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SHAPING THE PROCESS OF PENETRATION IN THIN TARGETS

Plamen Chernokozhev, Anton Antonov, Plamen Dgnkov

Abstract: An analytic model is created describing the process of hitting thin targets. Mathematical
expressions for determining the work for forming a stopper, for plastic expansion of the opening, work for

friction and work done for heating are suggested.

The basic destruction types of
thin targets are showed in picture 1.
Usually one of the types may be
dominating but they are often met in
combination. In the present research
545 mm bullets are used with
prolonged front part the central core
of which is made of: steel 10, AA 13,
38XH3MOA, 38XC - @, 65A,
P6A215. The shooting is made with a
ballistic tube from 50 m towards a
target made of steel 20; 4; 6; 8 and 10
mm thick. The process of penetrating
passes through three common stages
and the forming of a stopper and its
ejecting from the target is regarded to
be a basic mechanism of the
penetrating. During the first stage the
moving may be ignored and it is
considered as a stage of compactness
in which the bullet feels the effect of
the inertia strength and the strength of
compactness.
The strength of compactness

acting upon the bullet is determined
by the strength of compactness of the
target which is in contact with the
bullet. Besides that it is supposed that
on this stage of penetrating the mass
of the

The second stage  of
penetrating comes with the moving
of the forming stopper along the
surface. The stopper will be ejected
from the material. On this stage the
power for moving the stopper
emerging on account of the
movement of a part of the material of
the target fastened by the bullet is
added to the acting strength of the
bullet.

During the third stage the
bullet and the stopper move together
as a solid object overcoming the
strength of the tangential tension
which acts on the side surface of the
stopper and along its whole length
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Picture 1: Basic destruction types

a/ brittle destruction

b/ destruction with forming of radial leaks
c/ breaking to pieces

d/ plastic expansion of the opening

e/ ejecting a stopper

f/ forming an opening with a ring
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It is necessary to import
corrections in the model marking the
plastic deformation in the smooth
central cores and the brittle
destruction of a part from the
highstrong central cores. Besides that
together with the ejecting of the
stopper a plastic expansion of the
opening combined with destruction
by sagging is received. Similar
model is developed in Tailor's and
Vetne's works.

Connection  between  the
penetrating and the expansion may
be obtained only numerically. That is

why it is interesting to know how
good with Tailor's results the
characteristics of the material of the
barrier may be predicted, and these
characteristics determine the armour
piercing and the firmness against
hitting.

From the models describing
the destruction by sagging which is a
basic kind of destruction in slim
targets the further developed by
Thomson Tailor's model is preferred.
The work necessary for penetrating
in conformity with this model is:

W =_,];' E.az-GS-ho

L

os- level of drawling of the
material of the barrier

h,- first thickness of the barrier

a- expansion of the opening
from O to radius “r”

From the analysis of the
existing theories it is obvious that
still there isn't a full description of
the process of penetrating. This is
the reason for involving some other
factors influencing this process.

If we mark the full work with A
which is done during hitting of the
steel barrier

with Al - work done for forming the
stopper

A2 - work for expansion of the
opening

A3 - warmth used for heating
the lead mantle

A4 - work for overcoming the
friction strength appearing in the
process of penetrating

A5 - warmth used for heating
the central core

then:A = Al + A2 + Az + A4 + A5

where:  Al=n.rp’.es.Ip
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Picture 3

rp - radius of the astopper

os - level of drawling of the respective
metal from which the target is made

Ip - length of the stopper
Agz Go.(Vo,-VS,): Go.ﬂ:.(roz-rsz).l

oo — Os - the tension in which appear

plastic deformations

Vo’ - volume of the opening

V' - volume the opening with
diameter corresponding to the

Picture 5

1=6,7L

Picture 4

diameter of the central core

o, - radius of the opening
received plastic expansion

r - radius of the central core
1~0,7. L

L L - full thickness of the stable

including the swelling that is
obtained by forming a ring
entrance+exit

A3=Ng; . m,. AO
Noa -specific heat - capacity
m, - mass of the lead mantle

AO - changing the temperature in the

process of penetrating in the
lead mantle AO = 300°C
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F. - friction strength

FN - normal strength

k- friction coefficient € =0,8... 1
a, — acceleration

Picture 6

(5l &7

The acceleration a, of the stopper is determined from the formulas:

lg=Vi.t- a.t’/2 ms - mass of the central core

Vi =V¥i-a.t mp - mass of the stopper

t =(Vi-Vk)/2.a Vi - speed before the hitting Vi = 850 m/s
I,=(Vi-Vi*)/2a VK - speed after the hitting

a=(VE-Vi&)/2. 1y
m=ms + mp

F. =ma; F.=(ms+mp). (Vi-V$)/2.I@

Env = FT .sn o

before the hitting after the hitting
1
do I
- V=¢onst | | —“ds
et IS -l |
b
Picture 7 )
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fc.rsz.lszn.d_(ro+rs)2/4
d’-=4.r52.ls/(r0+r5)2
tgoa=(ro-rs)/d=(ro-r). (ro+r)/@.7> . 1)

A4 =Fy.I=F..sina.ly=(ms+mp). (V- Vi¥) .sina .l /2.1
st st

A4 = (ms + mp).(Vi¥ - Vi ) /2 . sin [arct (70 - 75).(r0 + 7s)> /(4. rs* . Is)]

Is - length of the central core

Ist - thickness of the stable

d - length of the central core after the
hitting

AS5=CFe.ms. T

CFe - specific heat - capacity of the
iron CFe=500[J/°Kl

The kinetic energy when the bullet
meet the barrier is:

Al=m. Vi®/2

m - total mass of the bullet and after
the hitting it is:

A2=[(ms +mp). VK2

Knowing A1 and A2 we can
determine what part of the bullet's
energy is used for hitting the target
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AO=A1-A2=m.Vi?/2-(ms+
mp). VK* /2

Comparing the used work A and the
loss of energy

formula (AT - A)/ AT. 100% we can
determine the relative

result of the suggested model

In creating the analytic model of
hitting the next limitations are made
the diversion of the speed
before the hitting in all experiments is
+51

the lead mantle and the cover
remain in the barrier

after the penetration of the
central core on 0,7 L; depth the

stopper is
exit.
3. Woodward R. L., Int. J. Mech.
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4. Woodward R. L., bit. J. Mech.
Sci, 20, 599 (1988)

119



