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Fig. 3 Uniform distribution structures of ceramic balls with different sizes
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Fig. 4 Graded distribution structures of ceramic balls
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Table 1 Parameters in JH-2 model for boron carbide ceramics
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p/(kgm™)  G/GPa a b c m n e /GPa d, d K, K, K
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Table 2 Parameters in the Johnson-Cook model for metal'>"¥l

Material pl(kgm?)  G/GPa  A/MPa  B/MPa N c M /K  C/Jkg" K"
Steel (bullet) 7850 77.5 1540 477 0.16 0 1 1793 470
Aluminum 2780 28 330 445 0.73 0 1.7 775 880
Material D, D, D, D, D C, a, S,
Steel (bullet) 1.5 0 0 0 0 4569 046 133
Aluminum 0.112 0.123 L5 0.007 0 3173 046 149
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Fig. 5 (a) Projectile penetration model and (b) damage evolution of a 12.7 mm armor-piercing

explosive incendiary bullet penetrating into a semi-finite ceramic/aluminum composite target
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Table 3 Penetration results of various composite target plates at different penetration positions
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Fig. 6 Schematic of different penetration locations

Penetration results

Structure — — —
Position 1 Position 2 Position 3
A Nonpenetrating Penetrating Penetrating
Penetration depth: 14.6 mm Residual velocity: 28.0 m/s Residual velocity: 105.0 m/s
B Nonpenetrating Nonpenetrating Nonpenetrating
Penetration depth: 15.6 mm Penetration depth: 17.7 mm Penetration depth: 22.9 mm
c Nonpenetrating Nonpenetrating Penetrating
Penetration depth: 19.4 mm Penetration depth: 20.4 mm Residual velocity: 71.0 m/s
D Nonpenetrating Penetrating Penetrating
Penetration depth: 23.1 mm Residual velocity: 37.0 m/s Residual velocity: 111.0 m/s
900 900 900
800 —— d=10.8 mm 800 —— d=10.8 mm 800 —— d=10.8 mm
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~ 700} dsamm | = 700t =~ 700
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© i © i K3}
~ 200t = 200t = 200
100 | 100 | 100
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(a) Position 1

(b) Position 2
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Fig. 7 Velocity histories during projectile penetration
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Fig. 8 Deformation processes of various composite target plates at Position 1
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Fig. 9 Velocity histories during the bullet penetrating into
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Fig. 10 Deformation process during the bullet penetrating into structure A at Position 3
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Abstract: Ceramics is commonly used as ballistic resistant material due to lightweight and high strength
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properties. However, due to its brittleness, the use efficiency of ceramics is low, and local breakdown often
leads to the breakage of the whole ceramic. In order to improve the use efficiency of ceramics, a composite
structure of layered gradient ceramic ball and aluminum was presented in this study, and the influences of
ceramic ball size and hitting position were studied with numerical simulation method. The anti-ballistic
mechanism of ceramic ball-metal composite structures was analyzed from the deformation of bullet and
target plate, the change of bullet velocity and the plastic wave propagation, and then the optimization design
of anti-ballistic structure was proposed. The results show that the ceramic ball with a diameter of 7.2 mm has
an excellent property of anti-ballistic capability. The layered gradient ceramic ball structure designed can
further improve the anti-ballistic capability. The ceramic ball-metal composite target plate is damaged
locally, and the other parts of the target still have the anti-ballistic capability.

Keywords: projectile penetration; optimization design; gradient ceramic ball structure
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