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Research on penetration resistances of ceramic/thin steel
composite targets impacted by high-velocity fragments
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Abstract; To explore the high-velocity-penetration resistant mechanism of ceramic/thin steel composite targets ( hereafter called CS targets) ,
the failure modes and penetration resistances of CS targets with 3 mm-thick SiC ceramic layer and 0. 6 mm-thick steel layer were analyzed through
ballistic tests, and compared with the monolithic steel plates of identical areal densities. Based on the energy conservation principle, a theoretical
prediction model for high-velocity penetration of CS targets was established. Comparison between predictions and testing results was conducted.
Results show that the failure modes of rear thin steel layers in CS targets change from shear plugging to petalling due to the existence of front ceramic
layers, which greatly promotes the anti-penetration energy-absorption efficiency of rear thin steel layers. Therefore, the overall penetration
resistances of CS targets are superior to and above 15% higher than the monolithic steel counterparts. The predicted residual velocities of projectiles
after perforation of CS targets correlate well with those experimental results, and the relative errors are all within 5% , which proves the rationality
and validity of present theoretical mode.
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Fig.1  Arrangement of ballistic testing set-up
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Fig.2  Photograph of a CS target
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Tab.1 Ballistic testing results and corresponding parameters

Lo h,/mm h,/mm BEEE v/(m/s)  v/(m/s)  E,/(]- m/kg) B
5 (kg/m?) (J - m’/kg)
MS -1 1.80 14.2 988.8 702.0 56.3

MS -2 1.80 14.2 987.2 698. 4 56.5 56.2
MS -3 1.80 14.2 957.7 660.2 55.8

cs-1 3.00 0.60 14.3 975.6 610.1 66.7

cs-2 3.00 0.60 14.3 977.8 618.3 66.0 66.0
cs-3 3.00 0.60 14.3 982.9 631.0 65.3
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Fig.4 Some ceramic fragments collected after tests
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Tab.2  Comparison between perforation holes of MS targets and

crevasses of rear steel layers in CS targets

TS FfLAFRER/mm PH{E/mm
MS -1 11.6
MS -2 12.0 11.6
MS -3 11.1
CS-1 44.2
€S -2 40.2 40.7
€s-3 37.7
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Tab.3 Comparison of ballistic resistant efficiency of

rear steel layers with pure steel plates

i MR (R s

Gir's fE/) (7 - m*/kg)
mm (J - m’/kg)

MS -1 1.80 799.5 56.3

MS -2 1.80 802.3 56.5 56.2

MS -3 1.80 792.4 55.8

CS-1 0.60 756.8 159.7

CS-2 0.60 661.0 139.4 142.1

CS-3 0.60 603.0 127.2
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Tab.4 Comparison of residual velocities between theoretical predictions and experimental results for CS targets

T8 b/ b/ vo/ (m/s) B AR HE T A8/ X
5 v/ (m/s) (m/s) BRZE/ Y
Cs-1 3.00 0.60 975.6 610. 1 618.8 1.4
Cs-2 3.00 0.60 977.8 618.3 637.0 3.0
€s-3 3.00 0.60 982.9 631.0 648.9 2.8
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