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AN ANALYTICAL STUDY OF DATA ON AKMOR PENETRATION BY
TANK-FIRED, KINETIC ENERGY PROJECTILES

by

J. C. Beli and L. E. Hulbert

SUMMARY

*

This report describes a survey of Aberdeen Proving Greund cata on penetration of
homogeneous armor by kinetic energy projectiles, The projectiles were of the types
that have been or might tie fired from tanks, with calibers ranging from 37 mm to
155 mm. The data were collected for individual rounds and pertinent information for
each round was punched on IBM cards, one card to a round, The data processing
be gan only when all similar rounds fired at similar targets had been assembled., Inso-
far as possible, ballistic limits for each projectile-target situation were computed by
carefully designed statistical procedures (programmed for the IBM Type 650 Magnetic
Drum Data Processing Machine) with which measures of the precision of vach lunit
could be stated. Through 4 careful and continuous study of the data, several observa-
tions were made concerning factors which affect the dependability of results from pene-
tration tests. Finally, the results of the survey, basced on over 20,000 rounds of over
50 kinds of projectiles, are¢ compiled into a large table., This table shuuld furnish o«
convenient reference for penctration data, and should serve as a step toward further
currevlation and condensation of the data,

»
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BACKGROUND

The convent.onal means tor defeating tank armor has long been projectiles which
penetrate the armor by virtue of their kinetic energy at the instant of impact. Many
studies, mostly empirical but some theoretical, have been made to find how fast 2 given
projectile must be traveling in order to penetrate a given piece of armor. The theoreti-
cal work is difficult, so simplificaticns must be introduced, and these generally prevent
the results irom having broad applicability, On the other hand, experiments with regu-
lar projectiles are expensive, so many e:arly experiments were conducted with rela-
tively limited test conditions,

One way to get fairly broad empirical results economically is to restrict attention
to small caliber projectiles, A widely quoted formula from the National Physical
Laboratory* was based on experiments with projectiles from 0,296 in. to 1.565 in, in
diameter against plates 5 to 80 mm thick, having Brinell hardness 250 to 450 kg/mm?,
Later work permitted the formula to be amended to include the influence of obliquity of
thie line of fire with respcct to the target, As the formula was proposed it predicted
velocities required for intact projectiles to achieve penetrations complete in the Navy
sense, that is, with at least half the weight of the projectile passing completely through
the plate, In order to broader. the usefulness of the formula, means were developed in
Project Thor** for adapting the formula to broken projectiles, and for predicting penc-
trations complete in the Army sense, that is, where light shows through the hole when
the projectile is removed. Still this work referred to small projectiles, ranging in
diameter from 0,30 in. to 37 mm, and most of the target plates hid thicknesses of an
inch or less, Data for the Project Thor correlation were drawn largely from a single
Aberdeen Proving Ground Report®***,

The NPL iormula, as quoted in the Project Thor Report, is:

mVi e 3= 11,300 54,000 \"
2| 43, 4/B - sec — +929 - - .
a3 d 2 ¢5- - B,-B

where
VL = ballistic limit 1n ft/sec

d = diameter of the projectile core in inches

Sapwith, 1% ., The Optimum Hardnes of Momogencom Atingr far Resigsncc 1o Perfovation &1 St al stk B Proge e
~imflerent Miies , Fowrth Progiess Report an Effect of «cale sn \rmar Penetratom, 1. P, P, « condinating ~ b v ioulter
Famer 8, N, P, (o Fagineeniag Division, Batisg, (September 1 308, Conldentaal. « I, Moliomat Igfene Rew srch « eue
Mtee , Hiects ol Linpact and Explonon ™, Summacy Techmmcal Pepart of (Anmen [, N, Do &, 1, Yol 11086y, g i°
onfidential,

Wohne Hophom mversity, A ‘aggerd Tedmawe kv Pedicting e Pecformance of APt Preveng Prapeit ics 1. W
folled Horrogenecm A ™, Pragect THer Techmcal Seport No, 14~ rpternber 1358, + bt al,

Winerd en Prowing -romnd, Moot of Hord e, (Biamty, and Plate TRRchnew o e Bain e ™aprrties of Aciied
Homoger ~ow Avner mien tuljected to Alack by Vanow Projectiles , AD 1110 tahy " 344, Semricted,
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3
B = Brinell Hardness Number in kg/mm¢ units
e = thickness of the armor in inches
B, = 500 - 160 log, o (S
o= Blo (3
d' = 1.565 in., the diameter of the British 2-pounder shot
& = angle of attack, measured in degrees off the normal.

The corrections to this formula devised ‘or Project Thor are shown graphically in the
same report,

Although the studies mentioned were iimited to small caliber projectiles, there
are many data referring to full-scale tests with the kinds of projectiles used by tanks,
that is, from 37 to 120 mm, and some even larger. The Aberdeen Proving Ground has
conducted many experimental programs with such projectiles for various (though often
limited) motives. Thus, a moderate amount of firing was done in testing early designs
of new projectiles, One substantial program (Project AX 23) tested various steels for
a single projectile, the 90 mm AP, T33E7. A long series of related tests (Project
2864) was designed to show the effect of hardness of the plate in withstanding the shot,
and since plate obliquity was known to be important, variations were introduced in that
too. Fairly recently, a large, more fully organized program (Projects TB4-150M and
TB4-10A) was performed for testing the effects of plate hardness, obliquity, and type
(whether cast or rolled*), using more modern projectiles. In addition, many other ex-
periments were performed for a variety of special reasons.

Since the voluminous results of these full-scale tests were quite scattered, the
Ballistic Research Laboratories undertook to assemble the results into a more concise
form. Two reports were published on this subject. The first** was simply a collec-
tion of baliistic limits as reported in the many firing records. The second report*»#*
provided an ¢mpirical correlation of these limits. The number of ballistic limits con-
sidered in the correlation process was 2364, with 1475 for rolled and 889 for cast
armor. The projectiles included 11 varieties of AP shot, 9 of APC, and 11 of HVAP.
There were, of course, many obhquit.s and plate thicknesses, chosen to make <uitable
targets for the projectiles heing rested., The results consisted first uf a series of
grapha showing how the m=as' red ballistic limits varicd with the t;d ratio {armor
th.ckness/core diameter) for given projectiles, obliquity, and armor type. Second.

a set of predictive curves was fitted in the form:

‘iﬁpm n thas pt ;:Tnpul ale f wroght atmor,  Afrer some study of The atter it was Jev 'ded 1o trcal ¢ lled and
WEought  Atnvt a8 deinyg ementiall; the same it the Plesent survey,

M lian, B Ay, AR AmemBMy of Dava Conceming the Penettation | lied, Wrought and Cast Anivot Plate By K aels Energ)
crjecides Toalven 17 run Theough i35 mafL'y, Ballistic Neseato n Laborat ties Te bnacal Note No, ¢ 4 (May v,
corhdent.a,

o B Ay, An £ al Ananms f she Perf tat: o 10 Hed and ( as7 Hrn wene s At M s gty oy Shaed
Kactn Foergny Pomectiies of o0 0o 37 v 190G 10D P AUV BML# . Seoesch LaMegatonet bie s and e L YA BRAM I LI
(e i 37 . oalidencial,
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Ballistic Limit = Kg{t/d)®,

where n = 0.85 for AP projectiles, 0.78 for APC, and 0.65 for HVAP; and K, was tabu-~
lated for each combination of armor type (rolled or cast), projectile type (AP, APC, or
HVAP) and obliquity. Generally speaking, the correlations were fairly good, but some
substantial discrepancies between predicted and measured values remained.

Brief inspection of the ballistic limits tabulated in the BRL collection shows the
difficulty of choosing a representative ballistic limit for any test condition, because the
tabulated limits for many conditions scatter badly. This is not surprising since the
bulk of the limits were found as average velocities of only one complete and one partial
penetration, even though more extensive tests usually produce i:oth complete and par-
tial penetrations over a wide range of velocities, The question arises whether there
might not be some advantage in combining the penetration data from all similar tests in
order to compute an over-all ballistic limit. The resulting limit should be less equivo-
cal, and it may be possible to get confidence limits for it, It should be remembered
that this over -all limit can be based on results from many more rounds than contributed
to the limits in the BRL collection, since the rounds discarded in getting individual
limits can be retained in getting the over -all limit. In addition, results from other
kinds of tests, such as shot or plate acceptance, may be considered for use, even
though they were never part of a ballistic limit test,

It is the plan of collecting round -by-round results, instead of individual ballistic
limits, that forms the basis for the prcsent work. Itis recognized, of course, that
confusion may result from mechanically combining data from many divergent sources,
possibly having systematic discrepancies. However, any such confusion would seem
to be a legitimate part of the results, provided all the data are equally relevant,

BAYTYTCLLAE MEMONRNIAL INSYrYuta

CONFIDENTIAL

— i bt -

| S [ ST




T e s s e o e e e s e - - —— S e e ———— - g e e -7 - — e —— . —

CONFIDENTIAL

5

ASSEMBLING THE DATA

Search for Data

It was known that firing records showing individual rounds were available at sev-
eral military libraries, but the most promising »lace t¢ find records for tank-fired
projectiles was the Technical Information Branch at the Aberdeen Proving Ground. A
total of about 6 man-weeks were spent searching the firing records stored there, se-
lecting those which seemed to contain relevant tests. After the pertinent records were
found, the TIB prepared duplicates and sent them to Battelle Memorial Institute, This
large work of reproduction (totalling abcut 14,000 sheets) proved to be of great assist-
ance later in sorting and editing the data. The volume of records found at the TIB
seemed to be about as many as could be handled in the present program, so little fur-
ther searching was done except through the Armed Services Technical Information
Agency at Dayton, Ohio, where a few more records were found,

During the search, certain limitations were placed on the kinds of records to be
considered. First, they needed to refer to kinetic-energy projectiles, as opposec to
HE AT or HEP or other explosive shots designed for the penetration of armor. This
retained only the AP, APC, HVAP, and discarding sabot varieties of shot, The caliber
of the weapon was required to be between 37 mm and 155 mm. The plate neeced to be
homogeneous, so face hardened, spaced, and siliceous cored armors were omitted,
Finally, no armor was accepted unless at least 1 inch thick.

Selection of Data to be Tabulated

The medium to be used for assembling the data ultimately was to be IBM punched
ca rds which could store 80 numerical or alphabetic characters. It seemed most de-
sirable that each test round should be represented by its individual punch#d card, and
that all working information about the round should be on that card. Since firing rec-
ords come in a great variety of formats, containing various spectra of information,

considerable planning was required to decide vvhat data should be recorded on the cards,

In order to know the origin of each shot card, some notation of reference was
ne eded, Since the basic record is the Firing Record, its number was recorded to-
ge ther with the page and round number of the shot, (The AD or other project seports
alrmost always show the raw data by appending several Firing Records.) In order to
show associations of the test, a record was made of the AD report number (if any), or
else of the library book number (if any). These reference data made it posaible to
check or amend the data by returning to the original firing records. They also helped
reveal accidental duplication of records. (Many firing records occurred in two or
more places in the library.) In addition, a coded notation was added 10 show the kind
of test involved, whether acceptance or experimental, whether testing shot or plate.
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The firing records may list many bits of information about the armor piate, such
as nominal thickness, actual thickness, type (rolied, cast, wrought), physical proper-
ties including surface or cross-sectional hardness, impact tests, chemical composi-
tion, heat treatments, manufacturer, heat number, and so forth. Out of all these
attributes it was decided that only the plate type, average Brinell hardness of the sur-
face, and nominal thickness were indispensible, The actual thickness was tc be re-
corded and used in the analysis if it were available, but the nominal thickness could be
substituted for it, The Charpy or Izod impact test result also was to be recorded as
an alternative or supplement to the hardness in case some need or means were found
for so using.it. Chemical composition and heat treatment were thought to be so com-
plicated of description and so intertwined in their significance that it was unprofitable
to include them directly. Along with other data, they could be had by returning to the
original records via the reference punches, if this were ever needed.

Description of the shot in most firing records is implied in the model number.
Therefore it was decided to describe the shot by assigning each model a three-digit
code number. The codes were assigned fairly systematically, so that a person con-
ver sant with the system could recognize the shots fairly readily. In records about ex-
perimental shots, where many minor variations of shot might be made without changing
the model number, double punching with 'x'" or "y' was added to distinguish between
separate varieties, This system allowed these shot varieties to be distinguished or
merged, depending on how the computing machines are wired*. In addition, since a
fair number of records list hardness measurements of the shot, the Rockwell C hard-
ness at the nose was listed as a bit of stand-by information. No other data about the
shot were available broadly throughout the firing records,

Certain test conditions, too, were indispensable for any analysis, namely the
obliquity and the striking velocity, Striking velocities almost always are reported to
the nearest foot per second, so they were taken in that form for the present analysis.

It was intended to adjust those velocities by an appropriate factor (the square root of
the ratio of nominal and actual plate thicknesses) in order to compensate for irregulari-
ties in the plate thickness. In this way, the tests could be divided efficiently into only

a few plate-thickness groups. The obliquities, too, needed to be divided into a few
groups, but this was accomplished merely by rounding the obliquity to the nearest mul-
tiple of 5 degrees. In most of the firing records, the obliquities were already rounded
in this form. It might have been better to recerd mose precise obliquities, when
available, on the punched cards, planning to compensate for obliquity roundoff by per-
forming a velocity adjustment, but this was not done, at least partly because of scarcity
of precedent. One other test condition which is reported in connection with climatic
tests is the temperature. This was eliminated in the present study by omitting the cold
weather tests.

Atother test specification commonly recorded is the weapon used in firing the
shot, Since the rifling of the weapon has been a matter of occasional interest in plate
penetration, presumably because of the effect of yaw, it was decided to keep a record
of the weapon. To this end, each model of weapon was assigned a two-digit code, Hut
preference was given to the tube model number in case that differed from the weapon
model number.

*For example, the AP 90 mm M77 was astigned Code S1i, Tne Code 511 meant the same Mot without 2 windshicl. . The
computing machines tecognize the latrer code as 5 1f of 511, depending on i\« wliing,
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Editirmwthe Test Results

The result of a given test is, of course, a vital part of the test record., For pen-
etration tests, the result is usually described by saying whether the penetration is
partial or complete, but several definitions of completeness have been used, This am-
biguity is most unfortunate when a synthesis of data is being attempted, such as in the
present project.

In order of severity, the criteria commonly used for completeness of penetration
are (a) the Navy criterion which demands that at least half the weight of the projectile
shall pass through the plate; (b) the protective criterion which requires that some
fragment shall perforate a weak screen placed a short distance behind the target plate
(the screen material and thickness seem to vary somewhat); (c) the Army criterion
which requires only that light shall show through the hole in the plate when the shot is
removed.

The firing records for penetration tests show evaluations of completeness by at
least one of these criteria, but no one criterion is common to all the records. Firing
records often rate a few rounds for completeness by two or more criteria directly or
implicitly, but it is more common to use just one criterion chosen according to the
purpose of the test, The firing records alio usually describe several results on the
plate, such as extent of bulge, cracking, spalling, and hole size, but the emphasis and
thoroughness of description varied widely with the observer. From all these bits of
information, it was necessary in the present work to construct a uniform penetration
rating for each test round.

The Army criterion seemed to be most commonly used in the better firing rec-
ords assembled for this study. Moreover, it appeared that the Army criterion could be
applied most satisfactorily when ratings needed to be inferred from the other descrip-
tive material. Therefore, it was decided to try to rate every round for completeness of
penetration by the Army criterion. Ratings by the other criteria were to be recorded
when they were shown explicitly or evidently intended to be implied by the author of the
firing record,

On the basis of experience in reading the records, some rules were developed for
deducing an Army penetration rating. Except when there was clearly some unusual
spalling, CP(P)* was taken to imply CP(A). If the only rating shown was PP(N) or
PP(P), then the question was referred to the desciiptive matter., Any measurable hole
on the rear implied CP(A). Also, when there was mention of a large bulge un the plate
with punching started or with a substantial crack (longer than the plate thickness), this
was taken to imply CP(A), unless it appeared that the author was unduly lavish in his
descriptions. On the other hand, the rating was set at PP(A) if a cracked bulge was
only medium or small, or if the crack was very short. This method of assigning Army
ratings by noting bulges and cracks w18 checked often when Army rat.ngs were given in
the firing records, and the method appcared modcet ately dependable, Occasionally,
when protective ratings were given alone without any other descriptive matter, they
were assumed to coincide with Army ratines, bu! fr rtunately this expedient was not
_needed often, Rarely, in view of persistent doubt about it, no rating was assigned.
*That 1, 1 cumplete penetratin CP by the protective critenon (P),
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One other relevant test result appeared to be the rupture of the projectile. For
example, several test programs have distinguished between ballistic limits for shat-
tered as opposed to unshattered projectiles, and the Project Thor analysis distinguished
between broken and intact projectiles. Therefore, in the present project, a brief rec-
ord of projectile rupture was included for each test. Five claszes were recognized:
intact, broken but not shattered, nose shattered, other shatter, and no comment. The
firing record descriptions varied, so the classification was sometimes difficult, buy
plausible guesses could be made.

In order to prepare the data for keypunching onto cards, workshcets were pre-
pared on which an editor could assemble whatever information he could gather from any
firing record. The worksheets were arranged in the order that was to be used on the
punched cards, Vertical columns were allowed for the following kinds of information:

Class of Information Card Columns

Reference Data

Library Number

Book Number or AD Number 1-8
Page Number in Library Book 9-12
Kind of Test (Plate Experiment, etc.) 13

Firing Record

Record Number 14-23
Page Number 24,25
Round Number 26,27

Active Identification

Shot (code for caliber, type, model) 31-33
Test Obliquity 34,35
Plate Type 36

Nominal Plate Thickness (to 0.C) in,) 37-40

PATYTERELLE MEMORIAL INSYITUVL TR
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Class of Information Card Columns

Active Data

Actual Piate Thickness (to 0,01 in.) 41-44

FPlate Hardness, Brinell 52-54

Striking Velocity 62-65

Penetration Rating (Navy, Protective, + or - in 68,

or Army) 69, or 70

Occasional Reference Data

Projectile Rupture Code 71

Weapon Code 72,73

Plate Impact, Charpy or Izod 74,75

Shot Hardness, Rockwell C, on Nose 76-78

The worksheets served not only as a place to store data but also as a reminder of
the data that were being sought. This latter function was really important since the in-
formation was often scattered throughout a report, and at times had to be se._rched out
of more than one report. Since several people did the work of editing, and they could
not afford individual decisions on the problems which kept arising, the problems too
were jotted onto the worksheets until they could be settled.

Considerable pains were taken to get all the really necessary information about as
many valid test rounds as possible. Information regarded as necessary was that listed
under Active Identification and Active Data. If entries under those headings could not be
completed, the test was rejected, except for a few that were admitted without the
Brinell rating. Another reason often used for rejecting a test was that it was really not
a penetration test. This objection applied to most projectile-through-plate tests, and
te sts involving proof projectiles. Still other tests were rejected because they were iso-~
lated tests with poorly rated experimental projectiles,

When the firing records reported ballistic limits computed on the rounds re-
ported therein, those limits too were jotted on the margin of the worksheets,

While the editing was performed by several people, .t was checked in the end by
one person who attempted to insure uniformity as well as accuracy of the work. Then
the worksheets were sent to keypunch operators who punched the data on cards and then
ve rified the punching. In this way, reasonable accuracy seems to have been achieved
in the punched data, despite its scattered origins. Some mistakes were found sub-
sequently in the punched data, but they have beern relatively few,
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The precise number of reports edited does not mean much, because the number
of rounds per report varied from 2 for many acceptance tests up to about 640 for one
armor report (AD 679). Nevertheless, it may give some idea of the editing task to
state that the following approximate number of records were edited:

Kind of Record Approximate Number
AD Reports 45
Project Reports 10

Firing Records of Substantial Experiments

With Arrmor 80
With Projectiles 80
Shot Acceptance Tests 1850
Plate Acceptance Tests _150
Total ~ 2800

Classes of Data Found

The purpose of this project was to combine the data from the many reports that
were edited, and to examine them for pattern and consistency. To gage this under-
taking, it is helpful to know how many kinds of tests were found reported in the refer-
ence records, A résumé€ of the kinds of tests is given in Table 1, It can be seen there
that about 50 principal models of shot were encountered, but that if one counts all the
variations of these shot, there were over three times that many kinds of shot, (The
precise number of distinct shot varieties is hard to know, because some minor varia-
tions were merged in the editing process, and other variations probably were not men-
tioned explicitly in the firing records.) When one counts how many tests were made
with each of these shot varieties, separating the tests into groups according to armor
type (rolled or cast), plate thickness (rounded to one of the standard values), and
nbliquity (rounded to a multiple of 5 degrees). he finds that over 1000 different kinds of
tests were reported. *

The great diversity of tests can be reduced by observing that not all varieties of
shot need to be analyzed separately. Thus, it appears reasonable to merge resuits
from firings of the same shot wih and without windshield, since it has been observed
often that the windshield does not much affect the shot's ability for plate penetration at
a given striking velocity, Again, shot designers have decided often that there was little

Umborrmately, 2 +~ail pat - the matenial gathered fx this pr. we Y pemained anedived 1o the end, The reas w kot Thee Tailee
wac muaily hat the tests descried scatiered “c g wih sl kde ol thet, A Boef jntng . f e wnedited reprrm 5 i inded
an the Appendie, ai g with the o adensed (st { marenial thar war edited
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difference between one or more closely related shot varieties, and usually there are
too few data altogether to dispute that viewpoint. Since large groups of data are to be
preferred for the present analysis, several of these closely related shots were lumped
together when they were employed ir. otherwise equivalent tests, Whenever a serious
analysis of any particular test was planned, then considerable care was exercised to
keep the lumped shots as compatitle as possible. However, in some cases (notably the
HVAP, 76 mm 'specials') where no close analysis seemed feasible, even dissimilar
shots were lumped together in order to provide a brief résumé& of the data. These
processes of lumping shots account for the fact that the number of analyses shown in
Table 1 is substantially less than the number of kinds of tests,

Broadly speaking, each of the various kinds of tests was subjected to one of three
kinds of analysis, chosen according to the quantity and quality of the data. Each of
these arnalyses was intended to estimate the striking velocity at which half of the rounds
could be expected to penetrate completely, Groups with enough tests (perhaps 25
rounds or more), fairly well distributed with respect to plate hardness, were treated
with a probit analysis, specially planned to account for variations with plate hardness.
Good smaller groups, especially ones involving small ranges of plate hardness, were
treated with an ordinary probit analysis. Groups with only a few tests (less than about
12), or with very irregular patterns, were treated with simple analyses of familiar
form, such as taking average velocities of a few partial and complete penetrations. A
breakdown of the kinds of analyses applied to the variou:. cases is shown in Table 1,
Details regarding method are given in the next section,

Table 1 also shows how many rounds of eaclk main variety of shot were accepted
for analysis. Numerous others were not accept:d for analysis in the end, usually be-
cause they were from shot acceptance tests where the rounds were fired deliberately at
velocities considerably above the ballistic limit.
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TABLE 1,

SUMMARY OF CASLS EDITED FOR EACH SHOT

e

Number of Tests Number of Analyses

Projectile Shot Test Rounds  Rouads “Probits Simple
lase , IR 1 Kinde Kinds Used Omitted w/B w/o Analysis Total No,
AP 37 MT4 1 26 2249 1024 s [ ] 13 26
M80 1 1 (4] ” 0
57/40 Taper(s) 1 10 67 1n 11
s7 M7T0 2 [} ) 2183 3928 14 14 12 40
7 M2 2 32 1594 2761 5 3 22 30
T4 2 4 16 2 P4
T148 9 32 134 12 12
T149 3 12 92 12 12
76 M7 1 22 283 937 4 4 14 22
TI128E6
(M339) 1 27 261 4 23 27
T166 7 22 70 22 22
90 MT7 2 33 676 578 - ¢ 20 3
Ty 7 32 968 26 12 12 z4
TIET 14 53 T34 k4 ¢ 49 s3
T43 1 2 23 2 ?
TS4L] 1 n 617 3 15 14 b B
108 Ti82 4 7 58 2 2
120 Ti1é 4 46 412 h ) 43 4%
188 M112 1 14 222 234 1 1 10 12
6 in, Mk XXV 1 3 11 38 2 2
APC » MS1 1 40 1792 26 18 7 18 40
37 M6 2 (1] 1803 16 9 26 s]
7% Mé 1 17 T2 1409 1 14 19
Tél 1 P4 ¢ 2 2
76 Mé2 1 43 1012 23% 11 10 1 42
L M2 1 59 1240 [ ] 7 3% $]
T2 )} 1 7 | 1
T26 1 1 ] 1 1
T?? 1 1 ] 1 1
T20 1 )} 7 1 1
T 13 n 310 1 3 3 9
90 2 16 101 i 1 2
TSOEL 2 37 6lé 3 i1 23 »
108 T 3 [ ] 20 4 [}
il 1 4 kj ] 2 P 4
120 T4 [ ] 3 170 4 20 F 2
HVAP k4] ™ 1 L} 18 4 4
76 M3 1 L ] 19 1 2 4 7
T4 4 10 200 1 17 18
Special 18 . m ¢ 1
129 s T 3 7 k4
T6AL) 1 ) | i3 7% - P ]
M D8 ] 19 162 b 13 s
L _J M4 2 b} ] 763 »i: P 12 21 »
MMIN 1 3 L1 [} | ]
1% 3 14 121 116 1 i iz e
Te4 i 13 148 1 1 1 1 i
kg ) 1 b4 4 F | |
T69.D8 1 1 L1 i |
TiN, D8 is b1 ] 138 ] » P31
10% 12954 1 s 1% h ]
19% 138 - T is T 4
Yotale 81 %1 ({51 ] 16 900 112,108 " 1% [ ] "
P T e P S e o EXTEREEVEE RN

* Thee preojectale 10 for & vespon wrih & Sapered bovw e O F 329
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EVALUATION OF BALLISTIC LIMITS

Probit Analysis for Substantial Tests

Choice of Formula for Fitting Penetration Data

The ordinary method of evaluating a ballistic limit is to fire enough rounds to get a
certain number of partial and complete penetrations within some predetermined velocity
interval, and then to average the velocities of those rounds. This method depends on
the notion that there is a fairly definite velocity below which the shot will not penetrate
the plate completely, and above which it will., However, it is well known that there is
really a zone of velocities in which mixed results can be expected. To put it differently,
the probability of getting a complete penetration is indeed a function of the striking
velocity, but it may be quite different from a step function jumping from 0 to 1.

The great majority of test situations have been the subject of so little firing that
the probability of success (i.e., complete penetration) has hardly begun to be measured
at any particular level of the strikiag velocity, However, among the test situations
where many rounds have been fired, a common result is that the probability of success,
as a function of velocity, rises slowly at first, then rapidly, and then slowly approaches
unity, thus approximating a cumulative normal distribution. The slope of the central
portion of the curve vari:s among test situations, and for some cases where shattering
of the shot intervenes, the curve may drop again to some low value before it rises
finally to unity, This matter of ''shatter gaps'" is one which will be treated separately
later (and then only briefly), since the subject 18 difficult enough without it, For the
present, attention will be restricted only to cases where the probability curve follows «
cumulative normal distribution fairly well,

To rationalize this shape for the probability curve, one may assume that whenever
a shot 1s fired there is some critical velocity above which the shot will penetrate comi-
pletely, below which 1t will not, and that these critical velocities are normally distrib-
uted for repeated rounds under nominally identical firing conditions. This distribution
of critical velocities muy be attributed to minor, unseen variations in the physical
makeup of the shot and the portion of plate which it strikes. Then 121 Va, . 0 are the
mean and standard deviation of these crit'-ul velocities, the probability of success with
« shot at velocity v ise

t
- | o2 aal where t v -
- ¢ uA, where v =V
W“ L3 L ~
This 1s the cumulative normal distribution. The quantity ¥V is also the veludity at which
hait ot the rounds would ackieve complete penetration, and 1 thus ersentially just 4 re -
finement of the ordinary concept of the ballistis lumit
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It has often been observed, too, that the ballistic limit varies with the hardness
of the plate, and the NPL formula quoted earlier gives an empirical law for that varia-
tion., However, that law was derived for small shot and thin plate, and it can hardly be
extrapolated to all cases of interes’ here since the denominators of two of its terms
{65-t and B,-B) can vanish in the p:esent range of interest, Nevertheless, in order to
get an idea of the influence of plate hardness on the ballistic limit, that limit was plotted
as a function of hardness, asing the NPL formula and several combinations of the other
parameters, Most of the curves can hardly be distinguished from parabolas opening
downward, This suggests that a parabolic relation between vV and the hardness his a
reasonable form to use in striving for an empirical correlation of the armor penetration
data. This type of relation was tested further by comparing it with actual penetration
data, and it appeared to serve L8 well as any other ucceptably simple relation. There-
fore, it is here assumed further that:

V=kah+bhe,

where k, a, and b are constant,

Maximum Likelihood Solution for the Ballistic Limat

Suppose now that a group of tests have been performed at velocities v, with
associated plate hardnesses h; (i = 1, 2, ..., n), and that each has been rated as yicld-
ing a complete or partial penetration., It is required to estimate the parameters k, «,
b, and 0 which best account for this set of results. The method which will be applied 1s
a form of probit analysis.* First observe that if our assumptions regarding critical
velocities and ballistic limits are valid, then the probability of success with the ith
round is p; = p(ti), where t; = (vi‘k-ahfbhil)/c. The probability of achieving all the
observed results is:

n S PP
P = ﬂlpl qu ’.ql=l-pl.
=
where 5 = | for a success and 0 for a failure, The likelihood function L 1s defined as
the logarithm of P, that is

n
L =1 { "y Inpy # (1-5)) Inq].
=1

-t

The plan for finding k, a, b, and * 18 to cheose them o ax to muasimaze 1. fron amaong
1l the values it can have when the velocities v, hardnesses h;, «ud rating numbers ‘.
are the ones observed in the actual experiments.

* 1, vy DL Ly £n*ht Analp_n:. aprecially Appeadin 1L ¢ ambrdac Univervity ress, Lodw ¢ | P R L
T othe owar te; Bl Withe s AALATLAE . hatdnest, £ ven By A, Grd N and F L GrabMe, e dotr ateng Beiev o}
M T Prec o o Bl st Recearch Lot tan aes Teomea a0 Note N, 10 (Rhiatch 10wy,
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The solution (k*, a,b, G*) is wanted which makes

However, since these equations involve several transcendentai functions of the un-
knowns, it is not possible to solve them directly. Therefore, it is expedient to begin
with an estimated solution (k}, a), b), 0]) and to seek corrections for it. Expanding
the derivatives of L as power series around the estimated solution, there follows:

3L _f3L aL d2L 2L o"-L)
gi- —(gi- + (k-kl)(srz-)l + (a-al)(m—a)l + (b-bl)(m)l + {(0- 0’1)( kCJUl »

and similar equations for the other derivatives, If the estimated solution is not too far
from the required solution, then the series truncated at this length are valid there, so

that:
« (%L . 3L\ * (BZL) * (BZL) ) (31.)
(k “x’(—rak )l* fa '“1-’(37} HETENEE), T N sSs), T Sk,

and there are three other similar equations. These equations are linear in the correc-
tions k*-kl, a*-al, b‘-bl, and 0*-01. Solving for these, and adding them to the first
estimates yields improved estimates of the desired solution. The correction process
can be repeated until the correctmns become negligible, and the last estimates are then
the desired solution (k*, a* . b*, J*)

In order to find the corrections k*-kl, and so forth, one needs the second deriva-
tives of L, To get these, note first that if §] and -, are any two of the parameters k, a,
b, or 0, then:

221, [ 2% fepy p. 4 5 (1-2p,

< _ 4Py -17Pi Py 9P Pt 'l( -2pj)

391331 '._’41 »‘5‘1’2:3 Pl(l’P\) ;‘51 (.‘9& | Piz “’pi)z
1.

A convenient notation is:

2; = gme /2, b x (v -k -an, -Bh])/0
Then,
8"p1 34y, It oty
Jf‘l;‘t‘z ) zi ‘.‘:;lf‘f‘&-“zl .*-*:-l ‘l '
and
oL o[ ‘e & e, t ' ot Pec -2
1 . 1 4 1 4 P P}
— \ 7, - t,Z; : .zf .- : . . tal
e TR N ey Wyt pve o R ep?
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- Z,/p, for a success
Now let u; = , and

+ Z;/q; for a failure

wi=uiti-ui

Then, recalling that §; = 1 for success, C for failure, it follows:
n
at; ot

J2L ( azti Bti Bti) 2
59139232 " “%i\36,36, ~'i 36, 36,/ Vi 3¢, 36,
i=1

h thi ati Bti
Dl seme s |-

i=1

Thus the second derivatives of L. with respect to the various parameters are:

Lkb = O-zzwi hiz ,
Lis= 0'25‘( t
ko ~ Wit =g,
-
- 2
Laa=0 2 wi hi ,

, »
Letting 0k = k -kj, da = a*-al, 5b = b*-bl, and 07 = a‘*-dl . the system of equations that
must be solved for the corrections is:

(ka)l Sk ¢+ (Lki)l ba ¢+ ‘Lkb)l 5b ¢ (ch)l S0 - - cy“i)]

(Lhady 56 # (Lyg)y ba + (Lap)y &b+ (L o)y 50 = = (3)u, b, 1
2

- a}‘u, l\‘ 1
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Solving these equations by hand calculations would be possible but laborious, so a
program was prepared to do the work with an IBM Type 650 Magnetic Drum Data Proc-
essing Machine. The plan of the program required first that an initial estimate should
be made for each of the parameters. Then, as the card for each round was fed to the
calculator, it would compute the contribution that round made to each of the sums ap-
pearing in the coefficients of the system of equations, * The only difficulty in this proc-
ess was in finding the quantities, Z;/p;. For these, a table was stored in the machine
which enabled the machine to find Z;/p; correctly to one whole number and five decimal
places. The whole operation proved to be efficient since the ~alculations performed
for each card took about as long as the minimum time to feed a card to the machine.
After the entire group of cards had been used, then an end program proceeded to solve
for the corrections 5k, etc,

In practice, solving for the parameters k, a, b, 0 proved to be a delicate art,
Unless the first estimated solution was quite good, the iteration procedure might never
converge., Therefore, all the penetration tests analyzed by this technique were first
graphed, using an automratic plotter, and initial estimates of the parameters were made
from the graphs. Even with this good beginning, some cases failed to converge, pre-
sumably because either the normal distribution of critical velocities or the parabolic
variation with hardness was not a good assumption. For nonconvergent cases, the only
recourse was to divide the data into smaller groups, chosen as logically as possible,
and to analyze the subgroups separately. Another rare cause for failure appeared when
a parabola could be fitted to the data so as to separate entirely the complete and partial
penetrations. This, of course, makes 0 indeterminate; so for these cases a parabola
was fitted using the fairly arbitrary value of 10 ft/sec for 0.

One further refinement that was added stems from the fact that the parameters k
and a are relatively meaningless. For the sake of clarity of meaning in the parameters,
it is more desirable to express V as:

2
¥ = vy ¢ b(h -h,)

This is the same as the former expression provided:

2
) S - LA
0"y Volk-T

Since the values of k, a, b, and * which maximize L correspond by thesc relations ta the
values of vo, hg; by, and 3 which maximize L., the latter values are easily found tron: the
former, The reason for using the parameters k, a, b, * was merely that they visided
simpler expressiuns for the second derivatives uf 1.  However, when the parametrre
are expressed as vy, hg, b, and *, they become respectively the maximum {or munin in
ballistic Iimit, the optimum {or pessimumjhardness, a meanure of sentitivity Lo changes
ini pla‘e hardness, and the standard geviatior of critic sl velocitien

o — e s+ o

® Beonsme f 2 nigehaa: eu Tt et Ty R s et n P pee cofwem, e bt l..‘. l.‘ A g Mere 7 e
o o o]y caic 2T wn, 2% 'w ow N A Lo Wat ved ait 8t . gff . e . Howmrer, ® et Uew terrs wer
chuded e rectly o ¢ Tt Jatet ki 2k B i, Tty did vt oper v, AMEct e - iwt o w TS TR . Miege we Y
M AT e aecnahle, sinve The sume {These et A e Pt na. t e hirst detivatves Thy e Ow g e 0 1 e - -
eter: Take the maumun kel o sabwes, Iy 1he e, 1hete terint ware cmutted o m the « A jaty v, A apcadar roager o
fermg oo ars 0 the famuias s tub o0 U,
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Precision of the Ballistic Limit

One of the great difficulties besetting the evaluation of ballistic limits has been
uncertainty regarding the dependability of the limits as they have been computed in the
past, Therefore, when probabilistic evaluations of the limits are being made, as they
are here, some estimate of their precision is highly desirable. To get this estimate of
precision, we can use a proposition from mathematical statistics, which states that the
variances and covariances of the maximum likelihood estimators for the parameters of
a population are the elements of the inverse to the Hessian matrix:

[ =( 2 )
56,36;
where E( ) denotes an expected value, and 6 and 6 represent any two of the param-

eters being estimated, Restrictions on this proposition are that the number of tests n
is sufficiently large, and that to a good approximation*:

-E(__s‘L )= E (11;) (_x;)
deiaaj aai dej

Regarding sample size, Golub and Grubbs gave an illustration withn = 5, so the present
aim to keep n more than or almost 25 is probably fairly conservative., The anproximate
equality between expected values was deemed plausible by Golub and Grubbs, and seems
to be so here too.

’

Regardless of which set of parameters is used, the equation (a) for 9?§9£ is still

valid. In particular, we now regard it s applying to the case where 9, and 8, are any
of the parameters vy, hg, b, or 0. Since only expected values of the second derivatives
are required now, and since E(5;) = p;, it follows from equation (a) that

n

E( :321.1 ) Ziz ati Bti
EEI "L P;q; 36 28,

i=1

The required first derivatives are:

M1 2blhy-hg) M -(hichg)® 3y g

—— T -

dvg I -hy o sb o ag g

- -

» y —— = g = e -,

Using these expressions for the derivatives, and the notation:

® This staiement of this proposition patalieis that -f Gojub wnd Geubbe, op, <it,, p, 9 Fot a more epsnded, bt Jere due o
uatement, see Kendall, M, G,y The Advinced Theory of statistics, Volume If, Sectroms 17, 46 and 17, 26, Gulfw sad « o,,
Ltd, , London (1)48),
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it follows that the required Hessian matrix is:

1\ 2b\" 1\’ 2 1
gzZUi " 52/ Vilhi-ho) EZZUi(hi‘ho) G“ZZUiti

b\~ 4p? 26 3 2b " '
-%ZZUi(hi-ho) GZ'EUi(hi-ho)Z Szzui(hi-ho) =3) Uilhi-ho)t;

1 2b\’ 3 A 4 1 2,
OTEUi(hi-ho)z - EZZUi(hi-hO) RZUi(hi-ho) aEUl(hl-ho) tl

i
E'Z'Zuiti

2b\" 1 2 1}’ 2

The elements of the inverse to this matrix are the variances and covariances of the
maximum likelihood estimators of the parameters vy, hg, b, and 0 in that order.

The estimate of the ballistic limit V is, of course,

v

Vo + b(h-hg)® .

Since V 18 a function of parameters that have been estimated to within known variances
and covariances, it follows™ that the variance of this estimator for V can be found from:

2 o2 2
ol =(———ﬁ.sv ) 55 +(-——«‘V ) oﬁ +(é§) ozb
v \Ivo o \°h, o \2

ov. OV 2 IV OV 2 oV OV 2
$ 22 +2 —o0 +2=g¢
dvy Py Vorho 3hg b ho,b 3p dve PoVo

(o]
- o3+ 4bl(h-n )2 of ) + (hen )t o

2 3 2 2
- 4b(h-hg) Oug by -4blh-ho)® oy ¢ 2(h-ho)? of v,
This expression makes it possible to state a variance for the estimate of the ballistic

limit V as a function of hardness, at least over the range of plate hardnesses that appear
an the case being analyzed,

As a conclusion to the computing for tests having variable plate hardness, a sup-
plementary program was prepared to {ind the parameters vy, hg, b, 0 and their vari-
ances and covariances, The results for all the cases analvzed 1n this way are shown in
‘Table 2. Values of Cy for three levels of hardness covering the range of the test data
are incorporated later 1n Table 3 If values uf S35 ure desired t other hardness levels,

® cf,. Hald, A, Statsti al The 13 With Engincening Applications, p, 11%, Joha Wiley snd Soms, New York (147,
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the y can be derived from the variances and covariances shown in Table 2. Three other
cowariances (‘JVO,O’ %h,,7> Op,0) were computed, of course, but did not seem necessary

for inclusion in the table, since they would be used only for predicting standard errors
of ballistic limits at levels other than 50 pe r cent probability.

In most cases, the values of hg shown in Table 2 confirm the idea that the optimum
haxdness of armor plate is in the vicinity of BHN 300, but there are many exceptions. A
cormmon reason for these exceptions is that as the plate hardness increases the projec-
tile tends to shatter more readily, and this raises the ballistic limit. This increase ot
ballistic limits at the high hardness end of the data is not simply statistical chance, for
the values of dl?; show that b is generally significantly different from zero, whether b is
negZative or positive,

The values 0 show that the scattering of critical velocities in most of the test
situations was substantial. Better than half of them were above 60 ft/sec. Thus the
chances for a seemingly erratic result with any small number of tests is reasonably

§r eat,

It may be observed too that there wer e five instances in which the parabola fitted
the data with so little overlapping that the probit analysis did not lead to an evaluation of
7 or of the variances of the estimates of the parameters. One of the cases (with the
IV AP 90 mm T44) was somewhat degenerate in that the data had only three hardnesses,
but the other cases involved four to six hardnesses. For the latter cases, the parabola
off ered a surprisingly convenient fit.

Probit Analysis Without Variation of Hardness

There are many penetration tests that have been performed having so little
va riation of plate hardness that the preceding analysis is not justified. In this case, a
probit analysis without variation of the hardness may still be applied, provided a reason-
ible number of tests weire performed and the results include overlapping velocities of
pa xrtial and complete penetrations.

An analysis for this case can be had f rom the broader analysis described earlier,
provided it is assumed thata =b = 0, so thatV = k, This meane that the maxinum

lik elihood solution now requires finding only two parameters, Vand ¢. If initial esti-
mates V] and 0, are available, then the equations for the corrections -V and 57 are:

B W
(an) " N ¢ (de) | oot *(:lrltl)l

where
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1 3‘ 2
Log = 57/ (wity - 2uj t;)) ,
while w; and u; are the same funtions of t; as before, but with t; = (v; - V)/o. The

variances and covariances in the solutions for v and 0 after the iteration process is
completed are the elements of the inverse of the matrix

1T IT
U; Uj;t,
22U

R AN, , 2
nguiti U,_}JUA

where Uj is as before except for the change in t;. All these results are equivalent to
formulas given by Golub and Grubbs, except for the small differences already noted in
Lyg and L4,.

Very little additional programming was needed to adapt these formulas to machine
calculation, because the only requirement was to drop some of the terms that appeared
formerly.

This method of analysis was applied to many cases where the accumulated data
included as many as 12 rounds, but with little varia‘.on in the Brinell hardness number,
that is, less than about 50. However, in order to avoid getting unreasonable variances,
it was necesrary to exclude several cases that were complicated by shatter gaps, or
systematic discrepancies from other sources, some unknown.

Results of the calculations ignoring variation of hardness are not tabulated here as

a group, because the most significant results, v and ¢y, are included later in the com-
prchensive Table 3,

Brief Analysis Used for Cases With Few Data

The mthods of probit analysis require 4 sample reasonably good in both size and
won 1 order to produce uscful resultx. If the sample 18 tov small the iogic be=
" .4 ine probit analysis 18 weak, If there 1s no overlapping of partial and complete pene -
trations, *hen the solution becomes indeterminate. There were many cases of these
cowe ot the data assembled for this project, plus other cases having very irregular
data patterns, For these ases some analysis, or at least some method of desc ription,
was nreded. Inorder not to avertax the data, simple instead of sophisticated analvaes
~ en . dearable,
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For cases where there were less than about 12 rounds, or where there was no
overlap, it was decided to use the old averaging technique to define a '"ballistic limit".
This was based, preferably, on six rounds: the three lowest CP's and the three highest
PP's. If these lay within an interval of 150 ft/sec, and were the only test velocities in
that interval, then their average velocity constituted a good ballistic limit by the
ordinary standards, and it was accepted as the ballistic limit for the present study.

If this six-round average could not be had, then an average of four rounds within an
interval of 100 ft/sec was accepted, or even two rounds within an interval of 50 ft/sec.
Accepting these as ballistic limits in the present study does not mean that they have any
good or even known degree of accuracy. It means only that these were about as good
limits as could be obtained, considering the state of the data. So long as the origin of
each limit is stated, the varying definitions of the limits should not cause trouble. Of
course, an extra bit of useful information about these simple ballistic limits 1s the
spread of test velocities included, so it was decided that that too should be mentioned
for each case.

A moderate number of test conditions have yielded test results that do not follow
the ideal scattering of partial and complete penetrations. Sometimes there is an
identifiable cause for this, such as shattering. In such a case, a split analysis is
sometimes useful, say one for intact or broken shot, and another for shattered shot.

It was decided to use a split analysis if that enabled one to give an instructive descrip-
tion of the test results.

In some cases, the partial and complete penetrations were mixed over a wide
range of velocities, sometimes over practically the whole of a wide range that was
tested. In order to describe this situation, it was decided that a simple statement
would be made describing the mixed zone. Such a statement does not pretend to de-
fine a ballistic limit, but it does picture the state of the test results.

For cases where the highest PP was considerably below the lowest CP, 1t wus
decided merely to state those two velocities. Finally, if there were no CP's, thena
highest partial penetration (HPP) could be listed; or if there were no PP's, then the
lowest complete penetration (LCP) could be used.

It may be repreated that simple analyses of these sorts do not always give good
evaluations of ballistic limits, Oftentimes they may be poor indeed. Good examples of
this can be found in long sequences of PP's at successively higher velocities, foliowed
at last by a lone CP, Such a sequence of tests may allow the computation of a simple
two-round ballistic lirmat, but 1t has littie meaning beyond that of identifying a velocty
which lies in or near the mixed zone,

Compilation of Ballistic Limits

A comprehensive collection of the results of the analyses performed for the pres-
ent project 18 given 1n Table i, at the end of the text of this report. Since the table pre-
senta a wide variety of results, the user shouid try to heep in mind what tne foundations
of the table are.
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First it may be said that the objective that was followed in preparing this table
was tu describe the results of the penetration tests as instructively and concisely as
possible. The results were to be in the form of ballistic limits, but even the definition
of ballistic limit needed to vary from case to case, depending on the quantity and quality
of the data, Methods were r.eeded both for selecting the type of limit and for describing
the results of the analysis.

The approximate order of preference for the methods of finding the ballistic
limit was:

(1) Probit analys.is with variation of hardness
(2) Probit analysis without variation of hardness

(3) Averaging if 6, 4, or 2 rounds, half being CP and half PP within a
suitably small interval

(4) Locating the zone of mixed CP's and PP's in the data

(5) Locating the highest partial penetration (HPP) or lowest complete
penetration (LCP) if the results were all of one kind,

For each test condition, the analysis was begun by trying the highest seemingly feasible
method on this list, If that method failed (say, by lack of convergence of the probit cal-
culation, or by unacceptable scattering of PP's and CP's for simple averaging), then a
lower method was applied. At times it was expedient to split a large group of data into
smaller subgroups in order to make them manageable. The splitting was done as
plausibly as possible, on the basis of shattering, plate hardness, shot hardness, or even
distinction between references. Separation according to references (applied twice, both
times to data for the APC 37 mm M51) implies that there were real, but unidentified
systematic differences hetween separate series of tests,

Except when parabolas were fitted with negligible overlapping of partial and com-
plete penetrations, all the proubit unalyses were completed to the point of finding the
standard error in the estimate of the ballistic limit, The probit analyses may be
1dentified in Table 4 by the fact that the standard error (SE) is stated. If three ballistic
limits, together with their standard errors, are shown by braces as hav'ng been de-
rived from the same sct of rounds (that 1s, only one entry for the "number of rounds"),
then the analysis was one allowing for parabolic variation of hardness. The levels uf
plate hardness cited for these parabolic cases are roughly the extreme and middle hard-
nesses appearing 1n the reference data,

L.imits obtained by averaging are identified by statements such as 6R{124), which
would 1mply that the average was based on six rounds spread over a velocity interval
of 124 ft/sec. The remaining types of analyses arc identified by self-explanatory
statements such as "Mix 1041 to J463", or 2669 HPP",

The probit analyses were perfc ned by the electronic calculator which, among
other thirgs, adyusted the velcaity of rach round to an equivalent velocity against a plate
of standard or "nominal"” thickness a:: ording to the formula:
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nominal thickness )

j city = serv loci
adjusted velocity = observed ve ocxty( rctual thickness

This formula is probably fairly accurate for the small corrections thit were needcd.
Since these corrections were performed round by round, no further corrections for
irregularities of plate thickness are needed in the results of the probit analyses. How-
ever, the simpler limits obtained by averaging or location of extreme velocities were
evaluated by hand, and the round-by-round thickness correction for them became too
burdensome. Therefore, for these simpler analyses, a note is added showing the
average plate thickness of the rounds involved in the calculation, if that average was
known to differ from the nominal plate thickness. These notes are written briefly in the
form like "t 3,03"; which would 1r ply thut the average plate thickness was 3,03 in,

Since projectile breakup often iniluence : the probability of complete penetration,
an effort was maude to duscribe briefly the typical breakup in each case. This is con-
tained 1n the notes by statements such as:

SI ~ shot generally intact,
SB ~ shot rally broken but nut shattered,
SS ~ shot generally shattered,
or by combinations such as:
SI&B ~ some shot 1ntact, some broken
SIkS ~ breakage ranging from intact to shattered.

Many of the rounds edited and keypunched were omitted finally from the analysis,
almost always because they were fired in acceptance tests at velocities intended to be
significantly above the ballist:c limit. However, the existence of the rounds is noted in
Table 3 by entries under the cases where they would have appeared had they been used
Thus, for the AP 3Tmm M74 against rolled armor, there appe«r two entries, ""84ARO"
and "842ARO0", which mean 84 and 842 acceptunce rounds omitted, Such cntries are
sprinklied throughout the table,

When special modificativns or lots of shot were used, notes are added in Tuble 3
identifying these shots, provided such identification was though* to be useful. A spoctal
abbreviation was used when the shot hardness was variable, An example of this .
"RC61", which mcauns that the hardness was 61 on the Rockwell C scale  The hardness
listed is that of the nose, or of the bourrelet if the shot were truncated

Referenc-s to the firing records i each test situation were not indluded in
IFable 3, since such an inclusion thrcatened to obscure the results However, a Liaf of
reference reports used for this collec ion of penetration tests e included in the Appendix
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OBSERVATIONS CONCERNING THIS STUDY

Success of the Methods of Analysis

When this prc¢ ct was begun, it could not be anticipated what all might result from
putting data from so many sources into one great lump. In order to forestall trouble,
as much information as possible was carried regarding each individual test. In conse-
quence, the results are at least moderately consistent and precise. Because these re-
sults come from so many test programs, they are also as unbiased as seems possible
at present.

In the process of performing the analyses, very many sets of data were studied by
persons who wanted to understand those data as much as possible. When the scattering
of the data was bad, reasons for this were sought. Only rarely were there cases where
different firing records gave noticeably different results without a plausible reason. In
only two cases was it thought profitable to split the data according only to the reference,
both times involving AD 1084, which seemed to refer to either some very good plate or
some very poor shot. The fact that separation accoiding to reference was invoked so
seldom seems to imply, on the whole, that combining raw data from many sources was
a reasonably successful venture,

Use of the parabolic form for the influence of plate hardness was also reasonably
successful. There were rzlatively few cases where the assumption of this form seemed
to deny convargence to the process of probit analysis. When the parabolic form proved
too inflexible, it was most often because a sharp increase in projectile shattering oc-
curred as the plate hardness increased. Another occasional difficulty arose when the
plate hardnesses went above BHN 350, for then the ballistic limit curve sometimes
seemed to descend more rapidly than the parabola.

The assumption of the cumulative normal distribution for probability of complete
penetration as a function of striking velocity was moderately successful, but it was often
troubled by the occurrence of projectile shattering. A bau example occurred in the duta
for the APC 57 mm MB0b fired against 3-inch R H. plate at obliquity of 35 degrees, In
this case 105 rounds were recorded for Brinell hardnesscs 295 to 335, having velucitivs
butween 2450 and 2800 ft/sec. At no velocity did the probability of a CP seem tu rise
above 40 per cent, and it scemed to fall to zeco at both ends. The shot breakage in this
case ranged from intact to shattered, but no record of the breaage was available for
many of the rounds that were fired,

As a foundation for statistical analysis of the penetrat-on tests, the assumpt.on of
the umulative normal distribution seems as good as any reasonably simple assumption
that can be made, but a highly detailed analysis of multitudinous data (more than ex-st
now) would probably use a more fiexible form for this probability function

The standard vrrors in the ballistic Linuts vary widely, but are typically from 15
to 50 ft/sec. A few are much larger, ann yet more would have been larger if the analy-
ses had not been sphit in the varios way s already mentioned. Th:s Precision may prove:
di sappuinting tu sume people, but it appears to be what present data imply. The
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implications regarding the ballistic limits obtained by averaging are that those limits toc
are subject to substantial errors. This is particularly true for the many limits that
were based on only a few rounds, and for those not selected by an over-under method.

Application of the Results

The early hope of the present project was that it would reach a simple, compre-
hensive correlation of the great mass of penetration dati. This hope has not yet been
realized because the great weight of the data has made progress slow. However, the
objective is still there, and substantial progress seems to have been made toward
achieving it. It is now possible to scan in 32 pages (Table 3), information which was
contained at the start in about 15,000 pages of firing records, and the information has
been processed according to fairly reasonable statistical procedures,.

If and when further work of correlation is done, it should now be able to rest on
firmer foundations, in that now a large collection of ballistic limits is available having
associated measures of precision. Moreover, since the influence of projectile shatter-
ing seems so important, it should help to have at least the sketchy survey of breakage
that is inclided in the table.

In view of many of the entries that can be found in Tadle 3, it is surprising that
the earlier correlation work of Kilian, based on much the same data, was as successful
as it was. Attention is called particularly to the many models of experimental shot that
were used. Here many instances can be found where special variations of nose design
or metallurgical design seemed to exert real influence on the ballistic limit, even though
these results are rarely precise in the statistical sense. It should be noticed also that
the last-resort analysis of citing simply the mixed sone was used most often for tests
of experimental shot designs. Any over-all correlation of penetration data covering
many designs of shot probably needs to be quite perceptive in its recognition of which
kinds of shot may properly be grouped together.

In their present form, the results of the present survey of armor penetration data
should be useful in that they provide a ready reference to a large body of information.
Nevertheless, it is to be hoped that the further work of correlation and condensation will
be continued.
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TABLE 3. SUMMARY OF BALLISTIC LIMITS

Part 1. Armor Piercing Projectiles Versus Rolled Homogeneous Armor

_Shot Nom. Plate Ballistic Limit Number Notes
Cal, Model Obl., Nom. ¢, BHN, BL(A), Signifi- of (Abbreviations
mm No. deg in. kg/ mm? ft/sec cance Rounds explained on p 27)
31 MT¢ 0 1.00 324-385 899 SE = 22 66 3
1,12 265-363 1087 SE= 13 39 S1
1,25 269-337 1209 SEw 60 1
230 1256 SEm= 14
1. 50 300 1381 SEs=6 545 Sl
370 1314 SE= 9
2.00 235-286 1685 SE=13 94 SI, 84ARO
2.25 235-293 1832 SE= 53 42 SI
2.38 255 1880 2R(31) 3 60-mm armor, t 2.31
230 2060 SE = 165
2.580 270 2091 SEw 3l 27 Sl&S
310 2346 SE= 102
3417 2591 HPP 5 SB&S, t 2. 51
3.00 255-347 2815 6R(179) 14 S1&S, t 3,03
20 1. 5¢ 266 1789 LCpP 7 5S, 842ARO
25 2.00 258 1842 2R(29) 5 SI
30 1. 50 255 1617 6R(179) 7 SI&S
40 1.50 255 1808 2R(28) 6
45 1.50 255 2212 2R(36) 6 S1&S
2.50 251 2346 2R(51) 4 t 2,51
50 2.50 263 2428 2R (44) 2 t2.51
58 2.50 251 2620 2R (48) 3 t2.51
60 1.00 3414375 2430 SE= 17 40 SB&: S
1.25 302 2720 SE=6 25 SS
2.50 263 2662 HPP 2 t2.51
37 M80 20 1. 00 -- -- -- ] 13ARO
57/40 0 3.00 241 1848 2R (80) 4 SS
Tapered Bore 4.00 229 2308 2R(21) € SB&:S
(Cf. OP5829/1) 10,00 205 4047 HPP 2
10 6.00 224 26623 HPP 1 sS
30 3.00 241 22332 2R(18) 5 SB&S
4,00 229 27338 6R(4) 8 SB&S
6.00 224 Mix 3041 to 3463 12 L1
45 3.00 241 3114 2R(36) 5 SB&S
4,00 229 3313 6R(83) 11 SB&S, w/o PP at 3528
6,00 224 Mix 2320 to 4022 10 sS
55 3.00 241 4049 HPP 3 $s
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TABLE 3. SUMMARY OF BALLISTIC UMITS

Part 1. Armor Prercing Projectiies Versus Rolled Homogeneow Armor

shot _ Nom. Plate Ballistic Limit Number Notes
Cal, Model Oobl., Nom. t, BHN, BL(A), Sigmfi- of (Abbteviations
o No. deg in. kg/ mm?2 ft/sec cance Rounds explained on p 27)
51 M170 0 1. 50 271-330 999 SE=14 48 S1
2.00 235-286 1248 SE=9 35 Sl
2. 25 235-293 1403 SE= 1l 317 S1
220 1454 SE= 36
2. 50 280 1549 SE= 12 08 SI, TARO
340 1470 SE= 30
20 1664 SEs= 27
3.00 310 1317 SE= 12 210 Sl
400 1524 SE= 29
00 1964 SE = 48
4.00 280 2384 SE=18 41 Sl
350 2154 SE= 27
388 2866 6R(124) 11 SS, 14,02
5.00 217-259 2867 6R(113) 10 SI, t 5,09, PP at 2418
20 3.00 226 2204 2R(52) 2 5B, 3921ARO
4,00 262 2992 HPP 6 SS, 14,02
357-388 2011 2R(24) 15 SS, 14,01, locne PP
25 4.00 388 2911 HPP 6 SS, 14,02
280 2813 SE=24
30 3.00 340 2580 SE=17 160 SS
400 2429 SE=23
4.00 388 2425 HPP 6 38
230 3015 SE=171
35 3.00 340 2690 SE= 51 R 88
400 2514 SE= 35
40 2.00 291-300 1167 SE=4l 21 5B
220 2116 SEw 177
2.50 230 2624 SE= 123 87 S1&S
360 Al3 SE = 106
320 2187 SE= 41
3.00 360 2673 SE= 14 18 3%
400 2618 SE= 23
45 3.0u 262 1734 2R(31) 5 t3.12
50 1,50 330 2094 SE =27 13 SI&S
28) 2358 4R(40) 10 sB
2.00 320 M2 SE= 22 25 §s
360 012 SEe 23 44 s
20 2671 SEe
2.50 2% 2186 SEm 43 63 L1
360 2103 Sk = 27
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TABLE 3. SUMMARY OF BALLISTIC UMITS

Patt 1. Armoe Piercing Projectiies Versus Rolied Homogeneous Armor

shot Nom. Plate Ballistic Limit Number Notes
Cil,  Model obl.,  Nom. t, BHN, BL(A), Signh- of (Abbreviations
mn No. deg in. kg/mm? ft/sec cance Rounds explained on p 27 )
51 M70 55 2,00 200-291 2494 SE e 38 14 sB
2.50 321-353 2941 SE = 60 20 ss
60 1,25 213-352 2315 SE = 67 3s SI&B
1.50 331 U12 6R(92) 10 t1.49, SBLS
2.00 289-302 2185 SE= 17 21 sB
2,59 a2 2939 HPP 6 ss
10 1,25 213-341 2907 SE= 41 35 SI&B
15 M172 0 1.50 255 137 2R(28) 1 st
2,00 235~286 924 SE = 13 54 s
2,25 223-293 1048 SE= a1 s1
230 1120 SE = 26
2,50 290 1149 SEw 14 55 s
350 962 SE = 38
2.15 252 1241 R(24) 3 12,73, 6ARO
[ 220 1311 SEw 15
3.00 310 1367 SE® 14 19 sl
(400 1263 SE = 30
3.50 262-289 1536 AR(84) 6 t3.49
200 1570 SE = 33
4.00 280 17111 SE » 10 A SI&S, 11ARO
320 1655 SE = 25
5.00 217-2117 1995 6R(147) 1 s1
20 3.00 U6-262 1634 LcP 1 SIB, 2T44ARO
4.00 300 2582 W(43) 3 S8, 13.96
25 2.00 255-258 912 2R(35) 10 st
30 1.50 255 190 2 (52) 3 SB&S
3.00 298 2086 R(41) ¢ SBAS
4.00 - 2595 Rr(42) 1 ss
as 1,50 285 1088 Lcr 3 st
40 1.5 288 1013 2(36) 2
4 1.50 258 1210 W(38) 4 st
2.25 258 2092 Lcr 3
2,50 269 2118 HPP 2 $5, t2.51
3,00 300 2385 2R(52) s $$, t3.ul
% 2.00 262 2001 ®m( 2 s
85 2,00 %2 199 1y 1
«© 1.% 265-285 1847 (121 1 S8
2,00 $2-30 395 SEued 17 $s
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Part 1, Armo. Piercing Projectiles Versus Rolled Homogeneous Armot

__Shot Nom. Plate Ballistic Limit Number Notes
Cal, Model Oobl. , Nom. t, BHN, BL(A), Signifi- of (Abbreviations
mn No. deg in. kg/mm?2 ft/sec cance Rounds explained on p 27 )
15 T43 20 5.00 225 21417 4R(56) ¢ SB&S, t 5,02
55 3.38 253 2920 4R(8S) 1 §s
% T148 0 2.00 277-285 Mix 842 to 1191 19 1148, 4 lots, SB
(11 exp. lou(®) 285 Mix 1047 to 1648 12 M72 mod, 3 lots, SB
30 3.00 262-298 Mix 1859 to 2215 12 T148, 3 lou, SI&B
45 2.00 203 1406 2R(21) 6 T148, 1 lot, SI
293 1518 2R (84) 4 M72 mod, 1 lot, SI&B
2.50 269 Mix 1620 to 1800 6 T148, 1 lot, SI&B
55 2.50 269 2136 2R(3) 2 T148, 2 lots, SI&B
3.00 262 2198 HPP 2 T148, 1 lot, S
60 1.50 265-285 Mix 1194 to 1414 15 T148, 3 lots, SI
2.00 277-400 Mix 1437 to 1965 42 T148, 8 lots, SI&B
262-293 1700HPP, 2105LCP 1 M72 mod, 2 lots, SI&B
2.50 269 2210 2R(28) 1 T148, 3 lots, SI&B
15 T149(b) 20 4.00 300-308 2641 6R(132) 16 Rc61, t 3.97, SB&S
300 2619 6R(102) 10 RCSS, t3.96, SB&S
308 2590 4R(144) 6 RCE1, w/up
45 3.00 300 2403 2R (34) 3 Rc8l. 13.01, SB
300 2389 6R(58) 9 RCSS. £3.01, s8
55 3.00 302 2632 4R(38) 9 RC61
302 2306 Lce 4 Rc61, w/tp
302 2421 HPP 3 Rc61. w/o tip
60 2.00 300-321 2582 4R(82) ) RC61
300 2366 6R(6) 10 RCS5. SS
a21 2080 2R(33) 4 RGS1, w/up
291-321 2025 4R(118) 9 RcS1. w/o tip

(a) The great majority of these tems with the T148 shot were performed undee Project TA1-1251, This project used three varieties of
M72 shot with its up cut off, and sx varieties of M72 shot which were first softened, then had their ups cut off, and were rehard-
ened. These six varieties, differing in windshueld and heat-treatment, wete designated T148, Since the refetence report says no
variety showed clear superiovity, all are lumped together hete. Included also are two lots wed in Project TA1-1301, For more
details, see Report 2 on Project TA1-1251,

(b) The tests with the T149 were part of Project TA1-1254. Shot were used with Rockwell T hatdnews either 61 or 55. 1In addition,
those hete marked w/'1p were uuncated, then had the tips reattached, Those marked w/o tip were trunicated, but the Lips wete
not replaced.
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TABLE 3. SUMMARY OF BALLISTIC UMITS

Part 1. Armor Piercing Projectiles Versus Rolled Homogeneous Armor

Nom. Plate Ballistic Limit Numbes Notes
Obl., Nom. t, BHN, BL(A), Signifi- of (Abbreviations
deg in. kg/mm?2 ft/sec cance Rounds explained on p 27)
0 2.25 223 391 2R(36) 3 SI, t 2,24
2.50 229-341 1089 SE= 15 17 S1
3.00 251-363 1336 SE=11 25 S1
200 1578 SE = 64
4.00 260 1640 SE=T0 18 St
320 1762 SE= 48
5.00 212-263 Mix 1932 10 2234 J SI
31l 2577 HPP 5 sS
10 3.00 363 1424 HPP 1 SS, t3.03
20 2,25 223 1020 2R(27) 5 SI, 12.24
3.00 302 1782 2R (41) 1 sl, t3.05 93TARO
363 1301 4R(100) 8 $S, 13,03
30 2.25 223 1196 2R(20) S SI, t2.24
230 1315 SEs= 51
2.50 310 1694 SE= 40 32 SI&S
390 175 SE=63
3.00 302 2065 2R(A4) 6 8§, t3.05
363 1327 4R (33) 1 $5, t3.03
4.00 207-302 032 SE= 34 14 SB& S
40 2.25 222-233 1852 SE= 37 16 SB&S
3.00 331 2246 4R(74) 7 $S. 13.05
K¥E) 2012 R(U) 1 S, 1 3.05
230 2004 SE small SB&S. Parabola firted
45 2.50 310 2057 SE small 21 w/o overlapping by
390 1963 SE small PP's ot CP's,
3.00 334 2356 4R(92) 6 §S, 13,05
50 2,25 263-293 2032 4R(56) 3 S, 12,28
3 00 313 269 4R(3%) ) $S, 13,08
55 3.00 260 2876 2R(36) 3 SB&S
60 2,00 306 2118 R(32) 6 $S
230 %26 SE=12
2.05 290 2520 SE= 10 26 $S
340 M40 SE= 18
3.00 238 2838 p It )] 3 8
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TABLE 3. SUMMARY OF BALLISTIC LIMITS

Part 1. Armor Piercing Projectiles Versus Rolled Homogeneous Armor

Shot Nom. Plate Ballistic Limit Number Notes
Cal, Model Ohl., Nom. t, BHN, BL(A), Signifi- of (Abbreviations
mm No. deg in. kg/ mm? ft/sec cance Rounds explained on p 27)
76 T128E6 0 3.00 298 1517 6R(43) 15 SI
(M339) 238 1987 6R(133) 9 SB&S
4.00 260 2044 SE= 34 16 S1&B
5.00 260 2221 2R(8) 8 S1, t5.13
20 4.00 260 Mix 2088 to 2560 13 SB&S
5.00 260 2445 2R(39) 5 SB&S, t5.12
30 2.00 230 1358 SE = 43 10 S1
2.50 21 1646 SE= 101 13 SB&S
3.00 28 2513 6R(113) 16 SB&S, 1 2.99
4.00 25v 2832 4R (I95) 7 S8, t 4.07
5.00 250 3179 HPP 4
45 2.00 230 1434 6R(151) 8 SB, t 2.04
2.50 291 2266 6R(81) 3 SB&S, t 2.52
3.00 298 27138 6R(127) 7 $B. t 2,93
4.9 260 3206 4R(€1) 8 SB, t 4,07
55 3.00 302 2506 2R (55) 5 SB
60 2.00 290-231 2481 SE= 15 15 SB&S
2.50 291 2857 6R(135) 9 S8, t2.52
3.00 298 3128 4R(87) 7 SB, t 2,33
H 2,00 230 2830 4R(64) 9 SB&S, t 2.04
2.50 201 3112 6R(159) 8 SB&S, t 2,52
75 2,00 290 3253 HPP 4 SB, 1 2,02
16 T166(3) 30 4,00 .- 23102 AR(73) 8 E2, RC66, w/o WS, §§
-- 2653 4R(1T) 9 E2, R62, W/o WS, §S
-- 2382 2R(67) 8 2, Rga'l, W/0 WS, S5
>4 3.u0 243 2640HPP, 2422LCP 4 E1, SB%S, BL(P) = 2446
250 2554 4R()4) 1 E2, RCZ, W/ WS
302 PARDY 4R(103) R E2, w/o ip or WS, 58
23v 2552 2R (46) 3 E3, SB
260 2586 SR(61) 4 E4, SI&B
238 2572 4R (66) 6 E5, S8

(2) The tests with the T166 are from Project TA1-1301. The T166 shot 1s ementially the T128E6 (or M33+) shot with its tip furst
removed then reattached by cementing or welding. The various modifications, El to ES, refer to shight clianges in the geometr,
of the yuive and tp. Modificatic1 E2. which was the preferred one, also was tested with ot without the tip and, or windshueld,
and at »arious Rockwell C hardnesses at the bourrelet.

Probit analyses 1pplied to all the T166 data for the first five combinations of obliquity and plate thickness give the following

resuily, fospectively; BL = 3703, SE =58, B w 2661, SE= 33, BL = 1201, SE = 46; BL = 2543, SE = 34; BL = 2433, SE = 61,
These tesults ilfusteate the effects of grouwping stightly divergont data,
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Part 1, Armor Piercing Projectiles Versus Rolled Homogeneous Armor

Shot Nom. Plate Ballistic Linit Number Notes
Cal,  Model Obl.,  Nom. t, BHN, BL(A),  Sigmfi- of (Abbreviations
mm No. deg in. kg/ mm? ft/sec cance Rounds explained on p 27)
76 T166 60 2.00 288 1714 LCP 2 El, SI
289 2027 2R(58) 5 E2, RCB6, w/o WS, SB
231 1301 6R(152) 9 E2, w/o tip ot WS, SI&B
289 2048 2R(51) 4 E2, RcH1, w/o WS
306 2047 LCP 5 E4, SI&B
306 1540 2R(67T) 6 ES, SI&S
2.50 306 2618 2R(1) 8 E2, Rcb2, w/WS, SI&B
306 2514 2R (85) 1 E4, SI&B
306 2573 4R(147) 6 ES, SB
3.00 260 29711 HPP 4 E2, Rc62, w/WS, SI&S
260 2016 HPP 1 E4, 5SS
295 2880 2R(37) 8 ES, SB
70 2.00 291 2903 HPP 5 E2, w/otip or ws, 5B
90 M7 0 2.50 252 1231 LC? b} 3l
3.50 262-283 1550 LCP 3
200 1537 SE = 46
4.00 260 1643 SE=24 37 SI, 4 shattered
320 1545 SE = 40
5. 00 217-274 Mix 1804 to 2527 44 SI&S
8.00 220 3204 HPP 2 sl, 11,94
10 8.00 220 430 HPP 2 §S, t7.94
20 2. 8¢ 285 1254 LCce 3 Sl
3.00 .- o .- 0 229AR0
5.00 220-228 Mix 1936 to 2888 33 B&S
6. 00 270-273 3146 HPP 10 $s
30 2.5 229-311 1234 SEwm 18 20 sl
4.00 207-269 24 SE= 28 12 SB&S
5. 00 220 2703 4R(119) 5 3, 15,15
298 2R(75) 5 38, 15,10
6.0 220 3220 HPP 3 L1
3s 2. 50 255 1489 4R(63) 3 SikS
20 1803 SE= 24
45 2.5 o0 1843 SE=20 3 Sk s
3% 15 SEs 2y
4.00 207-264 %14 6r(s1) 10 L ]
5,00 220224 &R 4R(105) 13 85, 14,7
1.1 2. 50 2524255 203 SEs 18 . L3 3
3w 285 M 4R(N) s SO&S, t 2.1
3.38 230-266 2643 SEs 34 43 59
60 2,00 244 214? wm(?Y) | 13
2 an SE small 8§, 7 rabola Nitted
p a1 300 ¢ T St wmall » = wih Mol ac overlag
k s 483 s small W PPs e CPi,
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TABLE 3. SUMMARY OF BALLISTIC UMITS

Part 1. Armor Piercing Projectiles Versus Rolied Homogeneous Armor

Shot _ Nom. Plate Ballistic Limit Number Notes
Cal, Model Obl., Nom. t, BHN, BL(A), Signifi- of (Abbreviations
mm No. deg in. kg/mm?2 ft/sec cance Rounds explained on p 27 )
90 T33 0 2.50 229-364 1495 LCP 9 SI
(misc, models, 4,00 21 0-300 1558 €3(119) 16 SI
other than E7) 326 1307 Lce 5 S1
5,00 200-311 1873 SE = 14 31 SI
6.00 265 2150 SE = 114 14 S1&438
8,00 220 3234 HPP 2 §S
20 5.00 220-228 2008 SE = 53 271 SI&S, acceptance tests
30 4,00 220-280 1939 SE= 29 24 S1&S
5.00 220-225 2852 4R(51) 9 SB&S, 15.11
6, 00 220 3244 HPP 3 §S, t6.06
40 3,00 280 1880 6R(57) 13 §B, 13,02
45 3,00 262 2000 2R(20) 10 SS, one PP at 2073
5.00 225 3198 2R(97) 2 SS, t5.08
58 3.00 21K 0-302 2370 SE = 50 25 SB
285 2291 6R(148) 7 w/boom aid tafl
3.3 230-263 2683 SEs= 1l 302 §S, acceptance tess
4,00 282-204 3004 ST = 38 12
60 3,00 273311 2613 SEs= 17 56 S8
90 TI3E" 0 5.00 259 1962 R(113) 8 SI. t5.10
(not part of Proj« 6,00 256 2302 2R(5) 6 S1, 15,96
ect AX2) 20 6,00 <43 2418 2R(7) 8 SI&B. 16,07
30 4,00 308 2135 SE = 41 35
55 3.00 2=x14-311 2371 SE = 10 B TTARQ
4,00 o34 3026 4R(95) 6
60 3,00 29 2730 SE = 57 1d
90 TIIE? 20 5.00 ™ 2473 Lce 11 LR. Rc62, 14,99
(Project AX23)(2) on 2093 R(80) B LR" Rc62 SB
PPIG26 10 274Y 20 LR, Rc62, shatter sap
=71 2752 LCP 1 L1l Rcbti §S. 14,99

(*) Procer AXZS was a test of steel for the shot TIIE =", with various lots differing metallurgically, The Rockwell C hatdness of
the different lots 15 shown here brieflv, For exarrmple, R.62 means hardness 62, Other metallurgical features can he {ound
in Project AX23 repotts b notang the 1ot numbers, Here LR and IR dencte the reference ke, with and without windshield;
L1 to 110 denote Lot FA=PD=1 to FA-PD=10; and Ll]1 denotes the ot made from F$=4160 seel,

In Project AX23, tests st obliquits 20 and 25 degrees were carried to velocities weil above the ‘ow ballistic Iimim, in an

effort to find velocity tanges where projectile shastefing might produce partial penetrations, This accouats for the multiple
entries shown re for some ballistic lmits,
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Part 1, Armor Piercing Prcjectiles Versus Rolled Homogeneous Armor

Shot Nom. Plate Ballistic Limit Number Notes
Cal, __ Model obl.,  Nom. t, BN, BL(A),  Signifi- of (Abbreviations
mun No. deg in. kg/ mm?2 ft/sec cance Rounds explained on p 27 )
90 337 20 6,00 269280 Mix 2495 to 3155 51 LR, R:62, SB&S, t6,04
(Project AX23, con- 270 2472 2R(27) 14 L5, R62, SI&S, 16,03
tinued) 062980 2506 4R(86) 6 L1, RG61, SI&B, 16,02
© Mix 2944 10 3118 16 L1, Rgtl, shatter PP's
276-280 2530 4R(69) 6 L2, Rc61, SI&B, 16,07
Mix 2982 10 3149 13 L2, Rs61, shatter PP's
262270 2519 2R(72) 7 L8, R-60, SI, 16,02
Mix 2934 10 3118 9 L6, RCGO. shatter PP’s
269-2176 Mix 2531 w 3389 27 L8, R-60, SB&S, 16,04
269-276 3158 HPP 18 L10, R=60, SS, 16,03
2554 6R( 162) 8 L7, R~58, SI, 16,03
269-276 {2009  tcp 18 L7, RCAE. shatered
269+~215 3092 4R(E) 14 L3, R55, SB&S, 16,07
. L4, R~52, SS, 16,04
270-280 312y 2R(9%) 14 o“e%?( A). 1o CR(P)
L9, R~50, §S, 6,04
262-276 3104 2R(73) 12 OnchP( Ay, 1o CR(P)
o5 5.00 017 Ef‘m"' 2R( 15) 3 LR, Ro62, S3&S, 14,33
CP 2311 t0 3041 10 LR, R-62, SBAS, 14,99
21 2891 Lcp 1 LR’, R-62, SB, 14,99
30 4,00 299-300 Mix 1984 to 2584 28 LR’, Rc62, SB&S, 13,98
5,00 2717 2825 2R(78) 8 LR, R 62, S, 14,98
217 2855 2R(22) 7 L1, Rc61, S5, 14,98
217 2044 2R( 10) 3 L4, RS2, 8S, 14,98
55 3,00 299-301 2507 SE=15 29 LR, Rc62, $B&S
300 2511 6R(100) 11 LR’, Rc62, §$
299 2510 6R(47) 8 L3, Rc82, SBAS, 13,02
209 2457 AR{ ) 7 L1, Rc6), $84S, 13,01
299 2490 4R(3%) 6 L2, Rc81, SS
299 2589 6R(119) L} L6, RC60. S8, 13,02
302 2489 @« 9 L8, R8O, $S .
285 2515 BR(ER) B L10, RGO, SB&S, t2,9%
302 2512 2R(27) 7 L7, RCSS, $S, 12,99
299 2449 @ (19) 8 111, ARS8, SS
29 2518 SR(63) 7 L3, ReS5, S8
299 2441 er(11im) 7 14, R 2, 88
285 2537 BR(R.D) 10 L9, RG5y, S8, 12,99
4.00 299 3160 2R(34) 13 LR, K62, 8
§0 2,00 289 2428 |m(113) ® 12, Rekl, &8, 12,01
294 2439 M(66) # I 7s ARS8, SBAS
209 2198 ee(ad) 15 Lh ReoZy SALS, 12,00
e MYAY 5 s,
¥, 00 299 208 | 114) 16 LR, R+, 9DAS
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Part 1, Armar Piercing Projectiles Versus Rolled Homogeneous Armor

Shot Nom. Plate Ballistic Linut Number Notes
Cal, Model Obl., Nom. t, BHN, BL(A), Sigmfi- of (Abbreviations
mun No. deg in, kg/ mm 2 ft/sec cance Rounds explained on p 27 )
99 T43 &5 3.00 302 2398 6R(22) 10
4,00 210-326 2990 6R(116) 13 ss
90 TH4EL 0 7.60 258-297 3205 HPP 1 SB&S, t 7,65
30 4,00 292 2068 6R(55) 10 SI&S, t4.01
5,00 245-347 2982 SE = 61 33 SB& S
6,00 249-296 3223 HPP 19 §S, 15,99
7.60 258 3180 HPP 4 ss, 17,65
45 4,00 295 2553 SE = 38 15 SS
5,00 245-337 32C5 SE= 23 31 SB&S
6,00 297 3121 HFP 5 §S, 16,02
55 4,00 297-315 2847 SE = 53 28 sS
6G 2,00 285 2428 64(41) 10 $B, t2,03
260 2651 SEs 3] ’
3,00 320 2631 SE= 18 41 SS
390 237 SE = 20
80 3182 SEs?
4,0y 340 3064 SE = 42 41 ss
380 2095 SE= 39
65 3,00 256-306 3004 SE= 52 20 SS
0 2.00 296 2860 4R(118) 9 58
3.00 307-381 317 SE = 27 25 S8
105 T182 =5 5,00 £80-085 Mix 3040 o 3430 38 Si&B
(E2, E3, E4, E5) 6C 4,7 248-30v Mix 2951 10 3218 20
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TABLE 3. SUMMARY OF BALLISTIC LIMITS

Part 1, Armor Piercing Projectiles Versus Rolled Homogeneous Arinor

Shot Nom. Plate Ballistic Limit Number Notes
Cal, ~ Model Obl., Nom. ¢, BHN, BL(A), Signifi- of (Abbieviauons
mi No. deg in, kg/mm2 ft/sec cance Rounds explained on p 27 )
120 T116 0 10,00 239 3294 6R(103) 8 E5, SB, t10,14
(Mods E4, E5) 20 7.60 248 2464 2R(21) 7 E5, SB, t7,50
8,00 240 3344 2R(70) 6 E5, SB
30 6, 00 241 2302 6R(6%) 8 F5, SB&S, tt,u?
45 4,00 297 1978 2R(42) 7 E4, SB, t4,(2
5,00 291 2243 6R(142) 10 E4, SB
26 -2¥%7 2615 SE = 27 17 E5, SB
7,60 260 3369 HPP 3 E5, SB, *7,32
50 5.00 259 2817 6R(105) 9 £e SS, 15,09
6,00 247 3127 HPP p E4, SB, t5,%
55 4,00 262 2514 4R(55) 7 E5, SS, 13,96
5,00 267-287 2942 SE= 72 16 E;, SB
60 2,00 283 1752 6R(87) 8 kS, SI&S, t2,02
3,00 285 7353 4R(72) h [4 w/0o WS, §§, t3,ul
4,00 297 2465 6R( 105) 11 E4, SB, 14,03
255 2x30 4R(5B) 6 E5, SB, 14,02
a, Ly 293 2872 4R(93) 6 F4 w/o WS, S8
6o 2,00 277 2070 LCP b ES, SB, 12,02,
BL(P) = 2115, GR(YY)
3,00 233 2564 6R(111) 6 £5, SB, t3,04
4,00 294 3n4 2R(57) [ F4 w/o WS, §5, t4,06
. . E5, SB&S, 4,02,
255 3106 Lce 5 BL(P) = 3176, 6R(124)
76 2,00 285 2282 BR(B4) 6 5, 8§, 12,02
3,00 285 2962 4R(76) 5 E4 w/o WS, §5, 13,01
15 2,00 294 2641 R(18) 8 ES, SB, 12,03
3,00 303 3296 HPP 4 E5, SB, 12,97
155 MI112 0 5,00 250-274 1414 2R(41) 1o 51, 15,04
. . - SI, 15,04,
1 . ARV 1642 1cP 4 RL(P) = 10.72, ZR("3)
<10 FFTN SE= 27 SI
30 4,M 270 135 N o= ﬂ} 45 s
3.0 1545 (N "1 m"} Si& N
AONIL ANt 16473 ree = 51
S, 250169 1932 +/(11Y) it sl
LIRS B9 ATAL x(17) o SHE >
byl ok LAY 1CF 4 16, 0.
4 - S00e2"4 2493 R(10)) il S, 15,03
A LN 3U3 P ) 2R($) o A, ok PR LY 4
&, ME XXV i N i ey 1608 TP 1 {\:. AR
BV i )
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Part 2, Armor Piercing Capped Projectiles Versus Rolled Hcmogeneous Armor

TABLE 3. SUMMARY OF BALLISTIC LIMITS

42

__Shot _ Nom. Plate Ballistic Limit Number Notes
Cal, Model Obl. , Nom. , BHN, BL(A), Signifi- of (Abbreviations
mm No. deg in. kg/ mm?2 ft/sec cance Rounds explained on p 27)
240 199 SE = 13
37 MS51 0 1,00 320 121 SE = 10 39 SI, 9ARO
400 891 SE = 13
240 1189 SE= 2
1,12 310 1260 SE = 14 60 S1
380 1148 SE = 32
| 1,25 302 1455 4R(93) 4 s
‘ 230 1564 SE = 14
1,50 3C0 1630 SE= 7 67
370 1641 SE= 13
f 2,00 302-306 1949 4R(61) 6 8 ARO
2.25 282 2304 2R(42) 3 12,36
220 2226 SE= 15
2,50 280 2348 SE=9 23
340 2517 SE= 11
3,00 281-288 2604 8R(155) 6 SIAS
10 1,12 302-321 1324 4R(83) 8 81, t1,13
250 1260 SE= 14
20 1,00 320 1276 SEs=s 12 338 s1
400 1062 SE = 20
1,12 302-321 1377 6R(56) 12 St t1,13
1.25 302 1501 4R(76) 4 st
230 1634 SE = 16
1,50 300 1730 SEs= 12 45
{370 1774 SE® 16
25 1,00 324-385 1223 4R(88) 8 SI, 9ARO
240 1409 SE= 17
30 1,00 320 1397 SEs 1l 34 51
400 1396 SEs= 16
1,12 302-326 1563 SE= 4] 17 st
1,25 241-302 1614 8R(122) 13 SL, 11,26
220 1899 e
1.50 300 1902 SE= 18 48
370 2133 SE= 20
‘ k11 1,00 341-37% 159% SE=14 41 SIAS
1.25 302 1" SE =20 20 Sias
240 1644 St=sD ta flom AD €86,
40 1,00 320 1758 SE= 17 53 81 for BUN ¢ 321,
400 1me =22 SIAS for BHN » 341
265 2158 2m(3)) ) ta fom AD 1084,
JIN-402 2110 sn({140) 13 ot breakage in douM,
429 2006 b T ] 4 compare with ALY 53¢
[+ ! ¢ = §0
1,12 Jic i85 = L {1 |
IR0 1996 SEedT
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TABLE 3. SUMMARY OF BALLISTIC LIMITS

Part 2, Armor Piercing Capped Projectiles Versus Rolled Homogerieous Armor

Shot Nom. Plate Bailistic Limit Number Notes
Cal,  Model obl.,  Nom.t, BHN, BL(A),  Signifi- of (Abbreviations
mun No. deg in. kg/ mm< ft/sec cance Rounds explained on p 27 )
37 MS1 40 1,25 241-255 1853 6R( 133) (] SI, t1,27
311 2060 6R(124) 9 SI, t1,28
230 2186 SE=21 Data from AD 679,
1,50 300 2311 SE=19 58 SI for BHN ¢ 302,
370 2653 SE = 21 SI&B for BHN 3 346
302-364 3033 HPP 15 SB. Dats from AD 1084,
37§ 2794 2R(73) 3 Compare with AD 679
240 2457 SE =41
45 1,50 290 2649 SEs=21 40
340 2875 SE =73
240 2183 SE = 56 Data from AD 636 and
AD 1084, SI for BHN
50 1,00 { 320 2242 SE =30 } 86 €321, SIAS for BHN
400 2060 SE = 31 *
> 31
240 2139 SE = 65
1,12 310 2395 SE = 40 66 SI&B
390 2433 SE = 80
(241 2360 4R(144) 10 SI. Low precision BL
1,25 255-269 2498 6R(70) 15 S1
a1l 2812 2R(61) 9 B, 11,93
1,50 229-255 2770 SE = 59 o5 SL, 11,51
266-373 2802 HPP 3 SI, 11,51
57 Mé&6 1] 1,25 302 1048 4R(79) 4 51
240 1092 SE =22
1,50 o 1227 SE=23 56
360 799 SE =]
2,00 255 1743 2R(46) 3 SI, 11,99
230 1864 SE=1)
.50 2qg 17R0 SE=8§ o1 st
FA0 1702 SE="D)
3 26e THZ - SE a1 . SL*TBHN§ 347
3. 5] 330 1943 SE=)S <0 {sn&s foe BHN x 400
450 IA79 SE=16
210 2417 St = 154 fot BHN & &
w0 laa  tw wer o [Samne
29c 2402 SF= 10 f L
20 1,28 202 1109 DR( M) 3 st
240 133 SE =13
1,50 300 132 SE = 1% 2 st
360 1141 ¥ aie
20 2164 K smas 1. Pata™ a ived
3,00 m 2116 ¥ small 20 it wet.anping
400 2119 Sf wnaii LR L ol B W o
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TABLE 3. SUMMARY OF BALLISTIC LIMITS

Part 2, Armor Piercing Capped Projectiles Versus Rolled Homogeneous Armor

Shot Nom. Plate Ballistic Limit Number Notes
Cal, Model Obl., Nom. t, BHN, BL(A), Signifi- of (Abbreviations
mun No. deg in. kg/ mn? ft/sec cance Rounds explained on p 21)
§7 MB6 20 4.00 220 2503 6R(148) 10 S1
357-388 2807 HPP 10 SB&S, t 4.01
28 3.00 347 239 2R(28) ¢ SI&B, t 3. 04
4.00 388 2755 HPP 4 §S, t 4,02
30 1,25 302 1264 2R(20) 4 Sl
240 1432 SE= 10
1,50 300 1470 SE=15 a1 St
360 1359 SE= 18
2.00 258-217 1155 SE=10 15 Sl
220 1826 SE = 60 {51 lor BHN & 311
2.50 290 2116 SE=31 4 SBX'S for BHN 4 341
360 2153 SE= 36
200 22718 SE = 50 S1&B for BHN § 32)
3.00 330 2648 SE =27 167 {SS for BHN = 373D
400 2613 SE=43 Ols for BHN = 400
4,00 2y 2550 HFP 2 sl
K)}] 2157 HPP 4 S5, t 4,02
261-283 132 SE=111 32 ~1&B
35 3.00 { 243-32) Mix 2501 to 2732 105 SI&S, probit diveryys
347-360 PP2516 to 2812 26 S8, lone CP at @743
400-408 ST SE= 104 32 58
4v 1.25 271302 1465 6R(6 1) 7 SI
<3 1675 SE= b
150 oy 1646 SE =10 -] sl
360 1707 SEx=12
PR “41-285 1477 SE=7 13 5L, Parabolic probit
{ oo At SEw 3 17 did not converay
22 2181 SE=bl S1for BHN « 277
P 0 4% SE=x 23 L {vﬂ&-\ for BiIN » 311
360 2645 SE = Jur
280 272% HPP 1 SA S
& 16 okl 1wp 3 AN
400 211 2R{1%) 10 b
45 1% 255204 183 ¢ LEe 3D 16
2.00 o8y 303 SEm 24 ix sl
.8 Y] 2005 Her ] D L P S
n 1.2% 262-302 1820 BR{8Y) N1
2% 1453 ~Em2s ST for BHN £ 13
130 0 241 sE= 13 et {q“ 1ot BHN & 335
Mg 222 s e
0 3524 SE = 154 SL‘or BN o o905
3,00 300 '35 SEee” - MAS L M 2,
20 a1 sfanl
PR 2222 8 * s 24 11 N N S

o e me e e o o oo - - - s ———c o emmmiin. = = ~ PR [ .-
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TABLE 3. SUMMARY OF BALLISTIC LIMITS

Part 2, Armor Piercing Capped Projectiles Versus Rolled Homogeneous Armor

Shot Nom. Plate Ballistic Limit Number Notes
Cal, Model Obl., Nom. t, BHN, BL(A), Signifi- of (Abbreviations
mm No. deg in. kg/mm? ft/sec cance Rounds explained on p 27)
57 M86 55 1.50 269 2341 2R(48) 5 11.48
2.00 285-302 PP 2585 to 2712 15 SI, lone CP at 2691
2.50 353 2708 HPP 5 SB, t 2,51
60 1,28 273-352 2179 SE= 28 30 S1
230 468 SE = 46
1,50 300 2634 SE=33 83 SI
360 2592 SEwm 48
€S 1,25 316-352 2504 SEs 24 23 Si&B
10 1.28 217-341 PP 2573 to 2710 21 SI, lone CP at 2664
18 Mé61 0 1.50 287 952 HPP 1
2.28 232 1175 2R (64) 8 SI, t 2,36, one PP
4.00 202 1596 2R(41) 3 SI, £3.98
2713 1755 2R(34) 3 SI, © 3,98
20 2.2§ 282 1548 2R(57) S s1, t 2.36
3.00 262 191 2R (36) 3 Si, 14B9ARQ
28 1,80 %7-287 958 SE=s 4 17 Sl
RV §.00 U 3175 HPP 3 SI&S, t 5,12
45 2.5 269 20917 Hre 1 88, 12,51
60 1.5 265-285 2047 2R(6) 4
.00 202 2035 HPP e
400 17182 Lcr 1
15 T42 20 5.00 225 DU 4R(53) 4 §S
58 3.3 253 2329 HPP 2 58, 1 3. 44
¢ M62 0 2.25 223-293 1348 SEw 24 st
20 1420 SEw 23
2.8 290 1378 $Ee 2l »x |
340 417 st 2¢
300 1803 SEe 81
3.00 b 1] 13% sMiedd 3 i
400 1204 ste )l
4.00 204-326 19 SEw 8 % Sl, ome CP at 1797
0] .38 282 1408 steld od |
3.0 2-348 b ¢ w{idd) F | M, 214ARO
20 t st e 30 | ot DHN ¢ T73
4,00 200 231 »Ea gy - [ S8 % for DMN 2 208
% 2818 SE x4t { 21amo
» 1.2 s 1476 + {83} $ sl
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TABLE 3. SUMMARY OF BALLISTIC LIMITS

Part 2. Armor Piercing Capped Projecules Versus Rolled Homogeneous Armor

Shot_ Nom. Plate Ballistic Limit Number Notes
Cal, Model Obl., Nom. ¢t, BHN, BL(A), Signifi- of (Abbreviations
X No. deg in, kg/mm? ft/sec cance Rounds explained on p 27)
16 262 30 2.00 235-271 1472 SE= 16 14 SI

2,25 223-243 1500 SE = 23 N
230 1627 SE = 4
2.5¢ 230 1672 = 26 3 Sl
340 1553 SE 38
220 1544 SE=18
3.00 310 1:45 SE = 89 4 S1&S
410 2285 SE= 25
4.00 202-273 2333 6R(163) 13 S1
244-302 2674 SR (74) 14 $B&S (chatter gap)
40 2.00 235-269 1861 SEw= 48 13 SI&B
2.25 223-290 1772 SE= 59 27 SI
220 2146 SE=17
3.00 310 24317 SEw= 43 36 SS
400 2211 SE =51
230 1438 SE= 89
45 1,50 300 1460 SE= 28 52 S1
370 1408 SE= 2)
2.00 235-269 1739 SE= 19 19 Sl
2.25 258 2073 6R(2J) 9
2.36 255 1983 6R(98) 11 12,31
230 2014 SE= 118
2.50 310 2280 SE= 16 47 SIkB
330 2287 E =122
3,00 25 440 1 38
80 2.00 248 2082 2R(61) 3 sl
2.28 223-29 2303 SE = 56 30 st
55 2.28 258 2664 2R(73) 3
2,36 258 Mix 2437 to 2684 8 t2,31
2.50 229 2892 HPP 1 sI
230 2114 SE® 57
60 1,50 300 2200 SE=31 45 Sl
370 2082 SE =7
2 00 235-° 2640 4R(100) 1 SI, t1.99
2,28 248 2649 ner 2
2.5 229-341 2662 HPP § sl, t2.51
0 Me2 0 2,5 252 1310 M(113) 1 p
3.00 2 Mix 1611 %0 1704 1 sl
3,50 262-28) 1% e 2
20 1794 SE= 107
4.00 20 030 sk e b6 13 |
k) 713 SE=®?
3,00 74 DM {39 & t 5,07
8,29 2% 2% He? s B, t0.H4
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shot Nom. Ballistic Limit Number Notes
Cal, Model obl., Nom. t, BHN, BL(A), Signifi - of (Abbreviations
s No. deg in. kg/ mm?2 ft/sec cance Rounds explained on p 27)
90 M82 10 6.00 278 2592 2R (45) 11 SI
8.00 209 3115 LcP 2 SI, HPP(P) = 3145, t 7,94
20 2,80 258 1418 2R(36) 4 SI
3.00 229-285 1612 6R(35) 9 13.01
4,00 204-326 2019 SE=37 28 SI
5.00 220-232 2442 SE= 15 42 Si&B
230 1563 SE small SI. Parabola fitted
30 2.50 280 1487 SE small 17 with almost no over-
340 1433 SE small lap by PP's ot CP's
220 1818 SE= 15
3.00 280 1718 SEms 11 48
340 1744 SE= 17
200 1316 SE= 157
4.00 260 2253 SE= 68 52 Sl
320 2500 SEs 170
8§00 200-300 2654 SE= 48 53 Sl
6.00 220 3041 2R (62) 3 SE, 16.07
kL2 2.50 255 1720 6R(127) 8 SI
3.00 226-293 1854 6R(83) 12 r2.38
40 3.00 235 2050 LCP 4 Si&B
4,00 223 271 4R(142) 6 sl
45 2.36 255 1430 2R (63) 3 t 2,31
220 1378 SE= 81
2.5 230 2076 SE=35 41 SIS
380 1936 SE=45
230 2185 SE=35
3.00 280 P~ RX) SE=21 201 SIS
340 2357 SE= 60
4,00 202-204 2617 6R(149) 7 SI, t3.37
04-213 2820 Her 4 SikS, 13.98
5.00 220-2%¢ 3184 4R(35) 8 SIS, 15,02
50 .28 258 Mix 1843 to 2231 1
2.5 2639 2388 2R(2N) 4 33, 12,51
3. 30 226-289 2992 SEe S6 is
L 4] 2.% 255 421 2 (81 3 t2.31
2.5 255+284 201 SEw 2} 13 st
3.00 249 af HrP 2
3.38 243-283 2 8k, 137) 11 SBLS, 11 45
] 2.2% % 2584 cr 3 CP{N) st 2584
% 2%23-311 p. M(8Y 11 Siks, t2.53
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_Shot Nom. Plate Ballistic Limit Number Notes
Cal, Model Obl., Nom. t, BHN, BL(A), Signfi- of (Abbreviauons
om No. deg in. kg/ mm? ft/sec cance Rounds explained on p 27)
90 T25 20 5.00 220 2314 2R (3Y9) 1 SI&B, t 5,03
T26 20 5,00 220 Mix 2174 1o 2322 8 SI&S, t 5,04
T2 20 5.00 220 %21 6R(88) B SBXS, t 5,04
T28 20 §.00 220 2366 4R(124) 1 SI&S, t 5.03
90 T39 30 3.00 220223 Mix 2196 to 2585 58 S1& 3, 13 special lots
45 3.00 262 2255 8R(74) 13 SS, llot
5,00 220-223 3061 SE= 74 27 SI&S, 5 special lots
55 3.00 220-320 27135 SE =68 83 S§, 1llot
3.38 263-270 2365 SE = 166 45 S5, B special lous
60 2.00 285 2373 4R(62) 3 £B, t2.03, 1lot
90 T50(3) 45 5,00 220-2% 2390 SE= 1Y 55 SI&S, 8 special lots
55 3.38 243-260 Mix 2811 to 3251 46 SBLS, 8 specia lots
30 TSOE1 0 5.00 pit 2176 6R(30) 8 SI, 15,10
6.00 256 B35 4R(30) 3 SI, t 5,46
7.60 258-297 H45 SEs 21 21 St
20 6.00 Y-S 2562 2R (40) 1 SI&B, 16,07
¥, 00 A0 a0 HPP 4 S8
39 3.00 221 1131 6R(103) 12 5
4,00 230-232 K154 SE=3 2 |
40 2308 SE=1)
5.00 290 2978 SE= J4 30 Sl
340 LA62 SE= 18
6.00 297 20e 6R(124) 1v SIAB, t 6,02
1.60 237 3214 Hep 10 SKB, t 747
40 6.00 256 AN 6R(8) 6 NS, t 5,06
45 4.00 262 2457 6R(120) 8 S
248 2874 SR(161) i S8
5.00 24% 2964 SR (46) 1% sl
275-337 8 Her 11 s
$.00 2 3114 Hre 3 s, 16,02
55 3.00 280300 2817 SE= "8 41 . |
4.00 217318 Mix 3048 10 3136 0 SBAS, 14,08
0 3. 00 265-3%4 UM k=15 M SBks
4.00 2% 74 ey & 3¢, 14,03
m 37 - I ) b L&
1 3.0 300-20% el | - 58 13,04
10 1.00 291 o L ] 1¢ 88, ¥ 2,01
%7 J148 wee 4 .t 3,02
3.0 Ml N L o 4 3 4%, % 3,03
ae 2205 - My 1e )

(M) These tests nond mine praral lots. See Firing Records 2317 and PONILIL,
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TABLE 3. SUMMARY OF BALLISTIC LIMITS

Part 2, Armor Piercing Capped Projectiles Versus Rolled Homogeneous Armor

Shot Nom. Plate Ballistic Limit Number Notes
Cal, Model Obl., Nom. t, BHN, BL(A), Signifi- of (Abbreviations
mm No. deg in, kg/ mm?2 ft/sec cance Rounds explained on p 27)
108 T13 30 4,00 220 2115 LCP 1 El; SB
{Mods E1, E2, and E3) 5,00 .- 2187 6R(99) 14 El, E2, E3; S1&B
6,00 .- 2664 LCP 2 El, E2
55 3,00 .- 2612 2R(19) 3 El; S1&B
105 T32E1 30 7.00 210 2537 SE = 18 27 SI&B
45 5.00 221 2620 SE= 18 25 S1&S
6,00 243 2890 6R(102) 9 S1&S
55 4,00 225 2975 6R(155) 12 SB&S, t4,01
120 Ti4 20 38,00 209 2482 4R(58) 11 SI, 18,06
3¢ 8,00 208 2719 SE = 22 23 S1&B
45 6,00 .o 2892 SE= 43 46 SB&S
120 Ti4 ] 8.00 238 2482 2R(41) € E3 w/cap; SL 17,96
(Mods E1, E3)(a) 20 8,00 239 2669 2R(40) 8 E3 w/cap; SIAB, 17,96
30 €.00 265 2439 2R(3€) 5 E3 w/cap; SI, 16,02
7,60 262 2823 4R(77) 6 E3 w/o cap; SI, 11,65
8,00 210 267R Lcp 4 El w/cap; SL, 18,12
210 3334 M(137) 5 El w/u cap; §S, 13,12
45 4,00 291 2427 4R(70) £ E3 w/cap; SB, 14,04
6,00 252-263 3180 6R(38) 11 E3 w/cep. SB
225 2866 2R(41) 7 El w/cap; Sl, 18,06
P . E1l, E3 both w/o cap;
225-252 3334 4R(132) 10 snas, 16,05
55 5,00 256 2999 6R(160) 6 E3 w/cap; S8
60 3,00 269 2518 4R(63) ] EY w/cap; S8
4,70 225297 Mix 2806 10 3115 20 €3 w/cap; SB, 13,98
3 ‘914 R(26) 5 E3 w/o cap; S8
5,00 265 3091 HrP 2 EY w/cap; S8
70 2.00 307 2200 M(37) ] E3 w/cap; 88

() These tests are those teported in Fitang Records P484™1 and P411+",
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TABLE 3. SUMMARY OF BALLISTIC LIMITS

Part 3. High-Velocity Armor Prercing Projectiles Versus Rolied Homogeneous Armor

Shot Nom. Plate Ballistic Limit Number Notes
Cal, Model Obl., Nom. t, BHYN, BL(A), sigmfi- of (Abbreviations
min No. deg in. kg/ mm?2 ft/sec cance Rounds explained on p 27)
78 T27 20 3.00 .- 1888 2R(47) 6
6.00 - 26494 HPP 2
30 3.00 -- 2303 2R (40) 3
5.00 .- 2526 CR(46) 4 t5.12
16 M3 0 6.00 213225 2534 4R (34) 8 SI
8.00 220 eral, 2375 4R (25) 13 SB
30 4,00 220-229 2265 SE = 108 21 SB&S
6.00 22)-245 2243 SE = 1Y 16 SB
320 Mix 2767 to 3357 13
40 4.00 320 3276 2R(52) 4
210 2368 SE = 36
45 4.00 250 3065 SE = 53 30
309 3165 SE = 248
6.0u 220 -- -~ 2 SB, HPP(P) = 3403
59 3.00 255 3394 4R(114) € ss
16 T4 D] 3.25 235 1564 2R(127) 6 T4£17, S5, t3.31
(various mods) 2) 3.2 235 1775 LCP + T4EL7, S5, 13,31
4.90 2% 2162 2R(81) 6 T4
6.00 250 14 2R(1) 13 T4, SBLS
223 2719 LCP 3 T4EL7, »S
8.00 208 3167 2R (100) 6 T4, t 3,93
30 3.00 231 1172 2R(10) 6 T4
3, 235 2072 2R (46) 3 THELT, S5, tL.31
4.00 2wH=240 254% SE = ¥0 4 T4, $§
220-240 Mix 2274 to 25¢1 31 TAELT, >
220-22% AMIX 2066 to 2525 P TAEXD, SB&S
5,00 250 WHPP, IN40CP 3 T4, 55
6.00 22U 300 CR(86) 5 T4, 5§, t 5,7
40 3.25 233 M 4R( ) 6 TAEL7, 85, t 3,31
50 1.a 235 RY TN R(W3) 6 TAELT, S8, t 3.4
55 3,00 255 13 HpPP Y T4, S8
PEY N HeP PA TAELT, 5s
3.3 35 J335PP, ISP 4 TIELT, ~&, 1 3. 31
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TABLE 3. SUMMARY OF BALLISTIC UMITS

Part 3. High-Velocity Armor Piercing Piojectiles Vetsus Rolled Ho.nogeneous Armor

Shot Nom. Plate Ballistic Limit Number Notes
Cal, ~ Model Obl., Nom. t, BHN, BL(A), Sigmfi- of (Abbreviations
o No. deg in. kg/ mm? ft/sec cance Rounds explained on p 27)
16 Special(“) 0 8.00 226 et al. Mix 2623 to 3742 48 10 shot designs, SI&B
30 4.00 285 2516 4R(115) 5 1 shot design, SB&S
6.00 220-230 Mix 2638 to0 3527 59 14 shot designs, SB
45 4.00 235 Mix 3103 to 3294 13 4 shot designs, S1&S
6,00 220 3775 HPP 7 3 shot designs, SB&S
55 3.00 240-211 Mix 3154 10 34927 45 14 shot designs, SB&>S
16 T2%b) 0 8,00 220 3612 2R(38) 6 T29E2
(va:ious models) 220 2762 2R (28) 5 T29ES
30 6.00 320 37133 HPP 3 TSI
320 3017 2R(28) 5 T2IE2
255 2671 2R (38) 5 T29IE5
45 4.00 240 3576 2R(15) 7 TSy
55 3,00 250 2356 2R (56) ) T2IES
16 T6SE3 30 4,00 283 266 2R (36)
6.0 253 4036 8R(107) 10
60 2.00 .- - - 0 176 ARO
16 M1 0 1.00 46 2398 GR(144) 3 \331A2
{various models) 30 4.00 -- 266) 2R(54) 1 M331a1
(HVAP-DS) 6.00 48 3198 6R(TY) 8 M331AZ
1.00 238-283 3332 SE= 41 47 M33L
248 3522 2R(3) ) MJ3141
248 N 6R(155) € MU31EXC)
248 4 6R(133) 6 Lot KNC-E-1(¢}
48 3572 6K(101) L] Lot KNC=-E-X¢©)
248 3611 6R(170) v Lot KNC-E-X*)
8.00 2339 3815 6R(13) 8 M331A1
45 4.00 00 3104 6R(5%) 10 M331A2
55 3,00 285-307 3584 SEw 43 61 M3UAL
2853017 I5e0 SEw 16 LR MIJIAL
§0 .00 245 Jilo BR(141) 11 M331A2
3.00 83 Japn SEw= 29 N M3
2% 36 6R(112) 3¢ M331Al
281-285 Iy SE=he 16 MIJIAL
LM 308 a0 Hey 3 MAL

() The toms hste summenized Miefly aic described 1 Fiting Records PA1SE, PE203S, and PAIY64, The tests nvolved 14 vaticues
of shant, pemerally relsted 1o the T4, but with wvetai nove] changes 1t geometty dnd matetials, A Wiel descnption of these
hots is et feastdle, but the) ate dexcnibed 1a the refetence trcauds,

(" Thess tosts sre reparted in Finng Necords PAS54E and PACISY,

{t) These teuis are reported 5 Fiting Record P33906, The iots vary metalluxgically.
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TABLE 3. SUMMARY Of BALLISTIC LUMITS

Part 3. High-Velocity Annox Piercing Projectiles Versus Rolled Homogeneous Armor

_Shot _ Nom. Plate Ballistic Limit Numbes Notes
Cal, Model Obl. , Nom. t, BHN, BL(A), Sigmfi- of (Abbreviations
oD No. deg in. kg/ mm?2 ft/sec cance Rounds explained on p 27)
90 M304 0 7.60 258-304 2623 SE= 15 21 SI&B
30 4,00 280 2118 SE = 37 21 SB
5,00 275 2298 6R(59) 10 SB
338 2397 4R(53) 10 SS, 1 4,97
220 2468 SE = §9
6.00 260 2559 SE= 41 165 SI&S, 332ARO
300 2882 SE= 65
7.60 262 2936 4R (68) 10 SB, t 7,65
297 3208 6R(166) 11 SI&B, t 7.47
8.00 239 3140 2R (62) 9 SILB, 11.96
a5 4.00 280 Mix 3017 to 3208 30 $3. t4.08. By probit,
\ 8L = 2938, SE = 201.
5.00 275-320 21 SE=) 22 SS
6.00 249 313 HPP 10 SB, lone CP at 3700
297 3548 HPP 8 SS, 1 6.02
1.60 275-297 3150 HPP 9 SB&S, t 7,54
55 3.00 280 3011 4R (46) 5 SB, t3.01
200 3430 SE= 39
4.00 280 3607 SE= 18 61 SS
360 482 SE= 2§
80 3.00 257-321 3288 SE= 46 34 SB&S
4.00 290-388 3748 HPP 14 SS
391 3556 5R(80) 13 sS, t3.98
65 3.00 287 3556 6R(64) 10 $s
363 3640 2R(17) 10 $S, 13,05
m 3432 8R(T1) 11 ss
10 3,00 319-391 3846 s 44 1 SB&S
% M304(*) 0 14,00 203 2822 2R(58) 3
(w/20 1b core) 30 6.00 282 1689eP, 1951CP 4 S8
45 6.00 252 1M HPP 3 $s$
20 M332 % 6.00 251-285 Mix 2509 to 3591 4«0 $3AR0
8,00 28 4100 Her |
] 3,00 »% unn R(129) ]

() These toom with & 90-1 core are described ia Firing Record PA1364,
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TABLE 3. SUMMARY OF BALLISTIC LIMITS

Part 3, High-Velocity Armor Piercing Projectiles Versus Rolled Homogeneous Armor

__Shot Nom. Plate Ballistic Limit Number Notes
Cal, Model Obl. , Nom. t, BHN, BL(A), Signifi- of (Abbreviatuons
oun No. deg in. kg/ mm2 ft/sec cance Rounds explained on p 27)
90 T30 0 8.00 208-220 481 6R(113) 12 T30EL6, SI, v 8.0C
(various models) 10,00 220 2733pP, 2916CP 5 T30E16, SI&S
12.00 220 3298 2R(53) 4 T3I0EL16, SI&S, t12,19
20 6.00 245 2151P%,  2291CP 5 T30E16, 3B&S, t 6.06
8.00 220 2165 2R (54) 5 T30EL6, SS
10,00 205 3110 2R(67) 5 T30E16, SB&S
30 4,00 220 1958 2R(41) 2 T30E1R, SB%S, t 4.03
6.00 U4-245 2407 SE = 106 37 T30E16, SB&S, 110ARO
8,00 220 2906 2R(74) 5 T30E16, $S
45 4.00 220 2739 2R (108) 3 T30E16, SS, t 3,37
210 3284 SE= 34
5.00 280 3610 SE= 34 21 T30EL6, SI&S
310 3633 SE= 39
6.00 2 3336 SR(6OY b) T30ELS, oS, 16,06
55 3.38 235 3376 2R(93) 3 T30E3, t 3.31
30 T4 0 8,00 260 2605 SE small sI&B, Parabola fitwd
330 2158 SE small 23 with almost no over=
3N 2665 SE small lap by PP's & CP's,
10 8,00 339 2754 4R (103) 4 $1%S, 18,06
330 2665 4R(63) § SI&S, 17,98
20 8,00 333-390 3185 SE =91 23 SKS
z5 8,00 260 3026 2R(IT) 10 SIS, t B, 04
33 3666 Hrr 3 SILS, T Y. e
as 8.00 260 331 GR(156) 1v SIS, t 8,04
339 36 HPP 4 58, t 8,06
40 8,00 260 3615 2R(8) 6 SKB, t 8,04
o 8.00 260 3121 HPP 2 SB&S, t 8,04
90 TS 0 14,00 - 26PP, J1TBCP 4 SID, t 14,25
0 6.00 e 2212 M(M) 5 SB, v 5,862
b TS84 55 4.00 208 3531 R(69) 5 HVAP=DS, SBiS
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TABLE 3. SUMMARY OF BALLISTIC LIMITS

Part 3. High-Velocity Armor Piercing Projectiles Versus Rolled Homogeneous Armor

Shot Nom. Ballistic Limit Number Notes
Cal, Model obl., Nom. t, BHN, BL(A), Sigmfi- of (Abbreviations
ma No. deg in. kg/mm?2 ft/sec cance Rounds explained on p 27)
30 T137(0) 10 1.00 219 2561 6R(152) 9 E1 Mod 3(¢)
(various models) 219 Mix 2595 to 2300 8 E9 Mod 3(9)
(HVAP-DS) 30 4.00 2n “27 LCP ) E9 Mod 3(9)
6.00 262 3831PP, 4018CP 5 £1(°)
262 Mix 3728 to 3948 13 E3 Mod 1, E9 Mod %9
7.00 242-254 3704PP,  39B3CP 16 E1 Mod 3(9)
242 4309PP,  4424CP 2 E9 Mod 3(9)
8.00 2352249 Mix 3130 to 4201 26 E1 Mod 2(®)
235 4637 HPP 3 EJ Mod 29
45 4.00 2n 2304 2R(67) 8 E1 Mod 3¢
55 4.00 248-294 Mix 3608 to 3763 15 EO, E1 Mod 2, E2, E4()
263-293 3707 128 (110) 30 E1, E1 Mod )
248-300 3966 SE = 61 45 EO, B9 Mods 1,2,%9)
270 3900 2R(1) 6 g21(®)
5.00 285-288 oY HPP 8 £0, E2, E«P)
285 4260 HPP 1 o)
60 3.00 285 3624 2R (35) 5 7, K©)
4,00 248-294 4115 8R(33) 13 E0, £2, e4®
248-308 Mix 3817 10 4157 15 E1 Mod 3, E7, EKS)
270-291 4621 HPP 6 EJ, Mods 1 and X9
108 T2954 0 14.00 200 3562 2R(40) 4 S
0 6.00 242 210 R(54) ¢ $s
10.00 197 3326 2R(51) 1 ss
45 4.00 225 2199 Lcp 4 S, BU(P) = 283, 2R(62)
60 4.00 225 347000,  3621CP 4 s$
188 T3S 0 16,00 . 3388 Hep 3 B, t 14,28
% .00 . 222099,  2434CP 4 sB, 1 5,800
10,00 208 2862 R(6T) s SBAS, t 1,97
4 6.00 - 2063 M(26) 4 $S, t 5, #1
158 TI R 0 14.00 282 42 2R(B3) 3
(w/30~1b core) N .00 03 %76 {1 3 “Bi3s

(9 Moay desigm of HVAPDA=T, 70 mm, T1¥: wete sessed a5 part of Moject TAL=146:, Fot & Jesctiption of them, see pp 8,71,
and § of Papurt T3 on Rat prwject. The oBes uned sbove were $.. 50 - M YANCLNS.

(V) These meadels apparently had an £, 00+ cote with ogaval nose,

{c) Theee medals apparendy had 5 7,55 7,45+ cone with dowble comic Al nove,

(@) These mededs apparemly had & 6. 061 core with double conical 1.ove,

(¢) This medel hod 2 very long ~ eore of Wcortasn wrghn .
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TABLE 3. SUMMARY OF BALLISTIC LIMITS

Part 4, Armor Piercing Projectiles Versus Cast Homoyeneous Armot

Shot Nom. Plate Bailistic Limit Number Notes
Cal, Model Obl., Nom. t, BHN, BL(A), Signifi- of (Abbreviauons
oD No. deg in. kg/mm?2 ft/sec cance Rounds explained on p 27)

37 M74 0 1,00 -- -- -- 0 H3ATFO
230 1225 SE =22
1. 50 280 1289 SE=7 376 SI, 5ARO
330 1120 SE=26
1.15 252 1422 2R(45) 5 t1.91
230 1559 SE=J
2.00 270 1672 SE=6 520 SI
310 1720 SE=27
194-232 Mix 2049 10 2226 20 Probit analysis tailed
3.00 235-270 Mix 2004 to 2435 32 to converge.
288-305 PP2252 to 2446 1¥ SI&S, t = 2.81 1o 3.41
150 1269 SE=24
45 1.00 49 1525 SE= 26 60 S1&B
320 1622 SE=2¢
60 1.00 2u6-326 2409 SE= 17 156 SI&S
51 MT0 0 2.00 220 1132 SE+ 18
260 1187 SE= 4 16 SI
J00 nn SE= 14
2.25 248-283 1243 SE = 64 20
10 1384 SE= 15
3.00 260 1652 SE= 14 304 sl
330 1Bw SE =34
217236 2076 6R(11.9) 12 sl
4.00 242-217 2138 SE= 21 53 st
301 02U <R(4) 4 Sl
321 an CR(84) 11 S8
2 .00 272 1853 6R(48) 19 SI&S, t 3.1V
¥ 4.00 K 275 Hep 5 55, t 4,16
22 216 SE=28
M) 3.00 <10 2545 SEs 1) k) Bk S
J20 H25 SE= L)
0 2.00 81 18% W) B 58, 1 3.06
220 282% sEe 20
3w %0 2100 SE =0 » Shh S
I 592 SE =22
» 1.%¢ X4-1 p 10 =38 2 Bk 5
N 2.00 203-297 2504 SLa2) 166 ks
00 »n sE= 5}
» 1.9 0 7762 sielo 147 Bk s
400 45 si«]
L PR 2% i MW 4 % 12,04
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TABLE 3. SUMMARY OF BALLISTIC LUIMITS
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Part 4, Armor Piercing Projectiles Versus Cast Homogeneous Armor

Shot Nom. Plate Ballistic Limit Numbet Notes
Cal, Model Obl., Nom. t, BHN, BL(A), Signifi- of (Abbreviations
mm No. deg in. kg/mm?2 ft/sec cance Rounds explained on p 27)
{ 130 115 SE= 65
75 M12 0 3.00 < b 1248 SE= 1 1015 sl
310 1194 SE= 3§
3.%28 243 1263 HPP 2
160 1466 SE =85
4,00 230 1602 SE= 19 190 Si
300 1718 SE = 46
€.00 228 2058 HPP 2 Sl
20 4.00 193 1852 2R (67) 4 SB
18 M7 30 3.00 28) 1359 2R(92) 2 §S, 12.85
176 T128E6 20 4.00 251 2118 6R(122) 11 SB&S, t 4,02
(M339) 30 2.00 255 1210 2R (15) 8 SIkB, t 2.04
4.00 251 2610 6R(81) 8 §S, 14,02
45 2,00 285 1768 2R(21) 1 §i, 1 2.04
4.00 251 28U R(I) 7 SB&S, 14,02
L1 4.00 o581 3212 6R(100) 9 $S, 14,02
130 1084 SE= 66
30 M1 0 3.00 240 1099 SE= N 61
290 113§ SE= 70
190 1433 SE = 6)
4.00 240 1452 SE= 21 1717 SI, MEBARO
290 1336 SE= 40
5.00 218-289 16 SE= 44 2 st
€.00 183-232 2007 oE= 28 49 L
8,00 206 319 He? 1 L33
20 .00 206 Nig we 1 S$S
30 4.0 280 2011 WR(1D 7 si, t3.84
«® 3.00 m 1983 icr ! S8, 12,395
"% 3.00 231-283 1848 2(48) 1 $S, 120
90 TS '] 4,00 . .. - v AR
4,00 M1-285 2N wr | BL(? = 2162, 2M(37)
8,00 208 ne? Hey 1 s
10.% 197 e wee 2 -
n 1 8 4 Ny 4 1 s
% MO 01288 9 L &% 1] 14 3
) 4,9 w18 W03 sE=4l » L1
» 2.8} 20318 o o Sk 18 n B &
4. N-214 M1 sk = 13} ) | »
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TABLE 3. SUMMARY OF BALLISTIC LIMITS

Patt 4, Armox Piercing Projectiles Versus Cast Homogeneous Armox

_Shot Nom. Plate Ballistic Limit Numbes Notes
Cal, Model obl., Nom. t, BHN, BL(A), Sigmfi- of (Abbeeviatons
mn No. deg in. kg/mm2 ft/sec cance Rounds explained on p 27)
90 TI3E1 0 4.00 232 1701 4R(80) 6 sI, t3.97
(Not part of 5,00 235 1610PP,  1731CP 9 SI, t5.19, BL(P) = 1766
Project AX23) 6.00 Py 2090 6R(131) 8 sI, 16,01
2 6,00 248 2136 LCP 1 S1&S, t 5,99, BL(P) = 2196
30 4,00 232 1866 4R (65) 8 S1&B, t 3.97
45 5,00 235 2761 6R(115) 6 $§, t5.19
§5 4.00 219 2671 6R(149) 1 t3.39
60 3.00 233 2146 2R(62) 8 13,02
90 TS4EL 0 1.60 2417 2459 6R(117) 10 SIAB, t 7.55
30 5.00 238-258 2553 SE=15 v SB&S
8. 00 254-260 2876 SE=31 2 SS
1.60 245-260 3289 HPP 11 SB&S, t 1,53
45 4.00 243-282 %81 SE= 52 2 S8& S
5.00 238-213 2132 SE=35 20 S8
6.00 246-267 332 SE= 82 20 " ]
55 3.00 258-266 M1 SE=34 20 SBLS
326 2232 SEe24 10
4.00 2% 2850 SE= 7 15 SB&S
288 218 6R(41) 11
] 2.00 24 2283 4R(82) 1 §8, 1 2,08
3.00 230-300 2675 SE= 39 30 SBA S
220 2990 L= 34
4,00 260 b il ) SE= )8 « SBkS
300 2 SE=28
5.00 X2 3200 HP? 4 59,1 5.1¢
85 3.00 221-300 271 SFad0 X sBAS
4.00 p~ 339 Hee 3 $$, 14,20
238 M m(1) 10 $5, 1 4.04, lome CP
70 2.00 2 p-b- W(49) ¢ 8, t1.99
3.00 v« % 4R3N) 10 8, 13,02
288 3109 $1(90) 3 SBAS, t 3,06

“-‘——-——v
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TABLE 3. SUMMARY OF BALLISTIC UMITS

Part 4. Armmor Piercing Projectiles Versus Cast Homogeneous Armor

Shot Nom. Plate Ballistc Limit Numbet Notes
Cal, Model Obl., Nom. t, BHN, BL(A), Signif - of (Abbreviations
aun No. deg in, kg/mm? ft/sec cance Rounds explained on p 27)
120 T116 30 6.00 8 2091 6R(95) 9 ES, SB, t 6,01
(Mods E4, ES5) 7.60 252 2179 4R(%4) 8 E4, SB, t 1,62
45 4.00 275 210 4R(55) 5 EA w/o WS, SS, t 4,16
5. 00 280 2239 6R(148) 7 EA w/o WS, SS, 15,16
6.00 238-244 2923 6R(132) 10 E4, SS, 5,99
49 3130 6R(89) 8 ES, §S, t6.27
7.60 252 3138 HPP 3 E4, SB, t 7,62
S5 $§.00 233-274 2693 SE= 40 84 E4, 5B&S
6.00 246 3336 HPP 1 ES, 8§, 16,26
60 2.00 243-44 1593 LCP 9 ES, SB, t 2,06
3.00 215 2338 6R(96) 8 ES, SS, 13.13
325 022 6R(94) 9 E4 w/o WS, SS, 13,16
4.00 49 2600 6R(103) 1 ES5, SS, 14,18
280 2297 6R(123) 9 ES, SB, t3.90
5.00 239 854 R(32) $ E4, SS, 14,96
284 2993 6R(114) 1 E4 w/0o WS, §S, 15,21
65 4.00 %6 21 HPF 5 ES5, S§S, t4.17
70 2,00 244-251 2008 2R(41) 1 ES, SB, t 2.07
3.00 323 2806 2R(59) 7 E4 w/o WS, §S, 13,12
252-274 2888 6R(91) 15 ES, §S, t3.12
4.00 U8 Vle HPP 5 ES, S§S, t4.17
285 3138 4R(18) 1 ES, SS, 14,18
18 2.00 253-257 2632 4R(60) ] E5, S8, t 1,99
158 M112 0 8. 00 192-230 1509 R(18) 21 SI, oaly one PP
§.00 206 62 Lce 4 SI&S
10,00 197 2632 HrP 3 S8
30 4,00 212-280 Mix 1382 to 1468 1€ SI, only 2 PP, 2M4ARO
8.00 %59 1722 SR(97) 1 -, t 4.9
6.00 183-268 171 St= 129 L SI, momly acc, tess
45 4.00 236241 1872 o|(79) ] SIkB, t3. %M
6.00 185-22¢ 590 R(141) ] Si&S, t 6,04
€-in Mk XXVI 15 6,00 188198 1548 6r(162) ] t 5.81, 38ARO
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TABLE 3. SUMMARY OF BALLISTIC LIMITS

Part 5. Armor Plercing Capped Projectiles Versus Cast Homogeneous Armor

_Shot Nom. Plate Ballistic Limit Number Notes
Cal, Model Obl., Nom. t, BHN, BL(A), Signifi- of (Abbreviations
mm No. deg in. kg/mm?2 ft/sec cance Rounds explained on p 27)
260 1045 SE= 14
317 M51 0 1,00 310 995 SE=1 83 Sl
360 948 SE=11
1.50 248-311 1584 SE = 56 11 St
2.00 242-302 1817 SE=32 138 sl
2.2 252-283 2032 SE= 13 70 S1
2,00 269 2364 2R(2)1) s SI, t 2,87
20 1.00 262-332 1167 4R(62) 17 SI, t1,08
384 1042 2R(33) 3 t11.01
260 1368 SE= 55
30 1.00 310 1369 SE= 28 29 Sl
360 1208 SE = 56
200 2213 SE = 37
35 2.00 250 36 SE= 12 299 SI&S
300 %24 SE =31
4«0 1.00 262 1903 LCP 1
260 1875 SE= 41
45 1.00 310 1368 SEs 2 48 Si&B
360 1868 SE= 44
£ 19 1,00 262-364 2326 SE= 31 37 37 1)
87 M8e 0 3.00 263-272 1343 6R(108) 13 S, t 2.9
4.00 n 2278 6R(5T) 1 SIAS, t4,16
30 1.8 235-3%0 1224 SE= %0 17
4.00 323 2121 Hep 4 $S, t4.16
235-283 1501 ®»(6) ] 11,4
38 1.% 302 1403 Lcr 3 11,58
3% 16 wer 3 tl.41
2,00 251 170 SR(19) L] S8, t2.08
2.50 254 2073 (11 12 sl vy
220 < SE=dl
3.00 0 9N SE= 3¢ kL ks
32 2463 =8
0 1531 sEs0
48 1.% 2% 1nn SE= 3 0
3y 1198 SE=és
3.00 2 N M9 ] sl.¥3.10
W 2.0 204-90 S el » siad
 J L% 25201 e ice 1 Tl
m» i | 4
.0 3W4-03 ns ;) 1 siB. 1.4
L 1% 24-301 s e ’ siaS, t1.9
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TABLE 3. SUMMARY OF BALLISTIC LIMITS

Part 5, Armor Piercing Capped Projectiles Vuisi Cast Homogeneous Armor

Shot Nom. Plate Ba.istic Limit Number Notes
Cal, Model Obl. , Nom. t, BHIN, BL(A), signifi- of (Abbeeviations
mm No. deg in. kg/ mm?2 ft/sec cance Rounds explained on p 27)
15 M61 0 3.00 269 1418 2R (3T) 7 SI, 12.82
4,00 268 1940 2R (48) 5 S1
25 1.28 262 2 HPP 1 §I, t1.19
1.50 284 962 HPP 2 Sl
45 1,00 340 1991 4R(127) 6 §S, t1,02
16 M62 0 2.00 241-281 1092 6R(8T) 16 t2.08
314 912 LCP 4 t2,08
4,00 280 2014 2R(44) 3 13,87
20 3,15 217 1871PP, 2033CP 8 |
4,00 188-207 Mix 2047 to 2628 20 Si
30 2.09 243-307 1243 BR(84) 117
3,00 269 1720 4R(100) 5 sl, t2.82
4,00 204-245 2286 4R(82) 10 SI, 13.94
273-321 2599 2R(8) 7 SI&S, t 3,94
220 2379 SE=24
35 4.00 250 2339 SE=38 46 SIS
280 2134 SE=28
210 1730 SE= 57
45 2.00 260 1672 SE= 44 132 St
310 15%0 SE= 59
2.28 259-311 1896 6R(53) 13 t2,%
2.50 259-266 2291 SE=24 28
240-243 2129 6R(126) 12 t2.10 Probit
S5 2.00 262-285 2150 4R(92) 6 11,54 analysis
307 211 SR(39) 11 12,08 diverged
90 M82 0 3.00 237-249 WP, 2212P 6 t2.98
4,00 217-200 1687 SE= 13 46 13}
5.00 218 2156 Lcr 4 sI, t5,12
6.00 195-232 241 SK(145) 28 sl
8.00 206 L)Y Hrr 2 58
10.00 197 N Hre 2 |
20 8,00 206 N0 Lcr 2 BT Y ]
30 3,00 225303 1609 SE= 22‘ 47
4.00 260 2087 SEud 110 SIS foe BHN 3 321
IN - ) SE= 98
4.00 236288 ne Her 3
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TAME 3. SUMMARY OF BALLISTIC LIMITS

Part 5, Armor Piercing Capped Projectiles Versus Cast Homogeneous Armor

_Shot Nom. Plats Ballisic Limit =~ Number Notes
Cal, Model obl., Nom.t, BHN, RL(A),  Sigaifi- of (Abbreviations
mm No. deg in. kg/mm3  fr/sec cance Rounds explained on p 27)

90 M82 35 2,00 253 23468 2R (49) 2 SI, t 2,08
40 4.00 229-301 2591 2R(4) 5 sI, t 3,91
190 2109 SE= 101
45 3.00 260 2263 SEw 20 212 SI&B
330 2139 SE = 80
3,25 248 2189 2R(50) 3 SI&S
4.00 199-280 Mix 2583 to 3220 82 si&s(®
55 3,00 264 2593 HPP 1 t3.02
230 2286 SEs 17
90 T39 30 5.00 250 2218 SEs 14 61 st
270 2328 SE= 15
55 4.00 245 3129 HPP 4 S8, t 4.04
60 3,00 253 2744 6R(104) 10 sB, 13,02
90 TSOE1 0 1,80 247-269 2652 SEx 24 % sI
30 5.00 238-258 2280 SE= 13 a3 st
6.00 254260 2622 SE= €3 20 si
7,80 245-280 2943 SEs 2 ar st
T3 4.00 238 2479 6R(140) {Q SIAB, t 7,73
281 2652 6R(171) 10 3, 2.9
5.00 238-241 2928 SEs= 19 a1 SIAR
6.00 254-267 3259 HPP i2 SG. ¢ 5,32
55 3.00 249-280 2863 SEs 89 2 a8
4.00 245 3136 4R(147) ] 8, t4.04
288 727 ®(2 1 $S, t3.95
60 2,00 225 2158 4R(52) 1 sl, t 2,01
3.00 279-303 2149 sge21 21 sy
4.00 220-304 3213CP, 3447PP A . 21 M9 ¢ 9188
¢s 3.00 282 s1sc r(60) 1 B&S, 3,07
70 2.00 2% Mix 2794 to 2088 11 uS. t 2,07
3,00 249 3350 HPP " s
130 TR 3 .60 246-289 2841 ste11 1" s
Y3 6.00 208-387 %t Ske 58 . s
1.60 200 3108 P . », 118
0 3.00 296-356 870 o|(123) 12 s
4,00 208-200 e m(132) il -« _ tie
5.00 244-300 9048 |(%4) ) sedd, t8.11
T 3,00 281 s 1) L] S U318
% 2% 018 e BNETW - |

(a) Pemestation in this greup somms listle telited W stthe: velotity o piste hardnon, r&ml\}ﬁ?nuh-u..w.‘i, ADSIR,
ADGSS, and Piriag Recerd ARLINES, Over 30 plases were wad in thess tosts,
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TABLE 3. SUMMARY OF BALLISTIC LUMITS

Part 6. High-Velocity Armor Piercing Projectiles Versus Cast Homogeneous Atruor

Shot _ Nom. Plate Ballistic Limit Number Notes
Cal, Model Obl., Nom. ¢, BHN, BL(A), Sigmfi- of {Abbreviations
¥ . No. deg in. kg/mm2 ft/sec cance Rounds explained on p 27)
30 M304 0 7.60 245-269 414 SE= 13 32 St
30 5,00 236-273 2220 SE= 15 22 SB
6,00 254-260 2482 SE= 24 2 SB
1. 60 245 2182 6R(95) 10 sl
45 4.00 243 2728 6R(138) 10 §S, t 3.94
282 2862 2R(3) 10 ss, £ 3,85
5.00 236-273 3128 SE= 57 22 SB at 236, SS at 273
6,00 246-261 3673 SE= 41 21 ss
7.60 241 3144 HPP 4 SB
55 3.00 243-280 2159 SE=23 21 SB at 243, SS at 280
4.00 231-280 3374 SE=13 23 SB
60 3.00 243-272 2991 SE= 11 20 SB at 243, SS at 272
4,00 258-266 3795 HPP 14 SB&LS, t4.05
301 3686 6R(101) 10 §S, t 3,93
5. 00 239 3150 HPP 4 SB, t 5.16

SB at 245 w/t 3,08

10 3.00 245-280 3853 HPP 3
SS at 280 w/1 3,11

920 T30E1S 20 10,00 197 2803PP, 3065CP 3 SS
90 TH 0 8,00 223 2513 4R(36) 10 SI, t 8,92

25 8,00 22 2816 6R(101) 11 SI&S, t 8,02

as 8.00 223 3248 6R(39) 10 SI&S, t 8,02

40 8. 00 223 J445 6R(72) 10 SIkB, t 8.02

45 8. 00 223 3660 2R(25) 6 SIksS, 18,02

50 8.00 223 3672 HPP 3 §S, t 8,02
155 T3S 30 4.00 207 1487 HPP 1
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APPENDIX

BIBLIOGRAPHY

Following is a list of the principal references that were edited to get the penetra-
tion data that were analyzed.

Projects TB4-150M and TB4-10 (Approximately 4,600 rounds)
Ar 16981 Ar 17094 Ar 17186 Ar 18065 Ar 20802
16983 17131 17390 18065sup 20949
16984 17146 17845 18084 21080
16985 17154 18060 18084sup 21203
16988 17158 18223 19675 21344
16994 17163 18494 19843
17050 17221 19106 20701
Project TT1-5 (Approximately 1,400 rounds)
Ar 17784 Ar 17826 Ar 18490 Ar 18752 Ar 19447
17791 17838 18513 19076 19476
17792 17910 18513sup 19182 205¢6
17794 18073 18553 19183
17796 18073sup 18553sup 19187
17798 18107 18658 19276
17804 18489 18703 19366
Project AX23 (Approximately 5J0 rounds)
Ar 19945k Ar 20318 Ar 20730 Ar 20895
Project TB3-1224 (Approximately 200 rounds)
Ar 18504 Ar 21421
O. P. 2864, Effect of Hordness (Approximately 3,400 rounds)
AD 558 AD 838 AD 1043 A-12581 A-12614
AD 586 AD 992 AD 1064 12582 Ar 16231
AD 679 AD 1007 AD 1080 12580
AD 686 AD 1041 12585
AD 834 AD 1042 12600

SATTELLE MEMORIAL INBYIYU TE
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Miscellancous Test Programs on R. H. Armor

AD 210 AD 542 AD 689
AD 369 AD 574 AD 830
AD 509 AD 652 AD 839

Miscellaneous Test Programs on C. H. Armor

AD 517 AD 590 AD 678
AD 560 AD 630 AD 685
AD 571 AD 658 AD 694
AD 587 AD 663 AD 697

Acceptance Tests of Armor Plate

Records From These Library Books

127G 127G 127TM2
127C2 127Gl 127M3
127D 127K10-5 127M4
127D1 127L 127M7
127D2 127TM1 127M10-1

Shot Design Projects

O.P.5870 Project TAl-1251

N 5757 TAl-1254
5758 TAl-1301

6132 TA1l-1302

5591 TA1-1460

TA1-1503

Acceptance Tests of Shot

Records From These Library Books

Alz28 BG21 BG28
BC163D BG22 DA2]
BGl6 BG26 DA74

Other Firing Records

P53966 to P60803, 21 records on the HYAPDS, 76 mm, M331

(Approximately 1,400 rounds)

AD 844 AD 1084
AD 1014
AD 1033 Ar 13801

(Approximately 2,400 rounds)

AD 836
AD 990
AD 999
AD 1012

AD 1074
AD 1076
Ar 15244
Ar 15256

(Approximately 2,400 rounds)

BC1li4l

127Q
1278
BC1ll14A
BC114C
BClI14E

BC163B
BC163C
BCl174
BG4
C74A

(Approximately 2,700 rourds'

Some single reports:

ADP194
ADP197
P25184
P34137
P34144

P35543
P39979
P41354
P56080

(Approximately 1,200 rounds)

DA88
DA99
DA104

P52520 to P54821, 7 records on the AP, 90 mm, T33

g %
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A-3 and A-4

Following is a list of the principal references that were edited, but that were not
used in the analysis.

Acceptance Tests of Armor Plate (Approximately 800 rounds)
Records From These Library Books 127M7
127C 12701 127G1 127M4 127Q
127C2 12702 127M1 127M5 1278
127D 127G 127M2 127TM6 Al28A
Acceptance Tests of Shot (Approximately 11,400 rounuds)

Records From These Library Books

AlQ3 AN2 BCl63 Clan DA 74
Al2s AN4 BCi63A C74B DA BS
Al2BA AN7 BC163B C9I5 DA99
Al36 ANl12 BC163C C9e6 DAl28
AN BC114B BC163D DA13

ANl BCIlI14E BC174 DA2]

Other Firinﬂecordl

P52366 to P55575, 15 records on the AP, 90mm, T33

Following is a list of references which were not edited, but apparently contained
material that could have been used,

Shot Design Projects (Approximately 700 rounds)

Project TAl-1475, Report 1 and 6 other firing records
TAl-1602, Reports 1, 2, 8 and 5 other firing records
TA1-5002, Report 3 and F. R. P-60401
TA1-1302, Report 13

Acceptance Tests of Shot (Approximately 800 rounds)

Records From These Library Books

BC-114-B, C, D, and E, 30 records on the AP, 75mm, M72 and AFC, 75mm,
Mé1, BC163 and BC163A, 27 records on the AP, 75mm, M72 oand APC, 75mm,
M6l

Other Firing Records

P-48161 to P-62446, 45 records on the AP, 120mm, T116
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