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Prediction for Forming Limit of Tube Warm Hydroforming
Based on the Ductile Fracture Criteria

H.K.Yi, Y. H. Moon, J. H. Lee, Y. S. Lee
(Received December 19, 2006)

Abstract
Hydroformability and fracture criteria of FE analysis based on ductile fracture were investigated in warm hydroforming

of Al6061 tube. To evaluate the hydroformability, uni-axial tensile test and bulge test were performed at room temperature

and 200°C. The measured flow stresses were used as input parameters for FE analysis. The damage values were

calculated by FE analysis based on ductile fracture criteria at maximum radius of free bulged tubes. Damage values were

compared of hexagonal shaped hydroformed parts. As a result, the formability by critical damage value for extruded tube

is lower than that of full annealed tube up to 0.5.
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Table 1 Heat treatment conditions of Al 6061 tube
(AMS2770E)

413°C/1hr, furnace
cooling to 260°C,
air cooling

Full annealing

solution treatment
T6 treatment

. . (529°C/ 50min)
(Artificial aging e !
. artificial aging
after solution treatment)
(177°C/ 8hrs)
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Fig. 1 Schematic drawing of induction heating hydro-
forming system
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Fig. 2 Hexagonal shaped hydroforming model for FE
analysis
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Fig. 3 Flow stresses of Al 6061 tubes with various pre-
heat treatments
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Fig. 4 Bulge tested tubes with various heat-treat-
ments (a)as extruded (b) Full annealed (c) T6-
treated tube
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(a) As extruded (b) Full annealed (c) T6 treated
Fig. 5 Damage values calculated by FE analysis
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Fig. 6 Bulge ratios and damage values with various
heat treatment conditions
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Fig. 9 Comparison of experiment and FE analysis
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