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FEM Simulation of HE GBzilést-Fragmentation
Warhead and the Calculation of Lethal Range

G. Tanapornraweekit, W. Kulsirikasem

Abstract—This paper presents the simulation of fragmentation
warhead using a hydrocode, Autodyn. The goal of this research isto
determine the lethal range of such a warhead. This study investigates
the lethal range of warheads with and without sted balls as
preformed fragments. The results from the FE simulation, i.e. initia
velocities and e ected spray angles of fragments, are further processed
using an analytical approach so as to determine a fragment hit density
and probability of kill of a modelled warhead. In order to smulate a
plenty of preformed fragments inside a warhead, the model requires
expensive computation resources. Therefore, this study attempts to
model the problem in an dternative approach by considering an
equivalent mass of preformed fragments to the mass of warhead
casing. This approach yields approximately 7% and 20% difference
of fragment velocities from the analytica results for one and two
layers of preformed fragments, respectively. The lethal ranges of the
simulated warheads are 42.6 m and 56.5 m for warheads with one and
two layers of preformed fragments, respectively, compared to 13.85
m for awarhead without preformed fragment. These lethal ranges are
based on the requirement of fragment hit density. The lethal ranges
which are based on the probability of kill are 27.5m, 61 mand 70 m
for warheads with no preformed fragment, one and two layers of
preformed fragments, respectively.
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I. INTRODUCTION

FOR a fragmentation warhead type, preformed fragments in
the formed of sphere ball are filled between the explosive
layer and warhead casing. Generaly, the number of these
preformed fragments is much higher than those of natural
fragments resulted from bresking of warhead casing.
Increasing the number of preformed fragments generaly
increases the lethality range. However, volume of explosive is
decreased when more preformed fragments are filled. This
would lead to lower initial velocities of both natural and
preformed fragments as the C/M is decreased. Therefore, it is
necessary to assess whether the mass and velocity of fragment

are sufficient to damage a target.

A finite element (FE) approach can be employed to
determine mass and velocity of natural fragments of warhead.
However, it is not quite practicd to model preformed
fragments explicitly as this would require much computation
resources. Therefore, this study attempts to model the problem
in an alternative approach by considering an equivalent mass
of preformed fragments to the mass of warhead casing. The
results from FE simulation are compared to the results from
analytical calculation performed in this study.
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A well known Gurney’s equation and Shapiro’s formula are
adopted for the calculation of initial velocities and spray
angles of fragments, respectively.

II.LITERATURE REVIEW

In this study, the modified Gurney’s equation was employed
to calculate initial velocities of natural and preformed
fragments resulted from the detonation of warhead. It can be
seen from (1) that initial velocity of fragment depends on the

vaues of ~2E (Gurney velocity coefficienty and C/M
(charge weight per metal mass ratio).

1)

It is noted that the difference in the initial velocity of natural
and preformed fragments is resulted from the gas leakage
between preformed fragments. Therefore, theinitial velocity of
preformed fragment is always lower than that of natural
fragment since a reduction in blast pressure resulted from the
gas leakage prohibits acceleration of preformed fragment.
Reference [1] suggested reducing the C/M value to represent
the greater energy loss until acceptable agreement between the
calculation and the test data was achieved. This study adopts
the gas reduction factor of 0.50 as suggested in [1].
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Fig. 1 Spray angle of fragment

Apart from the initial velocities of natura and preformed
fragments, the spray angles of those fragments can be
determined using Shapiro’'s formula [2] as presented in (2). It
can be seen from (2) and Fig. 1 that the spray angle of
fragment depends on the position of warhead case and its
preformed fragment relatively to the detonation point of
warhead. The initial velocity of fragment also affects spray
angle.

\Y 7l 2
tan 6 = —— cos(= + @ —
an 2\/0005(2+<02 )

1077



International Journal of Mechanical, Industrial and Aerospace Sciences
ISSN: 2517-9950
Vol:6, No:6, 2012

In order to evaluate hit density and capabilitykitfing of
such a warhead, it is important to determine anfix mass
distribution produced from a detonation of the veath
Reference [3] suggested an analytical formula ttaiobthe
distribution of fragment mass as shown in (3) atjd (

2M?

N(m) =

M = Bt Sllﬁd 1/3(1_’_ Lj (4)
“ d

.  FEM SIMULATION

This section presents the FEM set up and simulagsalts
of warhead with and without preformed fragmentsreth
simulation cases were modelled to validate the tfliade
technigue proposed in this study. As it is noteatbractical to
model a large number of small preformed fragmentshie
warhead explicitly, this study modelled preformedgiments
as a layer of steel with equivalent weight to thotsteel ball
fragments. It is noted that this study adopted 6 diameter of
preformed fragments.

The model was set up in 2D-axisymetric and is ithted in
Fig. 2 The warhead filled with TNT is surrounded by @it
and explosive were modelled using Euler formulatamilst

the casing of warhead was modelled using Lagran

formulation. The interaction between casing, expldlast
and air is activated through Lagrange-Euler intioacin

Autodyn interface. Location of detonation pointaissumed at
a position of booster as shownFiig. 2

TABLE |
EQUIVALENT DENSITY AND NUMBER OF PREFORMEDFRAGMENTSFOR 1 AND
2 LAYERS OF PREFORMEDFRAGMENTS

Model Total number of Equivalent density of a

preformed fragments layer of preformed

fragments (g/cr)
One layer of preformed 11,705 4.40
fragment
Two layers of 22,721 4.40

preformed fragmen

Fig. 3presents three FE models analyzed in this studst, F
the FE results of warhead with no preformed fragnvegre
compared with those obtained from analytical catah ((1)-
(4)). The comparison was performed so as to confinm
accuracy of the model. The FE models of warheads ane

Detonation point

Fig. 2 Composition of the FE model

No preformed fragment |

1 layer of L
preformed fragments |
|

2 layers of ;
preformed fragments |

Fig. 3 Decrease in TNT volume for the warhead pitsformed
fragment

IV. FERESULTS

The warhead explosion processes are presenté&dh.ir.
The warhead casing starts to expand from the fediand and
propagates to the opposite end. The breaking ofilated
warhead along time is also illustratedFiy. 4 The velocity
vectors of natural fragments at each stage arepies inFig.
5. The velocity vectors of natural fragments obtdirfeom
H¥merical simulation are compared with those oleifrom
analytical calculation and presented-ig. 6. The magnitude of
velocity vectors of natural fragments produced frearhead
without preformed fragment reported from the FEwation
agrees well with the analytical results.

The comparison of magnitude of velocity vectorsultesl
from numerical and analytical approaches of oneerlagf
preformed fragments warhead is also in a good aggat The
average difference in velocity is approximately 7f@6 both
analysis cases. However, it was found that the odetbf
equivalent density of preformed fragment does pprapriate
for the two layers of preformed fragments as th@nitade of
velocity vectors of natural fragments obtained frahe
numerical simulation differ from those obtained nfro
analytical calculation by almost 20%. However, gpaagles
or eject angles of natural fragments obtained frém
numerical simulation agree well with those obtairfeaim
analytical calculation for all analysis cases. Tplets of
velocity vectors for all analysis cases are prexkirtFig. 6.

and two layers of preformed fragments were analyzed

sequentially.
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Fig. 4 Warhead expldon processe
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ig. 5 Velocity vectors of warhead casing and TNT
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Fig. 6 Comparison of velocity vectors of casingaidféd from analytical calculation and FE simulation

V.LETHAL RADIUS OF WARHEAD

700

Fig. 7illustrated the diagram used to describe the quirtce

The methodology employed to determine lethal radifis determine the Ietha]ity area underwarhead. IntWo the
such a warhead is presented in this section. Thpetin fragment characteristics of warhead, impact veypaitpact

number and average natural fragment mass. Thesbtaiaed
from calculation presented in Sections Il and IV.

angle of warhead and height of detonation all affe¢he
lethality area as shown ifg. 7
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v, = impact velocity
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Fig. 7 Lethality area below warhead and location of fraghuéstrikution

Two criteria used to assess lethal radius in téearch are  The hit densities presented in F&gywere calculated based
fragment hit density and probability of kill reqed to damage on the number of preformed fragments (see Tabknd) the
each type of target. Reference [4] stated thaptheented area number of natural fragments (see TABLE II).
of a standing man is 0.50?mso that the required minimum The distance in which the hit density equals to two
fragment hit density is two fragment$/m fragments/r is considered to be lethal radius. Therefore, hit

By performing a series of calculation varying thstahces densities of warheads without perform fragmenthwite and
from warhead, hit densities can be calculated farheads two layers of preformed fragments can be determifiettly
with and without preformed fragments. Fig.presents the from the charts shown in Fig.
charts of hit density versus distance from warhead.

No preformed fragment 1 layer of preformed fragments 2 layers of preformed fragments
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Fig. 8 Hit densitie of warheas without preformed fragme with one and two layers of preformed fragm

TABLE Il :
NUMBER OF NATURAL FRAGMENTSPRODUCEDFROM WARHEAD WITH AND where Pk‘hit can be obtained from Table Il where the value of
WITHOUT PREFORMEDFRAGMENTS . .
Number of natural fragments F’k‘hit relates to kinetic energy of fragment and typ&acjet.
Mott’s distributior Autodyr TABLE IIl
No preformed fragme 1,04:
1 layer of preformed 1,062 VALUES OF Pk‘hit FORDIFFERENTDAMAGE LEVELS ONTHREE TYPES OF
fragment 1,323 TARGETS
fzr;aﬁ;ig preformed 110 Fragment energy (kJ)
9 Target type Light damage Moderate damage Heavy damage
(Pk=0.1) (Pk=0.5) (Pk=0.9)
However, the lethal radius can be assessed basdtieon Personnel 0.1 1 4
probability of kill (R) in which the range within which there Aircraft 4 1C 20
. o o Armoured 10 500 1000
will be a 50% probability of kill is called a letheange of a yenicle
warhead [5]. The probability of kill can be detenexd from
5. From the hit densities at various distances preseint Fig.
8 and the fragment characteristics, i.e. averaggnfeant mass
P =1- (1_ &‘hn) hits if N> 1 and average residual ve_Iocny _of fragment, profigdsl of kill
(5) for each warhead at various distances can be glatteshown
P = Nhitspk\hit L ifMs< 1 in Fig. 9.It is noted that the average natural fragment nmss
2.2 grams determined using a Mott's distributioee(¢3) and
(4).
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Therefore, this study suggests that the criteribftamment

from charts shown in Fig@ where the lethal range is at thehit density should be considered when the consgevdesign

distance corresponded to a probability of kill 05.0TABLE
summarizes lethal ranges for each warhead basedhen
criterion of fragment hit density and probability ldll. It can
be seen that the lethal range determined usingterion of
fragment hit density is smaller than those deteechinsing a
criterion of probability of kill.

No preformed fragment
1

1 layer of preformed fragments

is required.
This study also reveals that the lethal rangeagjrfrentation

warhead can be significantly enhanced when prefdrme

fragments are included in the design. However, totbe
number of preformed fragment layer does not sigaiftly
improve the lethal range.
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Fig. 9 Probability of kill of warheas without preforme fragment with one and two layers of preformed fragm

TABLE IV
LETHAL RANGE OF WARHEAD WITH AND WITHOUT PREFORMEDFRAGMENTS

Lethal range (n

Configuration of Based on fragment Based on probability

warhead

hit densit of kill
No preformed 13.85 275
fragmen
1 layer of preformed 126 61
fragment
2 layer of preformed 56.5 70
fragments

VI. SUMMARY

fragment. However, two layers of preformed fragredd not
significantly increase the lethal range of warheadr that of
one layer of preformed fragments warhead.
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fragment mass and a total number of fragments were

calculated, a lethal range of warhead can be as$éssed on
fragment hit density and probability of kill. Thitudy shows
that a lethal range of warhead is determined coatigely
based on a criterion of fragment hit density. A dager of
preformed fragments can significantly enhance étieal range
of warhead compared to that of warhead withoutqumeéd
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