QS

NAVAL PROVING GROUND
, DAHLOREN, VIRGINTA |
—a ,
REPORT NO. 12-4k

PED TION OF HOMOGRNEOUS PLATE BY
J"NEF% . ?SED PROJECTILES & PARTIAL
“REPORT. ' .

TECHNTCAL LIBRARY
AMAPR-IB (Rldg. 305) .
ABERDEEN PROVING GROUND, MD. 21008

.AI%HRO‘H@ﬁz '

DAVID I, HEDRICK
CAPTAIN, USN
coMMANDING OFFICER,

Page 1 - -




SRR R

oy

O This study was suthorized in the Bureeu of
R Ordnanoa 1tr MP9/A9(Re3) dated 9 January, 1943, as part
~ of NPG Ressarch Project AFL-l,

- 83dRCT

A The 1nxastigat30n deseribed in thia report was
, earried out for the purpose of extending the-information
.. ' on the,  perfarmance of M, flet-nosed monoblock projactilea
o .jﬁgﬁiﬂsﬂ hnmoganﬁous plate., _
7 For this investigatian 3-inch 15«1b. flate
Lo nosed mpnublaak projectiles manufactured by Frankford
. Arsenal were tested againat homogeneous plate under widely
' weried oconditions, The limits obtained were compared with

\,@¢}”ﬁl‘*[limita under similer conditions for 3-inch 15wlb. M79 mono-
DI bloek projeotiles also manuraetured by Erankrbrd Arsenal,

S The lmmit velooitiea for 3einch rlatnnosed .
ST prajeotilea against homogensous, plate were in genersl much -
~ lowar than those required for 3«inch M79 projectiles
'/ under the sams conditlons. The lower limits observed
o Bor rlaanased projectiles result from the punchi type
- of plate fallure whioh oceurs, JIn this type of failure
.+ & smeller volume of metal is worked than im the usual
i type of penstration and the energy rsquired for penetra-
e tian 18 bhararore lower, _

B

R At a/d (ratio of plate thickness te projectile
o \~Wvdiamatar) of 0.20 the limit velocitles for flatenosed and
S M79 projectiles are about e%ual at normal obliguity, but

o 8t 45% the flatenose limit is less than 67% of the M79
o - limit, This merked advuntage of flat-nosed projectiles
7y over-the M79 in the attack of thin armor at high oblie
o aulty hes also bgen noted in earlisr observationa.

- H@G Raport No. 7~h3 dated 19 April, 19h3.)

= At o/d of 0.h9 15-1b, flat-nosed frojectiles
o .‘Qpenetrased at 0°, 30°, 45° and 60° with lipit velocities

o of 62% to 73% of "the. M79 limits projectiles were

:ﬁunable to penetrate at 45° end 50' obl quity without
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breaking up, whereas the Tlat-nogséd projectiles pene«
treted in;a whole though somgwhat deformed conditions

" At e/d of 0,67 flat-nosed projectiles were

found to have limits lower than the M79 projectiles up

tq 40° obliquity where they were about equal, At normal
obliquity the flat-nose limit was 62% of the M79 limit,
At 20° and 30° the flat-nose limit was 86% and 93%

. respectivaly of the M79 limita,

At e/4 of 0.80 the limit for flat-nosed pro-
%ectilas was 86% of the N79 limit at normal obliguity.
he flst-nosed projectiles ware, however, badly deformed

- and tests'were not extended to higher obliquities,

Flat-nosad rojoctiles failed to penetrate and
were shattered at 103% of the M79 limiy for e/d of 1,1
- at normal obliguity,

' A comparative teat of M79 and flat=nossd pro«
Jectilas was carried out against a divided armor structure

. songisting of 3/8", 175 and 1/u" STS spaced 2-feet apart

- at 30° obliquity. "The 1imit for the flat-nomed projec-

oy tilea was 78% of the M79 limit,

From the results summarized here it is anparent

‘ that the flat-noged principle can result in penetrations

of homogensous plate at velocities much lower than those

- reculred for monoblock M79 projectiles. The advantage.

15 particularly striking in the mtteck of homogenedus

ermor at e/d values of 0,5 or less at high obliquity,
whare the limit velocity mey be less than one-half that
equired for other projectiles , For some test conditios

3& of 0.5 at high obliguity) flat-nosed projectiles
enetrate in a whole condition while M79 projectiles are

rokan up. At nomal obliquity for e/d values approaching

0 flatenosged projectile& shatter and fail to penetrats.

Flat-nosed projectiles fitted with caps were un-

o sucgessful in that plate failure by punching was not proe
o duced exd therefore low liamits were not obtained.

' Recommendstions ere included in the report for

- testa of flat-noged AP bombs and for common projectiles

“up %0 5~inch for the attack of lightly armored tarseta y
(a/d of 0.5 and bolow).
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I INTRODUCTION,

Preliminary tests of 3" flat-nosed projectiles
at the Naval Proving Ground against homogeneous plate
were carried out in early 1943, The results of those
tests reported in reference (1) indicated that under
certain conditions -+ flat-nosed projectiles were able
t0 penetrate homogeneous plate at considerably lower
velocities than were reaquired for pointed projectiles,
At e/d values of 0,5 or less the advantage of flat-

. noged projectiles was particularly pronounced - the

limit velocity was less than one-half the value ob~
tained with M79 projeetiles, At /4 of 0,67 and 0° .
obliquity flat-nosed projectiles shattered and failed to

' penetrate., It was considered that flat-nosed projectiles

of higher quality could be obtained and adéditional flat~-
nosed projectiles were accordingly obtained from Frank- -
ford Arsenal. The results of the test of these projlec~
tiles are dlscussed in this report.

IT MATERIAL AND METHODS.

Plate: OU6 STS Cernegie-Illinois Plate No,
125687 {Tensile Strength 123,000 psi.)

1%5 STS Carnegie~Illinois Plate No,
L0500 (Tensile Strength -~ 122,000 psi,)

195 STS Carnegie-Illinois Plate No,
L0915 (Tensile Strength-127,000 pSi.)’

- 290 8TS Carnegie~Illinois No, X18305
(Tensile Strength-127,000 psi,) -

290 STS Carnegie~-Illinois No, F~1790
(Tensile Strength-116,000 psi,.)

2%L STS Carnegie~Illinois No, 29;33
(Tensile Strength - 127,000 psi.).

370 Class B Carnegle~Illinois No, 85187
(Tensile Strengbth =120,000 psi,)

372 Class B Carnegie-Illinois No,X9021
{(Tensile Strength-124,000 psi.)







Projec~ 3" M79 AP projectiles (15.,0-lb.)
tiles: manufactured by Frankford Arsenal,

3" Flat-Nosed projectiles (15.0-1b,)
manufactured by Frankford /Arsenal,
The following different “ypes were
provided (ths cap weights are ex-~
przssed in per cent cf total pro-
izctile welght). See Fig,l,

éa No cap. _
b) 5% welded flet cap-
{¢c) 15% welded flat cap.

{d) 5% grooved caps
(n) 15% grooved cab.

“All of the above projectiles, both M79 and

‘flat-nosed, were menufactured from WDL15C stesel and were

heat treated to a uniform hardness of 55-60 Rg except
for a base draw to about 4O Rpe This is the standard
hardness distribution for the M79 projectile and is.
believed to be the best one for flat-nosed projectiles,

The test conditions are summarized bélow:

O%6 STS at 0° and 45° obliguity.

1Y5 STS at 0°, 30°, 45° and §0° obliquity.
2Y0 STS at 0°, 20°, 30° and 4O° obliquity,
2% STS at 0° obliquity,

30 Class B at 0° obliguity.

Divided structure, 3/8", 195 and 1/4" STS
plates spaced 2 feet apart at 30° obliquity.

Method

Al)l limits reported herein are expressed in

" terms of F(e/d,0) values, where F(e/d,8) is defined

as follows: _
Fle/d,0)= 41,57 Ml/ZVLcose

L/2
e d

(1)

M is the projectile mass in pounds, Vy 1is the limit
vVeloeity in feet per second{ the minifium velocity re=
gquired for a projectile to pagss completely through the
plate), @, the obliquity, is the angle between the nor-
mal to the plate and the line of flight, ¢ is the plate



thickness at the point of impect in inches, and d is
the projectile dismeter in inches, All of the above
quantities are measured directly except Vi, the limit
velocity, and its measurement is deseribed in the

following. ‘

Limit velocities for each test condition were
determined using a rout ne procedure developed at the
Naval Proving Ground for 3-inch tests (references (1)
end (2)), With this method the first round was fired
at a velocity slightly in excess of the estimated limit,
From the striking and residual velocities the limit
wes then calculated and one or more rounds fired at that
limit for econfirmation, For most of the subject tsst
conditions both complete and incomplete penetrations
were obtained to give a bracket of the limit, Using
the limit velocity so obtained a limit F(e/d,8) value

‘wes calculated for the particular test condition.

When 2 bracket was not obtained an F(e/d,8) value was
caleculated usling either the. lowest veloclty giving a
complete penetration or the highest velocity giving an.
incomplete penetration. This value was marked with the
appropriaste gign to indicate that the true limit had
some higher or lower value.

The calculated F(e/d,@) values are compared
with the standard Navy'F(e/d;Q”- values given by the
1931 empirical formula, (Buord Sk. 78841}, |

F(e/d,0) = 6{e/d -0,45)(8% + 2000) + 40,000  (2)

where efd is the ratio of plate thickness to projectile
diameter, both in the same units, and © is the obliquity
in degrees. The calculated values of F(e/d,8) in the
present r?port are expressed ag percentages of these em~-
pirical Fle/d,0) values.

TII RESULTS.

The resulte, which are given in detail in the
Appendix, are summarized below.

SYMBOLS
Projectlile Condition

Ee « « « + « « Projectile undeformed

D « ¢ « ¢« « « Projectile deformed but not broken
NC , «. . s« « Projectile nose chipped.

X ..+ o« o « « Projectile shattered,

-3-
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Plate

TABLE I
SUMMARY OF BgLL;ST;C'Q&Tg

% Sk,

Proj.

¢/d Gauge Projectile Fge(dgez ft /sec. 78841 Cond.
_L 0° QObliguity

0.20
0.49
0,67
0.80

1.1

0,67

0.5

o6
1%5
210
214

392

ALY

105

. M79 ah 3y 3001200 494
Flat«Noge 5,000x200 504
(No cap) '

T M79 . 4,6,500%200 1050
Flat-Nose 28,500£200 6Lk
(No cap

M79 ' 46,100£400 1210
Flat~Nose 28,600£500 7,8
(No eap) |

M79 47,9001£800 1378
Flat-Nose 41,000£1000. 1190
(No cap)

M79 4,8,100t300 1598
Flat-Nose /h9 300 »1642
(No cap)

Flat-Nose >a1,soo . 21396
(15% welded ,

oap) . :
Flat-Nose ) 42,200 >1392
(154 slotted - | ,
~ecap)

20° Obliguit

M79 Zh;oﬁgfiﬁ% 1229
Flat-Nose 37,800£500 1056
(No cap) -

Flat-Nose  »38,900s > 1085
(15% welded ,

cap
Flat-=Nose > 38,900 71077
{15% slotted

nose

30° Obliguity

M79 1,2001300 1082
flat-No?e 30,100£300 791
No cap ‘
Flegt-Nose  » 33,700 > 866
(5% welded

cap) |
Flat-Nose ) 33,900 872
(5% slotted

cap)

-l-

93
94

115
71

108
67

108
93

103
2104

e

>89

102
88

> 90

? 90

101
74

2 83

783

MOHE UE OE o

O =

>4

o,

o

NC

NC



gsuge Projsotile |

Y
-

30° obgiguity (cont'g,lf

Flat-Nose 35,000
(15% welded >

 eap)

- Flat-Nose ‘)33 600
(15% slotted

. eap)

- M79 ‘&3,100:200
Flat~Nose 39,200£200
(No cap) i

0° Obliguit:

M79 47 4002800
Flat~Nose hB 0001500
No aap) |

- Obliquity
M79 35, OOO+300
Flatqm;e ;23,6
(No eap}
- M79 > 45,500
Flat=Nose ~ 32,600200
(No eap) -
60° leggugtz
M79 34,700+300
M79 - 250,000

Flat-Nose 31,000£500
(No cap) '

\ Qeck-Strucégge

78841 Cond,

W
__LEZ:Q,; °, ! tk JBeo,

=1~ o

UM oA

o

s 185 and 1/4" STS plates spaced 2 feet apart in
‘;the order named at 30° obliguity. _ ,

M79 36,400
Flat-Noge 28 L00. .
(No cep)
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IABLE 1L
SUMMARY OF RESULTS REPORTED IN REFERENCE (1)

Plate . % Sk, Proj.

. | ~ v
e/d_ Gauge Projectile Fle/d,0) g%./aec. /8841 Cond,

o " 0° _Obliguity
. 0.2, OV73 M79 + 37,1002200 = 589 99~

| E
11«1b,Flat-  35,8001400 663 91 - D
. nose ' '
- Ouk5  1Y36 M9 46,000:400 996 115 E
ﬁ;-lb.Flat- 30, 5001300 770 . 76 D
oge
15«1b,FMlat- 26,600£300 576 67 »
Nose - '
\ 300 Obggguitx ‘
o Qlb5 N3 M79 40,500£300 ' 1023 10 B
€ . 11-lb.Flat- 31,000£300 905 78 D
o Nose ) - L L
60° _Obliguity |
0.2L, 0973 M9 . 43,600:400 138 133 K
: 1l-1b,Flat-  20,300£300 ol 62 D
' Nose | o i , !
- TABLE III

Summary of Results of All Tests of 3" Flat-Nosed

. Projectiles carried out at the Naval Proving Ground,
The velues gziven are ratios of F-coefficients of
Flat«Nosed Projectiles to F-coefficients for M79

- Projectiles under the same test conditions, :

Y R R T

- Q.20 1,02 wo .= - 7 0,67~ -
o.a‘b N (0097) e dand - . - - (leF?)
D‘AS 0‘58 - - - - - (-
C 0.45 | (9.66) - (0.76) - — b
»:J ‘ 00‘09 0062 - - 0073 L - 0072 0‘62
D 0,67 0,62 0.86 0.93 1,01 - - .-
0.80 0.86 - - - - -

@; t 1.10 ) 1.03 - - - - -
- { ) The values in parentheses are for 11l-1b. flat=
nosed projeotiles (reference (1)), All other
‘values were obteined with 15-1b. flat nosed
projectiles. 6 ‘ '



























v ‘ EI§CU§§IOE .

An inspection of the results reveals immediately

~ that 3" flet~nosed projectiles are gble to penetrate homo=-
geneous plate over a rather wide range of e/d and obli-
quity at velocities considerebly lower than are required
by 3" M79 projectiles. Flet-nosed projectiles conpletely
penetrate. a plate under some conditions which result in

‘ shatter of 3" M79 projectiles, The results are discussed
in detail in the following. The term "limit" will mean
tge itmit F(e/d,0% velue unless specifically stated other-
wise, R ! '

‘ . At o/d of 0,20 15-1b, flaet-nosed projectiles
end M79 projeotiles heve tbout the seme limits at nor-
mal obliquity., As.the obliguity is increased to 45° the
limit for the flat-nosed projectile becomes less than 67%
{ probably fboutés ) of the M79 limit, As reported in
' rveference (1) 11-1b, flat-nosed projectiles et & similar
L a/d value (O.24) were found to have about the same limit
as M79 projectiles at normsl obliiquity but at 60° obli-
uity the flst-nosed projectile had & limit of 47% of the
9 limit, The difference in appearance of impects of M79
end flet-nosed projectiles at high obli:uity on thin plate
ie strik ng. The flet-nosed projectile cuts a disk out of
plate with very little dishing whereas the M79 dishes a
' considerable erea around the impact., The much larger
plastically deformed zone in the cese of the M79 probably
accounts for most of the increased energy reculrsd for
penetration at high oblloulty. For typicel impaocts see
Figures 2, 3, 4 and 5,

L At e/d of 045 - 0,49, 15+1b. flat-nosed pro-
geotiles were found to have iimits from 75% to less then
7% of M79 limits under the same test conditions, For
@ of U.49 at 45° and 60° obliquity M?79 projectiles are
shattered whereas 15~1b,.flat~nosed projectiles penetrate
in a whole condition. 1l-1b, flat-nosed projectiles gave
‘comparable performance to that of the 1l5-1b, flatenosed
rojectiles at 0° and 30° but hed limits about 4% higher
fneferenoe {(a)), Impaots by flat-nosed projectiles re-

: sulted in fallune by "punching" characterized by the -
o ‘ -throwing of plugs from the plate., For view of plates,
o projeetiles and punchings see Figures 6, 7, & and 9.

At e/d of 0,67 15-1b, flat-nosed projectiles

had limits inoreasing from 62% of the M79 limit at normel -

- obliquity to' 100% at 40° obliguity. At 40° both flete- ’
nosed and M79 projectiles were broken, For views of plate,

T
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prbjectiles and punchings see Figures 10, 11, 12 and 13,

At ¢/d of 0.80 15«1b, flat-nosed projectiles
had a limit of 86% of the M79 limit at normal obliquity,
Since the deformations of the flat-nosed projectiles were
large on this test, it wes apparent that the subject pro-

- Jeotiles would not stand up to more severe tests. 8ee
Figures 14, 15 a0d 16 for views of plate =nd projectiles,

At e/1 of 190 snd normal obliguity 15~1b, flat-
nosed projectilies were shatter«<d with negligible pene~ .
tration up to velocities 3% sbove the M79 limit, See
Pigures 20 and 21 for views of projectiles and plate.

. From the preceding discussion it is spparent
that the flat-nosed projectiles used in the present investi-
gation were of considerebiy higher quality than those of
reference (1). In tiose tests flat-nosed projectiles did
not successfully penetrate 2" STS (e/d of 0.67) at 0°
obliquity. On the other hand the present projectiles ‘
penetrated at e/d of 0,67 up to 40° and e/d of 0,80 at 0°
obliguity. In view of the perlormance of the subjeet pro-
Jectile 1t does not appear that successful penetrations
at e/d of 1,0 can bs achieved for projectile having a
full callber flat-~nose unless perhaps en overwelght pro=
Jeetlle is used, -

Ageinst the-divided pl.-te structure (3/8%, 195
end 1/4" STS spaced 2 feet apart at 30° obliquity) the M79
projectile penetrated the 3/8" plate and atuck in the 195
plate at & veloocity of 1105 ft,/sec. The flat-nosed pro-
jeotile penetrated the entire struoturs at 940 ft./sec.
and had a residuel velocity of 234 ft./sec. From the
residual velocity and the strik.ng velocity the limit
velocity of the struocture for flat-nosed projectiles was
caloulated to be 880 f,.s, using the equation developed in
Appendix E. The limlt velecity of the struecture for the
M79 projectile was estimated at 1130 ft./sec. Thus for
this structure flat-nosed projectiles heve s limit veloci-
ty of about 75% of that found for the M79 projectile.

Limit penstration cocefficients for verious 3-ineh
capped projectiles aga nat homogeneous plate were reported
in réference (3), The comparison of those limit values
with values obtained for flat-nosed projectiles under.
similer test conditions gives the flet-nosed projectile
a marked superiority provided that e/d 1s not above 0,67.
For exsmple in reference (3) 2" STS (e/d of 0,67) st 0°
and 30°, and 0.73 STS (e/d of 0.24) at 60° obliquity

«8a
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1164, 114% and 86% respectively of the values for 3" P
o _projectiles under the semes test conditions. Referring N
© to Table IIl of this report flat-nosed projectiles under ;
- similar test conditions geve F{e/d,0) values 62%, 93%

and 4L7% of the M79 velues, (The 3" M6l capped AP projectile
- 1s a 15-1b projectile with a cap weighing 15% of the total
-prajectile weighq).

‘againét 3" M61 capped AP projectiles gave Fle/d,0) values
o
M79

- Flatenosed projectiles fitted with ceps of i
verioug types d4id not succeed in completely penetrating .
homogeneous plate at velocitles ocomparable with those re-

- quired for plain flat-nosed projectiles. The ceps in

"“ginaral‘greventéﬁ the punching metion chesrscteristic of

i q”punching action end therefore nullify the advantages of

. ab-nesad\groﬁﬁmpiles.' A type of punching ocourred with -
- the projectllep heving grooved ceps. On impsct part of

.the nose was chipped off to the slot which produced, in
effect, a flat-tivgsed projectile having a reduced diemeter
on the nose. Thls projectile had no advantages over the

- plain flat-nose and lost in éfficiency of penetration be-

- cause of the amaller flet erea on the nose, The results
of testing of the several oappedvprojeetiletypes showed
clearly that to.¢ep a flat-nosed projectile is to destroy

- 1ts ebility to produce & plug-type of plate failurs,

SR 1, 3e«inch 15-1b, flat~nosed projectiles penew
 trate homogeneous plate at 3uumwﬁka&%gglower velooities

‘ than°do.3-ﬂhoh‘H79‘or-3-inchvcap ed MOl AP projectiles
over a wide rangs of test eonditions which included a

- divided armor test. |

2, Caps bh flatvnosed‘projéotilas destroy the
flat-nosed projectiles. \ | T

VI - RECOMMENDATIONS.

, It is recomuended that the Bureeau of Qrdnance =
initlate a program at full scale for the development o
flat-nosed AP bombs, It is further recommended that

flat-posed common projectiles. from 3-inch to. 5~lnch scale
. be obtained sinee such projectiles mey be considerebly B
more efficient than current projectiles in the attack of B
~ 1ightly srmored vessels, : | -

/
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1. Penetration of Homogeneous Armor by J-nch

"L flatenosed ;rojeotiles. U. 8. Naval Proving Ground

f””- v}aqport No.

<43 dated 19 April, 1943,

L - 2. Penetration of Homogeneousa Pldte of one

- Tensile Strengthk (110,000 psi,) ve. 3" M79 AP :
projectiles -~ Partisl Report. - U. 8, Navel Froving Ground
~ Report No, 8-44 deted YB April, 134k . ° \

3 Er#aotrof Cap DéSL@m on' 3-inch projeetile
‘Performance ~ Partiel Report. U. &, Neval Proving Ground

.;Réport_No.\16-bBMdated lh-Deoemb@m.‘l943.

VD azemEE
: : S ," |

8 saearesss Plate thickness st impact in inches,

@ crneeees Obliguity. Angle between trajectory and

: *  popmel to plaste &t point of impact,

B | SR P:a2$ctile mess in pounds, \

- ‘vg‘ii Sahe Spriking veloqity in feet per second, - !
Vg ( S ees Btriking velocity in percentage of limit

‘value caloulated from Navy 1931 empiriesl

o formule using Buord Sk. 78841,
- Pel®s oeee Depth of penetration in inches messured from

T ‘front msurface normel to the plane of the plate.
o g?*....... Residuael velooit{ after penetration of the plate. |
o ] _

. ¥(e/a,0),, Thompson F-coeff
| 42,57/ 3y cos @

' Ple/a,0) =
' ' e @

" where Vy, is the linit velocity (minimum veloocity for com
 plete penetretion., |

_' £3d_a..... - Increase in diameter in inghesg of the forward
o ; bourreiet of the projectile as a result of the

' Impact, : : ,
NO e0esss Nose offset. For M79 projeotiles the distance

fent defined by the relationm,.

in inches the nose is displeced from the longi~

 tudinel axis of the projectile, For flet-

nosed sroaectiges the maximum displecement of
e

one side © lat-nose with respect to the
other along the longjtudinal exis of the pro~

Jeotile. -
) o w0 -
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Brodﬁﬂﬁime undeformed,

‘Projectile dsformed but not broken,
-Progeo¢ile broken into two or three pleces.

Projectile broken on secondary impect agalnst
butt structure. : '

Projectile shattered,
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APPENDIX & BALLISTIC DATA

Osmu.m 100! :
09619 go*

02614 45°00"
- OP615 45°00!
| o.&um 450001

17457 0°40!
19455 0°307
12459 0°40% - ]
19459 1°00°

19460 29950!
11470 30°20¢
1460 29°50"

a A_dm‘ Vs

"14.95 487

. CP
12,95 501 ¥ CP
14.95 mm.m ~€P
F = 23,600 - ( wé Near Limit
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‘ H Projectile Cond,
‘Bo,  dm - ibsg £4(n) NO(in)
mmwm‘. 17483 4%5000! K..om 1039 3 muv_ on - - - D
2257 H.:&w 44°50" 14.30 10 82 cp - 0.010 0,06 D
F = 32, moo,,moo Gwmu
C . 2301 1¥477 60°00! 14.90 1360 73 . Ince - 0.003=0.024 0.06 D
2300 1%479 59°50' 14.95 1512 cP - 0.009-0.059 0,13 D
2799 H_:Gm 40°00! 14.90 1704 91  CP - 0.,022-0.,110 0.25 D
e a o ~ F= wrooo&oo Smﬁ N | |
_— 2024 27613 1°20' 15.30 fmww 66 Inc.l%5 - 0.063. 0,00 D
_ 2023 29013 1°00* 15.30 804 mm | nm | - 0.076 0.00 D
2022 27013 1°20' 15.30 wmw 376 0.143 0.00 D
o - . mm mo?moo ﬂmumu
mawm 29014 20°00' 15.30 ; - - 0,041 0.25 D
- 2026 29012 20°00' 15.30 .mww T 79 Ine.liS - 04046 0.25 D.
. | 2272 29012 20°10' 15.90 98- 5 Ine,280 -~ 0.068 0.25 D
o 2029 2%013 20°20' 15.30 1033 86 SIP 2% - - - S - -
2273 29013 20°1D* 14,90 1065 88 1Inc. 2375 - 0.070 0.25 D
. _ 7 ® = 37, 800:500 (88%) - - A
a.m » - = A




mwm.ngw.ﬂm
- . Base broken off
"3 107 SIP 3.3 Fose upset,’
. ,“._,_ &.amomo&ﬁoﬂo v | ‘
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- - Shattered - - X
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2286 0618 020! 14095 %u g2 smFB" - 0000 000 E
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F ..‘ufwoawmao Gwmu N - —— -

- 0,000 0,00 E
P . 173 0.000 .00 E
CP . 18 0000 0.0 E
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= 2239 060D 60s107 ﬁ.ﬁ P8 105 fme, = - 0000 - - B(2)
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o 2215 aummo 60°10% Hp Hou.m HS. - CP - - o.n_oo 0,00 E

oo 2156 ua.%m oomoa 4,85 - 103 =~ 0000  0.00
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PPENDIX B BALLISTIC DATA (C NT'D) '
- ‘ ﬂ% %ﬁ Carn,-nl, No, 40915 (Same heat as 40500}

~ APL

Impact e : m Vg . VR Projectile Cond, '
Nop . in., 0 Abs, , Iﬁ: £.8, Aé;inaz Rogin,j ‘
- - o Obllguity = = @ . _
2159 1“500 45‘10' }.4995 1333 1100 Imc.l-1/2" - - Brokm B
2160 -1%503 45°20' 14.95 105 Inc, 1V - Broken B
2161 13500 45“95' 14, 95 1473 110 Partisl - - Nose shattered B
F= 45,900 ¢( 1102}
' - 55° g‘:_al;quitz
2208 1"511 55‘00' 15.00 1949 [ S - Bhattered X
, 2206 139494 54“5 14,95 2016 12 - Partial - Shattered - X
2207 18497 55 1 8 15.00 2ns 12 cP - _Shattered X

= Aboud 59,00@ (120 %)

0.000 - 0,00 E

1654 21006 0°10° 1

1655 29005 21°607 15.0 44 354 0,000 @ 0.00 E

1656 2%004 31°00' 14 _‘87' 0,005  0.06 D

1647 27004 39°50' 15.0‘5 .—.1“75 - - 0,029 0,50 D

B BB s L m o 3
| _7-4» ,4901899 (106%) T s
. - " ‘ 7. i;

€ I ) R |




- APL
- ~Impact e

20430 0°30!
2#430 0°40!
22430 0.40?

39055 0°30°

n‘ .
DECK

No. . .in._ 8

¥

2302

2304 - 210

14,95 1308 110 CP
©F u.hﬁvooo"moe,mwomuw

ISTIC DA o oo . : .
; LCTU _ L ) . . . ) ;
378", 135 and 1/4% STS spaced 2 feet apart in that order at 30° obliquity.

" m Vg
‘ . 4
2909  30°00' 14.95

2w10 29°20% 14,95 B1Z €P ,
299201 14.90 9406 CP - CP

VR Projectile Cond,
Pene, L.8. in n,) _
r . - 0,000

0,000
0,000

0,00
0,00
0.00

14.95

bt gl

15.00 ‘1459 114 _ CP S

. J18 tv . . - .
15,05 158 5 cP 301 0,000 0,00 E

F = 48,100:300 (103%)

L - - Est. |
| | VL, % VL Vg ¥
174" £.3, Less

1130 €2 --

P Inc. —
234

* Vv -~ Limit velocity for structure.

** VR = mnu_ﬂﬁgw velocity after penetrating mmw“_.w_m ‘structure-
© o Linit wau. flat-nose = .wmaom ﬂ-»«nﬁ.g . |

s
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42033;

2030

2031

ORI

2041
- 2038

2039

elded Cap)
‘Nose chipped

1005 1 Qud)

':l¥h75730‘ﬁﬂl?ff 1  872 i83‘.3“‘ - Nose dhipped.’

902 86 3/&“ - Nose chipped.
,_grooved.sup)

‘1u473 zgﬂﬁalﬁ o 866 83 3/4" - Noge chipped

222322 &t 202 Obliguity
Vi 1085 90 3/4« - Body Bent,
nﬁfff'at-Ngged Prg;gotile (15% groc.ed ep)

| 3ggo_;o°zo'-5  W 1396 88 B/Q" ~  Shettered.

5-1b Fl t-Hosa_ br xeetila : Grooved Cap)

3920 1'10' ‘ 1392 89 1 - Shattered,
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AP@ENﬁII E; gnlﬁuﬂxmlﬁx GF RESIﬂUAL VELQUITIES
N MULTIPLE STRUCTURES,

o In deﬁenmini the arrioiency of a projeptila )

J, 1t 1 usuelly of prime importence to know how it will o
; ‘behave ‘agatust divided structures. The problem ig com= A
i pliceted by the astion of succeasive plates in removing E

- windshields snd caﬁa and by introducing yaw in the pro-
Jeetile flight, fnmlewing development ignores these
- fectors end oonuideratinu is given only to e projectile
ﬁ Whig?tzenatrataa the aﬁrm@tura in an unyaw&d and undemsged
con Onle

‘J\

Tag o conaiﬂ@r the -“1aot of & projectile having :

' muwvalaaity againet e multiple structure gonsisting of
plotes o5 spased thet the projectile oomplotely olears

-onm ‘plpte before striking the next one. Let the limit

- veloui iﬁs for the sucoaaﬂiVQ‘plates be deglgnated by

o B§% e 3y vessves Vi and the reaidual velocitien

= ‘ er"anatrating etoh pvana by W; Thea

‘ _;¢Vsunw it has been-established Tor: ma}br calihgg rajeggiles

~ "that the relation between Vg Vi end Vg for the attack ‘of

npqmngeneawa p”a%é is of the fo lowing ronm. ,

‘h E ﬁ{vs - v&Z) - | { w ‘3)

, “wwnara 8 is independent. of yelocity for & gﬁven test -con~ -
ditlon but depends on e/d, obliguity and projectile nose
shape, Values of 8 ere known for a. great meny test con-
‘ditlons, and usuelly it has a velue o.propghing unity,
: Enowing the limit velocities and velues of 8 for each
R plate the residusl velocity efter pevetration of eny set
- of .plates can ba.calculated, . The limit veloeity for the
B8t of plates canm be cslculated by setting the final regi-
/ dual ve aoiki aquel. to zero end solving for Vg, the striking .
myalocity satisgfying that condition. o C
h?haa for the ftrat plata: _ S »

":vm*=sws “wh
i Sinne Vp & beaﬁmas the striking velooity rur the aeoond
eutending to- a series of plates

. 1ate ah
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D e ayt® - )

w2 e |
TRy~ = 83(Vee? - V13?)

| VRN2 - SN(VR(N-I)Z - VNZ ) _ (h)
Sinee, usually we are interested only in the finel resi-
dual velocity we can eliminete the intermediate residual

‘velocities by substitution. Making the substitutions and
Jearranging we get = :

2 | \
 VRa = s182(vg? = V1% ) - 85vpp?

‘ Ynjgﬁﬂ 515283( Vg~ Vp1?) ~8p89V5% - 847,42
vnﬂﬂf, 81 »ee SylVg2- via?) -‘32‘4..SNYL2 2

=8y «eSHVLR? deesemSpTLY? (5)
The limit velooity of & Struoture consisting of N

~ plates is the yalue of Vg for which Vpy is equal to zero.

Therefore setting Vpy equel to zero and solving Tor Vg

~ we get the limit velosity, V;, for the structure in térms

of the Jimit velpcitles snd Values of S for each member,

P e V® - v

Rearranging equabion (5) &nd using e ustion (6) en expres-
sion is obtained which permits the celculation of the

limit of a2 strueture through the measurement of the
strik.ng and regldual velocities, :

-+ VLsa + cno.VLNz

o
L

2 _ 2
V2 = V5° - Vpy
§I ‘l'.‘. sN

To use eipressibn {(7) it is noted that volues of the con=

BLENES Sy «ieeyBy are necessary. Let us apply equation
(7} to the

(7)

divided ermor structure of the subject report

L mEbe e




. “&nd cemwpare the result so obtained with the result calou-
.~ 7. leted from ecuation (6). The following tebles gives. the
... .velues of constants end messured limits of individusl
Wi plates. (Limits are not availeble for plete of 1/4% and

o /8" gauge against flot-nosed projectiles, The slope
- values in parentheses are estil.ates).

3/8" 195 /4
2o R he 550 Wy

M79 1,0 320 1.0 1070 1,0 250
Flat Nose “(:9) e ) - (-65) -

“

e

From.the results for flat-nosed projectiles
egaingt the divided structure we hsve for a striking
velocity of 940 f,s., & residusl velocity of 234 f.s,
Appéging ecuetion (75. the 1limit velocity comes out to
be f.8, ' :

The limlt velocity for the divided armor
' gtructure ageinst the M79 weas found experimentelly to be
i 1130 f.s., By substitution of values from the above table
- for M79 projectiles in ecuation (6) one gets 1145 f.s, .
- Wwhich is in agreement with the experimental result,
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