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Ductile fracture behavior of 6xxx aluminum alloy
thin-walled components of automobile
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Abstract: The true stress—strain curve of automobile 6xxx aluminum alloy thin-walled components was obtained by
tensile tests. Johnson-Cook constitution parameters of aluminum alloys 6061 and 6063 were analyzed by means of linear
regression analysis method, the values of 4, B, n of each alloy are 90 MPa, 422.58 MPa, 0.5234 and 60 MPa, 323.57 MPa,
0.428, respectively. In order to estimate the fracture behavior of aluminum alloy during the deformation, Crockroft-
Latham ductile damage criterion was incorporated into the numerical simulation. The calculated ductile fracture
parameters of 6061 and 6063 aluminum alloys are 334.09 MPa and 309.79 MPa. Simulation approach was employed to
predict the fracture of notched sample tensile tests and compression tests of thin-walled aluminum components. The
numerical results, such as load-displacement curves and fracture position, are in good agreement with experimental
measurements. This method, which provides a valid way to forecast the fracture of material in engineering application,
can be used to predict fracture behavior of thin-walled aluminum alloy with satisfactory convenience and accuracy.
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Table 1 Chemical composition of aluminum alloy (mass fraction, %)

Material Cu Mg Fe Si Mn Zn Cr Ti Al
6063 0.05 0.65 0.35 0.55 <0.1 0.05 0.1 0.1 Bal.
6061 0.21 0.85 0.2 0.47 <0.05 0.25 0.13 0.15 Bal.
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Fig. 1 Dimensions and geometric shape of aluminum alloy profile (Unit: mm): (a) Cross-section dimensions; (b) Practicality diagram
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Table 2 Extrusion process parameter of aluminum alloy

Extrusion speed/(mm-s ") Billet temperature/'C

Die temperature/'C

Container temperature/C Extrusion ratio

4 480

400 430 30.3
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Fig. 2 Dimensions of quasi-static tensile specimen (Unit:

mm)
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Fig. 3 Strain—stress curves of aluminum alloy profile
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Fig. 4 Failed aluminum alloy quasi-static tensile specimen
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Table 3 Comparison of mechanical properties between 6063
and 6061 aluminum alloy

Yield Tensile . Minimum Average
i Elongation/ . .
Specimen strength/ strength/ N thickness/ thickness/
%
MPa MPa mm mm

6063-1  80.2 178.3 24.43 1.515

6063-2  81.5 182.9 26.70 1.511 1.53
6063-3  80.5 180.6 25.07 1.564

6061-1  96.7 209.1 24.78 1.881
6061-2  98.1 226.2 25.13 1.850 1.87
6061-3  97.4 217.7 24.96 1.879
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Fig. 5 Linear fitting curves of constitutive parameters of
aluminum alloy material: (a) 6063; (b) 6061
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Table 4 Constitutive parameters of aluminum alloy material

Material A/MPa B/MPa n
6063 60 323.57 0.428
6061 90 422.58 0.5234
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Fig. 6 Comparison of results between no-linear fitting curve

and experimental date: (a) 6063; (b) 6061
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Fig. 12 Size of notched sample in biaxial tensile test (Unit:

mm)
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Fig. 13 FEM model of notched sample in biaxial tensile test
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Fig. 15 Experiment results of notched sample in tensile test: (a) 6063 alloy; (b) 6061 alloy
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Fig. 16 Comparison of deformation results of notched sample in tensile test: (a) Simulation; (b) Experiment

2.5
(@) —s— Experiment

; 20k —— Simulation
=
g
£ L5F
<
<
= 1.0
5
=

0.5

0 2 4 6 8 10 12
Displacement/mm

(b)

2.5

—s=— Experiment
—— Simulation

Tensile loading/kN
—_ — N
=) in =)

e
n

0 2 4 6 8 10 12
Displacement/mm

B 17 S ERARAERT S U 5 SR AT A S R — 7 A% ith 2kt bl

Fig. 17 Comparison of tensile loading—displacement curves between experiment and simulation in notched sample tensile test: (a)

6063 alloy; (b) 6061 alloy
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