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PREFACE

W we  ewe e Mme e e

AUTHORIZATION

This study was authorized in the Bureau of
Ordnance letter NP9/A9(Re3) dated 9 January 1943, as
part of NPG Research Project APL-1l. .

OBJECT

The investigation described in this report
was carried out for the purposs of comparing the
performance of 3" flat-nosed and current armor pierc-
ing projectiles in the attack of homogeneous plate.,

SUMMARY

In previous experimental tests of flat-nosed
projectiles {refercznces (1) and {2)) the projectiles
used were monobloc¢k and were not fitted with wind-
shields., Since for the usual service applications
windshields are essentlal, it was necessary to test
the effect < 2 windshield on the penetration of homo-
genenus plate by flat-nosed projectiles. Accordingly
such projestiles were manufactured by Crucible Stesel
Company and tested at the Naval Proving Ground. The
ballistic limits (minimum velocity required for pro-
Jectiles to pass completely through plate) obtained
were compared with limits for 3-inch M79 and 3-inch
Mk, 29-2 projectiles under the same test conditions.

The 1limit velocitliss for the flat-nosed
projectiles were in general lower than were required
by elther 3-inch Mk. 29-2 projectiles fitted with
caps and windahlslds or j3-inch monoblock M79 projec~-
tiles. Tho cdvaatage of the present flat-nosed pro-
Jectiles over other types of projectiles holds only
for the attack of homogeneous plate (STS and Class B)
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up to e/d¢ .ratio of plate thickness to projectile
caliber) o. 0.65 at most. The advantage is partic-
ularly marked in the attack of divided armor and of
thin plate (e/d of 0.5 or less) at high obliquities
(45°=-60°), When e/d is greater than 0.65 the pro-
Jectiles are badly deformed or shattered on impact.

The results of the present tests together
with previous results for flat-nosed projectiles are
summarized in the following table. The limits ars
expressed as percentages of limits for undeformed 3»
M79 projectiles under the same test conditions.

" Limit (% of value
lain

Windshield Flat-Nosed
e/d_ Obliquity Mk. 29-2 (Flat-Nosed)(Ref.(1l)&(2))

DT RE 116 114 102
30°,45°,60° 100-119 66-85 69 (45°)
0.36 ~ .0° . 104 90 ---
30°,45°,60° 113-122 80-93 B
0.49 ~ .0° L 88 62
30°,45°,60° 120-127 93-110  62-72
0466 - 03 125 97 62
30° 12l 102 93
L5° 133 126 101 (40°)

From the above it is apparent that for e/d
values up to 0.5 and obliquities up to 60° the pene-
tration of homogeneous plate was accomplished by the
flat~-ndosed projectiles at veloclties on the average
about 15% below those required by monohlock and capped
AP projectiles,

Against a divided structure consisting of
0¥5 and 1# STS separated six (6) feet apart, the limit
velocity for the flat-nosed projectile was é?% of the
Mk, 29-2 1limit, The Mk. 29-2 projectile in all cases
struck the second plate with about 45° yaw, whoreas
the flat-nosed projectile struck with 0° yaw. This
difference ln yaw together with the lower limit for
the flat-nosed projectile accounts for the large
obgerved difference in limit.
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The limitation of the flat-nosed projectile
in the attack of homogeneous armor lies in their fail-
ure to penetrate at high e/d because of shatter and
their tendency to shatter against thinner blate at
high striking velocities, Thus.against 2Y5 STS the
projectiles shattered and failed to benetrate; and
above e/d of 0,36 the noses of the flat-nosed progwc-
tiles were broken at high velocity (2000 ft./sec.
while they stood up at the limit velocities,

at velocities 10% to 25% below those required by any

of the current types. Against divided structures the
flat-nosed brojectile appears to be particularly
advantegeous., In view of the above, the service appli-
cation of the flat-nosed principle to rockets and bombs
offers promige of Success with a large inocrease in

Dbenetration efficiency,
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I. INTRODUCTION

In the past two years various experimental
tests of flat-nosed projectiles have been carried out
at 3-inch scale at the Naval Proving Ground (references
(1) and (2)). These tests showed that under certain
conditions a flat-nosed projectile could penetrate
homogeneous plate at 50% of the velocity required by
current projectile types., Particularly fevorable
results were obssrved against plates at high obliquity
or against divided structures., The principal limita-
tion of this type of projectile was found to be its
inability to penetrate thick plate because of suatter.
Thus its use was limited to the attack of gstrivtures
with thicknesses not much greater than 1/2 caliber
(e/d of 0.5). For this reason it was soncluded that
the principal possible application of the flat-nosed
principal lay in bombs or perhaps special commdn pro-
Jectiles for the attack of lightly armored targets.

As none of the projectiles used in these tests were
fitted with windshields and since the usual service
applications would necessarily require a windshleld

it was desirable to obtain for {est flat-ndogsed pro-
Jectiles fitted with windshields. Crucible Steel
Corporation was acoordingly requested by the Bureau of
Ordnance to manufacture 13.0 1b, flat-nosed projectiles
fitted with windshislds. The performance 0°f these
projectiles is discussed in the present report.

II. MATERIAL: AND METHCD3S
Plate.

0v5 STS Carneglie=-Illinois No. 23115-A
0%5 STS Carnegie-Illinois No. 612068
171 STS Carneglie-Illinois No. 174140
195 STS Carnegie-Illinois No. 40917

2¢0 3TS Carnegle-Illinois No. F1790

370 Class B Carnegle-1llinois No. 85187
392 Class B Carnegie-Illinois No. X9021

(All plates are accepted STS and Class B
plates. )

=




NPG PHOTO NO. 1566 (APL).
- CONFIDENTIAL -
10 April 1944
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Projectiies:

Crucible Steel CO. 1300-1b‘ 3" B‘ﬂ(o 29
Flat-nosed projectile (Buord Dwg,

No, 124181) fitted with a steel wind-
shield (0.21 1bs.)

Oldsmobile 13,0-1b. 3" Mk, 29-2 AP pro-
Jectile (Buord Dwg. No. 330770) fitted
with cap and steel windshield (0.43 lbs.)
Lot 81.

Frankford Arsenal 15-1b. 3" M79 AP shot.
This projectile is a monoblock type with
neither cap nor windshield.

Methods of Measurement

All ballistic limits reported herein are
expressed in terms of F(e/d,8) values, where
F(e/d,6) is defined as follows:

Fle/d,0) = 41.57 Ml/EVL Cos @
el/éﬁ

M is the projectile mass in pounds, Vi is the
imit velocity in feet per second (thv minimum
velocity required for a projectile to pass
completely through the plate). @, the obliquity,
is the angle ustween the normal to the plate
and th3s line of flight, e is the plate thick-
ness in inches at the polnt of impact, and d is
the projectile diameter in inches, All of the
quantities entering into the defining expression
above are measured directly except the limit
velocity. The limit velocity for any test condi-
tion is calculated from the striking and residual
velocities (references (1), [2) and (3)) or
estimated from the depth of penetration. For
most of the test conditions both complete and
incomplete penetrations were obtained to give a
bracket of the 1imit. The residual velocity for
the complete penetration and the depth of pen=*ra-
tion for the incomplete psnetration are used %
determine the value of the 1limit velocity v .thin
the bracket. As a measure of the amount of e T
Jeotile deformation the *iameter of the forward
bourrelet of each project.le was measured before
and after each round. Auy gross deformations
such as breakags were also noted,

(1)




iII.

and 3¢ Mk, 29 (flat
respectively.

e/d,6) value are
percentages of the standard 3" M79 limit
iven by NPG Photo No, 1656 (APL)

7

rojectiles) &
reference (4)).

RESULTS

The results given in detail in the Appendix
are summarized below,

given the F(e/d,@) values as

SUMMARY OF BALLISTIC RESULTS

F(e/d,0) velues for 3m Mk, 29-2
-noged) are given in columns /4 and
In parenthesis after each tabulated

8 (undeformed

Observed F(e/d,0)

Reference (2)

3 Mk, 29 Plain
Gauge e/d Obl., 3" Mk, 29-2 {Flat-Noged) Flat-Nosed
0¥49 0,16 0° 35,000£400 (116; 34,5001500 éllh 35,000£200 (102)*
30° 29,200£300 (107) 23,200%,00 ( 85 .—-
45° 30,500£500 (1.9) 20,600£600 ( 80)&23,600 ( 69)*
60° 30,500£300 (100) 19,900£300 ( 66 -——-
1908 0.36 0° 42,800£400 (104) 37,300£300 ( 90) —
30°  42,600£600 (115) 34,500%£500 ( 93) i
45°  42,600£200 (122) 31,500£4,00 ( 90) -——
60° 46,600+400 (113) 32,8001500 ( 80) ———
1948 0.49 0° 51,700+400 (117) 38,800400 ( 88) 28,500£200 ( 62
30°  49,000£600 (123) 39,700+300 ( 99) 30,100+300 ( 73
5°  47,800+500 (127) 41,400%£500 (110) 32,600£200 ( 72)
0% 52,800+800 (120) 41,000£400 { 93) 31,000+£500 ( 62)
1998 0.66 0° 57,900£300 (125) 45,000£1000( 97) 28,6001500 ( 62)
30°  51,900£400 (124) 42,600£400 (102) 30,100£300 ( 93)
L5° 52,500£300 (133) 44,600£400 (126) 32,6001200 (101 )**
2043 0,81 0°  cece- D1u8,200 (L02)

41,00011000( 86)

*  a/4 of 0,20

£ 2 3

LO° obliquity
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FIQURZ 5
NPG PHOTO NO. 1650 (APL).

APL Plete No. 394 (015 STS C.I.No. 23115-A) vs. 13.0 1b, 3" 0lds. Mk, 29-2 AF
Mk. 29 flat-nose AP projectiles at 0°,

projectiles amd 12,90 1b, 3" C.S. Co.
30° end 45° obliquity. FRONT VIEW. See NPG Photo No. 1651 (APL) for back

view and data on impacts 2678-85 APL.
B,I.No. "e"™ ™" S.V. f.s, Proj. % Pene. R.V.,f.s. Proj.Cor .
ﬁ7I‘;TPL 07493 45°00' 569 0lds. 87 Inc.1l/4" - @ﬁ lgff on tunnel .Proj.
" LL°50' 616 n 94 CP 142 § £f on plate.
2673 e 4L5°00° L60 c.S5.Co. 70 " ~— ¥hole.
2674 " L4L°50' 436 b 67 " - "
2675 " 452007 398 " 61 " - "
2676 0v492 45°00! 427 b 65 Ly 84 "
2677 0493 45°10' 336 o 51 Inec.l® .- n
- CONVIDENTIAL =

May 17, 18, 19, 1944
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NPG PHOTO NO. 1651 {APL),

APL Plate No. 394 {0%5

(APL) for front
B,I.No. ngn
2578 APL 07493

2679 0v494
2680 Ov494
2681 0494
2682 07493
2683 00493
2684 0v493
2685 0t493

Vay 17, 18, 19,

ngn
30%00"
29°50°
3G°00°
30°00'
0°10°*
0°30°"
0°10"
0030'
1944

3T3 C.I. No, 115-4)
view and data on impacts 2671
S.V.,r.s. é Proj.
2?3 4 C,3.Co.
249 b4 "
330 58 i
371 65 "
393 77 v
478 93 "
476 93 O0lds,
533 104 4

FIGUR® 6

n
]

ACK YITW. 3es 12 Photo No. 16590
77 APL,

Pena. R.V..f.s. TIroj. Cond.
Inc.3/4n -= Whole.
Inc.l/2v -- "

Inc,1-1/2" ..
SIP 4~1/2" .

Inc.1/2" --

SIP 5-1/2" - "

Ine, 2 - iLhole.Cap off.
CP 253 it Cap on.
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Iv. DISCUSSION

In the evaluation of the performance of the
13.0 1b. flat-nosed projectiles comparisons with
standard armOor piercing and common projectiles were
considered desirable. Since the fla%-nosed projectiles
were fitted with steel windshields, it was considered
essentisl that one of the standard projectiles also
have a steel windshield. Of the available projectiles
the ones which best met this condition were service
3n Mk. 29-2 armor piercing projectiles, although these
projectiles in addition to windshields are fittecd with
caps. The standard M79 projectile was used as a stan-
dard common projectile since its performance against
homogeneosus plate is well known {references (3) and
(4}). In the following the relative baliistic perfor-
mances ©f the 3" flat-nosed projectile, the 3" Mk, 29-2,
and 3" M79 are discussed.

At e/d of 0.16 the ballistic limits of the
flat-nosed projectiles are lower than the correspond-
ing 3 Mk. 29-2 and M79 1limits at all except normal
obliquity. (Figure 2, NPG Photo No., 1751 (APL)}. On
normal impsct the Mk. 29-2 and flat-nosed limits werse
about equal but were 15% above the M79 1limit. Since
the differences in nose shape can account for only
2-3% at this e/d (references (1),(2) and (5)), these
relatively high 1limits at normal obliquity must be
attributed to the additional energy required to com-
press the windshield. When the obliquity was increased
to 30° and ebove the flat-nosed limits were decidedly
lower than corresponding limits for the other projec-
tiles, The rapid gain in efficiercy of the flat-nosed
projectile with initial increase in obliquity from
normal is due to the deflection of the windshield out
of the way with a lower loss of energy to the projec-
tile than is required to compress the windshield at
normal obliquity. For views of plate, projectiles ani
windshields see Figure 3 (NPG Photo No. 1658 (APL)),
Figure 4 (NPG Photo No. 1640 (APL)), Figure 5 (NPG
Photo No, 1650 (APL)) and Figure 6 (NPG Photo No, 1651

(APL) ),

At e/d of 0,36 the flat-nosed limits were
below the M79 and Mk. 29-2 limits at obliquities from
normal to 60°, (Figure 7 NPG Photo No. 1752 (APL)).
From normal t90 45° the flat-nosed limits were approxi-
mately constant at 10% below the M79 limits and at
60° the limit was 80% of the M79 limit, The flat-
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FIGURE 10.

NPG PHOTO NO. 1510 (APL).

APL Plate No. 316 (Carn.-Il1l. 295 Class B No. 59533) vs. C.5.Co., 13-1b. flat-
nosed projeotiles at 0° obliquity. FRONT VIEW. See NPG Photo No. 1511 (APL)
for back view and NPG Photos Nos. 1208-09, 1232-33 (APL) foar previous impacts.
B.I.No. re" mgn 3,V.,f.s. Pene. g Proj.Cond.

2386 ApL  2%L30 o0°30' T 1498 Tno. 109 %%Eerea.
March 6, 1944
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nosed iimits decreased continuously relative to the
M79 limits from about 85% at normal obliquity to 70%
at 60°, Thus at this e/d over the full range of
Obliquities used the flat-nosed projectiles had
limits from 10-30% below those of the standard pro-
Jectiles.,

At e/d of 0.49 the flat-nosed limits were
consistently below the Mk, 29-2 limits but they
fluctuated about the M79 values (Figure 8 NPG Photo
No. 1753 (APL)). The flat-nosed limits increased from
75% at normal obliquity to 80-85% at 45°-60° obliquity
with respect to the Mk, 29-2 limits., As compared with
the M79 projectiles the flat-nosed projectiles had
about a 10% advantage at 0° and 60° obliquity with a
10% disadvantage at 45° obliquity.. The flat-nosed
and M79 performances are essentially the same over the
full range of obliquity at this e/d but both have a
decided margin over the Mk. 29-2 projectile.

At e/d of 0,66 the flat-nosed projectile
has lower limits than the Mk. 29-2 up to 45° but
limits equal to or greater than the M79 projectiles
(Figure 9, NPG Photo No. 1754 (APL)). The flat-nosed
limits increased from 75% at normal obliquity to 95%
at 45° of the corresponding Mk. 29-2 values. The M79
and flat-nosed limits are approximately equal at 0°
and 30° otliquities but at 45° the flat-nosed limit is
25% above the M79 1imit. The high limits for the
flat-nosed projectiles result from large projectile
deformation.

At e/d of 0.8l and 0° obliquity the flat-
nosed projectile was broken up with little penetration
at a velocity slightly above the M79 1imit. A view
of the projectile and plate is given in Figure 10
(NPG Photo No, 1510 (APL)).

Against a divided armor structure consistiag
of 1/2" and 1" STS spaced 6 feet apart, all at 30°
obliquity, the 1imit velocity for the flat-nosed pro-
jectile was 67% of the Mk. 29-2 limit. This large
difference in limits was a result not only of the
difference in mechanism of armor penetration but alszo
of the dlfference in yaw in the two cases, On every
impact the Mk, 29-2 after penetration of the first
plate (1/2") acquired & yaw of about 45° before strik-
ing the second plate. On the other hand the flat-
nosed projectiles struck both plates at 0° yaw. One
Mk. 29-2 projectile was broken up on impact with the
second plate, (Figure 11, NPG Photo No, 1726 (APL)).
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The limits for the present flat-nosed pro-
Jectiles are not as low as those reported for plain,
unwindshielded flat-noscd projectiles in references
(1) and (2) up to e/d of 0.5 (Summarized in Results)
but at the same time the limit velocities in general
are 10%-25% lower than are required by the best conven=-
tional projectiles, The lower limits for the earlier
tests are accounted for by the lack of windshields and
by the full-caliber flat nose (the diameters of the
noses of the present projectiles were 0.92 caliber).
Heowever, the general behavior of the present projec~
tiles as to type of plate failure and the remarkably
low limits against thin plate at high obliquity and
against divided structures are characteristic of all
flat-nosed projectiles previously tested.

In the first tests of flat-nosed projectiles
at the Naval Proving Ground (Reference (1)) it was
noted that projectile deformation in all cases increased
with increase of striking velocity. The same effects
were also noted in the present tests. From the Appendix
the following cases are cited, Against 1975 STS at
normal obliquity the increase in diameter of bourrelet
at 900 ft./sec. was 0%020 and at 1150 ft./sec. it was
03048, Against 2%0 STS at 30° the increase in diameter
at the bourrelet rose from O"51 at 1350 ft./ sec. to
0%096 at 1500 ft./sec.

Several rounds were fired at 1800-2000 ft./sec.
to observe projectile deformation at high striking
velocities. On this test some of the projectile noses
were broken. At striking velocities of 1800-2000 ft./
sec. against 1"STS the projectiles were broken at 0°
and 45° but penetrated at 60° without appreciable
deformation; against 1%5 STS they were groken at 0°
and 60° but not at 45°; and against 2"0 plate they
were broken at 0° and 45°,

From a consideration of the low limits
observed for flat-nosed projectil :s against plates at
e/d up to 0.5 and of the tencency to break up at
higher velocities (for the present projectiles 1800-
2000 f,s, and above) it is evident that the flat-nosed
rrinciple is ideally suited to service armor piercing
rockets and bombs., For these projectiles have rela=
tively low striking velocities and are designed for the
penetrating of lightly armored targets (e/d of 0.5 and
below) Since the setback forces are low, light wind-
shields can be used and thus keep their detrimental
effects on perietration at a minimum, The application

£&s
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of the flat-nosed form to common projectiles may be
limited by the tendency to shatter at high velocity
although the targets that can be successfully attacked
are similar to those met by bombs and rockets. In
the present war the Japanese Navy is known to have
been using a type of flat-nosed common projectile
of 8-inch caliber with which they have had a measure
of success. (References (6) and (7)).

~\

V. - CONCLUSIONS

s 3-inch 13.0 1b, flat-nosed projectiles fitted
with windshields penetrate homogeneous plate
at considerably lower velocities than do
standard service projectiles over a wide
range oOf test conditions including divided
armor,

2. Although flat-nosed projectiles may pene-
trate in an intact condition at low velocity,
they may shatter under the same test condi-
tions at high velocity. Q;
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BALLISTIC DATA

Symbols
Striking velocity in feet per second,

Striking velocity in per cent of
standard value calculated from the
Navy 1931 empirical formula:

F(e/d,8) = 6(e/d - 0,45)(6%+2000)+40,000

where e and d are in the same units and
@ is the obliquity in degrees. The
percentages in parenthesis after sach
experimental F(e/d,0) value are with
respect to this empirical formula,

Depth of penetration in inches measured
from the front surface normal to the
Plane of the plate.

Complete penetration. Projectile com~
pPletely through and clear of the plate,

Incomplete penetration - none of the
projectile completely through and clear
ol the plate,

Projectile stuck in plate., A special
case Of incomplete penetration.

Resldual velocity in feet per second

of projectile after penetrating the
Plate,

B



Qd.......... Increase in diameter in inches of the
forward bourrelet of the projectile

as a result of the impact,

Wi o 507 01 o e oG Projectile whole. The projectile may
be deformed but because it is stuck in
the plate measurements cannot be taken

of the deformation.

Projectile deformed,

D.O‘...‘.“i

Projectile undeformed.

E....‘...O..

B{(2).:eesee. Projectile broken on a secondary impact.,
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