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Dynamic response of a metal target plate to simultaneous initiation
of two charges

ZHAO Weicheng, ZHAI Hongbo, MAO Boyong, YANG Feng
(Xi’an Modern Chemistry Research Institute, Xi’an 710065, Shaanxi, China)

Abstract: To study the response law of a metal target plate under the simultaneous initiation of two charges and to construct a
calculation model for the deformation and deflection of the target plate under the action of dual explosion source shock waves,
the dynamic response of the metal plate under the action of double explosion sources was studied through dimensional
analysis. Based on the numerical simulation calculation results using the finite element software, the influence of the charge
quality, charge spacing, and vertical distance from the charge to the target plate of the double explosion source on the
maximum deflection of the 45 steel target plate was summarized. The results show that the maximum deflection of the target
plate increases linearly with the charge mass, decreases linearly with the charge spacing and decreases exponentially with the
vertical distance from the charge to the target plate. The functional relationship between different parameters and the maximum
deformation deflection of the target plate was fitted. This study can to some extent achieve rapid calculation of the explosion
effect of charges with different distributions.
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Fig. 2 Propagation of shock waves caused by simultaneous initiation of two charges
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Table 1 Constitutive model parameters of the A3 steel target plate!”

W p(grem™) 1 KK E/GPa

HEL/N Y

A/MPa B/MPa N C

7.8 200 0.3

410 20 0.08 0.100
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Table 2 Partial test data and simulation results

) $EE /mm )
F5 AU /mm TNTiiz/g el /cm - BeRETR22/%
55 T
1 1 700 98 79 71.132 10.0
2 1 708 80 102 91.946 9.9
3 1 1108 133 82 68.235 16.8
4 2 700 47 79 81.841 3.6
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Table 3 Constitutive model parameters of the 45 steel target plate!”!

HEp/(g-em’) 1 [RH i E/GPa MEL/N=4Y A/MPa B/MPa N C
7.8 200 0.3 507 320 0.28 0.064
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Table 4 The maximum deformation deflections of target
plates under different charge amounts % 50
e Biin/kg ) o 40 -
e ————————— Fii/m RZEEE/m TR /mm
K1 %2 30k
1 1.0 1.0 9.815
20F &
2 1.5 1.5 13.561 1 1 I L L
3 20 20 17016 5.0x10° 1.0x107 1.5x107 2.0x107 2.5x10’
‘ ' 2.0 15 : mJ(pd?)
4 2.5 2.5 20.36
5 30 30 5361 5 SUMERJE LE S 2y B o A C &R
Fig. 5 Relationship of deflection-to-thickness ratio of
6 5.0 5.0 35.852

the target plate with charge mass non-dimensional number
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Table 5 The maximum deformation deflections of target plates with different explosive distances

] 25 kg \ )
Fr FE#E/m 2[R /m SRR R /mm
1 o)
1 2.0 17.020
2 2.1 15.653
3 22 14.349
4 23 13.235
5 2.4 12.268
6 2.0 2.0 2.5 1.5 11.324
7 2.6 10.522
8 2.7 9.704
9 2.8 8.972
10 2.9 8.331
11 3.0 7.869
= (Calculation results
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Fig. 6 Relationship of deflection-to-thickness ratio of the target plate
with explosive distance non-dimensional number
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Table 6 Calculation results of the maximum deformation deflections of metal target plates

et /kg

52 JERE/m P24 [A]#E/em FOARASTEH2 8 /mm
)| 2252
1 50 11.850
2 70 11.587
3 90 11.213
4 100 10.978
5 110 10.778
6 1.0 1.0 1.0 130 10.305
7 150 9.815
8 180 8.991
9 200 8.427
10 230 7.577
11 250 7.054
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Fig. 7 Relationship of the deflection-to-thickness ratio of the target plate

with the charge spacing non-dimensional number

4 BEREITEHER

4.1 #BIREITHEER

H A 2050 M T, AR Y B R AR TR B i S e 24 o L MEIE R e 2 IR O . i ad BUE LIRS Y
2R YA TR BEIE L w/6 5 m/(pd). 1S, his ZIRIE R LR,

R T e RS SIS (] S A 2 24 BB n; (8 DRH AR, B ARAR I S i iR B R S (7))~ 9) i — 2B A
L ARBUEAR R E 0 5 m/(08). 16, W6 MK FR K

122201-7



43 % R, A5 P[RR AR 5 SO ) Sl 25 i 121

T 5, R O S A s SORS <3 T SR ) AT 8 5 20 2 e | KR 2 R B O R AT B — 2 A
B SR 2GR Z, ML BIKERE Z, 7350 A

Zi=Wo) [ \fmef @), Z=h18) [ fme] (08

ARICH, my=mg=me, h=hy=h, SHRERIAT LB, RAFE 7~8,

R7 TEIELHIRZEE TR TR RE

Table 7 Deformation deflections of target plates under different proportional charge spacings

H it kg
=2 e YEHE/m Z, Z, AR AE TE 2B fmm
241 252
1 0.5 7.88709 20.664
2 0.7 11.04192 20.155
3 0.9 14.19675 19.519
4 1.1 17.35159 18.767
5 2.0 2.0 13 2.0 20.50642 31.54834 17.923
6 L5 23.66126 17.016
7 1.7 26.81609 15.933
8 1.9 29.97093 15.074
9 2.0 31.54834 14.624

R8 AELHIMER TR ERRE

Table 8 Deformation deflections of target plates at different proportional explosive distances

Jr il eI /m JiEF/m Z, Z, ﬂ%#}i"’;ﬁﬁﬁ
A1 %22 e /mm
1 2.0 31.54834 17.02

2 2.1 33.12576 15.653
3 2.2 3470318 14.349
4 2.3 36.28059 13.235
5 2.4 37.85801 12.268
6 2.0 2.0 1.5 2.5 23.66126 39.43543 11.324
7 2.6 41.01285 10.522
8 2.7 42.59026 9.704
9 2.8 44.16768 8.972
10 2.9 45.16768 8.331
11 3.0 47.32251 7.869

FIFZ 7 th it WM A e Be e 5 L R 2 #E s 2 [ A S Rt £, sl 8 Fiom . AR 8
B SR 22 T R AR AR TR 8 B 5 E A K BE =2 ] 9 5 Rl 2, sl 9 T o
PUA K 8 ~9 g £, PRI MRS o 5 Bl 250 2 Z, AL BIERE Z, Z B 5C R 430008
% =-0.527 337, +46.204 66, R =0.99505 (10)

% =24193.967 167, %%, R =0.999 43 (11)
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Jir 7 B il

122201-8



43 % R, A5 P[RR AR 5 SO ) Sl 25 i g2

42+ . = Calculation results

— Fitting curve
40 \\'\\\!\

36+ n

wld

341

32+

30 \\

28 1 1 1 1 1
5 10 15 20 25 30 35

K8 HUMBEIR S FL O 2 B S R

Fig. 8 Relationship of deflection-to-thickness ratio of the target plate with proportional charge distance
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Fig. 9 Relationship of deflection-to-thickness ratio of the target plate with proportional explosive distance

50
45
40
35
30
25
20
15
10

w/o

< 50 28

10 SR ERIEE L 5 (R 25 2 R L B KRR A DG 2R
Fig. 10 Relationships of deflection-to-thickness ratio of the target plate with proportional charge distance
as well as proportional explosion distance
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Table 9 Comparison of numerical simulation results with model calculation results

TNTJikt /kg » HARHEE /mm
5 $e2 ] /m FERE/m Z, z, — — BRIE%
2 ey [ZESIEC S
1 2.0 2.0 1.0 25 15.74061 39.35152 12.396 11.717 5.5
2 3.0 3.0 15 28 20.62603 38.50193 12.724 11.485 9.7
3 40 40 2.0 3.0 2498666  37.47999 12.967 11.592 10.6
5 5.0 5.0 25 33 28.99445 38.27267 11.928 10.713 10.2
6 6.0 6.0 3.0 35 3274179 3819875 11.352 10.446 8.0
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