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Manufacture of Cast Armor for Armored Vehicles
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INTRODUCTION

Cast armor to be used for the armoring of vehicles procured by
the Ordnance Department of the Army is purchased on specifications
based principally upon the ballistic performance of the material,
These ballistic tests are designed to simulate the service expected
of castings as incorporated into the structure of the armored vehicle
to provide protection for the personnel and machinery of the unit,
The ballistic tests cover the following:
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1. Resistance to penetration of an armor piercing projectile,

2. Satisfactory exit diameters and condition upon impact with
a high velocity projectile which passes completely through the plate,
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5. Resistance to shock impact of an overmatching projectile
(a projectile whose diameter exceeds the armor thickness and whose
striking velocity is controlled so as to deform but not penetrate
the plate).

The shape, thickness, and size of armor castings vary consider-
ably. Castings are being produced which range in thickness from 3/8"
to 4", and in weight from several pounds to 25,000 pounds, approxi-
mately, in some cases. For a given casting, however, the thickness
does not vary greatly, and, in general, the larger castings are less
intricate than the smaller castings.
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Armor castings serve the dual purpose of providing structural
strength and protection for the vehicle. Their thickness is gaverned
by the protection demanded, and their shape is controlled by the
design of the vehicle from a structural and functional standpoint.

-

Castings to be used for armored vehicles are made to definite ﬁ{
drawings specifyiny the dimensions, thicknesses of sections and %
tolerances, and tho designed woight of the casting. The Ordnance -
drawings in conjunction with Specification AXS-492, Ordnancc Depart- -
ment, U, S. Army, "Cast Steel Armor" specify the shape and size of E;:

the finished castings and the tests to be applied to insure that
acceptable quality is being obtained.
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QUALIFICATION OF THE CAST ARMOR PRODU)CER

The prospective cast armor manufacturer, in crder to demonstrate
his ability to produce good quality cast armor, is requested to sub-
mit test plates as described below to an official proving ground for
ballistic testss

Test Plates Required for Qualification

One/test plate, 1" x 18" x 36", for casting thicknesses bclow
1-1/4",

Two test plates, 1-1/2" x 36" x 36", for casting thigknesses
in the range 1l-1/4" to 1-3/4",

Two test plates, 2" x 36" x 36", for the thickness range 1-3/4"
to 3",

The test plates submitted must be of the composition and with the
complete heat treatments that are proposed for use in the production
of the armor castings. A manufacturer may qualify for one or all thick-
ness ranges depending upon his production facilitios and the siza of
castings which can be processed.

Once the manufacturer has qualified by mecting the ballistic row
quirements on the test plates, he is ready to rcceive orders to proguce
castings of a definite design and using the chemical composition of
steel and the heat trcatment upon which qualification is based. Test
plates will be cast from each of the several first heats made which
are poured into production castings. The test plates will be heat
treated and tested ballistically to establish the heat treating cycle
and the response to heat treatment of the particular heat of steel, A
quality control standard is established by the proving ground agency
based upon the ballistic results of the tests on plates cast from a
series of heats. After a uniform, satisfactory manufacturing procedure
has been established, the number of test plates required for ballistic
test may be reduced, at the discretion of the Office, Chief of Ordnance.

If failure occurs on one test plate, the manufacturer has an oppor-
tunity to submit two morc retests. It is, therefore, good practice for
a new manufacturer to cast extra test plates from the first heats of
steel which can bec held aside until the heat has been accepted. The
castings of the heat are required to be given the heat treatment which
is successful upon the test plate which meets the requirements.

Occasionally production castings which are amenable to ballistic
tests are selected at the discretion of the Ordnance Inspector or higher
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authority for ballistic teasts to insure thut the castings are
comparable to the test plates in ballistic quality,.

CHEMICAL ANALYSIS

The chemical analyses of cast armor are not stipulated by
the spacifications. The only limitations suggested are that
the carbon content does not exceed .50% (to insure weldability
of the material) and the nickel, chromium, and molybdenum con-
tents are maintained below certain limits imposed because of the
scarcity of these alloys, It is recomaended that the nickel,
chromium, and molybdenum contents be maintained below ,60%. No
vanadium additions are allowed because of the extreme scarcity
of this clement., Silicon contents vary considerably from ,30%
to approximately 1.07. The sulphur and phosphorous contents
should be kep* 3 iow as possible,

The following general types have proven successful:

1, Manganese and low Chromiun-Nickel=-Molybdenumn,

2. Manganese and low Chromiun-Nickel=}olybdenun
plus 1,05 of Copper.

3. !Nanganese and low Chromium-NMolybdenun,

4, Manganese and low Molybdenun=~Copper.

5. Low Chroniun-Molybdenun.

6. Silicon=Molybdenun,

It 1s suggested that compositions similar to the types noted
above be considered, the chcice to depend upon the experience and
preference of the manufacturer, Variations in chenistry, as long
as the alloy content is not excessive, are desired in order that
superior types may bec developed,

A chenical conposition should be utilized which is most amena~
ble to the conservation of the alloys being returmed to the fur-
naces as scrap charge. In the case of basic open hearth furnaces
it is desirable to keep the chromium contents as low as possible
to avoid its loss upon remalting of the scrap ohargo,

FOUNDRY EQUIPMENT REQUIRED

Melting Equipment a

Cast aymor up to the prosent time is produced in basic and -
acid open hearth furnaces, and basic and gcid arc-type electric
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k When acid lined furnaces are used the scrap charge must be
carefully controlled to insure that the sulphur and phosphorous
contents do not exceed approximately ,035%. It has been found
that phosphorous contents in the neighborhood of ,038-,040% in=-
duce brittleness in the material under projectile impact and
cracking of the test plates during the shock test often results.

The cleanliness of the steel to be used for cast armor is
important, and a good furnace and deoxidation practice are essen-
tial, A fine grained steel 1s generally consldered mandatory,
and the most common deoxidizer in use is aluminum, This is
added in the ladle to the extent of 1 to 2-1/2 pounds per ton of
steel depending upon the degree of oxidation of the metal upon
tapping. Other deoxidizecrs which have been used are Calcium-
Silicide to the extent of 3 pounds per ton and High Carbon Ferro
Titanium in amounts of from 2 to 5 pounds per ton of steel. It
is essential, of course, that the steel be "killed" completely in
order to obtain sound castings,

In order to obviate variations in results obtained upon heat
treatment and to enable the use of a constant heat treatment cycle,
it is essential that the chemical composition of successive heats
be maintained us closely sinilar as possible with rcspect to the
important hardening elements. Close control of chemical composi-
tion and heat quality will greatly expeditc production in the ease
of subsequent processing when the procedure has becn established.

LOLDING AND CASTING PRACTICE

According to the size and shape, armor castings are being
produced in dry sand molds, flam: or hot air dried molds, or in
grcen sand molds. The flame or hot air dried molds or the dry
sand molds are generally considered preferable, Molds and cores
are being produced in the various foundries according to the
equipment available and adaptable to the facilities of the shop.
Successful molds and cores are being produced by sand slingers,
jolters, jolt squcezing and by hand ramming.

Good sand control must be maintained to avoid oxcessive
casting repair and to maintain casting weights as nearly the
design weight as possible. All armored vehicles are designed to
give a certain performance with a definite weight. Overweight
castings may impair the performance of the completed vehicle,
Castings arc also designed with a minimum thickness which is
based upon ballistic protection. The limits imposed by the



specification are plus 5% and mimus 5§ on the designed thickness,
It is desiradble, therefore, to maintain the thickness of the seo-:
tions as nearly as possidle to the designed values without running
under this thickness,

Adequate gating and risers must be provided to insure soupdw
ness of the castings, particularly in the critical sections, The
oritical sections may be indicated on the drawings, and are based
upon structural design factors as well as bdellistic protection,
The yield of finished castings from the furnaco product weight
seldom excoeds LO-50%.

SOUNpNESS OF CASTINGS

The cast armor producers consider radiographic equipment esson-
tiel as a tool in dotermining molding and cesting practice. By the
uso of radiogrophs o foundry techniqus can be ovolvod to produce
soundnoss in the critical areas of tho castings and oversll sound~
ness as nearly as »reacticable.

The molding and casting practices are not stipulated. A fin-
ished casting, cccurato with respoct $0 dimensional tolerances,
having a good surface appenrance, as sound internzlly as possibdle,
and of n material having good bdallistic proporties is required,
Without radiogr-phic equipment in the shop or avallable for use,
tho laborious mothod of soctioning tho castings must bdo used to
detormine whothor satisfactory soumdnoss has boen achieved,

RENOYAL OF GATES AND RISERS

Castings cxro propared for hoat treatment by shrking out of
tho molds at n tomperagurg betwgen 800' and 500°F, The gates and
risers are burned off while the castings are still hot to insure
that no crncking or heat checks are produced., It is also good
practice to insure that the cnstings do not bocome cold deforo
they are charged into tho homogenising furnnce,.

HEAT TREATING

Tho following general herting cycles nro considored essentinl
in the hent treatment of armor castings:

1. Homogenise 1850-2000°%, for 6-10 hours, Air cool.

2. Anneal 1100-1250°F, for U=6 hours. Air cool,

e. Hardon 1500-1700°F. for 2-6 hours. Water quench.
+ Temper 1000-12500F, for 4-10 hours, Air cool.
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A. Homogenize

Following removal of the gates and risers the castipgs are .
. loaded into the homogenizing furnace and slowly heated to the

o homogenizing temperature, For castings weigting over SQ pounds,

the usual type of furnace is a car-=bottom furrace, oil or gas
fired and with uniform temperature characteristics throughout

its chamber., The maximum temperature is used which is compatible
with reasonable furnace 1lifa. In general, with an increase in
homogenizing temperature, the time at temperature required for
effective homogenization may be reduced.

The homogenizing cycle is required to give adequate shock
" properties in the armor at the hardnesses required for satis-
factory resistance to penetration. 1Its effect is to promote
diffusion of the segregated elements in the casting resulting
from solidification, and produce as nearly as practicable a
uniform homogeneous macrostructure free from coarse dendrites
and chemical segregation. With the necessity of maintaining
alloy as low as possible homogenization also is helpful in
imparting greater hardenability to a given chemical composition
by dispersing the elements promoting depth hardening honpgemeously
- throughout the section,

More complete homogenization is one of the most effective
substitutes for alloy content. It is pussible by effective
homogenizing to heat treat to a higher physical strength and Brinell
hardness in the material thereby achieving supericr ballistic
resistance without the danger of failures under the ballistic
shock test,

B. Sub=Critical Anneal

After homogenization, the castings are cleaned completely by
shot blasting before annealing., The annealing operation is per=-
formed to soften the castings for removal of the gates and riser
stubs and to put the material into a condition for repair welding
to r 1edy surface defects in the castings. The castings are heated
in a batch type furnace or a continuous furnace for a sufficient
time at 1100-1250° F, to thoroughly soften them, While the castw
ings are still warm in cooling from the anneal, weld repairs may
be made, The defect 1s carefully chipped or ground out gnd the
cavity filled with an electrode material which will devclop physi-
cal properties comparable to the base material upon subscquent
quenching and tempering. A low alloy ferritic electrode is
normally utilized.
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C. Heating for Quenching and Hardening

The quenching proéedure is the most important of thoe hoat
treating operations, especially in view of the precsent necassity
of using low alloy chemical compositions, In the first place
the castings must be uniformly heated through and to a temperature
sufficioencly high that no part of the casting cculs below the
critical temperature until the casting has been completely
immersed in the quenching medium. This necessitates the quench-
ing baths being located in close proximity to the furnaces in
order that a minimun of time elapses betwecen the withdrawal of
the casting from the furnace and its immersicn. in the quenching
nediun. A soaking time of at least one hour per inch of thick-
ness at temperature is considered good practice,

Heating for quenching may be performed in batch type or
continuous furnaces. The larger castings are handled individually
in crder to obtain the maximum possible cooling rate. lLarge vol-
umes of water, maintained at a temperature between 100 and 140° F,
are used with proper agitation of the quenching bath, Caustic or
brine quenching baths provide an even more efficient quench and
are to be recormended where practicable, Precautions tu be taken
in heating for quenching and in quenching are as follows;

1. Insure that all parts of each casting are at the proper
tenperature for quenching.

2. Prevent excossive scale formation or produce a scale
which will flake off readily on quenching.

3. Support the casting in tho furnace and handle carofully
in quenching so as to aveid excessive distortion,

4, Agitate tho casting in the quenching medium or provide
proper circulation so that steam envelupes are renoved
and proper quenching takes place,

5. Do not quench cold but rctain body heat in the casting
to minimigze cracking.

D. TemEring

Castings should bc tempered as soon as possible after quench-
ing and before becoming cold, It 1s essential that the castings
be held at temperature sufficiecntly long to insure that a uniform
hardncss throughout the varying thicknesses of section is achieved.
The hardness range established for a lot of castings is comparatively
narrow, and is determined by the hardness of the ballistic test
platos. The hardness of each casting is checked to insure that it
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lies within the established hardness range. For a given chem=
ical composition and heat treatment cycle, the Brinell hardness
is the best indication of the ballistic properties to be expected
of the material and provides assurance to the manufacturer and
the Ordnance Department that the proper control has been exer-
cised in quenching and tempering,

WELD REPAIR AFTER FINAL HEAT TREATMENT

Quenching cracks will develop in castings and defects will
open up during heat treatment which were not previously detected
and which must be repaired. Cracks and other defects must be
completely chipped and grooved out to their extreme depths and
the grooves filled by arc welded deposits of an austenitic type,
such as the modified 18 Cr -~ 8 Ni electrodc. The rcpaired area
is then ground flush and the casting is stress reliecved at the
tenpering temperature or slightly below to soften the adjacent
hard and brittle heat-affected zone produced by welding. Proper
care and the use of small beads in repalr welding may not necessi~
tate subsequent stress relieving dcpending upon the magnitude of
the repair involved, Ferritic electrode deposits may also be
used to repair small defects provided a subsequent stress reliev-
ing treatment is given the casting.

QUALIFICATION FOR WELD REPAIR

The qualification for major repair woelding to be performed
before heat treatment consists of filling several pockets or
grooves in a standard test plate, hecat treating the plate con-
taining the weld repairs and subjecting the plate to a standard
ballistic shock test. The proccdure thus qualified must be followed
in the repair of production castings.

Weld repair of a minor nature after heat treatnent does not

require qualification, but the procedure used must meet with the
approval of the Ordnance Inspector.

WELDABILITY QUALIFICATION OF THE CAST ARMOR MATERIAL

As a test to indicate reasonable weldability of the cast
armor for fabrication welding of armored vehicles, a 36" x 36"
¥ 1-1/2" test plate is welded by the armor manufacturer with a
double Vee joint down the centere. The procedure to be used is
not specified, but the electrode specified is modified 18 Cr -
8 Ni; and nc preheat or postheat of the armor is allowed. The
test plate is then subjected to the standard shock test for the
particular thickness of material,
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PHYSICAL PROPERTIES AS AN INDICATION OF BALLISTIC BEHAVIOUR

No adequate correlation exists between ballistic characteris-
tics and ths physical properties ordinarily measured. There are,
however, certain fundamental charactoristics which tend to influ-
ence ballistic quality., For a given thickness of material there
is a definite Brinell hardness range which proves satisfactory
and which 18 in turn depsndent upon the type of ballistic test
applied., The ballistic test applied is intended to simulate the
protection expected from the armor custing in actual sorvice,

For cast armor in thicknesses of 1-1/8" and lcss, oxporiaence
has shown that the proper Brinell hardness range is approximately
300-330 Brinell. For greator thicknessos of castings (1-~1/4F -
3") the range is 230-270 Brinell,

Within cach hardness range ballistic results, especially
under the shock test, will be superior with higher ductility in
the material as measured by elongation, reduction of area, and
Izod impact values,

In order to establish quality control standards and &s a manue
facturer!s check on processing, physical properties are determined
on each heat of steel, Separately cast coupons are subjected to
the standard heat treatment and test coupons aroc also cast on the
edges of the ballistic test plates. Tho physical test and Taod
impact results thus obtained provide an indication of the uniform-
ity of the process control, When satisfactory control is achieved,
the amount of ballistic testing may be reduced without sacrificing
quality in castings purchased.

g s e SUMMARY
‘D@H < - ' A\
In smmation, the following factora aro oonsidered of primary

importance in the production of uniform, satisfactory cast armor:

1, Clean heats of steel, properly deoxidized and with
close control of chemical composition,

"2y Proper foundry practice to produce sound, accurate,
and cloan castings,

'3, Adequate homogenization to provide as uniform a structure
as possible,

‘4. Careful heating for and proper drastio quenching to harden
the material throughout its aection',
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Z!, ( 5) Thorough tempering to produce uniform physical properties
throughout the castings. .. K

‘6, The maintenance of proper control throughout the processing
steps to insure a wniform product,

»

Note:s Copies of this document may be ottained by wr'iting to the
0ffice, Chief of Ordnance, Industrial Service, Tank and
Combat Vehicle Division, Washington, D. C,
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