218 Journal of Measurement Science and Instrumentation

Vol. 6 No. 3, Sept. 2015

Analysis of movement laws of fragment and shock wave

from a blast fragmentation warhead
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Abstract: By studying shock wave propagation and fragment movement after the explosion of a blast fragmentation warhead, a

whole calculation process about the place where fragments meet shock wave was proposed. A computing system for movement

laws of fragments and shock wave was developed based on VC+ . Numerical segment integration method is used for the cal-

culation of shock wave velocity and displacement, which makes the calculation be more convenient. The movement of preformed

fragments and shock wave was simulated by ANSYS/LS-DYNA. The results show that the simulation is nearly equal to calcu-

lation.
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0 Introduction

Blast fragmentation warhead mainly as anti-missile
warhead has been researched a long time. Blast war-
head mainly has three target damage effects: direct
effect of products, damage effect of shock wave and
kill effect of fragments. As two target damage ways,
shock wave and fragment has different action princi-
ples therefore action order affects the effectiveness of
damage""®. The Third Research Institute of General
Staff Corps of Engineers has fitted the distances with
different ratios, load coefficient with the time during
which fragment meets shock wave according to ex-

[4-7]

periment data Therefore, study on the position

where fragment meets shock wave is extremely im-

portant.

1 Calculation of TNT equivalence

1.1 'Transformation from shelled charge to un-

covered charge

When shelled explosive explodes, according to en-
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ergy conservation law, the whole energy is trans-
formed to the kinetic energy (KE) and internal ener-
gy (IE) of explosion products and the kinetic energy

of the fragments, that is"*

mQ, = E, +E, +E;, @y

where E,| is the IE of explosion products; E, is the
KE of explosion products; E; is the KE of frag-
ments; and Q, is explosion heat. The IE of explosion
products is expresed as

ro b(y—2)
E, = mQ, ( *) ,

r
where 7, is initial radius of the shell; r is expansion
radius; ¥ is polytropic exponent and equal to 3; and b
is shape factor and equal to 2 for cylinder shell.

The KE of explosion products is expressed as

_ . m
E = v

where v, is the expansion velocity of shell; a is shape

factor and equal to 2 for cylinder shell.

The KE of fragments is E; :%mvé , where M is
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mass of the shell.

The whole energy of explosion products is

El +E2 = n/QV - E'ﬂ = n/lb(‘Qv-

The shelled charge can be transformed to uncov-
ered charge by

o — 7n[ﬁ_%+‘8_'_2<::0>2(%1)], (2)

where f3 is load coefficient, f=m/M.

1.2  Transformation from other charges to
TNT sphere charge

To transform other charges to spherical TNT
charge, supposing that the explosion heat of explo-
sive is Q,; and the mass is m,., the transformation is

done by

w = Qi Mpe s 3

Qur

where Q,r is the explosion heat of TNT. Almost all
of blast warheads are cylinders, therefore it can be
calculated approximately as spherical charge when
the propagation distance of shock wave is farther

than the length of charge.

2 Calculation for velocity of shock
wave

2.1 Calculation for overpressure of TNT

For the uncovered spherical TNT charge explosion
in the infinite air, according to the specifications for
design of national defense engineering in China®

positive overpressure peak is calculated by

+O.g65+0.£86’ 4)

AP+:

0. 082
r

where r=7r/ /m is compared distance; m is the mass
of charge; and r is the displacement from the center

of explosion.

2.2 Relationship between overpressure and ve-

locity of shock wave

The Rankine-Hugoniot formula shows the relation-

ship between overpressure and velocity of shock

wave'”', that is

_ 2y _
APm - ,y+1[Mg ]]PO’ (5)

where MSZD — Y s Mach number; 7 is specific heat

ratio; D, is the velocity of shock wave; v is the veloc-
ity of medium before shock wave; ¢ is sound speed in
the experimental environment; P, is atmospheric
pressure. Substituting these numbers into Eq. (5), it

can be got as

AP,,,(7+1)T. 6)

D, = a1+ o

When overpressure is below 5 MPa, y=1. 40; ad-

ditionally, c%:y&, where p, is the density of air.
0o

Substituting ¥ and ¢, into Eq. (6), it can be got as
6Apm N
D, =a|1+ s ] : @)

Calculating the integral of reciprocal of Eq. (6),
the relationship between ¢ and r is got by

t:J.( [1+6AP'"] L (8)

Due to the complexity of analytic solution for
Eq. (8), Eq. (8) is converted into numerical integra-
tion in experimental calculation. After getting the
step, a series of integral points are got and then they
are drawn in the axis. The density of points shows

the accuracy directly.

3 Calculation of fragment velocity and
its decline

3.1 Calculation of fragment velocity

The Gurney formula is deduced according to energy

conservation law''®l, that is
Ty — /ZEg<O.5+‘87l)7%9 (9)

where /2E, is Gurney constant. Because of some
explosion products pass through the gap of preformed
fragments after explosion, the initial velocity of frag-

ment should be modified by

v =k /2E, (0.5+8") 7. (10)
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3.2 Description for velocity decline of frag-
ment

The formula for fragment velocity decline st

UV — Vo e . ( 1 1 )

where ¢ is decline coefficient of fragment velocity and

¢ppPo S
2my "

Suppose ¢p is aerodynamic drag coefficient; pp is

2, )

the density of air; S=¢m¢ is the face area; my is the
mass of fragment; ¢ is shape coefficient; and H =
¢ ) ) .. 1

Qgi@ is suitable coefficient; then a=Hm, 3, where

the values of H are shown in Table 1.

Table 1 Modification factor and attenuation coefficient of initial

velocity

Kinds of fragments K H(m™! kg%f )

Natural fragment 1 320

Sphere 0.7 548

Preformed Cylinder 0.8 416

fragments Cube 0.9 399

Sector 0.9 363

Half-preformed fragment 0. 95 320

Calculating the integral of reciprocal of Eq. (11),
the relationship between ¢ and L can be got by

1
m¢

= Hﬂ()[exp(HmﬁL)-l]. (12)

T

4  Determination of the place where
fragment meets shock wave

For computing the displacement R, let t=T, the
expression of the place and time of fragment can be
got first according to initial velocity and velocity de-
dine. But there is not an analytic solution for
Eq. (8). What is worse, the integral calculation is
complex. In view of the theories and convenience,
the author developed the computing systems for frag-
ments and shock wave movement by using Visual
C++. For Eq. (12), the system drew the curve in
the coordinate system. For Eq. (8), the system used
trapz function to compute numerical integration. Af-

ter that, the point set was got and drawn in the coor-

dinate system. MFC controls the data processing
while TeeChart controls the drawing. The system
shows the movement of fragment and shock wave di-
rectly. What’s more, it shows the distance between
fragments and shock wave at any time. The frame-

work of the system is shown in Fig. 1.
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Mass of charge parameters
Y

Shelled charge Mass of whole

transformed to fragments
uncovered charge
(] Explosion heat
Transformed to
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| Overpressure of TNT | y
‘ | Mass of one fragment |
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overpressure and Initial velocity
velocity
Velociity decline
Integral points

and draw points | Integral formula and draw line I

Fig. 1

shock wave’s movement

Framework of computing system of fragments and

5 Comparison of calculation and nu-
merical simulation

For the preformed steel rectangle fragment war-
head, the radius of TNT cylinder charge is 4. 8 cm,
and the height is 50 cm. There are 42 fragments one
layer in radial direction, and 22 layers in axial direc-
tion. There are 924 preformed fragments in all. Each
fragment’s mass is 0. 04 kg. The whole mass of frag-

ments is 37 kg.
5.1 Calculation

These parameters are input to the computing sys-
tem, as shown in Fig. 2. The curves are drawn, as
shown in Fig. 3. After explosion, there are two sta-
ges of movement"'?), The first stage: the velocity of
shock wave is faster than that of fragment, and shock
wave is further than fragment. The second stage: the
velocity decline is more than shock wave decline, and
fragment meets shock wave. After that, fragment is
further than shock wave. The system shows that

fragment meets shock wave at 7. 1 ms while the dis-
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placement is 4. 73 m.
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Fig. 2 Interface of inputting parameters
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Fig.3 Curves of time-displacement for fragment and shock

wave

5.2 Numerical simulation

The numerical simulation is performed by using
ANSYS/LS-DYNA. Because of structural symme-
try, 1/4 model is created to make calculation easy.
Both charge and air are arbitrary Lagrange-Eular ele-
ments ( ALE) while fragments are lLagrange ele-
ments, Liquid-solid coupling is used between ALE
elements and Lagrange elements. The radius of air is
7 m. The pressure of air shows shock wave. The
density of TNT charge is 1. 59 g/cm’, and its consti-
tution relationship is described by MAT HIGH EX-

PLOSIVE BURN. Its state equation is JWL. The
detonation way is point detonation. The density of
fragment is 7. 83 g/cm®, and its constitution relation-
ship is Johnson-Cook. Its state equation is Gruneis-
en. The finite element model of warhead is shown in
Fig. 4. Fig. 5 is the nephogram of air pressure and
the small cubic blocks are preformed fragments.
Fragments meet shock wave at 7 ms while the dis-

placement is 4, 69 m.
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Fig. 4 Finite element model of warhead

Fig.5 Nephogram of air pressure

It can be seem from Table 2 that the simulation is

nearly equal to calculation.

Table 2
shock wave

Comparison of displacement where fragment meets

Displacement (m)

Fragment kind

Calculation Simulation

Steel cube 4.73 4. 69

6 Conclusion

The whole calculation process is based on theories,
therefore it is helpful to applicable for all structures.
The system shows the distance between fragment and
shock wave at any time. The characteristics of the

two stages are reflected in the picture. It is more ac-
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curately control the order and the distance between

shock wave and fragment.
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