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Abstract: The conventional spliced ceramic composite armor is prone to the concentration of stress in the
joint regions and has the insufficient multi-hit resistance. Inspired by the asymmetric structure of croco-
dile dermal armor, a scale-bionic spliced ceramic composite armor is designed. Through ballistic experi-
ments and numerical simulations, the anti-penetration performance, projectile-target interaction mecha-
nisms, and failure modes of this structure are systematically compared with those of the conventional
hexagonal-tiled structure, with a focus on analyzing the effects of impact velocity and location. The re-
sults indicate that the bionic scale structure effectively causes a projectile to deflect and prolongs the
projectile-target interaction time by inducing the asymmetric stress waves and ceramic fragmentation. Un-
der identical high-velocity impact, the residual mass of the projectile is significantly lower than that of

the hexagonal structure, and the energies absorbed by ceramic damage and fragmentation of the the asym-
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metric structure increase compared to those of the hexagonal structure. Under different impact velocities ,

the plastic deformation of the backplate is lower than that of the hexagonal structure , while the energy dis-

sipation from ceramic damage is higher than that in the hexagonal structure , suggesting that the structural

modification shifts the primary energy dissipation mechanism from the backplate to the ceramic layer.

Furthermore, the impact location has a significant influence on the ballistic performance, the jointis trig-

gered to induce multi-directional cracking and distributed energy dissipation due to geometric discontinu-

ity, achieving the optimal performance.

Keywords: composite armor; bionic scale; spliced ceramic; asymmetric failure; active deflection ef-

fect; finite element simulation
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Fig. 1  Conventional hexagonal spliced composite armor
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Fig. 2 Bionic scale-spliced composite armor
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Fig. 4 Schematic diagram of ballistic impact test system
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(a) Projectile(from left to right are magazine shell, magazine base,
magazine cover and steel bullet)
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Fig. 5 Projectile assembly
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Fig. 6  Stress-strain curves

1.2 ELWERSIFE
1201 B Y 45 44 i iy

’17(a) 5 7(b) 5350 7S 308 B Hern g /45 4=
Wi s 52 528 R AE 3 ool (o s B2 40591 R 260 m/s
F1264 m/s) J5 ISR #EAR , L & HSCANT01 B -5
AL TN B B A BR 2 R ) 4 3k
PR = e o DI 7 W 2 200 5 T 7 5L T P 3R

PR P A P B el 5 i A AR el R LB
JE LA SR A5 R R s R R AL ) R S A e X3
S R 52 75 THE DF DREE R BRI 107 ) A 3 AR X1 B
By A 7 5 W e i U 2 B AP A )
VO Ji] A2 2 4 Al A DA S 00 B SRR £ 1l 5
AR, REAEEAE T 59 1M AR I LR F B 2 g g LA A L
P RO RBUH BN 3 — R BRI i
B P 7 A 0 e Wl e S 2 Y W e 360 L i 9 BRI T
A S 2% HLRS TR i LB Lo O, MASIZ B £ 12
TR RE IV ) I AN RE B 1 DX i gk — 2D A5

g g i 2 e ITERE L
(a) fRBERIIE

(a) Conventional hexagon

3t 3
NS/ el |

[ X

W 0 3 5 PR

W O 3 LT i

el A

g S Vi

(b) i
(b) Spliced scale

BT DR B IR S = 4R

Fig. 7 Photograph and 3D scanning of the recovered target
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pl(g-cm™) 3.7 HEL/MPa 19 000
GIGPa 9. 16 rup/MPa 1 460
A 0.93 B 1
B 0.31 K,/MPa 186 000
c 0 K,/MPa 0
M 0.6 K/MPa 0
N 0.6 D, 0. 005
ol 0.2 D, 0.5

6061 84 45 HK F Gruneisen AR 25 J7 FE AL
H 2L % Johnson—Cook AS #4572 JH v A FA) 45 7Y EL
RN

o=(A+Be")(1+Clng")(1-1T") (16)
. T-T,
T = T T (17)
b T AR s TN YRR T O B R
JE 5 T, A RERH A £
¥ F] Johnson-Cook Wr 22 v I 4 iR 6061 45 & 4=
ML Z 7 Sk s b i R AT o, B R R A R
e
g=[D,+Dyexp(D;0")|(1 + D, Ing")(1 + D,T")
(18)
Ao HWTRRAE ;0" S =8B 1 5D ~Dy . S,
MBHL RIS T RS8035 7R

k5 60614844 5 H™
Table 5 Material

aluminum alloy

model  parameters of 6061

[26]

24 HifH 28 HifH
pl(g-cm™) 2.704 T /K 877.6
G/GPa 26. 69 D, -0.77
A/MPa 256 D, 1.45
B/IMPa 113.8 D, -0. 47

c 0. 002 D, 0
M 1.34 D, 1. 60
N 0. 42 c 5240
T/K 293.0 S, 1. 40
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Fig. 15 Displacement-time curves
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Fig. 16 Comparison of residual projectile size between experiment result(left) and simulation result(right)
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Fig. 17 Comparison of deformation experimental result (left) and simulated result (right) 6061 aluminum alloy backplate
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AR, G R B S HAR  AE S Sy . B R I
Rrg , oA gl B Re o 1o Aoz gl 35 HRO™ AR AR
ARSI | SRR e A i B, ok — o A HE I 1 R f
B IR] 358 I B 000 5 3) 28 T=200 pus B, A 5 B %
FRE M E AR, SR ot — 0 R e AR T s 4) 2R BIA
W (T=300 ps) , 50K 52 B0 6° M0 A1 51 2 g e )2 (L
P18 HRHCR B S AC ), ) Ax AR Il O 32,17 g, Bk
AR B AE RO, SR B AR R E R ITHE
ZRGA G B TR R RIS . AR M AR
RS SCHE S IR REAT T, R i B AR PSR PERE

<10 -



352301 £ x 7 % 47 %
von Mises)ij Jj/MPa I%% 5 4) T=300 s HTJ‘ , %ﬂé‘%géﬁgij]ﬁg%ﬁ;l’ﬂb*ﬁﬁgi
8.381x10° o . .
Le83101 WU Rt FRE R TA AR, R R g AR
6.984x]
6.286x10° N N N PIRTEN —
Rl S 0P 10 T K S T
4.419x10°
3 h = Y :I: 4
L BRI 31,3 g, R TR 117 1 9 2
2.095x103
3 N N
b st
(a) 7225 ps von Mises)\ /J/MPa
von Mises) 77/MPa §%‘2‘?§%8§
g
B X 2 3
277X 108 R
2.499x103 i ;
2.221x10Q3 4.799%10
%246146”%8; 4.113><10§
g X
1388102 > 70410
0.833x10? 2.056x103
0.255x102 1.371x10°
8.277><10- 0.685x10?
0 (a) T=25 ps
b) =100
®) H von Mises)ij Jj/MPa
von Mises)ij 71/MPa (s)gggﬁgi
2.623x10° 3 .
2R e
2.186x103 i 3
1.967x10° 4.258%10
}g%gx%oi 3.726><10;
! x
1311%10° g’ég?ﬁ&
1.093x103 b 3
0.874x102 2.129%10
i b
. 7 : x103
e 0.532x10?
0 (b) T=100 ps
7=200
© & von Mises)i/ /7/MPa
von Mises)i }7/MPa %%%i%g;
181710 2.060x10°
665x% 3
1514x10° 6° %'23@283
1.362x10? : 3
1211%10° 4 1.442x10
1.059x10? 1.236x10°
A
i X 2
0.605x102 ey
0.454x10? . 2
04302><10§ 0.412><102
015110 0206410 (€) =200 ps
von Mises)i; 77/ MPa
(d) 7=300 ps 2.365%10°
. ) 2.168X10;
18 i B BB A Lo7ix10; B
Fig. 18 Penetration process of bionic scale-spliced composite %g%i}gi

armor
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Fig. 20  Simulation-based comparison of composite armor
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