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Abstract: The electromagnetic force induced by an intense electric current pulse, which generates an electromagnetic
field around the metal jet originating from a shaped charge, can disperse and scatter the high-speed metal jet. An
electric device consisting of an RLC circuit applies an intense electric current pulse that flows in the circuit while the
metal jet passes between two electrodes. In this study, the metal jet formation was simulated using the ALE technique in
2-D, and a 3-D finite element model was mapped using 2-D simulation results to induce the electric current directly.
The deformed shapes of the metal jet and the electromagnetic force were calculated using a finite element analysis by
inducing the electric current directly, and the major parameters of the intense electric current pulse for breaking up the
metal jet were examined.

- 71288 - A ¥ Ead
E R A RS B

v oo LM =
o ANAER JEaerae g 71EA dAs 2i%el 7
g ATV HEAER ARAFS A5 AFAA FIIRZA
® 7Y xaA A AR 2 Agol B3 Yo wEe] A
AsoAE ARderRe waas] A% ogd
T@)zc(;)ge;p;londing Author, greatkj@pusz%n.ac.kr' ATE FPsta Uk Qe A, A3 A
e Korean Society of Mechanical Engineers of W W So|a =g =y odp | 2 e




Sy
)
oft
=l
oy
offt
=l
oy
>
o

Lo
&
oX,
ol
L
12
re I
NI
o

e

=
ol

>

of o
ME,
-

r
)
ro,

=
A
I
oft
[>

0

it
im o

ox
oft
kS
°
mul
2 > 2ol ofN 1 [

22 g
2

HI ol
%0, oy rr 2
odl o Pr e rlo

o

(m 1o o

Hoox oy ol Al
fF Koofr Ho ok b it

o,
[oF
-
N
N
>
Q
X, O
o
o
i
)
o
fru
N,
Ogl;,"
(0

71A Aok 712
RLC ﬂi(RLc Clrcult)i :rLHEl =
2 FEAEV AESH A F u 54
RLC 3]=9] dF7} Ho] FHHom F54
AF7F 324 =L, Fig. 2 ¢F 2o] d2AdAF77}
EAEol Zg3lH Z:W= ¥ (Lorentz force)©|
24sled, U7 (Necking, Al|EQ] 27 o] FoJ=&=
*P)JJr 2 ek(Breakup, AIE7F A7Re]l PAE ZolA|
= @) 3 #2 AE 1/ =8 A ol T
QOJ FEAES BEHo] 7+4dHA Hl D

o

Electric energy source
(Capacitor bank)

k)
o fm = m o 4o

Nr'mEnHéH‘l&&l_Vﬁup

Fig. 1 Schematic diagram of shaped-charge with electric
apparatus
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Fig. 2 Schematic diagram of shaped-charge with Lorentz
force
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Fig. 3 Modeling of the shaped charge
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Table 1 Materials of parts

QAR Aol FAHHA AT 57

Table 3 Material properties of Case and Liner

Part Material
Explosive COMP A-3
Case AL7075-T6

Liner COPPER
Wave shaper Kevlar EPX

Table 2 Parameters of JWL equation of state

A [GPa] B[GPa] | R R, )

Part Mass Shear Young’s

density[g/cm3] modulus[GPa] | modulus[GPa]

Case 2.81 26.9 71.7

Liner 8.91 46 124.2

Table 4 Parameters of Johnson cook model
A B

Part C n m melt
[MPa] | [MPa] K]

611.3 10.65 4.4 1.2 0.32

Case | 546 678 | 0.017 | 0.71 1.61 893
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Table 5 Parameters of linear polynomial equation of
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G G, Cs
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Table 6 Case of analysis

Maximum current [kKA] | Period [xs]
Case 1 350 200
Case 2 350 100
Case 3 100 200
Case 4 100 100

(Bottom surface of liner)

(Position of the
warhead tip)

231 mm *—.‘

|
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(Gap of electrode)
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i
281 mm ———=,
1
1

[

Fig. 5 A 2D FE model for numerical analysis of shaped
charge jet
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Fig. 6 Waveform of input current
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Fig. 7 Geometry of metal jet[(a) 0 x5, (b) 20 s, (c)
40 s, (d) 58 us |
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Fig. 12 Lorentz force in metal jet against time



LS-DYNA 2] ALE solver 12| 31, EM solver =
—3]_0;1 :L ;ﬂ 1= xg S| °H /H %3}]
s A7 Al7IE X%XU]%H/.\#

fo [m net [r
H =2 oo o
2
oo ;‘m
1|

(@) HFARE FEAEA AFol o) A
3 Ag2 Pos)y] AHE 54 2] o
Cine s 321s . " Bl Ao ARGE Baw sn FEAA} A
(2) Case @ Aol B3} 8] Aol AA/Pe ol WY
A7) e AR Lmsh AFwel (A4S
kel BEARE 7718 Agsfor drt.
A B ATATE o] gke] HA A= T
SAES] WF B2AF A AWE %Y
Sl AAAAIE S AL Aol
% 7]
Time : 16ps AT FEAstd T A Ader S
(b) Case 2 FUth (Al E: UD1300130D) olol #AIx} o

Ji @S-
Hanes
(References)

(1) Matrosov, A. D. and Shyetsov, G. A., 1996,
"Experimental Investigation of Current Instability of
Shaped-Charge Jets," Journal of Applied Mechanics
and Technical Physics, Vol. 37, No. 4, pp. 464~469.

(2) Joo J.H., Choi J.H., Kim S.W., Kim D.K. and Kim
Case 3 J.T., 2014, "A Study on the Performance Reduction of
(c) Case Shaped Charge Jet by Pulsed Current," KIMST 2014

Annual Conference, pp. 1421~1422.

(3) Walters William P. and Zukas Jonas A., 1989,
“Fundamentals of Shaped Charge,” John Wiley & Sons,
New York, pp. 2~45.

(4) Chou, P. C. and Flis W. J., 1986, “Recent Developments
in Shaped Charge Technology,” Propellants, Explosives,
Pyrotechnics, Vol.11, No.4, pp. 99~114.

(5) Oshima, S., Yamane, R., Moshimaru, Y. and

Matsuoka, T., 1987, "The Shape of a Liquid Metal Jet

Time : 150us

Time : 150ps Under a Non-Uniform Magnetic Field," JSE Int. J, Vol.
(d) Case4 30, No. 261, pp. 437~448.
o (6) Fairlie, G. E., 1998, “The Numerical Simulation of
Fig. 13 Distribution of the Lorentz force High Explosives Using AUTODYN-2D & 3D,"
Institute of Explosive FEngineers 4th Biannual
4. 4 = Symposium.

(7) Lee, E., Finger, M. and Collins, W. 1973, “JWL

2 =RoAe H2dF 2L o AP Aok Equation of State Coefficients for High Explosives,"
B FEAE A g XS Y] A= Lawrence Livermore National Laboratory, University



62 Y -

of California, Livermore, No. UCID—16189.

(8) Itoh, S., Hamashima, H., Murata, K. and Kato, Y.,
2002, "Determination of JWL Parameters from
Underwater Explosion Test," /2¢th Int. Detonation
Symp. San Diego, California. Vol. 281

(9) Gang, Y., Xu, H. and De'an, H., 2011, “Computer
Simulation of Two-Dimensional Linear-Shaped
Charge Jet Using Smoothed Particle Hydro-
Dynamics,” Engineering Computations, Vol. 28, No. 1,
pp. 58~75.

(10) Johnson, G. R. and Cook, W. H., 1985, "Fracture
Characteristics of Three Metals Subjected to Various
Strains, Strain Rates, Temperatures and Pressures,"
Engineering Fracture Mechanics, Vol. 21, No. 1, pp.

AETF - DA A

2~ 0
E9R A A

¢

31~48.

(11) Shvetsov, G. A., Matrosov, A. D., Fedorov, S. V.,
Babkin, A. V. and Ladov, S. V., 2011, "Effect of
External Magnetic Fields on Shaped-Charge Operation,”
International Journal of Impact Engineering, Vol. 38,
No. 6, pp. 521~526.

(12) Oshima, S., Yamane, R., Moshimaru, Y. and
Matsuoka, T., 1987, "The Shape of a Liquid Metal Jet
Under a Non-Uniform Magnetic Field." JSE Int. J, Vol.
30, No. 261, pp. 437~448.

(13) Trishin, Yu A., 2000, "Effect of Energy Dissipation
on the Shaped-Charge Flow Regime," Journal of
Applied Mechanics and Technical Physics, Vol. 41, No.
4, pp. 577~584.



