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Table 1  Different parameters of JH-2 ceramic

W% p/(kgem™) G/GPa A B c M EPSI  7/GPa  SFMAX HEL/GPa PHEL/GPa B
sici] 3163 183 096 0.35 0.0 1.0 1.0 0.37 0.8 14. 567 5.9 1.0
AL 0, 3890 152 0.88 0.28 0.007 0.6 1.0 0.262 0 6.57 3.512 1.0
22 IFRMBHETISEL
Table 2 Parameters of ARAMID material
4% p/(kgm™>) E/MPa  E,/MPa  E./MPa PRBA PRCA PRCB  G/MPa  Gpo/MPa Gy /MPa
LT 4 1043 16100 16100 16100 0.02 0.125 0. 125 280 280 280
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Fig.2 Ceramic and fiber fracture patterns
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Fig.4 Bullet penetration into a composite target
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Table 3 Sample points determined by optimal Latin

hypercube design

v/ Y
T,/mm T,/mm T;/mm h/mm
(m-s7h) (kg'm~?)

#1 3. 84 4.05 11.32 144 19.27 43.82

=
C[U

#2 4.47 3.84 14. 47 -36 19.8 49.33
# 3.63 4.37 5 330 13.0 35.48
#10 5 3.74 6.58 111 15.32 39.57
#11 4.58 4.89 12.37 -11 2.53 50. 82

#18 3.32 3.53 5.53 362 12.38 31.97
#19 3.42 3.42 13.42 307 20. 26 42.91

#20 3.74 3.21 9.21 399 16. 16 37.21
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Table 4 Comparisons between the optimal simulation value

and the response value of the approximate model

v/ v/ XS IR IE/ %
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Table 5 Comparison of results before and after optimization

X vsy/ ps/
XPHASARY T /mm  T,/mm  Ty/mm h/mm
(m-s™") (kg'm™?)
AR 3 5 15 131 23 44.62
AkiE® 4,54 4.50 7.17 -54  4.60 39.22
YoEE +1.54 -0.50 -7.83 -185 -18.4 -5.4
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Fig.5 Comparison of bullets velocity-time curves

before and after optimization
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Ballistic performance and structural improvement of an
aramid fiber/ceramic composite target

WANG YaJin' WANG Tao'® WANG LiangMo' SHA XiaoWei® HUANG Jian® CHEN Wei’

(1. College of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094 ;
2. Suzhou Jiangnan Aerospace Mechanical and Electrical Industry Co. , Ltd. , Suzhou 215300, China)

Abstract; A bulletproof structure composed of a ceramic and aramid fiber composite is proposed as a way of impro-
ving the ballistic performance of a target. Finite element simulation analysis of the ballistic performance of the ce-
ramic and aramid fiber shows that the bullet hole area in the ceramic is larger than that in the fiber and the surface
of the ceramic inside the impact zone is rough whilst for the fiber it is relatively smooth. Furthermore, energy ab-
sorption by the ceramic mainly involves internal fracture and stress waves, while the fiber mainly converts the kinet-
ic energy of the projectile into internal elastic potential energy and fracture energy through stretching and extension.
Using the anti-penetration principle of ceramic and aramid fibers, a composite target plate was designed, and the
thickness of the interlayer material was optimized by means of the NSGA - Il algorithm. The residual speed of the
bullet was reduced by 185 m/s when using the optimized composite target, the areal density of the target plate was
reduced by 5.4 kg/m”, and the comprehensive ballistic performance was significantly improved. This work provides
guidelines for the design of new lightweight bulletproof composite armor.
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