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Fig.6 Penetration test image

Comparison of theoretical calculation results with experimental results

distance from the  distance from the initial velocity  tested depth  theoretical tested deflection  theoretical deflec-
test first projectile /m  second projectile /m ~ /m-s™' /m depth / m angle / (°) tion angle / (°)
1 - - 582.2 0.45 0.48 0 0
2 0.12(2.4d) - 584.3 0.57 0.59 24.7 26.7
3 0.26(5.2d) 0.37(7.4d) 588.6 0.63 0.65 8.9 6.3
4 - - 583.5 0.46 0.48 0 0
5 0.11(2.2d) - 587.5 0.60 0.63 24.4 26.1
6 0.25(5d) 0.27(5.4d) 589.1 0.75 0.76 10.3 10.2
Chinese_Journal of Energetic Materials, Vol.34, No.1, 2026 (26—36) A RE A www.energetic—-materials.org.cn
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Table 2 Material parameters of the projectile and concrete™ "

material p/g-cm™ E/GPa v f./ MPa
projectile 7.85 210 0.3 -
concrete 2.30 16.7 - 80
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Fig.7 Simulation model of the dislocated sequential penetration
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Table 3 Comparison of simulation calculation results with experimental results

B8 it AL DL 1

Wi . 25 LaRYEE

rost distance from the distance from the tested depth simulated /o tested angle simulated error
es error /9
first / m second / m /m depth / m e angle / (°) [ %
1 - - 0.45 0.46 4.6 0 0 0
2 0.12(2.4d) - 0.57 0.62 3.0 24.7 23.6 4.5
3 0.26(5.2d) 0.37(7.4d) 0.63 0.67 5.0 8.9 8.1 9.0
4 - - 0.46 0.46 4.4 0 0 0
5 0.11(2.2d) - 0.60 0.62 1.6 24.4 23.2 4.9
6 0.25(5d) 0.27(5.4d) 0.75 0.77 1.3 10.3 10.8 4.9
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Fig.8 Comparison of simulated images with theoretical penetration trajectory
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a. sequential penetration with dislocated two projectiles

b. sequential penetration with dislocated three projectiles
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Fig.9 Operating condition diagram of multi-projectile dislo-

cated sequential penetration
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Penetration Depth of Dislocated Sequential Penetration by Multiple Projectiles into a Semi-infinite Concrete
Target

XU Bao-wen, ZHANG Ding-shan, ZHANG Bo, Quan Jia-lin, LV Yong-zhu
(Xi"an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: To investigate the effects of projectile diameter and dislocation distance on the penetration depth and deflection behav-
ior of subsequent projectiles during multi-projectile dislocated sequential penetration into a semi-infinite target, a theoretical
model and numerical simulation model for the penetration depth of concrete targets under dislocated sequential penetration by
multiple projectiles were established. Experimental tests on multi-projectile dislocated sequential penetration were conducted to
validate the reliability of the models. The results show that the penetration depth and deflection angles calculated from theoreti-
cal and numerical models agree well with experimental data, with maximum deviations of 6.7% and 9.0%, respectively. There
exists a range of dislocation distances for multi-projectile penetration, where the lower limit L, represents the maximum dislocat-
ed distance at which subsequent projectiles deflect without entering the preceding projectile’s trajectory, and the upper limit L,
denotes the minimum dislocated distance at which subsequent projectiles are almost unaffected by the preceding ones. Within
this range, dislocated sequential penetration significantly enhances the penetration depth of subsequent projectiles, with preced-
ing projectiles guide the trajectories of the subsequent ones. The influence of preceding projectiles on subsequent ones is nega-
tively correlated with the dislocation distance. Under the condition where projcetiles penetrate a 80 MPa concrete target at a ve-
locity of 600 m-s™, the penetration depth of the second 57mm projectile increases by approximately 30% compared to the first,
while the third projectile’s penetration depth increases by up to 25% compared to the second. For projectiles with diameters of
57, 80, and 100 mm, the corresponding L, values are 2, 3, and 3.5 times the projectile diameter, respectively, and the L, val-
ues are 7, 10, and 14 times the diameter, respectively.

Key words: dislocated penetration;penetration depth;numerical simulation;multiple project
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