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An improved ductile fracture criterion for metal sheet based on DF series
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Abstract: To accurately describe the fracture behavior of ductile metal under different stress states, an improved ductile fracture criterion
based on the DF series was proposed by analyzing the mechanism of nucleation, growth and polymerization of internal micro-voids for materi-
als during plastic deformation, which fully considered the influence of void necking coalescence mechanism on the ductile fracture behavior of
material, and the physical meaning of each parameter was clarified. Then, the equivalent fracture strain envelope surfaces of AA 2024-T351
aluminum alloy and AISI 1045 carbon steel were constructed by the proposed ductile fracture criterion, and the predicted fracture strain val-
ues under corresponding stress states were compared with the experimental results of previous scholars to verify the effectiveness of the pro-
posed new criterion. Finally, the predicted results are compared with those of the widely used DF2016, Hu and Mu Lei criteria. The results
show that compared with the other three kinds of models, the proposed new criterion has the lowest average prediction error and the maximum
prediction error, and the prediction accuracy is highest. Thus, the mechanism of void necking coalescence plays an important role in fracture
process of ductile metal and should be fully considered.
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Fig. 1 Schematic diagrams of void growth under two mechanisms

(a) Void growth based on tensile stress

(b) Void growth based on shear stress
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Fig. 2 Schematic diagrams of hole polymerization under two mechanisms

(a) Void necking coalescence
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Table 1 Fracture test data for AA 2024-T351 aluminum alloy
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Fig. 4  Fitting results of different criteria to fracture test data for AA 2024-T351 aluminum alloy
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Table 2 Fracture test data for AISI 1045 carbon steel

%5 IR 7 L 0 &

1 AR (+90°), Hirfif 0.819 -0.087 0.09 0.157
2 WRERRE (+30°), fiEY 0.689 -0.619 0.656 0.236
3 WRERE (+220), BT 0.620 -0.824 0.848 0.277
4 WU (+10°), BB 0.375 -0.482 0.518 0.355
5 WRERE (+5°), Hidd 0.205 -0.223 0.244 0.403
6 WIMESEE (+0°), 4lBYY] -0.021 0.019 -0.021 0.860
7 W (-5°), HBY -0.169 0.352 -0.383 0.966
8 WMEARE (-10°), HE5Y -0.255 0.571 -0.608 1.183

9 FREHGRFE (F=12.7 mm), Hiff 0.671
10 SFRERGRFE (7/=3.97 mm), fifH 0.780 -0.076 0.084 0.177
1 PR (7=1.59 mm), $ff 1.024 -0.103 0.113 0. 101
12 fRakee, Hf 0.000 0.000 0.000 O0.524
13 O BREERE, R 0.504 =1.000 1.000 0.489

-0.047 0.052 0.218

L<O XI5 N F DF2016 1 D) 5 78 2 v W) () 15
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Fig. 5 Fitting results of different criteria to fracture test data for AISI 1045 carbon steel

(b) DF2016 criterion

(a) New criterion
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