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Finite element simulation of shaped charge and comparison of results with
experimental tests and Birkhoff jet model
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ARTICLE |NFORMATION ABSTRACT
Original Research Paper The aim of this paper is simulation of shaped charge process using Eulerian afalysis end, the
Receivedl8 January2018 finite element analysis was used to simulate the process of shaped charge. In this simulation,
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€ | the model has been considered from Eulerian ei&sneSince the processes of liner collapse,
Available Onlinell May 2018

formation and penetration are performed in a very short time, as a result, the material behavior

- strongly dependent on the strain rate and temperature effects. So, strain rate dependency an
Keywords: K K . X e R L.
Shaped charge effect has been considered in this simulation. Verification of finite element method has been cor
Finite element simulation by comparing simulation with experimental tests and Birkhoff model. Comparison of penetration

Liner collapse
Jet formation
Jet penetration

and profile of the cavity created in the target mté element analysis with experimental samples
shown that the results are in good agreement with each other. Also comparing parameters sucl
collapse velocity, velocity distribution in jet length and jets profile has indicated that the gmu
results are close to Birkhoff moddtl should be noted that ABAQUS finite element software is use

this simulation to analyze the process of shaped charge. Also coding process is performed usin
software.
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shaped charge
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Fig. 3 Stages of jet formation and penetration in the target
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Table 1 JohnsorCook material model parameters for the liner and

explosion case [22,27]

Steel AISI 1045 CopperOFHC &
‘_gOLo ‘_ngCA.gL'S'

553 1425 A (MPa)
600 168 B (MPa)
0.234 0.12 n

1 1 m
0.013 0.032 C
7850 8960 " (kg/m?)
210 125 E (GPa)
0.3 0.34 0

293 293 — (K)
1733 1356 — (K
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Table 2Material constants of TNT explosive [27]

A B z b
sled (Gpay (GPay T R (kg/n?)  (mis)

TNT 374 323 415 095 03 1630 6930

1 Material constants

2 Lagrangian Analysis
3 Eulerian Analysis

4 Material flow

5 Explicit Dynamic
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Fig. 5 A schematic of the Birkhoff model for predicting the process
liner collapse and jet formation
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Fig. 4 The cavity created due to jet penetration into the target by u
a) experimental testing; b) simulation process
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| Input shaped charge variables |

X, (1.0 =x,(0)+V (i, D x (2 -1,(7))

Calculate

XspuelB:8) = Xp(0) + Vg (L) X (X - 15(D))

Mass per Unit Length For

m

Explosive And Liner

Calculate

Jet and Slug mass
[Equation 14,15]

Arrival ti me of the exp losion wav e to the
position of node i (7(i)) [Equat ion 5]

m

Jet veloci ty [ 7., (i, 1)]

Update: t= t+dt

Calculate

Slug velocity [V, (i.7)]

t=t+dt

—j Update [Equation 4]

Collapse velocity in position i
of outer surface (7(i,1))

[Equation 12.13]

m

Calculate

Calculate initial time (5(7)) and
initial position (xy(7)) of nodei

I Projection angle (9) [Equation 6] I

in jet and slug formin g process

Calculate

[Equation 8]

New position of element Z: [x'(2),7(7)]

Liner collapsing process

Calculate

jet forming

IF: r(i)>0

(

| 7() = r@) -V () coda(i) + 5G) Jat |

IF: r(i)=0

Fig. 6 Flowchart of theBirkhoff model for simulation of liner collapse and jet formation process
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Fig. 10Jet and slug profiles resulting from the collapse of the liner ¢
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