obtained was kept continually and at intervals 
copies of the tabulations were made and furnished to the sub
committee members. In this ~ the producers were kept informed 
on the compositions which were giving the greatest success and 
could alter their plans accordingly. 

Each test plate was given a complete test at the Aberdeen 
Proving Growid unless failure occurred on the shock test which 
in the majority of oases was applied first. In addition to the 
standard 75MM Tl2.AP shock test at a 25° obliquity, plates which 
withstood this test in some cases were tested with the 75MM MKl 
15-pound Proof Slug at normal impact. The latter test, especially 
when applied after the standard penetration and shock tests bad 
been obtained, is an extremely severe but also infol"Wltive teat. 
It ba• \he effect of producing an extensive bow in the test plate. 

nir1ng the two month period referred to above several new 
firms qualified for production of cast armor on similar low alloy 
compositions and without apparent difficulty. These new companies 
include: · 

:Buckeye Steel Castings CompMf 

Fort Pitt Steel Castings Company 

- Columbus, Ohio 

- McKeesport, Pa. 

Pittsburgh Steel Foundry Corporation - Glassport, Pa. 

McConwa.y & Torley Corporation 

Pratt and Letchworth Co. , Inc. 

Ordnance Steel Fowidry Company 

Utility Electric Steel Foundry 

- Chicago, Illinois 

- Buffalo, New York 

- Bettendorf, Iowa 

- Loa Angeles, California 

Texas Electric Steel Casting Company .- Houston, Texas 

As a result of the ballistic tests of n large number of plates, 
the following compositions have been chosen for tha production of 
armor castings by the several manufaaturers: 

-3-

I ~~· -.' 
I • ,. 

. , . 
f 

I ' ·~ I 
I • ~ 

,: ... . 
' ., .. , ., 

I 

t 



•Range of Mean Compositions 
~ _c _ _.!a_ _§!_ ...fil. ...k.. .1!2_ ~ 

AC-la • 28/ • 70/ • 'l!S/ • 50 • 50 • 40/ 
• 30 1.00 • 65 .50 

AC-2a .28/ 1.50/ .40 
.30 1.55 

- .35/ .10/ -
.4o .40 

AC-2b .28/ 1.40/ .35/ • 
.30 1.50 .4o 

.35/ -

.50 

Manufacturer 

Continental Roll & Steel 
Joundr,y Company 

Lebanon Steel roundr7 
Si'V)'er Steel Oa1tinca Co, 
Union Steel Oaatinga Co. 
Pi tteburgh Steel Foundry Corp. 
Wehr Steel Oompan7 

.American Steel foundries 
American Manganese st,el - · 

»IT. ot aeriou lraJce 
Shoe and l'oundr7 Oo.' 

General Steel Oaatinga Corp, 

Symington-Gould Corp, 
Scullin Steel Oompan)' 
Texas m.ectric Steel Co. 

A~Ja .20 1.00 .85 .. ,50 1.40 Pac1f'1c Oar & Foundry Co. 

AC-5 .• 27 .80 ,25 - .6o ,50 • 75 Ford Motor Company 

•The mean compositions selected by the several companies appear as 
a range. 

Three companies are now in total production on the new, low 
alloy analyses, and the majority of the balance of the producer• ; 
will get into complete production during the month of Mq, 1942. 

la.ch of the compoaitione originally proposed for investiga
tion has proven auccesaful in meeting the Specification AXS.-492. 
Composition A0-4, al\hough aatilfactory, baa been diacontinued 
because later ad.T~o• from the War Production Board indicated 
that the molybdenum content was exceseiTe in light ot the recent 
restrictions on this element. Composition AC-Jb is not to be 
used becauae of ita extreme~ low bardenabilit;y. It h not 
believed ad.equate for the thickneases ot ca1ting1 which mq be 
encoun tared. 

Compoai ti one AO,..la, AC-2&, and AC-5 baTe adequate hllrden
abilit;y in a water quench for casting thiclmeaeea up to 2-1/4". 
In Oompo ei tion A0-2b the JD.Mpn•se content mu.at be at lenat 
l,5~ to provide adequate hardenabilit;y in this thickne11. Compo
sition A0,..3& 1 although ha,:ing low barclenabillt1, ii nevertheleaa 
au,cce11ful in 2n plnte t hickneeeH. The adventage ot thh eteel 
liee 1n ite low carbon con·tent and euperior veldabil1t7. ,, 
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In general, the new compositions will withstand the slug 
shock test. Jlxamination of the attached three charta, which 
contain the complete information on the teats of two hundred 
and thirteen (213) plates, will indicate the results obtained. 
Satiafactoey ballistic results can be achieved with the new 
compoli tiona with a con1iderabl7 le11er degree of homogenization 
of the aa-caat material. Thia 1a very important from the pro
duction standpoint especially in the case of new producer• who 
by using a shorter and lower-temperature homogenizing cycle 
could get into greater production with exiating facilities. 

The ballistic results obtained on the Grade"»" steel plate• 
were not •tiafactory. Tempering to a sufficiently high tempera
ture to provide adequate ahock reaiatance produces a material 
too soft to meet the penetration requirement,. In general, the 
ballistic limit rune approximately 100 f/s below the specification 
value. 

In the use of the low alloy steels, the decreased harden
ability ia countered by a draatic quenching operation. In some 
cases cauatic quenching ia to be used to obtain the maximum effect 
from the contained alloys. 

ihe low temperature ballistic properties of the low allo7 
compositions have not been explored. Thia is to be done at the 
earliest date possible. 

CONCLUSIONS 

l. Results on the experimental plates indicate that the 
shock resisting properties of the new low alloy compoaitiona 
will be reasonably oompara'ble to thoae of the old, higher alloy 
nickel-chrome-molybdenum and chrome-molybdenum steel a. - J 

~ V~adium require~1enta tor cast armor ~.,; b~e: eliminated 
entirely. 

r;, 

J.. Chro• 1• content,• have been reduced trom & •rt- 'f)f 
:sf.'° a ma&illWI of.~. ·· · . · 

~ . 
. ~. Bickel con ten.ta have been. reduced from a mam.mua of 2.~ 

,o a maximum of .~.8! the fin new compoaitiona to be produced, 
onl7 one t1Pe, AC-la, contain• nickel as an alloying element. 

( 

5-.. The molybden.um content• of the new analyses are in general 
leH than in the old compo e1 tiona. 

~ The aTerage manganese content ot the new composition, 
1a higher than in the cae1e of the old composition•. 

-5-



7, Present indications are that the ma.rgin of excess on 
ballistic limit will be adequate for the low alloy compositions 
al though slightly inferior to the old analyses. This can only 
be substantiated by a correlation of result:! on acceptance test; 
plates, 

8. For satisfactory ballistic results, the time and tem
perature of homogenization mq be reduced for the new alloys 
th~s easing the extreme 1bottleneck 1 on heat treating facilities. 

9, The low alloy analyses are eaaier to handle in production 
from several standpointa, but the quenching operation 11 critical 
and must be carefully controlled. The repair welding of the low 
alloy analyaea ~ be performed. w1 th leaa or no preheat, and. b• 
cause of the lack of air hardening tendanoiea le11 trouble w1 th 
cracking after homogenisation 18 to be expected. 

APPROVED: 

H. H. ZOBNIG, 
Colonel, Ord. Dept., 
Director of La'boro.tory. 

...6-

J/C.lJ/~ 
£. -·A. Ma\ thew a , 
Cept., Ord. Dept. 

:S. L. Reed, 
Research Metallurgist. 
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