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Forming Limit Diagram
of an Aluminum Tube from Hydroforming tests

J.S.Kim, J. K. Lee, J. Y. Park, D. J. Lee , H. Y. Kim, H. J. Kim

Abstract

A tube hydroformability testing system was designed and fabricated so as to observe the forming process and to apply
forming condition along arbitrarily pre-programmed internal pressure-axial feed path. The forming limit diagram of
A6063 extruded tube, of 40.6 mm outer diameter and 2.25 mm thickness, was successfully obtained through free bulging
and T-forming tests except the region of high positive minor strain. It is found that the data points marked on the FLD are
mostly located near the strain paths from the finite element analysis excluding the cases of large axial feed. There exist
data points even in the area beyond the uniaxial tension mode, since the reduction in thickness decreases due to the axial
feed. The forming limit from T-forming test was considerably lower than that from free bulge test. It scems because the
deformation is localized at the pole.
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Fig. 1 Schematic of the hydroforming machine
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(a) Bulge test dies (b) T-forming test dies

Fig. 2 Geometry of the tooling
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Fig. 3 Stress-strain curve from tensile test
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Table 1 Axial feeds for various friction coefficients

Friction coefficient Axial feed(mm)
0 8.77
0.03 4.05
0.04 3.42
0.05 2.98
0.10 1.11
0.15 0.01
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Fig. 4 Internal pressure vs. axial feed paths
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Fig. 5 Tubes under free bulging and T-forming tests
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Fig. 6 Strain measurement using ASIAS
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Fig.7 Strain paths plot on the FLD
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Fig.8 FLD of A6063 extruded tube
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