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Watertown Arsenal Laboratory 20 November 1945
Report No. WAL 710/783
Problen B-4.78

CAST ARMOR

Correlation Between Metallurgical Properties of Several 1" and 2"

Cast Armor Samples and Their Resistance to Various Degrees
of Ballistic Shock

OBJECT

To determine the metallurgical characteristics of 1" and 2" cast armor
sanples after subjoction to various degrees of ballistic shock, and, dy the
application of analytical methods devised at this ladboratory, to determine
the optinum conditions of bdallistic shock testing for discrimination between
material of good and poor metallurgical properties.

CONCLUSIONS

The requirements for shock resistance of 1" and 2" cast armor plates
submitted under Specification AXS-U92-5 should reflect the following
deterninations:

a. The projectiles used should be the 57 mm, proof
projectile, T1, for 1" plates and the 105 mm,
proof projectile, T8, for 2" plates;

The incident velocity for both projectiles should
be 1030 +15 feet~per-second;

The criterion of success should be the ability of
the armor to resist cracking in any degree.

(,9 LA A

Jo F. Sullivan
Asg80c, Ordnance Engineer

Wy ‘}“"f("’
M., Yoffa
Physical Science Aide

APPROVED:

| L MR ‘ 11““‘4“11 14 I
4.’ iﬁms Kﬁ MU RR VY [lﬂi

Lt. Col., Ord. Dept.
Director of Laboratory




fatetavan

STRIBUTION

Report No. WAL— 7’0,/793 Totsl No. of Coples— /5
Date Distributed 14 ‘&"9/ 1 Extrs Coples =

Mthors — 2

Laboratory Report File -— !

0ffice, Chiof of Ordnance mu mﬂ

TECHNICAL DIViSION

Ordnance Technice

SPOTO - Tech. Reports -~

$POTB - For British Army Staff
SPOTR

SPOTM

SPOTT

SPOTC

SPOTS

Others
SPoTX-Avr -j
IMDUSTRIAL DIVISION

SPOIR
SPOIM
$P0IS

DETROIT

-SPOME— -EE— SPOHD‘V‘/ - e
SPOME - EM

.i' ./ 7".1' i

-

Frankford Arsenal

Springfield Armory

Waterviiet Arsenal

Rock Island Arsenal

Picatinny Arsenal

Ordnance Research Center -2

Paint & Automotive Chemical Laborstory

Others




INTRODUCTION

In response to a request of the Ordnance Research Centerl. a
metallurgical examination of several 1" and on cast armor plates which had
been subject to dallistic shock tests with 57 om. and 105 mx. proof projec-
tiles, respectively, in an attempt to develop an adequate dallistic shock

test for incorporation into Specification AXS-492-5, was undertaken at
this laboratory.

The criterion of success under these shock tests rovolved around the
ability of the plates te resist ‘mexcessive® cracking und/or Army complete
penetration nt o prescribed velocity2s3.

Rosults of the metallurgical tests on those plates indicated a very
poor corrclation betweaen their motallurgical propertics and their succoss
under the ballistic tests as Jﬁdged under the above criterion, and it was
the spinion of this laboratory" that the prescribed shock tests were not
satisfactory for incorporation into Specification AXS-U92-5.

Meanwhile, before transmittal of that report to the Ordnance Research
Center had been effected, additional tests of 1M and 2" cast armor samples
had been completcd5- and subsequently samples from those tcsts were
forwarded ta this luboratory with a request for metallurgical evalusationl,

During a visit to the Ordnance Research Center by a representative of
this laboratory near the end of July 1945, it was contended that a better
correlation might exist between the metallurgical properties of these plates
and their ballistic integrity as judged by their abdbility to resist any
cracking under impact of proof projectiles at a prescridbed velocity.

As a preliminary investigation of thie contention, samples which were
extremely successful or extremely unsuccessful under such a test were
exanined metallurgically and a good correlation was indicnted®.

The present report is an evaluation of the correlation between the
netallurgical properties of the égmplee and their success under the various
tests as judged by various criteria.

TEST PROCEDURE

The metallurgical exanination included the following tests:
a. Fidbre fracture tests:9
b. Cross sectional Brinell hardness survey;
¢. V-notch Charpy impact tests.
Sections, 6"x12"x2" and 4"x8Mx1", were notched by flame cutting in from the
niddle of the two longer sides and were fractured under the inpact of a
stean forge hammer. A one-half inch thick section cut from the middle of

one of the fractured halves of each sample was surface ground. Brinell
herdness surveys were made on the cross sectional surfaces, after which




two V-notch Charpy irmpact specimens were nachined fron each section fronm
positions halfway between the surface and the center in the case of the 1
thick plates and fron near the center of the 2" thiek plates. One impact
specinen fron each plate was tested at +70°F, and the other at -UO°F.

J The resultt of these teats are recited in Tables I and II, for 1" and
2" plates, respectively.

The results of the dallistic tests condusted at the Ordnanoe Research

Coenter have been sunnarized in Tables III and IV, for 1" and 2" plates,
respectively.

DATA AND DISCUSSION

The shock which nay be transmitted to armor in service may originate
fron nmany sources,

The netallurgical properties which are desirable for general resistance
to shock are well known and their presence may be determined by well
established tests.

A specific shock test, to be valid, therefore, nust produce results
which correlate woell with the results of netallurgical tests.

In this report certain unique nathods have been developed to determine
the correlation between metallurgical and ballistic characteristics of the
subject plates.

Upon she completion of the metallurgical tests descrided above, their
results, without reference to dballistic bohavior, wero submitted to an
experienced armor metallurgist for evaluntion. On the basis of their
possession, or lack, of the desirable metallurgical characteristice—(a
tempered martensitic structure, purely fidrous fracture, and high Charpy
inpact value)—the rating "Good", "Borderline +," "Borderline -~," or
"Poor" was given each sample as it appears in Tables I and II.

(Whether or not a specific Charpy impact value is considered adequate
depends upon the hardnegs of the sample. A schematic representation of the
expected relationship between the Charpy impact value of a'given steel

with a nicrostructure of tempered nmartensite and its hardness is given in
Figure §.) :

By means of these unbinsed metallurgical ratings, there thus becane
available the basis for determination of correlations between the netal-
lurgical characteristics of these samples and their ability to satisfy
the requirenents of the various tests,

The firings at the Ordnance Rescarch Center had been conducted at
three different levels of severity for each projectile calider (or armor
thickness), as follows:




Proof Projectile T1 against 1" plate at 900 /s,
57 ma. Proof Projectile Tl against 1" plate at 1000 f/s,
57 ma, Proof Projectile Tl against 1" plate at 1100 f/s,

105 mm, Proof Projectila T8 agninet 2" plate at 1000 f/s.
105 mn, Proof Projectile T8 against 2% plate at 1100 f/s,
105 mn, Proof Projectile T8 mgainet 2% plate at 1200 f/a.

The results of these tests appear in Tables III and IV, for 1" and 2"
plates, respectively.

Success or failure of an& Plate under each of these tests can be

Judged from the standpoint of any of at least five criteria: its ability
to resist-—a

a. Arny complete penetrationlo.
b. Cracking in any degree.
c. Excessive cracking.

d. Both (a) and (b).

e. Both (a) and (c).

The results of the ballistie¢ tests, ad set out in Tables III and IV,

have been bepredented in Tables V and ¥i, respectively, as Jjudged by the
above criteria.

The use of a criterion of shock resistance incorporating the ability
of a plate to withstand Army complete penetration at a given velocity has
always been considered by this laboratory ae unsound, in that successful
resistance to complete penetration (Army) is brought about dy the possession
of metallurgical characteristics irrelevant to and even inconsistent with
those characteristics which are requisite for superior shock resistance.

Accordingly, this laboratory could not conscientiously endorse the
adoption of criteria (a), (d) or (e).

Neither can this laboratory whole-heartedly engdorse criterion (c)
because of the inherent arbitrariness of the term "excessive."

Criterion (b) can be endorsed, however, because the inability of armor
Plate to withstand the bending induced by ballistic shock is logically
demonptrated by a tendency to crack under such a bending stress 1.

Since such a bending stress is best applied in a sustained-rather than
an instantaneous manner the use of a mushrconing projectile is to be desired.
The proof projectiles used in the ballistic test by the Ordnance Research
Center are considered quite satisfactory.

e -.,~';-’, .~




To illustrate that the stand of this laboratory with regard to the
above criteria is well taken, and to provide preliminary data for the
localization of the ideal conditions for shock testing, certain methods of
evaluating the measure of correlation between the results of the metallurgical
evaluations and the results of the several ballistic tests have been undertaken. .

By reviewing Tables I and V, and Tables II and VI, respectively, the
results of the ballistic tests made on the several samples at each of the
three respective levels of severity and according to each of the five
criteria recited above were compared with the results of the metallurgical -
evaluation., According to the measure of agreement between the metallurgical A
and ballistic results, a value, called its Correlation Index, was assigned

to each sample, as follows:

Metallurgical Correlation Index
Rating 1T OK EEIIIstIcaIIy 17 N0 Ballistically
0X (Good) 3 0
B+ (Borderline +) 2 1
B~ (Borderline -) 1 2
NG (Poor) 0 3 j -
A tabulation of the results of such an examination is presented in :Sﬂ?j
Tables VII to XVI. Summaries of the average correlation Indices for each Faets
combination of velocity and criterion appear in Tables XVII and XVIII, for g
1% and 2" plates respectively. o e

From these summaries it is apparent that the best correlation (as
imaged by the highest average correlation index) flows from the combination

of the use of criterion b (ability to resist cracking in any degree) and a :fif};
striking velocity of 1100 feet-per-second (among the velocities used), e
for either caliber of projectile fired against the appropriate thickness s 3l
of plate.

There is, thus, good evidence that the stand of this laboratory has g
been well taken, ORI

Mere correlation, however, is not considered conclusive in this L
examination for it can be well argued that were the striking velocities - -i
increased the correlation between the metallurgical results and the results '
of ballistic tests judged by other tests would improve.

In anticipation of such a contention, certain basic arguments have :ﬁ;'
been advenced, above, against the use of other criteria, and the following k
exploration of the data will further corroborate the stand of this laboratory. -

Tubles VII to XVII were re-examined with specianl attention focused on Zi}%"@
samples having low correlation indices, i.s.,values of 1 or O. T



If the bellistic result of a test showing poor correlation is OK,
then the test may be assumed to be insufficiently severe; if, on the other
hand, the ballistic result of such a test is NG, thc test may be assumed
to be too severe,

Examination of the percentage of poor correlation indices which have
been M"OK" ballistically under a given criterion and velocity will indicate
whether or not that criterion and/or velocity is insufficiently severe,
properly severe, Oor over-severe,

In a general way, percentages less than 50 would indicate over-severity,
and values greater than 50 would indicate insufficient severity. Pifty
percent would indicate the proper level of severity.

The results of such an examination appear in Table XIX and XX, for 1"
and 2" plates, respectively, and hava been graphically represented as func-
tions of striking velocity and criterion in Figures 2 and 3.

These results indicate that the "excessive cracking" criterion (c) is
insufficiently severe over the entire range of velocities investigated, that
the "Army complete penetration® criterion (a) exhibits its irrelevance by
its variable trend from under-severity to over-severity and back to proper
geverity, and that the "cracking in any degree" criterion (b) proceeds
steadily and logically from under-severity to over-severity.

They also indicate that the combination of an irrelevant, or under-
severe criterion, with, respectively, a relevant, or intermediately severe
criterion, affords no more valid criterion than the latter.

Thus, coupling the irrelevant YArmy complete penetration® criterion (a)
with the relevant "cracking in any degree" criterion (b) affords no criterion
more valid than the "cracking im any degree" criterion, nor does the combina-
tion of the under-severe "excessive cracking" criterion (c) with the inter-
nediately severe (although irrelevant) "Army complete penetration® criterion
(a) afford, in any woy, a more valid criterion than the latter (a).

Further examination of these data provides a means of estimating that
incident velocity for each proof projectile which will supply the optimum
severity under the "cracking in any degree" criterion (b)s (This will
provide improved information over the introductory analysis which merely
indicated the best of the tested velocities.)

By plotting the apparent trend of the severity of the "cracking in any
degree" criterion (as applied both to 1" and 2" pletes) from under-severity
to over-severity as the incident velocity was increased, it is possible to
demonstrate that the optimum velocity for incidence of both proof projectiles
(57 MM T1 and 105 MM T8) lies between 1025 feet-per-second and 1050 feet~
per-saecond, and in view of the probable extent of experimental error, the
velocity may be considered identical for both, (See Figure 4,)
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Since one of the 2" samples (C-65) was so completely "out of line"
that 1t was earlier concluded that a mixup in identification had occurredla,
it was considered desirable to re-plot the trend line for 2" samples with
that sample eliminated. (Its inclusion in earlier calculations in no way
qualitatively affected the results.) The intersection of this trend line )
with the 50 percent (or optimum severity) line further localizes the optimum R
velocity. This has been interpreted as the average of the three intersects,
or 1030 feet-per-second.

On the basis of the above analysis, therefore, it is the opinion of
this laboratory that the requirements for sho¢k resistance of 1" and 2" cast
armor plates, submitted under Specification AXS-492-5 should reflect the
following determinationss:

a. The projectiles used should be the 57 mm. proof i f_:u
projectile, Tl, for 1" plates and the 105 mm. proof projectile, ' ]
T8, for 2" plates; )

b. The incident velocity should be 1030 + 15 feet-per—second;

c. The criterion of success should be the ability of the : -
armor to resist cracking in any degree. ORI
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1st Ind. Hurlich/ELR/mf

CO, ASF, Watertown Arsenal, Watertown 72, Mass., 5 May 1945

The Director, ASF, Ord. Res. & Dev. Ctr., Aberdeen Proving Ground, Md.

Reference basic letter, it is requested that the results of the
ballistic shock tests conducted upon the 1" and 2" cast armor plates be
transmitted to this arsenal in order to correlate the results of the
metallurgical examination to be made at this station with the ballistic
characteristics of the armor.

Yor the Commanding Officer:
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TABLE XVII

Summary of Average Correlation Indices of
1" Cast Armor Plates Fired at Various Striking Velocities

and Evaluated by Various Criteria

Striking
Criterion® Velocity Averege Corr. Index

a. 900 0.33
a, 1000 1.36
a, 1.69
b, 900 1.67
L8 1000 1.86
b. 192
900 0.33

1.05

1.15

1.67

1.86

L
X
A2

'. . .l' .- v' B
Ll 2

1.92
900 0.33
1000 1.36
1100 1.69

*Se0 Miotes on Abdbreviations."




TABLE XVIII

Summary of aAverage Correlation Indices of
2" Cast armor Plates Fired at Various Striking Velocities
and Evaluatod by Various Criteria

Striking
Criterion® Velocity Avorage Corr. Index

Qe 1000 10,4'0

a. 2.27
a, 2013
b 1.90
be 2.38
Y. 1,13
Ce 1.10
Ceo 2.04
Ce 2.31
d. 1.90

d. ) 2.38

de 1.13
e | 1.40
e, 2.27
€. 1200 | 2.13

*See "Notes on Abbreviations."




TABLE XIX

Summary of Percentage of Poor Correlation Indiees Resulting

from "OK" Ballistic Tests Conducted on 1" Cast Armor Plates

at Yarious Velocities and Evaluated by Various Criteria

Str.
Criterion® Vel.

¥o. Poor Corr. Ind.

¥o. “OK" Ballistically P.C.

900
1000

900
1000

900

900
1000
1100

300
1000
1100

3
L

3
14

100.0
100.0
75.0
100.0
57.1
33.3
100.0
100.0
100,0
100.0
571
3343
100.0
100.0
75.0

¥See "Notes on Abbreviations.”
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TABLE XX

Summary of Percentage of Poor Correlation Indices Resulting

from MOK" Ballistic Tests Conducted on 2" Cast 4rmor Plates

at Various Striking Velocities and Evaluated by Various Criteria

Striking
Criterion®* Velocity No. Poor Corr. Ind. No. "OKW Ballistically P.C.

a 1000 4 4 100,0

a 1100 7 3 42.9
a 1200 4 2 50,0
) 1000 3 2 66.7
b 1100 6 2 33.3
b 1200 S 10 1 10,0

[ 1000 5 5 100.0
¢ 1100 7 6 85.7
¢ 1200 3 3 100,0
a 1000 3 2 66.7
2 1100 6 2 333
d 1200 10 1 10,0
o 1000 it 4 100,0
[ 1100 | 3 42,9
e 1200 4 2 50,0

%See "Motes on Abbreviations,"
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Notes on Abbreviations Used in Tables

Table III, IV OP(A) =~ Aarmy Complete Penetration - obtained 1f it de
possidble to see 1ight through a hole in the plate,
or if any portion of the projectile in the plate
is visidle from the rear of the plate.

Teble III, IV PP(A) =~ Army Partial Penetration, the result of any impact
that does not fulfill the requirements for CP(A).

Tadble V. VI. XVII. NIII. XIX. XX
Criterion a - fMirpmy complete penetration® criterion,

Criterion b - WOracking in any degree® criterion.

Criterion ¢ ~ "Excessive ()U8" as rogards 1" plates, )&" as
regards 2" plates) cracking" criterion.

Criterion d -~ (Combination of criteria a and b,
Criterion e ~ Combination of criteria a and c.

Tables VII to XVI
Ball. Res. -~ Ballistic results as indicated in Tadbles V and VI.

Met. Res. -~ Metallurgical r1atings given in Tables I and II.

Corr. Ind. - Correlation irdex, as detecrmined in text.
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ARMY SERVICE FORCES
. ORDNANCE DEPARTMENT ]
: ABERDEEN PROVING GROUND o
] APG 470,5/1476 MARYLAND 25 April 1945 gL
Attn: L

SPOTZ~F PGS

' e
SUBJECT: Development of Shock Test for 1" and 2" Cast Armor - Nt

Metallurgical Samples S

T0: COmmdnding Officer
Watertown Arsenal
Watertown, Mass,

Attn¢ Laboratory - Lt. Col. N. A. Matthews

4 1. Fifteen samples of 2" cast plates, each approximately

' 6"x12% in size, and sevanteen samples of 1" cast plates, each approxi-
mately U"x8" in size are being forwarded to your station for metal-
lurgical analysis.

P

2. These samples represent acceptance plates which have been
shock. tested with 105 mm and 57 mm proof projectiles respectively in
an attempt to establish required velocities for these tests for
Specification aXS-492-5. : :

3. It is desired that the samples be subjected to fiber fracture
tests, hardness surveye, Charpy impact tests, and any other metal-
lurgical tests deemed advisable by your office in an attempt to correlate
the shock test results with the metallurgical juel ity of th2 armor.

The samples may bYe identified as follows:

D 2 B B R

2" Plates
Sample
Company Plate No. Heat No, No. :
Continental(V) 2 1367(Sq.183) 1 E
. " 2 2508(5q.178) 2 !
v (c) 145 5928 a
. " 7 5951 '
Symington-Gould(D). L328 3705 5 L
" " 1330 719 6
1 " " 133 380 7
- " % L33 374 8
2 . " 1335 37% 9
: L 97 10 s
" LR 1340 22 11 o
Union Steel 827 3734 12
" " 833 6398 1 ,
" " 342 4O1A b I8
v o gl 6578 15 KRS

E R




.............
...............................
.............................

5 coryY

aPG
b SUBJECT: Metallurgical Samples
: Watertown arsenal
}:_flatoe
Sample
Cozpany Plate No. Heat No. No.
American Radiator LB352 Ju3 o1
" n BL355 J160 2
Ordnance Stl. Fdry. 2 Bll2 a
Pratt & Letchworth 2216 E154
" . L 2218 E157 5
"o L zaul E138 6
nooom " 2250 El62 1
L " 2252 E167 8
" " " zasu E170 9
"nou n 2259 z183 10
LA " Z261 E186 11
" n " 2263 5188 12
Symington-Gould(D) 1330 719 1
LI " L332 315 1
nooon " 133 4380 15
L " L33 T 16
x " (R) GB329 BUS76 17

4, It will be appreciated if the resultn rre furnished in a
letter report as soon as availadle,

FOR THE COMMANDING GENERAL:

(s/T) G. G. ZDDY
0ul., Ord. Dept.
Dirzector
Ordnance Res. & Dev. Cn.

2220(113 Ar3-305)

'lllllillmlli:'.’l:'IIIIIII
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APG 470,5/1476 1st Ind. Hurlich/ELR/nf

aAttn: SPOTZ-F
¥Wtn. 470.5/8735(r)

.'..-,.
[NRERE AR
PLR S
o o @ & &

CO, ASF, Watertown Arsenal, Watertown 72, Mass., 5 May 19U45

To: The Director, ASF, Ord. Res. & Dev. Ctr., Aberdeen Proving Ground, Md. RO
Attn: SPOTZ~T K

1. Reference basic leiter, it is requested that the results of the
ballistic shock tests conducted upon the 1" and 2" cast armor plates be
tranemitted to this arsenal in order to correlate the results of the
metallurgical examination to be made at this station with the ballistic
characteristics of the armor.

Yor the Commanding Officer:

N. A. MATTHEWS RS

Lt. Col., Ord. Dept. R
Assistant r

R

APG 470,5/1476 2nd Ind., Oshry/nes RN
Attention: SPOTZ-F Ext. 5190 r—

win. 1470.5/8735(r) o

4SF, Ordnance Research and Development Center. :leriesen Proviag Ground, M4,

To: Commanding Officer, Watertown arsenal, Watertown /&, Maue.

1. In accordance with request in first indors-ment, wimnaries of 5;:ﬁ
ballistic results on plates represented by subjuct camples are being forwardec .- .-
herewith. ol

. :\\\

2. Thirty additional plates, fifteen 1" and fifteen 2" are being el

awaited from Gary Proof Range for ballistic tests under this same progranm. }’
Samples of these plates will also be sent to Watertown Arsenal for metal- " =
lurgical examination upon completion of the ballistic tests.

FOR THE COMMANDING GENERAL:

(s} C. J. Yaeger
MGJ . Ord. Depto

(for) Stuart Mclain ~

Lt. Col., Ord. Dept.
acting Chief R
Arms & Ammn, Div. ' .

Incl. - Summary of Results (2 sheets)

Wi e TN,
age 3
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Wtn. 470.5/8735(r) 3rd Ind. [avk
APG. 470.5/1476
aAttn: SPOTZ-F

ASF, Walertow. arsensl. Watertosm /7, Mascachusetts, 29 July 1945,

To: Tha Diractur, ALF. Jmenanze Rasearch an:dt Mavelopnest Jenter, aberdeen
rroving Grouvad, Yaryiaal. Bswin’ Sr0T7Z-F

1. Ref:urence pa agraph U oFf basic lettor, cosutés of meiallurgical
exanination wide o0 1" ena 2V cast armor smmples ave coateired in
Watertown , reeun. Latoratory Memorandum Report lic. Wal, 7i(C/760(r) which
was forwarcel t9 yow s3tation, reference letter file Wtn h61/905 dated
9 July 1945,

Fer ibo Commanding J4fficer:

N. A. MATTHEWS
Lt. Col., Ord. Dept.
1 Incl w/d Assigtant
Summary of Recults (2 sheets)

111111 mesikietgs [ T1TTTTTTT
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ARMY SERVICE FORCES s

ORDNANCE DEPARTMENT A

ABERDEEN PROVING GROUND R

APG 470.5/76 MARYLAND 23 July 1945 o
SPOT2~F

SUBJECT; Development of Shock Test for 1" and 2" Cast Armor -

RiaE P 3% "

Watertown Arsenal
Watertown, Massachusetts

Metallurgical Samples VN
52
TO: Commanding Officer ' 

ATTENTION: Laboratory
Lt. Col. N. A, Matthews %

1, VFifteen samples af 2" cast plates, each approximately l2%x12" il
in size, and five samples of 1" cast plates, each approximately 12"x12" in ;
size are teing forwarded to your station for metallurgical analysis.

2. These samples represent acceptance plates which have been shock AR
tested with 105 mm and 57 mm proof projectiles respectively in an attempt
to establish required velocities for these tests for Specification
AXS-“S 2-5 . ‘

3. It is desired that the samples be subjected to fider fracture Sl
tests, hardness surveys, Charpy impact tests, and any other metallurgical Alr
tests deemed advisable by yeur office in an attempt to correlate the shcok
test results with the metallurgical quality of the armer. The samples may
be identified as follows:

2" Plates Jﬂfﬂsf

Company Plate No. Heat No. Sample No, ~
Continental Fdry. c8192-1 Sq C63 8192 0-63 e
& Mach. (E. Chi.,) B2327-2 Sq BUuS 2327 c-U48 ot
L c8227-2 Sq C6L 8227 c~-64 A
" C8260-2 Sq C65 8260 c-65 y

" B2256~1 Sq BU6 2256 c-U6 L
ASY -~ Cast Armor G-7974-D-277 7526 AST 277

Plant (Granite City) G~T7974~D-256 TUL7 ASP 256 g
" G~797%-D~-257 T4 ASE 257 Ry

" G~7974~D~266 7481 ASF 268 g
' G~T974-D-261 7468 ASF 261 . g
Scullin Steel Co., s-ug 1~907 S-48 NOON
n $-50 1-915 s-50 RS

n 680 5-018 S-680 e

" 681 5-023 s-681 e

" 682 2177 S=682 e

Appendix 4 - Fae T




SoPY b
APG
Subject: Development of Shock Test
To: Watertown Arsenal
1" Plates | ——
N el v
Company Plate No. Heat No. Sample No. 205
".-,..-::.-
ASF - Cast Armor 026 3560 c26 g
Plant ca2 3540 c22 Vo
Sivyer Steel Co. 208599 208599 208599 K-
Scullin Steel Co. 48 3-333 S~ k
" L9 5-020 s-U9
4. It will be appreciated i{f the results of the metallurgical
analyeis are furnished in a letter report as soon as they are availadle. -

FOR THE COMMANDING GEMERAL:

G. G, EDDY -1~
Col Ord Dept LR
Director !F )
Ord. Res. & Dev. Ctr. F 3
Project No. 2220 (113 ar3-305) ~
L

appendix A - rfase §
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WAR DEPARTMENT
ABERDEEN PROVING GROUND Roure/ewr
MARYLAND 6103
APG 470,5/112 7 hugust 1945

SPOTZ~F

SUBJECT: Test of 1" and 2" Thick Cast Armor

TO: Commanding Officer
Watertown Arsenal
Watertown 72, Massachusetts

ATTN: Laboratory, Lt. Col. N. A. Matthews

1. Reference your report WAL 710/760, "™etallurgical Examination
of 1" and 2" Thick Cast armor Used for the Development of 57 mm. and 105
nm, Procf Projectile Shoek Test”, page 1, under abstracts, "Complete
penetrations are not considered reliable indices of the shock resistance
of armor. As presently conducted, the subject ballistic shock tests are
not considered satisfactory for inclusion in Specification AXS-U92-5,"
A further study covered by this report dnd the detailed results of the
ballistic tests on plates covered by this report indicate that there nmay
be a correlation between the tendency for complete penetration, and the
difference in impact value at normal and subzero temperatures. This was
pointed out to Mr. Sullivan from your station during his recent visit to
Aberdeen Proving Ground and he was in agreement that a correlation of this
type might exist.

2. On July 17, 1945, a lIstter request for metallurgical
examination of a number of cast plates recently tested with proof projectiles
was forwarded to your station, Mr. Sullivan was given detalled ballistic
information on the plates represented by these samples. It is requested
that the metallurgical tests on these plates be expedited and results
forwarded to this station after which it is believed a sounder dasis for
judging the value of the complete perctration criterion in shock tests may
be made. =

FOR THE COMMANDING GENERAL:

Stuart Nclain

Lt., Col., Ord. Dept.
Acting Chief, Arms &
Amnunition Division

appendix A - Fage 9
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Wtn. 470.5/256 1st Ind. Sullivan/ELR/avk
APG. 470.5/112
Attn: SPOTZ-F

ASF, Watertown arsenal, Watertown 72, Massachusetts, 12 September 1945,

To: The Director, aSF, Ord. Res. & Dev. Ctr., sberdeen Proving Ground, Md.
Attn: SPOTZ~-F, Major C. J. Yaeger

1. Reference basic correspondence, during the recent visit of

Mr. Sullivan of this laboratory to your station it was agreed to concen-
trate preliminary metallurgical study nn the seven (7) two-inch thick cast
plates which, based upon their resistance to cracking upon impact of the

105 mm, PF T8 projectile, represented extremes of ballistic behavior, “
These plates were: D-277, D-257 (both produced by American Steel Foundrieés),
$-50 (Scullin), and C~65 (Continental) which resisted cracking; B-U8, B-U6
(voth Continental) and S-M48 (Scullin) which cracked even under a reduced
test. i esummary of the metallurgical findings on samples ostensibly cut
from these plates and the ballistic results appears in Table I, attached.

2. The first three plates and the last three plates in that list
indicate a correlation between the ballistic results, as judged on a crack/
no~crack criterion, and the metallurgical characteristics,~—those which
were satisfactory ballistically having fibrous fractures and high impact
values even at reduced temperatures and those which were unsatisfactory
ballistically failing to fracture purely fibrously and having low impact
values even at room temperature,

3. Sample C-65, however, which apparently resisted cracking both at
1100 f/s and 1200 f/s striking velocities possesses metallurgical charac-
teristics which would logically be associated with inferior bdallistic
behavior. Thus, were one to predict ballistic behavior purely from a
coneideration of the metallurgical characteristics of this sample, he would
anticipate poor resistance to shock. The partially crystalline fracture
and the low impact values obtained on this sample ordinarily are reflected
in poor ballistic behavior. The plate, however, exhibited satisfactory
resistance to shock.

4. In order to delve more deeply into the problem, data obtained in
the previous study of 2" cast plates (reported in WAL 710/760) were re-
exnnined from the viewpoint of a crack/no-crack criterion of ballistic
acceptability. These data are recited in Table II. They indicate a good
correlation between the results of metallurgical and ballistic tests.

5. We are thus faced with a preponderance of data indicating good
correlation and a single datum which glaringly indicates no correlation.
It must be borne in mind that we are dealing with plates whose ballistic
behavior is sharply discriminated. The plates which have been judged o.k.
withstood successive impacts at 1100 feet/second and at 1200 feet/second.
The plates which have been judged NG cracked under impact at 1100 feet/second
and cracked again under impact at 1000 feet{second. We, thus, are not
operating in a twilight zone of nebulous differences.

2
1h ]| b 11T TTTHT
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Wtn. 470.5/256 let Ind. 12 Sept. 1945
APG. 470.5/112 (Cont'd)
Attn: SPOTZ~F

6. This makes'the lack of correlation, even in a lone case, more
disturbing than it would ordinarily be. However, it is felt that, in view
of the favorable correlation apparent in the cases of ten out of the eleven
samples under consideration, and in view of the consistent metallurgical
results obtained on even the eleventh sample, the lack of correlation may
reflect a defect in sampling the plate (wherein the sample selected may not
be representative of the true quality of the plate) or may, on the other
hand be due to a nixup in identification. It would thus be desiradble to
examine an additional sarple of plate O~65 at this ladoratory, and it
would be appreciated if such a sample would be forwarded.

T In general, then, there is indicated a much better correlation
between results of these tests based upon a no-cracking criterion and
metallurgical test results than between results based upon ballistic limits
and metallurgical results. When the further modification of the weight
of the test projectile suggested during the visit of Mr. Sullivan has been
made, it is felt that a much better correlation will appear.

g, The complete results of the metallurgical examination of the
subject armor will be forwarded by memorancum report.

For the Commanding Officeti

3‘ Ao MATMWS
Lt. Col., Ord. Dept.

2 Incls assistant
Tables I & Il
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C. D. Reg. No. RESTRICTED
06~-84-KE-0C

ARMOR BRANCH
OHDNANCE RESEARCH AND DEVELOPMENT CENTER
ABERDEEN PROVING GROUND, MARYLAND

SUBJECT: Develorment of a Shock Test for Report No.: Ar-162u41
1" and 2" Cast Armor. Date of Test: 9 April 1945

Sheet 1 of 6

Related P.R. No.: 3965

Project No.: 2220(113-Ar3-305)

References: OOM 470.5/APG(10 Fed
uS)R; SPOME-RE
APG 470.5/1161

To Obtain Shock Tesi Data with

the 105 mm. Proocf Projectile on a
Total of Fifteen 2" Cast Acceptance
Plates Received from Erie Proving
Ground.

COMMEXTS 3

l. ©Fifteen 2" cast plates, received from Erie Proving Ground after passing
acceptance tests for penetration, were shock tested with 105 mm, proof projectiles

in oider to obtain data to establish a required velocity for Specification
AXS- 920

2. In this test, one round was placed against the center of the Plate at
a required velocity of 1100 f/s. If the plate withstood the impact without
excessive cracking, a second round was fired at a velocity 100 f/s higher. If
the plate cracked as a result of the first impact, the second round was fired

at a velocity 100 f/s lower. Failure was considered to have occurred when cracking ... :-

extended greater than 2-1/2" and/or Army complete penetration was obtained (light
visible through impact).

3. A summary of this test is given on sheet 2. A list of test facilities
is given on sheet 3. The detailed results are on sheets U through 6.

4. This is the first report on test data on this project. Testing will
continue.

APPROVED: g!:

(s) H. J. Rouse Sr. Eng.
G. G. EDDY for JOHN W, CAVE (z/¢) G. H, OSHRY
Col., Ord Dept Col., Ord Dept Metallurgist, P-4
Director Chief, Arms & Ammun. Proof Director
Division

Distridbution of this report:

Commanding General, Office, Chief
of Ordnance-Detroit, Attention; SPOME-EE
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Report No.: Ar-162ul
Sheet 3 of 6
Test Facilities: :Z_j'_l:':'.
a. Ouns Used: -5
B vl
Howitzer, Field, 105 mm., M2Al, No. 31&7. Mftd. by the Vilter M'fg. Co. '
b, Projectiles Used: ;
Projectile, Proof, 78, 105 mm., Lot FA-E-T5. ,'
}
',;: T
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ABERIEEN PROVING GROUND, MARYLAKD
T ABOR BRANOK

DATE OF PIRING 9 April 1945
ARMOR TEST REPORT NO. Ar-16241
SHEET 4 OF 6

RELATED F.R. NO. AT 3965

THICKNESS & TYPE

PP

cP
ACT.
PROJECTILE s.v.| P

Symington-Goy No. 1333-1;| Heat 4380; BEN 261

105am PP 78 1109| PP(A) MB - no oracking; Nushroomed&intact
" 1202| GP(A) 5-1/4%, 5-1/4w, 4-3/8% cracks;

| Mushroomed & intact

Symington-Gould(D); Plate No. 330-1; Heat 3719; BHN 252

105am PP T8 | 0°|2.00 1100{1084| PP(A)| MB - no cracking; Mushroomed & intact
" * 12,00 1200|1198 | PP(A)| MB - 34", 3-3/8" crack; Mushroomed &
intact

RESULTS -~ ARMOR AND PROJECTILE

Symington-Gould-(D); Plate|No. L340-1;| Heat Wh22; BHN 267
105sm PP 6 | 0°|2.02 1110|1117 | cP(a)| 9%*, TE®, 739 to prev. impact; =
Mushroomed & intaot
. ® 12.0001000{ 989 | PP(A)| 3-1/M®, 2i® cracks; prev. ck. extended
16%; Mushroomed & intact
Continental Fdry. & Mach. Co.(W); Plate No. 2; Heat 2508 Sq 178; BHE 252
105mm PP T8 | 0°]2.101 1150|1149 | PP(A)| MB - no cracking; Mushroomed & intact . . -
. " 12.1011250(1259 | cP(a)| ¥A*, 3-5/8% orackss Mushroomed &intact SOAN
Symington-Gould-(D); Plate |L335-1; Heat 37L6; BHN 242 Sl

105am PP T8 1.98]1090 {1095 | cP(a)| 5-1/u", 5%, 3-3/4% cracks; Mushroomed
: & intact
" 1.95) 975| 995 | PP(A){MB - Mo cracking; Mushroomed & intact

Union Steel; [Plate Xo. 842; Heat] UO1A;|BEN 267
1 105am PPT6 | 0°|1.86/1030 1031 | CP(A)|8~5/8", 84%, 63® cracks; Mushrocmed &

intact ..
2 ) * [1.85]| 925|910 | CP(A){8-3/4n, TAn, 5-3/4m cracks; Mushroomed | -
& intact |
CP - Complete Penetration PTP - Passed through plate

FP - Partial Penetration PIP - Projectile in plate

CIP - Core in plate FPTP - Palled to pass thru
PUN S'- Punching startet plate.

ND - Nose destroyed
BD - base destroyed

g = 33 tkast

- Partial cratering
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ABERDERN PROVING GROUND, MARYLAKND

CP - Complete Penetration
PP - Partial Penetration
CIP - Core in plate
POl § - Punching started
S - Back spall

- Jace spall
0 - Star cracking
~ Disregard

= Cratering
- Petaling onfface

................

-------
.........

PTP - Passed through plate

PIP - Projectile in plate

JPTP - Failed to pass
through plate

¥D - Nose destroyed

BD -~ Base destroyed

E1 - Nose intact

Bl -~ Base intact

PC - Partial cratering

r,l,[!l!,ﬂ

LR .
------

)}
DATE OF FIRING 9 April 19U5
ARMOR TEST REPORT ¥O. Ar-16241
SHEET 5 OF 6
RELATED F.R. NO. AT 3965
PLATE NO. HERAT ¥O, TEICKNESS & TYPB
= “-E‘—_r E —_— e — —— —— *
2 s8 ga.| act. | ¥
RD | PROVECTILE a %] X8Q.| 405, | » RRSULTS - ARMOR AND PROJECTILE
'o. g m. s.'. m l
Symington-Gould-{D); Plate|1-336-1; Hokt 4397; BHN 245
1 105am PP 78 | 0° | 1.98] 1090 103 PP(A) LB - no leracking; Mushroomed & intact
5 . * [1.9 nso‘ 1164 | PP(a) 1B - no cracking; Mushroomed & intact
Union StnI# Ph#o 847; Heat 373A; BHN 264
1| 105z2 PP 76 | 0° |1.94 1080[109% | cP(A) W3 ®, ¥iw, 4%; Mughroomed & intact
2 . o 12,014 1005| 9289 | PP(A) MB - no cracking; Mushroomed & intact
Continental hry & Mach.(C'; PYate Mo, 145; Heat 5928; BHE 2U5
1| 105em PP 28| 0° |2.03 1115|1112 PP(a)| MB - no eracking; Mushroomed & intact
2 . s 12.0311215/1226 | PP(A) LB - 3/u4® gcrack; Mushroomed & intact
Symington-gonld-{D); Plate(L-334-1; Heat 3741; BEN 245
1] 105am PP 78 | 0° | 2.01] 21105(1106 | PP(A)| b», 2-1/4%, 3-3/4» cracks, Mushroomed
& intact
2 * | ® [1.99(1195{2205 | cP(a)| 6-3/4%, 6%, 5%, 5-3/U%; Hushweomed
& intact
Union Steel;| Plate No'. 833; Bu% 639B; | BHN 267
1| 105 PP 76 | 0° |2.05|1125|1124 | cP(A)| U=3/U", 4=1/Us, 58  U-3/4® cracke;
Mushroomed & intact [ el
2 ) ® 12,00{1000| 991 | FP(a)| 2%, 2-3/U%,cracks; Mushroomed & intact ‘- .
Oontinental Fdry. andiMach, Co.(W); Plate No. 2; Heat L367 Sq. 183; BHN 2U5
1 105am PP 76 | 0° [2.16]1180{1200 | PP(A)|MB - no cracking; Mushroomed & intact
2 . o [2,1511275|1283 | PP(A) |Cracks off bulge 5-1/4", 5-1/us;
Mushroomed & intact

....................
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ABERDEIN PROVING GROUND, MARYLAND
ARNOR BEAJCH
DATE OF PIRING 9 April 1945 -
ARMCR TEST REPORT NO. Ar-16281 i~
SHEST 6 OF 6 o
RELATED F.R. ¥O. AP 3965 e
PLATE NO. HEAT ¥O. THICKNESS & TYPE e
‘ S | o PP (3
RD. = | pSERQ.|ace. -
yo, | FRECTIE | EE =y an, RESULTS - ARMOR AND PROJECTILE
Union Steel; Plate No. [8Wl;|Heat |657B; BEN 267
1 | 105sm PP T8 | 0° [1.98 (1090|1091 | cP(A)| &8-3/4", 837, 3% cracks; Nushroomed .
intaect =
2 » ®  |1.87| 935| 919| PP(A)| 5-1/L®, 2%; Mushroomed & intact
Symington-Gould(D); Pldte 328-1; [Heat 3705; BHN 259 .
| 105mm PP T8 | O° [1.93 10651078 | PP(A)| LB - no cracking; Mushroomsd & intact °
2 " *  11.91{1155{1159 | cP(A)| 63", 5-1/4%, 6% cracking; Mushroomed &
intact *
Continental Pdry. |& Magh. Co.-(D); Plate No. SC-147; Heat 5951; BHN 240 e
1 | 105ma PP T8 | 0° [2.11 1155|1156 | PP(A) = 1-1/2* crack; Mushroomed & intast '
2 . ®  2.16 1280|1271 | cP(A) WN' ® cracks; Mushroomed & intact . .-

PP - Partial Penetration

PIP - Passed through platc -"f'-}j
PIP - Projectile in plate : ‘
JPIP - Failed to_pass -

through p13 o "
XD - lou dut.royo

R,




C. D. R.g. Yo.
06~-84-ME~0C
ABIOR BRANCH
OBRTINAECE RESEARCE AND DEVELOPMENT CENTER
ABEEDEEN PROVINEG GROUND, MARYLAND

SUBJECT: Development of a Shock Test Report No.: Ar-16242
= for 1% and 2" Cast Armor. Date of Test: 10 April 19L5
Sheet 1 of 6
Related F.R. No.: AP 3967
Project No.: 2220(113 Ar3-305)
References: OGM 470,5/APG(10 Fed
4Y5)R; SPOME-XE
APG 470.5/1161

OBJECT: To Obtain Shock Test Data with
the 57mm. Proof Projectile on
a Total of Seventeen 1% Cast
Plates received from Erie Proving
Growmd

COMMENTS:

1. Seventsen 1" cast plates, received from Krie Proving Ground after
passing acceptance tests for penetration, were shock tested with the 57 mm.
proof projectile in order to obtain data to estadlish a required velocity for
Spec. AXB-N9R.

2. In this test, one round was placed against the center of the plate
at a required velocity of 1000 f/s. If the plate withstood the impact without
cracking excessively, a second round vas fired at a velocity 100 f/s higher.
If the plate cracked excessively on the first impast, the second round was
fired at a velocity 100 f/ 8 lower. JFailure was considered to have occurred
when cracking extendsd greater than 4-1/2% (two caliders) and/or an Army
complete penetration was obtained (1ight visible through impact).

3. A sumnary of this test is given on sheet 2. A list of test facilities
is given on sheet 3. The detailed results are on chqetn 4 through 6.

4, This is the second report of test data on this project. Testing
will continue.

APPROVED: 3

(s) H. J. Rouse Sr. Eng
G. G. EIDY for JOKN W, CAVE (s/t) 6. H, OSHRY
Col., Ord. Dept. Col., Ord. Dept. Metallurgist, P-4
Director Chief, Arms & Ammn. Div. Proof Director

Distribution of this report:

Commanding General, Office, Chief of
Ordnance-Detroit, Attention: SPOME-RE
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ABERIEEN PROVING GROUND, MARYLAKD
TN —

LT
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DATE OF FIRING 9 April 19
ABMOR TEST RPT. NO, Ar-16242
SERET 4 OF 6

RELATED F.R. NO, AP-3967

4
1| STmPP M 0* p.01 noos

2 4 * 1.01[1108

1| STm PP M 0® p.O3 po24
. * n.01 n108

Pratt & Lotchvortﬁ: LJt zzgo-ls

1002
1106

American Radiator, Plate LB3S5; Hdat J16

1026
1110

Pratt & Letchworth; Z2261~-1;
1| 5TmPPT |O" .08 DOGH
2 . " h.O8 D16k
Pratt & Letchworth; 225413
1| 5mm PP T2 |0° h.0O 00O | 995
2 " ®* N,00 1100 {1114

1082 [PP(aA)
1146 [PP(A)

PLATE NO. HEAT ¥O, THICKMESS & TYPE
: BT
RD. w~ (o8 [REQ. | ACT.
o, PROJECTILE 8 25 . | 5.y, RESULTS - ABMOR AND PROJECTILE
Pratt & Letchworth; Lat z249-1; t E}83; BHEN 311 :
11 5Tm PP |0% 98| 984 995 [cP(a)| 4=, 3k, 3® cracks; Mushroomed & Intact
2 . * R.00( 900| 902 [PP{a)| MB - mo cracking; Mushreomed & Iatact
Symington-Gould(n); PL.. 1733m; 719; BHN 252
1| SmPP N 0| .99]992| 10011PP(A) | 1B - no oracking; Mushroomed & Intact
2 " " N.01 1108 | 1106 |CP(a) | 24®, 22® cracks; Mushroomed & Intact

62; BHE 316 : et
189, 1-7/8%, 2% cracks; Mushroomed & wal
Intact ).

2-3/4%, 248, 1-5/8% cracks; Mushroomed .~ -
& Intact -

0; BHN 331 Fr
LB - no cracking; Mushroomed & Intact ...
1-1/4», 19, 1 cracks; Mushroomed & ik
Intact . Foda

£6, BEN 311 -

149, 1-3/8% cracks; Mushroomed & Intact ... .
1-1/48, 1% gracks; Mushroomed & Intact o

t E170; BEM 311

PP(A); 139, 1-3/4%, 1# oracks; KRRy
Mushroomed & Intact

CP(A); 3-3/4%, 3-1/8%; 2-1/4% oracks;
Mushroomed & Intact

PUN S - Punching started
BS -~ Back spall
7S - Face gpall

SC -~ Star eracking
D =~ Disre

Y ~ Crater

" ~ Pataling on face

&P = Complete Penetration - Passed through plate N
PP - Partial Penetration PIP - Proioctuo in plate . o
CIP — Core in plate JYPP— Ya

led to pass through plate A
ND -~ Nose destroyed B
BD -~ Base destroyed

NI - Nose intact —
Bl - Base intact ooy
PC - Partial cratering e j
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Test Facilities:

a. Ouns Used:

Ou. A2, 57 nm, K1, No. 726. neea. b’ A2.2.
Tube, A2, 57 an, M1, No. 1019. nf£d by ‘o'!oro

b. Propoctiles Used: ' . 2

Projectile, Proof, 71, 57 mm. AK 31

LA
7/
’

.
y
o7

RPN |

.
2 ¥ 37
PR

’ 2 0 s
‘l Ty

s
.

.
o
» %5 e
R R
L
L3
0
y i

-
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ABERIEZN PROVING GROUND, MARYLAND

ABRMOR BRANCH
DATE OF FIRING 10 April 1945
ARNOR TEST REPORT NO. Ar-16242
SHEET 5 OF 6
RELATED 7.R. NO. AF 3967
PLATE NO, 7 HEAT NO. THICKNESS & TYPE
RD. T 88 |neq lor. B
¥O.| PROJECTILE j 45 VEL.S.V. PTP RESULTS ~ ARNOR AND PROJECTILB
Pratt & Letchworth; Lot Z252-1; |Heat 3167; BEN 316
1| STam PP 7L |0° | .99( 992 1018 [PP(A) | 2-5/8%, 2-1/U%, 2% cracke; Mushroomed
: and Intact
2 » " [+00(1100 1098 (cP(4) | 3-3/4%, 3-1/2%, 2-1/2%, 2-1/U* cracks;
Mushroomed and intact
Pratt & Letehworth; Lot Z218-1; [Heat R157; BHN 316
1 5Tm PP T1 |0° D.02/1026| 991 PP(A)| 3-3/4%, 2-3/8%, 2-1/4% oracks;
Mushroomed and Intact
2 . *  Re02{1116 1115 |CP(A) | 4-1/Nm, Us, 3-1/48, 2-1/20 cracks;
Mushroomed and intact
Pratt & Letchworth; lot 2216-1; |Heat 11515; BHE 316
1| 5 PP T1 (0° [1.01/1008 | 993 PP(A) | 2-1/4%, 2% eracks: Mushroomed and
intact
2 L * R.02[1116 1111 [cP(A) | 3-1/2%, 2-7/8%, 2-1/2#
Symington-Gould (D) Plate L333A{ Heat 4380; BHN 216
1 5T PP TL [0° | .97( 976] 978 PP(A) | MB; Ne cracking
2 . . «96/1068 {1084 E:P(A) h-1/2%, 3-3/4%, 3-1/4% cracks:
Mushroomed and intast
Pratt & Letchvorth; Lot 22Ul4-1; Heat H138; BEN 311
1| Sem PP T [0° NR.02[1016 F.OIS PP(A) | 2-3/4m, 2-1/2%, 2-1/2% cracks;
2 Mushroomed and intact
2 J " 3.02 1116 1098 CP(A) | 3-1/2%, 3-1/4%, 3% cracks; Mushroomed
and intact
Ordnance Steel Folmdry; Plate 2;| Heat p4l2; BEN 321
l S5Tom PP 1 |0° [.00[1000 987 Plate broke in three pieces.

{F = Complete Penetration

PP - Partial Penetration
CIP - Core in Plate

PN S -
BS - 3B

PIF - FPassed through plate
PIP - Projectile in nlate

JPTP - Falled to pass through plate
ND - Nose destroyed

3D - Base destroyed
Kl - Nose intact

1 - Base intact

C - Partial cratering
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ABERDEEN PROVING GROUND, MARYLAND
- o amawr

DATE OF FIRING 10 April 19
ADKR TES? REPORT NO. Ar-l
SHER? 6 OF 6

RELATED F.R. NO. AP 3967

RESULTS - ANMOR AND PROJECTILR
Pratt & Le bh; 41: zz+3—1; Heat B188; BN 316
1| StamPP T [0°| .99 992 991 PP(A)| 2-1/h%, 2-1/4* cracks; mm and
2 . » |1.001100{1119 loP(a) | b, 4-1/49, 3-1/4% cracks; Mushroomed
and intact
Symington-Gohld; Phtr L332A; t 4375; BHE 266
1| Sm PP 1 |0°| .97| 976| 988 PP(A)| 1LB; No eracking
2 ] o. | .97/1076/1071 [PP(A)| LB; No eracking
Symington-Gohld;| Plats 3341 Hea§ 374){ BHE 245 ‘
1| Spmrp T [0°| 98| 984 975 [aP(a)| 3%, 2-7/8%, 1-3/us oru:: :.::c-c
2 . o | .98 sodlmet. [PP(A)| 2-3/49, 1-1/49, 1% crecks; Mushroomed
ssh(Lost) and intest
American m#-ur; Pl+to 17. x.u'sz; Heat JU3; 3NN 325
1 S7sm FP 71 | 0° | 1.10/1060 (1098 [PP(A) | MB; Neo oracking
2 . s |1.11|1188 (118 [PP(A)| 1B; o
Symington-Gohld [R); *hto 329; Neat 4576; BEHE 321
1| Sm PP TL [0° [1.04)1032 1035 [PP(A)| MB; 3/4® cragky Sushroomed and intast
2 " s [1.05/11%0 [1163 |aP(a)| 3-1/4%, 3%, 2-1/8° cracks; Mushroomed
aad intact
. ote Fenstration = Taseod Through plate
7P - Partial Penstration = Projectile in plate vz
OIP - Oore in plate TP - Jalled to pass through plate
PUB S - Punching started D - Nose destroyed .
38 - Bask epall 3D - Base destroyed
78 - Jave spall NI - Nose intact
SC - Star oracking 31 = Base intact
Disregard PC-Partial oratering

by )

......



VATERYOUN ARSENAL LABCRATORY
NEMORANDUN REPORT NO. WAL 710/760

Tirst Partial Report om Prodlea 3-M.78

lohnu'iied Examination of 1% and 2° Thiek

Cast Armor Used fvr the nnolc?nt of

27 M end 105 MK Preof Projectile Shook Tests

Abvetract

Exoept for a few cases, the ballistic performance of 1°
and 2% thiock dast armor shock tested at velocities of 1000 amd
1100 ft./sec. with 57 mm. aad 105 mm. proef prejectiles respectively
dees not correlate with the shock properties of the armer as
Tevealed by metallurgical tests. There is evidemos that lew
hardness is the fastor responsidle for the failure of 1° thiek
Plates during the shook test. In general, the dallistic failures
resulted from ocomplete pemetrations(Army criterion) rether thanm
from breakage or excessive cracking. Oocmplete pemetrations are
no$ considered relisdle indices of the shock resistance of armor.
As pressntly conducted, the subject bdallistie shook tests are ¥ i
mot oonsidered satisfactory for inclusioa im|Specification AXS-N9R=3.

)
bl
[ s
L
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-Pv:l"r': [} l_l

o s
=
vt

R

1. A% the request of the Ordnance Research Ceater, Mdnnl. a
metallurgiocal examination of seventeen 1° and elevea 2° thick cast armor
Plates has been completed. These plates had deen shoek tested vith 57 mm.
and 105 mm. proof projectiles respectively ia an attempt to estadlish re-
(uired velecities for these tests for incorporation in Specification AXS-N92-5,

2. Jetallurgical examination and an evaluation of the results of the
ballistic tests lead to the following observations and conslusions.

ae %The 57 mm. preof projectile shoek tests at velocities of
1000 ft./sse. and 1100 ft./sec. are not considered satisfastory as criteria
of the shoek resistance of 1°® thick cast armor sinee metallurgical tests
shov, in general, no differenocs in shock properties detweea plates which

1. APG. §70.5/1M76 - Vta. ¥70.5/8735 dated 25 April 19%5.




Passed and plates which failed the test. JFurthermore, plates generally

failed the test bdecause of complete penetrations (Army oriterion) rather el

than cracking or breaking. Complete penetrations are not satisfastory \,
indioces of poor shock resistance. ;

b. The ballistic behavior of 2* thick cast armor shock tested at

a velocity of 1000 ft./sec. with 105 mm. proof projectiles does correlate L

somevhat more satisfactorily with the shook properties as revealed dy - Ao

metallurgical tests. Oomplete penetrations (Army ecriterioan) ocowrred, '
however, in some of the falling plates. The philosephy of failing plates

as the result of complete pemetrations during shook testing is opea to
severe coriticimm.

3. The metallurgical examination included the following tests: : :

a. Fidre fracture test.

b. Oross-sectional Brinell hardness survey.

6. V-noteh Charpy impact tests. Lo

The 6°x12°x2® and 4®x8%x1® sections were motched by flame cutting in from

the niddle of the two longer sides and wers frastured under the impact of a
steam forge hammer. One-half inch thick sections cut from the middle of one
of the fractured halves were surface ground. Brinell hardness Urveys were

made on the cross-sectional surfaces, after which twe V-uotch Charpy ispast s

specimens were machined from each section, from positions halfway detween L
the surface and the center im the case of the 1% thick plates and froam near

the cenfer of the 2® thick plates. One impact specimen from each Plate
vas tested at +70°2. and the other at -k40°F.

L. The detafls regarding the ballistic performence, hardness, fidre -
fracture rating, and notched bar impact values of the 1° and 2* thick plates L
are tabulated in Tables I amd II respectively.

5. Asocording to the ballistig data forwarded to this arsenal with the
2ad indorsement to the bdasic lottui. all dut a very fev of the plates whigh ,
failed the shock test at the various velocities failed decause of complete
penetrations (Army oriterien). The fact that failure egcurred through ’
complete penstration rather them as a result of bdreakage or cracking of the

test plates casts immediate doudt upon the sucesss of 57 mm. and 105 mm. .
proof prejectiles employed to shock test 1 and 2° thick cast armor respectively.
A complete penetration cannot in itself be considered an adequate proof of

poor shock properties. The ome 1° thick plate, Ordmsnce Steel Poundry
Plate 2, heat B142, wvhich d1d break up under the impsct of a 57 mm. proof 3
projectile was found to possess extremsly poor impast properties, having an

impact emergy of 7.9 ft.1vs. at +70°2. and 4.1 f££.1bs. at ~40°F. Likewiss, \

twvo 29 thick plates vhich cracked in excess of li'. Syaington-Gould, heat
1. See reference on preceding page.
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4422 and Union Steel, heat U0lA, possessed relatively poor lev temperature
impact properties. RExoept for these three isolated cases, hewever, ne
correlation can de estadlisghed detween the dallistic performance and the
shock properties as determined dy metallurgical tests.

6. In ordsr to more clearly demonstrate the lack of correlation detweea
the results of the dallistic and the metallurgical shock tests, the data were
rearranged as shown in Tadles IIl and IV. The hardnesses, impast properties,
and fidre fracture ratings of the plates vhich passed and those which falled
the shock tests at velocities of Both 1000 4 15 ft./sec. and 1100 ft./see. are
arranged for purposes of comparison. The data in Tadle III indicate that at
a velocity of 1100 £ 15 ft./sec., hardness rather tham shock resistance deter-
mines vhether plates pass or fail the 57 mm. proof projectile test. e
hardness of the passing plates averages 340 ¢ 10 REN and that of the fallimg
Plates 320 ¢ 7 BHN, whereas the impaot energy of the passing plates at .
No correlation whatsoever exists between the dallistic smd metallurgical
shock tests of the 1* thick plates tested at 1000 2 15 ft./sec., exoept in
the case of the previously dsscrided Ordnance Steel Joundry plate of extremely
poor shock properties.

T. A further criticism of the 57 mm. proef projectile shook test arfees
from the fact tbhat some 1% thick cast plates, which upea the basis of metal=
lurgical tests woild be considsred of inferior quality, passed the éhock test:
at striking velocities of both 1000 and 1100 ft./sec. Ameriocsm Radiator heat
J160 and $ymington Gould heat 4375 possess poor shock properties as measured
by notched dar impact tests, yet these plates passed the shock test at doth
striking velocities.

§. The 105 mun. proof projectile shock test of 2® thick cast armor at
a velocity of 1000 ¢ 15 ft./sec. does correlate somewhat better with the
metallurgical shock tests in that thes paseing plates have an average impest
energy at -NO°F. of 38.2 ¢ U.7 ft.1bs. vhereas the failing plates average
average 23.5 ¢ 2.1 ft.1bda., see Tadle IV. No similar correlation wvas foumd,
however, at a velocity of 1100 £ 15 ft./sec. Of the three plates failing,
one has the relatively lew impact emergy of 26.5 ft.1hds. but the other two
failing plates have impact energies higher than thoes of etme of the passing
Ph“..

9. The results of the metallurgical examination show, in general, a ]
very imperfect relation between the dallistic performsnce of the subject plates
and their shock properties. The poor correlatioan detween the dallistic and
metallurgical shock tests ia comdination with the fast that ballistic fail
for the most part resulted from Army complete pemstrations, demonstrate b
doubt that the 57 mm. proof prejectile shock test for 18 thick cast armor aad |/
the 105 mm. proof prejectile shock test for 2" thisk cast armor as oconducted
at the Ordnance Research Center do ot qualify as doma fide shook tests: /

rod



It is possidle that these projectiles may yield more satisfactory results
at sn odliquity vhere the foroe of the impact would be spread over a larger
area than at normal obliquity.

M. Yo a'
Physical Science Alde

Q. ki

A. Hurlich

Assoclate Metallurgist
APPROVED:

8L 62ed
1. L. RERD

Research Netallurgist
Chief, Armor Sectioa
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C.D. Reg. No. ARMOR BRAKCH

06~84~ME-0C ORDNANCE RESEARCE AXD DEVELOPMENT CENTZR
ABERDEEN PROVING GROUND, MARYLAND

SUBJECT: Development of a Shock Report No.: Ar-16646
Test for 1" and 2° Sheet 1 of 7
Cast Armor. Date of Test: £ July 1945
Related F.R. No.: AF-5453
Project No.: 2220 (113 Ar3-305)
To Obtain Shock Test References: OOM h70.5;APG
Data with the 105 mm 910 Fed 45)R SPOMB-EE

Proof Projectile on a APG 470.5/1161
Total of Fifteen 27 Cast

Homogeneous Acceptance
Plates Received from
Gary Proof Range.

COMMENTS ¢

l. Fifteen 2 cast plates, received from Gary Proof Range after Passing
acceptance tests for penetration, were shock tested with 105 mm proof projectiles
in order to obtain data to estadblish a required velocity for Specification AXS u92. ;

2. In this test, eme round was placed near the center of the plate at a :f?l 5]
required velocity of 1100 fpe (the velocity was corrected for thickness using a AN
correction factor of 5 fps per .01" in thickness). If the plate withstood the AN
impact without excessive cracking or was a Army partial penetration, a second roumd gfibﬁ
vas fired at a velocity 100 fps higher. If the plate cracked or was a Army complete . .-
penetration as a result of the first impact, the second round vas fired at a
velocity 100 fps lower. Failure was considered to have occurred when cracking

extended greater than £-1/2" and/or Army complete penetration was obtained (1ight
visible through impact).

3. A summary of this test is given on Sheet 2. A list of test facilities
is given on Sheet 3. The detailed results are on Sheets 4 through 7.

4, This is the fourth report of test deta on this project. Testing is
completed and a formal report analyzing all results will be written.

APPROVED: BY:
(s) T. J. YABGER, MAJ. OD
G. G. EDDY for STUART MoLAIN (s/t) L.0. GRAPERR
Col., Ord. Dept. Lt. Col., Ord. Dept. /4, Ord. Dept.
Director Acting Chief, Arms Proof Director
& Anm'n Div.

DISTRIBUTION:

Office, Chief of Ordnance-Detroit, Attn: SPOME-EE-----One Copy
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Report No.: Ar-16646
Sheet 3 of 7

2. Test Yaucilitiest

a. GOGuns Used!:
Howitser, Field, 105 mm, M2Al, No. 347, N£'d by Vilter Mfg. Co.

Projectiles Used:

Projectile, Proof, 76, 105 mm, Mf'd by Frankford Arsenal,
Lot PA-B-100, Wt. 33.00 1lbs,

111111 PR ]




......
.....

111111 s res

ABERDEEN PROVING GROUND, MARYLAND
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PLATE ¥O.

ABRMOR BRANCH

HRAT NO.

DATR OF FIRING 6 July 45
ABMOR TEST REPORT NO. Ar-16646
SHEE? L oP 7

RELATED P.R. NO. AF-5453

and Intast

P -
PP -~ Partial Penetration
CIP - Core in plate

started

lete Penetration

— PIF - Fassed tlhrough plate
PIP - Projectile in plate
FIPTP - Failed to pass through

Plate,
ED - Nose destroye
3D - Base destroye

E

d
d

B,

....
......
- . .
........
.........
---------------
--------------
--------

- s -

. v Te
SR R

g .
___________

......
......
I TS

i M | RBQ,| AOT.
ﬁg_ PROJECTILE a %5 v S.V.|Pgp | RESULTS - ARMOR AND PROJECTILE
Seiitimental Firy. & laofk. (B, ChiJ) Phtl.o No.: C-8192-1 Sq 063,
Heat No.: 8192, BHN 259
1 | 105 mm FP 78 | 0® |2.01]|1105| 1097 FP(A) Medium Bulge, No Cracking, Nushroomed |
. and Intact -
2 » . | 1205/ 1200 |[PP(A) | Medium Bulge,.%%, 4* Cracks, Mushroomed .-
and Intact -
Continental Fdry. & Mach. (EB. Chi§) Plate No. B-2327-2 Sq BYS, R
Heat ¥o.t 2327, BHE 266 -
1 | 105 mm PP T8 | O [1.96] 1080|1083 |CP(A)| 10%, 59, 69 @Gracks, 18* Crack Through
37 sm Round to Edge of Plate. Mush-
rooned and Intact
2 " " | 989 967|aP(a)| &A%, 7%, 5%, U® Gracks. Plate Broke
into Two Pleces. Mushroomed and Intaet.. - -
Continental Fdry. & Mach. (Bl Chi/) Plate No.: C-8227-2 Sq O6Y, SO
Heat No.: 8227, BEN 246
1 | 105 == FP T8 | 0° |2.00|1100{1095 PP(A) | Medius Bulge, No Oracking, Mushreomed
: and Intact g A
2 . . " | 120011205 [PP(A) | 3%, 3* Oracks, Mushroomed and Intaet -
Continental Fry. & Mach. (B. Chi{) Plate No.: 0-£260-2 Sq C65, il =
. Heat No.: 8260, BHN 266 b1
1 105 mm PP T8 | 0° 2,01 1105|Lost [PP(A) | Medium Bulge, No Cracking, Mushroomed . -
I and Intact e
2 L s ® 11205/1208 PP(A) | Large Bulge, No Cracking, Mushroomed -



PP -~ Partial Penetration
CIP - Core in plate

PN 8 - Punching started
3S - Back spall

%3 -9.11
-ro
tu-

Potdinc on face

PIP - Projectile in plate
FPIP - Jailed to pass throuh

|f.
\

-’
Plate. -:. q

-’
_'

ND - Nose destpoyed

[111]] | smmerws/ /| //]]]]]1]]] »
ABERIEEX PROVING GROUND, MARYLAND o
DATE OF FIRING 6 July 19% o
ABMOR TEST REPORT NO. Ar-16646 L
SHRE? 5 OF 7
RELATED Z.R. HO. ﬂ%} ._:::_::
PLATE NO. HEAT XO.  THIGKNESS & TIPS
RD o @ ar] @ _ —
¥o.| FROJECTILE 2i ,." Sep |ERSULTS - ANNGR AND PROJECTILE ’
Oontinental Xdry.|& Mach. (E. cTa.) Plate No.: B-2256-1 Sq BUG,
Hopt No.: 2256, BHN 255
1| 105mm PP 78 | 0° 2.05 1125 126 {aP(a) gg-. 54s, 54® Oracks, Mushroomed Alatast .
2 . o |8 11025 D022 |PP(A) 8, 20, 20 Oragks, Mushroomed & Intast P
Amsrican Steel Foundries (G) Plgte No.} G-797u4~D-277, Heat No.: 7526, BN 251
1 | 105mm PP 28 | 0° 2,01 h105 h10% [PP(A) |Medium Bulge, No Cracking, Nushreomed .
and Intact
2 . o 2,05 1225 1222 |PP(A) |Nedium Bulge, No Orasking, Nushroomed
and Intaot
Aserioen Steel Fopndries (6) Pldte No.} 0-7974-D-256, Neat No.: TWNT, ﬁ ﬂ _
1| 105w PP 28 | 0° 2.02 1110 D112 [PP(A) :::m- Bulge, No Cracking, Fchioased o
Intact i
2 . o |+ h210 §216 [pr(a) (5h%, 3-1/M9, 24* Cracks, mn{n-a and
Intast E
American Steel Foundries (o) Plate No.t 0=-T974~D-257, Heat No.s 7&5&.“ zls ’ -
1| 105m PP 78 | 0° 2.02 h110 }109 P(A) |Nedium Bulge, ¥o Oracking. Mushrommed '
. and Intact
2 . o o D210 1211 PP(A) |Large Bulge, Bo Oracking. Nushroomed = -
and Intact. e .
P
b s
&= SompYete Fenetration PR = Faseed Toidi gt T Lo
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Report No.: Ar-16647
Sheet 3 of 5

Test Facilities:

a. Ouns Used:

Oun, A.T., 57 =, N1, No. 726, Nf'd by Amrican Type Founders.
Tube, A.T., 57 =mm, K1, No. 1019, Nf'd by American T§pe Founders.

b. Projectiles Used:

Projectile, Proof, T1, 57 mm, Mf'4 by Andover-Kent Co.,
Lot AX-3-1, Wt. 6.30 1bs.

[1]]]] | aaspiscup | /|
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PLATE

E‘T

2D,
NO,

NO.

——

S

FROJZCTILE

[T

ABERDEEN PROVING GROUND, MARYLAND
AJIOR BRANCH

DATE OF FIRING 6 July 45

ARMOR TEST REPORT NO. Ar-166u47

SHEET 4 OF 5

RELATED F.R. NO. AP-5453
THICKNESS & TYPE

RESULTS - ARMOR AND PROJECTILE

Amorfcan Steel Fdu
57mum PF T1 |[O°

Anerican Steel ¥q

STmm PP T1
|

.98

Sivyer Steel
57mm PP T1

Scullin Steel Co.

57mm PP T1 (0°

Ko.: C-26, Heat 3560, BHN 322

2km, 240, 238, 20 Cracks, Mushroomed b
& intact ;

5%, 68, 58 28 Cracks, Mushroomed
& intget

No.s C-22, Heat No.: 354C, BHN 326

Medium Bulge, 1* Crack, Mushroomed
& Intact

4s, 328 3% Cracks, Mushroomed and
Intact

No.: 20B592, Heat No.: 20B599,BHN 30253“3'
Large Bulge, Fine Cracking, vy
Mughroomed and Intact

A&n, 2-1/4n Cracks. Mushroomed and
Intact

No.: 48, Heat No.: 3-333, BHN 286

Large Bulge, I'ine Cracking,
Mughroomed and Intact

3%'. 3., 2in Cracks, Mushroomed and
Intact

CP - Complete Penetration
PP - Partial Penetration
CIP ~ Core in plate

PUWN S - Punching started
BS - Back spall

FS - Face spall

SC - Star cracking

D - Disregard

C - Cratering

P - Petaling on face

[11111] /BYsmasesss | /

PTP - Passed through plate

PIP - Projectile in plate

FPTP - Falled to pass through plate
ND - Nose destroyed

BD - Base destroyed

N1 - Nose intact

BI - Base intact

PC - Partial cratering

LT
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ABIRDIEN PROVING GROUND, MARYLAND
I 0 J-LTV. [ GE—

DATE OF FIRING 6 July 1945
ABMOR TZST REZPORT NO. Ar-1A6N47
SHET 5 OF 5

RELATED F.R. NO, AP-5453

PLAT& NO, THICKNESS & TYPE

RD. ' ACT.
§o.| PROJECTILE . 5.1, | oW RESULTS ‘moa AND PROJECTILE

=
Scullin Steel , . PlateNo.: 49, Heat No.: 5-020, BHN 290

57mm PP Tl x 11314; CP(A) | 3%, 3%, 3%, 2¢ Cracks, Mushroomed &
Intact

" 1070 | PP(A) | 29, 2%, 1-3/4® Cracks, Mushroomed &

Intact

GP - Complecte Penetration PTP - Passed through plate
PP - Partial Penetration PIP - Projectile in plate e

CIP - Core in Plate FYPTP - Pailed to pass through plate. -
PUE S - Punching started ND - Nose destroyed e
BS - Back @pall BD - Base destroysd

FS - Face spall X1 - Hose intact

SC ~ Star oracking gl - Base intact

D - Disrggar C - Partial

C - Crateding Srerering

P - Petaling on face

-‘:\4
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C.D. Reg. ¥o. ARMOR BRAMNCH i
06~-84-3z-0C ORDNANOCE RESEARCH AND DEVELOPMENT CENTRR .
ABERIEEN PROVING GROUND, MARYLAND ;—
SUBJEC?: Development of a Shoek Report No.: Ar-16647 A
Test for 1* and 2" Cast Sheet 1 of 5
Armor. Date of Test: 6 July 194 S
Related P.R. No.t AF-5453 N
OBJRCZ: To Obtain Shock Data Project Mo.: 2220 (11? Ar3-30%5) i
T with the 57 mm Proof References: OGN U470.5/AP0 ’
Projectile on a Total (10 red 5 )RSPONME-EB
of Five 1* Cast Homogeneous APO 470.5/1161 \
Plates Recelved from Gary
Proof Range.
COMMENTS ; '

l. Five 1% cast plates, received from Gary Proof Range after passing
acoeptance tests for penetration, were shock tested with the 57 mm proof
projectile in order tc¢ odtain data to establiah a required wvelocity for
Specification AXS 492,

2. In this test, one round vas placed near the center of the plate at a
velocity of 1000 fps. The velocity was corrected for thickness using a oorreesion
factor of 8 fps per .01" in thickness. 1f the plate withstood the impast without
crac king excessively or wvas a Army partial penstration, a second round was fired
at a velocity 100 fps higher. If the plate cracked excessively or was a Army '
complete penetration on the first impact, the second round vas fired at a veloeity
100 fps lower. PFailure was considered to have occurred when cracking extended

greater than 4-1/2° (two calibers) and/or an Army somwplete penstration was obtained
(1ight visidble through impact).

3. A summary of this test is given on Sheet 2. A list of test facilities

is given on Sleet 3. The detailed results are on Shests 4 and 5. L
Y. This is the third report of firing data on this project. Testing will 3
continue., A
APPROYEDS BY: 1
(s) C. J. Yasger, Maj. OD ‘ 1
G. 0. EDDY for STUART MoLAIN (s/t) L. G. GRAPER !
0010. Ord. Dpto Lto 001.. Ord. mpt. !/h. m. mto i
Director Aoting Chief, Arms & Preof Director
Amm'n Div, i j
DISTRIBUTION: :

Office, Chief of Ordnance-Detroit, Attn: SPOME-EB---—1 Copy
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ARERDEEN PROYING oaom, MARYLAND

DATs OF PIRD® 6 July 19%5 . -

ARNOR TXS? Es52Y N0, Ar-16646 e e

SERIT 7 OF 7
RRLATED 7.K. ¥O. AP-5453

Soullin 8teel Co.

Plate '{o' 682. Heat Jo.s 2‘1". ”'m -

PLATE NO. HRAT ¥O, THIGKNESS & TYPR
- - o — — —— JOCEARN
24| prosscrna g pa AS%.| op RESULTS - ARMOR AND PROJBOTILE
- IS < mo 8.V, PTP
a
Soullin Steell Co. Plate Nq.: 680, Heat No.: 5-018, 3HF 251
1 105mm PF 28 | 0°]2.00(1100{ 13109| cP(A) | 9-1/4#, 6%, 6%, U® Cracks, Mushreomed
& Intact e
gl v e ® |2.00/1000 989 PP(A) | Medium Bulge, No Cracking, Mushreemsd ' -
A & Intact :
Soullin Steel Co. Plate Nq.: 661, Heat No.: 5-023, 3N 28
1 105am PP 78 | 0° |2.05 §125(1136 |aP(a) | 6}%, bi%, 3}% Oracks, MushroomedAlmtast
2 » o 12,05 1025|1022{PP(4A) - 2%, 2 Oracks, Nushrocmed & ntut

1| 105 PP 28 | 0° b.02 }uo 1118 [aP(a) | 54, YE*®, 28*. Cracks, Mushroomediinted
2 . o 12,02 1010{1021 [PP(A) | Medium Bulge, No Cracking, M ]
) and Intact ) N
¥\
A\

- :"7 "‘
OP - Complete Penetration ~ PIF - Passed through i
P? - Partial Penetration PIP - Projectile u u s i S
CIP - Core in plate PPIP -~ Jalled to pa.u throvch )hto. -:'
PUN § - Punghing started XD - Nose destroyed .
38 - lank spall BD - Bage destroyed
JS -~ Yage spall NI - Nose intact
$C ~ Star ereck . 31 - Base intact
D -~ Disregard PC -mPartial cratering
C - Crater
[P - Petaling on face ' N B -

11111 mosengersu !/ []]]][[[]]]




E e

IR G

ABERDEEN PROVING GROUND, MARYLAND

: DATE OF FIRING € July 19% # -
.' ARMOR TRST REPORT NO. Ar-166U46 e
[ SHEET 6 Q@7 b
L RELATED F.R. NO. AP-5453 SR
PLATE ¥O. HRAT NO. THIOKNESS & TYPR o
m e — —— e =~ —— =~ .’
RD. RBQ. | ACT. E
o PROJEOTILE a_ E . sy, RESULTS - ARMOR AND PROJECTILE
American Stoh rﬁtmd.rgu (&) Plate No.: 0—797:—63-266. Heat No.: T481,
BHN 2
1| 105 =m PP 76| 0°|2.04{1120{1126|PP(A) | Nedium Bulge, No Cracking, Mushroomed
and Intaot
2 . o |2,09(12u5|1243|PP(A) | U4®, 289, 2% Cracks, Mushroomed and
Intact

American Steel Youndries (@) Plate Nol: G-T9Tu-D-261, Heat No.: 7468, BN U2
1 105 sm PP 78| 0°|2.00{1100|1119|PP(A) | Medium Bulge, No Cracking. Mushroomed

and Intast \
2 . o | » |1200{1208|PP(a) | Large Bulge, 2i*, 2° Oracks. Nushroomed:
nd lnmt A op o W -'_..'

Soullin Steel Cog Plate No.: S$-U8, Heat Fo.: 1-907, BEN 234

1| 105 mm PP 78| 0® [1.92{1060 [1064 |cP(a) | 5h#, ks, 3¢ Cracks, Mushroomed amd
: Intact

2 . o | o | 960| 9u7|PP(a) | 24®, 2-1/4% Cracks, Nushroomed and

Intact

Soullin Steel Co. Plate No.: S5-50, Heat No.: 1-915, BEN 232
1| 105 sm PP 26| O° F.o; 1115 h025 [PP(A) | Medium Bulge, No Oracking, Mushroomed '

. and Intast .
2 . o | o [1215 1200 [PP(A) | Large Bulge, No Cracking, Mushroomed .~
and Intaot ' v
- Yete Penetration —PW - Tassed through plate . . . .-
FP - Partial Penetration PIP - Projectile in plate e
CIP - Oore in plate FPIP - Failed to pase through .
Pl S - Punohing started Plate. e
3S - Back spall ND - Nose destroyed i
:g - :‘m wpall BD -~ Base do:troyod i ']
- - Nose {ntas ,
. N e T
‘P - Petaling on face o N
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