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Finite Element Analysis for the Penetration Phenomena of
Shaped Charge Jets using Hydrodynamic Theory
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Abstract

In this paper, the penetration process of Shaped charge jet(SCJ) was simulated through finite element analysis to obtain physical
quantities such as jet incidence velocity, penetration rate, and penetration increment. As a result of applying these physical quantities
to the hydrodynamic theory, it was confirmed that the penetration efficiency of the jet with a high incident velocity is higher than
that of the following slow jet. This efficiency decreased sharply when the jet was slower than the hydrodynamic limit(HL). On the
other hand, the comparison of penetration increment and jet consumption over time showed that the length extension effect should be

considered for SC]’s theoretical penetration analysis.

Keywords ' shaped charge warhead, jet, finite element method, hydrodynamic theory, hydrodynamic limit, target,
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Table 1 Parameters of the Jones-Wilkins-Lee equation of state
p D P, A B R R, w E
kg/m” m/s GPa GPa GPa - - - J/m®
OCTOL 1,821 8,480 34.3 748.6 13.38 4.50 1.00 0.38 5.27TE9

JWL: p:A(k%)e’ﬁlu5(17%)6’“4%9, u:p—;

Table 2 Material parameters of the Johnson-Cook constitutive equation and the Mie-Griineisen equation of state

14 Ao B, n C(') M T, C 5 )

kg/m’ GPa GPa - - - K m/s - -
OFHC 8,960 0.092 0.292 0.310 0.025 1.09 1,356 3,940 1.489 2.02
Aluminum 2,810 0.052 0.477 0.520 0.0025 1.61 893 4,596 1.49 2.17
Target (AISI 4340) | 7,850 0.553 0.6008 0.234 0.013 1.00 1,733 4,570 1.49 1.954
Target (AIST 1045) 7,850 0.792 0.51 0.260 0.014 1.03 1,793 3,935 1.578 1.69

N
Johnson-Cook: 0, = (4, +B062)[1 + Célnij 1- (ﬁ) , Mie-Griineisen: p= RS . 1
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(a) t=0ps: initial state

(b) t=44ys; just before penetration

(c) t=118us: jets above HL were exhausted

4.77 CDs(=386.5 mm) o
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(e) zoomed view of shaped charge jet of ¢ =44ps

Fig. 2 Penetration process of BRL 81mm shaped
charge jet for AISI 4340 target
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Fig. 3 Comparison of penetration depth between AIS|I 1045 and AISI| 4340 targets
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Table 3 SCJ incidence velocity, increase of penetration
and jet element length compared with time,
AlISI 1045 target
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Table 4 SCJ incidence velocity, increase of penetration
and jet element length compared with time,
AlISI| 4340 target

Time v AP AL G Time v AP AL G
us km/s mm mm - us km/s mm mm
0 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00
10 6.26 0.00 0.00 0.00 10 6.26 0.00 0.00 0.00
20 8.05 0.00 0.00 0.00 20 8.05 0.00 0.00 0.00
30 8.03 0.00 0.00 0.00 30 8.03 0.00 0.00 0.00
40 7.99 0.00 0.00 0.00 40 7.99 0.00 0.00 0.00
43 7.97 0.00 0.00 0.00 43 7.97 0.00 0.00 0.00
44 7.96 0.50 2.00 4.00 44 7.96 0.50 2.00 4.00
50 7.41 22.00 23.00 0.09 50 7.41 22.00 28.00 1.27
60 6.57 33.00 34.00 0.70 60 6.56 33.00 34.00 1.03
70 5.86 30.00 33.00 1.13 70 5.85 30.00 32.00 1.07
80 5.25 26.00 30.00 1.27 80 5.24 26.00 30.00 1.15
90 4.83 24.00 29.00 1.25 90 4.81 23.00 29.00 1.26
100 4.48 22.00 27.00 1.32 100 4.47 22.00 27.00 1.23
110 4.19 20.00 27.00 1.35 110 4.18 19.00 27.00 1.42
117 4.02 13.00 19.00 2.08 117 4.02 11.00 17.00 1.55
118 3.99 2.00 5.00 9.50 118 4.00 2.00 4.00 2.00
120 3.95 3.00 7.00 1.67 120 3.93 5.00 1.00 0.20
130 3.73 17.00 25.00 0.41 130 3.71 19.00 25.00 1.32
140 3.53 16.00 25.00 1.56 140 3.51 15.00 25.00 1.67
150 3.36 15.00 25.00 1.67 150 3.33 15.00 25.00 1.67
160 3.21 14.00 24.00 1.79 160 3.13 13.00 31.00 2.38
170 3.05 13.00 25.00 1.85 170 2.99 13.00 31.00 2.38
180 2.92 12.00 28.00 2.08 180 2.81 12.00 39.00 3.25
190 2.76 12.00 33.00 2.33 190 2.71 11.00 37.00 3.36
200 2.66 10.00 34.00 3.30 200 2.61 10.00 36.00 3.60
210 2.58 10.00 30.00 3.40 210 2.53 9.00 30.00 3.33
220 2.49 10.00 31.00 3.00 220 2.44 10.00 32.00 3.20
230 2.35 10.00 40.00 3.10 230 2.25 8.00 53.00 6.63
240 2.29 8.00 34.00 5.00 240 2.18 8.00 47.00 5.88
250 2.21 8.00 33.00 4.25 250 2.12 7.00 38.00 5.43
260 2.15 8.00 34.00 4.13 260 2.06 6.00 36.00 6.00
270 2.07 7.00 36.00 4.86 270 1.98 6.00 38.00 6.33
280 1.98 6.00 37.00 6.00 280 1.85 5.00 47.00 9.40
290 1.91 6.00 37.00 6.17 290 1.73 5.00 70.00 14.00
300 1.81 5.00 45.00 7.40 300 1.69 4.00 42.00 10.50
310 1.72 5.00 51.00 9.00 310 1.62 4.00 44.00 11.00
320 1.67 4.00 45.00 12.75 320 1.56 2.00 41.00 20.50
330 1.62 4.00 39.00 11.25 330 1.49 2.00 43.00 21.50
340 1.57 3.00 42.00 13.00 340 1.42 2.00 42.00 21.00

o] MHES B A9 APzoteT MR 285
AIE Fig. 39 ettt SCI7F T HEx2 Ak
AL A4psSth(Fig. 2(b), Fig. 3(a)). ©1% AISI 1045
AISI 4340 F #4¢] #5%F 371 2 SHHAE & ¥igl=
11Tus7HAe A9 FLatdth(Fig. 3(a), Table 3, 4).
AT o]F & AAKEE P7F 4.0km/s mIRRD AEZ} YA}
HHA FE F 25 BE S 2belrt T AlRst
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