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Table 1 Entrance hole data of target of DOP tests
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PR 34.0 mm K JE 2 ol 2 B 046 42 158
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R T FE T 68.3%; Kz b N 1.5 % 2
B, 40 ks 5 100 38 30 R B T B 3.2% , i B = 1) 3 18 TR B
K4 8.8% , AT LLIN R 24 fig 71 T W] A8 Ak .

shaped charge

long axis/short axis=1.0  long axis/short axis=1.5

long axis/short axis=2.0

structure
D/mm offset distance/mm  @/mm offset distance/mm
entrance hole @/mm
initial  left right left right initial left right  left right
test 1# 30.0 37.0 28.0 28.0 12.0 12.5 35.0 23.0 24.0 11.0 14.0
test 2% - 33.0 25.0 25.0 16.0 15.5 37.0 25.0 25.0 18.0 11.0
average 30.0 35.0 26.5 14.0 36.0 24.3 13.5
N .
long/short=1 3 ﬁ ﬁ *ﬁ *u
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offset penetr:
channel &
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Fig.5 Penetration channel of target of DOP tests
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Table 2 Penetration depth data of target of DOP tests

shaped charge structure long axis/short axis=1.0

long axis/short axis=1.5

long axis/short axis=2.0

penetration channel Initial initial offset( left) offset(right) initial offset(left) offset(right)
test 1# 150.0 48.0 38.0 33.0 48.0 36.0 35.0
test 2% = 47.0 34.0 32.0 44.0 36.0 41.0
average 150.0 47.5 34.0 46.0 37.0

short axis view long axis view shart axis view long axis view

explosive

liner

a. initial model of jet forming

6 A MRoTE R
Fig.6 Finite element model
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x£3 BrEZSH

Table 3 The parameters of Composition B

Po D € P A B
parameter
/g=cm™ /m-s7' /kJ-m™ /GPa /GPa /GPa

1.712 7980 8.5E+6 29.5 524.2 7.678 0.34 4.2 1.1

Ry R,

value

20 YBR[ R L A S SRR A R R 4579 T R A
B 2R A Johnson-Cook #4 BB AY R 25 77 72 % A Gru-

explosive
liner

air

b. initial model of target penetration

neisen R 25 7 #2100,

Y a
POCDZIL[H 1—70 M_2M2:|
p= +(y0+ap,)E wn>0
3
1-(5, - Nu-5, -5, —* (2)
AL (u)
p=pOC02M+(70+ap,)E w<o0

K u=plp,~1;p F M RS TE 5 % B, g-cm™;p, 41
BRI UR 2 g - em™ 5 G,y b Dk 3 3 R - 3 il 2k
FIEREE  km s S, .S, . S, o ol I o R RIURE - il
LR R By, o8 Gruneisen 5 % ; a i X0 Ty, 19
W A AS AR R S RO 4

F4a WM AR R S8

Table 4 The parameters of copper and 45* steel

parameter po/g-cm™ E/GPa G/GPa v A/MPa B/MPa n C

copper 8.96 1.38 47.7 0.35 90 290 0.31 0.025

45% steel 7.83 2.00 77 0.32 350 300 0.26 0.014
parameter m Tu/K T/K Cy/ km=s™! S, S, a Yo

copper 1.09 1360 293 3.94 1.49 0 0 1.99

45% steel 1.03 1760 293 4.569 1.49 0 0.46 217
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shaped charge with elliptical cross-section, whose ratio of

the long axis to short axis is 1.5

Fringe Levels
2.600e-01
2.340e-01 -I
2.080e-01-

Fringe Levels
2.600e-017]
2.340e-01’|
\ 2.080e-01-

v
y )

1.8206-01-
1.560e-01 - )1.560&-01-
1.300e-01 || axis 1.300e-01-
1.0408-01 - 7 1.040e-01-

7.800e-02 - 7.800e-02-
5.200e-02 5.200e-02-
2.600e-02 —I 2.600&-02—'
0.000e+00 - 0.000e+00-

14 us

B9 6 psl14 s, I by 1.5 B HA R R 2R e ke
24 14 2 70 B R 5 K
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the long axis to short axis is 1.5
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Fig.13 Penetration process of the shaped charge with elliptical cross-section into 45” steel target at stand-off 80 mm, the ratio of

the long axis to short axis of the cross-section is 1.5
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Jet Formation and Penetration Characteristics of Shaped Charge with Elliptical Cross-section

WANG Yu-ting, HUANG Zheng-xiang, JIA Xin, MA Bin, ZU Xu-dong, XIAO Qiang-qiang
(School of Mechanical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: To study the jet formation and penetration characteristics of the shaped charge with elliptical cross-section, and the in-
fluence of the ratio of long axis to short axis at a fixed short axis, DOP (Depth of Penetration) tests at stand-off 80 mm were car-
ried out for shaped charges with elliptical cross-section. The short axis diameter of elliptical cross-section is 56 mm and the ratio
of long axis to short axis are 1, 1.5 and 2, respectively. By using ANSYS/LS-DYNA software to construct related finite element
models, the jet formation and penetration process are simulated numerically. The results showed that except for the jet head, the
rest of jet was cohesionless at the late stage of stretching. The non-condensed part of jet consists of two fluids with lateral velocity
symmetrically distributed over the section of long axis. The non-condensation of jet will significantly reduce the penetration abili-
ty of the shaped charge with elliptical cross-section. For the shaped charge with a short axis diameter of 56 mm, the penetration
depth decreased by 68.3% from 150 mm to 47.5 mm when the ratio of long axis to short axis changed from 1 to 1.5, while no
significant change of penetration ability occurred while the ratio of long axis to short axis changed from 1.5 to 2.

Key words: elliptical cross-section;shaped charge;jet formation;depth of penetration(DOP)
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