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Scheme of the liner and the shaped charge
a—detonation point, b—altitude of liner, ¢c—Apex angle of liner,

d—diameter of the shaped charge, h—altitude of shaped charge
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Table 1 Simulation results of different schemes

No. altitude of shaped diameter of the  thickness of the altitude Apex angle tip velocity tail velocity jet length

charge/ mm liner/mm liner wall/mm of liner/mm of liner/(°) of jet/m + s -1 of jet/m - s -1 /mm
A 32 40 2.5 18 90 2741.0 1068.6 95.7
B 62 80 2 30 50 3118.3 1086.6 108.5
C 82 80 2.5 50 70 4652.2 1207.6 170.0
D 77 80 2.5 30 100 4946.5 1091.0 138.0
E 30 40 1.4 14 99 6622.9 2095.0 196.3
F 72 40 2 20 90 3638.6 1397.5 134.0
C 67.5 80 3.5 30 99‘;(:;:1?;:)) 4666. 8 1368.9 215.4
H 67 80 3 30 99‘;((‘;1’1:31:)) 4594.9 1654. 4 109. 4
1 48 40 2 18 90 2698.0 1079.0 116.2
J 72 80 2 40 60 3689.8 1441.9 131.2
K 92 80 3 60 50 5523.1 1518.4 194.4
L 62 80 2 30 70 3453.5 1370.5 120.6
M 52 80 2 20 98 2600.0 1356.0 82.9
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Table 2 Number sequences of dimensionless

reference parameters and comparison parameters

No. Xy X % x3 Xy Yo Y1 Y2
TR AR 2 55 225 )7 5 5 T 5 22 (5 19 46 %HE A 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
BN 3 P R B 1.94 200 0.80 1.67 0.56 1.14 1.02 1.13
C 2.56 2.00 0.8 2.78 0.78 1.70 1.13 1.78
B3 A =0, A" =1.86, A =0, Al =2.51
HUEAT ] - AL, =0, Al o A =05 Ay ’ D 2.41 200 0.80 1.67 1.11 1.80 1.02 1.44
2 2
AL, =0, A, =1.49, E 0.94 1.00 0.56 0.78 1.10 2.42 1.96 2.05
B (1) F 3 BRI 515 4 R R Fo225 100 080 LI 100 133 131 140
. . G 2.11 2,00 1.40 1.67 1.04 1.70 1.28 2.25
3.3 RfEXEKE
H 2,09 200 1.20 1.67 1.04 1.31 1.55 1.14
KR R BN Bt T80, AE T IR, A S I 1.5 1.00 0.80 1.00 1.00 0.98 1.00 1.21
W5 A I 20 1 G T 2 B0 TRl — AN B S B J 2,25 2,00 0.80 2.22 0.67 1.35 1.38 1.37
_ K 2.88 2.00 1.20 3.33 0.56 2.01 1.48 2.03
REE D SEEE R ST R S k2t
AIR DASRIRBE /R Z o IR B2 Y 235 A — el L 1.94 200 0.8 1.67 0.78 1.26 1.28 1.26
N
Pe Ly, (=0,1,2) (2) M 1.63 2.00 0.80 1.11 1.09 0.95 1.27 0.87
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Table 3 The absolute differences of the reference number sequence and the comparison number sequence
No. A B C D E F G H I J K L M
A 0 0.8 1.6 0.61 1.48 0.87 0.41 0.78 1.19 0.9 0.87 1.77 1.05
A 0 0.86 0.3 0.2 1.42 0.33 0.3 0.69 0.02 0.65 0.01 0.74 1.05
A 0 0.34 0.9 1.6 1.86 0.53 0.3 0.11 0.18 0.55 0.81 0.46 0.15
Al 0 0.53 1.08 0.13 1.64 0.22 0.03 0.36 0.02 0.87 1.32 0.41 0.16
A 0 0.58 0.92 0.69 1.32 0.33 0.66 0.27 0.02 0.68 1.45 0.48 0.41
A} 0 0.92 1.43 1.39 1.02 0.94 0.83 0.54 0.50 0.87 1.40 0.66 0.36
Al 0 0.98 0.87 0.98 0.96 0.31 0.72 0.45 0 0.62 0.52 0.72 0.73
Al 0 0.22 0.33 0.22 1.40 0.51 0.12 0.35 0.20 0.58 0.28 0.48 0.47
Al 0 0.65 1.65 0.65 1.18 0.20 0.39 0.12 0 0.84 1.85 0.39 0.16
Al 0 0.46 0.35 0.09 0.86 0.31 0.24 0.51 0 0.71 0.92 0.50 0.18
A 0 0.81 0.78 0.97 1.11 0.85 0.14 0.95 0.29 0.88 0.85 0.68 0.76
A2 0 0.87 0.22 0.56 1.05 0.4 0.25 0.86 0.21 0.63 0.03 0.74 1.13
A 0 0.33 0.98 0.64 1.49 0.6 0.85 0.06 0.41 0.57 0.83 0.46 0.07
A2 0 0.54 1 0.23 1.27 0.29 0.58 0.53 0.21 0.85 1.3 0.41 0.24
A2 0 0.57 1 0.33 0.95 0.4 1.21 0.1 0.21 0.7 1.47 0.48 0.22
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Table 4 Grey relational coefficients of the reference and the comparison number sequences
No. A B C D E F G H I J K L M
gﬂ(k) 1 2.78 0.37 0.60 0.39 0.52 0.69 0.54 0.43 0.51 0.57 0.34 0.47
§?(k) 1 0.52 0.76 0.82 0.40 0.74 0.76 0.57 0.98 0.59 0.99 0.56 0.47
§g(k) 1 0.73 0.51 0.37 0.33 0.64 0.76 0.89 0.84 0.63 0.53 0.67 0.86
.fg(k) 1 0.64 0.46 0.88 0.36 0.81 0.97 0.72 0.98 0.52 0.41 0.69 0.85
§2(k) 1 0.62 0.50 0.57 0.41 0.73 0.59 0.78 0.98 0.58 0.39 0.66 0.69
§L',(k) 1 0.44 0.33 0.34 0.66 0.41 0.43 0.46 0.57 0.59 0.45 0.52 0.67
f}(k) 1 0.33 0.36 0.34 0.61 0.40 0.52 1 0.44 0.49 0.49 0.40 0.40
.f;(k) 1 0.76 0.68 0.76 0.33 0.58 0.85 0.67 0.78 0.45 0.71 0.58 0.60
§§(k) 1 0.59 0.36 0.59 0.44 0.82 0.70 0.89 1 0.52 0.33 0.70 0.85
§j(k) 1 0.50 0.57 0.84 0.35 0.60 0.66 0.47 1 0.39 0.33 0.48 0.72
§[2](k) 1 0.48 0.49 0.43 0.40 0.47 0.84 0.44 0.72 0.46 0.47 0.52 0.50
§f(k) 1 0.46 0.77 0.57 0.42 0.65 0.75 0.46 0.78 0.54 0.96 0.50 0.40
§§(k) 1 0.69 0.43 0.54 0.33 0.55 0.47 0.93 0.65 0.57 0.47 0.62 0.91
§§(k) 1 0.58 0.43 0.76 0.37 0.82 0.66 0.58 0.78 0.77 0.36 0.65 0.76
.fi(k) 1 0.57 0.43 0.69 0.44 0.65 0.38 0.88 0.78 0.52 0.34 0.61 0.77
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Table 5 Grey relational matrix, the results 270 M e AR T 2 B R BRI M; ,RUTE B
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number shaped charge  the liner the liner wall  of liner of liner Eégxi‘,fx{w 1$Ei}aﬁzgif£dz@j‘ E/J g ulﬁ] © 75‘* 4 %:_{ Eyq
sequence 2 . 2 S I
% & % % %4 2 R SR AR AT DA R T AR A Sk R A R R R 2
tip velocity 0.708 0.705 0.674 0.715 0.654
of jet y, : ’ ' : : 5 g:é': ill’:
tail velocity ) org 0.522 0.673 0.676  0.608
i " | ' S (1) B0 54 W10 26 B e L
jet length y, 0.555 0.617 0.628 0.635 0.620
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Table 6 Design scheme of the shaped charge

and the simulation results

thickness ~ altitude  Apex angle tip velocity tail velocity  jet
scheme . R . . ..
N of the liner  of liner  of liner of jet of jet length
o wall /mm /mm /(%) /m-s' /m-s”! /mm
1 3.5 50 65 4468. 1 1214.5  172.7
2 3 40 65 4176.6 1189.4 141.5
3 2.5 30 65 2998.6 1025.4 101.1
4 3 30 100 3479.6 1394.1 114.8
5 2 40 65 5578.4 1504.2  176.7
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Computational Analysis on Parameters of Shaped Charge Affecting Formation of

Jetting Projectile by Numerical Simulation and Grey Relation Theory

ZHAO Hui-ying' , SHEN Zhao-wu', WANG Xiao-hai’
(1. Department of Modern Mechanics, University of Science and Technology of China, Hefei 230027, China;
2. Tactics Staff Room, Bangbu Tank Technique College, Bangbu 233013, China)

Abstract: This paper analyzes the factors that affect jetting projectile formation of shaped charge through numerical simulation. Grey
relational degree of each factor is obtained from grey relation theory. It is suggested that altitude, thickness of the liner wall and
Apex angle of liner, as well as altitude of shaped charge are the main factors affecting formation performance of jetting projectile. Jet-
ting projectile formation is controlled by thickness of the liner wall seriously; and the tip and tail velocity difference of jetting projec-
tile is affected by Apex angle of liner. The analysis indicates that the grey theory is a useful way to determine line parameters in liner
design.

Key words: engineering mathematics; shaped charge; numerical simulation; grey relation theory
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