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Schematic diagram of the cylindrical structure model

Table1 Model parameters of 2A12-T4 aluminum alloy""*’
p & A o,
parameter 5 o & D, D, D, D, D, D,
/ GPa / Kg+-m /s /MPa /MPa ’
value 71.7 0.33 2770 1.11 x 107° 400 635 0.1255 0.116 0.211 -2.172  0.012 -0.0126 13.04
Note: Eis elastic modulus. u is poisson’s ratio. p is density. & is reference strain rate. A is reference strain rate. o is true stress. & is true strain.
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Fig.2 Stress contour of the cylinder under tensile load
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Fig.3 Displacement-counter force curve under tensile loading
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Table 2 Numerical simulation results under tensile loading

ultimate load maximum displacement

equivalent target type

/ kN / mm
focused discrete rod 174.63 1.15
focused fragment 779.88 4.70
no perforation 882.95 19.19
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Fig.4 Stress contour under compressed loading
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Fig.6 Displacement-counter force curve under compressed

loading

F3 RS TOCEUE D) H 4G

Table 3 Numerical simulation results under compressed
loading
. ultimate load ~ maximum displacement
equivalent target type
/ kN / mm
focused discrete rod 519.51 1.85
focused fragment 759.30 2.79
no perforation 902.90 6.36
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Fig.6 Schematic diagrams of the specimen assembly design

and testing machine
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Table 4 Comparison of the ultimate load between simulation and experiments

loading type equivalent target type ultimate load test value / kN ultimate load simulation value / kN error / %
focused discrete rod 155.79 174.63 12.09

stretching focused fragment 738.43 779.88 5.61
no perforation 810.77 882.95 8.90
focused discrete rod 585.40 519.51 11.26

compression focused fragment 798.92 759.30 4.96
no perforation 851.32 902.90 6.06
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Experimental and Simulation Study on Damage Enhancement of Focused Discrete Rods to Structures

YANG Yue, LIANG Zheng-feng, CHENG Shu-jie
(Xi'"an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: To investigate the damage effects of focused discrete rod warheads, a typical cylindrical target structure perforated by
the focused discrete rod was designed. Through Abaqus™ finite element simulation and statics experimental tests, the damage ef-
fectiveness of the focused discrete rod warhead on the structure was simulated and experimentally validated. The results indicate
that under tensile loading, the ultimate load of the cylindrical structure perforated by the focused discrete rod is 19.22% of that
of the unperforated cylinder, while the traditional fragment-perforated cylinder reaches 91.08%. Consequently, the ultimate load
of the focused discrete rod-perforated cylinder is reduced by 71.86% compared to the traditional fragment-perforated cylinder.
Under compressive load conditions, the cylindrical structure shows coupled buckling and fracture failure, with reduced stress
concentration around the perforation. The ultimate load of the focused discrete rod-perforated cylinder is 68.76% of that of the
unperforated cylinder, whereas the traditional fragment-perforated target cylinder reaches 93.84%. The structural ultimate load
of the focused discrete rod-perforated cylinder is decreased by 25.08% compared to the fragment-perforated target, highlighting
the differences in damage effects under various loading modes. The numerical simulation results and experimental data show
good consistency in load response magnitude and failure trends, with the maximum relative error controlled within 15%, validat-
ing the reliability of the research method.

Key words: focused discrete rod;fragmentation;structural damage enhancement;stress concentration; warhead

CLC number: T)55;TJ410.1 Document code: A DOI: 10.11943/CJEM2025152
Grant support: National Natural Science Foundation of China(No0.12402462)

(idhi: £ )

Chinese Journal of Energetic Materials, Vol.34, No.1, 2026 (37—44) A A AL www.energetic-materials.org.cn



