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Fig. 2 Schematic diagram of the projectile-target penetration experimental setup
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Fig. 3 Photographs of the recovered target plate and residual projectile
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Fig. 4 Fracture surfaces of 3D reconstructed cones of boron carbide ceramic composite target plates

under different backplate conditions
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®1 TREERFDEL M LIFFE

Table 1 Failure characteristics of ceramic targets with different backplates

Target materials Vy/(m-s™) /(°) /(°) V/mm’ d/mm
B,C/6061A1 245.1 76.7 1.3 55942.11 95.10
B,C/7075A1 249.6 83.8 2.1 41108.19 86.88

B,C/CF-T300 247.8 73.8 2.4 37152.59 74.50

B,C/UHMWPE 252.3 85.1 1.9 21263.85 64.46

2 HERN
2.1 RBIHE

LS-DYNA Projectile
5 , , 0.05 mm
(polyethylene, PE) . 12 mm NRB
5 mm , B,C ,
6061A1, 7075A1, CF-T300 UHMWPE Crack arrester layer
4 , B,C ceramic NRB
Backplate
5
1 1 - _

Fig. 5 Schematic diagram of the ballistic

’

impact simulation model

0.1 mm , 182492
s ( ) (non-reflecting boundary, NRB), ( )
, A 250 m/s
[19]
1=A+B,")
1 s Al ) Bl ) ”p , M
Lode o,

(=3 ro IICl G, Cu 2)1=2I

:C,.C, Lode ,
2[19]’ : p 5 E » V
6061 7075 Johnson-Cook
= A+B"™
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o o Ne ;s T = (T T
T.T.T . ;m Johnson-Cook
, D1\ D, Ds, Dy, Ds , Griineisen
6061 7075 3021 , : G ,¢ S
F2 HMEMBEEESH™
Table 2 Material model parameters of the projectile!"”!
Material A(g-em™) E/GPa v A/MPa B,/MPa n, C, C,
CDX2 steel 7.850 252.3 0.295 3544 5606 0.85 0.012 0.086
#3 S&BREWRMRARE S
Table 3 Material model parameters of the metal backplate®>'!

Materials /(g-em™®) G/GPa A/MPa B/MPa C m n T./K
6061Al 2.704 26.69 256 113.8 0.002 1.350 0.420 877.6
7075Al 2.810 27.00 568 327.0 0.014 1.015 0.378 893.0

Materials T/K D, D, D, D, D; c/(m-s™) S,
6061Al 293 —0.770 1.450 —0.47 0 1.6 5240 1.40
7075Al 293 0.059 0.246 0 0 0 5190 1.33

N N Hashin
[22]
_u
X
un= X
_2
Y
_2
Y
: 0y Oy T N )
XT\ XC\ YT\ YC N N ’ Sxy Syz
T300 413
, : 1.2 3 UHMWPE
Chang-Chang , [24], 50231 s N
Se » Sy 39 S > Se
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F 4 T300 FRETHERMMRHER S H
Table 4 Material model parameters of T300 carbon fiber board™
E,/GPa E/GPa  E/GPa  G,/GPa  G,/GPa  G,/GPa Vi, Vis v,
140 9.0 9.0 4.6 4.6 3.082 0.32 0.28 0.21
okgm?)  X/MPa  X/MPa  Y/MPa  YJ/MPa S /MPa  S/MPa  S/MPa
1750 1760 1100 51 130 70 60 60
#* 5 UHMWPE A 4RI A RHER S 51
Table 5 Material model parameters of UHMWPE fiber board™!
EI/GPa EZ/GPa E3/GPa GIZ/GPa GD/GPa G23/GPa 12 13 23
40.6 40.6 2.6 174 548 548 0.008 0.044 0.044
Sy/MPa S¢/MPa X/MPa Y;/GPa Y-/GPa S,;/MPa S,s/MPa
900 0.5 3.6 3.6 3.0 900 900 1006
JH-2 , N
2
= D(; ¢
: ; ; D
06D61
(D=0)
(D=1)
D= "
:Ai\ Bi‘ Ci\ M\ N ’DI’I‘ Dp2 5 p t
s, P=p=p ,t=tw=p , > ax , P Mises Hugoniot
(Hugoniot elastic limit, HEL) ;" ;" P
, Ag, » PEKy +K; 24K 3, » Ky
K;. K; s 61261 ) i
xR 6 BRULMPRHRE S H
Table 6 Model parameters of boron carbide material™*®!
o/(kg'm™) G/GPa A B, C M N "ozs L o
2510 462 0.927 0.7 0.005 0.85 0.67 1 0.26
/GPa p /GPa K K, Ks D D F,
15.44 8.71 1 233 —593 2800 0.001 0.5 0.8
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’ F FS >0’ ’
2.2 HEIIIE
6
6 s
(a) 6061Al
3 ’ Lr\
Bl d9 7
10% , , , , 6061
UHMWPE >
[27]
®71 LBRSRUERMITEL
Table 7 Comparison of experimental and simulated results
Blackplate L B, d
materials Exp./mm  Sim./mm  Error/% Exp./(°)  Sim./(°)  Error/% Exp/mm  Sim./mm  Error/%
6061Al 343 36.8 7.3 76.7 80.1 4.4 95.1 81.6 14.1
7075A1 31.6 33.2 5.1 83.8 76.1 9.2 86.9 77.2 11.1
CF-T300 32.7 34.8 6.4 73.8 68.5 7.2 74.5 70.2 5.8
UHMWPE 38.4 41.2 7.3 85.1 84.5 0.7 68.5 59.1 13.7
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Fig. 7 Impact response of a boron carbide ceramic composite target with a 6061 aluminum alloy backplate
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Fig. 8 Failure behavior of ceramics in boron carbide ceramic composite plates

with different backplates at different time
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Formation Mechanism of Ceramic Cones in Boron Carbide Ceramic Composite
Targets with Different Backplates under High-Velocity Impact

WANG Xinde'?, LI Mingshu'*, WANG Renjie'*, WANG Yonggang'?, JIANG Zhaoxiu'?

(1. School of Mechanics and Engineering Science, Ningbo University, Ningbo 315211, Zhejiang, China;
2. MOE Key Laboratory of Impact and Safety Engineering, Ningbo University, Ningbo 315211, Zhejiang, China)

Abstract: To investigate the influence of backplate mechanical properties on the formation mechanism of
ceramic cones in boron carbide ceramic composite armor, four typical backplate materials, including 6061
aluminum alloy, 7075 aluminum alloy, T300 carbon fiber board, and ultra-high molecular weight
polyethylene (UHMWPE) were selected. A combination of ballistic impact experiments conducted via a one-
stage light gas gun and numerical simulations performed with LS-DYNA was adopted to systematically
study the effects of backplate yield strength, stiffness, and wave impedance on the morphology and evolution
of ceramic cones. The results indicate that: the load transfer from the ceramic cone to the backplate is not
solely dependent on a single outer cone but is achieved through the synergistic action of multiple cracks,
including the outer and inner cones; the yield strength of the backplate has no significant effect on the crack
propagation of the main cone; regarding stiffness, the outer cone angle decreases linearly with increasing
elastic modulus, while the inner cone angle increases exponentially; wave impedance alters the internal stress
field of the ceramic by modulating stress wave reflection/transmission, resulting in a linear increase in the
inner cone angle and an exponential decrease in the outer cone angle with increasing impedance.

Keywords: ceramic cone boron carbide ceramic composite armor high-velocity impact penetration
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