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a. measurement result of experiment

b. measurement result of simulation
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Fig.1 Cavity created due to jet penetration into the target by

using (a) experimental testing, (b) simulation process''"
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Table 1

Explosive material parameters!®

Vv, p A B E

explosive L ®
R

R R
/kg-m™ /m-s”' /GPa /GPa /GPa ' :

TNT 1630 6930 21 374 3.75 4.15 0.9 0.35 6.0x10°

Note: 1) p is the density of explosive; 2) V, is the detonation velocity; 3) p

is the detonation pressure; 4) A, B,R,,R,,w are the material constants

measured for the explosive; 5) Eis the detonation energy density.
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F2 HME FER SEHY Johnson-Cook b5 A 2 4
Table 2

Johnson-Cook material model parameters for the liner, case and target[
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24 02 1 A4 RE SR ] 99.99% M, 2 25 7% 4K 19 1 k)
K AISI-1045 84, $E B /A4 kR & R AR, =Rt
KL Johnson-cook 57 2 R WL 56 21

1]

material p/kg m? A/MPa  B/Mpa n m c E/GPa v ansition /K 0 o/ K
copper 8960 1425 168 0.12 1 0.032 125 0.34 293 1356
steel AISI-1045 7850 553 600 0.234 1 0.013 210 0.3 293 1733
steel high-nitrogen 7800 1500 2600 0.82 1.05 0.0009 200 0.3 293 1800

Note:

shear modulus; 6) v is the Poisson ratio.
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1) p is the density of explosive; 2) A is the quasi static yield stress; 3) B is the strain hardening coefficient; 4) n, m, c are material parameters; 5) E is the
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Table 3 Orthogonal test table for liner

test factors

level  one half of the conic  cone radius thickness of liner
angle / (°) / mm / mm

1 30.6 16.5 0.90

2 31.2 17.0 0.95

3 31.8 17.5 1.00

4 32.4 18.0 1.05

A A AL www.energetic—materials.org.cn
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a. simulation results of test 4

\, Magnitude / mm-s”
+5.900e+06
+5.479¢+06
+5.057¢+06
+4.636e+06
+4.214e+06
+3.793e+06
+3.371e+06
+2.950e+06
+2.529¢+06
+2.107e+06
+1.686e+06
+1.264e+06
+8.429¢+05
+4.214e+05
+0.000e+00

_ 18

47.06 unit: mm

10.58

b. simulation results of test 13
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Fig.4 Simulation results of jet formation and penetration
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Fig.5 Velocity profile at different times of shaped charge jet formation in test 4
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Table 4 Numerical results of orthogonal tests

test test factor evaluation index

number o/2/(°) R/mm T/mm V__ /m-s"' L /mm A/mm B/mm

1 30.6 16.5 0.90 5391 20.56 5.04 55.05
2 30.6 17.0 0.95 5536 20.68 5.04 55.95
3 30.6 17.5 1.00 5570 20.80 5.25 57.70
4 30.6 18.0 1.05 5855 20.75 412 59.43
5 31.2 16.5 0.95 5194 19.60 4.90 52.15
6 31.2 17.0 0.90 5338 19.98 4.76  53.85
7 31.2 17.5 1.05 5134 19.75 5.78 50.90
8 31.2 18.0 1.00 5287 20.05 5.66 54.10
9 31.8 16.5 1.00 5005 19.20 5.15  49.05
10 31.8 17.0 1.05 4910 19.25 5.30  48.40
11 31.8 17.5 0.90 5310 19.70 499 53.67
12 31.8 18.0 0.95 5291 19.55 5.17 53.10
13 32.4 16.5 1.05 4847 18.53 5.29 47.06
14 32.4 17.0 1.00 4947 19.05 5.16  49.18
15 32.4 17.5 0.95 5018 19.23 5.11 50.58
16 32.4 18.0 0.90 5274 19.58 5.06  53.13

Note: 1) a/2 is the half of the conic angle; 2) R is the conic radius; 3) Tis
the thickness of the liner; 4) Vs the maximum velocity of the jet;
5) L, is the maximum complete length of the jet after it has penetrat-
ed the target; 6) A is the opening radius of the target; 7) B is the
length of the jet penetrating the target.

4 RBXESH

MG 2 4 59 1E 2250 25 8, 15 B 4 T4 45 br 19
16 305 {5, 2 M A5 PEAN 48 AR B A ph 2K (2) Xt
VAT A AR B AGEAT IH — AL Kb B A5 2 — L B,
TS 7 2 22 B Ol o 2 (4) 3 545 3 S Bk

RBUEFEE.
[0.540 0.894 0.554 0.646 |
0.684 0.947 0.554 0.719
0.717 1.000 0.681 0.860
1.000 0.978 0.000 1.000
0.344 0.471 0.470 0.411
0.487 0.639 0.386 0.549
0.285 0.537 1.000 0.310

g =|0437 0.670 0.928 0.569
0.157 0.295 0.620 0.161
0.063 0.537 0.711 0.108
0.459 0.515 0.524 0.534
0.440 0.449 0.633 0.488
0.000 0.000 0.705 0.000
0.099 0.229 0.627 0.171
0.170 0.308 0.596 0.285
10.424 0.463 0.566 0.491
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[0.521 0.825 0.529 0.585]
0.621 0.904 0.529 0.640
0.639 1.000 0.610 0.781
1.000 0.958 0.333 1.000
0.433 0.486 0.485 0.459
0.494 0.581 0.449 0.526
0.411 0.519 1.000 0.420
_10.470 0.602 0.874 0.537
¢= 0.372 0.415 0.568 0.373
0.348 0.519 0.634 0.359
0.480 0.508 0.512 0.518
0.472 0.476 0.576 0.494
0.333 0.333 0.629 0.333
0.357 0.393 0.572 0.376
0.376 0.420 0.553 0.411
10.465 0.482 0.535 0.495 |

i i 2 (6 ) X P 18 b e A EAT IERLAL AL 2], P
AR (7) T3 2 IR 18 b5 15 B (E e, i )
HT 25 6 A1 0 £5 2 I 58 A5 B 0 R B4 % LA AR B
a =[0.2523 0.2524 0.2489 0.2463], 4L Bk %
B B 0 A WA JE T A A R g U (9)
16 AR B K @ IR BE O 2R AT HE I A SR Sk 5
N o WAL SRR R, e W 0 45 R g, U I &R
LSRRy ' 08

R5 AR EUK O SCHRE

Table 5 Grey correlation degree of objective function

test test factor Grey correla- .
number  «/2/(°) R/mm T/mm tion degree sorting
1 30.6 16.5 0.90 0.616 5
2 30.6 17.0 0.95 0.672 3
3 30.6 17.5 1.00 0.758 2
4 30.6 18.0 1.05 0.823 1
5 31.2 16.5 0.95 0.466 11
6 31.2 17.0 0.90 0.512 7
7 31.2 17.5 1.05 0.587 6
8 31.2 18.0 1.00 0.620 4
9 31.8 16.5 1.00 0.432 14
10 31.8 17.0 1.05 0.465 12
11 31.8 17.5 0.90 0.505 8
12 31.8 18.0 0.95 0.504 9
13 32.4 16.5 1.05 0.407 16
14 32.4 17.0 1.00 0.425 15
15 32.4 17.5 0.95 0.440 13
16 32.4 18.0 0.90 0.494 10

Note: 1) a/2 is the one half of the conic angle; 2) R is the conic radius; 3)

T is the thickness of the liner.
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fE Y 5 A T BB 2 AT . I 4 A K (8 0% K R (I
KR 13 By B A OCHE B H e/, A 22 0.416, Ui
HH N [7) 1) 24 760 8 1 285 ) 2 800t S 008 5 12 190 4 g 1Y)
S ] BE AR K AR 9 oA B 24 R B ) S SR A
YR TSR N S R e A R L

HR 4 26 5 ] 15 8] = Rl 56 R A7 4 K F Y4
AU B, 73 5 45 30 P35 SQ I B F I ff g 24 78
R S EA G . = AR R R K OF B S
IO B DL 3% 6, T3 G IR AT IR K LR 6

R 6 AR LY SR 4 KT 2 G
Table 6 4 level average correlation degree of structural pa-
rameters of the liner

test a2 correlation R correlation T correlation
level  /(°) degree /mm  degree /mm  degree
level T 30.6 0.717 16.5 0.480 0.90 0.532
level 2 31.2 0.546 17.0 0.519 0.95 0.521
level 3 31.8 0.477 17.5 0.573 1.00 0.557
level 4 32.4 0.442 18.0 0.610 1.05 0.571
Note: 1) a/2 is the half of the conic angle; 2) R is the conic radius; 3) Tis

the thickness of the liner.
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Structural Optimization of Liner based on Weighted Gray Correlation Analysis

WU Bo'?, CUI Yao-zhong', MENG Guo-wang', XU Shi-xiang'
(1. School of Civil Engineering, Guangxi University, Nanning 530004, China; 2. School of Civil and Architectural Engineering, East China University of
Technology, Nanchang 330013, China)

Abstract: In order to study the influence of degree of cone angle, cone diameter and thickness of conical liner on shaped charge
jet effect and optimize the structure of liner, orthogonal test with three factors and four levels was designed. ABAQUS software
was used to simulate the shaped charge jet to penetrate the target, and weighted gray correlation method was used to analyze
the orthogonal test results of jet target penetrating. The correlation degree between the angle, diameter and thickness of the car-
tridge and the effect of jet target penetrating was obtained. The results show that the cone angle has the greatest effect on shaped
charge jet, and the cone diameter and thickness have the secondary effect. The parameter combination of liner for the best
shaped charge jet target penetrating is: cone angle 61.2°, cone radius 18 mm, thickness 1.05 mm. Using the best combination
of parameters, the maximum velocity of the shaped charge jet is 5855 m-s™', the depth of the penetrating target is 59.43 mm,
and the opening diameter of the penetrating target is 8.24 mm. The research results can provide theoretical guidance for the appli-
cation of shaped charge jet penetration.

Key words: shaped charge jet;simulation;orthogonal test; parameter optimization;grey correlation degree
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