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Microstructure character and numerical modeling of
7039 aluminum alloy target during impact penetration
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Abstract: 7039 aluminum alloy target was obliquely penetrated. The microstructure character around the crater was
investigated by optical microscopy (OM). A numerical modeling during the impact penetration was established. The
results show that, with the bullet penetrating into the 7039 aluminum alloy, the microstructure character around the crater
is regular. When the adiabatic softening is insignificant, the adiabatic shear bands (ASB) and cracks around the crater are
found. When the adiabatic softening is increased, the adiabatic shear bands coalesce into a wider overlapping shear
deformation band, and the adjacent grains are deformed seriously, resulting in a lot of contorted bands. At the end of the
penetration process, there are a lot of microbands. The process of bullet oblique impact penetration into the 7039
aluminum alloy can be simulated effectively using Johnson-Cook constitutive model described by Largrane.
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Fig.1 Macroscopical photographs of craters of 7039 Al target:
(a) Obverse; (b) Section
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Fig.2 Optic photographs from different portables of crater wall region: (a) Section 4; (b) Section B; (c), (d) Section C; (e), (f)
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Fig.3 Geometry for ogive-nose rod with 3.0 mm caliber-
radius-head (CRH)
1 4340 7039
Table 1 Materials parameters for simulation of 4340 steel and 7039 Al alloy
Nominal value
Parameter Description
7039 Al 4340 steel
Processor Description method Lagrange Lagrange

Equation of state
Strength model
Failure model
po/(kgm™)
col(cmrps™)
S
5
S3
Iy
o/MPa
B/MPa
n
C
m
D,
D,
D;
D,
Ds
Pmin’MPa
Emax
Ab
X
G/(GI'm™?)
E/GPa
TwWK
T/K
c,/(Ikg K™

Mie-Gruneisen

Johnson-Cook

Reference density
Parameter ¢,
Parameter S,

Parameter Quad. S,
Parameter Cub. S;
Gruneisen coefficient
Yield stress
Hardening constant
Hardening exponent

Strain rate constant

Thermal softening eponent

Failure model constant
Failure model constant
Failure model constant
Failure model constant
Failure model constant
Hydro tensile limit
Ultimate strain

Bulk strain

Taylor-Quinney coefficient

Crack softening
Elastic modulus
Melting temperature

Reference temperature

Specific heat capacity at constant pressure

Mie-Gruneisen
Johnson-Cook
Bulk strain
2770
0.5328
1.338
0
0
2
466
343 377
0.410
0.01
1.00

-350
0.5
1.00
0.90

5.00<107°
75.0
877

293.15

875

Mie-Gruneisen
Johnson-Cook
Bulk strain
7 830
0.457 8
1.330
0
0
1.16
1430
510
0.26
0.014
1.03
0.05
3.44
—2.12
0.000 2
0.061
—1700
0.9
1.10
0.90

202
1793
293.15
477
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Fig.4 Mesh distribution of target under oblique impact with

obliquity of 45°
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Fig.5 Simulation results of 7039-T6 Al target at velocity of

802 m/s and obliquity of 45°: (a) Obverse; (b) Section
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