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Fig.1 Target plates in composite structure
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Table 1 ~ Sectional view of composite structure A and C

No Velocity Damage of Damage of Damage of
(m/s) ceramic plate Auminum foam plate metal plate
A-1 151 Whole broken Pit diameter of 39.6mm, and depth of 8.8mm Basically no damage
A-2 273 Whole broken Perforation diameter of 25.2mm Pit diameter of 5.0mm, and depth of 0.8mm
A-3 491 Whole broken Perforation diameter of 33.1mm Perforation diameter of 14.9mm
A-4 582 Whole broken Perforation diameter of 38.2mm Crack and perforation diameter of 25.1mm
A-5 736 Whole broken Perforation diameter of 40.0mm Crack and perforation diameter of 38.3mm
C-1 270 Damage in a circle with Perforation diameter of 13.2mm Pit diameter of 5.05mm, and depth of 0.7mm
diameter of 60.1mm
C-2 310 Whole erack. not broken Perforation diameter of 16.0mm Pit diameter of 8.4mm, and depth of 0.5mm
and perforation
o3 s Perforation diameter of Perforation diameter of 26.5mm , and back Perforation diameter of 11.8mm, and height of
21.4mm surface deformation area diameter of 54.0mm bulge is 14.3 mm around the hole
o4 son Perforation diameter of Perforation diameter of 29.6mm , and back Perforation diameter of 14.9mm, and the height
26.8mm surface deformation area diameter of 60.1mm of bulge is15.4 mm around the hole
s - Perforation diameter of Perforation diameter of 34.6mm , and back Perforation diameter of 18.4mm , and the height

34.3mm

surface deformation area diameter of 62.5mm

of bulge is14.9 mm around the hole




FRATAE < Jo] 1] 29 RORP Y R B0 P T A2 45 B R L R RE PO 52 1 41

o
55 5 10
Structure A Ceramic -
’ : Al f [ Aluminum alloy
Aluminum foam
Structure C Ceramic Ring constraints material

Aluminum foam ([l Aluminum alloy [l Adhesive

K2 ZEE5HA.CmER

Fig.2  Anillustrative view of composite structure A and C
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Fig.3 A sketch of experimental system
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Fig.4 Geometric model of composite structure impacted by projectile
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Table 2 The parameters of Johnson-Holmquist II model of AD95 Al,0O, ceramics

plkg/m?) G(GPa) £4(s7) T(GPa) Py, (GPa) HEL (GPa) A, B, C
2.70 120.0 1 262 3.27 6.0 0.889 0.29 0.0045
M N B D, D, K,(GPa) K,(GPa) K,(GPa)
0.53 0.764 1.0 0.005 1.0 184.56 185.87 157.54
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Table 3 J-C model parameters of 38C1Si steelv and 2A 12 aluminum alloy

Density(kg/m?*)  Shear modulus (GPa) a (MPa) b (MPa) n ¢ m £
2024-T351 2785 27 400 0.20 0.011 1.43 0.20
38CrSi 7740 77 632 0.35 0.017 0.78 0.80
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Table 4  Constitutive model parameters of aluminum foam
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(kg/m”) ratio (MPa) (MPa)
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Table 5 Comparison of residual mass and length of projectiles
N Mass of residual projectile (g) Length of residual projectile (mm)
o
Experiment Simulation Deviation Experiment Simulation Deviation
A-1 28.85 28.94 0.3% 29.5 29.7 0.6%
C-3 27.79 26.57 -4.1% 274 26.5 -33%

A-1LHUT  Se 8 KBE T B3R G kb 4%
JZW IS UL S B . 454 BLAE SR T DL R PR,
S 56 5 HO(E 0 L v B R MR R R D R L B P
KA 5 R RO AE A i 28, LT B AR
h35.4mm, B K 9. 7mm , 55 A R S5 H I TR B

Experiment

Simulation

(a) Ceramic plate

(b) Auminum foam plate

LB A% 39.6mm B 8.8mm A [V, IR ZEATE 10% 42
A5 D L A S A AR L 3 XA A A A AR
T, A N S 56 T AR A AR TR s, B E A B
52 A M .

S N

I \flllf‘gl'|ll'llh..'r,l|

(c) Metal plate
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Fig.5 Plate damage of structure A-1 in experiment and simulation
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Fig.6  Plate damage of structure C-3 in experiment and simulation
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Fig.7  Final normal velocity of projectile vs. initial impact
velocity of projectile
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Fig.9 Normal acceleration and kinetic energy analysis of projectile for impact velocity 500m/s
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ANALYSIS OF ANTI-PENETRATION PERFORMANCE OF
CERAMIC COMPOSITE STRUCTURE CONTAINING ALUMINUM
FOAM INFLUENCED BY CIRCUMFERENTIAL RESTRICTION

Zheng Wei  Yu Linfeng Gu Jingwei’
(Xi’ an Institute of Aerospace Solid Propulsion Technology, Xi’an 710025, China)

Abstract Many results has been obtained regarding anti-penetration performance of ceramic/metal and ceramic/fiber
composite structure influenced by circumferential restriction, but relevant research of ceramic composite structure con-
taining aluminum foam is still absent. This paper studies effects of circumferential restriction for anti-penetration perfor-
mance of ceramic composite structure containing aluminum foam, based on experiments and numerical simulations. The
results show that circumferential restriction is the key mechanism of damage characteristics of ceramic composite struc-
ture containing aluminum foam, ascircumferential restriction of ceramic and aluminum foam plate could limit crack prop-
agation of ceramic plate and aluminum foam plate and increase resistance, thus enhancing energy consumption of com-

posite structure,, and improving the anti-penetration performance.

Key words circumferential restriction, aluminum foam, ceramic composite structure, anti-penetration perfor-

mance
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