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Analysis of Failure Phenomena in Uni-axial Tension Tests of
Friction Stir Welded AA6111-T4, AAS083-H18 and DP-Steel
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Abstract
Failure phenomena in uni-axial tension test were experimentally and numerically investigated for AA6111-T4,
AA5083-H18 and DP-Steel, which were friction-stir welded with the same and different thicknesses. Forming limit
diagram(FLD) was measured using hemispherical dome stretching tests for base materials and also predicted by Hill’s
bifurcation and M-K theories for welded areas. Finite element simulations well predicted hardening behaviors, failure
locations as well as failure patterns for the uni-axial tension tests especially utilizing very fine meshes and FLD along
with stress softening.
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Fig. 1 FLD : (a) AA6111-T4 (2.6t), (b) AAS083-H18
(1.2t), (c) DP-Steel (DG)
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Table 1 Types of uni-axial tensile test(total 18 cases)

AAL083- AA6111- Dp-
H18 T4 Steel
Base Thin 1.2t 1.5t 1.5t
Thick 1.6t 2.6t 2.0t
Weld SG(long) | 1.6t-1.6t | 1.5t-1.5t | 2.0t-2.0t
SG(trans) | 1.6t-1.6t 1.5t-1.5t | 2.0t-2.0t
DGllong) | 1.2t-1.6t 1.5t-2.6t | 1.5t-2.0t
DG(trans) 1.2t-1.6t 1.5t-2.6t | 1.5t-2.0t
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Fig. 3 (a) Comparison of hardening curves between
exp. and sim. (AA6111-T4 base(1.5¢t))

Fig. 3 (b) Comparison of failure patterns between exp.
and sim. (AA6111-T4 base(1.5t))
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Fig. 4 (a) Comparison of hardening curves between
exp. and sim. (AAS083-H18 SG(longitudinal))
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Fig. 4 (b) Comparison of failure patterns between exp.

and sim. (AA5083-H18 SG(long))
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Fig. 5 (a) Comparison of hardening curves between
exp. and sim. (DP-Steel base(2.0t))

Fig. 5 (b) Comparison of failure patterns between exp.

and sim. (DP-Steel base(2.0t))
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