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ABSTRACT: This paper aims to study optimum on length of free bending deformation zone to obtain the optimal A value of
the 6061-T6 aluminum alloy tube with outer diameter of 15 mm and wall thickness of 2 mm. Based on basic principles and con-
trol programs of the three-dimensional free bending forming technology and finite element simulation, the basic forming process
of three-dimensional free bending was simulated with the ABAQUS to study and analyze force change in the deformation zone
of the tube during forming and effects of deformation zone length on bending results. Based on the optimal deformation zone
length, complex bending members of 6061-T6 aluminum alloy in the refrigeration system piping were simulated and the actual
forming tests were carried out. The size of the tested forming component was close to that of the simulated forming component
and design size. The maximum wall thickness reduction rate of the test forming component was not more than 9%, the maxi-
mum section distortion rate was not more than 5%, and it had good forming quality. The finite element simulation and forming
test of the target component verify the accuracy of the optimization result of the deformation zone length.
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Fig.1 Three-dimensional free-bending and device
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Fig.2 Free bending equipment
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Fig.3 Relationship between movement speed of bending die
and feed speed of tube
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Fig.4 Three-dimensional model of target tubular component
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Tab.1 Specific dimensions of target tubular component
spp BEKE SRR s Sl
L,/mm R,/mm 0,/°)  Ff w/(©)
P, 600 77.5 137
P, 40 71 106 45
Py 40 77.5 157 45
P, 50/120 83 170 45
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Fig.5 Schematic diagram of free bending process
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Fig.6 Schematic diagram of segment forming of target
tubular component
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Fig.7 Three-dimensional free-bending finite element model
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Tab.2 Parameters Setting of Tube Material
Mt W o/em’ TAFA L PR E/MPa i IR 5 /MPa AL IR n i1k R K/MPa
6061-T6 2.7 0.33 69000 235.56 0.70123 279.81
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Fig.8 Stress process for three-dimensional free-bending of tube
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Fig.10 Tube forming quality under different A values
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Fig.11 Simulation of free bending process of target tubular component
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