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Study on the Effect of Attack Angle on 12.7 mm Armor-piercing

Incendiary Projectile Penetrating Ceramic Composite Plate

FENG Lihua'* ,ZHANG Xingjin' , TAN Xiaohui',JI Yangziyi®
(1.AVIC Shaanxi Aircraft Industry Co.,Ltd.,Hanzhong 723000, China;
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Abstract: The penetration test of 12.7 mm armor-piercing incendiary ammunition on a certain type of
ceramic composite armor plate structure was carried out. The limit penetration velocity of the projectile to
the composite armor plate and the damage pattern of the target plate was obtained. The finite element
model of the projectile penetration of ceramic composite armor plate was established based on the
smoothed particle hydrodynamics method in LS-DYNA. The finite element model was verified by
comparing the maximum penetration velocity of the projectile ,damage patterns and perforation size on the
front side of the ceramic plate, deformation and damage on the back side of the composite target plate
obtained from the experiment and numerical simulation. Then, the effect of the attack angle on the
dynamic response of the projectile and the target plate in the penetration process was simulated and
analyzed. The results show that, the penetration ability of the projectile to the ceramic composite armor
plate is enhanced due to the decreasing of contact area between the head of projectile and target when the
attack angle increasing from 0° to 6°. With the attack angle further increasing,the penetration ability of
the projectile penetration ability decreases. It is resulted from the interaction the tail of projectile with the
unbroken ceramic outside the central crushing area of the ceramic plate after the projectile penetrates the
ceramic target plate due to the large deflection angle of the projectile. The interaction consumes part of its

kinetic energy and leads to the decrease of its penetration ability. The energy absorbed by the ceramic is
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approximately 5 times that of the composite material layer, indicating that the attack angle mainly affects

the energy absorption of the ceramic plate and consequently influences the penetration of the target plate.

Key words : ceramic composite armor plate ;armor-piercing incendiary projectile ;attack angle ; penetration
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Fig.1 Schematic diagram of experimental system
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Fig.2 Structure of the ceramic composite armor
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Fig. 4 Damage of the ceramic composite armor
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Fig. 5 Damage of ceramic plate’s front face
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Fig. 6 Finite element model of API penetration

ceramic composite armor
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Table 1 Material model parameters of projectile core'”

p/(kgm™)  E/GPa v A/GPa  B/GPa n
7 850 210 0.33 1.54 0.477  0.16
c m  gy/st T/K D,
0 1.0 1.0 1763 1.4

®2 MEOHHRERSY Y

Table 2 Material model parameters of ceramic''”’

po/(kg-m™)  G/GPa A N B M
2510 197 0.927 0.67 0.7 0.85

C T/MPa HEL/GPa D, D, K,
0.005 265 19 0.001 0.5 2.33
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Table 3 Material model parameters of

composite materials'**’

i p/(kg-m?) E,/GPa E,/GPa E;/GPa vy,
BT 4 1 800 141 141 11.4 0.028
FL 1 440 20.5 20.5 6 0.21
UHMWPE 970 51.1 51.1 3.62 0.01
MR Vi3 Vs G,/GPa  G,;/GPa G3/GPa
TREF 4 0.04 0.04 5 4.5 4.5
I 0.33 0.33 0.77 2.71 2.71
UHMWPE  0.013 0.013 3.6 6 6
[7Es! X,/GPa  X,/GPa Y,/GPa Y/GPa S,/GPa
a3 1.656 2.105 1.656 2.105 0.114
FL 0.29 0.595 0.29 0.595 0.25
UHMWPE 1.9 1.25 1.9 1.25 0.575
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Fig. 7 Perforation results of armor impacted by

projectile at different velocities
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