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Abstract: The ballistic penetration process of with different initial velocities impacting Ti/Al; '@
(%; igite el

intermetallic laminate (MIL) composites t Simulated using LS-DYNA nonlinear dynamic e 1@1@ e-
, the stack number and the optimal distribution of % al on anti-

osite target plate were studied. The results show tgat @rolume fraction

ment code. The effects of the Ti volum

penetrating performance of laminated-
O

of Ti has an important influence @ penetration resistance of the composite target. Wh t0 20% , it appears
the best anti-penetration p % se. The ballistic resistance of composite target plate sdses with the increase of
the layer number. When thQ layer number exceeds 25, the ballistic performance positc target plate gradually

stabilizes. The anti-penetration performance of the functionally graded plateB hQUifferent lamination structures is

quite different, the positive gradient plates is obviously superior to tha the’equal thickness homogeneous plate.
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Fig. 1 Simulation model of Ti/Al; Ti metal-intermetallic

laminate (MIL) composite and local FEM mesh
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X\ Table 1 Material parameters of intermetallif{c\c und Al; Tit'*
(@] a
p/(grem ) o CF/@Pa v A B c LM N T Pue/GPa
3.35 . _LQO\BL6 0.17 0. 85 0.31 O 0.21 0. 29 0.2 1.812
D, N K1/GPa K:/GPa K3 /GPaQYA
0.02 1. 85 2.01 2.6 0 AR o
Notes: p—Density; E—Young’s modulus; v—Poisson’s ratio; act normalized strength parameter; B—Fractured normaliz trength
parameter; C—Strength parameter; M—Fractured strength efer; N—Intact strength parameter; T—Maximum tensile st s PapL—

Pressure component at the Hugoniot elastic limit; D,

ponent) ; K;—First pressure coefficient; K;—Seco

é%z HELE5BEEABERSHD
0

soure coefficient; Kj

Elastic constants.

t for plastic strain to fracture; D, —Parameter for plast?%@@) fracture (ex-

@
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Ta aterial parameters of titanium and tungsten alloy™: '
ol
Material p/(geem NOBWGPa v A/GPa  B/GPa C D T /K
Titanium alloy 1,428 N113. 8 0. 342 1098 1092 0.014 \KJB) 1 0.93 1878
Tungsten alloy 17.3 310 0.3 1506 177 o.mo 11 0.12 1752

Notes: p—Density; E-—Young’s modulus; v

Poisson’s ratio; Thel

Material melti rature; A—Room temperature yield strength;
B—Strain hardening constant; C— Strain rate constant; m— Thermal softening tyn—Strain hardening exponent.
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(b) Ballistic impact test 7]
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Fig. 2 Bal@ results of Ti/Al; Ti MIL composite targets
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composite targets with different Ti volume fraction
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Table 3 Stack structure of functionally graded Ti/Al; Ti MIL composites targets

) . Ti Volume . Grads/mm Ballistic limit/
Targets Thickness/mm fraction/ % Stack number T ALTI (mes—1)
FGM 5 20 20 21 0. 05 —0.05 1194
FGM 3 20 20 21 0.03 —0.03 1126
FGM 1 20 20 21 0.01 —0.01 1076
FGM 0 20 20 21 0. 00 0. 00 1 064
FGM 1 reverse 20 20 21 @ —0.01 0.01 1036
FGM 3 reverse 20 20 21 @ —0.03 0.03 996
FGM 5 reverse 20 20 Q@&O —0.05 0. 05 935
Note: FGM—Functionally graded material. @
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