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Initial distribution of this report has been made in accord-
ance with the distribution list contained herein., Additional dis=
tribution without recourse to the Office, Chief of Ordnance, may
be made to United States military orgsnizations, and te such of
their contractors as are certified to be cleared to receive this
report and to need it in the furtherance of a military contraect.
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FOREWORD

Chapter 15 is one of fifteen that comprise the literature
gurvey on armor=-plercing steel projectiles. Under the general
editorship of C, W. Curtls, the survey has been prepared in part
by psrsonnel of the Lehigh University Institute of Research and
in part by personnel of Frankford Arsenal. This chapter was
written by personnsel of Lehigh University and revised by person-

nel of Frankford Arsenal,

Chapters pablished are as follows.

Chapter 1, Frankford Arsenal Report R-901, Feh 1951 (Secret)

Chapter 2,

Chapter 3,

Chapter 7,

Chapter 11,

"The Problem of Armor Plercing Projectile Design:
Tts Principal Divisions and Importani Phases,"
by C. W. Curtils

Frankford Arsenal Report R-902, Feb 1951 (Secret)
"™Mechanism of Armor Penetration,'" by R. B. Sawyer

Frankford Arsenal Report R=903, Feb 1951 (Secret)
"Perforation Limits for Nondeforming Projectiles,™

by C. W. Curtis

Frankford Arsenal Report R-907, May 1952 (Secret)
"Mechanism of Cap," by R. J. Emrich and F, E. Myers

Frankford Arsenal Report R=911, Aug 1952 (Confidential)
"Control of Metallurgical Properties," by J. H. Gross
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Sec 15.1 =
Sec 15.2 =~
Sec 15,3 -
Sec 15,4 -

Seé 15;5'-.

Appendix A
Appendix B

CONFIDENTIAL

i
Chapter 15 ~ Acceptance Tests .%
Choice of Tests und Test Conditions
Proof Firing for Acceptance of Armor %
Nonballistic Tests of Armor %
Proof Firing of AP Projectiles
Nonballistic Tests of AP Projectiles J
- Sample Specifications K
-~ Deseription of Types of Deformatlion and Definition 'é
of Terms :
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Chapter 15. Acceptance Tests

Before armor plates and projectiles are accepted for service
use, samples are customarily subjected to tests designed either
to measure ballistic quality or to assure that this quallty ex-
ceeds minimum requirements. In addition to specifications of bal=
listic quality there also may be requirements on weldability, ma=
chineability, formability, magnetic properties, banding, marking,
packing, ete. The present chapter is not concerned with these
latter requirements, however, but deals only with teets related
to ballistic performance,

Ideally, tests for quality would bs carried out by machines
which separate satisfaitgry from unsatisfactory pleces at various P
stagee of manufacture. 1) " as present, however, automatic inspee- e
tion represents a goal rather than an achievement, Although there
has been considerable progress in the development of nonballistic
tests and such tests are often used for speclal purposes or to ob-
tain supplementary information, the direct ballistic test as the
basic method of acceptance has not been replaced.

The obvious advantage of the ballistic test, and the reason
it has been retained as the basic method of assessment, is that
it closely simulates service conditions, To be welghed against
this feature are many dlsadvantages, 2,3) such as the following.

(a) Comparatively speaking, ballistic testing is a cumber- k3
some process, It requires special equipment and usually must be 3
carried out at a proving ground undsr the supervision of a trained H
staff. The resulting cost is high. ]

(b). Because materiasls must be shipped to the proving ground, i,
a time lag betwsen the completion of production and the completion '
of the test may hold up further fabrication or immediate shipment
to combat areas.

- oA

R S e s

(LFor one type of small arms projectile, such a machine has actus
ally bean built and used. (However, this represents an isolated
case rather than general practice.s See report by W. N. Hindley,
"Quality Control of SAAP Bullet Cores," Armament Research Depart~
ment (British) MET 9/45 (Feb 1945).

(2)4, H. Zornig, N. A. Matthews, and C. Zener, "Armor Plate Ballistic
Testing," Watertown Arsenal Report WAL 710/685 (Aug 1944).

(3)"Investigation into the Poessibility of Replacing Plate Proofe of
Shot by Laboratory Tests," British Ordnance Board Proceedings
19,063 (Aug 1942).
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§ (¢) The result is available only after all stages of manu-
; facture are completed; earlier knowledge of trouble might allow
i correctlon of faulte or at least save work on unsatlsfactory ma-

terial,

(d) It ie often difficult to determine froem a ballistic test
what changes should be made in fabrication to improve the product.

(e) The test ia destructive, It is therefore wasteful of
material and can be carried out only on samples, The inadequacy
of sampling procedures is borne out by many examples.

To avold these difficultles numerous investigations have been
undertaken to develop nonballistic tests that are cheap, fast, non~
destructive and usable in the manufacturing plant. Nonballistie
tests should also show good correlation with ballistic performance,
Even though such tests have not replaced the ballistic test, they i
often serve useful purposes: (a) in sorting out distinctly inferior k
material before further processing, (b) in informing the manufecturer
of trouble before large quantities of defective product have been
produced, (c¢) in providing a clue to the causes of failure in a bal-
listic test and (d) in helping to control uniformity of ?he product
to add to the reliability of bsllistic tests on samples, 4)

R SRt

) LA
B A I O T T e > e e ezt metmmee— -

b (ZjThe last point is particularly emphasized in the followlng excerpt
f from footnote 2: "Ballistic acceptance tests must necessarily bhe
augmented by indirect tests because of the impossibility of con-

! trolling uniformity by ballistie tests alone."”
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Section_15,1

Choice of Tegts and Test Condltiona

Section _ Title
15,11 Acceptance Tests on Homogeneous Hard
Armor up to 14 mm Thickness
15,12 Acceptance Tests of Heavy Naval Pro-
Jectiles
1
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Section 15,1

Cholce of Tests and Test Corditlons

There are a variety of factors that may influence the choice
of test conditions to be used in acceptance. The choice may de-
pend on how well the factors controlling performance are known, on
the degree to which service conditions can be defined, on the ex-
tent to which capabilities of the product have been determined in
development work, or on the importance of simplicity and reproduc~
ibility compared to complete assessment,

by R. J. Emrich
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Sec. 15,1 - Cheice of Tests and Test Conditions

In ceneral, tests on armor and projectiles are conductsd for
one of three purposes, as follows:

(a) Experimentsl or development teste are conducted to deter-
mine ballistle characteristics of new steels, experimentsl heat
treatments and similar variables or, in the case of ballistic teste,
to find the best characteristics for various types of attack. Fir-
ings are also conducted tc obtain information upon which design im-
provements or alteratliong are based,

(b) Qualification tests are conducted for the purpose of quali-
fying a manufacturerts process. Such tests may be of comparative com-
plexity and when employed are designed to establish the ability of a
manufacturer to produce a satisfactery oroduct. After qualification,
indirect tests may play a congiderable part in controlling uniformity
of the product,

(¢) Acceptance tests are conducted on samples or test picces,
representing distinet lots, which are presented by the manufacturer.

Although the subsequent review is primarily concerned with the
problem of acceptance testing, the tests considered may well be used
for any of the above three purposes. In fact, even in practice, the
results of acceptance tests are often employed for purpcses of de-
velopment, making it difficult to distinguish hetween the two types.

Considering acceptance tests, the cholce of type and conditions
of test may depend, in a particulsr case, on any one or a combina=-
tion of several factors, It may depend on how well the factors con-
trolling performance are known, on the degrese to which service con-
ditions can be defined, on the extent to which capahilities of the
product have been determined in development work, or on the impor-
tance of simplicity end reproducibility compared to complete assess-
ment,

Factors Controlling Performance

When ths ballistic quality of the product can be defined
in terms of definite, measurable characteristics, these form a use-
ful basis for assessment. Thus the quality of homogeneous armor is
said to depend on its re- 'stanze to penetration, its resistance to
spalling, and its resistance to cracking.(l) The quality of an armor

(1)Tn the case of face-hardened and very hard homogeneous armor,
quality will also depend on the ability of the armer tc deform

the projectile,
3
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plercing projectile is a function of its abllity to resist deforma-
tion and shatter. In sddition, an APHE projectile must remain in
an effective bursting condition,(2) One of the criteria for the
sultability of a test is whether or not it is properly designed to
messure the physical characteristics controlling these properties,
In faet, it is only on such a basis that nonballistic tests have
any significance. !

e e = e

Difficulties sometimes arise in applying this criterion, ‘
howsver, mainly because of vagueness in physical concepte, For X
example, the order of merit of a set of plates tested for resist-
ance to penetration by determination of ballietie limit may be
quite different when the test projectiles are small than when they
are 1arga.(3) Although the reasons for this are known in s genersl
way, it appears impossible in this and other cases to prediet from
limited test results what the performance of the product will be
under all possible conditions of use.

Service Conditions

Lacking a fundamental basis that is entirely unambiguous, .
a second criterion in the case of a ballistic test is the closeness
to which conditione approach expected service use., The usefullness
of this criterion will depend on whether or not the intended use is
restricted to a faw types of impact and on the likelihood that serv- ;
ice conditions will be altered by changes in the tactical situstion, (4) o

At best, there is some uncertainty in predicting actual use
since, to a certain extent, this 1s within the control of the enemy.
This situation is in contrast to that exlsting in the case of a gun
tube, & structural element of a vehicle, or a gun mount wherein the
material can be proof tested under such conditions that assurance is
obtained that the stresses in service will not exceed those in test,(5)

TﬁjﬁBallistic Testing of Armor, Rev A," Naval Proving Ground Report
21-43 (Apr 1944).

(3)8. H. Zornig, N. A. Matthews, and C. Zener, "Armor Plate Ballistic
Testing," Watertown Arsenal Report WAL 710/685 (Aug 1944 ).

4)at the beginning of World War II, the 90 mm projectile was planned
for low angle attack of face-hardened plate, but later, due to a
change in the tactical situation, its greatest use was against homo=
geneous armor set at a high angle, See report by H. F. Brown, "The
History of 90 mm Armor Piercing Projectile (Steel) Development,"
Office, Chief '‘of Ordnance (Aug 1945).

(5)"Bibliography on Armor, Armor Plercing Projectlles and the Welding ,
of Armor - Vol I," Watertown Arsenal Report WAL 900/97 (Apr 1945).
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Product Performance

Two types of acceptance tests have been used in practice.
In one type, the test provides a numerical measure of quality, such
as a ballistis limit; in the other, the product merely passes or
falle a glven requirement, e, g., that a plate withstand attack by
a given projectile at a stated veloeity and c¢bliquity. The choice
of the lavel set for scceptance in the first case and of test condi-
tions in the second case is based on expscted performance as deter=
mined in previous development or acceptance tests.

The sevsrity of the test will obviously depend on quali-
ties that can bs obtainad in mags production and not on those a-
chievad under ideal laboratory conditions. Particularly in time
of war, with new manufacturers in the fisld, expediency may raquire
acceptance of pieces below some arbitrary, predetermined standard,
It may then be an advantage to have a test which will tell not only
whether, but how much, the product is below or above a given level,
Such a test will also give a better idea of improvements that ars
being made; its disadvantage in most cases is greater complexity,

Simpliceity and Reproducibility

The practical need for simplicity and-reproducibility is
evident wilthout elaboration, This provides a fourth criterion for
the sultebility of a given test or test condition,

A review of specificaticns for armor and projectiles, as well
as the literature on acceptance testing, reveals no simple, infalli-
ble set of rules for choosing a test or test conditicns in particular
coses, As 1llustrations of acceptance practice 1n the United States
near and at the end of World War II, examples of specifications are
given in Appendix A. Specifications are, of course, continually sub-
Jeet to revisicn,

To indicate scme of the practical difficulties invelved in set-
ting up satisfactory acceptance tests, modified selected quotations
are given in the following sections which cover the history of two
developments. Although both examples are from British sources, the
troubles encountered are typical of those of other countries,

5
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15,11 =~ Aceceptance Tests (British) on Homogensous Hard Armer
up to 14 mm Thickness.

The specification, approved in 1936, and in use at the out~
break of the war, stipulated that the plates were to be subjected
te an M"immunity firing test." The composition of steel and the
mathod of manufacture were left to the manufacturer and no definite
hardness range was specified. Plates were rejected if under visual
examination they showed signs of cracks or laminations or other de-
fects, and if under firing teste with caliber ,303 ammunition (at
stated velocity and obliquity) they were perforated or showed signs
of spalling, The firing triasls were carried out at ranges on the
manufacturer's premises, the normal proving procedure bheing as fol-~
lows: - 10 per cent of all plates produced were subjected to the im-

murity firing test so long as no failures occurred; upon the failure

of any plate, all plates were tested until 100 consecutive passes,
when the 10 per cent test was resumed, All firing was carried out
with special rifles and ammunition supplied by Woolwlich Arsenal,

supposedly to assure the achlevement of the stated striking velocity;

velocity of each round was not measured and it was later shown that

striking velocities considerably outeide the x40 f/s stated tolerance

were occurring,

 Early in 1940, certain manufacturers were experiencing diffi-

 culty in passing the immunity firing test and, in consequence, were

continuously on 100 per cent test. In April 1940, the severity of
the test was reduced by increasing the obliquity. In July 1940,
the test was further changed and inspecting officers were asked to
compare the results of the new and the old tests. At the end of a
six montha' concession period no satisfactory conclusions had been
reached and the concession was further extended for another three
months, This arrangement worked satisfactorily and no further ame-
mendments were formulated until 1942,

By agreement all manufacturers began to work toward a Brinell
hardness of 444 to 477, in which range very little trouble was ex-
perienced in passing the immunity test.

(6)W, L. J. Pomfret, "The History of Specification I.T. 70 for the

Manufacture and Teeting of Rolled Homogeneous Hard (Non-machineable)

Armor up to li-mm Nominal Thicknese," British Minietry of Supply
Permanent Records of Research and Development 5.003 (Aug 1947).

6
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Meanwhile, during 1941, experimental trials at arsenal ranges
provided the first means of making comparative trials of the bal-
listic propsrties of different types of IT 70 armor plateas. These
showed that the specification immunity test falled to discriminate
among plates which might possese greatly differing ballistic quali-
tles and gave little indication of the behavior of plates under an
overmatching attack. A number of fallures meant an increase in the
number of plates fired at, and the return of plates for retreatment,
but this retarding offect did not prevent plates essentially similar
to those rejected from going into vehieles, nor wae any pressure,
other than the inconvenience and delay, put upon the manufacturer
to. improve his quality.

In November 1942 a new draft specification evolved, Immunity
firing teats were included with more attention to detail and, in
addition, a ballistic limit was to be obtained with the same caliber
303 ammunition within a velocity bracket of 100 f/s. 4n overmatch-
ing test wae introduced, and it was stipulated that plates should be
within the Brinell hardneas range 444 to 477. Ballistic tests, ex-

‘shipped thers.

In Qohober 1943, immunity teats at the firm's ranges ceased,
Up to 1944 the results of the proving ground tests did not require
any sction regarding acceptance or rejection of production plates,
Plates were accepted provided they were in the agreed hardness rangs.

During the trial pericd in which hardness alone was used ae a
basis for acceptance, 426 plates from five firms were subjected to
ballistic test at the proving ground, and the results showed con-
siderable variation in the properties of plates of different makers.
During this period aome firing had been done at various obligquities,
and the proving grounds impressed upon the Ministry of Alreraft Pro-
duction the unreliability of results obtained in angle shooting.

It was agreed that plates should be proved at normal, as well as at
angle, during the trial perloed,

In April 194/ s new draft specification called for the eubjee-
tion of tank and aircraft plates to the ballistic testa., Perfora-
tlon limits were measured and overmatching projectiles were fired
against samples, Some of the overmatching teste, viz,, those which
had not been performed during the trial period, were ignored in
giving verilets on plates which failed and such plates were sub-
jected to the old immunity test. Acceptance was carrisd out under
this specification, with minor changes in detailed perforatioen
1imit requirements up to the time of the writing of the history
which has been summarilzed,

7
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15,12 - Acceptance Testc of Heavy Nava;_Projecti;gg(7)

During the early years of World War II, the British Ordnance
Board came to the conclusion that the system of proof, whereby if
one shell chosen from a lot of 400 shell failed, the lot would bhe
accepted if a second shell succesded under the same conditions,
wae not an adequate safeguard against inferior shell getting inte
the shellrooms of the ships.

After a review, the Board recommended in November 1943 that
(a) Two shells are to be proved from each lot of 4003
(b) 1If either fails, three more are to be proved,

(e) 1If one of the five is a failure, an investigation into
the back history is to be made and five of that maker's next lot
are to be proved;

(d) If more than one shell out of the five fails, the lot is
to be rejected and a drastic investigation carried out, and no
further lots are to be accepted from that maker untlil there is con-
crete evidence that the trouble has been located and’ eliminated;

(e) Until a firm has shown that it is reliable, twe shells
from each lot should be sectioned for a complete metallurgical
examinations and

(f) The firm should keep complete records of the manufacture
of all shell; these are to bes available to the proof organization,

Certain objectiones to these proposals were raised by the firms
and in January 1944 the Board stated that the fundamental objJection

(that long delays in manufacture and supply would necessarily result)

did not appear to be correct unless a large proportion of the shell

brought forward for proof was incapable of passing the specification

tests,

The Board!'s idea was that the Heavy Shell Sub-committee would
learn how to make good shells and that a specification with which a
good shell could comply would be determined. They recommended that,

(77"Report of the Preasident of the Ordnance Board {Great Britain)
1941-1945," pp 297-301.

8
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when that had been done, approval of the proof organization must
be given for the composition of the steel, the processes of manu-
facture, the hardness gradients, and the design of the shell. Com-
plete history sheets of each shell and cap should be available,
' hardness tests should be taken over the whole of the shell from
tip to base, and of each cap, and two shells per 400 should be
sectioned and tested for hardness over the area of the sections.

s i LA 6 i T E i ¥ dn a7in 20

It was next proposed that acceptance of heavy shell should be (.
based entirely on tests of i

(a) Chemical analysis of heats of steel;

R A i g -

(b) - External hardness (VDH) on every sheli;

e i-& L R b b 1 6 ol

R
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(e) Internal hardness gradient of 1/2 per cent of the shell
by sectioning;

(4) Magnetic crack detection on all shells; and

IRy e -

(e) Identical tests on caps.

Methods of manufacture were 10 be open to inspection and to be
~ fully recorded for each shell, As a check on the above specifica-
tion requirements, 1/2 per cent of the shell would be held for
firing trials to provide information on whether the expected per~
formance was, in fact, being realized., 1In the event of fallures,
e pe an investigation into methods of manufacture could be made. But,
! complete control of manufacturing methods was not regarded with
favor,

GORE. : .
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This policy was approved by the Board since the Admiralty was
in a much better position to specify methods of manufacture than
it had been in 1939; the Armament Design Department and the Arma-
ment Research Department were now well qualified to give technical
advice on AP shell problems, the Heavy Shell Sub-committee was
actively investigating the qualities of the beat possible plercing
: shell, and the Royal Ordnance Factory had been shown capable of
k| setting an excellent standard in the manufacture of 15-inch shell,

NI NCTRS TR P SRR et

TP T

e et h

[

In September 1945, the firms had agreed to cooperate in working
out the new procedure for acceptance of heavy projectiles, The
firms suggested that each manufacturer should produce shell accord-
ing to approved samples, It was pointed out by the proving organi-
zation that the principle of the proposed new procedure was based
on sufficient knowledge to specify the optimum characteristics of
. all shell for a given performance. If the characteristics were ob-
$ tained by different methods and the results achieved differed, it
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was the intention that the methods of manufacture should be brought
into line rather than have the specification altered to suilt exist-

ing methods of manufacture,
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§ Section 15.1 - Cholce of Tests and Test Conditions

R sio terial
1. W. L. J, Pomfret, "The Hlstory of Specification I.T. 70

for the Manufacture and Testing of Rolled Homogeneous Hard
(Non-Machineable) Armor up to l4-mm Nominal Thickness,"
MOS; Permanent Records of Research and Development 5,003
(Aug 1947). : :

2. "Report of the Preeident of the Ordnance Board (éreat Britain)
1941-1945," pp 271-272, 297-301.

3. "Report of the President of the Ordnance Board (Great Britain)
1946," pp 74, 77.
4o "Resulte of the Homogeneous Alreraft Armor Development Pro=-
. gram, " Naval Proving Ground Report 11-43 (Jun 1943).
sl 5, "Ballistic Testing of Armor, Rev A," NéVaI?Provihg'Groﬁnd
3 7 Report 21=43 (Apr 1944).
f 6. H. H, Zornlg, N. A. Matthews, and C. Zener, "Armor Plate
- f Ballistic Testing," Watertown Arsenal Report WAL 710/685
o (Aug 1944). :
7. A, Hurlich, "Development of Non-ballistic Tests of Armor at

f f Watertown Arsenal 1940-1945," Watertown Arsenal Report WAL
710/793 (May 1945).

Related Material

. 1. W. N. Hindley, "Quality Control of SAAP Bullet Cores,"
Armament Research Department/MET 9/45 (Feb 1945).

- -

& 2, A. J. Herzig, "Report of Investigations Conducted at the
Laboratory of the Climax Molybdenum Company in Connection
with Heat Treatment of Armor Piercing Shot," Reports L147- e

L149 (1942).

3. "Tnvestigation Into the Possibility of Replacing Plate Proof
of Shot by Laboratory Teats," British Ordnance Board Proceed- .
ings 19,063 (Aug 1942). y
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Related Material (Cont'd)

be H. F. Brown, "The History of 90 mm Armor Piercing Projectiles
(Steel) Development," Office, Chief of Ordnance (Aug 1945).

5. "Bibliography on Armor, Armor Piercing Projectlles and the

Welding of Armor - Vol 1," Watertown Arsenal Report WAL 900/97
(Apr 1945).
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o Section Title
15,21 Basls for Armor Testing
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Section 15,2

Proof Firing for Acceptance of Armor

\

To determine the ability of a plate to resist (a) penetration,
(b) epalling, and (c) cracking, three typee of ballistic tests are
ueed. In the first type, a determination 1s made of the hallistie
limit of the plate; in the second, projectiles are fired at veloci=
tie= above the limit to determine whether an excessive amount of
armor 1s thrown from the back face; and in the thiprd, a large pro-
Jectile or =lug is used to provide shock and thus test the plate's

resistance to cracking. Each of these types 1s discuar2d.

by R. J. Emrich
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Sec. 15,2 - Proof Firing for Acceptance of Armor

Four criteria for the choice of an acceptance test or test

" conditions were discussed in the previous section, Since it is

usually impossible to satisfy all four eriteria simultaneously,
an essential part of the problem in setting up a test is to decide
on the relative importance of the various factors. Since this may
vary from one acceptance problem to the next, it is difficult to
establish a general basia for acceptance which will apply to all
cases, A discussion of such a basis can be ussful, however, even
though exceptions are advisable in practice.

s o s
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Except where noted, t?e'present gection reviews a system pro-
posed by Watertown Arsenal 1) for the acceptance of armor for air=-
craft, tanks, and other armored vehicles. The significant part of
the proposal is the stress laid on measurements which distinguish
amcng dAifferent modes of faillure and which emphasize characteristics
inherent in the armor and controllable in manufacture. The spirit
of the proposal is expressed in the introduction of the subject re-
port: '"Considerable progress has besen made during World War II in
an’ improvement in armor quality and also in an understanding of
the; mechanics of how armor functions., It 1s belleved that -still.

. further improvement in armor quality may be obtained if this under-

“ standing ‘of the mechanics of armor is utilized in establishing a
rational tamis for the ballistic specifications of armor., An at-
tempt is made to establish such a basis,."

15,21 -~ PBasis for Armor Testing

‘ It is generally accepted that good armor must poasess three
. characteristics:

PRl <Y

W N Fo e e ——

Yy

H T
=

(a) Resistance to penetration. The primary function of
armor is the protection of men and material behind it and it must
first of all prevent, as far as possible, the perforation by enemy

missiles,

h (b) Resistance to spalling. There should be no pieces thrown
from the plate intc the protected area.

- badl

(¢) Resistance to cracking, The plate should not erack or
! break up. Even when the crack is not severe, the plate will be
unable to sustain further attack; if the plate is an integral part
of any framewcrk, the structure will be weakened,

. et e

Ly, o, Zornig, N. A, Matthews, and C. Zener, "Armor Plate Bale
listic Testing," Watertown Arsenal Peport WAL 710/685 (Aug 1944).
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These are useful designations, not only because they correspond

to different types of damage, but also because they represent dif-
ferent modes of failure which can be related to controllable physi- f
cal characteristice of the armor.

Thus, the first requirement stipulated for a ballistic test
is that 1t be able to measure one of these qualities and that 1t 5
be sensitive to the factors controlling the corresponding mode of
fallure. The second requirement, taken to be of equal importance
with that of the first, is simpliecity and reproducibility. Ap=-
proximation to service conditions 1s relegated to a secondary role,
while the requirement that the armor be tested near itas limit of i
performance is automatically taken care of by the suggestion that .
the resistance to penetration be measured by the determination of
a limit velocity.

The first requirement will be considered later. For the re-
quirement of reproduecibility it is recommended that tests be car- i
ried out under controlled conditions at a proving ground, that the B
projectile be non-yawlng, and that, except in teste for cracki?s» P
. & nondeforming, monobloc projectile be used whenever feasible, ) -
4 cap is considered an undesirable feature since it "introduces a ;
variable factor over which the test range haa Ro ‘control.®

' For simplicity, as well as reproducibility, it would be de- "
sireable to have all teste conducted with impacts at normal incie-
dence. The reasons for this are that small variations from the
apecified angle of incidence affect results to a much greater ex-
tent at obliquities than at normal, that the effects of random yaw
are more pronounced at obliquities, and that the likelihood of pro-
Jeetiles deformation and fracture is less at normal., With respect
to simplicity, it is also noted that normal impact firing is some-
what easier with regard to mounting of the plates and the inter-
pretation of ballistic impactas. These advartages are undoubtedly

(ZFThere are many cases in which a monobloe projectile i1s not used
in practice. It would certainly not be feasible to use such a
prcjectile against face-hardened plate since it would invariably
shatter and, consequently, produce very erratic results., Jacketed
caliber .30 and ,50 projectiles are used at normal obliquity in
tesating light armor,
In cases where nondeforming projectiles cannoct be used, a special-
ly prepsred batch of projectiles ls often maintalned at the prov-
ing ground., These projectiles are prepared under especially well
controlled conditions, are tested for uniformity by pertinent non-
ballistic tests, and are subject, through large samples, to a more
thorough ballistic test than is feasible in regular projectile
e3ceptance testing.

16
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real; they are often obtained, however, at the expsnse of the
requirement that the test should approximate service ccnditions.
The reassoning behind the suggestion is that quallties which are
responsible for poor behavior at obliquities can be tested at
normal without the necessity of obliquity firing. This ie an
important point, but one which needs further investigation. At
prese?§) many acceptance tests are carried out at oblique im- i

pact,

sat B3 aleadliar 5 R e e

15.22. ~ Reslstance to Penetration K

A XY Sy s B —m T s m -

\ Aside from the function of facs hardened plate to deform ii
the projectile and thereby dissipate its energy, (4) and the :
function of any plate to deform or deflect the projectile upon
high obliquity impact, the chief property of armor in resisting
penetration is absorption of energy through its own plastic de-
formation.(5) The characteristics of the plate material which
affect its capacity to absorb energy through plastic deformation

are customarily described as: _ 3

ST i

(a) Resistance to plastic deformation,

(b) Resistance to instability of homogeneous deformation,

gy b
o

Rl S

(¢) Freedom from laminations, and
' E

.ﬁm‘umw Lame g
. ¢ ==.o-

(d) Ductility.

The general nature of the plastic deformation, and therefore
the resistance to penetration, depends upon whether and at what
stage of the penetration homogeneous deformation becomes unstable.
Once such instability han set in, a plug is formed, thereby al-
lowing the projectile to pass through rore freely; the penetration

reeistanie is lowered (Figures 2.1-12, 2.1-13, 2,1=14, 2,1-15,
2,1-16).(5) Since not all the factors affecting the instability

' of homogeneous deformation are understood, an adequate nonballistic
{ test cannot be made for this quality,

T

T

(3)see Parte I and II of Appendix A,

¥ (4)To assure that face-hardened armor can perform this function,
. it is required that the nose of a standard test projectile be
G deformed by a specified amount.
o (5)a more complete discussion of the mechanism of perforation is
_ given in Jhapter 2, Frankford Arsenal Report R-902, "Mechanism
44
¥
L2

of Armor Penetration,® by R. B. Sawyer, Feb 1951. Figures
1isted hers are found in this report.

P ]
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The presence of laminations and the absence of ductility,
since they lead to spalls and cracks, lower the resistance to
penetration by permitting the plate material to make room for :
the projectile without undergoing the norma% smount of plastic "
deformation (Figures 2,1-8, 2,1«9, 2,1-11) These two quali- X
ties are examined in speoial tests (spalling and cracking tests,

respectively), _ )

The Watertown Arsenal report(l) remarks that "the concept
of resistance to penetration is not without ambiguity, and there= i
fore any test which ie devised to measure it is somewhat arbi- !
trary. The ambigulty in the concept of resistance to penetration E
arises from the wide variety of conditions of attack to which '
armor is subjected. That combination of qualities which snables i
armor best to resist penetration under one type of attack is not-
necessarily the same combination which enables it best to resist !
penetration under enother set of conditions, The most that can
be expected of a single method of testing for resistance to pene- i
tration is that the test be sufficiently sensitive to all four -
resistance qualitiee sc that any %r?sa failings .in any one quali=
ty will be reflected in the test. Since the qualities (¢) and ' .
{a) (freedom from laminations, and duetility) have special ballistic :
tests, it is desirable that thd resistance to penetration test be '
especially sensitive to the first two qualities. .

Iype of Tesg

It is suggested that for firings at normal impact the
"Navy" ballistic limit is preferable to that of the "Army" as a
measures of resistance to penetration.(7) The "Navy" limit is the
minimum striking velocity required for the projectile or major
portion thereof to pass entirely through the plate, while the
PArmy" limlt requires only that the tip of the projectile be seen
from the back side when the projectile remains in the plate or that
a pinhole of light be seen wheun the projectile has been ejected.
The reason for favoring the "Navy" limit is that it is considered

(LV1roe ett
(5)1oc oit
(6)7he assumption ie that service use is never restricted to a
definite type of attack. The extent to which this ia true will
vary with the intendod use of the plate,
(7)a description of the different types of ballistic limit, methods
of measurement, and means of averaging statistical fluctuations .
in results is contained in an Appendix to Chapter 3, Frankford
Arsenal Report R«903, See also "Definitions of Terms Used in
Ballilistic Testing of Armor - Rev B," Haval Proving Ground Report

10-4% (Jun 1945).
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to be more sensitive to changes in the plate qualities under test,
since these changes greatly affect the behavior of materisl near
the back face,

"(3) The resistance to plastic deformation of the material
near the back of the plate affects the 'Navy! ballistic 1limlt much
more than the 'Army'! ballistie limit.

5(11) The tendency for instability of homogeneous deformation
does not appreciably affect the *Army' ballistic limit while it
greatly modifies the 'Navy' limit.

"(411) An increase in hardness lowers the ductility of the
back fibers of the plate, thereby lowering the bulging at the back
of the surface before light is transmitted or the nose of the pro-
jeetile uppears, and therefore such an increase in hardness has a
greater effect upon the 'Navy' than upon the 'Army' limit, "

This disadvantage of the "Army" limit, that it is less sensi-~
tive to the qualities under test, would also apply to the "immunity!

_type test in which it is merely required that the plate not be per-

forated by a given projectile fired at a specified velocity and
obliquity. o . o

Although a review of specifications reveals that an immunity
test is commonly used in practice, this 1s undoubtedly because of
its greater simplicity, which is particularly important in the
cage of heavy armor, It 1s interesting to note, in this respeet,
that there is available a method for caleculating a "Navy" limit
for normal impact with data obtained from a single ghot. (8) "This

(8)1t 1s velieved that this method was first suggested by the
U. 8. Navy. It was later used and developed by other orgs-
nizations as well. A few references to this method are the
followlng:

"Definitione cof Terms Used in Ballistic Teeting of Armor =~
Rev B, " Naval Proving Ground Report 10-46 (Jun 1946).

G. R, Irwin, "Ninth Partial Report on Light Armor," Naval
Research Laboratory Report 0-1778 (Sep 1941).

"The Ballistic Properties of Mild Steel, Including Pre-
liminary Teste of Armor Steel and Dural," Office of Seclentific
Research and Development Report 1027, NDRC A-111 (Nov 1942),

C. H. Fletcher, H, Davis, and C. W. Curtis, "Measurement
of Projectile Velccities by Double Spark Shadowgraphs," Office
of Scientific Research and Development Report 4829e, OTB-B8e

(Mar 1945).
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method consists of firing one or more rounds at velocities esti-
mated to be a little above the perforation 1limit velocity, and
measurlng the residual veloclty of the projectile, The perfora-
tion limit velocity is then obtained by reference to experimentally
established relationships between the perforation limit velocity
and residual velocity, This method would reduce the number of
shots required in obtaining a limit over the number needad in the
"bracketing" method, but would make the measurements on each shot

more complicated,

Conditiorg of Test

The choice of normal incidence as the obliquity for test
and ite advantages of reproducibility and simplicity have already

. been discussed. There remains a choice of projectile caliber.

That the rating of a set of plates may depend on the size
of the test projectile iz evident from Figure 15.2-1., (Compare
results obtained with the caliber .30 and caliber .50 projectiles
in the Brinell hardness range above 350.) In this figure limit
velocities are given as a function of plate hardness for plates of
the same metallurgical quality. Differences in hardness were obe -
tained by differencees in time and temperature of the temper, The
optimum hardness inereases with decrease in caliber; for the cali-
ber .30 projectile it is supposedly at a higher value than shown
in the graph, A deterioration in metallurgical quality would be
reflect?d mainly in a shift of the optimum hardnese to lower
values, (9)

The method recommended for choosing the projectile cali-
ber to be used in an acceptance test assumes that the best range
of hardness and possible plate quality have been decided upon by

(9j0ptimum hardness is discussed more completely in Section 3.2 of
Chapter 3, Frankford Arsenal Report R-903, "Perforation Limits
for Nondeforming Projectiles,” by C. W. Curtis (Feb 1951), For
pertinent references, see:

"Results of the Homogeneous Aircraft Armor Davelopment
Program, " Naval Proving Ground Report 11-42 (Jun 1943).

"The Penetration of Homogeneous Light Armor by Jacketed
Projectiles at Normal Obliquity," Naval Proving Ground Report
143 (Jul 1943).

B. R. Queneau and F. C. Albers, "™Metallurgical Aepects of
Optimum Ballistlc Properties in Homogeneous Light Armor,® Naval
Proving Qround Exp Meme 1040-44 (Jun 1944).

D. G, Sopwith, "The Optimum Hardneas of Homogeneous Armor
for Resistance to Perforation at Normal Attack by Projectiles
of Different Sizeas" Armor Piercing Projectiles Sub-committee

Paper 80 (Sep 1944 20
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development tests, with due regard to expected service conditiocns,
For plates of acceptable quality 1t would then be possible, by ad-
justing the ratio of plate thickneses to projectile diameter, to
test either in a reglon below optimum hardness, whers ductile per=
forations are expected, or above optimum hardness, where nonduc-
tile perforations should occur. It is suggested that tests be con-
ducted in the region below optimum hardness, Essentially, the test
would then control the minimum hardness level; it might also show
excessively poor quality due to lack of ductility and the occur=
rence of laminations, but would be relatively insensitive to these
factors, Control of the upper limit of hardness and indication of
poor ductility and flaws is then left mainly to spalling and crack-
ing tests.

Projectiles chosen on the above basis would usually have
a diameter less than the thickness of the plate and must therefore
have a relatively high striking velocity for perforation. A sharp
nose would be required to avoid projectile deformation,

Reduction of Data _ ;

It is often convenient to be able to reduce actual limit
velocities to values corresponding to standard thicknesses of plate
or to interpolate between values for two thicknesses, Perforation R

"~ formulds for correlating limit velocities with plate thicknesses

are discussed in Section 3.5 (Frankford Arsenal Report R-903). Of
the many formulas that have been proposed, the simplest for inter-
polation is & linear dependence which may be ua?d ith fair success
provided the range in plate thickness is small, 10 Nearly as
simple, if a graphical means of interpolation is employed, is to
consider the logarithm of the perforation limit velocity a linear
function of the logarithm of plate thickness and to make a plot

on log-log graph paper.(l

15,23 - Resistance to Spalling

Different types of plate fragments may come off the back of
a plate during impact. One type of fragment (referred to in 15,22)
is caused by the localization of shear deformation about certain
internal surfaces. Such a localization 1s caused by the instability

SRl WO PR

Dioe it
(20)a, v. Hershey, "Ballistic Summary - Part I, The Dependence of
Limit Velocity on Plate Thickness and Obliquity at Low Obli-
quity," Naval Proving Ground Report 2-46 (Mar 1946). ,
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of homogeneous ghear deformation which arises after a slight de-

formation, The mechanism of this type of failure (discussed in :
Section 2.1 of Chapter 2)(5 gives rise to the formation of plugs -
(Figures 2.1-12, 2,1-14, and 2,1-15),(5) and to the wiping off of :
petals (Figures 2,1-1 to 2,1-7 and 2,1-10),(5) both on the front
and back faces,

A second common type of plate fragment is assocliated with
a lack of cohesion across planes parallel to the plate surface,
The resulting fragment usually takes the form of a thin dise some-
what larger than the diame%er of the projectile, In Naval parlance
this is called a Mbutton,™(11) The occurrence of such fragments
was the most usual cause for rejection of rolled armor during World

W&I‘ II. ’ ’ L

Another type is mentioned by the U, S. Naval Proving Ground and
is, in fact, the only type to which the word "spall" is applied. This
is a eircular cone of metal with a base several times that of the pro-
jectile (Figures 2,1-8, 2,1-9, 2,1-11 and 2.1-16).(5) The depth of
the cone usually extends through the entire thickness of the plate and
the sides have a rough flaky ¢rystalline appearance, The cause of
failure is not explained.,

Type of Test

The spalling characteristics of a plate are tested ballise
tically in the projectile-througheplate (PTP) test. In this test a
projectile is fired at normal incidence with a velocity considerably
above the perforation limit velocity, If a spall exceeding a certain
diameter is ejected from the back of the plate, the plate falls the
test.

1
Conditions of Test ;
k,

Several factors influence the tendency of a plate to aspall,
The greater the velocity of the projectile, the greater are the iner- b
tial forces tending to separate the spall from the back of the plate {
(see Section 2,1, Frankford Arsenal Report R-902, for a discussion of ;
the mechanism of spall formation). Spalls are aleso favored by a blunt

o N Tk T e

SN A

(5)10c eit
(11)mpefinitions of Terms Used in Ballistic Testing of Armor - Rev B,"
Naval Proving Ground Report 10=4% (Jun 1946),
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ogive and by an increase in the slze of the projectile. Figures
15.2-2 and 15.2=3 1llustrate how the tendency to spall increases
with increase in veloclty and with increass in bluntness of ogive.
These pictures show only the formation of "buttons," but it is
known that the tendency to plug also increases with increase in
bluntnese of ogive.

Certain projectiles which have in the past been used
for the projJectile-through-plate test are especially unsuiltable,
in particular the caliber ,30 AP and caliber .50 AP jacketed core
bullets. On the one hand, the unusually long pointed ogives of
their cores require a high striking velocity in order to subject
the plate to a severe back spalling test. On the other hand, their
Jacket produces a type of punching at high velocities which may dis-
quelify the plate on the eriterion of exit diameter, but which ie
in no way an indlcation of surfaces of weak cohesion in the plats.
No other caliber ,30 or caliber .50 ammunition is produced in quan-
tity; Watertown Arsenal suggests the use of special test projectiles
with cores of blunter ogive. These would then need to be shot at
only a comparatively low velcelty in order to differentiate between
plates which are good and bad with respect to spalling character- .
istices at the low velocity the jackets would be less likely to
form their type-of punching. - Another suggeated solution is to pro-
vide special test projectiles which are unjacketed and have a blunt
ogive, 12) The use of a projectile, such as the 20 mm M75, which
yaws excessively and does not remain undeformed is not recommended.

15,2, =~ Resistance to Cracking

As a rule, good quality armor cracks extensively only under
unusual conditions of impact. It is particularly likely to do so
if the plate is attacked by an overmatching projectile at high
obliquity. The plate then resists penetration by deflecting the
projectile so that, roughly spsaking, the plate reaction ie in-
dependent of the initial tangential component of the projectile
veloeity (Figure 15.2-4). The plate reacts essentially as if
it were struck normally by a projectile with 90 degree yaw and
a lower striking veloclty; bending occurs with the back face
subjected to tension, Fracture is likely.

A ballistic shock test should simulate these conditions,
namely, it should apply, over an extended area of the face, an
impulsive forees of sufficlient magnitude to produce bending;

(12);, . Sullivan, "Consideraticns Preliminary to the Develop- .
ment of Improved PTP Test Projectiles," Watertown Arsenal
Report WAL 762/320 (Jun 1945).
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Types of Test

At one time or ancther four different types of tests hsve
been used to svaluate resistance to shock:(13

(a) Repeated Fire, Light armor has been subjected to a
5= to 15-round machine gun burst. The reviewer has seen no report
discussing this test. If it has physical significance, which seems
doubtful, it is extremely difficult to see how it can be made re-

producible,

(b) Explosion., The armer is impacted with fuzed, high
explosive shell, It would appear that an éxplosion would subject
the armor to the required bending., Personnel at Watertown Arsenal
feel that such a test 1s not reliable, however, because of the ex=
treme sensitivity of such shocks to the time of iinitiation of ex=
plosion. Furthermore, a German laboratory reports that the resist-
ance of armor plate to a contact explosion did not correlate with

resistance to eracking, (14,15)

(c) Yaw and high obliquity impact, Although the pres=-
ence of yaw may inecrease the tendency toward cracking, yaw is hard
to control in routine firing, The same effect may be produced more
aigply by other methods, .

One such method is to use a relatively large, inert
projectile fired at a high obliquity (usually 50 to 70 degrees to
plate normal), This type of test is used by the U. S. Navy for

testing medium and heavy armor, It has the advantage that the armor
is tested under the same conditions that are likely to lead to fail-

ure by cracking in service,

(d) Slug. Watertown Arsenal favors the use of soft,
blunt glugs fired at normal incidence, Ball ammunition has been
used for the same purpose. 4 further discussion of this method

follows.

(13)"Ra211istic Testing of Armor, Rev A," Naval Proving Ground
Report 21=43 (Apr 1944).

(14)4, Erisch, "The Formation of Plates and Plugs" (German Trans-
lation), Biitish Intelligence Objectives Sub=committee/Gr

2/HEC/4521/5489/301 (1943).
(15)Dean and Sneddon, "The Problem of Discing of Armour Plates,”

Armament Research Depsrtment/THE Report 36/44 (Aug 1944).
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Conditions for test with soft _slug

It is suggested by Watertown Arsenal that the force on
the face of the plate must not be so localized that its assoeclated
energy is used to form partlal or complete holes, as are produced
by armor plercing projectiles. The pressure must be distributed
over an area havirgediameter at least equal to the plate thickness.
In order that such a pressure distribution be obtained at normal
incidence it 1s desirable that the testing projectile have a flat
nose or truncated ogive. Howsver, the use of a flat nose projec-
tile introduces the possiblility of a new type of plate reaction,
namely, the formation of a plug. This, however, can be avoided
if the projectlle is sufficiently soft to mushroom and is fired
at a veloelty which is carefully chosen. 4 projectile with low
resistance to ite own deformstion will exert a nearly constant
force for an appreciasble time, and during this time the bending
morent, applied to the plate will eteadily rise, while the shearing
stress in the plate, which would produce a plug, remains constant.

‘ It was felt that the physical plcture of shock testing
by this method was sufficlently complete to allow the proposal

of a formula relating the paramsters involved. The fundamental
principle of this formulas is that the test projectile should be

fired Jjust under the velocity which will give rise to a plug., The

force exerted by the soft projectile will be roughly proporticnal to

[(1?.9.)91‘0J + pvz:l 2 d2

where (T.S.)proj i the numerical value for the tensile strength of
the projectile material; p is the density of the projectile materialy
V 18 the striking velocity, and 4 1s the projectile diameter. This
force 1s to be just insufficient to cause s shear failure of the plate
material, and in the eriticel case (the shear strength being about

one-half the tensile strength) the forces may be equated. Whence,
t
: (T.8)prog *  PVR = B (T.8.)5 (3) o
B
f'!
T where t is plate thickness, and B a numerical constant with a value g;
o,

of approximately 4, which is determined by experimental firing.

The test consists in firing the slug at the appropriate
striking velocity, and inspecting the plate to see that no cracks
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appear with a length greater than a stated amount. This test(26)
is being used for the acceptance of welded plate.

(16)Specification MIL-A-11356B, "Armor, Steel, Cast, Homogeneousj
Combat-Vehicle-Type (1/4 to 12 inches, Inclusive)," 2 Jan 1953,
(See Part II, Appendix 4.)
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Nonballistic Tests of Armor
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) Section 15,3

: Nonballistic Tests of Armor
\

High hardnese does not insure a high ballistic limit, Fiber
fracture, Charpy, and reduction in area tests, as well as other
measures of mechanical propertles, have been suggested as means
of revealing the tendency of armor to spall or crack. These and

7 o ;I'additional“testa, such as radiographic and sonic methods of exami-
nation, are described.

' by R, J. Emrich

e,
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Sec. 15.3 =~ Nonballigtic Tests of Armor

One of the important changes in attitude during World War II
was that taken toward the nonballistic testing of armor. At the
beginning, nonballistlc tests were regarded wlith almost complete
lack of confldencej toward the end of the war they were sometimes
used in the aveluation and interpretation of ballistic results.
As previously stated, however, they are still by no means regarded
as infallible., The present gituation is summed up in a reportflg
reviewing developmentes at Watertown Arsenal from 1940 to 1945:
"An inereasing tendency to rely upon the results of nonballistic
tests to evaluate the ballistic characteristics of armor has been
established during the last years of World War II, It is hoped
that further research will result in the development of more pre=-
clse, quantitative, and Informative nonballistic tests for armor
materials."

Nonballistic tests are of two general types: (a) those me-
chanical tests which subject the armor to a deformation somewhat
similar to the deformation caused by projectile impact, and (b)
tests of factors such as composition, treatment, and homogeneity
of material, which have been found to affect ballistic behavior,
The latter type of test is employed chiefly to insure as far as
possible, that all plates of a lot have uniform characteristics
and ballistic properties at least equlvalent to the samples chosen
for ballistic testing. The former type of test has been investi-
gated in the hope that ballistic %uglity could be assessed without
having to resort to firing tests.(2) This section will be con-
cerned mainly with the former type of test and will consider, in
order, tests which correlate with (a) resiatance to penetration,
(b) resistance to spalling, and (c) resistance to cracking.

15.31 - Resistange to Penetrgtion

Undoubtedly the most widely used nonballistie tests of armor
are hardness by indentation (usually Brinell), resistance to im=
pact (V-noteh Charpy), and nltimate tensile strength. It hardly

(1A, Hurlich, "Development of Nonballistic Tests of Armor at
Watertown Arsenal 1940-1945," Watertown Arsenal Report WAL
710/793 (May 1946). This is a companion report to the one on
ballistic testing reviewed in the last ssction. These two
reports form the basis for the present section,

(2)r, B. Sawyer, "Mechanism of Armur Penetration,' Frankford Arsenal
Report R-902 (Feb 1951). (See discussion of statie punching tests,
Section 2.2.)
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needs repeating that these tests of resistance to plastic deforma-
tion though useful, do not correlate exactly with resistance to
penetration by a projectile. Reference 1is again mede to Figure
15.2-1., An optimum hardness, with drop in resistance to penetra-
tion beyond this value, occurs because of change in the mode of
plate fallure. For a particular projectile and plate, the posi-
tion of the optimum depends on the number and size of the imper-
fections present, on the ductility, and on the tendsncy of the
material to fail by inhomogensous shear. None of these 1is meas-
ured by hardness alone, At a constant hardness near the optimum
value, resistance to penetration is known to depen? gn chemical
composition and probably metallographic structure,(3

Although hardness and impact resistance (toughness) are not
infallible measures of resistance to penetration, they indicate
one of the most important factors involved. When the composition
of steel, its metallographic structure, and its soundness are held
within narrow limits, thess tests can provide a good indication of
performance. A4 hardness test is particularly useful since it is
nondestructive and can be employsd for testing all plates produced.

15,32 - Resistance to Spalling

It has been known for several years that laminations and segre-
tations of nonmetalli? inclusions are the primary cause of backspal-
ling in rolled armor, 4L) Excessive laminatione of nonmetallic in-
clusions in armor are also responsible for base metal cracking during

(3)Por ballistic data on the effect of carbon content of steel on
the perforation limit at a constant hardnese level, see:

G. R. Irwin, "Ninth Partial Report on Light Armor," Naval
Research Laboratory Report 0-1778 (Sep 1941).

"The Penetration of Homogeneous Light Armor by Jacketed Pro-
jectiles at Normal Obliquity," Naval Proving Ground Report 14=43
(Jul 1943).

B. R. Quenesu and F, C. Albers, "Metallurglcal Aspects of Opti-
mum Ballistic Properties in Homogeneous Light Armor," Naval Prov-
ing Ground Exp Memo 1040-44 (Jun 1944).

The indications are that the deviatiocns from direct correlation
with hardness are small so long as the type of plate failure re=-
mains ductile,

(4)g. 1. Reed, "Correlation of Microstructure and Ballistic Proper-
ties of Armor Plate," Watertown Arsenal Report WAL 710/261 (Jul

1938).
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the welding and flame cutting of armor., 1In the United States, the
practice of certain firme in correlating ballistic performance of
their plates with the appearance of fractureg induced in notched
bend specimens cut from the armor after heat treatment was studied
by the laboratory at Watertown Arsenal, and, after comparison with
other types of test, led to the development of the "fracture test
for steel soundness." This test is required in ths current Army
specification(5) for acceptance of wrought homogeneous stesl armor
for thicknesses of 1/, to 12 inches, inclusive.

_ The fracture test is very simply conducted. Specimens are
flame cut from heat treated slabs of armor, notched by flame cut-
ting in from the middle of the two longer sides, and broken under
a press., The purpose of the notches 1s to localizs the fracture
in the plane of the notches. The fractured surface iz then ex-
amined and rated as belonging to one of five classifications,
either by comparison with a set of gtandard photographs or ac-
cording to a description. 4 slow break 1s somewhat preferable

to a8 fracture produced by impact because the laminations generally

- gplit- open more definitely during the slow break. Fracture ratings

which accurately reflect steel quality result only when the armor
is heat treated so as to break in a completely dectile manner,
When laminations of nonmetallic inelusions exist in steel, the

. path of the fracture will preferentially follow the laminations

because the stress required to rupture the weak bond between the
stesl and the nonmetallics is much less than that required to rup=
ture the homogensous metal, The laminations will thus open up and
be revealed as splits or shelves on the fractured surface. With
brittle fractures, on the other hand, no preference is shown for
the fracture to follow laminations.

Various other tests, including hot acld macroetching, magna-
fluxing, and microscopic examination, were applied at Watertown
Arsenal in comparison with the fracture test for steel soundness.
Correlations were established between these tests and, where possi-
ble, with projectile~through-plate teste, but the fracture test was
conaidered the most readily applicable as a quality inspection tool,
The hot acid macroetch test requires ccnsiderable experience for
accurate rating, the magnaflux test was found to be too sensitive,
and mieroscoplc examination suffers from the drawback that only a
relatively minute area is examined and the chance of having non-
representative arecas is great.

(5)Specification MIL-A-12560, "Armor, Steel; Plate, Wrought, Homo-
geneousj Combat-Vehicle-Type (1/4 to 12 inches, Incl), (9 Mar
1953). See Appendix A, Part I.
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Gensamer and co-workers,(é) at the Carnegle Institute of Tech- !
nology, undertook to find a correlation between transverse tensile
properties of the plate and its spalling tendencies. Investigation
of a serles of accepted and rejected plates showed marked deficien~ :
cles in tensile strength, elongation, and reduction in area in the 3
transverse direction of spalled plates. Tests showed all plates
having a reduction of area in the thickness directlon in excess of /
- 30 per cent passed the ballistic test, and sll but one of the plates f

having less than 10 per cent reduction of area in the thickness di= #

rection falled the ballistic test by back spalling,

This work was continued at Watertown Arsensl in a more exten-
: sive program, including notched bar tensile impact tests across the d
: thickness, static tensile tests across the thickness, longitudinal

and transverse tensile tests, and fracture tests. The results showed !
N that the reduction of area in the static tensile test across the gaze

(thickness) of rolled armor, in general, correlates waell with the

\ back spalling tendency of the armor., The notched bar tensile impect
ﬁ . test across the gage likewlse correlated well with the back spalling
i - characteristics of the armor., - The notched bar tensile impact tests

sx oo

taken in the longitudinal and transverse directlions showed no defi-
nite correlation with back spalling tendencies, 8imilarly, static
L S tensile test=s in the longitudinal and transverse directions did not
P © correlate with the ballistic properties. The results of the fracture L
' test for steel soundness correlated well with the back spalling charace ¢

Y

k teristics of the armor, and it was concluded that the fracture test
| is by far the most satisfactory indicator of the backspalling tendencies
] of armor and the test most applicable as a quality control test for the

following reasons:

(a) Physical tests require the machining of relatively expensive
: test speclmens, The fracture teat specimen can be prepared very quickly
' and inexpensively.

o (b) Tensile tests across the thickness of armor are limited to
plates no less than approximately 1 1/2 inches thick and are not readily
applicable to very thick armor. The fracture test, on the other hand,
can be appliad to all thicknesses of arnor,

P

T LR S
- b ! =

o (A)M. Gensamer et al, "Final Report on Nonballlstic Test for Armor ‘
Plates," Office of Scientific Research end Development Report 2041, :

M-87 (Nov 1943). i

%
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(¢) 8ince the tensile test is limited to a relatively small
cross-sectional area, the results of the test may be misleading
since the chance of having a nonrepresentative area included in
the test specimen 1s high., The fracture test in macroseopic in
nature in that a large cross-sectlonal area of the armor is ex-
posed for examination,

15,33 - Resilstance to Cracking

Cracking is assoclated with the perplexing phenomenon of brite
tle fracture in metals,(7) The concept of failure by brittle,
rather than by ductile, process has been introduced by Ludwig.
The flow stress is the stress necessary to make the material flow
plastically., It depends both upon the transverse components of
strees and upon the previous strain in the material, The fracture
stress 1s defined as the stress at which the aSerial would frac~
ture if no plastic deformation were to occur, The fracture stress
appears not to depend upon the transverse components of stress, but
like the flow stress, it 1s, in general, a function of the previous
strain, A4s the load iz increased, the material wlll flow plastically
4f the flow stress 1s below the fracture stress; it will fracture if
the reverse is the case.

The flow stress of steels, all of the same hardness, seems to : .
depend little on metallurgleal structure, while ?hg fracture stress
1s markedly affected by metallurgical structure.(®) Zornig, Matthews,
and Zener described this by considering the two extreme cases of a
pearlitic and of a tempered martensitie steel,(10) 1In the former
steel, the initial fracture stress is only slightly higher (from 10
per cent to 20 per cent) than the initial flow stress for the case
of uniaxial tension., In the latter steel, the fracture strese is

(7)A review of theoretical and experimental work in this fleld is
contained in the Transaction of ASM, Vol 404 (1948).

(8)This definition of fracture stress is & useful one only if it
is possible to suppress plastic deformation by introducing an
embrittling parameter, such ae a lowering of temperature or the
addition of a transverse biaxial tension, without changing the
resistance to fracture, Evidence that this possibility dces not
exist has been summarized by C. Zener in Transacticnes of ASM,
Vol 404 (1948).

(9)This does not mean, howevar, that the flow stress is not sensi-
tive to metallurgical structure, but rather that the hardness
correlates well with the flow strees.

(10)4. H. Zornig, M. A. Matthews, and C. Zener, "Armor Plate Ballis-
tic Testing," Watertown Arsensl Report WAL 710/685 (Aug 1944).
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essentially independent of strain, In the example given, the
pearlitic and the tempered martensitic steels have identical prop-
pertles as measured in the conventlonal tensile test or by the
conventional hardness machines. They no longer bshave identi-
c¢ally when a transverse constraint is imposed which prevents any
change in dimensions along one transverse direction, as is the

case when an overmatching projectile strikes a plate normally with
90 degrees yaw (as is essentially the situation when it is incident
without yaw at high obliquity - see Sec. 15.2/ and Figure 15.2-4),
Such & restraint raises the flow stress. According to von Mises
(or the octahedral shear stress theory), the rise will be 16 per
cent, The fracture stress remalns essentially unaltered by this
restraint. Reference to Figure 15.3-1 shows that this 16 per cent
rise in flow stress, which has only a minor effect upon the strain-
to-fracture of the tempered martensitic steel, has, on the other
hand, a drastic effect upon the strain-to-fracture of the pearlitic
steel, In the latter steel, the flow stress is raised above or
nearly to the fracture stress at zero strain, depending upon the
precise conditions, such as straln rate and temperature. If the
strain rate is sufficiently ‘high or the temperature sufficiently
low, the transverse restraint will raise the flow strees of the
pearlitic steel above the fracture stress at zero strain, sc the
steel will fracture brittlely with no plastic deformation, i

This example illustrates what has been verified by a thorough
correlation study of ballistic and metallurgical characteristice
of armor: armor can successfully withstand severe shock conditions
only 1f it cortesins no pearlite.(1l) The effect of the presence of
intermediate structures, such as bainite, 1s complicated and is not
well understoed,

For a given composition, both the flow stress and the fracture
stress ocurve of a tempered martensitic steel rise with an increase
in hardness, The flow stress curve rises faster than the fracture
stress curve, however, so the strain to fracture diminishes with an
increase in hardness. The harder a steel plate is, the less able
it 18 to withstand shcck conditions,

In addition to the metallurgical struciure and hardness level,

the casting and forging practice also may affect the fracture stress.

(11)y, Bolotsky, "Historical Review of the Correlation of Ballistic
and Metallurgical Characteristics of Domestic Armor at Watertown
Arsenal," Watertown Arsenal Report WAL 710/795 (Dec 1945).
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Figure 15,31, Inter-relation of difference between behavior of tempered
martensitic and pearlitic steels under shock conditions
(Taken from Watertown Arsecnal Report WAL 710/685)
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Thus, nonmetallic inclusions in g rolled plate always lower the
fracture stress along an axis transverse to the principal direc-
tion of rolling.

The shock resistance of armor, or its abllity to deform plasti-
cally at high rates of strain, may be greatly affected by tempera-
ture of test, dependent upon its metallographic structure. Satis=
factory ballistic test behavior at normal temperatures does not pro-
vide assuranc? that the armor will resist brittle failure at low
temperatures, (11,12)

A, Hurlich, Watertown Arsensl, has developed a "fibre fracture
test" as a measure of the propertles of steel armor to withstand
shock, and this test has been correlated with the results of ballis-
tic shock tests. It is sufficiently simple so that 1t may be ap-
plied in the production shop on ah adequate number of samples to
effectively control the quality of the armor produced. Ordinarily,
the detectlion of the presenca of high temperature transformation
products (pearlite and bainite) in sufficient quantities to have a
deleterious effect upon the ballistic properties involves laboratory
techniques, such as microscopic examination of prepared surfaces,

The fibre fracture test merely determines :whether or not a

. sample bar, sawed or flame cut out of armér.and notched by a saw

or cutting torch, fractures in a brittle or ductile manner upon
being struck with a falling welght or a forging hammer, The frac~
ture is examined visually and 1s characteristically one of the
following,

(a) Pibrous, Characterized by a nonreflecting dark gray,
rough, and pitted surface., The sides of the fracture show the
necking-in associated with ductile behavior.

(b) COrystalline, Characterized by a bright silvery sheen
caused by reflections from facets, The surface cf the fracture
tends to be flat and the sides undeformed., The fracture appears
brittle in nature.

(c) Mixed, Part of the surface is typically fibrous, with

.clearly demarked areas typically crystalline,

(AD)1roe oit

(12,p, v, Riffin, "Armor Plate - Correlation of Metallurgical
Properties with the Low Temperature Ballistic Shock Charac-
teristics of 1" tc 2" Low Alloy Cast Armor Tested at Camp
Shilo," Watertown Arsenal Report WAL 710/534 (Aug 1943).
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These characteristic appearances of notched and fractured steel
samples ars noticeable as well in Charpy test specimens cut from
armor plate, and the type of fracture ls well correlated with the
energy absorbed in the Charpy teat.

The correlation of the fibre fracture test results with the
ballistic shock test results at low temperature is illustrated by
the following data.

Table 15,3-1, Results of Ballistic Tests for Resistance to Shock

Fracture Rating No, Tested No, Falled ¢ Failures
Cast Armor
Fibrous 15 0 0
Predominately fibrous 4 1 25
Mixed, fibrous and
crystalline 10 8 80
Predominately cryetalline 22 17 78
"Crystalline , L. 23 19 83

Rolled Armor

Fibrous 17 0 0
Predominately fibrous 5 1 20
Mixed, fibrous and

erystalline 11 2 13
Predominately orystalline 7 5 71
Crystalline - - -

As may be seen from this table, the requirement that the frace
ture be completely fibrous will probably assure good ballistic shock
resistance, even under cold weather conditions, However, the re-
quirement is more critical with respect to the inherent ability of
the material to deform plastically than are ballistic shock tests,
The fibre fracture test is most useful as a control test during
production in evaluating the characteristics which determine the
resistance of the armor to shock,

The Charpy V-notch impact test has been suggested as a means
of evaluating the shock resistant properties of armor,(5 and its
correlation with ballistic shock tests has been demonstrated both

(6)Loc cit 44
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at the Carnegie Institute of Technology and at Watertown Arsenal.(6’11)
The notched bar impact properties at «40° F are considered a better
index of shock resistance of armor than room temperature values, The
correlation hetween the fihea fracture test and the Charpy test is
better, however, than the correlatlion of either with ballistie shock

tests,

An investigation of another distinctive type of fracture, desig-
nated "conchoidal," was made at Watertown Arsenal, The conchoidal
fracture is characterized by large facets and smooth, bright, curved
surfaces dispersed in varylng amounts throughout an otherwise normal
appearing fracture matrix, The fracture was found to be assoecigted
with a precipitate at the prior austenite grain boundaries which
causes preferential fracture at dendrite grain boundaries. Very
poor shock resistance is alwsys assoclated wlth the conchoidal frac-
ture. The Battelle Memorial Institute conducted a very extensive
investizatlon of the phenomenon and found that the concheidal frac-
ture is caused by precipitation of aluminum nitrides at primary
austenite grain bounderles. Faulty deoxidation and poor steel-
makina practlice are largely responsible for concholdal fractures
in oroduction armor, This particular defect was, however, quite
rare, being largely confined to the output of only one or two comm

panies,

The experience of German armor makers during the second world
war has apparently led to the sams conclugions on nonhallistic methe
ode of testing shock strength. Paraphrasing a translation of a paper
presented at & conferenca held in Berlin:(13) "The visual inspection
of the fracture on statically broken samples of “eavy armor plates
often allows a better prediction of the hehavior under fire than does
the numerical value of the standard notch impact test. The subtle
differences in the appearance of the fracture are scarcely noticeable
on a photograph, so I shall not present them here.!

15,34 - Control of Uniformitys Sampling Prucedure

In the preceding sections, nonballistic tests which correlate
directly with ballistlc performance have been discussed, It has been
mentioned that none of these correlates well enough with ballistic re=-

sults, but that each is useful in (a) sorting out distinctly inferior

(6)Loc cit

(ll)Loc clit
(13)3. Houdremont, "The Strain on and the Properties of Armor Plate
Steels" (German Translation), British Intelligence Objectives

Sub-committee report /Gr 2/HEC/4521/5489/9.
45
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material before further processing, (b) informing the manufacturer
of trouble before large quantities of defective product have been
produced, and (c) helping to control uniformity of the produot to
add to tha confidence in ballistic tests on samplss., Ia addition
to the mechanical nonballistic tests, other information is recorded
during the manufacture of armor to help assure that the finished
bateh will have uniform ballistic properties. The effects which
variations in these factors have on the ballistic performance is
not well understood, and the following is a list of the factors
which have been seen in specifications or which have been proposed,

(a) Chemical analysis of steel.

(b) Heat number of steel,pouring temperature, ladle addi-
tions, etc. .

(¢) Ingot number, position in ingot, and rolling procedure
or casting procedure.

(d) Heat treatment. i

| (e) Visual inspection to reject platea showing cracks, lami-
nations, inclusions, or ruptures (particularly, machined or ground

' edgea are 8o inmpected)._ - . - - *‘*“%

(£) Radiographic inspection for inclusions and voids
(chiefly castings).

(g) Sonic testing. The Naval Froving Ground has made some
tests with the Sperry Supersonic Reflectoscope, which detects in-
homogeneities in steel by noting the time taken for a soniec pu%se
to be reflected from points below the surface of the material, )
Good agreement between laminations (revealed as large by the re-
flectoscope) and those leading to degradation of ballistic quality
was obtained on about 70 impacts. If future results substantiate
this agreement, it may be that those variations in ballistic per-
formance which are caused by internal defects or nonuniformities
can be rather accurately predicted before ballistic testing by
careful ultrasonic examination, The instrument used was rather
complicated and delicate, and its continual use might be difficult
under conditions necessary for the testing of large plates, The
instrument cannot be effectively used on plates less than 2 inches
thick,

(14)my Study of Nonuniformity in 3,0 and 4.0 inch Homogeneous Armor,"
Naval Proving Oround Report 11-46 (Jul 1946).
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How closely each or any of these factors needs to be control-
led to provide uniform ballistic properties is a matter of judge-
ment, Reference to specifications issusd by the Ordnance Depart-
ment and the Bureau of Ordnance will indicate the limits that have
been set in specific cases. Examples of current specifications are

included in the appendix to this chapter.

The realiaation that manufecturing conditions play an uncon=-
trollable part in determining the ballistic quality of armor has
led, both in the United States and in Great.Britain, to the pro-
cedure of "qualifying" a manufacturer befors he undertskes the
manufacture of large quantities of armor, This procedure consists
1 . hwmving the manufacturer produce a group cf plates, all of one
thickness and size, and all as homogeneous in quality as possible,
All the plates are then subjected to both ballistic and nonballistic
tests of comparative complexity to establish' the ability of the
manufactursr to produce a satisfactory and uniform product. A manu=
facturer must "qualify" for each type and each thickness of armor

he intends to produce. ,

Acceptance of armor, after qualification, is then baseéd on non-
ballistic tests performed on some or all of the plates of a lot and
ballistic tests on samples chosen from the lot. In general, a lot
‘consists of a limited weight of plates, all from one heat &f steel,
all of the same thickness, which have had the same heat treatment
and which are submitted at one time, Samples are selected from the
lot at the manufacturing plant by a government inspector. Sometimes
complicated sections, such as castings, are not themselves hampled
but, rather, a ballistic test sample of convenient size and .shape is
produced under the same conditions, The percentage of the lot sampled
varies, but is usually larger than one plate out of 100,
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Section 15.4 .

Proof Firing of AP Projectiles
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Section 15,4 '

Proof Firing of AP Projectiles

Firing trials are performed mainly for three purposes: (a) I
to determine the projectiles' perforating ability, (b) to test '
cap and band security, and (c) in the case of APHE projectiles,
to insure that the projectiles remain in an effective bursting )

by R. J. Emrich ‘
: '
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See 15,4 - FProof Firing of AP Projectiles

. Bxcept for a few general remarks, the only literature on
H bhallistic acceptance tests for projectiles consists of specifica«

i tions for the procurement of standard designs.(l) Although such
specifications state quite explicitly what the requiremente are for
certain projectile types, it ig not thelr purpese to justify the
particular test conditlons stipulated. No report giving reasons

or a general basis for choosing test conditions has come to the
attention of the reviewer,

-

————
e e e

, It is clear from the specifications, however, that the
teste for projectiles are of a slightly different nature from those
for armor., Whereas the tests used for accepting armor correlate
closely with definite qualities of the plate, acceptance tests for
projsctiles are concerned primarily with end results. The armor
test for resistance to penetration corrslates with the ability of
the plate to resist general and localized plastic deformation; the
test for spalling correlates with imperfections; the shock test cor-
relates with the ability to resist cracking, e. g., plate brittle-

. nese, Projectile tests, on the other hand, require that the pro-
jectile perforate a given plate (or set of plates) under certain

' specified conditions of attack and; in the case of an AP high ex-

: plosive (APHE) projectile, that it remain in an effective bursting
condition., Nelther of these tests correlates directly with a defi-
nite physical property of the projectile,

{é%ﬁ%ﬁ*ﬁﬂn ki, s ; C—
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The general philosphy of projectile testing is reflected
by the followinf 3uotation from a report of the President of the
Ordnance Board:(Z2 _

"l. In the Development of A.P. shot the Board obtains a supply of
shot made by the best known methods and from the best available ma-
terials by the most reliable producer.

e T e e e P Y
. l e <
s

"When the development trials are complete, and a design ap=
proved, these best quallty shot are used by the Board for deter-

mining proof conditions.

! (L)For examples of specifications, See Appendix A, Parts III and IV.
(2)Report of the President of the Ordnance Board (Great Britain),
1941-1945.
,
'.,
’
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"This trial is usually carried out against the thickest plate
that the shot will defeat at fighting ranges and a critical strik-
ing welocity obtained at which it is considered that with such shot
there is an even probabllity of success.

"The result is s&.slicable only to the particular plate and
shot used,

"In order to quote a striking veloeity that will give some
indication of the range at which this performance may be expected
to be achieved by good shot of other makers against average plates,
a margin of about 100 ft/sec is added for all calibers.

: "Thus the recommended proof conditions specify the'plate thick-
'ness and angle and include a nominal striking velocity,

"2, It is intended that proof should be carried out on the fol-
lowing broad lines:

, #(1) In each calibre a supply of the best obtainable shot’
should be available. These are known &s "standard" shot.

o "(iig The proof plate should be calibrated by means of stand=
ard ahot@ ) and a veloclty obtained between success and failure ]
(within bracket of less than 50 ft/sec)., This ig the calibration
velocity. , :

n(1i1) The shot under proof should succeed (in perforating)
when fired at the calibrated plate at a proof velocity equal to
the calibration velocity plus an agreed margin."

With the exception that the "calibration® of the target
armor with "standard shot" i1s not universally performed, 4) the
British procedure indicated above seems to be followed, at least
in major outline.

It will be noted that these tests are somewhat analogous
to the "immunity tests"™ used in armor acceptance, in that the pro-
Jectile perforates under specified conditions or it fails, While

(3)The British obtain armor for projectile acceptance testing
under a special specification (See Reference 2).

(4)0Ordnance Proof Manual 7-17, "Manual of Test Methods of Small
Arms Ammunition, " Ordnance Department, US Army, ORD-M 608=FM,
Vol IIT (Jan 1945). However, see also Specification MIL-A-13812,
fArmor Plate, Light, for Testing Small Arms Armor-piercing Bule
lets," (30 Nov 1954).
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these are easentlally yes or no tests in that they provide no
numerical measure of thes relative superiority of one projectile
over another, gradations in quality are apparent to a skilled
observer simply from observation of the recovered projectiles
and the typs of hole left in the plate,
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To repeat, good correlations of projectile failures with
physical properties (similar to those noted for armor) are still
lacking, as are means of assigning numerical values to factors
governing aquality. Methods of developing these correlations and
numerical assessments are still in the suggestion stage., It has
bean proposed that a "shatter velocity" be used as a numerigal
measure of the projectile’s ability to resist nose failure, 2,5)
and that a "breaklng velocity" be used as a %e inite index of the
projectlle's abllity to resist body failure, 6) The term "shatter
velocity! will be discussed in Sec 4.2 and Sec 5.1 (Frankford
Arsenal Reports R-Y04 and R-905), so it requires no elaboration
here, In addition to providing a desired numerical performance
rating for a lot of projectiles, it should correlate with local-
ized and general plastic deformation in shear. Both of these
factors are related to hardness, "Breaking velocity," in the
sense used here, refers to the critical velocity at which a body S/
faillure firet occurs, .It presumably correletes with the ability 7
of the projectile body to resist failure in tension, and this '

factor is related to bend strength.

Ll R e = R e T U .

-l

I
{
b

; It must be emphasized that these ideas have not been
developed to the point necessary for immediate practlcal applica~
tion as acceptance tests and, in fact, practical difficulties may
even prevent such development. Ewven 1f these specific eritical

f velocities and the presumably related physical propertles are not
; sultable for the purpose at hand, some tests showing the desired
,; characteristies should be sought,

Lest the above discussion be misleading, further reference
i should be made to the information available from observations of

f the condition of the projectile after perforation, which was barely
N mentioned above. Causes of fallure can frequently be inferred by

N a gkilled observer, and under gome circumstances projectiles can
probably be graded, at least roughly, a8 to quality, Definite

(2)1oc eit

(5)H. W. Buker and T. A. Read, "The Shatter of Caliber ,50 AP Bul-
lets, " Frankford Arsenal Report R=553 (Oct 1944).

(5)0. W. Curtis, "Terminal Ballistics of Tungsten Carbide Projectiles -
Body Failures," Office of Scientific Research and Development Report
6640 (Apr 1946).
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numerical ratings and good correlations are, however, missing. A
comprehensive description of the types of deformation ocourring
during projectile impact a?d definitions of standard terms are
contained in Appendix B, (7

Unrelated to the impact of the projectile against armor,
but of primary importance for acceptance, are the "worn gun" tests.
These assess the security of the attachment of the cap, the wind-
shield, and the rotating band.

(7)Reproduced from: "Definitlions of Terms Used 1n Ballistic Testing
of Armor - Rev B," Naval Proving Ground Report 10-46 (Jun 1946).
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Nonballistic Tests of AP Projectiles
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Hardnese and Sectional Hardness Distribution

. Control of Uniformitys Sqmpling Procedurg;‘
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Section 15,5
Nonballistic Teats of AP Projectiles

Hardness and bend strength corrslate with the ability of
a projectile to resist shatter and body fallures, respectively.
Electrical resistance and related measurements have been sug-
gested because they provide a means of determining internal hard-
ness, Magnetic and microscopic examinations are used to detect

o . _ cracks and the projectile is sometimes subjested to large tem=

perature changes to reveal reeidual stresses, These and other
tests are treated,

by R. J. Emrich

60

CONFIDENTIAL

R



A e e g n i e e o e - - —

)
4

|
| 1
AR
! T
l CONFIDENTIAL
' gi
Sec. 15,5 - Nonballistic Tests of AP Projectiles lgl

[

e Hardness is the principal nonbsllistic property of projectiles
! which has been correlated with ballistie performance. Hardness in-
' dentations (usually Rockwell or Vickers) are made either on the ex-
terior of the projectile or on an axial section after sawing the
projectile apart, Magnetic and electrical properties which are re-
lated to hardness have also been used to a limited extent.

P

Other nonballistic tests, notably compression and bend tests,
are in the process of devslopment, but these have not as yet hean
used for acceptance,{l) A variety of other tests related to com=
position, heat treatment, flaws, and similar properties have been :
nsed to insure uniformity throughout projectile lots. '

‘ ’ ‘
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15,51 =~ Hardness and Sectional Hardness Distribution

As has been indicated earlier,(l) hardness is related to the
ability of the projectile nose to resist deformation and failure.
It 18 also related to the ability of the body of the projectile to
: . resist breakage. This latter relation,. however, is an indirect one -

only for projectiles of a given composition of stesl and subjected to
the same method of heet treatment, will hardness be a reliable eri- — °

“terion of bend strength, In spite of meager direct evidence, an in-

. crease in bend strength is strongly presumed to be accompanied by a

" corrasponding decrease in body failures. For this reason detailed
attention has been devoted to hardness distribution patterns.

: For any given condition of attack, it is generally agreed that
some foptimum hardness distribution” exists. This distribution will
always show the highest hardness near the nose and a gradual decrease -
toward the base. The details of the fMoptimum" condition will, how~
ever, certainly vary for different conditions of attack.

Again, a given hardness distributlon d?es not completely repre-
sent the characteristics of the projectile.(2) Only when the type

of steel, its quality, and the method of heat treatment are kept the
same is there assurance that the hardness is a reliable index. Under
these conditions it 1s a very useful control,

b

b

e (I;Discueeiona of such tests will be covered in Sections 10,1 and
» 10.2, Frankford Arsenal Report R=910.

(2)H, W. Zuker and T. A. Read, "Shatter of Brine Quenched and Air
Quenched Caliber ,60 FXS-318 Steel Cores," Frankford Arsenal Report
R-616 (Apr 1945).
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Extensive studies designed to relate hardness distributions
of service projectiles %o ballistic tests were carried out in
Great Britain during the years 1942 to 1944. On the basis of in-
formation contained in reports by the NationalPhysical laboratory
(British), it was recommended that the proof firing of 2-pr, 6-pr,
and 17-pr AP projectiles bs reduced and supplemented, or replaced
altogether, with hardness measurements made on sawed-open samplee
from the lots,(3) Proof along these lines was considered so satis-
factory that the National Physical Laboratory further developed a
method of measuring internal hardness by nondestructive means. The
Armament Research Department also developed apparatus for performing
nondestructive tests, in this case for small arms projectiles.(é

The National Physical Laboratory (British) procedure combined
a measurement of the electrical resislance of the projectile (taken
across the bourrelet section), with a surface indentation hardness
measurement. It then compared the result with subsequent indenta~
tion hardness determinaticns on an axial section of the projectile,
With projectiles from any one maker, having their own charactere
istic surface hardness, the resistance values, together with thease
measurements, gave an indicatlion of the hardness at the center of

the shoulder, :

In the Armament Research Department procedure, the magnetie
retentivity of small arms cores was measured. A comparison was
then made with indentation hardness values obtained on flats ground
along the sides of the cores, The machine developed for this pur-
pose wag fully automatiec and it was used in the production line to

eliminate cores of insufficilent hardness.

Direct or indirect hardness measurements never completely re-
placed firing tests for artillery projectiles, but they served as
useful guides for the selection of samples for such tests, During
moat of World War II, particularly when serlcus dislocations caused
the mixing of steel compositions and improper heat treatment, the
rejection of inferior projactiles and lots was accomplished by elec~
trical resistance measurements taken on apparatus set up in the
manufacturing plants, Later, with improvements in heat treatment
procedures and with the maintenance of more uniform conditions in

(3)Report of the Presidant of the Ordnance Board (Great Britain),

1941-1945."
(4)w. n. HAindley, "Quality Control of SAAP Bullet Cores," Armament

Research Department Report MET 9/45 (Feb 1945).
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the plants, it was found that the resistance tests were of appre-
ciably less value.(3) The Armement Research Department hardness
sorting machine, however, was used for final acceptance of small
armg cores after samples from the sorted batches were shown to
have the required Vickers Diamond Hardness., Twec trials were made
to obtain a dir ct 3orrelation between magnetic hardness and bale
listie results, Unfortunately neither trial was properly de=

gigned to determine this correlation.

.15.52 - Control of Uniformity: nggling Procadure

Under the present procedure of acceptance, with the lack of
nondestructive .and definitive mechanlical teste of ballistic quality,
the control of uniformity is of extreme importance. Since the pro-
Jectile manufacturers frequently are not steel makers, the provision
of steel in bar form is sometimes accomplished under specifications
separate from those outlining the requirements of projectile fabri-
cation, Particularly in Great Britain, the selection of steels and

the recommended heat treatment for small arms AP projectiles was

aided by the use of torsion impact tests.(7
In addition to the .control of the ehemical compoaition of PO

| jéctile steel, the other factors to be considered are:

(a) Steslmaking process. Macroetch tests may be applied to
ingots. _

(b) Rolling or forging practices.

(¢) Heat treatment, Microstructure is studied at various
stages in the heat treatment process, and finished projectiles are

sawed apart for study,

(d) Process of cap attachment, Caps are frequently soldered
to the cores, and tempering or other metallurgical change must be
avolded during the process. The security of the bond between cap
and core is usually checked by loading the assembled projectile
tranaversely in the center when supported at the ends,

(3)Loc cit
(5)"Magnetic Hardness Teating of A. P. Cores. Ponetration Trials
with a .55 inch A. P. S.A.A. Alloy A Cores," Armament Research

Department Report MET 33/44 (Feb 1944).

(6)nComparative Performance of a Batch of ,303-inch W Mark I Bullets
with AP Cores Divided into Groups by Magnetlic Hardness," Armament
Research Department Report TB/AP 8/45 (Mar 1945).

(7)a. Knight, "The Torsion Impact Test," Armament Research Department

Report MET 66/45 (Jun 1945). ¢4
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(e) Soundness test. After heat treatment, the shot are tested
magnetically, under certaln prescribed magnetizing conditions, for
cracks and imperfections or nonmetallic ineclusions,

(f) Visual or magnetic inspection of finished projectile for
surface cracks,

The variation that may be permitted in any of these factors is
a matter of judgment, Current Army and Navy specifications leave the
decisions mainly to the manufacturer (reserving, of course, the right
of final judgment), although allowable variations have been assembled
in proposed speciflcations, (8 -

Finlshed lots of projectiles submitted for acceptance are sampled

by a government inspsctor at the manufacturing plant. The maximum
size of a production lot is usually specified. For example, for the
U. S. Army 90 mm «P projectile, the maximum size of a lot is 10,000,
and from 5 to 9 projectiles are fired against armor plate; for U. 8.
Navy projectiles, the size of a lot is 500, from which 3 projectiles
are selected for plate firing tests. It is sometimes required that
all projectile cores in a lot be made of steel from one heat or a

restricted number of heats, and a%mil@r restrictions may be placed

on the steel used for the caps.(9 . : ' T

A qualification procedure, such as that used in armor acceptance
testing, is generally not employed in projectile acceptance testing.
However, the first lot submitted by a manufacturer is usually limited
to a smaller size than subsequent lots.

The reasons for basing projectile acceptance in the United States
on such relatively small samples (5 out of 10,000) in comparison with
sample sizes in armor testing (1 out of 100) are not apparent from
available reports.

(8)u. s. Army Specifications:
MIL-P-20519, "Projectiles, Armor-piercing, Capped; Metal-parts
Assembly" (4 Dec 1951).
MII=-P=-20460, "Projectiles, Armor-piercing; Metal-parts Assembly"
(4 Dec 1951),
MIL-S-13763(ORD), "Projectiles, Armor-piercing, Hyper-velocity;
with Tungeten-Carbide Cores; Metal-parts Assembly" (8 Nov 1954).

(9)see Appendix A, Parts ITI and IV,
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APPENDIX A

Part 1

‘Military Specification MILe4=12560 (ORD)

Armor, Steel: Plate ought Homogensous; Combat-vehicle-type
{1/4 to 12 inehes, Inclusive
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| WARNINO: This dooument sontains information sffectins the Netio .
fense of the United States within the meaning of thoqgoptm:‘!o::: Do :
Title 18, U.8,0., seotions 793 and T94. The trensmission or the ro:oh- :

tion of Lta ocontents in

bﬁ'.!u'.- ;

!

b - MILITARY 'smm'cﬁnow

Any. manner o an unauthorised person is prohidited
MIL+A-12660 ( 08D)
9 March 1953
' SUPBgEDINO ' :
Us 8¢ Army Specification

. Noe 57‘115‘11
11 November' 1545

Us S« Army ssooi'tio_a_tion |

~ " Noa §7e118a1.
: " -16 Noverber }9&9

ARMOR, STEEL; FLATE, WROUGHT HOMOGENEOUS
COMBAT-VEHICLE TYPE-(1/4 to 12 INGHES, INCL.)

© 1e¢1 This specifi

R - of homogeneous armor plate in thicknesses . from 1/4 t¢ .-
".“-Is:zn‘nho._l._,“i-nqlul_ivo‘. 'ljlgo',’fe.-'l.) e e T

Clos00t

cation éoirorl',. iroﬁght-at'doi- ocombatevehicle

2. APPLICABLE SPECIFICATIONS, STANUARDS, DRAWINGS, AND PUBLICATIONS

2,1 The fallowing specificationsof the issus in effeot on date of
- dnvitation for bids, form. & part of this specification: e

SPICIFICATIONS
FEDERAL

QQ=M=151 = Metals; Genersl Specificaticn for Inspection of

(Copies of specifications, standards, drawings, and publications .
required by ocontractors in conneoction with specific proourgment
funotions should be obtained fram the proouring agency or as directed by
‘the entracting officer.) ' ‘

+ 3o REQUIREMENTS
341 Material,

" Jedad %%Ha'
duce ;M s A9

throughout,

Processes of manufagture shall be such as to pros
nearly s practicable, a homogensous strugture

Security Information
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3.1.2 Soundness.~ The soundness of all plates, including qualifioation -

and agceptance palli. «4c test plates and samples, with respect to
laminations and inelusions shall be equal to or better than the -
apgl:loable standard shown in figure L when inspected in ascordance with
Minor acale, pitting, tears or other imperfections on the
surface of the armor that aie charascteristic of manufacturing processes

- shall not be cause for réjection if they are not of such a nature gs to

affect the fabricability or serviceability of the materisl.

3.2 Qualifisation.- Wrought armor subtmitted under this

| apecification sha e produced - a manufacturer whose

product has been qualiried in accordance with 4.3.

' 343 ghemical roguirmnta.

36301 c:_:_ngositi'on.-'me ladle analysis of all heats shall be within
the limits eata ed by the contractor, at the time of qualification,
which shall eonform with the requirements of table I. In addition,
those additives or hardening agents intentionally added shall be
declared, All limits established by the contractor shall be submitted
in advance to the contraoting officer. The eontractor may establish

and submit separate limits for each thickness of plate for which he - .

desires to be qualified, Changes in composition shall not nesessarily
be cause for requalification but shall be sudbject te review by the cone .

tnct:l.nc officer to dotem:l.no vhether roqualu'ioation may bo raqu:lrod. R

I
I

CABLE T - Maxdmm gtangu and 11m.ita for ohemioal composi‘oion (lldle

‘analysis
Elenment - Maximum Rangs uax.ﬁm Eimit.

Carbon 010 ' 032* )
Manganeses Up to 1,00% inol. «30 mon
Over 1,008 o140 o mom
Fhosphorus nan 0L
Sulphur acn Ol
Sildioon: Up to 0,60% inol, 020 -
Over 0060’ to 1000‘ Mo «30 =aa
Over 1.00’ Oho van
Nickel : : «50 .
Chremiums: Up to 1,25% inel, 30 man
Over 1,259 o110 )
Molybdenums Up to 0,20% inol, «07 ann
Over 0,208 15 ane
Vanadium . 030 o

* 88 3.3.2,
Securlty Information
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MIL-A~12560 (ORD)

3.3.2 Carbon (check an%q:taz.- The ocarbon content determined by check
analysis as srpoille o1l shall not exceed 0,3l percent for plates -
up to L" inclusive in thicliness and 0,36 percent for plates greater than

4" 4n thickness,

3.4 Weldability. The chemical compositicn and heat treatment of the
armor Shall Be such that the armor will be suitable for the manufacture
of weldments by acceptable production methods,

3.5 Physical properties,

3.5.1 Hardness.= The average surface hardness of each plate including .
ballistic qualification and acceptance test plates and samples shall be
within the range shown in Table II for the applicable thickness. The

-diameters of Brinell hardness impressions determined on the surface of

any plate or sample shall not vary by more than 0,15mm respectively
between the maximum and minimum values, Whoan cross=section hardness
tests are conducted on ballistic test plates or impact samples.lLt or
greater in thickness, the aversgs of all hardness tests, both surface
and cross-section, shall be within + 0,05mm of the range specified for -
the thiciness involved, = S

TABLE II = Brinell hardness muﬁmntc.

-

sweuﬁd-nm ~ Brinell mu ~ mmmm _ |
Thiclmess of Plate - © Range. ~ Diameters
0425 to less than 0,5 363 » LOL 3420 = 3,05 ‘
QTS ue Laes han 052 31 - 388 3030 = 3,10
0478 to less than 1,25 . 3 =378 3,38 ~ 3,15
1,25 to 2ess than 2,0 293 « 331 3.55 « 3,39
2.0 to leas than L0 2% - 311 ' 70 = 3
1S 1o das e 1% il e
. 8 o - . . - ,
;op ‘5: 1;50 inol.s 212 = 248 LedS - 3:85

3.5.2 Fgwb rosutancoi- The Venotoh Charpy impact resistance of armer
submitted ¢ r Ior q ioation or for acoeptance testing shall meet

the requirements sahown in tabtle IIT for the applicable hardness and
.thioikness, When interpolation is necessary, the ourve of Figure 1
(which passes through the intercepts of table III) shall be employed to
determine thé required impect reaistance, .

Security Information ‘
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TABLE III - Minimum V-notoh Charpy impact resistance ruqudrements in
ft. 1bs. at ~LO degrees F. + 2 dogrees T,

Brinell Brinell Flate Average of Average of All
fdardnesa Diameter Thickness Original Tests Tests Vhen
in Retesting is
Millimeters ) - Involved
Stanfard Special andard Spec
Specimen Specimen Specimen Specimen
207 L.20 L' to 12" incl  57.5 - £3.5 -
212 Lals oo " 5545 - 5L.5 -
217 liel0 wonoon L 53.5 - - L9 .2 -
223 4,05 mowow 50.7 - 4740 -
229 s 00 wewowoow 8.0 = Ll o5 -
235 - 3.99 towon " 4s.5 - U1,7 -
2l 3.90 nowonoo 43,0 - 3943 -
248 3.85 meomoom " 40,0 - 36.3 -
255 3.80 oo " 37.0 - 33.5 -
262 3,75 nouon " 34,0 - 30,5 -
269 - 3.70 Ly 50 129 inol 31,0 - 2746 - o=
277 3.65 H L. 27.6 - 2L.5 -
285 3.60 nonon " 24,5 - 21.0 -
262 3075 l/’.l" to less héo - u3|5 ol
'bhan L .
269 3470 "oy " hLa,s - 3945 o=
277 R 3.65 oo " 380& - 35-’4 L]
285 3. wowon " 34,8 - 32,3 -
293 . 3.55 L 31,5 - 29,0 -
302 3.50 o on on n 28,0 - 25.5 -
1l . 3.u8 L " 25.4 - 23,0 an
32 3.uo w on o " 22,7 - 20,7 -
331 3.35 nonon 1] 20.6 - 18.6 -
3L 330 "onon " 18.6 - 16.6 -
352 3‘25 toonon n 16.7 - 1h‘7 -
363 3.20 nowon " 15,0 10,0 13.0 940
375 3.5 o0 " 13,5 943 11.8 8.3
388 . 3.0 oo " 12,4 8,5 11,0 7.5
Lol 3,05 "ouw o 1" 11.5 7.7 10,0 647
hlg 3 ooo n "ron " 1007 7 |° 9 02 ’ 6.0

346 Ballistic requirements, ‘

3.6,1 Resistance to penetration normal obliquity.= Each ballistio
qunliricaEIon and acceptance test Plate shall be proof-fired for
resistance to penetration, and a ballistic 1limit, BL(A), shall be
obtained using the applicable projectile shovm in table IV. Minimum

requirements for acceptable ballistic limits shall be as shown in that

table.

oli

Security Informotion
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MIL=A=12560(0ORD )
TABLE IV = Hesistance to pepnetration; normal impaot
Nominal thickness Minimum
of plate . Ammnitien to distanse Minimum ballistis
be used betwesn limit BL(A)

Tnohes %191} Pér 880ONT
1/L (C.250) cal. .30 AF M2 3 1,130
5/16 (0.312) et oo 3 1,350
3/8 (0.375) " rowow "3 1,640
7/16 (0.L37) nooonono 3 1,88
1/2 (0.500) LI 3 2,110
9/16 (° .562 ] " non o on 3 2,330
9/16 (0.562)1 Cal, ;50 AP M2 3 1,420
5/8 (0.625) 1 nou o 3 1’560
1./16 {0,687) " "nowow 3 1,695
3 (0.750) (] "o onon 3 1'825
7/8 (0,878) L 3 2,070
1 (1.000) L] [ LI I ] 3 _z’sw
1.1/6 (;_.1253 " nonow 3 2'515'
1-1/6 (1.128) 3% AP M7L 3 1,000
1a1/L (1,250) "noono. 3 1,100
1el/2 (1,500) iooonow 3 1,280
15/8 (1.625) "o 3 1,370
1-3/L (1,750) L '3 1,480
2 (2,000) " "o 3 1,630
2-1/4 (2.250)1 " nom 3 1,0
2«1/l (2,250) S7mm AP M70 3 1,30
241/2 (2.500) v 3 1,450
2-3/L (2,750) " non 3 1,580
3 (3.000) " "o 3 1,700
31/l (3.250) weoonow 3 1,80
3-1/2 (3,500), nooomow 3 1,510
3=3/L (3.750) 75mm AP M72 3 1,525
A o o
- o . L n " .
l;-(aéh 0(()3;750)1 90mm AP M77 3 1,800

R " non 1,900
-1/l (5.250)% Wooomom 3 2,000

1 Valus for irterpolation only,

3,6.2 Resistance-to-oblique-attack test.~ Ballistic qualification and
acceptancs test plrates 3" %o 57 inolusive ‘n thickness shall be proof-
fired for resistance to oblique attack, and a ballistio limit EL(P)
shall be cbtained using the projectile shown In table V. Minimum

Securlty Information
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requirements fer accep;table ballistic limits shall be as shown in
that table.

TABLE V « Resistance=to-oblique attack.

Nominal Armunition Obliquity=~ Minimum Ballistie

Thickness to be Limit  BL(P) =

of plate used

Inches Deﬁrees Feet per second

23/L (2,750)*  90mm APC 82 L5 2,100

3 (3_000) " non ’45 2,300

-l/’-l (3 250) " non )45 2’500
/L, (3.750) " "on 30 2,000

h L4.000) " non 30 2,100

h-l/h (lhe250)* oo 30 2,200

h-3/h (Le750)*  m o 30 2,400

5 (5.000) n won o 30 2,500

5=1/h (5.250)% L 30 2,600

* For purposes of interpolation only.

347 Dimensions and permissible variations.

3.7.1 Dimensicns,~ Plates shall comply with the dimensions shown on
the draw'i'nga or specu‘ied in the oontract or order,

3.7.2 Thickness,~ The thickness of any plate, including qualification
and acceptance Dalliatic test plates, after final heat treatment shd.l
not vary by more than the amounts shown in table VII.

TABLE VII = Thiokneu tolerances,

Specified Flate Permisaible Variation
Thickness = (Flus or Minus) =
Inches Inches
0.25 to 0,500 inel, ) 0,015
Qreater than 0.500 to 1,125 in.1, 0,020
9125 to 10“99 inel, 00025
" v 1,499 to 1,749 incl, 0.030
" " 1.7!49 to 1,999 inel. 0,035
" M 1,999 to 2,999 incle 0,040
" " 2,999 to h.OOO incl. 0.0hs
" " Lo to 6,0 inel, " 0,075
" " 6,0 to 8,0 incl, 0,083
n " 8,0 to 0.0 inel, 0.0%8
" " 10,0 to 12,0 inel,. 0,122

Security Information
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3.8 Information required.- A statement showing the ladle analysis of
each melt and compIo& details of the heat treatment of each lot shall
be furnished for the files of the contracting officer. All elements of
the ghemical composition shall be shown in the statement, including
special additives or hardening agents, whether shown in table I or not.
Unlesa otherwise specified, this information shall be forwarded on an . K
approved form and with the ballistic test plates to the proving groun ' ,
making the ballistic test, » )

3.9 Worimanship.

3.9.1 Heat ¢{reatment.,- All plates in each lot, including samples,
shall recelve the same heat treatment except for such variations in
tempering temperature as may be necessary to produce the prescribed _
hardness. The hardening temperature may vary within a range 50 degrees
above the temperature used for ballistioc test plates, but in no case
shall it exceed 1700 degrees F.

3.9.2 Heating.~ Local or general heating shall not be performed after .
the final quenching and tempering oparation, except as provided
elsewhere in this specification. A detailed outline of the procedurs
to be used in each operation of the following processes shall be

submitted in writing to obtain authorization.

3.5.2.1 Ed o' eparationh.~ Oxygen cutting or bovol:l.hg of edges shall
‘be permitte er eat treatment provided the procedure is asuch

" that no oracks deovelop ¢n any oxygen~out edge. Stringers that oceur on

prepared edges which do not appear as oracks on the prepared edge and

" which do not exceed the limits of acceptability specified in 4,8 shall

not be cause for rejectian,
394242 gegairiné.- Weld repairs shall be made only when avithorised
by the Chie Supply Service involved,

3494243 Porming.» Forming after the final quenching and tempering
epuration s not be done except when authorizad by the -Chief of
the Supply Service involved, _ .

Le SAMFLING, INSPECTION, AND TEST PROCEDURES

La ’g%m'.- Inspecticn under this specification shall be for the

purpose o1 .

(a) Qualification of a facility as a manufacturer of wrought'
armor plata, '

(b) Primary acceptance of steel for processing as armor plate.
(o) Acceptance of individual productien lots,
L.2 Qeneral.~ Inspection and tests shall be made in accordance with

the requirements of Federal Specification QQ=M-151, unless otherwise
specified herein,

Securlty Information
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L2.,1 Responsibility for inspection and tests.~ Unless otherwise
apecified or authorized, the respensibility for having inspection and
tests perfomed shall be as epecified in hoaoltl to h02l103 inclusive.
The results of tests shall be obtained before the material is shipped
from the plant having responsibility for them unless otherwise speocified.
The right is reserved to perform inapection and tests at other nlaces
at the discretion of the gontracting officer. .

Le2,1.1 Chemical anaJ.Fia and fracture test.~ Chemical analysis and
fracture tests for steel soundness s e responsibility of the
plant where the stesl is made.

L.2.2.2 Impact and hardness tests.~ Charpy impact tests, and hardness
determinatTons shall De Uhe responsibility of the plant where the '
plate is heat~treated. oo

L.2.1.2,1 Qualificaticn gﬁact tests,= Charpy Venotch impact tests
for qualification for cknesses shall be made at a laboratory
deslgnated by the procuring agency.

Lke2s1,3 Ballistic tests,= Baliiat.ic tests shall be the responsibility
of the plant where the steel is heat-treated and shall be made at &
place to be designated by the Chief of the Supply Service mvolv,l.%ed.

4+2.2 Jdentification of material,~ Identification marks and resords
shall ve sueh as to ure positive identification of all plates, in-
cluding ballistic test plates for qualification and primary acceptance,
samples and specimens with the lot and corresponding heat from which
they were produced. The key to identification symbols shall be furnished
to the inspector prior to submittal for inspaction and test.

4.3 Qualification,

to 5.99" inclusive.» To qualify for thicknesses to
5.3;3.}»:“ \t:k:‘r::“'e man_gao wer 8 ) submit baliistic test plates
and impact teat samples as specified in table VI which meet t.heb’ .
requirements of this specification, Impact test samples shall ou

from ballistic test plates after heat treatment,

' & to
.3.2 Thickness §" to 12" inolusive,- To qualify for thicknesses
12"4' inolgive s the menafeoturer shall submit three samples for ea:h
thickness he proposes to make in inorements of 2 inches which ma:n
the requirements of this specification, Samples ghall be oqu;lz_ ) ek
thickness to the maximum thickness to be qualified within eac

incroment,

Securlty Information
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TABLE VI - Ballistic test plates and samples for qualificatien

Thiskness No. of No. of - Minimum Sise To Qualify for '
of Flates Ballistio Impact of Ballistie Thiclness Range '
and Test Test Test Flates
Samples*  Plates Samples Inches .
Jper plate : Inches (Inel,)
3/80 3 1 18 x 36 .25 to less than .50
5/6n 3 1 18x 36 0,5 toless than .75
1,01 3 1 18 x 36 0,75 to less than 1,25
1.8 3 1, 18 x 36 1.25 to less than 2.00
. en 3 i 18 x 36 2.00 to 2,99 inel,
an 3 1 LB x 60 3.00 to 3.99 inel.
'4" 3 X L8 x &6 hom to ’-h99 inel.
[ 3 1 U8 x 60 5.00 to 5.99 inel.

* At the option of manufacturer, the exact thickness to be rolled within -
any range may be substituted for the specified thickness of that range,

Le3s3 Flate representation.~ Test plates or samples for qualification
testing Shall De made of the same chemioal composition, by the same

[P

steslemaking process, and with tho same heat treatment as will be wed
for the preduation of wrought armor wnder this specification.

L34 Heat trestment,~ A1l qualification test plates or samples sube
mitted a8 a group representing a single range of section thicknesses
shall receive the same heat treatment. ‘

Lo Primary acceptance,= Prior to the production heat treatment of
any thickness of any heat of steel for armor plate the charpy impact
resistance, hardness, soundness, and balligtio orcperties shall be
determined in acoordance with L.6, L.7, L.8, and L.9 respectively,
Material tested for impact resistance, hardness, and ballistio
properties shall have received the same heat treatment, inoluding
the greatest time lag between the removal of the material from the
austenitising furnace and the application of the quenching medium, that
will be used in production for the lot it represents.

Qetion jh healt - Craating:

L.4s1”In the case of an integrated plant whave all material from a
heat i1s to be heat-treated at the same time, impact and hardness tests
for primary asceptance shall not be required. In such casea
aaceptance for impact resistance and hardness shall be based on the
rosults of tests oonducted on produdtion material. Testing for
aceeptance for ateel woundness and ballistic resistance shall be as
speoified in L.4, except that ballistic test plates may, at the optiom
of the manufacturer, be heat-treated with the production plates of
the heat they represent. (ses 446.3)

Infermaatis
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L.e2 ’f 1ot for pur'poaea of primary acceptance testing shall consist
of all steel of the same heat, of the same thickness, and intended -for
the same production heat treatment.

Le5 Production acceptance.- Each lot of preducticn armor plate shall
be tested for charpy E-n_pacf resistance and hardness in accordance with
h.6 and ho?o , .

rodwction.

h.S.l'A/. lot for purposes of production acceptance testing shall
consist of all steel of the same base type composition, of the same
thiclkness, having the same treatment and heat treated in the same
facllity. The maximum size of the lot shall be as specified in
table VIII.

L.6 Charpy V-noteh impact tests.

L.bed Freguencﬁ of tests for acceptance testing,« At least 2 impact

test specimens s e talten from each sample in each lot. The
number of samples per lot shall be as shown in table VITI.

TABLE VIII = Frequency of sampling

Avea or Weight of ndividual
Plate, as Heat-Treated

Minimum Humber of Samples

Oreater than 80 square feet 1 from éach. 25 plates

Oreater than 6 to & square feet -1 from each 50 plates
1 square foot to 6 square feet 1 from each 100 plates
1 square foot or less or 10 lba. _

or less 1 from each 500 plates

Le§elod The product of no heat shall be completel
; agcept
being represented by at least three impact tespt aam;lea :\’;t‘gr:;t:gf
dustion plates after hoat treatment, Each heat treating facility

shall oonduct impaot tests on at least
processed in that facility, ast one sample from each heat

Le6e2 Number of tests for qualification testin
= (One sampl
out from ef.o qu oation 8tio test pla e.. At leat':u;hdl be
impact taet specimens shall be taken from each sample. '

Le6e3 Number of tests for primary acce tance testin
o= Except
provided slel» One sample s ® Taken Irom the top og t;:
first wsable ingst, one from the middle of the middle usable ingot
and one from the bottem of the last usable ingot in the heat, At ’
least two impuot test specimens shall be taken from each .sample,

Lebuls Additional samples,~ In additdion to the sample above,
-—ir-—_r&i_ : 68 :requ.
further samples may Ge se ected, as required, by th?oontr&og;:fym’

officer or the inspector.
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4¢6.5 Reduced impact testing for acceptance,~ If the rasults of
impact tests on consecutive Lots cate that a satisfactory :
uniform product meeting the impact raquirements is being produced, the
number of impact tests may be raeduced at the discretion of the Chief

of the Supply Service involved,

L.6.6 Size of samples.- The samples shall be the same thicimess
&8s the plates they represent and of sufficient size to allow the
nurber of test specimens required by L.6.1 or 4.6.2 to be taken fram
them in such a manner that no part of any test specimen shall be from
a location closer than L inches or 2T, whichever is less, from any
quenched edge, as well as outside the heat-affected zcne of any

oxygen~cut edge. (See 5,5.)
Lebe? Location of test specimens,

~ L4647.1 Samples less than L in thicknesse Specimens from samples -
less than 4T '% Thicknoss ShAll be taken from a location midw :

between the top and bottom surfaces: of the plate and &t least L" or 2T,
whichever is less, from any quenched edge as well as outside the heat~

affected zone of any oxygenecut edge.

Le5.7.2 Samples L" or greater in thickness.- Specimens from samples
L* or grea¥er in thicknass shall be taken irom a location such that the
centarlines of the specimens are approximately 1! balow the surface of
the plate and at least L' from any quenched edgs as well as outside

- the heateaffested z2one of any cxygenw=sut edge.

Le6.8 Type of speoimens,

L.6,8.1 Standard specimens.~ Impact specimena frem samples 7/16" in
thickness or over eﬁI Be machined to the form and dimensions shown
in figure 2a. Speeimens ghall be out in a directicn such that the
fracture face of the specimen shall be parallel te the direction of
major ratio of reduction in gage during working.z %‘he notoh shall be
sk .

out perpendicular to the plate surface., (See

Le6.8.2 Special sphcimens.- Impact specimens from samples less than
7/1.6" shall Ge maohined to the form and dimensions shown in figure 2b,
Special specimens shell be out in & dirsotion such that the fraoture

face of the specimen shall be parallel to the direction of major ratio

of reduction in gage during working. The notch shall be out parallel

to the plate surface.

L.6.9 Cooling and fracturing of specimens,= Each specimen shall. he
brought to a temperature of = egrees + 2 dagrees F. and maintainod
at that temperature in a liquid cooling mediwn for a pericd of at least
15 minutes prior to being broken. Specimens shall be broken in a
beam-type impact testing machine within 5 seconds after removal from

the cooling medium.
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.

4,6,10 Interpretation of test results.

L,6.10.1 %ga;if%cation.- The lupact resistance obtained on all
specimens, taken from samples of the same thiclness, which were sube
mitted for qualification at the same time, shall be averaged. Failure
of this average to meet the minimum requirements, for the appropriate
hardness range specified in table III, shall be cause for rejection of
the lot represented by the specimens, The hardness shall be the
avarage of all hardness readings determined in accordance with
hu?ol «2 and ba 7.11020

L.6,10.2 Primary acotptance.- The impact resistance obtained on all
specimens taften from each sample shall be averaged, Failure of the
average obtained on any sample to meet the minimum requirsments, for
the apvpropriate hardness range ‘specifisd in table III, shall be cause
for rejection of all material from the heat which is taken from the
same ingot location, In the event of such a failure all material
bracketed by two acceptable samples shall be coneidered acceptable. The
hardness shall. be the average of all hardness readings determined on
each specimen in accordance with Le7.1.2.

. samples representing : :
4aba10.3 Productiogfgcceﬁtance.- The impact resistance obtained on
a1l specimens Irom ot 8 e averaged. Fallure of tlils average
to mest the minimum requirements, for the sppropriate hardness range,
specified in table III, shall be cause for rejestion of the lot
represonted by the specimens. The hardness shall be the average of all
hardness readings determined in accordance with L.7.1.2 and L.7.4.2,

Le610L In the event that the fracture of a test speaimen
& lamination which is revealed as an open aplits or ahfrply degtgggit'
shelves extending the full width of the fractured surface additiondl
test specimens shall bs prepared from the same sample until a satisg-
factory speoimen is obtained to replace it,

Le7 Hardnesas tests,

Le7.1 Frequency of teats.-

be7.14) Production plates and ballistic test Elates.- Each plate in
sach lot, including acceptance stic test plates and qualification
ballistic plates, shall be subjected to a Brinell hardness test in not

less than two places on each face., Hardness tests may be made on the
surfaces of pileces ocut from the plate after heat treatment, )

Le7.1:101 After it has been established to the satisfaction of the
Government inspector that uniformly identical readings are obtained on
both faces of plates he may, at his option, require that Brinell
hardness testing be conducted on only one face., When this practice
is used periodic check tests on both faces shall be made to insure
that uniform hardnesses are being maintained,
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Le7:142 Samples for imgact test.= Each sample from which impact test
specimens are taken s ave a cross-gection hardness check made
upen it, as follows: For samples less than 7/16" in thickness, a
minimum of two hardness readings shall be taken on the surface, For
samples 7/16" or greater to 3.99" in thickness, a minimur of two
hardness readings shall be taken from a location midway between the
svrfaces of the plate. For samples L" or greater in thickness, at
leasgt, fgs_gc ¢_hapdness readingasequidistantly acrose the thickness of the
plata/shall be ta The average hardness samples 4" or greater in
thickness shall fall within a range of + .05mm of the range specified '
for the thickness involved,

Le7.2 Preparation for testing.=

Le7.2,1 Surface hardness.~ Prior to testing the surface hardness of
rlates, alT surface soale and decarburization shall be removed from
the areas where the tests are to be made,

{ie7+2,2 Cross~-sectional haidnoss.- Sections upon.which oross-sectional

"hardness’ tests are to be made shall be surface ground with the opposite

facea parallel to one another,

Le7.3 Method 'bf test,.~ Brinell hardness tests shall be méde with a

- standard Brine ass testing machine, using a 10mm carbide ball

and a 3000=kilogram 1oads.
LeTs Interpretation of test results, .

Lo7.4s1 Surface hargness of production plates.and ballistic test
‘ plates,= The hHardness values cEEaEeE on each piate shall be averaged.
average thus obtalned is outside the range specified in Table II,
or if the diamsters of Brinell impressions made on any one plate vary
by more than 0,l5mm between the maximum and minimum values, the plate

shall be subjeot to rejection, .

T AT Saﬁlés for !!._wggaot tests,» The hardness readings obtained in
accordance W slekod ON samples except primary acceptance test
samples shall be averaged. For primary acceptance test samples the
readings obtained on each sample shall be averaged separately (see
Le6.10.2), The average thus obtained shall be used to determine the
legl of impact resistance applicable to the lot as specified in
Table IIX.
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Lie8 Fracture test for steel soundness.

h.8.1 Location of specimens for acceptance tasting.~ Specimens: for
the fracTure Test for aeceptance iesffgg shall be E'Eken from plates
from ths top, middle, and bottom of the first, middle, and last usable
ingots of each heat., Each fracture test specimen shall be cut from a
location in the plate rolled from a slgb so that the centerline of the -
sample. £falls within the central half of the length of the plate product
of the slab in the case of cross~rolled plate and the width of the plate
product of the slab in the case of transversely spread and longitudinally
rolled plate, The test specimen shall be from the edge corresponding
to the top of the slab in the case of top=-slab and middle~slad products
and from edge corresponding to the bottom of the slabs in the case of
bottom=slab products, (See figure 3.)

448:1,1 When an ingot is proc'eesed into a single plate, specimens for
fracture tests shall be taken from locations representing the taﬁ and
the bottom of the ingot only and from locatians as specified in 4.8.1,

L4842 Location of specimens for qualification testing.~ Specimens for
the fracture test for qualification testing shall be eut from a location
in the plate rolled from a slab so that the conterline of the sample
falls within the central half of the length of the plate produst of
the slab in the case of cross~rclled plate and the width of the plate
product of the slab in the case of transversely spread and longitudinally .
relled vlate, . ' -

4s843 S1pe of specimens,= The fracture test specimens shall be of the -
£l thioéasa of %He' plate, and a convenient length for fracturing under
the press available., The lung dimension shall be parallel to the
dirsction of major ratin of reduction in gage. Dimensions of specimens
shall be such as to provide, after notching, the fallewing minimum
width of fracture surface, as shown in table IX,

TABLE IX - Width of fbec'bure surfaces.
N ate ckness chos . um )
Fracture Surface (Inches)

1/L to 11/16, inclusive :
Greater than 11/16, to 1-1/8, incl.
Greater than 1-1/8, to 2, incl,
QGreater than 2, to 12, inel,

L.8.4 Preparation and fracturing of spacimens.~ The specimen shall Bo
nicked in Irem thne eages 'o? the specimen at the center of, and per-
pendicular to, the longitudinal axis and shall be broken slowly in a

press, In addition to the nicking prescribed above, specimens greater -
than " 4in thickness may be nicked on one surface to a depth not to

o\nEw
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hall ba rated
exceed 1/2" to facilitate breaking. The steel soundness s .

o:l; on éractures exhibiting < fibrous appesarance. To aveid uiystalline
fractures, fracture test sgpecimens may ba softened by temperiag at any
desired temperature.

+8¢5. Standards for steel soundnegs,~ To determine compliance with
3.;.3, aTl Tractures made in cenneotion with inspection for acceptance
under this specification shall bs rated as ttacceptable" or "rejectable
by the inspector in accordance with the line drawings shown in figure L.

1.8.5.1 Deseriptions.= In borderline cases, the following descriptions
of the standards shall be used in making decisions as to agceptablility
or rejectability (see figure L)

A Fracture
{a) Devoid of visivle laminationa.
B Froocture
(a) Small laminations present but well distributed and not
concentrated in any one plane. .
€ Fragiure .
(a) Lamination or laminations present exceed limits for "B"
fracture,
(b) No single lamination exceeding 2T in length or 31,
whichever is less.
(8) No single lamination exceeding 1-1/2T or 3" in}length,

whichever is less, in conjunction with anotheridisconnected

lamingtion in the same plane, )
(d) No lamination or laminations in any one plane with a
. total length .sxcesding 50.percent of length of fragture.
D=l fracture
(a) Lamination or laminations present exceeding limits
for "0 fracture but contained entirely within the
scenter third of the plate oross sestion, :
“(b) Jentinuous or sssentially continuous laminations (total
length of lamination or laminations in same plane
exceeding 50 percent of length of fragture, or 3%,
whichever is less) in not more than three planes, all

of whinh are entirely within the oenter third of the
plate orcas secticn. . '

D=2 Fracture | .

(a) Lamination or laminations present exceeding limits for
"gH fracture, with one or more planes of such laminations
located outside of the center third of the plate cross
section,

(b) Centinuous or essentially continuous laminations
(total length of lamination or laminations exceeding
50 percent of length of fracture) in not more than three
planes, one or more of which is loocated outside of the
center third of the plate oross section,

E Fracture
(a) Continuous or essentially continuous laminations (total
length of lamination or laminations in same plane
exceeding 50 percent of length of fracture) in not more
three planes located anywhere in plata2 cross section,
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LeBe5.2 Thickness in heat.- When a heat is rolled inte more than one
thickness, the produot of each thickness, for the purpose of fracture
soundness tests, shall be considered as a separate heat and the standard
prescrived in 4.B8.5 for the applicable thickness shall apply.

L.8.5.3 Rejection.- Fallure of any fracture test specimen to meet
the standards shown in 4.8.5 shall be cause for rejection of the proe
duct of the slab represented. -

beB8.5.3.1  Ingot location.= In case of fallure of one or more of the
three specimens Irom & given ingot location, the following procedurs
shall apply: :

Le845:34241 Rejectable,~ The product of all slabs bracketed by two
rejectable fractured specimens shall be subjeet to rejection,

L.8.5.3.1.2 Acceptable.,- The product of all slabs bracketed by two
acceptable fracture specimens shall be considered acceptable with
regard to freedom of laminations and injurious inclusions,

Le8.5¢3,1,3 Border-line,~ When slabs of a given inget location are
bracketed by one acceptable and ¢cne rejectable fracture test specimen,
@ fracture test shall be made on a specimen from the same location in
an ingot in the middle of the group bracketsd by original test
specimens ‘and the test specimen from the middle of the group.

o : ' or
LeBeSs3.2 Slad bracketins.- In bracketing tested alaba,iéfxoae from

which fractured test specimens have been taken and tested in acceordance -
with U.8.1 to L.8.ls inclusive, the following procedure shall applys

LeBe5e3e2,1 Ingots of six or more slabs,~ Produst to be bracketed
between tested sfaSa of the same ingot, &s well as between tested slabs

. from the same location in other ingots, Should a slab be bracketed in

one direction by two acceptable test slabs and in the other Ly one
acceptsble and one rejectable test slab, the slab thus bracketed will
be considered rejectable, unless otherwise definitely indicated by
additional fracture tests, '

1108e50342.2 Ingots of five slabs.= Produst to be dracketed only
between tested slabs in the same ingot position. Acceptability of
the No., 2 and the No, 4 slabs shall be deteimined by the results of
the fracture test on the bottom of the No. 3 alab,

4e8e5¢34243 Ingots of four slabs,= Product to be bracketed only
between tested slals in the same ingot position. Acceptability of the-
No. 3 slab shall be determined by the results of the fracture test on
the bottom of the No. 2 slab,

L.8.5.4 Rejection of individual plates.~ Any plate from which an
unacceptable fracture test sample een cut shall be subject to
rejection, .
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U.8.5.5 Accoptance of individual plateg.- Individual plates from an
ingot location subJuct to rejection under Le8.5.3 may be acceptad if
an acocptable fracture test sample has been cut from them, provided no
rejeciznla fracture test sampls has been cut from them. '

4.9 Ballistic test. (See 6.3.)

L.9.1 Ballistic test plates for qualification.- The number and sizes
of vallistic test plates for qEEiI%EEaEIon shall be in accordance with

the requirements of table VI.

4.9.2 Ballistic test plates for primary acceptance.~ Each primary lot
of armor s e repregented by one stic test plate of the ‘
thickness of the lot involved. - The size of the acceptance ballistic test

plates shall correspond to the size given in table VI. :

L.9.3 Ballistic test plates for qualification and primary
acceptance tests shall be tested to determine compliance with the
requirements of 3.6. (see 6.4). .

- N De__i_‘ini‘biona »

Lo elial égg* ogEglete penstration, CP(4).= An Army complete N
penetration w ave been obtained wnen & hole is made that allows

the passage of 1ight through the test plate, or when any part of the
projectile in tha plate can be seen from the rear of the test plate.
If it 1= questionable whether any part of the projesctile can be seen,

_the round shall be disregarded and another round shall be fired.

4.9.4s2 Protection completa penetration, CP(P).~ A protection
complete penatration is an impao at causes any fragments of proe
jectiles or plates to pass beyond the 1limits of the back of the plate.
This oondition shall be determined by perforation of a 0,020=inch th..ok
aluminumealloy sheet (2LST or equivalent) placed 6 inches to the rear
and parallel to the plate, or the equivalent thereof, at the discretion
of the proof officer,

Le9el.3 Partial penetration, PP(A) or PP(P).- Any fair impact that is
not a complete penetration s ® consildered a partial penetration.

lie9slli Fair qg£ﬂ~ An impact which is three calibers or more away
from another impact or two calibers or more away from any plate edge
is a fair impact.

La9.le5 Ballistic 1imit BL.= The ballistic limit 1s the average of two
velocities, ona of which 1s the lwwest at which a camplete penetration
ccours, and the other the highest partial penetration below the complete
renetration. The difference betwsen the two velocities shall not excead
59 feat per second when projectiles 37mm in diameter or less are used, or
30 feol par second when projectiles greater than 37mm in diameter are used,
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4.9 .6 Impact velosities.~ The required impact velocities fon
ballistic TImifs (tables 1V and V) between two consecutive tabulated
thicknesses, shall be determined by the correction factors shown in

tables I and II.as applicable.
? S deter

L.9.li.7 e average thickness of test plates shall be the average of
five thickneas measurements, one at each corner of the plate, 2 inches
from either edge, and one at the center. Thickness readings shall be
taken to the nearest 0,01 inch.

L.9.L.B Cracking = Cracking of ballistic test plates to such an
extent tha%, in Eie opinion of the proof officer, satisfaptory ballistic
1imit determinations cannot be made shall constitute failure of the
ballistic tests and the rejection requirements of L.9.5 or 4,96 shall
apply‘ ° ’

L.9sbe9 Laminations or inclusions.~ When the ballistic tests reveal
injurious laminations or inclusions in any test plate that in the
opinion of the Chief of the supply service involved, are detrimental
to the strength, ballistic properties or serviceability of the armor,
the material represented by the plate shall be subjeet to rejection.

4e945 Fallure of qualification test plate.~ Failure of any one of the .
qualification ballistic test plates or test samples to meet any of the
tests when inaspected in accordance with this specification shall be
cause for rejection of the manufacturing process represented by the
thickness of ths failing plate or plates. No retesting of the -
originally submitted qualification ballistic test plates shall be '
permitted. To achieve qualification, the manufacturer must submit 3
new ballistic test plates all of which shall pass all tests outlined
in this specification.

L.9+6 Failure of primary acceptance test plates.~ Failure of the
primary acceptance Ea etic test plate to meet any of the tests wien
inspected in aocordance with this specification shall be cause for
rejection of the lot represented by the failing plate.

L.10 Retesting,

L.10.1 Hardness.~ Plates rejected for low or high hardness may be
retested without retreatment at the option of the eontractor. Under
such conditions twize the original number of hardness readings shall
be taken and the results of all readings taken on the plate shall Le
averaged to determine ecompliance with the requirements of table II.
Plates rejected for high hardness may be retempered, in which case
only those readings taken after retempering shall be used to determine
accepiability. Plates rejected for low hardness may be requenched and
ratempared, in which case testing shall be condueted in accordance with
the rezuirements for original testing.

@cuqilenformaﬂon .
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4.10.2 Primary and production impact resistance.,s A4 primary sample
or production lot rejected for low impact resistance may be ret.usted
without retreatment by taking not less than six additional specimens
from the steel under consideration. Additional specimens shall be
taken from the same sample as the original tests, If the average
impact resistance of all tests from the sample meets thes requirements
of table III for the appropriate hardness range, the primary sample or
production lot shall be sccepted, otherwise it shall be subjesct to
rejection, '

4,10,3 Ballistic proparties.~ A primary lot rejected for failure of
primary adcdeptance Dalllstic test plates to meet the requirements of
3.6 may be retested using the same heat treatment at the opticn of the
contractor, Under such conditions, two additional plates shall be aube
mitted from the lot under test. Fallure of either of these plates shall
be cause.for rejection of the lot represented and no further testing
shall be permitted on the material using the same heat treatment,

La10.k4 Retest after reheat treatment.= A primary sample or productien
lot that has been rejected may be reheat-treated by quenching and
tempering and resubmitted for test in accordance with the requirements
for original testing., Failure of samples and or ballistic test plates
after reheat treatment shall be cause for rejection of the lot they
represent, However, production plates rejected for failure to meet
the impact resistance requirements may be accepted individually on the
basls of teste made on each plate.

L.10.4.1 Production plates that are retempered only to mest the
hardneas requirements shall not be subject 1o retest for impact
regsistance, Production plates requenched and retempered to meet the
hardness requirements shall be tested for impact resistance and

2
L

L1l Check analysi:s for sarbon contant.~ The sample shall be taken
by driiTIng or mEEIIng completely through the plate at any locavicn,
gurface chips shall be discarded and the remaining chips shall be
thoroughly mixed before analysis, C

[ 3

5. PREPARATION FOR DELIVERY

Sel Preparation.= Unless otherwise specified all machined surfaces
of plates s e coated with a sultable preventive to insur: against
eorrosion during transportation, Machined surfaces shall be clean and
free from moisture before this coating is applied. The preventive
coating shall be suoh as can be easily removed.

5.2 Packing for shipment.=- All plates shall be packad for shipment
in sueh a manner as to lisure acceptance by common or other carrier,
ior safe transportation, at the lowest rate, to the point of delivery.

5.3 Marking for identification.~ Plates (green and heat-treated)
ehall bs' IndelTHIy and leZ{bLly marked with the melt, heat, and lot
number or symbols that will definitely identify the plates with
inspection and Leat reports and with shipping doouments.

6, NOTES

6.1 Intended use.~ The armor specified herein is for use on combat
vehicles, emplacements, and the like, It is for protection against
armor-plercing projectiles, bursting shell, and fragments of high=

explosive ammunition. Securlty Information
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6.2 Impact specimen,~ Tolerances on the noteh of the Charpy impact
test apecimens may be checked by means of a comparator or metalloscope
at a magnification of at least ten in the following manner: Project
the profile of the base of the notch on the ground glass; fit a
circle with a radius ,10" (10X) drawn on transparent paper to the
profile of the notch basa, Deviations of ,00L" from the standard
01" radius can be deteoted by this means. If there is any question
as to the radius, it may be compared with oircles of 09" and 11" (10K),
At the time the radius is measured, the notch may be checked to
ascertain that the sides make an angle of 45 degrees and are tangent
to0 the are at the notch.

6.3 Omership of ballistic test plates, '

6.3.1 Cualification test plates.~ Qualification test plates are the
property o e manufacturer seeking qualificatlion. Arrangements ‘should
be made by him to have them retwrned at the aonclusion of ballistic fests
or to authorize, in writing, the scrapping of the plates by the proving
ground making the tests.

643.2 Acgeptance test plates.- Acceptance test plates that eomply with
the requirements of this specification are congidered as pasit of the
lot of steel they represent and ownership of them passes to the
Government with the acceptance of that lot, Acceptance test plates
that fail to comply with the requirements of this specification are
considered as part of the lot they represent and remein the property
of the producer just as does the rejectable lot they represent,

6ok, Ww When the ballistic Jimit is actually less:
than that ed for by applicable requirements, the plate may be accepted
under border conditions as follows.

6elted on 50 o= Acoeptance 1s grented in those

cases where & 50 f/s difference between the high=partial and low=complete
penetration is allowed for ballistic-limit determination when a partial
cocurs at or above the specified minimum impact velocity minus 25 £/, provid-
ing no complete penetration is obtained at or balow the required minimum im-
pact velosity,

boke2 m&m%ﬂjg_w.- Acceptance is graated in those -
cases where a 30 f/3 difference between the high-~partial and low~complets
penetration is allowsd for ballistice=limit determination when a partisl occurs
at or above the specified minimum impsct velocity minus 15 £/s, providing no
complate penetration is obtained at or below the required minimmu impact
velooalty,

6,5 Thickness.~ The symbol "T" is used throughout this specification
to indicafe the nominal thickness of the plate under consideration,

NOTICE:= This spscification, together with specifications and
drawings pertaining to it and bearing a "Notice" of similar restrictions,
is intended for use only in connaction with procurement by the United
States Government; and shall not be reproduced either wholly or in part
except when authorized in connection with Government procurement, nor be
used for any other purpcse except when specifically authorized by the
agency concerned. _

@20m Custodian:
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o

PERMISSIBLE VARIATIONS: (tolerances)

CROSS-SECTIONAL DIMENSIONS 1 0.028MM (0.001")

LENGTH OF SPEGIMEN . aouee. + 0.25 MM (0.010"
ANGLE OF NOTCH.uaraeaaonen PN . :
RADIUS cumeamemmmmen camm = mne £ 0.001.
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APPENDIX A

Part 1l

Military Specification MIL-A-11356B (ORD)

Armor, Steel, Cast, Homogeneous: Combat-vehicle~type

(1/, to 12 inches, Inclusive)
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CONFIDENTIAL
Modified Handling Authorized

The document to which this Notice 1s attached contains
information affecting the Rational defense of the United
States within the meaning of the espionage laws, Title
18, U.8.C., Secs. 793 and 794, the transmission or re-
velation of which in any manner to an unauthorized per-
son ig prohibited by law, 3 7 3

MIL-A-11356B(0rd)

NOTICE - 1
28 Qctober 1954

MILITARY SPECIFICATION

ARMOR, STEEL, CAST, HOMOGENEOUS; OOMBAT-VEHICLE TYPE
(1/4 to 12 Inches, Inclusive)

This notice forms a part of spooirioation MIL-A-11356B dated 10 September

1953, and shall constitute the covering page of the specification.

The security clasaification of MII.-A-:I.J.356B‘ dated 10 September 1553,
1s .changed from "Restricted Security Information” to "Confidential Modified
Handling Authorized" as of the date of this Notioe. :

. Change the words "Restrioted Security Tnformation” 'B.Rboarme at the
top and bottom of each page of the specification to read
fied Handling Authorized" to indicate the proper security classification.

(Copies of specifications, standards, drawings, and publications re-

quired by contractors in conneotion with specific proourement functions
should be obtained from the procuring activity or as directed by the ocon-

tracting officer.)
1931'.1:'9 '
HESTER D. r@i‘z"‘

Lt Col, Ord Cosps
Office, Chief of Ordnance

CONFIDENTIAL

Modified Handling Authoriged
When attached to Specification MIL-A~11356B

Gro 083047

Confidential Modi-
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DENTIAL

MODIFIED HANDLING AUTHORIZED

WARNING: This document contains information affecting the National
Defense of the United States within the meaning of the Espionage
lawvs, Title 18, U.S.C., Sections 793 and 794, The transmission
or the revelation of its contents in eny manner to an unauthoriged

person is prohibited by law. 4 4
MIL-A~11356B (ORD)
AMENDMENT=2

30 Seplember 1957
SUPERSEDING
AMENDMENT-1

28 May 1953
MILITARY SPECIFICATION '

ARMOR, STEEL, CAST, HOMOGENEOUS; COMBAT-VEHICLE TYPE
(1/4 to 12 Inches, Inclusive)

The following changes shall be made in Specificetion MIL-A~11356B
(ORD), dated 2 January 1953:

*Page 9, para. 4.5.1.8. Delete and substitute:

"Je5.1+8 Interpretation of test regulis.- Except as provided
in 4.5.1.8.1 the impact resistance obtained on all specimens from a block
ghall be averaged and the excess or deficiency of thls average determined
over or under the minimum requirement, for the appropriate herdness range.
The excesses (plus)and deficiencies (minus} thus determined for all blocks
from the lot shall be averaged, If the average of the excesses (plus) and

deficiencies (minue) from e lot is less than zero, the lot represented
shall be subject to rejection. The hardnesses shall be those determined
in accordance with 4.5.2¢1.2 and 4e5.2¢442."

¥Pege 11, para. 4e.5¢2.402. First sentence:
Delete "all blocks" and substitute "each block",
Second sentence:
Delete "lot" and substitute "block",
¥Ppge 12, paragraph 4.642. Delete last sentence and substitute:
"The excesses and deficiencies shall be redetermined for each
block and the average excess or deficlency redetermined for the lot, If

the average of the excesses(plus)and deficiencies(minus) from a lot,
after redetemination, is less than zero,the lot represented shall be sub-

ject to rejection.”
DONFIBEN 1ML
_ KODIFIED KANDI IR antune:7en




Classificstion O 3 Defects requiring no thermsl treatment after welding.

MIT-A~11356B (ORD)
AMENDMENT -2

A .
Page 35, Table B-II, Delete in itas entirety and substitute the following

table:
“ TABLE B-II CLASSIFICATION OF DEFHECTS
FOR THICKNESS 1/4 to 12 INCHES INCLUSIVE y

welded; i.e., bardened and tempered, shall be classified as Class A, Defects
subject to tempering only shall be classified as Class B, Extent of heat
treatment (i.0., complete or tempering) shall be as established by the recorded
Zepair welding procedure.

: Ssagfdsfest  Desta. Mexiam . . 1n,

(vidohever is greater)

2 T T width, no limit in length

3 /47 250 5q. in, or 80T my, ine
(vhichever is greater)

4 1/87 to 3/16in. '  No limit : .

. S W 2 in, width, 8 in, length
2 T to 21in, AU 8q. in,
3 I/Z‘ to 1lin. 36 Sq. in,
4 1/42 to 1/2 in. 48 8q. in,
5 1/8% to 3/26in. 96 Sq. in.
Notess '

le The aymbol *T¥ gs used in this table represents the thickness of the
casting at the location involved.

2s If the dimensions of any sise of defect in the C condition does not
exceed 1/2 of that alloved above, both for depth and area, and if the elec-~
trode enployed 18 one that has been qualified ballistically, a ballistic
qualification plate will not be required, - ,

3. Yor the A & B conditions only, a sise-l defeoct may be repaired within
the boundary of a sise-3 or -4 defect, provided the total area does not exceed
that allowed for the sise-3 or -4 defact and the repaired area for sisze-l

defect does not exceed the arsa allowed for that category,” \\‘
S
- ‘&\\@“
Custodiant &\\ N \\
Army - Ordnance Corps %\ \\\\\\\%\‘
\\%%\“\& '

®Asterisk 1
amendm:n'b.ndic“ea changes ffering from or in addition to previous )

v
—

aPO 84811 @-‘-



JUURI IV LI i
MODIFED HANDLING AUTHORIZED

WARNINGt This document contains information affecting the National
Defense of the United States within the Espionage Act, 50 U.35.C. 31
and 32, as amended. Its transmission or the revelation of its con-
tents in any manner to an unauthorized person is prohibited by law,

2 364 ;

MIL-A-11356B(ORD)
2 January 1
SUPERSEDING
MIL=-A~11356A(ORD)
20 December 1951

MILITARY SPECIFICATION

ARMOR, STEEL, (AST, HOMOGENEOUS; COMBAT-VEHICLE TYPE
1/4 TO 12 INCHES, INCLUSIVE)

i
b

1, SCOPE

1.1 This specification covers two ;rades of cast steel, combat=
vehiole=~type homogenecus armor in thicknesses from 1/4 to 12 inches

inclusive, (See 6.1.)
1.2 Claggification.~-

1.2,1 Grade-~l cast armor is ammor which is 8o heat-tireated that
maximum resistance to penetration is developed,

1,2,2 Grade=2 cast armor is armor which is so heat~-treated that
maximm resistance to shock is developed,

2. APPLICABELE SPECIFICATIONS AND STANDARDS

2.1 The following specifications and standards, of the issue in effect
on the date of invitation for bids, form a part of this specifications

13
-
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MI1~-A~11356B(0rd)

g

SPECIFICATIONS
FEDERAL '
QQ-M-151 -~ Metals, Qeneral Specification for Imspection of
MILITARY

MII-R-1146(ORD) « Radiographic Tnspection; Soundness Requirements e
for Steel Castings

STANDARDS ]
MILITARY
MIL-STD=129 = Marking of Shipménts

(Copies of specifications and standards required by contractors in
ccnnection with specific procurement functions should be obtained from
the provuring agency or as directed by the contracting officer.)

3. REQUIREMENTS
3.1 Material and workmanship.

3.1.1 Structure.-~ Processes of manufacture shall be such as to
wprodnce ut'nor having, as nearly as practicable, a homogeneous structure -
OTe

3e142 Heat treatment.~ All castings in each lot shall receive the
same heal treatment except for such variations in tempering tesperatures
a8 may be necessary to produce the prescribed hardness.

30143 Soundness.- Pinished castings shall be free of blow holes,
poroeity, shrinkage, cracks, and other defects that nay be detrimental
to strength or ballistic walue.

3.1.)s Heating after final heat treatment.~ General heating in the
temperature range above grees ¥, not be performed after
the final hardening and tempering operation, except when the mamfacturer
is qualified for this procedure by the procuring agency. Local or '
gexalhutmmctmpaatunrmmuptoéoomsr. thall be
pe tted,

3.1.M-Oxygw cutting or beveling of edges shall be
pormit T t treatment provided the procedure is such
that no cracks develop on any oxygen-cut edge,
3.1.6 %\” airs.~ Weld repairs on castings produced under this
on

speocifica performed in accordance with the applicable
requirements of Appendix B,

|
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3.2 ification.~ Castings mabmitted under this specification shall
be p a manufacturer whose product has been qualified in
accordance with Appendix A. Only mamfacturers qualified to produce
Grade 1 castings shall be permitted to produce Grade 2 castings.

3.24 %o_ag%.- Manufacturers that have been out of production
for a pe [ months or more may be required to requelify in
accordance with Appendix A.

3.3 Chemical requirements.-

3e341 tg%%.&.- The chemiocal composition of all castings shall be
within established by the mamfacturer at the time of qualifi=-
cation and shall sonform to the requirements of Table I. In addition

to those elements for which limits are specified in Table X, the
percentages of all other elements or materials intentionally added shall
be declared. All limits established by the marufacturer shall be
submitted in advance to the contracting officer. The manufacturer may
establish and submit separate limits for each thickness of casting for
which he desires to be gnalified. (See Appendix A.) Changes in
camposition shell not necessarily be cause for requalification but shall
be subject to review by the contracting officer to determine whether

requalification may be required.

TAELE I « Maxisum pranges and limits for chemical composit:l.m (ladle or
chegk an 1’)0

o

Klement Maxisum | Maxiwm
,,”EEP Limit
Carbon .10 38
Manganese Up to 1.00;22 inel, .358 —
Phoephom - 05
s‘ulphur -ae .05
Silicon 50 ——
Niclkel 70 ——omes
Chromium; Up to 1.5052 50 —
Over 1.50% 70 —-——
Molybdemum 20 -
Vanadium - «10 —
Copper «50 -1
Alumdrum === ""'51;
Boron === -1
Titanium i ""51}
cald.nn === m—

as amoun' . 08 JeJe
(2) Amago of declared range.

I
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3. Weldsbility.~ The chemical composition and heat treatwent of the

armor 8
of weldments by production methods.

3.5 Prysical properties,-

such that the armor will be sultable for the manufacture

3.5.1 Hardness.~ The average hardness of each casting,including
ballistic test plates,shal: be within the range shown in Table IT for
the casting thickness as established by the applicable drawing. The
diameter of Brinell hardness impressions determined on any one casting
ghall not vary by more than 0,25mm between the maximmm and minisum, The
average hardness of test samples shall be within a range of + 10 points
Brinell or + «05mm impression diameter whichever is greater, of that
specified for the casting thickness involved,

TABLE IT - Brinell hardness requirements (3000-Kg load).

Brinell

Casting Thickneas Armor Brinell Rockwell C
Specified - Grade Hardness Dismeter Hardness
Inches Range Range = Range
Milli-
neters
/b to 1=1/h inel. 1 302«3l1  3.50=3.30 32 = 38.5
1/l to 1-1/h 4inel. 2 21293  3,90=3.55 2 - 30
over 1-1/4 to 2-1/4 incl, 1&2  2l1=293 3,90=3.55 2 - 30
over 2-1/L to 3=3/L incl. 1&2  229«269  L,00-3,70 19,5 = 27
over 3=-3/L to 7 incl. 182 217262 Lo10=3.75 16,5 = 25,5
Over 7 to 12 inel. 182 201-213  L.25-3.90 13 - 22

irmpact resistance of armor

3.5.2 t resistance.~ The V-notch Charpy
shall mg % Tequirements shown in Table IIY for the applicable

hardness,

x!
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TAHLE IIT - Minimum V-notch Charpy impact resistance requirements in
£, 1bs. at =0 degrees F. & 2 degrees F.

Whp . BT s B
iy 4 J;gl"' !E
. i R A : : D

Brinell Rockwell C Minimm Impact Resistance

Hardness Numbers Hardness Average of
(See h.5.2.1.2) Nunbers Two or More

Tests

Inclusive Inclusive Foot Pounds

191 = 200 48

201 - 212 13.0 = 15.0 W3

213 - 229 15,1 = 19.5 38

230 « 24,8 | 19.6 - 23.} 33

249 - 269 23.5 = 26,8 28

270 - 277 2649 = 2749 26

278 - 285 2840 = 29,0 24

286 - 302 29.1 - 31,1 21

303 - 311 31.2 ~ 32,2 18

312 - 321 32,3 - 33.3 15

322 - 331 33.4 = 3helk 13

332 - 3’-!1 3&05 - 350’4 11

3112 - 352 3505 - 3606 10

3.6 Ballistic uirements.~ Ballistic requirements shall be as
specif e applicable requirements of Appendix A.

3.7 Dimensions and permissible variations for production castings.=
Roth the thickneaa tolarance (see 3.7.1l) and the weight tolerance
(see 3,7.2) shall indicate tolerance limits in one direction only.
The absence of a tolerance in the other direction does not mean a
limitation of zero tolerance, The plus tolerance for thickness shall

be controlled by the weight limitations, and the minus tolerance for
welght shall be automatically controlled by the limitations on thickness,

3.7.1 Thickness.~ Unless otherwise specified, the thickness of any
section shall not vary from that shown on the drawing by more than =5
percent or by minus 1/16 inch, whichever is greater.

3.7.2 Weight.= Unless otherwise specified, the weight of any casting
shall not vary fram that shown on the drawing or in the contract or
order by more than +5 percent.

34742.1 For casting designs for which officlal weights have not been
established and specified, the welght of any casting shall not vary
by more than +5 percent fram the average weight of not less than the
first ten castings shipped for production vehicles. The official weight
of castings may be reestablished at any time considered necessary for
the improvement of military characteristics.

“'d. .
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3.8

Cast identification.= In addition to the marking required by
5.3, each casting subjected to radiographic inspection shall be legibly
and indelibly marked to assure positive identification until after

final

acceptance is made,.

3¢9 Information required.- The menufacturer shall furnish,for the

files

e contracting officer, a statement showing the ladle anal-

ysis of each melt and the hardness and impact test results of each
lot. All elements of the chemical composition shall be shown in the
statement, including spscial additives or hardening agents, whether
shown in Table I or not.

34941 Changes in casti ocedure.~ If, at any time, important
changes are made in cas’EﬁE procedure s the manufacturer shall notify
the Government inspector in writing., Important changes shall be eon-
sidered to be any one or more of the following:

(a) A change in gate or riser system, ineluding type, size,
and location.

(b) A change in internal and external chills; size, type,
and location. :

(¢) A change in positioning of pattern within the flask.

L. SAMPLING, INSPECTION, AND TEST PROCEDURES

_ kol %gg 8:.0f :Lnsgﬁion;- Inspection under this specification shall
- ba for the purpose of ¢ L ’

.2

(a) Qualifications

élg As a producer of cast armor (see¢ Appendix A)
2) Of a casting procedure (see L.l)

(b) Acceptance of individual production lots,

General.~ Inspection and test procedures required by this

specifTcation shall be made in accordance with the yrequirements of
QQ=M=151, unless otherwise specified herein. Only tests specified
herein shall be used in the inspection of cast armor,

k.2.1 Place of inspection and tests.~ Unless otherwise specified ar
authorized, the respons y Tor having inspection and tests per-
formed shall be as specified in L.2.1.1, 4.2.1.2 and L.2.1.3. The
results of tests shall be obtained before the material is shipped from
the plant having responsibility for them. However, the right is
reserved to perform  inspection and tests at other places at the dis-~
cretion of the contracting officer,
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Le2.1,1 Chemical analysis (ladle) and radiographic tests for steel
soundness are the responsibility of the plant where the steel is made.

Le2.1,2 Charpy impact tests, and hardness determinations are the
responsibility of the plant where the castings are heat«treated.

4.2.1.3 Ballistic tests are the responsibility of the Ordnance Corps
and shall be made at & location designated by the Chief of the
Procuring Agency involved,

4.2.2 Identification of material.~ Identification marks end records
shall be such as to e positive identification of all teat plates
and specimens with the lot and corresponding heat from which they
were produced. The key to identification symbols shall be furnished
40 the inspector prior to submittal for inspection aml test.

4e3 Definitions.=

le3.1 Lot.~ Bxcept as specified in Le3.1.1 a lot for purposes of non-
ballistic inspection testing shall consist of all castings of the same
melt of steel,of the same thickness, and having the same heat treatment
(aee 3.1.2)s Vhen two or more melts are combined in a single ladle,
the ladle charge shall be considered as a single melt,

he3s1lel Lot for ballistic testing.- A lot, for purposes of ballistic
inspection, sball conslist of all castings, of the same thickness as
specified on the drawing, from one melt or group of melts of the same
compogition, and subjected to the same heat treatment except that, in
the case of grouped melts, a lot shall consist of not more than
20,000 pounds of shipped castings.

Lol Procedure for radiographic inspection of armor castings.-

Leliel First casting.~ The first casting (when made from a pattern of
& dosign not pre%ouaﬁ.y employed by manufacturer or from a pattern ocut

of production in mamufacturer's foundry for a period of three months
or more),shall be radiographed in all routine and random positions
described on the position chart. (To be provided by the Chief of the
Procuring Agency involved; see 3,1.3 herein.) (See 6.2.)

lolie2 Second cutﬁg.- The second casting shall be radiographed in.
those positions on the first casting failed to comply with the

standards prescribed on the position chart.

Leli.3 Third castinge= The third casting shall be radiographed in
those positions on the second casting failed to camply with the
standards prescribed on the position chart,
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LoLoi Subsequent castings.= In the event that rejectable defects occur
in any aresswhich were radiographed in the third casting, subssquent
castings shall be radiographed in those areas which were defective in
the immediately preceding casting radiographed until compliance with the
required standards has been obtained.

L5 Inspection for acceptance.=

Le5e1 Charpy V=notch impact tests.=

Le5.1.1 Frequency of tests.= At least 2 impact test specimens shall be
taken from each impact test block in each lot. The number of blocks per d
lot shall be as shown in Table VI, except that not more than one block
shall be required for any casting,

TABLE VI = Frequency of sampling.

Weight of Castings; Minimum Number of Samplesj
pounds each (as heat=treated) per weight of castings in-lot
Less than 2,000 1 from each 10,000 1b,
2,000 or greater 1 from each 20,000 1b,
Lis5e1s2 Reduced impact testing.= 1£ the results of impact tests on cone
sscutive lots indicate that a satisfactory uniform product meeting the .

impact requirements is being produced, the number of impaoct tests shall be
reduced in ancordance with a quality control system approved or established
by the Chief of the Procuring Agenoy inwvolved, '

LeB.1s3 Size of blockse~ The thickmess of the blocks or the length of
test bars, as applicable, used for impact tests shall be not less than
that established by the applicable drawing for the casting involved,

(See Le5.1.5.1 and L.5.1.5.2.) The use of a thicker block or longer test
bar will be permitted provided the hardness ocbtained thereon is within
the range specified for the established thiclkness.

lis5elelt Heal treatment .of blocks.= Blocks shall be attached to or shall
accompany castings which they represent throughout the hardening and
tempering cycle. Blocks shall be so placed that theilr cooling rate .
during quenching shall be comparable to that of the casting or castings
repregented. If the castings are of such a design and mass that the
cooling rates are in excess of the samples involved, the blocks may be
quenched on an individual basis under similar quenching conditions to
approximately the same final temperature as the thickness of the casting
a8 established on the applicable drawing.

he5.1.5 Location of test specimense=

-



MIL-A3113563(0nd)

- oK e I\ls

MODIFIED HANDLING AUTHORIZED

LeSeleSel Blocks to 2" thick inclusive.~ Specimens from blocks up to
2", inclusive, in thickness shall be taken from a location midway between
the top and bottom surfaces of the block and at least 2T from any
quenched edge. When blocks thicker than that required by the casting
drawing are used at the option of the manufacturer, specimens shall be
taken 1/2T from the top or bottom surface where T is the specified
thickness of the casting represented. (See 6.3.)

ke5.1.5.2 Blocks greater than 2" in thickness.= Specimens from blocks
greater than 2" in thickness shall be taken from a location not less than
1" below the surface of the block and at least L" from any quenched edge.

h.sluloSoB Test bars,=

Le54145.3¢1 Specimens 2" or greater in thickness.= At the optlon of the
manufacturer, specimens representing castings 27 or greater in thickness
may be taken from a test bar, which is heat-treated in a test block, as
shown in Figure 1 or 2. Test bars shall be equivalent in length to the
casting thickness they represent. Test bars shall be inserted in and
fixed to the test block in such a manner as to prevent the quenching
medium from contacting the side of the test bar.

L45.145.3.2 Specimens less than 2% in thickness.= At the option of the
manufacturer, specimens representing castings less than 2" in thickness
may be taken from a test bar, which is heat-treated in a test block, as
shown in Figure 2, Test bars shall be of sufficient length that the
requisite number of samples may be obtained therefrom. Test bars shall be
inserted in and fixed to the test block in such a manner as to prevent the
quenching medium fram contacting the side of the test bar,

LeS.1.6 Impact specimens,~ Impact specimens shall be machined to the fomm
and dimenslons shown in Figure 3. (See 6.5.)

Le5e1a7 Cooling and fracturing of specimense.= Each specimen shall be
brought to a temperature of =40 + 2 degrees F. and maintained at that
temperature in a liquid cooling medium for a period of at least 15
minutes prior to being broken. Specimens shall be broken in a beam=type
impact testing machine within 5 seconds after removal from the cooling

medium.

Le5.1.8 Inte?retation of test results.= Except as provided in L.5.1.8.1,
the impact resistance obtained on specimens from a lot shall be
averaged. Failure of this average to meet the minimum requirements, for
the appropriate hardness range, specified in Table III, shall be cause
for rejection of the lot represented by the specimens. The hardness
shall be the average of all hardness readings determmined ln accordance

with 4e5.2.142 and 4.5.2.4.2,
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Le5¢1e8.1 Rotest.~ In the event that a lot of castings fails to meet the
impact requirements when the results are interpreted in accordance with
Li5.1.8 retesting shall be permitted in accordance with Le6e2 or hebs3
as applicable, or at the option of the manufacturer individual castings
or parts of a lot may be submitted for acceptance. When this latter
practice is followed all castings represented by samples yielding
acceptable test results shall be considered acceptable. For batch-type
furnsces, a sample shall be considered to represent a casting if it is
heat treated with the casting or if both received -the same heat
treatment except that castings heatetreated wlth the sample which caused
failure of the original lot may not be included. For continuous-type
furnaces, a rejectable sample shall be considered to represent all
castings heat-treated subsequently to the last acceptable sample and prior
to the following acceptable sample,

4e5e1e9 Local defects.~ In the event that test specimens fail because
of the presence of obvious local defects, substitute test specimens may
be made and testeds

Le5.2 Hardness testse=

L.5.2.1 Frequency of tests,=

44542141 Hardness of castings.- Each casting weighing more than 300
pounds shdll be subjected to %wo Brinell hardness tests, and each
casting weighing 300 pounds or less shall be subjected to one hardness
test. Hardness tests shall be made in a location the thickness of which

corresponds approximately to the specified thickness 6f the casting,

leSe2.142 Blocks for impact teste.~ Except as provided in L.5.2.1.2.1,
each block from which impact test specimens are taken shall have a
crosa=-section hardness check made upon it. For blocks 1/L" to 2" in
thickness, two hardness readings -shall be taken from a location midway
between the quenched surfaces of the block and st least one "T" from
any quenched edges For blocks grester than 2" in thickness, two
hardness readings shall be taken, one from a location not less than 1
from the top surface, and one from a location not less than 1" from the

bottom surfacees

. LUeBe2¢1e2.1 At the option of the contractor, two Rockwell=C hardness
tests may be made on eagh impact test specimen from a lot, in lieu of the
cross~-sectional=hardness test required in 4.5.2.1.2. When this procedure
is followed, the results of all tests taken from each lot shall be
averaged and the average thus obtained ghall bs converted to Brinell
hardness using the conversion table in Table II.
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k54242 Freparation for testing,-

L.S 2.2.1 Surface hardness.- Prior to testing the swrface hardness of
castings, all surlace scale end decarburization shall be removed from

the dreas where the tests are to be made,

4.5+2.2,2 Cross=sectional hardness.- Sections upon which cross-sectional-
hardness tesle are made shall be swriace-gréund and shall be flat with
opposite faces parallel to one another, except that when test bars are
used with a V=block only one side need be grourd.

Le5s2.3 Method of teste- Brinell hariness tests shall be made with a
standard Brinell hardness-testing machine, using a 10mm tungsten-gcarbide
ball and a 3000=-kilogram load, excert that surface hardness tests may be
made with a portable Brinell hardness=-testing maciiine, previously
calibrated for the range involved.

LeSe2oks Interpretation of test results.=

Le5.2.4e1 Production castings.- The hardness values obtained on each
casting shall be averaged. the average thus obtained is outside the
range specified in Table II, or if the dismeters of Brinell impressions
made on any one casting vary by more than 0.25mm between the maximum and
ninimum, the casting shall be subject to rejection.

4e5e2.ke2 Blooks for impact testse= The hardness readings obtained on
all blocks s e averaged. average thus obtained shall be used to
determine the level of impact resistance applicable to the lot as
specified in Table III.

4e5+3 Radiographic tests.~ Radiographic tests on production castings
shall be performed in accordance with the requirements of the applicable

drawings or contract. The ocourrence of a rejectable defect in any area
on a casting shall require the radiographic inspection of each subse-
quently poureéi cast in that area untll the defective condition is

corrected. See 6.6,

lie5e341 Reduced radiogﬁhic test%g.- If results of radiographic tests
on consecutive 8 of ma ate that a satisfactory uniform
product meeting the soundness requirements is being produced, the amount
of radiographic testing shall be reduced in accordance with a system

approved or established by the Chief of the Proowring Agency involved.

4e5.ls Ballistic testing.- Ballistic testing for the.acceptance of
production castings sﬁﬁ be in acoardance with the requirements of
Append'.l.z A,
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Ls6s1 Hardness.= Castings rejected for low or high hardness may be
retested without retreatment at the option of the contractor, Under
such conditions, twice the original number of hgrdness readings shall
be taken and the results of all readings taken on the castings shall
be averaged to determine compliance with the requirements of Table II.
Castings rejected for high hardness may be retempered, in which case
only those readings takon after retempering shall be used to determine
acceptabllity. Castings rejected for low hardness may be requenched
and retempered, in which case testing shall be conducted in accordance
with the requirements for original testing.

Lebe2 Impact resistance.= Castings rejected for low impact resistance
may be reteste out retreatment at the option of the manufacturer by

taking additional specimens from the lot under comsideration. These '
sdditional specimens showld be distributed as uniformly as possible
among all the samples of the lot. If the average impact resistance of
all teats from the lot meet the requirements of Table IIY for the .
appropriate hardness range, the lot shall be accepted, otherwisge it
shall be subject to rejection,

ie643 Retest after reheat treatment.~ Castings which have been
rejected may be reheat-treated by quenching ard tempering or tempering
only and resubmitted for test in accordance with the requirements for
original test;lng. :

4e6.3.1 Castings which are retempered only to meet the hardness

requirements shall not be subjected to retest for impact., Castings .

requenched and retempered 4o meet the hardness requirements shall be
tested for impact as a new lot.

Leboli Test specimens from production castings.~ In the event that it
is impossible obta on 8t apecimens from samples or test
bars, specimens mgy be taken, at the option of the manufacturer, from
a casting at a location the thickness of which is equivalent to the
specified casting thickness.

4.7 Ballistic testing of production eastings.- At the option of the
Chief of the Proouring Agency invoived, proguotion castings mgy be
selected at random for ballistie testing. The number of castings thus
selected may vary but the total number shall not exceed 2 percent of
the total production of each given pattern mumber being produced under

a contract,
5. PREPARATION FOR DELIVERY

9.1 Preparation.= All machined surfaces of castings shall be costed
with a suEEBIe preventive to insure against corrosion during transpor-
tation, Machined surfaces shall be clean and free from moisture before
this coating is applied. The preventive ccating shall be such as can
be easily removed.
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carrler, for safe rate, to the point
of delivery.

5e3 W- Castings (both green and heat-
treated) s ) ) a egibly marked with symbols that will
definitely identify the castings with inspection and test reports and
with shipping documents in accordance with Standard MIL=-STD-129,

6. NOTES

641 Intended use.~ The amor specified herein is intended for use
on combat vehicies, bui may also be applicable to armmor for emplace-
ments, shields, pill boxes, and the like.

6.1.1 QGrade l.- Grade 1 cast armor is intended for use in those areas
where maxlmum resistance to penetration by amor-piercing types of
amunition is required.

6.1.2 Grade 2.~ Grade 2 cast armor is intended for use in those
areas where maximum resistance to failure under conditicns of high
rates of shock loading is required and where resistance to pensetration
by armor~piercing ammunition 1s of secondary importance. It is for
protestion against antietank land mines, hand grenades, bursting shell,
and other blast-producing weapona.

6.2 Position dra;-_a%g.-' A position drawing is a drawing that vill be
supplied by the Calel of the Proouring Agency involved, as one of the

applicable drawings. It will show those areas to be radiographed, the
z:di.ographic standards which apply and the frequency of radiographic
sting.

6.3 Thicknesses.~ The symbol "TH ig used to indicate the thickness of
plate, or of castings at the seotion concerned and corresponds to that
indicated on the drawings as the Charpy-impact-test~block thiokness.

6.1y Patterns.~ The inquiry or invitation for bids and the contract or
order hould definitely state whether the casting manufacturer or the
Government is to furnish the patterns. Government contracts ordinarily
should include a provision that patterns furnished by the manufacturer
shall become the property of the Government upon completion of the
contract,

645 Measurement of Charpy notch.~ Tolerances on the notch of the
Charpy Impact test apecIﬁEna may be checked by means of a comparator
or metalloscope at the magnification of at lsast ten in the following
mannerte Project the profile of the base of the notch on a ground glass.,
Fit a ocircle of radius ,10" (10X) drawn on transparent paper to the
profile of the notch base., Deviations of 001" fram the standard ,01"
radius can be detected by this means. If there is any question as to

the radius, it may be compared with c:!.rclecﬂ 09" and 411" (10X), A%
e e e | pd & p o L 4
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the time the radius is measured, the notch may be checked to ascertain
that the sides make an angle of L5 degrees and are tangent to the arc at
the notch. Qenerally, it is not necessary to inspect all specimens for
notch tolerances. Te first specimen cut with a freshly ground
nilling cutter may be examined, and thereafter every tenth or fifteenth
specimen prepared from this milling cutter should be measured.

6.6 Radiogragﬁ.- Radiography of production castings under this speci=~
fication d in amount and the provisions are intentionally

stated in such s way that normally nc interference with production

should result. As provided for, radiography is to be used as a tool for
the development of satisfactory foundry procedures and to provide
sufficient checking at intervals so that a manufacture will know when
something has gone wrong with the procedure and can take steps 1o make
the necessary corrections. Radiography as incorporated in this specifi-
cation is not intended to be used for the purpose of ascertaining that
each casting accepted meets the standards specified on the radiographic
position charts. Instead, it is intended to assure that lowering of
quality will be disclosed and remedial measures taken by the marufacturer.

6.7 ownership of ballistic test plates.-

6471 Qualification test plates,~ Qualification test plates are the
property o @ manulacturer seexing qualification, Arrangsments should
be made by him to have them returned at the conclusio: of ballistic tests.

6.7.2 Acceptance test plates.- Acceptance test plates, which comply
with the requirements of This specification will be considered as part
of the lot of cestings they represent and ownership of them passes to
the Government with the acceptance of that lot., Acceptance test plates
which fail to comply with the requirements of this specification are
considered as part of the lot they represent and remain the property of
the manufacturer just as the rejectable lot they represent,

6.7.2,1 When retesting without reheat treatment is involved, all
plates including those originally tested from a lot accepted after
retesting without reheat treatment will be considered as part of an
acceptable lot. Original plates fram a lot accepted after retesting
after reheat treatment will not be considered as part of an acceptable
lot and remain the property of the mamufacturer,

NOTICE: When CGovermment drawings, specifications, or other dats are
used for apy purpose other than in connection with a definitely related
Government procurement operation, the United States Government thereby
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incurs no responsibility nor any obligation whatscever; and the fact
that the Goverrmment may have formulated, furnished, or in any way
supplied the said drawings, speciflication, or other data is not to be
regarded by implication or otherwlse as in any manner llcensing the
holder or any other person or corporation, or conveying any rights

or permission to manufacture, use or sell any patented invention
that may in any way be related thereto.

Custodian:
Army - Ordnance Corps
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Notes

l. Steel of any
chemical composition
may be used for
test biock.

2. Minimum thickness
“T"ghall be 2".

TEST BAR 8 TEST BLOCK
(FOR ARMOR 2" TO 12" THICK , INGLUSIVE)
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one side.
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EST BLOCKS WITH TESY BARS INSERT

TEST BAR & TEST BLOCK FOR
ARMOR UP TO 1-3/4" THICK,
INCLUSIVE.

NOTE
I. End of I-1/4" Diom. test bar
should be indexed so that
impact specimens are taken
{" below quenched surface

of test block, T
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ARMOR 2" TO (2" THICK, INCLUSIVE.
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. QUALTFICATION FROCEDURE FOR FRODUCERS OF CAST ARMGR AMD
REQUIRRMENTS FOR BALLISTIC TESTING FOR ACCEPTANCE OF CAST ARMOR

A=l SCOPFE

A=l.1l This appendix covers the requirements for qualification as a
producer of cast armor and ballistic testing for acceptance of pro-
duction lots of armor castings.

A~2 APPLICABLE SPECIFICATIONS AND STAYDARDS (See Section 2 of the
Specification,)

A=3 REQUIRIMENTS

A-3.1 Qualification.~ Prior to the acceptance of any contract for
production of cast armor under this specification, the mamufacturer
shall have been qualified as a producer of cast armor in accordance
with the epplicable requirements of this appendix. (See A=6.l.

A=3,1,1 Thicknesses to 3=3/L" inclusive.= To qualify for thicknesses
to 3-3/L" InclusIve, the mamfacturer shall submit ballistic test
plates and test blocks or test bars which meet the requirements of
this appendix. A mamufacturer may qualify for one or more thickness
ranges by submitting ballistic test plates and test blocks or test

bars as specified in Table A=T,

A=3.1.2 Thicknesses " to 12" ineclusive.~ To qualify for thicknesses
from Lt to 12V inclusive, the manulacturer shall submit two test bars
for each thickness he proposes to make in inorements of 2" which meet
the requirements of this appendix. Test bars shall be equal in length
to the maximum thickness to be qualified within each 2" increment,
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TABLE A=l

BATLISTIC TEST PLATES AND TEST BLOCKS
OR TEST BARS FOR QUALIFICATION

Thickness of 4 Number of Minimum To Qualify for
Plates & Blocks Flates, Size of Thickness Range -
Bloeks, or Plates (1)
_Inches Bars Inches Inches
1 1 18 x 36 1/4 to 1-1/L inel, (2)
2 1 18 x 36 over 1=1/4 to 2-1/4 incl.
3 2 36 x 48(3)  over 241/l to 3-3/L inel.

(1) See A-l.3.1 for size of test blocks and insert blocks for test bars.

(2) At the option of the manufacturer, qusl ification may be made for the
production of armor greater than l=1/li to 1-3/L inches, inclusive, by
the submission of ons ballistic test plate 18t x 36" x 1-1/2% thick.

(3) A plate LB" x 60" is preferred to a 36" x L&" plate for the 3"
thickness., The larger size of plate will insure the conduct of a satis=-
factory ballistic test, thereby eliminating the possible necessity or
supplying additional smaller plates.

A=3.1,3 Test plates, blocks, or bars for qualification testing shall be
made of the same chemlcal camposition, by the same steel-making procesa,
and with the heat treatment that will be used for the production of
armor castings under this specification. ’

A=3.1.l Processes of manufacture shall be such as to produce cast
armor test plates, blocks, or bars which are, as nearly as practicable,
hormogeneous throughout.

A=3.1,5 Heat treatment.=- A1l qualification.test plates, blocks, or
bars submitTed as & group representing & single range of section
thickness shall receive the same heat treatment,

A=3.1.6 Soundness.~ There shall be no evidence of surface cracks on
ballistic Plates upon unaided visual examination. Radiogrerhy of
ballistic test plates will not be required.
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A=3.1.7 Chemigal composition.~ The chemical composition of qualification
test plates, bilocks, or bars shall be within the limits established by

the contractor for the produetion or armor castings of the thickness
range represented by the test plates, blocks, and bars in accordance with
3.3 of the specification.

A-3.1.8 Hardness.~ The average surface hardness of each test plate
shall be within The range shown in Table II of the specification. When
erogswgection hardness tests are conducted on test plates, blocks, or
bars the average of all hardness tests, both surface and cross=gection,
ghall fall within the stipulated hardness range.

A=3.149 %ngact resistance.~ The ‘V-notch Charpy impact resistance of

each test plate, block, or bar shall meet the requirements shown in
Table III of the speciflecation for the applicable hardness and thickness.

A=3,1.,10 Ballistic teatse.=~

4-3,1,10.1 Resistance=-to-penetration test at normal obliquily.- The
test plates shall be proof-rired for resistance to penetration, and a
ballistic limit, BI(A), shall be obtained in aceordance with parsgraphs
A=lLeBe1 and A=L.5.5 and Table A-II. Minimum requirements for accepbable
ballistic limits shall be as shown in the table.

TABLE A-II
RESISTANCE=TO=PENETRATION; NORMAL=OBLIQUITY IMPACT

Thickness of Ammunition to  Mindmum Mindmum B. L.

Flate « inches be used Number of Ballistic Correc-
impacts Limit tlon,
£/s £/s per
0,01% thicknegs
1 (1.00) ecal. 50 AP M2 2 2175 18
1-1/2 (1.50) 37 MM AP M7L 2 1125 7
2 (2.00) 37 MM AP M7L 2 1500 8
3 (3,00) 75 MM AP M72 2 1150 L

A-341,10.2 Resistance~to~-cblique~attack test.~ A protection ballistic
limit, HL(P), & egrees obliquity 8 @ obtained in the case of
3n thick qualification ballistic test plates in accordance with
Table A=III!
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TABLE A=IIT
RESISTANCE TO ATTACK AT L5° OBLIQUITY
Thickness of Ammunition Minimum B.L« Correction
Plate = Inches to be used Ballistic £/s per 0,0L"
t thickness
£/s
3 (3.00) 90 MM APC M82 2125 6

A=3+2 Acceptance tests.= Each lot of production castings of Grade 1 armor
shall be represented by one ballistic test plate of the thickness
established by the applicable drawing for the casting involved. The size of
the acceptance ballistic test plates shall correspond to the size given

in Table A~I., Grade 2 armor shall not be subject to ballistic acceptance
testse

A-3.2,1 Ballistic test plates.= Test plates for acceptance ballistic
testing s e made from the same heat of steel as the casting they
represent or from one of the heats included in the ballistic lot (see
Lie3elel of the specification) and receive the same heat treatment as the

armor castings they represent,

A=3.2,2 Test requirements.~ Test plates for acceptance testing shall meet
the soundness, ha %ess s &and ballistic test requirements of A=3ede 6,
A"Boloa, and A=3.1,10,

A=342.3 Thickness tolerances.~ The average thickness of qualification
and acceptence balilstic test plates shall not differ from the required
thickness by more than plus or minus 5%.

A=3.2.4 Tdentification.- Bach ballistic test plate sutmitted for quali-
fication and acceptanna Teste chal) b legibly and indelibly marked with
the manufaclurer's mark and a plate or heat number to insure positive
identification. The key to identification symbols shall be furnished to
the inspector prior to suomittal for inspection and test.

A=3.2.5 Information required.-~ The manufacturer shall furnish for the
files of the proving ground making the ballistic tests, a statement
showing the ladle analysis of each melt and the complete detaills of the
heat treatment of each group of plates. All elements of the chemical
composition shall be shown in the statement, including special additives
or hardening asgents, whether shown in Table I of the specification or not.
This information shall be forwarded on an approved form. The results of
hardness and noteched-bar impact tests shall also be provided.
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A=Li. SAMPLING, INSPECTION, AND TEST PROCEDURE

A-L.1 General inspection and test procedurer required by this specifi~
cation shall bes made in aceordance with the requirements of Federal
Specification QQ-M~151, unless otherwise specified herein. Only tests
specified herein shall be used in the inspection of amor.

A-L.2 Place and responsibility for inspection and tests.~ Unless other-
wlse specified or authorized, the place of inspection and test shall be as
specified in A-Le2.1 and A=L.2.2. However, the right is reserved to
perform inspection and tests at other places at the discretion of the

procuring agency.

A~L.2,]. Chemical analysis (ladle), examination for freedom of wisual
cracks, hardness determinations, and notched-bar impact tests are the
responsibility of the mamufacturer of the armor., In the case of
qualification testing for thicknesses to 3=3/L", inclusive, all tests
except impact tests shall be made at a laboratory selected by him.
Impact tests for qualification on all thicknesses shall be made at a .,
laboratory selected by the procuring agency.

A=.2,2 Ballistic tests shall be made at a place to be designated by
the Chief of the Procuring Agency involved,

A=Lie3 Blocks or bars for hardness and impact testing,=-

A-L.3.1 Thicknesses to 3=3/LM inclusive.= A test block 9" x 9" x T" in
size or, a e optlon of the manulacturer, a test bar of the type speci-
fied in the specification for production testing as shown in Figures 1
and 2 of the specification shall be tack-welded to each ballistic test
plate and shall accompany it through the quenching and tempering eycles.
Blocks or bars shall be attached at such a location that neither the
thickness of the block or bar nor the thickness of the test plate will
be effectively increased during heat treatment.

A=4.3.2 Thicknesses L" to 12" inclusive.= A test block 9" x 9" x T in
sire or, a e option o e acturer, test bars of the type
cecified for production testing as shown in Figure 1 and 2 of the
specification shall be used for thicknesses L" to 12" inclusive. If test

bars are used they shall remain in the blocks throughout the quenching and

tempering cycles,

A-Le3.+3 Hardness and impact tests on test blocks and bars.~ After heat
treatment, The test Dlocks or test bars shall be subjected to Brinsll
hardness tests and notched-bar impact tests as required in L.5.1 and
Le5+2 of the specification,
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A-LiJu Ballistic test plates.= The number and sizes of ballistic test
plates for qualification shall be in accordance with the requirements of
Table A~Y. The number and sizes of acceptance ballistic test plates

shall conform to the requirements of Table A=I and A=3.2 as applicable. (See 6.7.)

A=li.lse]l Surface hardness tests.~ Each qualification and acceptance
ballistic Test plate ehall be subjected to three Brinell hardness tests
on each face where accessible and practicable. If hardness tests cannot
be practicably made on both faces, five tests shall be made on one face,
one near the middle of each side and one in the middle of the plate area,

A=l a2 Aversge thickness of test plates.~ The average thickness of
tegt plates shﬁI be the average of EIve Thickness measurements, one at
each corner of the plate, 2 inches from either edge, and one at the centers
Thickness r»eadings shall he taken to the nearest 0.0l inch,

A‘llc 5 Definitions.-

A-l14,5.1 Army complete penetration, CP(A).~ An Army complete penetration
will have been obtained when a hole is made that allows the passage of
light through the test plate, or when any part of the projectile in the
plate can be seen from the rear of the test plate. If it 1s questionable
whether any part of the projectile can be seen, the round shall be disge
regarded and another round ghall be fired,

A=lie542 Protection complete penetration; GF(F)e= A protection camplete
penetration is an impac at causes any fragments of projectile or
plate to pass beyond the limits of the back of the plate. This condition
shall be determined by perforation of a 0,020=-inch thick, aluminumealloy
sheet (2UST or equivalent) placed 6 inches to the rear and parallel to
the plate, or the equivalent thereof, at the diseretion of the proof
officer,

A=lie5.3 Partial genetration: PP‘AZ or PPSP.Z.- Any failr impact that is
not a complete penetration s e considered a partial penetration.
A=lLo5.4 Pair impacte= An impact which is three calibers or more away

from another act or two calibers or more away from any plate edge is a
fair impaot.

A=4.5.5 Ballistic limit.= The ballistic 1limit is the average of two
velocities, one of which is the lowest at which a complete penetration
ocours, and the other the highest partial penetration below the complete
penetration. The difference between the two velocities shall not exceed
50 feet per second when projectiles 37-MM in diameter or less are used, or
30 feet per second when projectiles greater than 37-MM in diametsr are
uaed. (See A—6.2 and A"603.)
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A-L.5.6 Tmpact velocities.~ The requg.red impaet velc:x:j.‘bLﬂf%l!‘-iE i/ ﬂ'E M H A[
ballistic Timits (Table A=1I and A-III) of test plates sMiher \
of which (see A-Us5.7) is between two consecutive t.abulateg’r ’mm&@, AUTHORIZED
shall be determined by the correction factors shown in Table A~I and
A=II as applicable,
A-lye 5.7 088 gt _area.~ The thickness of ballistic test plates used '
or dete [ ha, ‘bale .
{:I.atic teating? 8 shall be that of the area subjected to:bal

A=Ue5.8 Cracking,~ Cracking of ballistic test plates to such an extent
that, in the opinion of the proof officer, satisfactory ballistic limit
determinations cannot be made shall constitute failure of the ballistic
tests and the rejection requirements of A-l.5.9 shall apply.

A-Le5.9 Failure of qualification test plates= Failure of the qualifi-
cation balIIstic test plates or test samples to meet any of the tests
when inspected in accordance with this appendix shall be cause for
rejection of the manufacturing process represented by the thiokness of
the failing plate or plates. To achieve qualification, the manufacturer
must submit a new series of ballistic test plates which shall pass all
tesvs outlined in this appendix,

A=l.5.10 Failure of acceptance test plates,= Failure of the acceptance
ballistic test plates to meet any of Eﬁe Es%e,whan 4nspected in
accordance with this appendix shall be cguse for rejection of the lot
of castings represented by the failing plate or plates,

A=li,5.11 Retestss= In case of failure of acceptance ballistic test
.plates to meet the requirements of this Appendix, the manufsacturer shall ‘
have. the right to resubmit a 1>t under the following conditions, )

A-{05.11.1 Retesting without reheat treatmente.= Te manufacturer shall
have the right to suﬁ!t Twice the number of piates originally
submitted from the lot under test, Each of the additional plates must
meet the ballistic requirements or the lot shall be subject to rejection,

A=L.5.11.2 Retesting after reheat treatment.= The manufacturer shall
have the right to reheat-treat and resubmit any lots in accordance with
the requirements for original testing,

A-l.5.12 Reduced ballistic acceptange testing.= If the results of
acceptancge listic testing ca at a satisfactory uniform
product meeting the ballistic requirements is being produced, the number
of ballistic test plates shall be reduced in accordance with a quality
control system approved or established by the Chief of the Procuring
Agency, involved.

A-Le5.13 Additional test for information.= At the option of the Chief
of the Procuring Agency involved, additional rounds may be fired for
information on any casting or test plate after completion of acceptance
testinga

i Lo s
L
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A=5 PREPARATION FOR DELIVERY

A-5.1 l{ar@g for identification.~ Plates shall be indelibly and legibly
marked with symbols that will definitely identify them with inspection and
test reports and with shipping documents.

A-6 NOTES

A-6,1 Regords.~ Copies of all records pertaining to qualification tests
required by this appendix should be forwarded to the Detroit Tank Arsenal,

Center Line, Michigan,

A~6,2 Small-erms and small-artillery ammnition.- In those cases where
a 50-f/s difference between the high-partial and low-complete penetration
is allowed for ballistic-limit determination, if a partial penetration
ocours &t or above the specified minimum impact velocity minus 25 f£/s,and
no complete penetration is obtained at or below the minimum impact velcoity
required, the plate will be acceptable when the ballistic limit is actually
less than that called for by the applicable requirements.

A=6.3 M ¥ on.~ In those cases where a
30-f/s difference bet.ween high-partial and low-complete penetration is

 allowed for ballistic-limit determination, if a partial penetration occurs

at or above the specified minimum impact velocity minus 15 £/s, and no com=
plete penetration is obtained at or below the minimun impact velcocity re=
quired, the plate will be acceptable when the actual ballistie iimit is
1.as than that called for by the applicable requirements,.

N ‘-\':H.‘.'
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QUALIFICATION PROCEDURE AND REPATR-WELDING
REQUIREMENTS FOR THE REPAIR CF ARMOR CASTINGS

B-l. SCOFE

B-1,1 This appendix covers the requirements for the qualification of
welding procedures and welders involved in-the repair of armor castings,

B~2, APFLICABLE SPECIFICATICNS AND STANDARDS

B-2,1 Applicable specifications.~ The following specifications (in
addition Eo those specified in Section 2 of the specification), of the
issue in effect on the date of invitation for bids, form a part of this
specification:
SPECIFICATIONS

MILITARY

MIL~R~11468 - Radiographic Inspection; Soundness Requirements For
Arc and Qas Welds in Steal

U. S. ARMY
57=-203-7 = Blectrodes; Welding, Steel, Covered, Ferritic
B~2,2 Applicable standards.= The following standards of the issue in
effect on %FE date of invitation for bids, form a part of this specifi-
cation, :
STANDARDS
MILITARY
JAN=STD=19 = Welding Symbols
MIL=STD=20 « Wolding Nomenclature and Definitions
B=3, REQUIREMENTS
B=3.1 Qualificatione= Prior to repair welding Grade 1 or Grade 2 pro-
duction castings, the contractor shall qualify the welding procedure to

be used and the welders who are to perform the work in accordance with
the requiremoents of B~3,1.1 and B-3.1.2 respectively., Qualification

for repair welding Grade 1 castings shall serve as qualification to repair

weld Grade 2 castings, provided all the factors listed in Table B=1 are
identical,

Bu3.1l,]l Qualification of procedure.=-

. NS
Vo 1'r.\'4'3‘elf;"\
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B=3.1s1.1 Contractors recorded grocedure for repair welding.= The manu~
facturer s es sh a rec d re ) procedure for the
repair of castings. The recorded repair-welding procedure shall include
all the factors listed in Table B=l,

TABLE B=I_

FACTORS IN THE RECORDED REPAIR-WELDING PROCFDURES AND CHANGES '
WHICH REQUIRE FROCEDURE REQUALIFICATION AND ARC-WELDER REQUALIFICATION 1 '
Factor Inciuded in Recorded weIa?i'g' procedure shall Welder shall be re-

recorded welding be revised and procedure re= qualified as indicated,
procedure, qualified, as indicated below,
l. Composition of Procedure shall be revised and Not required,
steel, requalified when a change in

composition outside of the
declared range established in
accordance with this specifie
cation is made unleas a specific
walver is granted by the Chief
of the Procuring Agency involved,

2+ Minimum dimension Recorded welding procedure Not required.
at the root, mini- shall be revitad. Requali-~
~ mum included angle fication not required,
and minimm root

radius. .
3¢ Electrode: type When the electrode used for - - Not required, :'
" and class or brand, procedure qualification does -
manufacturer, not meet the requirements of '

covering type and 57=-203=7, substitution of any
deposited analysis other electrode wherein a change
range if not quali~ is made in brand, manufacturer,
fied und?{ covering type or depcosited
57=203=7 ). analysis range will require
' revision of procedure and re-
qualification. However, when
the electrode used for pro=
duction qualification has met
the requirements of 57-203=7 for
a specific type and class and
provided all other factors remain
the same, any other electrode .
which has met the requirements of
57=203«=7 for the same type and
class may be substituted without
requalification of procedure but
the procedure shall be revised,
(1) Acceptable brands = Mamfacturers will not substitute electrodes conforming to
57-~203=7 until a list of;acceptable proprietary brands of electrodes has been .
issued. Such a list also include information as to type and class to which the
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WHICH REQUIRE PROCEDURE ?QUAL]I‘IOATION AND ARC=-WELDER REQUMIGATION
Factor inolude Reco we g procedure s er shall re=

be revised and proondure re-
qualified, as indicated below,

recorded welding
procedure,

e ¥ \L\“ﬁ
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FACTORS IN THE RECORDED REPAIR-WELDING PROCEDURES AND CHANGES

qualified as indicated.

L.

Maximm electrodd
diameters, for all
passes based on

When a decrsase 1ls made
in the actual width of
groove at which any given

When a decrease is
made in the actual
width of groove at

minimum groove size of electrode is used which any given
width, procedure shall be revised size of electrode
and requalified, is used,
5« Welding~gurrent When the limits established When the limits
and are-voltage in the recorded repair=- established in the
range for each welding procedure are recorded welding pro-
diameter or exceeded the procedure codure are exceededs
electrode. shall be revised and re- '
qualified, :
6. Preheat tempera~ When the minimum tempera=~ Not required.
ture range loocal ture is reduced the precad. :
or general, which ure shall be revised ami
shall be specified. requal ifieds,
7« Termal treatment When any temperature in the Not required.
af ter welding, Thermal treatment established
in the eriginal procedure
is changed the procedure shall
be revised and requalified
unless dherwise authorized
by Chief of the Proocuring
Agency involved.
84 Method of preparing In case of change from Not required,
welding groove: i.e., mechanical to thermal
Thermal or mechanical. method, only the pro-
cedure shall be re=
vised and requalified,
9. Position in which When change is made from (See pars 3ele24le)

welding will be
performed.

the position qualified, the pro~

cedure shall be revised and

requalified, except that area-
defect plates shall be qualie
fied in the flat position only,

Al
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TABLE B-1 (gomttd)
FACTORS IN THE RECORDED REPAIR-WELDING FROCEDURES AND CHANGES

- WHICH REQUIRE PROCEDURE REQUAL JFICATION AND ARC-WELDER %UALIFICATION
Factor included in Recorded we g procedure s er 8 Q re=

recorded welding be revised and procedure re- qualified as
procedure. qualified, as indicated below, indicated,
10. Type & Sequence In case of change from Not required,
of passes. beading te weaving only

the procedure shall be
revised and requalified.

11, Source of power, When change is made fram Not required,
a+Cs Or dec. 8.0s t0 duCey Or vice=
(polarity if d.c. versa; or if d.c., when
is used.) polarity is changed the

procedure shall be
revised and regualified,

B-3.1.1.2 Tegt plates required.-
3-301010201 Com me g LOg LODAIONeQ and
The manufacturer shall submit a test plate of each type shown in Figures B-l and
B=2 for radiographic¢ snd ballistic tests. Each test plate shall be welded after
annealing, normalising or normalising and tempering, and subjected to suoch harden-~
ing and tempering as will produce the hardness required for thickness of plate
involved. '

Be3elele2,2 lbt;_mm%_.ng onlz: after welda_x_‘:g.- The manufacturer shall submit a test
plate of each type shown in Figures B=2 for radiographic and ballistie
tests., Each plate shall be welded in the fully heatwtreated state and tempered

after welding at a temperature within 50 degrees F. of the original tempering
temperature,

B=3s1l¢le2.3 No thermal treatment after welding.= The mamufacturer shall submit a
test plate of the type ahown in Figure B=1 for radiographic and ballistic tests.
The plate shall be welded in the fully treated atate and tested ballistically with
no thermal treatment after welding.

Be3elile2e mg%&u%&%: For repair of
defects not exceeding the dimensions-apecif for Classification=C size of

defects but subject to heat treatment, if required after welding as specified in
B=341,1s2,1 and B=3.1.1.2.2 respectively, the msnufacturer shall submit a test
plate or plates of the type shown in Figure B-I for radiographic and ballistio
tests, The processed condition of each test plate prior to welding, and the heat
treatment of each test plate after welding shall be the same as will be used on
production castingse.

B~3.1.142:5 Coverage of teg; glates.~ Flates of l=inch thickness shall qualify
the mamfaec turer repair-weld armor castings of the thicknessea represented by

P A
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l=inch ballistic test plates. Those of 2-inch thickness shall qualify
the manufacturer to repair-weld armor castings of any thickneas pro=
vided the chemical compogsition is within the range established far the
thickness or thicknesses for which qualification is sought,

B=3s1.142,6 Interpass ﬂratm'e.m The interpass temperature of
qualification plates not more thsn 100° F, above the preheat
temperature. The interpass temperature shall be measured imediately
before the deposition of each layer at the point indicated on Figures

B=l and B=2,

B=3.1:1.3 Soundness.= Finished procedure qualification test plates
shall comply with Standard IT of MIL=R-11L68 when radiographed in accord-
ance with the requirements of appendix C.

B=3.1s1.4 Ballistic testing of welding procedure qualification plateg.-

Be3elsleltel Double~T plates.~ The l-inch Double-I plate (Figure B=I)
shall be tested for res&ﬁicq 1o shock using two rounds of 57-zm plate=
proofing (FP) projectiles, MLOOL, at a velocity of 975 feet per second.
The 2=inch Double-I plate (Figure B~l) shall be tested for resistance to
shock using two rounds of 105-mm plate-proofing (FP) projectiles,

MLOOL, at a velocity of 1,050 feet per second. A correction in velocity
shall be made for each .01l" of variation from the nominal thickness, of
6 feet per second on 1" plates and 5 feet per second on 2" plataes. One
round shall be directed at each leg weld, so that the edge of the pro=
Jectile at least touches the edge of the weld (fair impact)e The welding
procedure used for double~I welded plates shall be subject to rejection
should either round develop any cracking (in plate, weld,or weld zone)
outside a circle of the sisme indicated below, the center of which is
coincident. with the center of impacte

Plate Thickness Allowable Cracking
2n Within a circle of 9" diameter, the
center being the center of impact.
1 Within a circle of 8" disméter,the

center being the center of impacts

B=3e1e1elie2 Area-defect plate.~ Plates of the type shown in Figure B-2
shall be tested for resistance to penetration nsing the projectiles
indicated in Table A=-II of Appendix. Ae The 1" agrea~defect plate shall
have a minimum ballistic limit of 2150 feet per second and the 2" area=-
defect plate a minimum ballistic limit of 1450 feet per second when tested
in ascordance with A-L.5 and appropriate sub-paragraphs thereto. The
thickness correction factor of Table A=II shall apply.
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B=3e1le1¢5 Data forms.= Properly executed forms, available through the
Resident Inspector of Ordnance, shall accompany each test plate to the
proving Ground, \

B-3.1,2 Qualification of welders.- I.

B=3,1.2,1 Each welder shall be qualified by the mamfacturer. Qualifi-
cation of a welder by one mamufacturer shall not serve as qualifieation
when the welder 1is employed by another manufacturer,

B=3:1.2.2 % of goin’c.- The welder qualification test specimen shall
be made of e rm 1 or steel of similar composition to production
castings. The qualification shall be made by the welding of a butt joint
of the design shown in Figure B3 of this sppendix between two plates 1
by L by 12 inches. All dimensions of the plates shall be considered as
minimm,

Br34le243 Current and electrodes.~ The welder shall use the same current,
a.¢, or d.c., and polarity if d.c. is used, as will be used in production;
and the electrodes shall be of the ferritic type to be used for production
repair welding. The diameter of elecirode used for qualification shall be
the maximum diameter that will be used as required by the recorded welding
progedure at any particular groove width., (See factor L, Table B=T,)

B=3.1s2.k Position of welding.- Each welder shall be required to qualify ~
in the positions in which he will weld on production, by welding a test
specimen of the type specified in B=3.1.2.2 in the positions prescribed
in paragraphs B-3.1:2.4¢1 to B=3.1,2.k.k inclusive, as applicable. However,
welders qualified in one or iwore positions shall be considered qualified
in additional positions under conditions as allowed below:

Position in which qualified al.ifies welder to weld in

fTat position at position only

Horizontal position Flat and horizontal posltions

Vertical position Flat and vertical positions

Overhead position Flat, horisontal, and overhead
positiona.

B-341e24ke1 Flat Eos:ltions.- To qualify the welder in the flat positicn, ,
the test plate e placed in an approximately horizontsl plane and
the weld metal shall be deposited from the upper side,

B=3.1.2.4.2 Horizontal positione= To qualify the welder in ths horiiontal
position, the Test plates shall be placed in an approximately vertical
plane with the welding groove in an approximately horizontal plane.

B=3.102.4.3 Vertical position.= To qualify the welder in the vertical
position, the Test pIa?Es shall be placed in an approximately vertical

vlane with the welding groove in ap approximately vertical positicn,
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B-3.1e2.4.4 Overhead positions.~ To qualify the welder in the overhead
positiom, the tes ates 8 e placed in an approxinately horizontal

plane and the weld metal shall be deposited from the underside positions

Bm=3sle2+5 Soundness.~ Finiszhed welder-qualification test plates shall
comply with ¥tandard I of MIL=-R-11L468 when radiographed in accordance with
the requirements of Appendix C, except defeots within 1" of either end of
a weld may be disregarded,

B=3.2 Requirements for repair of armor castings.-

B=3,2,1 General.~ All weld repairs shall be made using a procedure and
by welders qualified in acocordance with this appendix.

B=3,2.2 Repairable defects.= Defects which may be repaired by welding
shall not exceed the weld=area dimensions specified for each classification
shown in Table B=Il. The sigze of defect shall be eonsidered as the siwe of
the cavity resulting from chipping, grinding, or oxygen cutting to remove
the defect, or as the size of the area to be welded to obtain the dimensions
specified on the applicable drawings.

Be3.,2.2.1 Large defocts.= Greater defects {than those listed in B-3.2.2)
may be repair=welded subject, in case of each repair, to the written

authorization of the procuring agency,

B=3.2:2+2 Inserts.= Cast sections may be inserted by welding in the
production castings,: provided each plate is of the same chemical composi=
tion range as the casting, and subject to the following dimensional limits:
Thickmess of section shall be equal to that of casting section to which it
is welded; maximum length or maximum width of insert shall not exceed 16
tt;il.;tes the thickness; and width of weld shall not be greater than twice the

ckness.

B=3,2.3 Interpass temperature.- The interpass tempei‘at\u'e of production
castings shall Ee not less than the minimum rreheat temperature established
in the recorded welding procedure. The interpass temperature shall be

measured immediately before the deposition of sach layer at a lcoation
approximgtely 3" from the edge of the weld oin Wiw uase metale

B=3.2.4 FE of electrode.~ Unless otherwise authorized by the procuring
agency,; all repalr we s8hall be performed using ferritic-type
electrodes conforming to 57=203=T,

B=3.2.5 Radiographic requirements.~ The repair welds shall meet the
radiographic reqra%ien%g of Standard IIT, MIL~-R=11468(0rd). Any welds
that do not comply with the standard specified shall be repaired, and sub-
sequently radiographed. When the width of the weld is greater than 2 inches,
for the purpose of radiographic interpretation, the weld shall be con=

sidered to be a series of welds 2 inches wide,

h.b
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B=-3,2.5.1 Radiogra of repaired castings.~ One casting in every
thirty produstion m%i.Ln'Ea ﬁ Tepair welds exceeding the dimensions
specified under classificaiion C, in paragraph B=3.2.2 shall be saelected
for radiographic inspection. Only those areas, in the casting selected,
with repair welds exceeding the dimensiong specified under classification

C in B=3.2.2 shall be radiographed.
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Point at
which
interpass
31 temp,
shall be
measured.

36"

1 B"

FIQURE B=1., Double-I Ballistic Test Plate.

Noteat (1; Plate thicknesa shall be 1 or 2 inches.

(2) Sections "ab" and "cd" shall be completely welded on both
sides before "oec" is welded. Sections 'ef" and "gh" shall
be completely welded on both asides before "fg" is welded,
Prior to welding of sestion "be" and "fg", the plate shall
be cooled to the recorded preheat temperature,

(3) Lengths of sections "ab," "cd," "ef," and "gh" shall be
not less than 6 and not more than 8 inchea,

(4) Plate shall be welded in accordance: with Recorded Repair-
welding Procedure for size (2) defects extending completely

ro tho section. (See paragmph B~3¢2.2.)

th
mm (toLd __
\OOIFIED HANDLING Aum
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FIGURE B-2. Area~Defect Ballistic Test Plate.

Notess zlg Plate thickness shall be 1 or 2 inches.
2) Weld area shall be centered on long dimension

of plate.
(3) Welded ares shall be 6 by 2/ inches, completely
through the section; except for l-inch plate,
the weld area dimemsions shall be 6 by 15 inches,
(4) Plate shall be welded in accordance with Recorded
Repair-welding Procedure for size (1) Clasasifioca-
tion A and/or B defects extending completely
through the section. (See B=3.2,2)
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Min. included angle

11 Min.
//...
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SAUWTIRY
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o e— Min. root openiny

¥in, included
angle

FIGURE B=3, Welder Qualification Test Specimen.

Notes The minimum and maxisum dimensions indicated in Figure B-3
are exact dimensions and shall be those spsoified as such
in the Recorded Repair-welding Procedure for size (2) Class~
ification-A defects extending completely through the seotion.

, «(See parasr;ph 3¢242,)
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QUALIFICATION AND REQUIREMENTS
FOR THE RADIOGRAPHIC INSPECTION OF ARMOR CASTINGS

C~-1. SCOFE

C=l.1 The appendix covers the requirements for the qualification of
supervisors involved in the radiographie inapection of armor castings and
the requirements for such inspestion.

C=2. APFLICABLE SFECIFICATIONS AND STANDARDS

Gm20l ﬁlioable gﬁcifioationa.- The following specifications (in addi-
tion to those spec Section 2 of this specification), of the issue
in effect on the date of invitation for bids, form a part of this
specification:
SPECIFICATIONS

MILITARY

MI1-R-11468 = Radiographic Inspections Soundness Requirements for Are
and Gas Welds in Steel .

MIL-R=11469 = Radiographic Standards for Inspection of Steel Cast~-
ings Inecluding Cast Armor

C=2.2 A&ioable gtandards.~ The following Military Standard of the issue
in effect on the vitation for bids, forms a part of this
specifications
MII~STD=23 = Nondestructive Test Symbcls
C=3. REQUIREMENTS

C-3.1 gu_&l_:l.ﬁcation.- The manufacturer shall qualify radiographic
sources and supe ors in accordance with 0-3.3 (see 0=8.3).

C-3.2 Qualification test block.- The test blocks (Models 1~2 and H-2)
shall be use qualification tests amd will be supplied by the pro-
curing agency upen proper request.

-
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C-3.3 Supervisor and source qualified requirements.- The supervisor
qualiﬁoagon Test shall conaist of the rﬁiograpﬂﬁg of the test bloucks
raferred to in C=3.2 in accordance with 3.3.1s Supervisors shall qualify
for thieknesses to 3" inclusive using a test block 1" thiek and for .
thicknesses greater than 3% using a test block 3«1/2" thick, This
qualifisation teat shall be conducted for each source of radiation to be
employed for production radiography. N

C=3.3,1 The supervisor shall selest all details of radiographic tech~-
nique to be employed by himself and the techniecians under his Jurisdiction
in the conduct of the test, Using these details, the supervisor shall ‘
produce a radiograph of the applicable test block as stated in 3.3, shall
aexamine the radiograph, and report in writing his findings of the images
thereon to the procuring agency. The correct identifiecation from the
negative of at least 90% of the information contained in the test bloock
shall constitute qualification of the supsrvisor for the radiographie
inspection of cast armor.

C~3.3.2 Information required.~ In addition to thes report required in
C~3¢3.1, the manufacturer shall furnish the procuring agency with the
negative with which qualification was obtained as well as a detailed
statement coverings '

a. Type, model, name of manufacturer and machine rating as stated
by the manufacturer, , -

be For Gamma radiography, the type of source ani the atrength of
the source in Curies, -

¢, d/t ratio employed with negatives submitted (see Figure C=1).

0=3+3.3 Requalification.~ Requalifieation shall be required whenaver
a change in supervisors takes plase in the radiographic fasility or
whenever the source of radiation is changed. Requalification shall not
be required for changes in technieal personnel who are not supervisors
or for direct replacements of the scurce of radiation. (See Ceb,e4,)

C-3.4 Inspection of production castings.-

C=3.4.1 Qeneral.= Radiographic inspection shall be used to reveal,
within the IImits of its sensitivity, discontimuities in metals. Parts
shall be examined. in locations specified in the applicable specifi- (
ecations, contract, order, or drawing, '

C-3.kelel Supplemen radio .~ Radiographic inspection in
addition to iﬁg speoﬁga 15 ’EEe preceding varagraph may be performed
at the discretion of the inspector to determine the extent of a defect
which has been located by previous .inspection.

x L]
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C=3.Ls.2 %ﬁi&.- Radiographs shall be made on noninflammable Xeray
£ilm, free o erent flaws that may interfere with interpretation of
the radiographic image and capable of acceptable olarity and definition,

Cm3elte3 Viewil.lr_ig %p%nent.- Suitable facilitles shall be provided for

the viewing and ex ation of negatives and for the comparison of nega=
tives with standards when required.

C=3eltels Workmanship,=

C=3.leliel ity of negative.= Radiographic negatives shall be free of
blemishes (See %-5..55 55'55 may interfere with interpretation of the radio-
graphic image. Whenover the quality of a radiographic negative is unsatis-
factory in the areas to be inspected, re-radiography will be required,

C=3.lelte2 Qualifications= Radiographs shall be made under the super=
vision of personmnel qualified 3in acoordance with the requirements of this
appendix,

C~3skelie3 The iyt ratice= The minimum d/t ratio used far production
radiography no ess than that employed by the supervisor for
the e;eeat'. negative upon which his qualiﬁcation fer each thickness was
basaed,

C-=3.1.5 Standards of acceptance.- The stendards of acceptance shall be
in accordance with the req%emenfa of Specification Nos. MIL-R=-11468 and
MII=R-11L69 as applicable.

Ce3elieb Tost 1s.= When position drawings (See C~-6.,2) are required
or furnished by % procuring agency, symbols used shall be in accordance
with the applicable requirements of MIL=STD=23,

C=3elia? %gction pecords.~ The contractor shall submit radiographic
negatives and su ) ification in accordance with the requirements

of the procuring agency for each article or unit of msnufactwre that has
been radiographed,

C-3elia7e1 Availability of negatim.- Exposed radiographic negatives
shall be ava or exam on by the procuring agency at any loca=
tion and for a period not to exceed 12 months from the date of exposure,

C=3.lte8 8@3 of %éu-meur image.~ The image of the penetra
meter sh 1080. negative.

C=3.4¢9 Identification.~ Areas which have been radiographed shall be
marked in such a manner as to identify them with the radiographic nega-

tives of the applicable areas and castirgs until final radiographiec
asceptance is ocbtained,

T oy
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C=3.U4¢10 Direction of radiation.= When not otherwise indicated in the
position drawings, the direction of radiation shsll be perpendicular
te the surface of the metal and the radiographic film, When, because of
a peculiar eondition of test the required direction of radiation is not
the most effective, a sketch showing the actual direction of radiation
used shall be made on the negative or attached to it. When the same
gset=up 1is used for a mumber of radiographs, a single ake'tch will asuffdice
for the entire set of negativea.

C=3eliell Location of film.a The film during exposure shall be as close
as practicable to the surface of the object being radiographed.

C=3.l4.12 Location markers.- When required by the procuring agency,
location markers shall be piaced on or adjacent to the matal surface
being radiographed and their images simll appear distinotly on the film.
The exact location of the markers shall be marked on the surface of the
metel in a manner not injurious to the serviceability of *he part, so '
that the radiographs may be acocurately located whenever desired up to
final radiographic acceptance.

C=3.4e13 Identification of negatives.= A system for identification of
negatives approved by the procuring agency shall be used. When required
by the procuring agency, each negative shall carry the image of the
lead markers identifying the individual part and the aea radioyaphed.

(See C=3.ls74)
C=3s5 Penetrameterg.=

C=3.5.1 Penetrameter design.~ Unless otherwise specified, penetra-
meters shall have dimensions in accordance with Figure C=2,

C~3.5.1,1 Identification.- The penetrameters shall be identified with
an identification number, made of lead alloy and attached to the penetr-
ameter, This number shall be equal to the thickness, in inches, of

the metal to which the penetrameter is normally applicable.

C=3¢5.2 Penetrameter placement.~ Penetrameters shall be placed on the
side of the metal away fram the £ilm (source side) in such a location that
the d/t ratio is the smallest possible value for the area involved.

0~345.2s1 Flacement on welds.= Penetrameters shall be placed on the
base metal al 1east L/B inoh from the 2dzs of 4l welds

b
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Cm3.542.2 d «= When a number of identical parts

Elacement: on identiocal parts
are simultanecusly exposed, the penetrameter shall be placed on the irredi-
ated surface of that part at the cuter edge of the cone of radiation.

C=3.5.2.3 Flagement on blogks.~ When it is impractical to place the pene-
trameter upon the part rediographed, the penetrameter may be placed on the
irradiated surface of a block of metal of the same base metal and approximately
the same density and thiockness as the part or parts radiographed. This blook
a:;ll be placed upen a part of the £ilm at the outer edge of the cone of radi~-
atlion,

C=3.5.3 Numbg¢ amcterg.~ Except as specified below, the image of
at least one penetra.meter shall appear on each radiographic negative submitted
to the inspector,

C=3e¢543.1 Sw.- When & number of films is exposed simml~
taneously and all conditions of exposure are the same for all films, only one
negative from the group shall be required to bear the image of a penetremeter,
This negative, whioh shall be taken from a location at the outer edge of the
ocone of radiation, shall accompany the other negatives of the same group when
they are submitted to the inapector.

Gy, SAMPLING, INSPECTION, AND TEST PROCEDURE (Not Applicable)

C~5. PREPARATION FOR DELIVERY (Not Applicable)

[ 0-6. Nm
C=6.1 w.- Blemlshes on radiographic negatives are defined
as marks, discoloration, or abrasions that are not representative of varia-
. tions in the opacity of the metal being radiographed., Some examples are
. discolorations caused by chemical stains, scratches, and blackened areas
caused by light leaks in the f£ilm pack,

C=6.2 Poaition drawings.~ The radiographic position drewings are drawings
used for the purpose of designating the amount, locations, and frequency of
radiographic examination,

C-6.3 Superyigor defined.~ For purposes of qualification the supervisor
will be regarded as one or more members of the radiographic facility
designated by that fasility as responsible for rediographic inspeotion,

C=bols o= Supervisor qualification is intended to be
accomplished on X=ray machines up to and including the Betatron type,
as well as all radiocactive sources now known,

, C-6.5 Direg laces fined.~ For purposes of requalification a
direct replaconent :la deﬁ.nod as an I=-ray machine of the same type,
voltage and manufacture, or in the case of an X-ray tube of the same tube
type and manufacturer or in the sase of natural radioactive, or induced

’ radiocactive isotope scurces, a source of the same type and strength.
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ATTACH LEAD NUMBERS HERE 1 ¢ }a~—§
-
r T A4 00"
B—“\_‘H"
o — =
METAL | PENETRA- DME NSIONS ~ INCHES
I'HICKNESS| ME TER (USE NEAREST DRILL SIZE)
INCHES®*| NO.
A ] c D
—— = =
72 .50 010 .08 .06 .06
1 1.0 .020 .08 .08 08
- 172 1.5 .030 12 .09 .06
2 2.0 040 16 | IEE .08
J:I
= —
. . . 2] -
. ﬂn-m *$ ™ f
ATTACH LEAD NUMBERS _ }— -t
. —RERE T~ ™ | i
|-
C LI 1 A+008"
R NI
c
D =————a
METAL | PENETRAA -
THICKNESS| METER | use PNRIRIENS pHIEHAR 2
INCHES #| NO, A B 4 D
3 3.0 080 .24 18 A2
4 4.0 .080 32 .24 16
5 8.0 100 40 .30 .20
6 6.0 120 A8 .38 24
7 7.0 140 .56 A2 .28
8 8.0 .160 84 .48 32

% WHENEVER THE METAL THICKNESS TO BE RADIOGRAPHED FALLS

BETWEEN TWO CONSECUTIVE THICKNESSES

INDICATED, THE PENETRA-

METER TO BE USED SHALL BE THAT APPROPRIATE TO THE

GREATER THICKNESS.

FMlgure C-2,

. 6PO 83-49i42
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RESTRICTED

Security Information

VARNING: This document contains information affecting the nationel Adefense

of the United States within the meaning of the Rspionage Laws, Title 18,
U, 8, C., Sections 793 and 794. The transmission or the revelation of its
contents in any manner to an unsuthorised person ig prohidited dy law,

HIL="P=20460

NILITARY SPACIFICATION |

PROJECTILES, ARMOR-PIERCING; NETAL
PARTS ASSENMBLY

This specification was spproved by the Depart-
nents of the Army, the FNavy, and the Alr Yorce
for uge of proocurement services of the respec-
$ive Departments, and spersedes the following
specification:

Arny 30-33=8
83 Yebruary 1960

This specification comeists of this cover sheet and Specification
50=33=5, dated 33 Fedruary 1950, attached hereto, without modifiecation,

Yhen a reguest fur thie spesificatica is received by a

supplylag
eotivity it will De necessary te attach this coyer sheet to the pertinent
gpesification belore Llaste. '

or as directed by the contracting officer ,

Custodians
Ay~ 0
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Security Information

'Oopin of specifications required by contractors ia comnection with
specific procurcment functions should be obtained frem the procuring agenoy
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RESTRICTED
Sscurity information

This document contains information affecting the National defense of the
United States within the meaning of the Espionage Lawa, Title 18, U.S.C., Sec-
tions 793 and 794, The tranamission or the revelation of its contents in any
manner to an unauthorized person ias prohibited by law,

50-33-5
U, 8, ARMY SPECIFICATION %2 Tebrusry 1250

PROJECTILES, ARMOR=PIERCING;
METAL - PARTS ASSEMBLY

1, BSCOFR AND CLASSIFICATION
1.1 This specificetion covers armor-piercing (AP) shot with or without
wirdshields but without plereing cap, manufactured from dber stock or forg-

ings in all sizes from 20mm through 120mm,

2, APPLICAELE SFECIFICATIONS
2,1 The following spacifications, of the isaue in effect on date of ia-

vitation for bids, form parts of this specifiocation:

FEDERAL SFECIFICATION
QQ-M=151 Metals: Genersl Specification for Inspection of,

MILITARY. SFRECIFICATION
JAN-C=490 Cleaning and Preparation of Ferrous Mom Surfaces for

Organic Protective Coatings,

U, 8, ARMY SPECIFICATIONS
50=0=1 General Bpooiﬂcation for Ammmition except Smell Arma

Ammundt ¢4
50-27-1 Blankse, tating Band for Projectiles
57=0-I Macro-etch Test and Standerds for Stesl Bars, Rillets,

Blooms and Slabs
57=0-5 Magnetic~particle Inspection; Process for Ferro Magnetioc
Ma

texriale
100=2 Standsxd Specifiocation for Marking Shipments by Contractors,

(Copies of specifications should be obtained from the proouring agency or
as directed by that agency. Both the title and identifying number or symboli

should be stipulated when requesting copies,)

3. REQUIRRMENTS
3.1 General, The projectiles shall meet all requirements prescribed on

dravings and in epplioable specifications.
3.2 naw-m.c. ‘Materials and perts shall be in acecordance with applisable

mc:.f:loa 1m and drewings,

sition, The composition of the steel waed in projec-
tuol ohi'ﬁ 'E at tE option of the contrsctor, provided the projectiles
meat the funoctioning requirements and  tests prescrided herein.

RESTRICTED|
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3.4 Heat treatment. The heat treatment given the projectile bodies
aliall be uniform for each heat of steal, All deteils concerning heat treat-
ment muat be shown on the data card, (See 5.1.2 eand ¢.6.)

3.5 Soundness, All projectile bodies shall be sound and free from in-
ternal strains, and other defects which would affect their armor plercing
propertisa, FEach projectile shall be free of imperfections that are de-
tectable when inspected as prescribed in 4.6,

3.6 Cleaning befors assembly. (Applies only to projectiles with wind-
shields), The projectile ies and windshields shall de cleaned and free
of foreign material at the time of attaching the windehield to the shot
bodies,

3.7 Attachment of windshielda, After heat treatment of the projectile
bodies, the windshields shall be firmly and rigidly attached thereto in the
mannar prescribed on the appliocadble drawing and shall be concentric with
the prejectile body within the limite presoribed on the drawing. The assem-
bly shall be free of cracks and tears., (See 4.6.)

3.8 Band seating. Prior to banding, the band seat shall be clean and
free from oil, grease, dirt, rust, and other foreign material, Shot or
sand blasting is not permitted for cleaning the band seat after murling.
The rough rotating bdand shall be in the form of a solid ring, annealed and
carefully pressed into the band geat 80 as to completely £ill it and fit
tightly. The band shall be applied co0ld after final heat treatment of the

projectile dody.

3.9 IPhysical properties of gilding-metal rotating bands. Bafore assem-
bly to the projectile, rotating band blanks shall meet the requirements of .
specification 50-27-1, Clsas B, annsaled condition, and after assembly shall
meet & 130° bend test. (See L4.5.3.2.)

3.10 Protection of rotating bands, The machined rotating bands shall be
carefully protected from being nicked, burred, or otherwise damsged in sub-
sesquent handling and shipping.

3.11 Pre tion for painting after assembly, All surfaces of projec-
¢ile parts shall be mﬁ ty &ade I treatment, Specification JAN-C-490,
except rotating band and rotating-band seat which need not be so prepared.
Cleaned surfaces shall renain uncontaminated prior to painting. After appli-
cation of the paint presoribed on the drawing, the paint-phoasphate syetem
shall be capable of withstanding a 72-howr salt spray test. (See L.7.)

3.12 Coating. The exterior coating and the tracer cavity coating
specified on the drawing for the projectile shall be applied in such a mean-
ner as to produce a tightly adherent coating of uniform thickness over the
entire specified areas, The projectiles shall be stoncilled or marked as
prescribed on the drawing. All paint and marking shall be dry to the tousch
bofore the projectiles are packed for shipment.,

3.13 Ballistic performance,

3.13.1 Armor ormance. The projectiles shall be capable of

netrating armor plate of the type and thickness and under the conditions
specified in 4.8.4,

3.13.2 Security of ¢ ¢t attachment, The proJjectiles shall with-
stand firing in s worn but servicea 8un without the loss of the wind-
shield or rotating bands,

Security Information
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3.1% Pllot lot. The contractor ehall produce and submit to the con-
tracting officer or repressentative designated by him, a pilot lot of the
size specified in Table I for metallurgical, dallistic and other tests to
determine the satisfactoriness of his materials and mathods, Any produce-
tion under the contract prior to the approval of the pilot lot will be at
the risk of the contragtor,

4, SAMPLING, INSPECTION AND TEST PROCEDURE

k.1 Inagetion Fnoml. Inspection shall bs as presoribed in spec-
1fications 50-0-1 QQ-M-151,

4,2 Lots. .

4,2,1 Size of lots, The site of regular lots ashall be limited in ac-
cordance with Tabls 1. The first produstion lot manufastured on any cone
tract shall not sxceed that specified in Table I except where a nevw con~
treoct lmmediately follows the manufacture of satisfactory projectileas of
the @ams caliber under this epecification.. To avoid many small lots, pro-
Joctiles left over from previously accepted lotis shall be assembled into
migcallaneous lots not exceeding limlits shown in Table I, The wmber of
migcellaneous lots shall be kept to a minimum,

TABLE I

Caliber Pilot 1st Prod, Reg. Prod. Miso, Lot

Lot ) Lot Max. Lot Mar, Max,

. n, )

20mm 100 1,000 20,000 2,000
37nm 50 1,000 20,000 2,000
L4Omm 50 1,000 20,000 2,000
7%mm, 76mm (3") 30 700 15,000 1,000
9O0mm 25 500 10,000 1,000
120um 25 500 5,000 500

4,2,2 Make-up of lots: heats, cguum. In no one lot shall more
than one composition of stee used in the projectils dody. KNot wore
than six heats of steel shall be used in the projectile bodies in any ome
lot except that in the make-up of miscellansous lots s only the restriotion
on composition shall apply.

4,3 Sampling, All samples shall he selected by the inspector as re-
quired by the provisions of eich ssparate test and as outlined in Table II.

TARLE II
CONSOLIDATED TAELE OF SAMPLE SIZES
(Ses appropriate sampling and test parsugraphs for method of sampling, tost,

and sige of retest sample.)
. _Test R —Z0mm thru UOmm 7oem thru 3-in., OO0mm thru 1oGem
K. Hardnoss 4

B. Rotating Band

L REE vt S Yt Yt
. t1
2 ter of Seating 19 Mo;no ne m ne m no

3, Bend Test (b)
0. COracks 100% 100% 100%

RSTRCTD :
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TABLE II (Cont'a,)
CONSOLIDATED TABLE OF SAMPLE SIZES

L.

_Test _ B0mm_thru LOwa 7omm thru 3-in. 90mm thru 120mm

D. Plate Penetration Test

1. Firet Lots 10/1o0t 7/1lot 5/10t

2. Reduced Samples (c) 5/10t 4/lot 4/1ot
E. Security Test .

1. First Lots 5/1lot b/1ot 3/lot

2. Reduced Samples (o) 3/lot 2/lot 2/lot
F, Velooity Teat ’

1, First lot 5/1lot 5/1ot 5/lot

2. Reduced Sample (c)(d) 1/10t 1/lot 1/10t
NOTES:

(a) Tightness of band on 20mm projectiles will be determined in ac-
cordance with 4.,5.2, (See 6.2.1.)

(b) Samples for these tests may be combined.

(o) Applies after 10 consecutive lots have passed this test without
resort to retest, . '

(4) Seamples from five successive lots may be held by the manufacturer
and shipped to the proving ground together.

k.4 Hardness test,

L,4,1 Instrument used., Bardness test shall be made with any of the
hardness testing instruments mentioned in specification QQ-M-151, except
Brinell; or any other device approved by the ohief of the supply service
involved, -

b, 4,2 Iocation. On projectiles that have a body diameter less than
the bourrelet dlameter, at lsast one test shall be made on the body ap-
proximately .25" to the rear of the bowrrelet, except that 20mm and 4Omm
projectiles shall be tested approximately .15 inchea to the reer of the
windshield seating shoulder. FroJjectiles on which the full bourrelet
diamater extends from ogive io rotating band shall be tested for hardness
at a point approximately 1/2" to the rear of the ogive-bourrelet inter-

sestion,

4,5 Rotating band tests,
4,3,1 Measursment of tightness. (Does not apply to 20um), The bdand

ahall be removed from the prescribsd sample of projectiles for examination
of seating, except when production is less.than 1,000 per working shift,
in vhich case one projectile from each banding machine from each shift
shall be tested for seating, Prior to removal, the diameter of the fin-
ished band shall be measured on three diameters, 60° apart, and on at
least two pointe along the length of the oylindrical portion, near the
front and near the rear (a minimum of six dlametral messuremente). These
points of measuremsnt shall bs marked on the bands as well as the orienta-
tion of the band on the projectile, After removal, the thickness of the
band shall be measured at each of the marked pointe, (12 measuremsnts),
and the diameter of the bandl seat shall be measured opposite those points,

L
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The diameters of the band seat at each point shall be added to the correspon-
4ing exterior diemeter of the band previously determined, The result will
indicates total dlametral clearance between the band and ita seat, If the
band is wall seated, a negative clearance or interference may be indicated

on some of the measurements or even on the average of all measurements. When
wavy band-geat ribe or irregular band profile interferes with ease of measure-
ment, the manufacturer ia authorized to machine the outside of the band in

order to obtain an adequatsly oylindrical surface. The dlameter of the machined

band shal) exceod the bowrrelet diameter. _

4e5.1.1 Moasurement of tightness retest. In case the indicated olearance
thus determined is greater than , ineh on any one dissieter, either front or
rear, the band shall be removed from 10 additional shot from ¢he group repre-
sented., If a clearance greater than ,006 inoh on any one dismeter is indi-
cated on any one of these additional projectiles, the entire group represented
shall de rejected subject to rebanding and retest. :

k5,2 (Character of seating, Bands shall be removed from the prescribed
sample of projectiles for examination of character of seating., (See 6.2.2.)

4,5,3 DPhysical tests of gllding-mstal rotating dands.

4,5.,3,1 Bend test, The prescribed sample of bands shall be removed from
the projectile and bent cold by pressure, without harmmering, in the direotion
of the curvature of the band, until it tightly emcloses 180° of a rod equal
to the thickness of the specimen.

4,5,3.,2 Bend retest, Double the number of samples shall be used for the
retest and iF failure oocurs in the retest, the projsotiles reyresented by
the sample shall be rebanded and resudmitted for test,

4,6 Testing for cracks. In magnetic testing an electric current equal to
that preecribeg in Table III shall be used. Procedurs shall be followsd as
preecribsd in apecification 57-0-5, All projectiles shall be demagnetited
after the magnetic test, Projectile bodles containing definite indications of
oracks as defined bdelow shall be rejected. Imperfectione coming under the fol-
lowing definitions will be oconsidered indications of objectionable oracks:

a, Any cracke or indications of imperfections whatsoever, which run
other than parallel toc the axia; or

b, Auy crapgks or indications of imperfeotions running perallel with
the axis which appear in the band seat, orimping groove, or windshield seating
surfece, or extend into the ogive.
Projectiles containing indications not defined above will be considered acoep-
table. The acceptability of border-line material ahall be determined by com-
parison with samples furnished and/or approved by the chief of the supply ser-
vice invelved.

TABLE IXI
Magmetiging Current Required

Gise) ampers

sige ampexes
20m LQT)E'EWL
I7m & LOmn 800-1000
75m, 76m (3") 800-1200
S0 1000-1500
120em 1200-1700
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L.7T Salt-spray resiastance. After completion of painting as presorided
on the drawing, a repressntative sample of the asgembled projantilesshell
be subjected to A salt-spray test as prescrided in specifiocation QQ-M-151,
After 72 hours in the salt sprey the shell surfaces shall not show evidence
of rusting to anatent greater than that shown by Plate Neo, 9, Type 1, of
ASTM Photographic Reference Standarde for Evaluating Degree of Resistance
&fu:ting Obtained with Paint on Iron or Steel Surfaces, ASTM Designation

0-417,

4,8 Proving-ground testas.

.8.1 Armor- Eate notration test samples. The presoribed sample shall
be selected after heat treatment ol each ?oe and each projectiles of the asma
ple tested for haxrdnsas, After hardness determination has been made, the
projectiles shall be assembled with rotating benmds (and windshields vhen
applicabls) by the production method employed by the contrastor. The sample
shall include all heats of steel in projectile bodiee in the lot insofar as
allowable by the sample size and the heat identification shall be plainly
distinguishable. The ssxmple shall also represent the hardness renge within
the lot inascfar se comsistent with full heat repressentation and the hardness
of etch shall de recorded on the deta cards. The number of samples shall de
in accordance with Table II. The asasmbled projectiles shall be packed and
ihiﬁpod to the proving ground, marked "For Plate Test.," (See 4.8,4,)

.8.2 BSecurity test ssmples. Semples for the security test shall be
asgembled by the production method used by the contractor, packed and shipped
to the proving ground marked "For Security Test.” The sample size shall be
that specified in Table IX, (See 4.8.5.)

4.8,3 Velooity test %ghs. For velocity tests, the inspector shall
select the preserided sample oqusl parts of a regular lot or at random
from e miascellaneocus lot. The sample projectiles shall be forwarded by the
contractor to the proving ground merked "For Velocity Test." (See 4.8.6.)

4,8.4 Armor-plats penetration test. The projectiles subtmitted for plate
penetration tests BEI§ Do fired from & gun for whiok the projectile s
standard a; T8t armor plate of accepted quality placed approximately 300
feet from tL. gun, Type of plate, thickness and odbliguity shall be as speci-
fied in Table IV. The striking velocity of the projectiles shall be 10% § 25

£/8 in excess of the ballistic limit of the plate. The lot shall de consid-
ored t0 have satisfactorily passed the armor plate penetration test if the

number of projectiles specified in the appropriate line of Table IV completely

penetrate the plate, Firing shall be discontinued when the required number
of complete (or incomplete) psnetrations have occurred. An impact which
occurs under the following conditions will be disregarded and anothexr projec-
tile fired in 1te stead:

a. Any projectile which tounces off face of plate and remains intect;

b. Any projectiles which fails to completely penetrate the plate bdut
remains intact in the plate;

o. Any projectile whinh strikes in the spalled ares of a previous
impact;

d. Any projectile wvhich strikes within one celiber of the nearest edge
of a previous impasct., The measurement shall be in torms of the calidsr of

the lerger hole,
e. Any projectile which strikes within two calibers of the edge of the

plate.
£. Any projectile vhich fails to completely penetrate at less than the
prescribed velocity. One which does satisfactorily penetrate the plate at

6 [RESTRICTED|
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leas than tho prescribed velocity shall however be counted.

NOTES: The bdallistic limit of an armor plate is defined as the mean of
the velocities of one partial and cne complete panetration which velooities
differ by not more tham 50 £/s. The yelooity of the partial penetration muat
be less than the complets, This value is obtained using projectiles
of accepted quality. of the same caliber and model as the samples being tested.
When possible, the calibration arsa for obtaining the ballistiec limit will dbs
the thickest portion of the plate.

A complete penetration is obtained if the projectile, or a major portion
thereof, passes tgough the plate. The proof officer's decision shall be final

as to vhether 2 major portion of the projectile has passed through the plate.

50-33-5

TABLE IV
Armor Plate Discontinuance of Test
Caliber Thickness Obliguity Class After Uhsuccessful
gsm) Succeasful Impact Impact
) Firat educed 6% Reduced
Lote Sample Lots le
20mm 3/u" 20° Face hard. ~ 8 _'En— -3 ‘525_
37mm 1" 20° Homo ., 8 b 3 2
4Omm 13" 20° Homo, 8 in 3 2
T%m 24" 550 Homo, 6 3 2 2
T6em (3") 24" 550 Homo, 6 3 2 2
90mm 3" 850 Homo, b 3 2 2
120mm h 550 Homo, 4 3 2 2

4,8,k.1 Armor plate penetration retest, If the contractor so requests, a
lot, the samples ﬁoh .fliI 10 meet the standards of paragraph 4,8.4, may be
submitted once for retest without reprocessing, in which case the sample sige
shall be twice that shown in the appropriate line of Table IT and shall include
all procjectiles not fired in the original plate penetration test. Themse pro-
Jjectiles shall be the firet fired in the retest, If in the retest, failures
ogour in oxcess of the number allowed in the original test, the lot shall be
rejected. ReJjected lots may be reprocessed (see 4.8.4.2) in whioh event they
shall in all respects be tesated as new lots. A lot of projectiles may be
reprocessed twice and after each reprocessing, submitted once to the proving
ground for test,

4,8.4,2 Rogrocuu_ng. Within this specification the ¢ " "
_ erm '"'reprocessi
shall mean re-stress-relieving reheat-treatment, etc. Reprocessed lots :gall

be assigned a suffix "A" or " ota,, after the lot numd
nul:og of times the lot 4m reprécusoé. o Bocording to ths
«8.5 _Security test, windehield, and rotat! band, The test samples sme-
l¢otad in accordance with §.5.2 a'n'iﬁ be aesombﬁa into complete mmu with
sufficient propsllant to give 112% of the rated maximm pressure of the gun
and fired through chipboard screens at suitable distance from the gun, 'The
8un used shall be in the last quarter of ite eervice 1ife. There shall be no
obs:r;a;l: 1g:s of windshield or rotating band,
0Oede curity retest. Failure of only cne sample in the security test
shall permit the retest of a triple number of samples from the lot, Thz failure
of two or more projectiles in the original test or any proJjectiles in wetest

shall require rebanding or re-assembly of windshields » depending on the component

vhich failed, of all projectiles in the lot.
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4,8,6 Velocity teata, Proving-ground tests for velocity and diapersion
are not acceptance tests, but the results will be scrutinized carefully by
the Ordnance Department, to determine quality of the emmunition produced.
Failure in any phase of the proving-ground tests will result in re-inspec-
tion of the lot by the Ordnance Department. The projectiles representing
each lot and marked "For Velocity Test" shall be fired for comparison with
a group of five projectiles from a reference lot of acoepted projectiles
vhich has been selected for the purpose, utilizing the service charge.
Velocities will be msmsured on all rounds, Velooities of the test lote
vill be compared with results of the conourrently fired reference group to
indicate whether re-insvection of the test lot is necessary, Not more
then five different lots of the test projectiles marked "For Velooity Test"
shall be fired for comparison with one group of five test projectiles of
the reference lot. Projectiles from each of the test lots shall be fired
in rotation, that is, one reference projectile shall bs followed successive-
ly by one projectile from each of the lote under test, continuing until
the series 1s completed.

4.8.6.1 Dispersion test (20mm projectiles only). The diaparsion of
20mm projectiles will be mezsured during ihe velocity test. This will be
accomplished by firing the velocity test samples ageinst a chipboard screen,
placed approximately 300 feet from the muzzle of the gun. Disperaion of
test rounds will be compered with that of the reference group,

5. PREPARATION FOR DELIVERY

5 .1 Paeking .

5.1,1 Container. The projectiles shall de packed in a comnerocial-type
container so constructed as to insure scceptance by éommon or other cerrier,
for safe transportation, at the lowest rete, to the point of delivery. Each
Projectile shall be protected by meanse of suitable partitions from ecoming into
contact with another projectile., The packing container shall be sufficiently
rigid to permit storing in tiers at least 10 feet high without damage to
either the contatners or contenta. The gross weight of any container shall
not exceed 200 lba. except when pallets are used. The lot numbers of comn-
tents shall be marked on each container.

5.1,2 Data cards, The data cards, 5 x 8 inches, made of commercial manila
tagboard approximately 200 lbs. ream weight, shell be prepared for each lot of
accepted projectiles to provide the information specified bdelovw. Quentities
(approximately 50 cards per lot) and distribution of date cards shall be in
sccordance with inetructions iesued by Office, Chief of Ordnance., (See 6.7.)

DATA CARD

Kind Ammunition Lot No,

Quantity in Lot —
Drawing No.* Speoc. No.*®
Body pomk, Windshield Pomk,
Manufactured by Date
Contract Ko,
Packed in a box boxes
Remarks —
*State revisions and amendments. Certified to by , Inspector

(Print here neme of inepector, district, arsensl,
or loading plant, snd sub-district where
epplicedls. ) :
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5.2 Merking, The marking for shipment shall be in accordance with spec-
ifi{cation 100-2,

6. NOTES

6.1 Intended use, Projectiles manufactured according to this specifioca-
tion are intended for use againat armored combat vehicles and armored airoraft.

6.2 Seating of band. The necessity for firmly seating the rotating band
so that 1t is in scontact with the projectile at all points cannot bhe over-
ewphasized. Air gepe of even a fev thousandths of an inoh result in differ-
oncee in starting resistence when the band enters the rifling. This causes
variations in the burning characteristics of the powder which in turn affects
the mustle velocity end finally the accuracy. DBands must be fully and uniforme
ly applied in order to obtain setisfactory results.

6.2.1 It is impractical to inspect 20mm rotating bands for tightness in ac-
cordance with 4.5.1 and 4.5,1.1. Bands of 20um projectiles which pasa inapec-
tion for character of seating of 4,5,2 will be presumed to have met tightness
requirements. ) ,

6.2.2 (Completely filled corners of the band seat, complete impression of
knurling and machine marks which heve been transepofied to bottom of band from
band seat are indications of proper seating. )

6.3 Waiting for ballistic results. The manufacturer mey weit until results
of ballistic teete ere known before procesding with banding and assembling
windshields to projectile bodiea,

6.4 This specification repleces Ordnance Depertment Tentative Specifica-
tions AXS-667, AX8-668, AX8-687, and AX8-1203.

6.5 Armor plate. For proving ground tests, the armor used will be wrought
armor acoeptable under specifications 57-115-11 end 57-115-18 or JAR-A-78L,
wvhichever is appliocable.

6.6 Recommended heat treatment. Past experience has indicated that best
results are obtained if differentisl hardness patterns in projectile bodies
are developed by heat troatment cycles which consist of uniformly hardening
the en¥ite projectile body followed by differential tempering to obtain the
desired hardness pattern. A suitable hardnessc pattern has been found to be
one in which the hardness is (a) not lews then Ro60 at or near the center of
the transverse plane vhich passee through the intersection of ogive and
bourrelet, and ?ﬁ) in the range of Rol7 through Re53 at or nesr the center of the
transverse plane just forwerd of the rotating-band seat. The hardness pattern
1s best examined by sectioning the projectile on an axial plane.

6.7 Msndatory clause, The use of thi¢ speoification, whenever applicadle,

is mandatory on all precuring agencies of the Army, 1

CUSTODIAN:
Armay - Ordnsnoe Departmsnt

Proofread RAVW/imt
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Military Specification MIL~-S-13763 (ORD)

Shot, Armor-plercing, Hyper-velocity; with Tungsten-Carbide
Cores; Metal-parts Assembly
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50-33-2A

22 December 194
PA-FD-591
21 September 1954

MILITARY SPECIFICATION

SHOT, ARMOR-PIERCING, HYPER-VELOCITY;
WITH TUNGSTEN-CARBIDE CORES;
METAL — PARTS ASSEMBLY

1. BCOPE .

1.1 This specification covers hyper-velocity armor-plercing (BVAP) shot,
the cores of which are made from tungeten carbide and the carriers of which
are made from steel, or aluminum, (See 6.1.)

2. AFPPLICABLE DOCUMENTS

2.1 'The folloving specifications, together with the Ordinance Corps
Draving and Stendard Inspection Procedure pertaining to the shot under con-
traot, and all dravings and specifications referencsd thereon, of the issue
in effect on date of invitation for bids, form a part of this specification:

SPECIFICATIONS

FIDERAL
QQ-M=-151 Metals; General Specification For Inapsction of

MILITARY
MIL-G-2550 QGeneral Specification for Ammunition Bxcept
Small-arms Ammunition
MIL-P-10025 Packing and Marking for Domestioc Shipment of
Inert Ammunition Components; General Specifications for
MIL~-R-11073 Rotating Band Blanks, Sintered Iron
MIL-B-20292 Blanks, Rotating for Projectiles

(Coples of specifications, standards, drawings , and pudblications re-
quired by contractors in connection with specific procurement functions
should be obtained from the procuring agency or as directed by the contract-
ing officer.)
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3. REQUIREMENTS ‘

3.1 Materials,-lateriala and parts shall be in accordance with appli-
cable drawings and specificationa,

3.2 Components.-The metal parte shall compiy with all requirements
apecified on the applicable drawing and all drawings referenced thereon, and
vith all requirements spacified in appliocable specifications.

3.3 Corea.-Cores shall be menufactured by a commercially acceptable ,
process, and shall oomply with all dimension and weight requirements speci- .
fled 6n the applicable Arawing. :

3.4 Assembly of c%onts. '
3.4.1 Body parts.-The hourrelet ri.ng :shall be attached to the body

by elther a press or & shrink fit.
3.4,2 BSupport of cores.=-Core shall be rigidly supported within the
meial-parts assembly as showvn on the drawing with no movemsnt evident after

painting, ’
3.5 Ba%g ganlioable only to shot hav% separate rotating band.s).- !
35,1 d geat.~Prior to banding, the band seats shall be clean and b
free from oil, grease, 4irt, rust, and other foreign materiul. ;
30502 RoutiEE band ‘Eil@ mﬁll).' ‘
3.5.2.1 Blanks.-The rotating-band blank shall be in the form of a ;
golid ring, annealed if necessary to comply with the requirements of Speci- \
fication MIL-B-20292, except that in the came of Lot bending at not leass v
than 800° F, no pricr annealing shall be necessary. "
3.5.2.2 Distortion,-The band shall be applied after final heat treat- Lo
ment of the shot body. It shall be applied in such a manner sc as not to
dlstort the walls of the shot. Diatortion shall not be considered to have i
taken place 1f the band seat, and the shot body immediately adjacent to the
band are within drawing tolerances specified. ) :
3.5.2,3 Application.-The bands may be applied either hot or cold, but .
i1f applied hot, the contractor shall perform the banding operation in a !
manner that will hold the scale remaining between the band and the seat to a "
minimum, .
3.5.2.4 Beating,-The bends shall not be heated above 1,600°F to pre-
pare them for application to the shot., The bands shall be heatod wniformly
throughout and in a manner that will prevent undue oxidation (loocse scale).
3.5.2,5 Band seating (applicable to_destructive test only).-After
seating the ro'batins band the clearance between the beand and band seat
shall not exceed ,006 inch when tested as epecified in 4.6.1.
3.5.2.6 Band seating (applicable to non-deetructive test only).-The
rotating band shall comply with the requirements specified in Table I when
tented as specified in 4.6.2.

TABLE 1
INDENTOR RAM AVERAGE
INDENTOR FACE PRESSURE INDICATED
SHELL SIZE RADIUS IN POUNDS DIAMETRAL
CALIBER MODEL IN INCHES IN INCHES  (APPROX) CLEARANCE
76MM T66E3 .3125 x .3125 1.55 9,000 .010

2
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3.5.2.7 Physical properties of rotating bands.-The material for the
rotating bands shall have the f'ollowing physical properties when tested
ag specified in 4.6.3.

Tenﬂile Strongth pﬂi Mnimm—-----------.-.Bz,ooo
Percent Elongation Min. in 1l ingh-~eccen--- 1

3.5.3 Rotating band (sintered iron).-

3.5.3.1 Band tightnees.-The rotating band shall respond with &
metallic ringing sound when tested for tighineas as specified in k.7,.1.

3.5.3.8 ZJuiliwwll bardness.-The Rockwell H reading shall not exceed
100 when tested as specified in 4,7.2.

3.5.3.3 Rotating bends,-The band .blanks shall de carefully pressed in-
to band seat 80 &8 t0 have no gap between bottom of band seat and rotating
band and so as to make contact with the side walls of the rotating-band
seat forhminimum distance of 1/2 of the band-seat depth when tested as speci-
fied in 4.7.3.

3.5.3.4 Blanks.-The rotating-band blanks shall be in strict compliance
with Specafication MIL~R-11073/

3.5.4 Protection of rotating band.-The machined rotating bands ekall
not be nicked, dDurred, or otherwise damaged and shall be protected from such
damage during subsequent handling and storage.

3.6 Pilot-lot requirements.-

_3.6.1 The contractor shall produce and submit a pilot-lot sample of a least
LO metal-parts assemblies to the Contracting Officer or representative designated
by him, for metallurgical, ballistic, and .other tests in order to determiine the
eatisfactoriness of his methods and materiels. The pilot lot shall be given 100
parcent inepection by gaging and other non-destructive tests. Of this lot, 38 metel
parte agsemblies shall be agsembled by the contractor into complete shot, and for-
varded 4o the Proving Ground for ballistic tests. The remaining 2 metal parts
aggenmbliep shall be retained at the inspection arsensl for destructive metallurgicsl
exsmination as deemed necessary. Production continued under the contract, prior to
the approval of the pilot lot, shall be at the risk of the contractor.

3.6.2 Ballistic requirements.-(pilot-lot)

3.6.2,1 Plate penetration,-The Protection Ballistic Limit, BL(P), of the
pilot-lot samples shall not exceed the BL(P) of the reference lot samples
by more than 100 £/s when tested as specified in 4.8.1.

3.6.2.2 Security.-There shall bs no loss, or breekup, of any shot com-
ﬂOﬁgnt either in the gun bore or in flight when tested as specified in

L] 02.

3.7 Ballistic reguirement (production lot).-

3.7.1 Plate penetration.-The of the production lot samples shall
not exceed the BL!P; of the reference lot samples by more than 100 f£/s when
tested as specified in 4.9.1,

3.7.2 Security.-There shall be no loss, or breakup, of any shot com-
ponent either in the gun bore cr in flight when tested as specified in k9,2,

'



MIL-S-13763{0rd)

3.8 (Cleanliness.-All parts shall be free of chips, dirt, grease, rust,
and other foreign material.

3.8.1 Cleaning before assembly.-The surfaces of all shot psrts shall
be cleen and free of foreign material at the time of assembly. The clean-
ing method used shall not be injurious to any of the parts nor shall the
parts be contaminated by the cleaning agents used.

3.9 Workmanship.-The workmanship shall be of such quality that all
parts shall be acceptable under visual inspection and shall meet all dimen-
sional and physical properties prescrided.

4, QUALITY ASSURANCE PROVISIONS

L.l Iot.-A lot shall consist of all assemblies manufactured by one
manufacturer under one contract, in one unchanged procese in accordance
with the same drawing, sams drawing revision, same specification, snd same
specification revision. Each lot shall contain cores mnde by one manufac-
turer, in accordance with one unchanged process eud consisting of tungsten-
carbide powdered-metal mixture from batches made in asccordance with one
unchanged process and binder of not more than one type (i.e. cobalt, or a
niockel-oobalt mixture, etc.),

b.2 Sempling.-Number of samples, acceptance, and rejection criteris used for
determination of lot acceptance for tests specified in 4.4, 4.5, 4.6 and 4.7 sball
be in accordance with the appliceble Standard Inspection Procedure. Samples for
proving ground tests specified in 4.8 and 4.9 shall be selected by the imspector in
accordance with Table II.

TABLE 11

Proving-ground Sanples

A. Plate Penetration
1. Pilot lot a 18

2., Production lot 9
B, 8Security

1. Plilot lot 10

2. Production lot 5
C. Velocity-Accuracy

1. Pilot lot 10

2. Production lot 2P

NOTES:

87he manufacturer may wait until the results of the armor plate penetra-
tion teot are avallable before proceeding with banding end assembly of the
complete lot. Assembly of the lot shall bde completed prior tc selection
and submission of the balance of proving-ground samples,

Yrvo sample shot from each production lot shall be retained by the manu-
facturer until 10 samples have been accumulated., These samples shall then
be shippesd to the proving ground for test.
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4.3 Inspection.-General inepection ghall be as specified in Speci-
fication MIL-G-2550 and QQ-M~-151. (When applicadle) :

4.4 Integrel rotating-band hardness_test.-Sample shot shall be
sslected and subjected to a hardness test using a Rockwell or similar
type of hardress-testing machine to determine that the rotating-band
hardness dces not exceed the requirement aspscified on the drawing. .

4.5 Core_tests.- .

4.5,1 Bardness.-Each core shall be tested on the'bass, or on the
eylindrical portion approximately at the center, to determine compliance
with the hardness requirement specified on the draving for the core. A
spot may be ground on ths cylindrical portion not to excsed ,010 inch deep.
The bhardness of cores shall be shown on the data card, by listing the
quantity of cores in ecach range of not more than two points, Rookwell "A",

4,5.2 Bend,-Each core shall be tested for gross flaws by being sub-
Jeoted to a bending load in the mapner specified on the applicadle drewing.
In the case of minor superficial flaws, the core shall be positioned with
the flaw in tension during the application of load. After completion of
the bend test each core shall pass freely through a tube of the dimensions
specified on the drawving. ‘

4,5.3 Chemical,-A certified chemical snalysis of the blended powder
produced shall be furnished on the data card by the contractor (see 6.2),

4.6 Rotating-band test (gilding metal).

4.6.1 Destructive method of inspecting rotating-bend tightness of shot other
than those listed in Table I.-The rotating band of the saple shot shall be tested 7
as follows: Prior to removal, the dismeter of the finished band shall be measured § .
on three diemeters 60° apart, and on two points along the cylindrical portion of >

ite length (near the front and near the rear edge). Thic comprises 'six diametral

the orientation of the band on the shot. The band ghall be carefully removed so

as to keep deformation to a minimum. After removal, the thickness of the band shall
be measured at each of the marked points (a total of twelve messurements) and the
diameter of tbe band seat corresponding to these points shall be alsc be measured.
To each of the diameters of the band seat the sum of the corresponding two thick-
nesges of the band shall be added and the result subtrected from the corresponding
exterior dismeter of the band previously determined. The result shall indicete the
total diemetral clearsnce between the band end its seat to determine complisnce
with 3.5.2.5. If the band is well peated, & negative clearance or interference

may be indicated on some of the measurements or even on the aversge of all meas-
urements. When irreguler vand profile interfere with ease of messurement, the manu-
facturer shall be authorized to machine the outside of the band in order to obtain
an adequate cylindrical surface. Thé diemeter of the machined band shell exceed

the bourrelet diameter.
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L.,6.2 Non-destructive method of inspecting rotating-band tightness.-The
rotating band of the sample shot shall be tested in an approved machine consisting
of a hydraulic press having one movable ram capable of exerting a total ram pressure
of 12,000 pounds minimum. Two indentors (or anvils) of rectanguler cross section,
each having & face rddius to match the band diameter (see Table I) shall be provided,
one on a fixed edjustable post and one on the movable ram of. the presa but both on
a common center line. The press ahall be fitted with indicators to show the prea-
sure on ram and the motion of the ram. The band seating shall be inspected by press-
ing the band between the indentors in two planes (normal to the longitudinal axis
of the shot) approximately 90° apart and measuring the travel of the indentors due
to the application of pressure. Care shall be exercised so as not to take readinge
until after full pressure has been applied and the motion of the ram ceased as
ghown Wy the disl indicator. Information regarding the typea of approved mechine
and their specific operating imstructions may be obtained from the procuring agency.
The pressure used (see Table I) shall be great enough to seat the band under the
indentors, but not so great that permenent deformation of the shot occure. The
difference in the measured dismeter of the rotating vend before and after the appli-
cation of pressure represents the sum of the clearsnce under the band in that plane.
The readings in the two planes ahsll not exceed the velue shown in Table I. The
impreseion left by the indentors shall not be cause for rejection of the shot. The
non-destructive test shall be performed after the 0.D. band imspection; the slight
increase in 0.D. over the maxirum phell not be cause for relection. The degree of
rotating-bend tightness shall be read to determine compliance with.3.5.2.6.

4,6.3 Physicnl-property tests of rotating bands.-A sample of un-
machined bande, from which a light surface cut (.02 maximum) has heen taken,

shall be removed to provide specimens to be subjected to each of the tests
specified in 3.5.2.7. The bands shall be carefully removed from the shot
and carsfully flatieusd without hammering. Each test apecimen ghall be cut
along the direction of the flattsned length and prepared in such manner as
to hold to the minimum any additional cold working. Samples shall be meleocted
and tested in accordance with Specification QQ-M-151 for determination of
percent elongation and tenslle strength, addition, test specimens for
olongation and tenalle strength shall be magined to the form and dimensiona
apecified in Specification MIL-B-20292; for tensile properties of bands
lee¢s than .5 inch in width a specimen machined to the maximum rectangular
cross-section that can be obtained from an unmachined bdand ahall be used.

4.7 Rotating-band test (sintered iron),

4,7.1 Ron-destructive method of inspecting rotating-band tightness.-
The rotating baund of the sample shot shall be subjectsd to & gonic test.

A bammsr of copper, bronze, or soft iron shall be caused to give a light
clean blow on the asoft esurface of the band to determine compliance with
3.5.3.1,

4,7.2 Rockwell hardness.-Rockwell "H" resdings shasll be taken on at least
three points around the circumference of the band in accordance with Speci-
fication QQ-M-151 to determine compliance with 3.5.3.2.

4.7.3 Destructive method of inspecting rotating-band tightness.-The
rotating band sample shot selected shall Do teeted as follows: Carefully
croaga~-gection the shot with & wet abdrasion cut-off wheel o as to producs
four segments of 90° Jach, Visual exemination of the 16 pleces shall then
be conducted to determine compliance with 3.5.3.3.

[
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4,8 Proving-sround test (pilot-lot).-

4.8,1 Piate penstration,-Prior to firing pilot-lot pemetration samples,
the BL(P) of a reserve refersnce lot of the same caliber and model as the
pilot lot, shall be determined. The BL(P) ia defined as the mean of six
velocitiea, to include three complete and three partial penstrations, the
velocity spread of which shall not exceed 100 feet per second. Following
determination of the BL(P) of the reference lot, the BL(P) of the pilot
lot shall bedetermined as indicated above, utllizing samples seleoted in
accordance with Table II of 4,2, All samples shall be fired from a gun
for which ths shot is atandard, against homogensous armor plate, placed
approximately 300 feet from the mugzle of the gun. Thickness and odbliquity
of plate aball be as specified in Table III. A completc psnetretion
shall be considered to have occurred if a fragment of the plate or core
is thrown beyond the rear of the plate with sufficient energy to pene-
trate a 0,020-inch aluminum alloy (24 ST) sheet, or its equivalent, placed
parallel to, and one foot behind the plate., When in the proof-officer's
opinion, it is posaible to observe that these conditicnae are being complied
with, without the use of a sheet, as in testing against heavier plate, the
sheet may bs omitited. An impact that ocours under the following conditions
shall be diasregarded and anotler sample fired in its stead: (Cost of such
additional samples and t9sting will be borne by the Government.) (See 6.4)

a, Any core that strikes within lhree core diamsters of the edga
of the plate.

b. Any core that strikes within two core diametersof a previous
impact or whose peth of penetration intersects & previous hole.

6. Any shot that strikes in the spalled area of a previous impact.

TABLE III

Caliver Thiekn
(Size) (Inch::; Armor Plate
76-MM

Pilot Lot "

° fn 682

Production Lot 2" go°
90-MM

Pilot Lot g"; 522

Production Lot 3" gSO

4.,8.2 Security test.-The sample ahot, selected in accordance with
Table II of E.'z,- shall be assembled into complete rounds using propellant

of a weight calculated to give a pressure equil to the rated maximum pressure
of the shot in a new gun for the apg;icsblo combination of shot and gun.

Five rounds shall be fired hot (125°F), and Pfive rounds shall be fired cold
(-4OOF), The complete rounds of fixed ammmition shall be held at the proper

o ————
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temperature for a period of not lees than =i hours, and shall be fired

within two minutes after removal from the conditioning chamber. The

shot shall be fired through paper screens situated approximately 100

and 300 feet from the gun, into a target at approximately 1000 yards

rangs. A gun in the laat quarter of its service life shall be used. ‘
Observation ahall be made for evidence of loas, or break-up of any .
shot cozponent oither in the gun or in flight to determine compliance

with 3. 2.2,

4.8.3 Velooiti-aacuraoz test.-The sample shot, selected in accordance
vith Table II of 4,2, ahall be fired from a gun, for which shot is standard,
for comparison with a group of tenshot from a reference lot, utilising
the service charge., The sample shot and refsrence shot shall be fired
alternately, and the velocity and accuracy measurement shall bs obtained,
for information only, at approximately 100-yard range. Aoccuracy shall
be recorded in the firing record in terms of Probeble Error (PE) hori-
zontal and vertical. Accuracy data is for information only and will not
b used to determine acceptance or rejestion of the lot, (See 6.3).

4,8.4 Acceptance,-The pilot lot shall be considered acceptable pro-
vided the shot fired comply with the requirements of 3.6.2,1 snd 3.6.2.2,

4.9 Proving-ground test (production lot). (See 6.5.)

4,9.1 Plate ponetration.-The BL(P) of a reference lot and the BL(P) of
the production lot shall be detsrmined in the same mamner as specified in
4.8.1, except that production-lot samples shall be used.
fl».9.2 Security.~-The sample shot, selected in accordance with Table II of
4,2, ahall be fired in a gun for which standard, in the last quarter of its
gservice life, with a propellant adjusted to obtain 112 percent of the rated !
maximum pressure in & nev gun. The shot shall de fired through paper screens a
placed 100 feet and 300 feet from the gun, into a target at approximately ;

i
¥

1000 yards range. Observation shall be made for evidsnce of lose, or break-

up, of any shot component either in the gun dore or in flight, to determine

compliance with 3.7.2. :
4,9.3 Velooity-scouracy.-The procedure for tests shall be conduoted ;

in the seme manner as specified in 4.8.3, except that production-lot samples '

sball be used, - 1
4.9.% Agceptance.-The lot ahall be considered acceptable provided the ‘

shot fired compliss with the requirements of 3,.7.1 and 3.7.2. The lot shall
be considered oligible for retest under the provisions of 4.9.5 provided:

a. The BL(P) of the producticn lot is greater than 100 f/s of the J
BL(P) of the reference lot or 1
b, not more than one shot shows a loss, or breakup, of its component ]
parts in the gqun bore or in flight. }

The shot shall be rejected if the limits for eligibility for retost are exceeded.

4,9.5 Retest.-The retest shall be limited to the phase in waich fail-
ures ocour, i.e. plate penetration, or security.

4,9.5.1 Plate penetration.-A retest as provided for in 4.9.4 may be made if
requested by the contractor 59 usiig eighteen cample shot. The BL(®) ehall
be determined twice, independently. The lot shall be considered acceptabdle

on retest provided the BL(P) of each of the two groups is not greater tman 100
£/a above the BL(P) of the reference lot.
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4,5.5.2 Security.-A retest as provided for in 4,9.4 may be made if
requested by the contractor by using double the number of samples, The
lot shall be congidered acceptable on retest provided the shot fired com-
pliss with the requirement of 3.7.2.

4,10 Reprocessing.-In the event of failure attributable to cores,
the manufacturer may reprocess the cores in a lot by re-sintering, repressing,
or re-ingpecting and submit the lot for retest. A lot of shot may be re-
processed not more than twice, and after esach reprocesaing submitted but once
to the proving ground for test.

S. PREPARATION FOR DELIVERY

5.1 Packing, labeling, and marking,-Packing, labeling, and marking shall
be as specified in Specification MIL-P-10025.

5.2 Data cards,-Data-card information shall be as specified in MIL-G-
2550, In addition the data cards shall contain on the reserve side the
following information:

+ RName of core manufacturer.

. Name of carrier manufacturer,

Chemical composition of core. (See 6.2,)

Hardness of cores in renge of two points Rockwell "A".
Method of core manufacture (hot-press, cold-press, or
specify other means.)

. Detalls of reprocessing, when applicable,

. Category, in accordance with 4.2, when applicable.

Y

~NO0N WMEWR

6. NOTES .

6.1 Ordering data.-Procurement documents should specify the title, number
and date of this specification, -

6.2 Chemical composition.-While the chemical composition given on the
applicable drawing le advisory rather than msndatory, = complete analysis will
be lncluded on the data card for informational purposes only. The composition
given on the Adrawing represents that with which past experience indicates
best results are obtainabdle.

6.3 Yelooity snd scouwracy reguirements.-Proving-ground tests for velocity
and dispersion, are not acceptance testa. Firing of shot from each &f the
test lots will be interspersed witk one of a reference lot, continuing until
teat 18 completed,

6.4 Replacement samples.-To cover the possibility of unfair impacts in
the armor-plate penetration test, the necessity of obtaining replacement samples,
and the consequent delay in obtaining ballistic test rosults, addlitional
samples for the plate penetraticn test may be shipped to the proving ground with
the original sample. Unused sample will be returned to the contractor, or
the contractor will bs reimbursed for the cost of eamples used to replace those
that impacted unfairly.

6.5 Defective cores.-Cores rejected for minor defects not affecting
dimeneiona or welght mey be supplied for security and velocity tests of produc-
tion lots, BShot so assembled wil) be suitably marked,
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NOTICE: -Thia apocification“ together with apecifications and drawings
pertaining to it and bearing a "Notice" of eimilar reatristions, ls intended
for use only in connection with procurement by the United Staiss Govern-
ment; and ehall not be reproduced either wholly or in psrt except when
authorized in connection with Govermment procurement, nor be used for any
other purpose except when specifically authorized by the Chief of Ordnance.

CUSTCDIAN
Army - Ordnance Corps

10 PO as4teY
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APPENDIX B

DEFINITIONS OF TERMS USED IN BALLISTIC TESTING OF ARMOR

AT
NA R

(Taken from Naval Proving Ground Report 1048, Jun 1946)
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DEFINITIONS OF TERMS USED IN BALLISTIC TESTING OF ARMOR
AT R
NAVAL PROVING GROUND

Description of Projectile after Impact

In the following are defined terms in general use at the Naval
Proving Ground for the descriptlion of the projectile condition after
impact against armor, The definitions are llisted under four headings
according to whether the term applles to:

(a) The projectile ss a whole;
(b) The nose of the projectile;
(¢) The body of the projectile;
(d) The base of the projectile,

1, Projectile Condition (as a whole)

() Effective - A projectile is called effective when its
cavity is capable of holding water up to a presesure of 50 pounds per
square inch without leaking, In most cases visual inspection reveals
whether the projectile could pass this test. 4&n effective projectile
is considered capable of being detonated higheorder under service con-
ditions.

(b) Not effective - A projectile which is unable to meet
the above requirements 1s caliled not effsctive, It 1s believed that
such projectiles would not detonate with satisfactory fragmentation
characteristiceg after impact under serviece conditions,

(¢) Undeformed = The projectile shows no bulging, eracks,
or breaks, Undeformed projectlles are expected to lose windshislds,
caps, and rotating bands during impact. Synonymous terms are "excel-

lent" and "intact.”

(d) Split - The projectile is split into two or more parts
along its longitudinal axis (Figure 15.B-1 A),

(e) Broken = The projectile is broken transversely across
its middle, between the forward bourrelet and the band score, into a
nose piece and a base piece (Figure 15.B=1 B),

(f) Shattered ~ Projactile broken into many small pieces
(Figure 15,B=1 C).
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Figure 15.8.1, Projectile conditicn
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B - Broken

C = Shattered
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(g) Not recovered - As the name implies, the projectile
could not be found,

2, Nose Condition .

(a) Nose cracked off = The nose breaks off, usually nearly
perpendlecular to the projectile axis, leaving a smooth regular surw
face with no appearance of shearing or abrading, Cracking may occur
immediately after or hours after the impact (Figure 15.B=2 A),

(b) Nose shattered = Thse nose of the projectile is shattered,
leaving a rough, jagged pattern, The fractured surface has a crystal-
line appearance (Figure 15,B=-2 B),

(¢) Nose chewed off - The nose of the projectile is lest
during impact and has a rough, crumbled appearance, This fallure
differs from the "nose shattered™ appearance in that the jagged edges
are rounded, as if fused (Figure 15,B=2 C).

(d) Nose sheared off = The nose of the projectile is sheared
off leaving a relatively smooth and regular surface of fracture, which
is usually inclined approximately at 45° with the axle of the projectile
(Pigure 15,B=2 D).

(e) Nose cracked - Well devsluped cracks are evident on the
nose of the projectile (Figure 15,B-2 E),

(f) Nose flattened = The projectile is plastically deformed
to produce a flat area on the nose of the projectile (Figure 15.B-2 F),

(g) Nosge upset ~ The nose is compressed, which results in an
over-all swelling of the nose {Figure 15,Be2 G).

(h) Nose bent - The tip of the nose is displaced relative to
the body, A synonym is "nose offset? (Figure 15,B~2 H).

3, Body Condition

(a) Body cracked ~ Well developed cracks appear on the body
of the projectile (Figure 15.B=3 A).
(b) Body upset =~ The body of the projectile is swelled.

(¢c) Body bent = The body of the projectils is bent (Figure
15» B"B B)o

(d) Body dented ~ A dent is produced in the body of the pro=
jectile (Figurs 15.B-3 C).

179

CONFIDENTIAL

- W P



A - Nose
B - Nuse
C =~ Nose
D = Nose

. \‘§

s
eI

Figure

cracked offr
shattered

chewed off
sheared off

t.‘u.‘z.‘.-f.i\;”ﬂ-(-

15.B-2,

180

Neg. #30749
R=915

5 et (I

Nose condition

¥ = Nose cracked
F - Nose flattened
G = Nose upsai

I - Nose bent

-——gry

—_or

.

™

.

o

-



—— -t .

i

Neg. #30750
R=015

Figure 15,R.3, DBody condition
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(e) Body gouged - A deep gash is made in the side of the
projectile. As a rule, some of the material of the projectile is

removed (Figure 15,B-3 D),
4L, Base Condition

(a) Base ring torn = Part of the base of the projectile ia
pulled off in penetrating the plate, This break often exposes the
cavity or the base plug comes out, either of which renders the Pros

jectile ineffective (Figure 15,Bej A).

(b) Base slapped (or flattened) = The base is flattened as
the result of a slap against the plate during a ricochet or against
the aido)of the impact hole during complete penetration (Figure
15,B=4 B).

(e) Base gonged « The base is serrred longitudinally, As
a rule, some of the material of the projectile is removed (Figure
15.B=4 C)e .
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