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Relationship of Ballistic Performance Between SiC, B4C and Laminated Composite
Structure of SiC/BN Ceramics

SHEN Zhiwei', LI Weiping', HUANG Xiancong', WANG Rujiang®, MA Tian'
(1. Institute of Quartermaster Engineering Technology of PLA Academy of Military Science, Beijing 100010, China;
2. Shandong Jinhong New Material Shares Co., Ltd, Weifang 262100, Shandong, China)

Abstract: The failure mechanisms of SiC, B4C ceramic and the laminated SiC/BN composite armor under ballistic impacts of 5.8 mm
steel bullet at 920 m/s were investigated by the finite element analysis and ballistic experiments. The results show that the fracture
toughness of laminated SiC/BN ceramic with weak interfaces is 7.6 MPa-m"2. The shear fractures of substrate and interlayer appear
on the ballistic impact surface, and the delamination and folding fractures occur at the back. The more transgranular fractures occur
when the interlayers increase, compared to the intergranular fractures. The shallower impact craters are generated when the thickness
of the SiC substrate layers decreases along the impact direction. SiC/BN laminated ceramic has a better ballistic performance when
the mass fraction of BN interlayer is 6.9%, and SiC and B4C block ceramics exhibit a better ballistic performance under multiple
bullet impact condition.
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Fig. 1 Numerical model of ceramic armor impacted by bullet
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Table 1 Density and EOS parameters of SiC, B,C and BN for the FEM model

Material po/(g-em™) A;/GPa A,/GPa A;3/GPa T/GPa G/GPa
SiC 3.22 232 220 174
B,C 2.52 258 -593 2800 233 197
BN 2.53 45 —138 290 45 30

po—Density; 4,—Bulk modulus; A,—Pressure coefficient; 43—Pressure coefficient; 7—EOS paramter; G—Shear modulus.
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Table 2 Strength model parameters of SiC, B,C and BN for the FEM model

Material HE/GPa C,/GPa P,/GPa C,/GPa P,/GPa C/GPa A/GPa N/GPa B/GPa M/GPa
SiC 11.7 7.1 2.5 12.2 10 0.009

B,C 19.0 0.005 0.93 0.67 0.700 0.85
BN 6.0 0.003 0.93 0.77 0.088 0.35

HEL—Hugoniot limit; C;—Strength constant; P,—Strength constant; C,—Strength constant; P,—Strength constant; C—Strain rate constant; 4—Strength

constant; N—Strength constant; B—Strength constant; M—Strength index.

%3 SiC,B,C & BN BRTEERGIEERSH
Table 3 Damage model parameters of SiC, B4,C and BN

for the FEM model
Material T/GPa o /GPa P3/GPa D,/GPa D,/GPa
SiC -0.75 0.8 99.75
B4C -0.73 0.001 0.50
BN -0.15 0.053 0.85

T—Tensile limit; o/ —Maximum damage strain; P;—Damage constant;

D,—Damage constant; D,—Damage constant.
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Table 4 Material parameters of monolithic ceramic and laminated ceramic

Sample Mass ratio of

Flexural Fracture toughness/ Vickers

No. Material interlayer Stacked structure strength/MPa  (MPa'm'?) hardness/GPa
A SiC 445 3.8 23.0
B B,C 543 2.9 33.0
C SiC uniform laminated 1208iC 437 7.1 22.0
D SiC/BN gradient laminated 4.2% 45SiC/BN/20SiC/BN/10SiC/BN/5SiC/BN/5SiC/BN/ 434 6.9 22.0
5SiC
E SiC/BN uniform laminated 6.9% 10SiC/BN/7%(10SiC/BN)/5SiC 392 7.6 21.5
F SiC/BN uniform laminated 12.8%  5SiC/BN/14x(5SiC/BN)/5SiC 387 7.3 21.0
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Table S Penetration and indentation depth of composite armors after multi-impacts tests
Penetration State Maximum

Sample No. Ceramic Back plate Lengthxwidth/mm

Ist 2nd 3rd depth/mm
A SiC UHMWPE? 300%250 PP°® PP PP 10.7
B B,C UHMWPE 300%250 PP PP PP 7.4
C SiC uniform laminated UHMWPE 120x120 PP PP PP 9.0
D SiC/BN gradient laminated UHMWPE 120x120 PP Cp 5.4
E SiC/BN uniform laminated UHMWPE 120x120 PP PP CP 7.5
F SiC/BN uniform laminated UHMWPE 120x120 cp®

a. UHMWPE—Ultra-high molecular weight polyethylene. b. PP—Partial penetration; CP—Complete penetration.
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