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Research on ceramic fragmentation behavior of lightweight ceramic/metal
composite armor during vertical penetration
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Abstract: In order to investigate the ceramic fragmentation behavior of light ceramic composite armors in the process of anti-
penetration, ballistic impact tests of ceramic/metal composite armors with different back cover and ceramic thicknesses using a
penetrating projectile of 12.7 mm in diameter was carried out. The target was installed in a recycling bin, and the recovery rate
of ceramic fragments was above 95%. By observing the macroscopic failure characteristics of the recovered target ceramics,
the relationship between different thickness combinations of the ceramics and the main failure characteristics was analyzed.
And through the multi-stage screening and weighing of the ceramic fragments, the size distribution law of the ceramic
fragments with different thickness combinations was analyzed. The results show that the fracture cone of the ceramic was the
main failure characteristic of the ceramic panel, and the macroscopic cracks mainly include radial cracks, ring cracks and
conical cracks. The ceramic cone can be subdivided into a crushing zone composed of small powdered ceramic fragments
caused by high compressive stress and a broken zone composed of large ceramic fragments caused by stress waves. The size
distribution of the ceramic fragments in the ceramic cone after impact satisfies the Rosin-Rammler distribution model. With the

increase of the back plate thickness, the half conical angle of the ceramic cone increases, which leads to increases in the overall
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volume of the ceramic cone and the proportion of the broken zone. The resulting ceramic fragments are mainly large size
fragments, and the overall broken size in the ceramic cone increases. When the ceramic thickness increases, the half conical
angle and the number of radial cracks remain basically unchanged, the proportion of the crushing zone in the ceramic cone
increases, and the overall crushing size decreases.

Keywords: ceramic lightweight composite armor; fragment size; fracture cone in ceramic; 12.7 mm piercing bomb; silicon

carbide
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Table 1 Mechanical properties of the projectile

and backplane materials
kR PR R/GPa  #)E/(kg'm™) (AL JEARGRE/MPa

TI2A% 197.57 7830 0.295 3544
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Table 2 Properties of the SiC ceramic
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Table 3 Target structure and main test results
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C10-B5-1 10 5 48.37 466.5+2 SERGFIE
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Fig. 3 Destruction morphology of a ceramic panel (test C12-B5-1)
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Table 4 Mathematical statistics of the factors affecting the fracture cone angle of ceramics and radial cracks

AHEA/(0)
WmEE KA TP EARD/mm HERE EARD/mm ———— - R EESAE
BB REARIIfe IR RHE JE max(|a - 6))
Cl12-B4-1 33.6+£0.2 98.5+0.2 10 69.71 2.13 13
Cl12-B5-1 32.10.2 104.2+0.2 12 71.57 1.56 10
AR
C12-B6-1 33.7£0.2 113.6+0.2 14 73.28 1.29 9
C12-B8-1 32.3£0.2 115.8+0.2 19 73.87 3.08
C8-B5-1 31.3+0.2 82.240.2 11 72.57 234 10
C10-B5-1 31.840.2 93.6+0.2 13 72.08 1.83 11
W JRE
C12-B5-2 32.0£0.2 104.3+0.2 12 71.57 2.38 10
C15-B5-1 31.5+0.2 126.2+0.2 11 7243 1.57 10
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Fig. 4 Effect of back plate thickness on the fracture
cone angle and the numbers of radial cracks of ceramics
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Fig. 12 Mass percentage distribution of ceramic fragment size under different ceramic thicknesses
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