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CRUSH SIMULATION OF EXTRUDED ALUMINUM MEMBER WITH
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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 orthotropic

mechanical characteristics in evaluating the crash worthiness 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 and

three-point bending 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 was validated.
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Fig. 1 Finite element model of three point bending test

Fig. 2 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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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

Load (N)
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Table 3 Material parameters

Composition A Composition B

E (GPa) 71 71
oy (MPa) 290 310
b 420 420
4 0.19 0.09
€y 0.27 0.095
C 1xx 1 1
C 1xxyy 0.633 0.429
Cayy 0.401 0.184
Cixy 1 1
C oy 1 1
C 2xxyy 0.267 1
Cayy 0.071 1
Coxy 1 1
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Fig. 3 Bending load displacement curves of composition A
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Fig. 4 Bending load displacement curves of composition B
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Fig. 5 Load displacement histories of composition A
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Fig. 8 Photographs of composition A member after crush test
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Fig. 9 Finite element model of bumper system
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Fig. 10 Load displacement histories of actual bumper system
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Fig. 11 Snapshots of crush behavior of bumper system model
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