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Numerical Simulation of Bulletproof Performance

of Spliced Ceramic Composite Armor
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Abstract: Ceramic composite armor is a bulletproof form of bulletproof vehicle, according to the requirements of light-
weight bulletproof vehicle, the structural design of spliced ceramic composite armor is carried out. A simulation method
based on the finite element software ANSYS/LS-DYNA is proposed, for calculating the influence of shape and size of ce-
ramic piece on the bulletproof performance of ceramic plate, and the target shooting test is carried out. By comparing the
numerical simulation results with the test results, it is shown that the numerical simulation can well simulate the bullet
penetration process on the spliced ceramic composite armour. The bulletproof performance of the ceramic plate spliced by
larger-sized pieces is better than that of the plate spliced by smaller ceramic pieces with the same shape, the bulletproof
performance of the ceramic plate spliced by hexagonal pieces is better than that of the plate spliced by regular quadrilateral
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pieces with the same area.
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Fig. 1  Schematic diagram of ceramic composite armour
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Fig. 2 Large size ceramic panel
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Fig.3  Panels spliced by quadrangular ceramic pieces (a) and
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Table 1 Properties of common ballistic ceramic disk materials!'>~'*]

Ceramic Density Elastic modulus Hardness, Bending Compressive Price relative
/(g/cm?) /GPa HV/GPa strength/GPa strength/GPa to Al,O4
B,C 2.5 400 30 0.5~0.8 1.9~2.8 x10
Al, 05 3.6~3.9 340 16 0.14~0.2 2.0~2.7 1
SiC 3.1~3.3 370~450 27 0.4~0.5 2.0~2.5 x5
SizN, 3.2 310 17 0.9~1.0 3.5~3.8 x5
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Table 2 Comparison of performance indexes of several kinds of back plane materials!'®- ']

Back plne Extensbily (o Manfactusbiy Cost Prolection
Hard aluminum alloy 8.4 2.7 Better Low Bad
Bulletproof steel 8.0 7.8 Better Midle General
Fiberglass 2.0~4.0 1.8 Better Higher Better
Aramid fiber 1.4~3.2 1.4 General High Good
UHMWPE fiber 4.0~8.7 0.97 General High Very Good

3 HE&RH

3.1 BERSWRHEENTR

MHENE AT 2ok E, PREEFE & B nl i /R B & F 8
R, HRTEZEARIE . BRI MIENBIEREE R,
LA B TR R T, MG SR B MR R b
BWHE LR, B 5T 58 5 0 W A, B S
REAGr, M B, BORREIEAR . AR R i B b
o, MBI v s A0 B I W i VA B R
ML, WK 4 Fs, TR RS R IR E, d
(EBOR, L S T 2 ) T A o B A B R, AT T 45
H AR B Y Bl St e B dy, IESMIBRZ, IEI
WIBFRZ, IE=HE M IR ik fe i 2, HRE
P v R I B O, Hon Ve AR 2 BR 41, 1IE 5B
R i PR e B AE Bl A5 0 T B s RE, (R Y ]
o el s HE e T R bR AR IENHIE R R
HEF G s b 54040 6 BLIE S TE M B Ak 3, 456 8
S ARHFSERE I T DU 3 I 0 IE N
R AR A BT A6 X L SEE

v
1
1
1

— . o
o /#
i e

K4 REFRAR, AR AR R B s B8

Fig.4 Superposition of ceramic pieces with different shapes and the same area
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Table 3 Geometric parameters employed in numerical simulations

Thickness of Side length of Thickness of

ceramic

No. of Shape of

o ceramic pieces fiberboard
target plate ceramic pieces

pieces/mm /mm /mm
1 Square 6 50 9
2 Square 6 77 9
3 Regular hexagon 6 48 9
4 Regular hexagon 6 60 9
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Table 4 Parameters of SiC ceramic materials

Parameter Value Parameter Value
p/(g/m?) 32 T/GPa 0.27
G/GPa 155 D, 0.005
A/GPa 0.88 D, 0.7
B/GPa 0.28 K, 193
C 0.003 K, 212
M 0.6 K, 185
N 0.64 FS 1.6
EPSI 1.0

3.3.2 HHEHRMHSK
H #49 #) Composite Damage Model #4 B} 54 6 if 1 [
BREFEN:

v, vy, vy SPBIEGNIE OB A EEAA L K, E,,
Ey, Gy, Gy, Gy ornlJEghim, B, vk o) S s &
A BT o AELNMEB VIR 1280, SR UH-
MWPE £F4E2 560k, BRRI S8 T3k 5,

TZARHY R ] Chang-Chang 2R RCHEN], = B 40 & &1 4
R 28 S A58 U R P A48 T R R R ), R 8 21 2 B AR )
SR EIAL, J1e e P RES B Ao A% 2H O iR R
AR E Y

x5 UHMWPE S48 &M RHEEISH
Table 5 Model parameters of UHMWPE fiber composite

Parameter Value Parameter Value
E,/GPa 4.2 p/(g/m*) 0.97
E,/GPa 39 X1/ MPa 966
F,/GPa 39 X,/MPa 292
G,,/GPa 1.21 S,,/MPa 2.13
G3/GPa 3.014 S,3/MPa 31.4
G,3/GPa 3.014 S/ MPa 31.4
v, /V,/V; 0.0314 S/MPa 11.78
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Table 6 Bullet material parameter

Parameter Value Parameter Value
p/(g/m?) 7.83 TR(K) 298
G/GPa 80.80 EPSO 1.00
A/GPa 0.792  CP/(J-kg' -K')  477.00
B/GPa 0.51 PC/GPa -800
E/GPa 210 SPLL 2.00
PR 0.30 D, 0
N 0.26 D, 0
C 0.01 Ds 0
M 1.03 D, 0
TM(K) 2070 Ds 0
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Fig. 6 Finite element models of bullet penetrating target plates: (a)
no. 1 and no.2, (b) no.3 and no. 4
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Fig. 7 Stress wave propagation when bullet penetrating a hexagonal ceramic panel
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Fig. 8 Numerical simulation result of bullet penetrating target plate
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Table 7 Comparison of numerical simulation results with the test results
) Simulated Penetration depth/mm Back convex height/mm Back convex diameter/mm
Target Penetration .
plate no. status zero velocity time Simulated Test mean Simulated Test mean Simulated Test mean
of bullet /ps value value value value value value
1 Not penetrated 83.992 20.3 19.7 17.0 18.1 40.1 43.1
2 Not penetrated 55.984 18.7 19.0 16.4 16.8 39.8 42.7
3 Not penetrated 49.997 18.3 18.8 16.2 16.7 39.8 42.8
4 Not penetrated 35.983 13.8 16.9 15.9 16.4 39.6 42.0
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