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PRINCIPLES OF ARMOR PRCTECTION

Fourth Partial Report

OBJECT

To investigate the increase in protection which is

afforded by a thin decapping plate.
SUMMARY

One~twelfth callber plates remove the caps of APC
projectiles at service velocities, irrespective of hard-
ness of cap, closeness of fitting, or, within wide limits,
of cap design.

The use of such a decapping plate would result in a
marked lowering of the shatter velocity of the enemy's
projectiles, and therefore in their effectiveness, par-
ticularly in the important obliquity range 30° - 45°. Asg
an example, the lowering of the shatter velocity would be
enough to exclude the possibility that 75 mm. AP( pro-
Jectiles could penetrate, without shattering, %20 BHN

plate of 2,5% thickness at obliquities of 35° ang over.

c'-Z'—vq_\’
C. Zener
Senlcr Physicist
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J. F, Sullivan
Assistant Engineer
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INTRODUCTION

In armor design primary consideration is given to
a high resistance to penetration consistent with satis-
factory shock properties. The concept of resistance to

penetration is not, however, without considerable ambi-

gulty.
* Firstly there is an ambiguity as to the conditions

of attack. These conditions may be roughly represented

by a velocity - e/d diagram, as in Figure 1. In armor
design two conditions need not be considered, high ve-
locity impacts against considerably undermatching plate,

a condition under which there is no hope fcr protection,

and low velocity impacts against overmatching plate, a

1
.‘ u‘ll." i

condltion under which protection is certain. In design

one need consider only the regions in the velocity - e/d

diagram corresponding to low veloclity impacts against

undermatching plate, and to high velocity impacts against

plates which either overmatch, or only slightly under-

match, the projectile., Those propertizs of armor which

give best protection in one region do not necessarily

give the best protection in the other region. Under the

combat conditions prevalent in the present war, impacts

are much more likely ta occur in the high velocity (ehove -k

2000 £/s) region than in the low velocity region.

1

Secondly there is ambigulty as to the quality of the

attacking projectiles If the enemy's projectiles could
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not be deformed, then design would have to be conceraned
exclusively either with absorbing the kinetic energy of
the projectile, or with deflecting the projectile. Actu-
ally all projectiles may be deformed, and consequently
their kinetic energy dissipated, if the condltions of
attack are sufficiently severe. Changes in plate design
which increase the ablility of a plate to deform and
fracture projectiles frequently lower the plate% re-
sistance to penetration by projectiles which are not so

deformed or fractured. Thus face hardened armor is better

able to break up projectiles then is homogenscus 2rIor

- AANSBIS P ma L - - aber s g

but if the projectiles are not broken up, the face
hardened armor offers less resistance to penetration than
does the homogeneous armor, Armor design must therefore
involve a compromise between the attempt to defeat the
enemy's projectiles by absorbing or deflecting their
kinetic energy, and the attempt to defeat th§ projectiles

. by breaking them up. To maintain an optimum compromise

requires constant vigilance in observing and in antici-
pating any improvements in the enemy's projectiles which
might render i1ts defeat by the second method more unlikely.
One design feature which favors the defeat of a
projectile by sitatter is the apportionment of part of the
armor in & front thin plate, the purpose of which is to
remove the cap of the attack1&§§§%§?éctiles. Unless the

cap is removed, however, such & design feature would lower
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the resistance of the armor to penetration. This may be
seen from the fact that the surface layers of armor offer
less recistance to penetraticnl rer unit depth than does
the interior. Since any spaced armor must necessarily have
a greater portion of the armor in surface layers, it will
be less resistant to penetration unless the first layer
alters the projectile in some manner other than in the loss
of some kinetic energy. The present report presents an
investigation of the advantages which may accrue from\the
introduction of a thin plate in front of the main armor,

the purpose of vhich 1s to decap the attacking projectiles.

RESULTS AND DISCUSSION

1. Removal of cap.

It has recently been found® that a 1/4" plate, either
face hardened or homogeneous, will remove the cap from
75 mm., APC M6l projectiles fired through it at velocities
over 1400 f/s. Confirmatory experiments have been reported3

on the removal of the cap from 37 mm. APC ¥51 projectiles

by plates of the same e/d ratio of 1/12, namely by 1/8" plate.

It was suspected that the cap removal was associated

with the brittleness of the hard caps. This suspiclion was

1. C. Zener: T'Principies of Armor Protection, Third
Partial Report®, Report No. WAL 710/607=2.

2. Aberdeen Proving Ground Projectile Test Report No. AD-P27.

3., C. Zener and J. Sullivan, "Principles of Projectile

Design for Penetration, Second Partial Report", Report No.

WAL 762/231=2.
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removed by the firing of M5l projectiles whose caps had
been previously softened. These were also removed by
the 1/8" plate.

It was then suspected that the removal of the cap
night be due to a faillure which starts at the threads
vwhereby the ballistic windshield is attached to the
cap. Accordingly 37 mm. APC M59 projectiles, in which

these threads are absent, were fired through 1/8" plate..

The caps of these projectiles were likewise remo%ed.

It was Purther suspected that the cap removal might
be attributable to a relatively weak bond between cap
and core due to an imperfect fitting. Accordingly the
caps of several M59's were removed, a lap £itting was
made, and they were then resoldered on. These caps were
likewlse removed by the 1/8" plate.

The lack of success in"the above attempts to make
caps resist the penetraticn of 1/8" plate, together with
the reporits that thin »nlates also éecap German pro-
jectilesl, make it seem likely that if sur armored vbhi.-
cles are equippel with 1/12th caliber 3dscapping rlate,
the enemy will not, in the near future, perfect his proe

Jectiles so as to defeat the purpose of such pliates.

2. Effects of removal of cap.

Previous experiments2 have shown that the decapplng

I, Aberdcen Proving Grounc, 10G. Cit,
2, C. Zener and J. Sulliven, loo. cit.
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plate need be placed only one projectile length in firont
of the main plate in order for the projectile to behave
as if the cap were entirely absent. Hence in the
present experiments the effect of cap removal was in-
vestigated by comparing the behavior of projectiles
with and without caps, The projectiles used in this
study were cal, .30 artillery type projectiles modelled
after the German 75 mm. APC Pak U0 projectiles., A
description of these projectiles 1s given in a current
report,

Thes primary diiference between the performance of
a capped and an uncapped projectile against homogeneous
armor lies in their respective shatter velocitlies. The
shatter velocity for the capped projectiles, in attack
against plate of 321 BHN, lies above 2700 f£/s under
all circumstances.2 The capped projectiles are therefore
not subject to shatter under the usual conditions of
combat. In order to find the conditions under whicn the
uncapped projectiles shattered, they were fired against
matching plate (0,30") of the same hardness (321 BHN),
at various obliquitiés. The observations are presented
as Figure 2. From this figu.e it is secen that the

snatter velocity falls from above combat velocity at

.15° obliquity, to a minimum below 2200 f/s in the

1. D, Van winklc: T"Principles of Projectile Design for
Penetration, Third Partial Report," Report No. '
WAL 762/231=3, )

2. 3B, G, Ward: "Principles of Armor Protection, -Second
Partial Report,® Report No. WAL 710/607=-1.
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range 35° - 40° obliquity, and rises again with a further
increase in obliquity.

The initial drop in shatter velocity with oblicuity
can be readily understood from the mechanism of shatter.
This mechanism has previously been discussed,l and will
be briefly reviewed. A projectile experiences two
distinct types of forces when 1t strikes a plate. One

force arises froa the resistance of the plate material to

O L T PR R

plastic deformatipn. The second force arises from the
reslstance ry the plate material to acceleration, which
acceleration it must hrwe in order to get out of the way
of the projectile, rris second force is called tne
"inertia force". It is the force which 1s responsible
for the shatter of projectiles. The primary function of
a cap is to distribute the acceleration of the plate
material over a longer time, and hence to reduce lts peak
value, and consequently the peak value of the lnertia
force. In the absence of a cap, the acceleration, and
hence the linertia force, will be greater both the higher
the velocity of the projectlle and, at normal incldence,
the blunter the ogive, or, more generally, tne blunter
the apex the ogive presents to the plate. In the par-

ticular projectile used in the present experiments, the

1. C. Zener: '"Mechani-m of Armor Penetration, Third § :
Partial Report," Repert No. WAL 710/492-1, B
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oglve tip oresents a tangent surface to the plate at an
obliquity angle of 300. The epex of the ogive therefore
presents an increasingly blunter apex to the plate as

the obliquity angle lncreases from Oo to 300. The veloclity
needed for shatter therefore decreases in this obliquity
range.

The final rise in the veloclty needed for shatter
with obliquity 1s due to the fact that when the oglive
presents a tangent surface to the plate, essentially cnly
the normal component of the projectile's velocity is
responsible for the acceleration of the plate material,
and therefore for the inertia force., In order for thils
normal component of velocity to remain constant, the

critical veloeclty for shatter, V, must vary with obliquity

g8 as

Vas1/cos 8 (1)

This theoretical relation is consistent with the obser-
vations in Figure 2 beyond 4o°,
Equation (1) also gives1 the relation in the case of

capped projectiles betwsen ballistic limit and obliquity

for obliquities over 300. From the manner in which the

critical shatter velocity and the halllstic limit for no
_, shatter vary with obliquity, it may be deduced that 1f

a projectile shatters at one obliquity below the ballistic

1, B, C, Ward: loC. cit,

g




limit for no shatter, the same will be true for all higher
obliquities,

The above conclusion mey be used to make a rough

survey of tha consequences of decapping., 7Tt was found that agarns

plates with an ¢/d of 0,83 (2.5%" plate for 3" projectiles)
wincapped Vimgechito . o -

or over,shattered before peneiration at 35 . Therefore
decapped projesvitiez cinnot penetrat2, without shattering,
plates thicker tnan 0,37 4 unless the obliquity 1is less
than 35°. On the other hand, it was found that at 30°
obliquitij;;ojectilee could penetrate, without shattering,
plates as thick as 1.2 4 (3.5" plate for 3" projectiles).
Such penetration is possible,“however, on1§ for a restricted
velocity range, shatter again occurring at the upper limit
of the range.

The influence of a 1/12th caliber decapping plate may
-be most vividly presented by comparing the obliquity range
over which penetration without shatter is excluded by the
decapping plate, with the decrease in critical angle for
penetration which would be introduced if the thickness of
the main armor were increased by 1/12th caliber: Suppose
that a projectile will jJust penetrate a plate of thickness
e at an obliquity 6 and velocity V. If the thickness is
now increased to e + Ae and the velocity maintained

constant, the projectile will then just pensirate at some

reduced obliquity 6 - A8, From the formulal

. 0.63
V-v (e/d) ]/ cos 8

1. B. G, Ward: 10C. Ci%.
=10~
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for the ballistic 1imityw1th respect to the projecti.es

used 1n the present study, it may be seen that

0,63
cos (8 = Ae) _ (e-Ae)

cos 6 . e

When Ae/e 1, this equation reduces 10

A8 = 0,63 (ég- cot 9 radians (2)

Upon tuking Aefesv He/d = 1/12, one finds

-~

] 30°¢ 8 {50°
’ (Ae/d:y.l,/lE

LBy 3°

A

(3)

A comparison is given in Table I of the effects of

adding 1/12th caliber to the armor, as decapping plate

and as additional thickness to the main armor. .The

upper limit of the obliquity range in the third column

glves approximately the meximum angle which the capped

projectiles will completely penetrate the plate at the
velocity of 2700 f/s, the maximum striking velocity whlch

is likely to be encountered in service. Thus a 3" capped

. projectile may be expected to completely penetraté a

2.5" plate at maximum service velocities (~/ 2700 f£/s) for

all"angles of attack up to 530. In such penetration the

projectile remains whole, If the thickness of the plate

were increased by 1/U", the projectile could still com~
pletely peneirste, ané remein undeformed, for all angles

of attack up 5o 50 On the other hand, if a 1/4"




EFFECT OF ADDITION OF ONE TWELFTH CALIBER PLATE THICKNESS
{EXAMPLES OF ATTACK BY 3" PROJECTILE).

BASIC ADDED AS INCREASED
) PLATE 1 THICKXNESS OF HMAIN ADDED AS DECAPPING
- THICKNESS PLATE PILATE
. Decreases critlcal angle | Decreases critical
for penetration (without | angle for penetration
shatter) (6 ) 30°) by without shatter from
2,5 ~ 30 53° to 35°
3,01 ~ 3° 50° to 35°
35" v 3° 45° to 35°

Plate
decapping, were added, the same projectile could not penetrate

in an unshattered condition for angles of attack of 350 or

greater.

g g
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VELOCITY

T T

!

WWWI,-,

. 'll w%ﬁgﬂwﬁm‘ oMo

e e e e O SR I S




—— - — - - i ———
‘ .
3
bt \ e e e g e R ce eas = - . -
= 3
v
[
B

g
¢
At —— i B> QALY BON PN

'
i

I B %0 T
. > 0;‘”.. Mx u.«x.Hw‘...,..f,.

'
+
t
t
‘-
]
i
’
i
‘

],:
]

ECTILE GORE.

e G Lk LI S
' o

LT S
toTT T T Tt & o N Tl T - M N ooy Tt . p T |
. Ll g wg W : : : . o v’ : : :
, ~ e QA = e e e e e e e e e e - AWaS
- . . -8k T , “ : :
T - L 5 | “ PO u
P it S Ty ! 0‘. i
NI 1 N - <A I SENTUN S 1% 9.6¢ M
AR T T - ! M LKL h
B A B W - M o m . &’\ J }
Rt -.lnl.L e, x o - B Ny & , 2ol ~
= “\ b
H - q : -’ ' ! e 2 <oPU S
- i A : ,\.s‘ , M
R R v |
“.,11 Tt T ll.oﬂ”hli - b ) < @ @ T M T . .’
SEEETS B SR 2 ¢ : 1 : 5
- i K : S SR | 1y
T B : Ty T . T 4” m X -Hw-“m..mm
silil_ ; : P {S73) AL120713A  INICIONI |- B IR et eerc:=-v1

o — -

i
. ) { .
. 12200
o e v ————— - 0 et + o fperin o
. .
. HEON .

! 1
i
2000

!

i

i

|

{

et

1

{

‘
Veds o
i
13

o

“‘ .

K

4 - v 4 - w ) . 4
. . - .
SR SU . SUP 3. oo Y . e B et
H 4 : : t : : o
t : . .-
> >

e b ———— e
>
»
-




