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Table 1 Material parameters of Q235 steell!¢]
p/ (gem™) o/MPa E/GPa A /A Cy/m * s S\/Pa
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7.83 206 206 0.30 2.17 4569 1.49
ET/GPa D1 D2 D3 D4 D5
0.13 0.0705 1.732 -0.54 -0.015 0.0
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Table2 JH-2 material parameters!!7-18]
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1.695 29.5 8425 8545 20493 46 135 025 8.5
IWL RE TR R R L e =R RIET, K. RS WREZRIRR R, TRl

WIERIRIWTE
p=d|1=—2 e 4 [ 1- 2 | {20
RV RV %

(3
A PNIBEPYIET1: ENRLIRRINGE: V ORIRHAR A BRI~ Ry NH L

2.2 {REIBFYMIE
22.1 FASACSHE AT

RS RS (R e B e BB AL A5 ARG FE I OC B, e B A ol DL AR R . IR &
WORFRERE, EFESIRIEE N 25mm FI254F T, B KRG WA ST
0.5mm. Imm. [.5mm. 2mm. 2.5mm [P FL 2 T 0% AHARKES) . FEAR . 2SI A% RE Ee sy
1o 1: 2, @ATPIREUSSAME b o e SR S50 TR E A 48 AR, BL 0.5mm A% I 11 B4 SR A
WS E, 25 ZH IR K R R A TR 22 3R 3

= 3 TEIMIE R TR SR+ E s

Table 3 Calculation results of target plate damage area for different mesh sizes

Mesh size /mm S/mm? Relative error to reference mesh Relative error to experiment
0.5 2362.75 0.00% 0.98%
1.0 2376.33 0.57% 1.56%
1.5 2403.73 1.73% 2.73%
2 2534555 7.27% 8.32%
2.5 2590.81 9.65% 10.73%

H1 3 m A, PR RS T ER T2 5 iA B A oE,  BUE RS B S T ARAECR,  MIAsE R
<P 2.5mm B IRIGTEXT EL AR R 28 10%; M INE G, SmfitEas fie e, %
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Fig. 4 Schematic of mesh discretization
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Table 4 Experimental and numerical simulation results

Numerical Simulation

Case T/mm Test Data(S;/mm?) Relative Error
Data(S;/mm?)
1 12.5 1923.27 1856.91 3.45%
2 20 1745.63 1847.43 5.83%
3 25 2239.84 2376.33 6.09%
4 30 2308.39 2418.35 4.76%
5 35 1506.82 1577.37 4.68%
6 40 1461.43 1445.68 1.08%
7 45 1577.26 1435.14 9.01%
8 50 1451.17 1451.06 0.01%
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4.36%. [F] IS H (B ASEHOL R D9 vHE A 1A T L o 0 S5 0 280 SR xR 2R 245 [ B, s B S A0 1 AR i 2 245 [
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Fig. 13 Deformation of steel plate under various working conditions
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Table 5 Damage area of steel plate undet-three“point array

Case L/mm S>/mm? Case L/mm S>/mm?
1 12.6 1862.59 S 35 2274.28
2 20 2424.08 6 40 2023.57
3 25 2583.78 7 45 1904.06
4 30 2346.99 8 50 1855.84
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® Calculation results
Fitting curve
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Fig. 14 Gaussian fitting curve of dimensionless damage area vs. three-point arrayyeharge’spacing
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Table 6 Damage area of target plate under two-point and three-point\array. charges with different charge spacings

Case L/mm S,/mm? S,/mm?
1 12.5/12.6 1856.91 1862.59
2 20 1847.43 2424.08
3 25 2376.33 2583.78
4 30 2418.35 2346.99
5 35 1577.37 2274.28
6 40 1445.68 2023.57
7 45 1435.14 1904.06
8 50 1451.06 1855.84

Note: 4 5 551 12.5mm, ZJRFES 12,6mm, 3EZ5EMMHE
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Abstract: To investigate the influence law of charge spacing on the damage effect of Q235 steel plates under
contact explosion conditions, and to provide a theoretical basis for the design of explosion-resistant armor
structures and layout optimization of multi-point simultaneous detonation warheads, this paper takes JH-2
explosive and Q235 steel plate as research objects. Employing numerical simulation methods, the study
examines the damage effect of blast loads from dual explosion sources on steel plates under contact explosion
conditions. First, a numerical simulation model for contact explosion was developed, and its accuracy and
reliability are verified by comparing it with experimental results. Based on this, the coupled effect of shock
waves generated by two charges after detonation and its influence law on the plastic deformation
characteristics and plugging failure mode of steel plates are analyzed. The results show that, with a constant
total charge mass, the damage range of the two-point array expands with the increase of charge spacing, and
the critical array spacing capable of forming complete plugging holes is 30 mm. Under contact explosion of
the three-point array, the damage area presents a single-peak variation characteristic’that tises first and then
declines as the array spacing increases. The optimal charge array spacing is 26.23\nwimywhere the maximum
damage efficiency of the target plate is achieved. The established Gaussiang preédiction formula has a
goodness-of-fit of 0.9212, which can rapidly and quantitatively predict, the damage area of steel plates
corresponding to any array spacing within the range of 12.6 to 50 mm. The reéseatch results not only provide
a theoretical basis and quantitative data support for evaluating the coupled' damage efficiency of dual charges
under contact explosion and the design of explosion-resistant structurés, but also provide references for the
layout design of multi-point simultaneous detonation array charges:

Keywords: numerical simulation; multi-point explosion; contactexplosion; array explosion
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