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Anti ballistic performance of boron carbide ceramic composite structure
DUAN Tingting',ZHANG Yan’, GUO Yan', XU Xingya', LI Lin’, HUANG Yusong', WANG Rujiang’,ZUO Yuzhu*,
YAN Shaogian', WANG Lingling', WANG Jihui'
(1. Shandong Institute of Non-metal Materials,Jinan 250031,China; 2. Unit 32128 of the People’s Liberation Army,Jinan 250000, China;
3. Shandong Jinhong New Material Co.,Ltd., Weifang 261000, China)

Abstract : Boron carbide ceramics are the main components of composite armor used in aerospace, it is the main factor affect-
ing the elastic resistance of composite armor. Three different manufacturers’ hot pressed sintered boron carbide ceramics were used
and combined with hybride fiber-reinforced composite, the performance of boron carbride ceramics and their composite armor were
investigated. Physical performance tests such as density and hardness, as well as ballistic performance tests were used to analyze and
compare. The results indicate that the average density of ceramic A and ceramic B is higher than that of ceramic C. The hardness of
ceramic A and ceramic B is relatively high, higher than that of ceramic C, but the hardness of ceramic B shows significant fluctua-
tions and large dispersion. Ceramic A composite armor has the best anti ballistic performance and achieves effective protection.
Ceramic C composite armor is penetrated through, is unable to achieve effective protection, and the anti elastic performance of
ceramic B composite armor is unstable. The microstructure of ceramics shows that ceramic A has a dense and uniform interior, with
the highest hardness value. The corresponding ceramic composite armor has excellent ballistic resistance and can achieve effective
protection, with a low back convexity value. There are a large number of pores inside ceramic C, resulting in a low density and a
decrease in its hardness value, corresponding to the worst anti ballistic performance, all of which exhibit penetration phenomena.
The internal layered structure of ceramic B exhibits layering phenomenon, and the hardness valu fluctuates greatly, which in turn
affects the ballistic performance and may lead to penetration. Therefore, the high density and uniform density of ceramics indirectly
affect their hardness, and the density and hardness of ceramics have an important impact on the ballistic performance of ceramic
composite armor.

Keywords : boron carbide ceramics ; composite armor ; physical property ; protection ; anti ballistic
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Tab.2 Test results of hardness of ceramics
Samples Hardness(HRA) Average hardness(HRA)  Dispersion degree
100.4 100 100.1 100 100.2 100.14 0.167 332
Cramic A 99.8 100 99.9 99.7 99.7 99.82 0.130 384
100 100.5 100.1 100.2 100.6 100.28 0.258 844
99.8 99.9 100.3 100.3 100.4 100.14 0.270 185
Cramic B 97.9 99.3 98 99.8 100.4 99.08 1.103 177
100.5 100.6 99.8 100.7 100.4 100.4 0.353 553
96.9 98.4 96 98.4 97.5 97.44 1.026 158
Cramic C 98 97.2 97 98.2 96.8 97.44 0.622 896
97.9 98.5 98.4 96.7 97 97.7 0.815 475
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Tab.3 Parameters and anti ballistic performance of ceramic composite armor
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Damage situation

42.55 489.7 Not wearing it,back convex 38 mm
Ceramic composite armor plate A 42.50 492.2 Not wearing it, back convex 39.2 mm
42.50 490.1 Not wearing it, back convex 39.5 mm
42.52 493 Pierce through
Ceramic composite armor plate B 42.50 492.2 Not wearing it, back convex 39 mm
42.52 492.5 Pierce through
42.52 492.6 Pierce through
Ceramic composite armor plate C 42.51 491 Pierce through
42.50 489.9 Pierce through
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Fig. 2 Damage situation after target test of three ceramic composite
armor plate
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