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Prediction of Forming Limit in Hydroforming Processes by Using Finite
Element Method and Ductile Fracture Criterion
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Abstract

By using the finite element method, the Oyane’s ductile fracture integral / was calculated from the
histories of stress and strain according to every element and then the forming limit of hydroforming process
could be evaluated. The fracture initiation site and the forming limit for two typical hydroforming processes,
tee extrusion and bumper rail under different forming conditions are predicted in this study. For tee extrusion
hydroforming process, the pressure level has significant influence on the forming limit. When the expansion
area is backed by a supporter and bulged, the process would be more stable and the possibility of bursting
failure is reduced. For bumper rail, the ductile fracture integral / is not only affected by the process parameters,
but also by the shape of preforming blank. Due to no axial feeding on the end side of the blank, the possibility
of cracking in hydroforming of the bumper rail is influenced by the friction condition more strongly than that
of the tee extrusion. All the simulation results show reasonable plastic deformation, and the applications of the
method could be extended to a wide range of hydroforming processes.
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Fig.1 Schematic view of tee extrusion hydroforming
1. Supporter 2. Upper die 3.Horizontal ram
4.Lower die5. Workpiece
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Fig.3 The distribution of ductile fracture integral [
for case2
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Table 2. The maximum ductile fracture integral I under
different forming conditions for tee extrusion

Casel | Case2 | Case3 Case 4
Loading Path | Pathl | Path1 | Path2 Path 2
Friction Factor | 0.00 0.04 0.00 0.04
. Have
i W
Die Type ithout supporter supporter
Maximum
Ductile 1 9657 | 10672 | 1.2918 | 0.9467
Fracture
integral /
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Fig.10 The distribution of ductile fracture integral /
for case 3

olgg Ao BFo] ojFoiNy] YE e
7] Baae) 44 2 AF G4 2AN A=
o ol%g Fr19T RAY RS YA 4F

Sfoun F8% At BE ¢ 4 U ok
A% wY FaW 4FA47 BS ¢ F Aok
Table 3. The maximum ductile fracture integral [
under different forming condition for bumper rail

Casel|2|3]4[5 617
Material Al 5052 SPCC
Loading Path Path | Path | Path | Path

path 3 4 3 5 5
Friction |0 00 | 0.02 | 0.04 | 0.04 | 0.04 | 0.00 | 0
factor
Stamped
Blank Type a Type b
Max. [ | 09202 | 1.0068 I 1.0182 [ 0.9866 | 0.9103 ] 0.2288 { 0.3520
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