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PREFACE

AUTHORIZAT ION

This study was authorized in Bureau of Crdnance
letter NF9/A9(Re3) dated Janusry 9, 1943 as part of
N.P.G., Research Project APL-1,

0BJACT

This report describes the results of firing 3-inch
flat-nosed projectiles at homogeneous armor and discusses
the energy absorption in the punching type of failure which
occurs in such firing.

SUIDIARY

3-inch flat-nosed projectiles penetrated homogeneous
armor by a high speed punching action, dislodging a disc-like
punching from the plate at all obliguities tested from 0° to
60°. -The residual velocity of the projectile and, in some
cases, the velocity of the dislodged punching were measured.

The 1imit energy required for complete penetration
by 3-inch flat--nosed projectiles was found to range from 90
per cent to 22 per cent of the energy required by standard
projectiles of tne same mass against the seme plates for
the same test conditions. The largest differences were noted
for 1¥36 STS (e/d - 0.45) at 0° (33%) and 0%73 STS (e/d - 0.24)
at 60° (22%)., The extremely small energy required by flat-
nogsed projectiles to penetrate homogenecus armor of good,
standard quality is explained by the very small volume of
armor that is subject to strain. only that plate material in
the imnediate vicinity of the edge of the hole is deformed
even at 60° obliquity, though at any cblique impacts the
punching is somewhat bent in addition.

The energy absorption at 0° obliquity increases quite
rapidly with striking velocity for the flat-nosed projectiles
whereas it is essentially constant and equal to that at the
limit velocity for projectiles producing the more usual
piercing type of failure,

Limit energy and energy absorption were found to-
depend on the mass in the case of flat-nosed projectiles,
the 1limit energy and the increase of energy absorption with
velocity both being greater for the lighter projectiles.
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In view of the extraordinary success of flat-nosed
projectiles in penetrating plates at e/d values slightly
less than 0,5, it is recommended that the tests be extended
to A.P. bombs where conditions are essentially similar.

In view of the damage to the projectiles which
results when e/d is greater than 0.5, it is recommended that
various designs of caps be manufactured for flat-nosed pro-
jectiles and tested at the Proving Ground against both
Class B and Class A plate,
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I INTRCDUCTION.

In the course of firing at the Naval Proving Ground,
it was observed that failure by punching occurred in STS
and Clasc B armor under two conditions, (1) when the plate
was 80 thin that the projectile cap was undeformed by the
impact, and (2) when the projectile flattened on impact.
Since the caps producing the punchings were rather blunt,
the observations suggested that punching could be prcduced
in homogeneous armor by flat-nosed projectiles. This re-
port deals with the high speed punching produced in homo-
geneous armor by uncapped 3-inch flat-nosed projectiles
which 4id not deform appreciably on impact. The results
will be of interest in investigations of the behavior
against Class A armor since that type of plate invariably
fails by a punching action.

11 HATERIAL AND IMETIODS.

Plate: 1%36 STS Carnsgie-Illinois Plate
No. 107238 (Tensile Strength =
119,300 p.s.i.)

1994 STS Carnegie-Illinois Plate
No. 87547 (Tensile Strength -
130,000 p.s.i.)

0¥73 STS Carnegie-Illinois Plate
No, 83880 (Tensile Strength -
121,800 p.s.i.)

0v73 STS Carnegie-Illinois Plate
No. 694385 (Tensile Strength -
130,300 p.s.i.)

Projectiles: 15-1b. Frankford Arsenal }M79 A.P.
projectile,

7.5-1b, Flate nosed projectile
supplied by Frankford Arsenal,

11-1b, Flat-nosed projectile made
at APL by sawing the nose off
M79 A.P. projectile,

15-1b. Flat-nosed prcjectile
supplied by Frankford Arsenal,

Test Conditions.

Limit velocities were obtained against the 0973 STS




plate (No. 83880) at 0° obliquity using the 1179 and the
11-1b. flat~nosed projectiles,

Limit velocities were obtained at 60° obliquity
for the 0%73 STS plate (No. 694,385) with the M79 and the
15-1b. flat~nosed projectiles.

Limit velocities and residual energy measurements
were taken against the 1Y36 STS plate at 0° obliquity with
all four projectiles. Only limit velocities were obtained
at 30° obliquity for the M79 and the 1l-1b. flat-nosed
pro jectiles,

lethod

Striking velocities were measured by means of the
regular photographically recording oscillograph using two
solenoids connected in series and a magnetized projectile,
Residual velocities of projectiles were measured using
two contact screens behind the plate in a manner developed
for routine residnual velocity measurements at 3-inch scale,
The screens were successively shorted by the projectile in
passing through them. The residual and striking velocities
are obtained on the same record. In the contact screens
the contact area separation is about four inches; thus
snall fragments and punchings will not produce a short
circult of the screens, To measure the velocities of the
punchings, an additional pair of screens with a separation
of contact areas of 1-1/2 inches was used. These screens
were placed in front of the projectile residual velocity
screens so that the velocity of the punching was given by
the first pair and the residual velccity of the projectile
by the second pair. Cards incorporated in the screens
gave the trajectory cf the projectile between screens as
well as its orientation so that the true distance of travel
and the correction for tumble could be made.

Yaw cards placed in front of the plate did not
reveal any measurable yvaw for the incident projectiles,

III RESULTS.

In the analysis of the results, the following
terms are defined: .

F2 (Residual) = Fp2 = 1728I'IVR200329

ed?

2

P° (Punching) = P2 = 1728M_V %eose
ed? -




F2 (Striking) = F. 2 = 1728I»W82c0329

S
ed?
2 2 2 2
F (Limit) = FL = 1728MVL cos ©
ed?

The various symbols used have the significance
shown below:

I{ = mass of projectile in pounds.

Mp= mass of the punching in pounds.

" residual velocity of the projectile in
feet per second,

V.= velocity of the punching in feet per second.

Vg= striking velocity of the projectile in feet
per second.

VL= limit velocity of the projectile in feet per
second, (The minimum velocity the projectile
must have to pass completely through the plate.)

e = plate thickness in inches at point of impact. ﬂ
6 = angle between plate normal and projectile line
of flight.
d = proJectile diameter in inches.
F(e/d,0) = the Thompson F-coefficienn, the square
root of FL

The Thompson coefficient, F(e/d,8), is computed for
all limit shots, It 1s more convenient to use the square of
this coefficient, which contains a correction for small
variations in angle of attack and in plate thickness, and
which is directly related to energy, than to galculate
true energy in most cases, For thls reason F< has also
been calculated for the projectile after penetration and
for the punching. These F (residual) values have been
plotted as ordinates and F2 (striking) as abscissae to
indicate the dependence of energy absorption on the varia-
tion of striking energy.
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These plots turn out to be straight lines with the
equation Fp 2 = S(F.? where S,is the slope of the line.
The 1ntercept of- tﬁis liﬁe on the Fo® - axis is a measure cf
the limit energy, F 12 to penetrate the plate with no
residual energy. A“slope of unity for the line indicates that
the energy absorbed in-penetrating the plate is independent
of the striking energy, while slopes of greater or less than
unity indicate respectively that energy absorption decreases
or increases with striking energy.

In Fig. 1 are shown the lines cttained for flat-nosed-
projectiles of various weights, together with, for comparison,
the corresponding line for a 15 1b, 179 A.P. projectlle. In
Fig. 2, the lines for 15-1b, and 7.5-1b. Tlat-nosed projec=~
tiles arp repeated, together with the lines obtained by
plotting the rﬁsidual energies of the punchings dislodged by
these projectiles at various projectile striking energieq
The punching lines have positive values for F 2 2 and
small slopes indicating that the punchings ar§ flrs% dis~
lodged, at or even a little below the limit striking energy
of the projectile, with a considerable energy, and that
this energy increases only slowly with the projectile
striking energy. The projectile lines have slopes con-
siderably less than unity, indicating a fairly rapid in-
crease in energy absorption by the plate with increase in
striking energy. That the kinetic energy of the punchings
does not depend on the mass of the projectile is shown by
observations on 7.5 and 15-1b, flat-nosed projectiles.

These increases in ecnergy absorption may also be
demonstrated graphically by plotting the energy absorption
in units of the-limit energy, E/Z_. as a function of
striking energy, also in units of %he limit energy, /EL.
The derivation in Appendix B indicates that these plo $
should also be straight lines with the equation ,

AE/E = (1 - S) Eg/Ef, *+ S.

These lines have the slope {1 - S), and are thus-horizontal
when S equals unity (constant energy absorption), and have
positive slopes, as in the present case, when tne energy
absorption increases with striking energy. These relative~
energy absorption curves for the present data are shown in
Fig. 3. It will be seen from these curves, as well as

from those of Fig. 1, that for the flat-ncsed projectiles
the energy abscrbed by the plate increases rapidly with
projectile striking-energy, and does so the more rapidly the

lighter the slug.

The results, which are given in detail in Appendix
A, are sunmarized below in Table I, The true limit energies,

-l




L,, given in column four, were calculated for punching
failures and are listed in the following table., The

last column in the table lists the limit energies obtained
with flat-nosed projectiles as percentages of the limit
energies obtained with the 3-inch 179 projectile.

TABLE I
SUIL IARY OF BALLISTIC DATA.

0° Obliguity

Plate vy - '

¢/d  Gauge DProjectile F(e/d,0) rt.sec, ftgibs. % 1179

0.2, 0v73 15-1b, M79 37,100%£200 539 80,000 100
11-1b, Slug  35,800%L00 663 73,000 91

0.45 1%36 15-1b, 1179 46, ooo+uoo 996 230,000 100 ,
7.5-1b. Slug 31,900%500 937 111,000 L8 ,
11-1b. Slug  30,500%300 771 101,000 Ll
15-1b, Slug 26,600%300 576 77,000 33

30° Obliquity

O.45 1936  15-1b, 1179  40,900%300 1023  243;000 100
11-1b. Slug  31,000%300 905 140,000 58

60° Obliquity

15-1b., N79 L3, 600+AOO 1384 L45,000 100

0.24 O ]
11-1b, Slug  20,300%£300 644 66,600 ° 22

3
~J
W

Values of Slope (3)

1736 STS at 0° Obliquity

Projectile Slope
3-Inch M79 1.0%
7.5‘—le Slug 015
11-1b. Slug A3
15-1b. Slug .58

¥ Fron data against 192 STS. L
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IV DISCUSSION.

The most striking result of this firing is the
observation of the extremely low limit energy required to
punch a hole in a plate by the use of a flat-nosed pro-
Jectile us compered with the energy required to plerce
a hole of the same size by the use of a pointed projectile.
For example, it will be seen that to punch a hole in a
1v36 plate le/d - 0.45) at 0° requires about one-thirad g
as much energy, and in a 0v73 plate (e/d = 0.24) at 60°
less than one fourth as much energy, as t0 plerce a hole
with the M79 projectile under the same cdhditions.

Thiy large energy difference in favor of punching
is undoubtedly accounted for by the extremely small volume
of armor that is worked in the process of punching comn-
pared with the worked volume in the case of piercing with
nore puinted projectiles, for in punching only the plate
material in the immediate vicinity of the edge of the hole i
and of the punching is deformed or worked. There is little :
or no dishing of the plate, except for very thin plate, !
even at high obliquities, and the punching itself shows
little evidence of working, except for some bending of the
punched disk at high obliquities. Dishing involves
stretching and bending of the plate material and may con-
sume a considerable part of the absorbed energy of plate
piercing, especially in the case of greatly overmatched
plate, The greatest economy of energy in punching however
is realized in dislodging the punching intact and rela-
tively undistorted. In the case of ordinary uncapped A.P.
projectiles the energy absorption results chiefly from
the cold working and plastic deformaticn of virtually
the entire mass of the armor that occupied the site of the
hole and working less drastically an even larger volune
of material surrounding the hole.

By reference to Fig, L, NPG Photo, No. 381 (APL)
and Fig. 5, NPG Photo. No. 382 (A’L) the difference in
appearance between plate fallure by pointed and flat-
nosed projectiles is apparent. Impacts Nos, 866-867
show the typical plate failure by pointed projectiles
at low obliquity and the other impacts are characteristic
of flat-nosed projectile penetrations. There was con-
siderable dishing associated with the pcinted projectile
impacts which 1s not very clearly shown by the photographs,

The 1limit energy of punching is seen to be rela-
tively somewhat higher for the lighter projectiles, which
in part may be due to the greater swelling of the end of
these projectiles. This deformation in all cases increased ﬁ
with striking velocity and since the lighter projectiles
necessarily had to be fired at higher velocities their f
deformation was somewhat greater. With due allowance for

-6-







v
. Ha







{V<H) goTT3p0f @i CT e e wrt =

S L CuR)

N o . . 1 -. : .
"0l 030 4770 88y tsdtITi{oum




..

NEIEIN AN

s ootsaTisael S
14 °QT 37  ‘dupueung




Nr_*.a

T ._

R A

oo AP LS S 4
T ISR AR :

e . : .u A.Mpaszﬁﬁpo 09 1®» 917 omwo
PR . . 3 , : nHP
R \,pomeﬁ .SPE m €L580 woxy csonﬁ :Ewsws = Lk

N




this however, there still seems to be a dependence on nass,
since the 15-1b, flat-nosed projectile required 15 per cent
less energy than the 7.5-1b, flat-nosed projectile to get

through 1736 plate (e/d - 0.45) at 0°.

One 11-1b, flat-nosed projectile was fired against
194 ST3 (e/d - 0.65) at 0° obliquity at a velocity of
947 r.s. The penetration was only 1/4 inch and the
projectile was badly deformed indicating that complete
penetration in good condition is not possible at this e/d

with this projectile.

Fig. 6, NPG Photo., No. 410 (APL); Fig. 7, PG -
Photo. o, 553 (APL); Fig. 8, IiPG Photo. Xo. 556 {APL);
Fig. 9, NPG Photo. No, 554 (APL). Fig. 10, NPG Photo,
No. 555 (APL); and Fig. 11, NPG Photo. No, 732 (APL)
shows the projectile condition after impact and the.
punchings thrown from plate under various conditlons.

The energy absorption in punching increases with
striking energy rather rapidly, whereas for plercing
failure the energy given up by the projectile in passing
through the plate is essentially independent of striking
veloeity. This energy abscrption increase results in part
from the energy carried off by the punching which neces-
sarily increases with striking velocity of the projectile.
Thus the energy lost by the projectile would be expected
to increase with velocity. The measured energy carried
off by the punching is not sufficient to account for all
of the variation in energy absorption which indicates
that there is an increase in energy absorption with
velocity in addition to that accounted for by the punching.
As an cxample, consider the case of the 15-1b, flat-nosed
projectile against 1936 STS (e/d - O.%S) at 0° obliquity.
In Fig. 2 it can be seen that at an F< (striking) of 150
x 10/ the F2 (rcsidual)_of the projectile was 45 x 107 and
of the punching 12 x 107, making total residual F<, cf
57 x 107, Now if the punching type of failure had bcen
independent of striking velocity, i.e., assuming a slope
of unity, the s of the residual F2 values would have
totaled 80 x 10/ for the same striking velocity.

The question might be raised as to the error
introduced in residual velocity measurcments by the cnergy
required to penetrate the contact screeng. Iy measurclent,
this energy turned out to be only 250 ft.-1lbs,, which ie
well within the experimental error of measurenent,
estinated at *1%,



\') CONCLUSIONS.

The energy required to penetrate a plate by punching
is much less than that required to penetratc the same
plate by piercing with the same weight projectile.
This punching type of failure is produced by flat-nosed
prejectiles even at high obliquity,

The energy absorption increases with striking -
energy much more rapidly in punching thsn i piercing, a
factor which requires consideration in ccnnection with
studies of the effectiveness of differcnt projectiles
against multiple armor stiructures,

The flat-nosed projectiles in their present
virtually undeveloped forms are only effective at ¢/d
values of less than 0,5

VI RECOITENDATIONS.

1. It is rcecomnended that further investigation
of penetration at various e/d and obliquity values be
made with flat-nosed projectiles.

2. It is recommended thet further experimental
flat-nosed projectiles be procured-in sets of ten,
subject to various heat treatments, manufactured of
various compositions, and in particular fitted with caps
of various thickness, shape, hardness, and method of
fastening.

3. It 1s recommended that experimental flat-nosed
A.P, bombs be provided and tested at the Froving Ground
at once as the optimum performance of flat-nosed projectiles
(cven in the preliminary form) cccurs in the range of
velocitles and e/d ratios characteristic of bombing.

L. It is rccommended that the possibilities of
flat-nosed projcctiles for attack on underwater structures
be considered, particularly in the light of well known
non-ricocheting properties of such projectiles,

-8-
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3-Inch M79 315-1b, i,P. Projectile vs, O"73 o7 (e/¢ - 0.24)

LPL , 2
Impact e m "p Vg Pere. ‘r Vp Fg Fg?  F mu
Lo, in, © 1bs. 1bs, f.s. in. f.s. f.s. _x107 x107 =xio
964 2729 4% aY 15,00 - 593 Cp 50 -- 139 1.0
963 .730 310! 15,00  -- 607 CP 148 - 146 13

3--inch Slugs (11-15,)(3" (179 - Fose Cut GLf) ve. %73 875 (e/d - 0.24)
973 <729 3°40' 10.88 - 657 1/4n - 124 - -
975 «729 3°10° 10,885 - 678 CP 388(2) wwm -— -
74 «730 3°C0' 10.47 -- 776 CF 166 - -

d=Inch MP6 15-1b. ,P, Frciectile ve. 1836 5T (e/d - 0.4%)
£66 1.355 0°40' 15,10 o °85 £5-1,8 - -- 209 - _—
867 1.353 1°50' 14,85 - 1008 “cp - - 215 - --
d=Jrch Fo.i., 7Y5-1b. Slus vs. 1936 SIS (e/d - 0,45)

1139 1,366 0°20' 97.36 - 925  Inc. - -- 89,0 -- -
1143 1.366 0°40' 7,36 2,90 Homo CP 142 443 117 2.1 8.05
1140 1.355 0°20' 7,31 n.qm 1061 CP -- 454 118 8.1
1141 1.367 0°10' 7.42 2.80 Hpmu CP -- 555  140.5 12.2
1142 1.366 0°20' 7,41 3,31 1178 CP 227 508 145 5.4 12,1




APL
Impacrt e m 2p 4m... Pene. <w
Ko, im. @ 1. ks, ZL.8.. Jin, f.a
890 1.36C 5°10'  10.82 - 767 Inc. -
871 1.356 3°10' 11.30 - 818 CP 222
868 1.354 1°10°' 11.25 - ¢51 CP 362
865 1.355 0°30' 11,20 - 1021 CP 442
864 1.355 000! 11,25 -- 1116 CP 542
J-Inch F.A, 15-1b, Slug vs. 136 £TS
113 1.374 0°40' 14,90 - 574 in -
113 1.379 1°00' 14,91 2,65 635 CP 207
1135 1.267 0°10*' 14.83 2,55 779 CP 394
1134 1.363 0°30' 14.88 2.49 964 CP 575
0° Oblicuit
J-Inch M79 15-1b, #.P. Projectile vs.
8&¢ 1.36 30°20' 15,00 - 1058 CP 297
88% 1.356 29°50¢ 15,10 == 1127 CP 456
3-Inch M70 (13-1b.) A.P. Proiectile (Nose cut off) vs.
867 1,363 30°00' 10.65 - 918 SIP -
864 1.356 30°00' 10.95 -~ 215 CP -

1["}[; ﬂ} w ’-I ' ——r . — IV!\:‘l!

Projectile (Nose cut off) vs, 1"36 545 (e/d - 0,45)

— " U X ‘{
2 2 2
Vp Ty Fp Pp
£.5. xQ7 k0?7  x107
- 90 -— —
-- 108 8 -
- 145 21 -
- H.@p\.»o W WH. .-
— 200 a7 -
(e/d - 0.45)
-— 69 - -—
379 84,5 G0 9.2
514 127" 355 9.5
692 196  70.0 17. :
O
"

436 €IS (e/d - 0,45)

178 14
205.5 34

6 STS (e/d - 0.45)




60° Cbliguity

Projectile vs, Q%73 STS (e/d - 0.24)

APL 2 2 2
o, . in, & .1bs. lbs. f.s, in. f.s. f.s. x107 x10/ x197
1245 .731 60°00! 15.095 == 1415 CP 1037 =-- 19%.2 107.0
126 <732 60°00' 14,99 -- 1318  Inc. -~ -= 171.9 --
126 .732 5go55t 14,97 -- 1364 Inc, - - 184.9 -—
1269 731 59°50' 14,96 -- 1413 CP - - 198.9 -
3.-Inch 15-1b. Flat-nosed Projectile ve. O%73 STS (e/d - 0,24)
1282 733 59°55' 14,868 -- 1160 CP - - 132.8 -
1283 .uwm mmonwo_ 14,85 == 067 CP -~ =e 102.,8 -
1284 .737 59°55% 14,86 -- 844 CP 100(est.)- 6%.9 9.8
128 .737 5¢°50f 14,88 -- 798 CP 92  -- 62.8 8.3
Hmm Q.Nu mooomo uu\m-. mﬂ - QN@ OHU - “How -

1294 .738 59°45' 14,90 2.12 641  SIP — 282 0.3 -- 78
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APPINDIX B
DERIVATION OF ENERGY ABSORPTION TNUATION

DERIVATION.

In the treatment of residual velocity data 1t is
found in general that a linear relationship results_for
moderate striking velocitlies above the 1imit when F
(residual) values are plotted as ordinates and P2 (striking)
values as abscissae, Since in practice from round to round
there are small variations in projectile mass, plate thick-
ness, and obliquity it is necessary to reduce all values to
the same basis, to correct for these variatiops. This
correction is conveniently made by plotting < values instead
of true energies. The equation of the linear part of the
curve is expressed by

2 - R 2

2
where F, , F 2 and FLQ are computed respectively from the
residual, striking and limit velocities, and where S is the
slope of the curve. Although the results are usually plotted
in this form, from a knowledge of the slope of the curve a
relative gnergy absorption curve can be drawn. Thus the

loss in F* value by the projectile in passing through the
plate is given by

a2 _ 2 = 2

l's FR OF (b).
Substituting for FR2 from equation (a) we get

AF? = (1 - 5)FgR + sF, 2 (¢)

and dividing through by FL2, we have finally

LT = (1-8) Fg/r e s (d).
F

From this expré%sion and knowledge of the slope of the
residual energy plot of equation (a) a plot ca be made

of relative energy absorption versus r:lative striking
energy. In ploting the results the following substitutions

are made

2 2’
AEeX AFF, EgeX Fg®, By X F;? and ByoX Fg? .

-]~

-




Since F? appears in equation (d) only in ratios, these
substituvtions do not affect the equation and there follows

AE = (1-8 S .3 (e).

By, Ep,

An examination of equation (e) reveals that when S is
less than unity the energy absorption is an increasing
function of the striking energy, and when S is greater
than unity the energy absorption is a decreasing function
of the striking energy. Either condition may exist for
some range above the limit veclocity.
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