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A study on the formability with heat treatment and deformation
temperature in warm hydroforming of Al 6061 tube

H.K.Yi, Y. S. Lee, J. H. Lee, Y. H. Moon

Abstract
In this study, the effect of heat treatment conditions and deformtation temperature on the formability were investigated in
warm hydroforming of Al 6061 tube. Full annealing and T6-treatment for heattreatment of Al6061 tube were used in this
study. To evaluate the hydroformability, uniaxial tensile test and bulge test were performed between room temperature and
300C. And measured flow stress was used to simulate the hydroforming of Al 6061. A commercial FEM code,
DEFORM2D, was used to calculate the damage and strain variation. The calculated values were efficient to predict the
forming limit in hydroforming for real complex shaped part.
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Table 1 Heat treatment condition of Al 6061
(thickness : 5Smm )
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Fig. 1 Schematic showing (a) Tube hydroforming
system (b) Bulgy test die set
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(b) T6-treated Al 6061 tube

Fig. 2 Changes of flow stress with the various
temperatures and strain rate.
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(a) full annealed tube

(b) Té-treated tube

Fig. 3 Hydroformed tube after bulge test
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Table 2 Expansion ratio and bursting pressure of tube
after bulge test

| 2820 [s9 a9 Mpa
O_RT 154 222
O_200°C 18.4 18.9
O_300°C 30.6 124
T6_RT 3.6 453
T6_200°C 45 33
T6_300C 7.8 18
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Table 3 Damage value with Expansion ratio

gog Damage
(%) value
O_RT 15.4 0.097
0.200C 18.4 0.121
0_3007C 30.6 0.137
T6_RT 36 0.012
T6_200T 4.5 0.020
T6_300C 7.8 0.023
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