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Spacing Effect and Shape Effect of Two Fragments Simultaneously
Penetrating a Target Plate

ZHANG Mengyang, MA Jiajia*, FAN Tianfeng, JI Qing, LIU Huan

(Northwest Institute of Mechanical and Electrical Engineering, Shaanxi Xianyang 712009, China)

ABSTRACT: The work aims to explore the effect of fragment impact distance on the penetration behavior and fragment
residual velocity to provide theoretical basis for the optimal design of protective materials under the condition of
multi-fragment impact. By the finite element simulation method, based on the penetration behavior of a single fragment,
the penetration performance of different shapes of fragments was studied, and the effect of the spacing on the penetration
resistance and the penetration behavior of the target was analyzed with the example of two fragments impacting the target
at the same distance of 10 mm. The mechanical responses of the fragments with different shapes were significantly
different when they impacted the target at a distance of 10 mm, and the penetrating ability of the cylindrical fragment was
the strongest. When the distance between the two fragments was less than 0.5-1 times the bullet diameter, the
superposition effect of stress waves was enhanced, which led to the local damage of the target plate and the formation of a
concentrated damage area. The variation of residual velocity when two fragments penetrate the target at a close distance at
the same time is the result of the deformation of the target plate, the superposition of stress waves and the coupling effect
of fluid dynamics. This study can provide theoretical support for the evaluation of fragment penetration performance and
the optimal design of the protective structure.
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Fig.1 Finite element models with different mesh sizes
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Fig.2 Residual velocity distribution of
fragments under different mesh sizes
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Fig.3 Von-Mises stress distribution of different shapes of fragments penetrating the target plate at different time
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