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Table 1 Two-layer steel/aluminum plates with different thickness combinations

Thickness/(mm) Thickness/(mm)
Sample No. Sample No.
304L steel LY12 aluminum 3041 steel LY12 aluminum
S1Al4 1.0 4.0 S3AI2 3.0 2.0
S2Al13 2.0 3.0 S4All 4.0 1.0

K1) ALK B 1(b)  SEhie
Fig. 1(a) Physical picture of projectile Fig. 1(b) Experimental set-up
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Table 2 Material parameters of steel and aluminum

Material o/ (g/cm®) S:/(MPa) S, /(MPa) S;/(MPa) Yo a A/(MPa)  B/(MPa)
Steel 7.85 1. 64 2.94 5. 00 1.16 0.46 792 510
Aluminum 2.70 2.00 3.00 5. 00 1.02 0. 46 148 346
Material N & M D, D, D, D, D;
Steel 0. 260 0.014 1. 030 —0.800 2.100 —0.500 0.002 0.61
Aluminum 0.183 0.001 0. 859 0.071 1. 248 —1.142 0. 147 0
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Fig. 4 Penetration diagram of target S2AI3 at different times
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Fig.5 Experimental results of targets penetrated vertically by a spherical projectile
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Anti-Penetration Performance of Double Hardness Target
Impacted by a Spherical Projectile

ZHOU Nan, WANG Jin-Xiang, YANG Rui, XIE Jun

(Science and Technology on Transient Physics Laboratory , Nanjing University of
Science and Technology s Nanjing 210094 ,China)

Abstract ; Ballistic experiments and numerical simulation were adopted to analyze the anti-penetration
performance of double hardness explosively welded steel/aluminum plates penetrated vertically by a
spherical projectile. A 14. 5 mm diameter smoothbore gun was used to launch the spherical steel
projectile with a diameter of 6 mm,and the finite element code LS-DYNAS3D with the coupling algo-
rithm of finite element and smoothed particle hydrodynamics (FE-SPH) was applied to simulate the
penetration process. The effects of thickness and strength of the explosively welded plates on the anti-
penetration performance and damage mechanism were analyzed. The results show that the damage
mechanism of the steel front layer is shearing and plugging and that of the aluminum rear layer is pro-
longing deformation. For a two-layer steel/aluminum plate, the anti-penetration performance is the
worst when the thickness ratio of steel and aluminum plate is about 2/3. The numerical simulation
results are well agreed with the experimental ones, so the FE-SPH method can predict the anti-
penetration performance of two-layer explosively welded plates well.

Key words: double hardness target;anti-penetration performance;damage mechanism; FE-SPH method
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