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relatively thick metallic targets by rigid WP Elastic work by penetration J
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for this purpose where the target plate was Ws Total work 3
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ammunition with steal projectiles have been center
used to impact the targets at 400 and 600 m/s We Cent_r d elastic deflecthn mm
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compression. Comparison of the experimental A K.E Kinetic energy J
and the analytical results showed a good 2. Introduction
agreement while targets in the state of Situations involving impact are
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M, Fully plastic bending moment N.m/I protection of police officers, executives,
M, Radial bending moment N.m/l protection of spacecraft from meteoroid
circumferential length impact, explosive forming and welding of
Mo Hoop bending moment N.m/l metals and many other application.
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Calder and Goldsmith[1] in 1971 studied
experimentally the dynamic response of thin
plated subjected to the projectiles hit.
Awerebuch and Bonder [2] in 1974
constructed a mathematical model to describe
the mechanism of normal perforation process.
Wood word [¥] in 1978 has shown that
Taylors model for the penetration of thick
metal target by conical projectiles is a good
lower bound solution. Nism Levy and
Werner Goldsmith [4] in 1984 developed the
congtitutes of a very elementary anaysis of
the penetration and perforation processes
involved in normal impact of thin plates by
himspherically-tipped cylindrical hard steel
projectiles. Virostek, Dual and Goldsmith in
1987 [5] conducted an experimental
investigations of the force produce by the
penetration and perforation of thin aluminum
and steel plates by cylindro—conical and
hemispherically-tipped projectiles. Crouch,
Baxter and Woodward in 1990 [6] presented
a series of mechanical and ballistic tests
designed to test the material performance of a
model for the perforation of thin metalic
plates by blunt cylindrical missiles. Tensile,
bending, and shear tests data show reasonable
concurrence with the simplified forms
assumed for the model. Forrestal, Tzou and
Longcope In 1995 [7] developed penetration
equations for rigid spherical-nose rods that
penetrate ductile metal targets. Borvik,
Hopperstad, Berstad and Langseth in 2001
[8] studied the penetration projectiles with
three  different nose shapes  (blunt,
hemispherical and conical). Guptain 2006 [9]
conducted experimentally on aluminum plates
by using a gas gun and projectiles with blunt
and hemispherical noses. Hernandez, Murr
and Anchondo in 2006 [10] investigated the
Stainless steel  spherical projectiles which
were impacted thick targets of nickel, copper,
304 stainless steel, and 70/30 brass at
velocities ranging from 0.52-5.12 km/s.
3. Theaim of thework

This work is concerned with the
problem of penetration of actua ogiva
projectiles reasonably thick steel plate which
is in the state of biaxial compression. The
work comprises of theoretica solution
supported by experimental process.
4. Theoretical Formulation

4.1 General Consideration

penetration and perforation of rigid
ogival projectiles into single thick metallic
targets which are under biaxial compression is
considered. The idedlization of the projectile
behavior as arigid body greatly simplifies the
analysis of the process. From the definition of
rigidity the only permissible effected element
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must undergo local displacements that
accommodates its shape to that of the
intruding projectile.  These displacements
result in forces on the projectile that, in turn,
change its motion. An analytical model of
penetration by arigid projectile must delineate
these kinematic changes and their influences.
Anaytica models of penetrations and
perforations of single targets can be classified
to fal in to the following groups in accordance
with the principle that associates the kinematic
changes in the target element materia to the
rigid projectile motion [11]:

1- Force time method (Newton's second law of
motion).

2- The momentum method.

3- The energy method.

The energy method is of interest in this work,
because it is the most successful so far among
the other methods. In this method, the loss of
kinetic energy of the projectile is equated to
the work done in the deformation of the target,
which implies that a failure criterion be
assumed for both the localized influence of the
projectile and the structura influence. The
criterion for the localized influence is chosen
according to the expected type of failure, (e.g.
petaling, plugging .....etc.). While the criteria
for structure influences depends on the
idealization of target material behavior as one
of thefollowing [12]:

1- Elastoplastic: Where the effect of strain
rate is neglected.

2- Elasto-viscoplastic: Where consideration
of strain rate of the constitutive equation of

material behavior is taken into account.

3- Membrane model: Where stress gradients
across plate thickness and bending effects are

neglected.

4.2 Monolithic target model in the

state of no compression [11]

The analysis model of the penetration
and perforation of an ogival rigid projectile
against a reasonably thick metal target plate
clamped with no compression at its outer
periphery will be based on the energy
approach where the loss in the kinetic energy
of the projectile is equal to the required total
work done in the deformation of the target
W, thus:

AKE= 2m(Vi2-V2)=W;

1

This total work is comprised of the following
parts:

I WT:WE+WD+WP+W| I 2 I
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Where:
o ElasticWork WEg

2

W= —000756”2—n,a(1 V) 3

e Plasticwork donein dishingWp

V4 = A| 7w 2., &
W= gme [14—R}—20yffwe {24—4

e TheWork Donein Indentation W,

270 he
w - 7o, hy .
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JétanE

e Plastic Work Donein Petalling Wp

—

39 2 1 k(3+2k)

—(5 cf%(GZ 91)+—pc2h0co (1+k)2 6

Substituting and solving Eqs 1 for V, yields:

|
N1

I 2+k Vg
[2(1 0 J [001512—Qa - \/2)}

<
I

R e B

Z .6, -0y 2L

hoeet?
m/étang

4.3 Monolithic target mode in
under biaxial compression

The analysis of model of the penetration and
perforation of an ogival rigid projectile of a
reasonably thick metal target plate clamped
under biaxial compression will be also based
on the energy approach where the loss of the
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kinetic energy of the projectile is equa to
the required total work done in the
deformation of the target Wy asgivenin Eq. 1

AK.E= %m(ViZ—Voz)z Wr , and

I W=WegptWp+Wet+W, I 8 I

where Wep =Wg+Wece

The components W, and Wp will be the same
as given earlier. However, the effect of biaxial
compression will yield in appearing anew
extra component in the elastic work which is:
Elastic work Wec due to compression [12]:

Wee=0. OOBGSSw 9

7Z'

Moreover, two new terms will appear in the
expression for Wp which are a membrane
stretching force per unit circumferential length

N, and ahoop stress per unit circumferential
length N as shown in Fig. 4-1 where

N.=oh, and N, =Ph; then:

2(X.C ocC
n., 2722l X =
- Phye R{L—R}-npﬁ%e R

%V\Fe R{lﬂﬂ% e R{z%c

10

Substituting and solving Eqs 8 for V, yields
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Figure 4-1 Bending and stretching affecting an element of the plate

NUCEJ val.11, No.3,2008

In-Plane Biaxial Compression Force

472



5.3 Materials

5. Experimental Work 5.3.1 Projectiles:
5.1 Impact velocity Testing setup
Fig (5-1) shows the block diagram of the = RIEE

universally used velocity measuring setup.[13] 1 Chemical composition of the projectile

material

'_ ——
C% | W% Cr% | V% CO%I

185 45 125
Screen] e —
Gu
Steel
D: P
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Peicdix [ U AN AN HN AN R EE 2 Mechanical properties of projectile
i fy

signnl—iuﬁ‘lm(}ls)’ L " ‘ !

g N

bl [ 1

Modulus
of
Elasticit
y GPa

Conditianing circuit:
Guve sigmal [ur slarting and endg (e covnter

7

\
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39C5 Micrcontroller, 16-3i timer
Counter: compute Tllow; T1High; Tlcarry, Ttow;
TtHigh: T2earry & T3low: T3High: T3carry

[T

N4

- o 5.3.2Targets:
VLT VEL /TS and = T2 - (L1 Vi L2/V respectively
Figure5-1 Block diagram of the velocity Table5
measurement device. 3 Mechanical properties of medium carbon steel
[ L
. . . Modul Ultimat
5.2. Biaxial compression device and o | e
Its components Elasticity in
Fig (5-2) shows the locally made biaxial GPa tension
compression device. MPa

Medium
Carbon
steel

Jack

Figure 5-2 Biaxial compression device

A group of 3 shots were fired on each type of
target and the average value was then taken in
to consideration.
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6. Results and Discussions

6.1 Experimental results

6.1.1 The target is at normal
condition (no compression)

6.1.3 Comparison of experimental
results

Table 6
1The target isin the state of no comEr on

%
state of reductio
structure nin exit
velocity

No 13.85
COMpressio
n 6.66

6.1.2 Target is under equal biaxial state of
compression (F X =F y)

Table 6-2 Thetarget isin the state of equal
biaxial compression

Loading
F kN

F=F=0.2
kN
0-2Fbuckling:1
0.6 kN

F=F,=0.4F,
0.4 Fpuckiing
=21.1 kN

F.=F,=0.6F,
0.6 I:buckling
=32.2 kN

100

80

60 — \/i=400

40 Vi=600

20

% Reduction in exit velocity

Bucklng load

Figure 6-1 The percentage of improving in target
resistance to penetration

6.1.4 Bulge height and radius of
penetration zone

Table 6-3 The maximum bulge height and
maximum radius of penetration

Max.

State of radius of

structure penetratio
n

mm

16
No
compression 16
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6.2 Theoretical results

state of reducti
structure onin
exit
velocit
y

145

No
compression 8.16

F=F,=0.6F,
0.6Fpuci ing:3
2.2 kN

Theoretical

%
exit | redu
ction
in
exit
velo
city

145

8.16
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6.4 Discussion

For the case where the target is under
normal condition (no compression, it seems
that the crack propagation within the target
meta is instantaneous with no resistance or
any confining measures against there crack
propagation, then the amont of energy
absorption is ineffective. however and due to
the compression load imposed on the target,
the resistance to penetration has noticeably
increased due to the impeding of crack
propagation due to the more condensed
particles in the metal. For there same reasons
the max bulge height and radius of penetration
zone are effected and are as show in (Table
6.3).
7. Conclusions
1. A target plate of specific thickness under
norma condition has shown negligible
resistance to perforation and penetration of
steel projectile.
2. The same targets but under biaxial
compression load (at 0.6Fg,cing) has shown a
tremendous improvement up to 82% its
resistance to penetration and perforation.
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