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Abstract ; In order to study the penetration resistance of the corrugated aluminum plate filled with ceramic
rod composite structure under different impact positions, a multi-ceramic-rod reinforced composite
structure composed of trapezoidal corrugated aluminum plate was designed, followed by ballistic impact
test and numerical simulation. By comparing the failure mode, energy absorption efficiency and velocity
variation patterns under different impact points, the anti-penetration mechanism of the structure at three
typical positions was obtained. The results show that the energy absorption of the multi-ceramic-rod
reinforced trapezoidal corrugated aluminum plate is composed of the crushing energy dissipation of the
ceramic panel ,the shear expansion and plastic deformation of the trapezoidal corrugated aluminum plate,
the fracture and crushing of multiple ceramic rods, and the tensile failure of the PE backplate. The

ballistic resistance exhibits significant position-dependent characteristics, particularly influenced by
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ceramic rod spatial distribution and backplate support capacity. In composite structures, compared the

midpoints of the upper and lower bases of the trapezoid with the midpoint of the oblique side, the

protective area of the ceramic rod is larger, the ceramic crushing area is larger, and the anti-penetration

ability is stronger. During high-velocity penetration of the target plate,due to the common constraints of

the aluminum plate and the PE backplate behind the ceramic rod, the ceramic fragmentation near the

midpoint of the lower base is more thorough compared to the upper base,leading to a further improvement

in anti-penetration performance. The anti-penetration ability is improved ,resulting in 20.45% and 8.14%

increases in ballistic limit velocity compared with the other two places. The research results provide a

theoretical guidance for the design of the reinforced corrugated structure.
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Fig.1 Schematic diagram of the projectile
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Fig.2 Schematic diagram of the composite structure
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Table 2 Material parameters of steel core
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Table 3 JH-2 model parameters for ceramic materials
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Fig. 8 Cross-sectional damage contour of a ceramic rod
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Fig. 8 Simulation and test result of failure

form of ceramic rod

850
250 —— i 2
o~ —=— V3
E 650t
o
b
550
450 , ‘ ‘
0 20 40 60 80
] /ps
(a) F LA FLTR) A o 3 e 7 2 ]
P01 —— gzl
200 -~ MBI
—— PN
@ 150 F —— UHMWPE#%#x
qm /
B 100
50 - A/_\
0 10 20 30 40 50 60

6] /s
(o) 1B 2405 T E5 R L

3 mEdksEsn

NS 830 m/s B, T Al A [R) 7 Ak 1 B
FRARAE Ko A5 RE B AN AT 9 B

e FH 0 3 B A A A A 45 R 2 LR A
RERYTEDR . I 9 (a) MEUED; E b ALY 525 45
o i R AR AR At £ T LA AR ) o R A
JUE AR M TR R, TERIIR BB, 3 S T
TR L R AR A LT AR 5 28 s S, AN
A RO E I B B T B Y 25 B R A
42 s B O 2 AR BALI e T R A A5, B
Pl AR 565.6 m/s, LK T B 1 A E 3 4k
PR R IZ A B PR W MR i 25 A TE
50~55 ws 2T, 0 E 1 ORI E 3 AL ) LA 4% 2
B, FLrP A7 B 1 AL AT AR B 456.4 m/s
INTLE 3 ALY 477 m/s, UL B BB R B
[ =gy

itk — 05 RIS A B I IR R AR, A O B
SR WIL RS BRI T 40T, 3 B LT R[]
I EAD AT 25 R IR BEXT EL I 9 (b) ~ & 9(d) ir
R, B 10 AR ALRBIE AR o N e =

3001 o gt
250 | —— YR
Y m}g
mTHH - El=S
33 1501 TSR
&
100 - -
o T
0 T
Il /ps
(b) R 1A T4 i
007 o e
T —
5 7 — unmweeisig
39 150
A
100 - —
"l /
0 0 20 30 40 50 6o

Il /s
(d) fir B 3404545 ik

9 FRMELAHEERENEEUREFHEHRES

Fig. 9 Variation of the simulated velocity and the energy absorption of each substructure at different positions
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in three cases
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