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"?'REFACE

ALT•1C.'ORIZAT IC!N

This study was authorized as part of Naval
Proving. Ground •iesearch !- cJect APL-6, in Bureau 3of
Ordnance letter -%19/A9(Re3) dated 0 J'nuary,.194

This report describes he resultsvof firing
of' 3-inch experimental capped projectiles against

/diass "A" and homogeneous plate, conductedL as part of
a study of the effect of cap design on projectile per-
formanc e.

. . - S L A' : " •R Y

ThiS invezstigation was initiated with the
view of determining the effect of the different cap
variables up6n projectile penetration of Cla.ss "A"
armor under the widest practicable ranges of obliquity
and of-e/d.

Eight different projectiles were tested.
The Army 3-inch 1179 monoblock shet was used as a stan-
darn cf reference. Six projectiles were provided by
the Bethlehem Steel Company, comprisirng various cap de-
signs applied to Bethlehem Type A-1 projectile body;
the eighth projectile was a model of the g-inch .ark 11
projectile provided by the Crucible Steel Company

CLASS "A" PLATE l"gainst Class "A" plate at
20' obliquity for an e-7- -of 1.08 (31'25) the unmodified
T.61 capped projectile gave the lowest limit and was
recoveredtin the best condition of any of the projectiles., /
Tt'e other projectiles all were badly broken on impact
and all but the 8,, :ark 11 type were rendered ineffective.
It was apparent that the projectiles were not of suitable
quality for quantitative tests against Class "A', armor.
Accordingly, firing with these projectiles was carried
out against homogeneous plate under various conditions
to gain additional inforr-sticn on the effect of cap
design.,

FO-:*/ErOtUS ILATE At low obliquity (less than
30e) and atr d valueas for wh!ch the projectile is unde-
formed, a cap will decrease the ability of a projectile to
penetrate homogeneous plate. At O0 obl,,iuJfr s/d of 0.65
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(1•V95) the percentage increase in F(e/d,.) - value
over the uncapped (079) value is approximately equal
to the cap weight in percentage of the total pro-
Jectile weight, regardless of cap shape or cap hard-
ness for the ranges used in these variables. At e/d
of 1.0 (3.0) F(e/d,Q) increases with cap weight but
not as rapidly as at e/d of o,65 (Il95).

, ,h two axoeptions, •he F-values were found
to be larger for capped proje iles than for 179 pro-
Jeatiles at 30- obliquity. he two projectiles which
gave better performance thin IM79 projectiles were the
8" Kk. 11 type (Div. 3001 6; cap) which zave 98' of
the LM79 value at efd of 0.65 (lV95) and the 37mm N!51B2
type with a hard oap (DA-302, ll cap) which gave 95%
of M79 value at e/d of 0.24 (07'73). These differences
may be the result of a type of punching failure-of the
plate.

--'**Xt-60'o60 ib'i 'uity capped projectiles gave better
performanoe in every oase than uncapped projeotilesA.-
blunt angular cap (1161, Dwg, DA-301) resulted in a lower
limit then longer more rounded cap's (-e-avr. ¶ ype_ A-!, Dwg.
DA-304) of thE same weight.

Soft caps wero uniformly worse then hard caps
with the exception of the attack of homogeneous plate at
e/d of .65 (1.95) at D' obliquity, where a 2c superiority
was indicated for the soft cap..

Rccommendations ara included in the rcport for
additional tests af-ainst Zlass "A", plate with better
quality projeotilos. It is rcoorxac.ndcd that projectiles
be included of designs similar to modarn 8-inoh and 14-
inch projectiles.
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I IRTRODUCTIN

Experimental and acceptance testing of plates
and projectiles carried out at the Naval rroving Ground
has indicated that the observed ballistic limit of a
plate under given test conditions may depend on the
weight, hardness and shape of the cap. A cap is placed
on a projectile primarily to permit penetration of Class
"Al armor in an effective exploding condition. Fowever
the cap also serves two other useful functions, namely,
it reduces the limit velocity required for penetration
of homogeneous plate (STS and Class "B") at high obliquity,
and also makes possible the penetration of Class "B" plate.
at high e/d values and low obliquity for which the un-
capped projectile would be badly deformed or shattered.
In order to investigate systematically the effect of the
cap variables on the F-coefficient under various test
conditions, it was proposed to carry out a program at
-31 scale. Accordingly, after conference at the Naval
Proving Ground and on directions from the Bureau of
Ordnance, the Bethlehem Steel Company and the Crucible
Steel Company supplied 3-inch capped projectiles having
various cap designs and weights. One design was supplied
with both hard and soft caps. The present report de-
scribes the results of the firing of these projectiles
under varied conditions as carried out by the Armor and
Projectile Laboratory at the Naval Proving Ground.

II 14ATERIALS ANDI PýZTFQDS:

ProJeetiles:

Eight different tyoes of 3-inch projectiles were
supplied for the sub4'oct tests. The Army 3-inch N179 shot,
which does not have ý cap, was the standard uncapped pro-
jectile with which the other projectiies were compared.
One projectile was a model of the 8-inch Mark iI projectile
manufactured by Crucible Steel Company. The remaining
six projectiles were submitted by Bethlehem Steel Company
and were prepared by placing various caps on the same pro-
jectile body. The profiles of all projectiles are shown
in Fig. 1 (NPG Photo. No. 800 (ATL)). In Fig. 2 (NPG Photo.
No. 817 (APL)) 3-inch and 8-inch projectiles of the same
percentage cop weight are compared in profile. Fig. 3
NPG Photo. No. 743 (An.)) is a photograph showing all

projectiles except DA-303. Further data on the projectiles
are given below:
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Pro jo
pructilLe Manufacturer

'79 0 15.00 Frankford Arsenal
Todel of 8" Ilk. 11

Dthg. 3001 6 14,50 Crucible Steel Co.

Model of 37mm 11SIB2
Dwg. DA-302
Hard Cap (BIDT-485) 11 13.60 Bethlehem Steel Co.
Soft Cap (BHN-210) 11 13.60 Bethlehem Steel Co.

Type Ao-1 Light Cap
Dwg, DA-303 10 12.90 Bethlehem Steel Co.

Type A-i Regular
Dig. 267801 12 13.90 Bethlehem Steel Co.

Type A-1 Heavy Cap
Dwg. DA-304 16 14.65 Bethlehem Steel Co.

mI61
Dwg. DA-301 15 14.20 Bethlehem Steel Co.

'o Information was furnished by the manufacturers
on the composition, heat treatment, or hardness of any of
the experimental projectiles. Measurements at the Proving
Ground on the two caps furnished under Drawing 302 gave a
hardness of BEN-485 for the hard cap and of 7H3I-210 for the
soft cap.

Plate and Test Conditions.

0"73 STS Carnegie-Illinois No. 694385
(Tensile Strength = 130,300 psi) at 300
and 600 obliquity.

IV94 STS Carnegie-Illinois No. X12904
(Tensile Strength - 123,000 psi) at O*

and 300 obliquity,

3V19 STS Carnegie-Illinois No. X9021
(Tensile Strength 120,000 psi) at 0'
obliquity,

3725 Cla- "A" Carnesie-Illinois No.
EE630 (35% chill) at 300 obliquity.
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The performances of the several projectiles are
compared by the procedure described in refcrence 1, in
which solid shot having various ogivcs wore tested against
homogeneous plate. For convenience that procedure ii.

repeated hexe.

*F(e/d,Q) values are calculated for each test
condition, where F(e/d,@) is defined as follows:

F (S/d.) 1/2

etIL' d

where 1 is the projectile mass in pounds, V is the limit
velocity in feet per second (the minimum v"elocity required
for a projectile to pass coamletely through the plate! 0,
the obliquity, is the angle between the normal to the plate
and the line of flight, e is the plate thickness at the point
of impact in inches, and d is-the projoctile diameter in
inches. The calculated FTe/d,Q)-value for each projectile
under each t'ost condition is then compared with the standard
Navy F(o/d,@)-valuos as given by the 1931 empirical formula.

F(e/dQ) = 6(e/d - 0.45)(g2 2000) + 40,000

whore e and d arc: in the same units and 4 is in degrees.
The caTculat'•d value of F is expressed in the tables in
the Appendix as a percentage of this empirical F.

The limit velocities for complete penetrations
are calculated from the residual vclocities by a method
of measureenet developed at the Naval Proving Ground at
3- scale and described in reference 2. Estimates are also
made of limits from depth of penetration for incomplete
penotrations.- In case n good estinate of the limit is
not available, the value of F(e/d,O) is caloulated by using
in place of the limit velocity, the highest striking
velocity giving incomplete. punetretiohi or lowest striking
velocity giving a complete penetration, and the result is
marked with a plus or minus sign to indicate that the true
value is higher or lower,

III RESULTS:

The results given in detail in the Appendix ere
summarized below:
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TABTE I

RESULTS OF FIRING op Z0'ERrEWETAL CA.r-ED :ROECTILESAGINS•3."T IM/ of MB0) Classb 'T" AMOR
• '•' 'AT 20o- OB.IQUI•TY

The results are given in F(e/d,Q)- values
expressed as percentages of the Navy empirical F(e/d,Q)-
values taken from Buord Sk. 78841.

Dw. 32001 Dwg. DA-30? Dw2. 267805 Dwg. DA-20h, DwS.DA-30l

8" Mk. 11 37rm K5IB2 Type Type A-I Type A-I Y61
Type Hard Cap Heavy Cap

116 1l4+ 113 117+ 107

TABLE II

SUM2'.ARY OF BALLISTIC RESULTS 0? FIRING OF ZPOERIENTAL
"CAF7'ED..0"M,1.0M.. ALLNST T..OGNcUS A R!

The results here are given in F(e/d,9) as %
of the value for M79 under same test conditions.

P reJectile 0Ca 0 Obliq. 30' Cbliq.. 60" Obli.

"Ie"..........9lV9L 3" 0!.73 li•.9 0."73
e/d.......... .65 1.0 .24 .65 .24

M79* 0 100 iSo 100 100 100
Dwg. .3001

(8" 21k.11 Type) 6 106+ 101 101 98 96

Dwg. DA-302
(37mm 2'51B2 Type)
Hard Cap 11 111 107 95 102 99
Soft Cap 11 109 107 109+ 106 --

.Dwg. DA-303
Type A-1,

(Light Cap) 10 ill 108 91

Dwg. 267805 12 112 106 100+ 1i0 91L5
(Type A-I)

Dwg. DA-304
Type A-i

(Heavy Cap) 16 116 109 104 113 95

Dwg. DA-301
(M61) 15 116 112 103 114 86
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IV DISC.SSI0Z.

For 3R25 (e/d of 1.08) Class "M" plnte at 200
the standard 1,6761 gave a 6•; lower limit than any of the
others tested and was the only projectile that penetrated
the plate in a whole condition. The remaining projectiles
were rather badly broken by the impact with only one of them,
the 81 idk. 11 Type (Dwg. 3001) penetrating in an effective
bursting condition. For the-ondition of the projectiles
after penetrating this plate, see Figs. 4 and 5 (,'G Photos.

3os. 614-615 (alL)) opposite phgo 6). Because of the con-
siderable inferiority of the experimental projectiles to thestandard '%-61, it was not possible to Fet quantitative infor-
mation on effect of cap variables against Class "A" armor.
Accordingly, in.order to extend information on the homogeneous
plate, the remaining projectt.Ua were fired against such
plate under various conditioni.

1Against homogeneous plate at 00 obliquity for the
subject plate thicknesses, i.e.. for e/d or .65 (1.95) and
1.0 (3"0), the use o4 capped projectiles resulted In higher
F(e/d,z)-values then were obtained for uncapped projectiles
against the same'plate. For e/d of 0.65 (1;95) the F(e/dG)
values increased, within experimental erior, at a rate pro-portional to the cap weiLht. For e/d of 1.0 (370) F(e/d,O)
also increased with cap weight but not as rapidly as atlower e/d. Differences in cap weight for th,• sapie cap shapesuch as between DA-302 and DA-303, and betw,;een drawings DA-304
and DA-301 did not have any appreciable effc-t on the observedlimit. For the sAme cap of different hardnesses the soft ctipgave better performance at e/d of .65 (1"95) than the hard cap,while at a/d of 1.0 (3D0) both caps gave the same limit.

At 30* obliquity for e/d values of 0.24 (0"73)and 0.65 (l195) the trends were somewhat different than
those of the 0 results. ,.Aith the exception of DA-302
(Hard 110,; cap) at E/d of 0.24 (0"73) and Dwg. 3001 (8" "k. 11type with 6% cap) at e/d of 0.65 (1.95) the F-values increased
with cap weight the difference between the 7 79 projectile andprojectiles having 15-I&'; cCEp (DA-304 and DA-301) being 3-4%
at k/d of 0.24 (0'73) and 13-14c at e/d of 0.65 (lV94). Thusat 330 ebJ.iquity-at low G/d the cap effect is not as great
as at higher e/d, NhiohI may b6 d -rsu5uLU fU g -rudu-r Gd
deformation at the higher e/d value. DA-302 (Hard Cap)
which has a rplatively flat cap, gave an F-value 5% below
the ?%79 value at e/d of 0.24 (0773), the best pbrformance
of any projectiles tested under thosc conditions, At e/dof 0.65 (1195) the 8" M'k. 11 type (Dwg. 3001) wae 2v better
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than the M79. The reasons f£r the superior performance
of these two projectiles under the given conditions are
not apparent from the firin It may be a result of ri
type of punching action but from an inspection of the
impact it was not possible to determinc cith oertainty
whether there was any punching or not. The scft cap on
DA-302 was distinctly inferior to the hard cap especially
at C/d of 0.24 (0773) in which the difference between
F-values fcr hard and soft caps (DA-302) was more then

At 60o obliquity for e/d of 0.24 (0V73) the 1,779
gave the worst performance of any of the projectiles tested.
In general at this obliquity and e/d the heavier the cap
weight the lower is the F-value. The effect of cap shape was
clearly shown by the *omparison of DA-304 and DA-301 which
have about the same cap weight, 16.' and 15" respectively,
but different shapes. BA-301, the standard L'61, gave 9%
better performrance than DA-304. This difference is the
result of the blunter and more angular charaoter cf the .i61
cap which enables thnt pro jc;,til.; tc "bite" the plate better
than the DA-304 (Heavy Type A-i) which has a smoother, more
pointed contour.

The results given here are in ýscneral qualitative
agreement with observations for 8," firing at the Plate Battery
against homogeneous plate. In Fie. 2 the profiles of three 8"
projectiles are compared with 31, projectiles cf the same cap
weight. For e-inch projectiles at obliquities less than 400
and at e/d of 0.25 there is little difference between the
three 8" projectiles of Fig. 2, whereas at 60C the performance
is bc.tter in order of increasing cap weight, as was also the
observed behavior of the 3;' prejeotides having a similar Series
of percentage cap weight-..

V ,NC(" 1U. SI .,S.

1. Sub~ject to confirmation ziJst Class "A" armor,
the most desirable cap shape-of those tested and repo-rted
herein seems to be the blunt, angular variety similar tc the
N:61, 81 111k. 1I or 37mm Y5112 tyrrsq

2. The advantage of suitable cap shape arises at
high obliquity impacts against thin plate1 , whcre imprcved
pArformance as great as 14 Der cent is observed.

3. Caps interferc with renetraticn of homogeneous
plate at low oblirluity (up to 30)-!n proportioes to their
relative weights.

(a) The cap weight effect falls off at

low and high e/d values.
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(b) The interference with penetration is

not influenced by cap shape.

V1 R -,,C 012. DAT I,'1S.

Additional experimental tests are isirable•
especially against Class "A" armor, to s1udy the effect
of cap shape and projectile nose shape. It is recommended
that 8rrangem,ýnts be made to obtain 3" projectiles similar
in design tc the 8" A.i. olark 19-4, and 1411 A.?. omk. 16
1.o:ds. 4 and 8 in order to -.simulate 'late Battery test
con lltions -a, 3" scalee The heat-treatment of exnerizental
caps and projectile bodies should follow the best current
pract ice.

VII REFERI-2CES.

1. The effect of Nose Shape on the ballistic
Performance of 15-lb. 3" A.17. Solid Shot
against Homogeneous Armor. U.S. Naval
1roving Ground Report No. 2-43 dated
26 February, 1943.

2. Penetration of Homcgeneous Armor by 3-inch
Flat nosed projectiles. 1-.S. Yaval Proving
Ground Report !To. 7-43 dated 19 April, 1943.
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viii APY END Iý.

BALLISTIC DATA

e.,....I'late thicknoss at impact in inches.

Q.....Qbli~quity. Angle between trajectory 'and
normal to Piato rat Impact.

L....eProjootilie mass in lbs.

VS .... Striking Velocity in 'c~ot per second.

.i?(na.,Depth of ponotrattiorL in Inches monsured from
front surfnleo normal: to planc of the piate.

* YR....Rcsidual Volocity aftor ponetrntion of piate.

F(c/d,Q),...Thompson F-ooefficient dofined by the
relation.

F 41 5 K 12L Cosa

1/2
C d

wh-re- VL limlit volocity (nilnimum velocity for
complete pone-trot ion) ,

C3l:.-..Complete penietration. Projtectlil complotely
t~irou~h tho piatc,,

IncoosInconipl-to pt~netrntion. Projectile rc~jeot~ed.

SIP,..Projectile stuck' in pl&atel,

IGJ, CTILE C~u1ID TICIN

TB...,11OS6 Shattered. (Loss than half of the projectile
shatterod.)

X.....Shattered. (Nore than half of' th(; projectAle
shattered,)

BD.,,*Base dent.
B-2,..Brokon in two.
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