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Effect of Plastic Anisotropy and Ductile Fracture Behavior in Crush FEM
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Abstract

Recently, aluminum and hot-stamped materials are increasingly being used in automotive bodies. Rolled
aluminum has plastic anisotropy, and the plastic-anisotropy yield function is widely applied in press-forming
CAE. Hence, axial crush tests and analyses have been performed using hat-shaped specimens to investigate the
effect of plastic anisotropy. The results have confirmed that using a yield function considering plastic anisotropy
has improved the accuracy of predicting the load behavior of axial crushing. In addition, axial crush tests of hat-
shaped specimens using three types of hot-stamped materials with different carbon contents have confirmed
that the energy absorption performance deteriorates with increasing carbon content. Furthermore, axial
crushing analysis using a fracture model has revealed that, with high carbon content, the specimens have been
significantly cracked due to buckling deformation, resulting in a decline in energy absorption performance.
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Fig.1 HAT specimen and axial crushing test condition
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Fig.2 Load-stroke diagram of axial crushing test
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Fig.3 Comparison of deformation and fracture after axial
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Fig.4 Comparison of measured stress points and yield function loci
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Fig.5 Comparison of load-stroke diagrams between axial crushing
test and FEM
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Fig.7 Comparison of plastic strain contour at stroke 10 mm
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Fig.8 Comparison of plastic strain contour at stroke 50 mm
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Table 1 Chemical composition of hot stamped steel

Material Composition (wt%)

C Si Mn Cr Al Ti B
0.2%C 0.192 0.20| 1.21 0.16] 0.036] 0.020{ 0.0018
0.3%C 0.290) 0.19) 1.25 0.17] 0.041 0.022| 0.0015
0.4%C 0.400| 0.20| 1.18 0.16] 0.036] 0.020{ 0.0017

R 2 UL ORI

Table 2 Mechanical properties after heat treatment

Material [0.2%YS (MPa) [TS (MPa) [EL (%)
0.2%C 957 1,349 6.8
0.3%C 1,148 1,698 6.6
0.4%C 1,317 2,087 6.7
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Fig.11 Comparison of deformation and fracture after axial crushing test at stroke 90 mm
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Fig.13 Load-stroke and absorbed energy in axial crushing test and FEM
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