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Development of Orthotropic Damage Model for Crush Simulation of Extruded Aluminum Member
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ABSTRACT

It is well known that an extruded aluminum member
has the different mechanical characteristics between the
axial direction and the normal direction. It is important
to consider the extruded direction dependence of
mechanical characteristics in evaluating the energy
absorption performance of the extruded aluminum
member at non-uniform loading directions. For
simulating such an orthotropic mechanical characteristic,
the simple orthotropic damage model was proposed with
the simulation method. The test specimens were cut out
of the axial aluminum member in the axial and normal
directions. The tensile, three-point bending and mixed-
mode fracture tests were conducted in order to obtain the
orthotropic characteristics. The simple orthotropic
damage model was proposed and applied to the crush
behavior of the extruded aluminum member. The load
displacement curve and damage zone development were
compared with those obtained by the experiments. As a
result, the usefulness of the orthotropic damage model
and simulation methods were validated.
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Fig. 1 lllustration of material model with damage
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Fig. 2 Finite element model of three-point bending test

Fig. 3 Finite element model of aluminum extrusion
crush test
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Table 1 Chemical composition of A6061 (wt. %)

Si Fe Cu Mn
0.40-0.80 0.7 0.05-0.20 0.15

Mg Cr Zn Ti
0.08-0.12 | 0.04-0.35 0.25 0.15
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TR B &2 W7z, BENERHE190°CZ 3R & L7z, 5l
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Fig. 4 Schematic illustration of tensile test specimen
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Fig. 5 Schematic illustration of mixed-mode fracture
tests specimen
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Fig. 6 Photograph of bending test device

Fig. 7 Schematic illustration of mixed-mode fracture
test device
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Fig. 8 Photograph of mixed-mode fracture test device

Fig. 9 Photograph of crush test device
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Table 2 Mechanical properties

Composition A Composition B
Axial | Normal | Axial | Normal
Elastic modulus (MPa) | 70.5 70.8 71.4 70.1
Yield stress (MPa) 278 270 303 291
Tensile strength (MPa) | 316 311 336 331
Rupture stress (MPa) 270 264 296 308
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Fig. 10 Stress-strain curves of composition A
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Stress-strain curves of composition B
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Fig. 12 Load displacement histories of composition A
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Fig. 13 Load displacement histories of composition B

Fig. 14 Specimen of composition A after bending test

Fig. 15 SEM photograph of composition A cut in the
axial direction after bending test

Fig. 16 SEM photograph of composition A cut in the
normal direction after bending test
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Fig. 17 Mixed-mode stress intensity factors of
composition A
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Fig. 18 Mixed-mode stress intensity factors of
composition B
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Fig. 19 Load displacement histories of crush tests

Fig. 20 Composition A after crush test

Table 3 Material parameters

Composition A|Composition B

Elastic modulus (GPa) 71 71
Yield stress (MPa) 290 310
Strain hardening parameter 420 420
£, 0.19 0.09
€, 0.27 0.095
Cixx 0.401 0.184
Cixxyy 0.633 0.429
Ciyy 1 1
Cixy 1 1
Ciy, 1 1
Cixx 1 1
Coxx 0.071 1
Coxxyy 0.267 1
Coyy 1 1
Coyy 1 1
Coy, 1 1
Cox 1 1
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Composition B after crush test
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Fig. 22 Bending load displacement curves of
composition A
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Fig. 23 Bending load displacement curves of
composition B
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Fig. 24 Load displacement histories of composition A
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Fig. 25 Load displacement histories of composition B
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Fig. 26 Equivalent plastic strain distribution of
composition A

Fig. 27 Photographs of composition A member after
crush test
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