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Fig. 3 Geometrical dimensions of pyramidal lattice, projectile and ceramic prism
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Table 1 Material properties used for numerical simulation of pyramidal lattice sandwich plates

G/10°GPa E/GPa v

K1/102GPa FS A B Di m n

p/(gem=?)
304 stainless-steel (Johnson-Cook) 7.9 0.8
42CrMo steel (Johnson—Cook) 7.9 0.8
plain carbon steel (Johnson-Cook) 7.83 0.75
ceramic(JH-2)[39] 3.65 1.52
epoxy[39] 1.2
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Fig. 7 Distribution of Mises stress in sandwich structure (empty lattice) and projectile at impact velocity of 450 m/s
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Fig. 10 Distribution of von Mises stress in sandwich structure (ceramic filled lattice) and projectile at impact velocity

of 600 m/s
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Fig. 10 Distribution of von Mises stress in sandwich structure (ceramic filled lattice) and projectile at impact velocity

of 600 m/s (continued)
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Fig. 11 Z-velocity of projectile plotted as a function of

time for ceramic filled sandwich plate having pyramidal

lattice core at impact velocity of 600 m/s
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Fig. 12 Energy absorption in each sub-structure of
ceramic filled sandwich plate having pyramidal lattice

core at impact velocity of 600 m/s
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PENETRATION AND PERFORATION PERFORMANCE OF THREE
PYRAMIDAL LATTICE-CORED SANDWICH PLATES:
NUMERICAL SIMULATIONS Y

Ni Changye*  Jin Feng* Lu Tianjian®?  Li Yuchun'
*(MOE Key Laboratory for Strength and Vibration, Xi’an Jiaotong University, Xi’an 710049, China)
t(Bngineering Institute of Engineering Corps; PLA University of Science and Technology, Nanjing 210007, China)

Abstract The ballistic performances of three different kinds of sandwich plates with pyramidal lattice cores
are numerically evaluated with the method of finite elements, including empty lattice—cored sandwich without
any insertion, ceramic filled sandwich, and ceramic and epoxy resin filled sandwich. As the complexity of the
sandwich structure and material composition increase, the energy absorption performance of the sub-structures
and the sandwich plate as a whole is quantified. Both the incidence and exit velocities of the projectile are
considered to establish the ballistic limit as well as the ballistic performance of the sandwich plates. Obtained
results reveal that ceramic insertions lead to enhanced penetration resistance of the sandwich due to their
high-strength and high-hardness characteristics, whereas the use of epoxy resin improves the integrity of the
sandwich so that more energy of the projectile can be absorbed. Therefore, the third type of sandwich (ceramic
and epoxy resin filled) achieves the highest ballistic limit velocity and the best ballistic performance mainly due

to its structural integrity.

Key words penetration and perforation, pyramidal lattice sandwich, ballistic limit, finite element
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