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Table 1 Material parameters

density shear HEL pressure  wave

) Jo - cm- modulus /GPa constant  impedance

ceramics /8 /GPa /GPa /kg-m?2 .57

3.7 90.16 2.79 130.95 2x107

density :Z)L:irzjgluss Poisson ifrlilih \i/r:fV:dance
aluminum /g - cm™ ratio 5 P R
foam /GPa /MPa /kg-m™ -5

0.435 0.4 0.2 5.49 3x10°

density :?)iit:flus Poisson Ztlfelgs mjv:dance
aluminum /g +cm™ ratio P R
alloy /GPa /MPa /kgem™ -5

2.7 71 0.31 276 1.44x107
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Fig.1 Schematic diagram of whole structure of model
1—shell, 2—air, 3—explosive, 4—ceramic, 5—aluminum

foam, 6—aluminum alloy
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Table 2
with different thickness

Comparison of the parameters of aluminum foam

thickness/mm vp/m+s™! vii/m s E/)

0.8 203 339 0.3585
1.6 179 331 0.4029
2.4 160 324 0.4265
3.2 144 340 0.3552
4.0 137 342 0.3547

Note: vp is the particle velocity of back plate, v';is the residual velocity of jet

head, E is the energy absorption of composite armor.
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Fig.2 Deformation process of the ceramic/aluminum foam/aluminum alloy composite armor
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Fig.3 Curves of change in residual velocity of jet head with

time
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Table 3 Compound armor simulation program mm
simulation  ceramic foam aluminum aluminum alloy
program thickness thickness thickness
1 0.8 2.4 3.2
2 1.0 2.4 3.0
3 2.0 2.4 2.0
4 2.4 2.4 1.6
5 3.0 2.4 1.0

B4 %2 5 % PSR 45 7 T
Fig. 4 Schematic diagram of contact type composite armor

model structure

5mm air gap
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Fig. 5  Schematic diagram of intermittent type composite

armor model structure
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Table 4 Influence ofair layer on the penetration performance

of composite armor

1

simulation 0/t residual velocity of jet/m - s~ Performance
program contact type interval improvement/ %
1 0.25 368 363 1.36

2 0.33 346 342 1.15

3 1.00 308 299 2.92

4 1.50 357 353 1.12

5 3.00 378 376 0.53

Note: t,/t, is the front-back plate thickness ratio.
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Fig.6 Deformation and stress distribution of 2.0 mm/2.4 mm/2.0 mm-ceramic/aluminum foam/aluminum alloy by jet penetration

composite armor
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Fig.7 Schematic diagram of jet and target plate
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Fig.8 Simulation diagram of jet penetrating composite armor
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Fig.9 Graph of surplus penetrable depth of residual target
plate at different dip angle
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Fig. 10 Relation of protection coefficient vs dip angle
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Anti-jet Penetration Performances of the Ceramic /Aluminum Foam /Aluminum Alloy Composite Armor

GOU Rui-jun , SUN Dan, ZHANG Bo
(School of Chemical Engineering and Environment, North University of China, Taiyuan 030051, China)

Abstract. To study the anti-penetration performance of composite armor with aluminum foam, based on the stress-wave propaga-
tion characteristics, a theorytical analysis of the structure of ceramic/aluminum foam/aluminum alloy composite armor was carried
out. The energy absorption rule, residual velocity of jet head, and protective capability of armor under different dip angle were in-
vestigated from three aspects of different aluminum foam sandwich thickness, different thickness and arrangement way of front-
back plate under the composite armor with same thickness, and composite armor dip angle. Results show that the aluminum foam
as sandwich layer can reduce the particle velocity of back plate of composite armor adequately. Under the same dip angle 6, the
particle velocity of back plate decreases with increasing thickness of aluminum foam. When the thickness of foam aluminum is
2.4 mm, the residual velocity of the jet head is minimum, the energy of the composite armor is maximum and the anti-penetration
performance is optimal. Under the same thickness of aluminum foam, with increasing the thickness ratio t, /t,, the residual veloci-
ty of jet head of the interval and contact type composite armor decreases firstly, and then increases. When t, /t, =1, the anti-pene-
tration performance of interval type composite armor is optimal.- When the layout way is not the same only, the difference of pene-
tration performance between interval and contact type composite armor is small. With increasing the dip angle 6, the protective
capability of composite armor increases firstly, and then decreases. When the dip angle 6 is 20°, the anti-jet penetration perform-
ance of composite armor is optimal.

Key words: aluminum foam; composite armor; resist to penetration; stress wave; jet; protective performance
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