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Optimization research on free bending loading curve for pipe based on
cantilever beam analysis
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Abstract; Free bending technology can realize the forming of conduits with complex axis by simultaneously controlling the axial propulsion
of pipe and the movement of bending die. Therefore, through the analysis of free bending process and the theory of elastic-plastic deforma-
tion, combined with the assumption of cantilever beam shape in the forming area, the control equation of the forming area in the free ben-
ding process of pipe was discussed, and the function relationship between the bending process parameters ( displacement and rotation an-
gle) based on the assumption of cantilever beam shape in the forming area and the specific curvature radius of forming was derived. Fur-
thermore, the free bending process of superalloy GH4169 conduits was numerically simulated by finite element software, and the shapes
of the conduits formed based on the arc analytical and cantilever beam analytical loading curves were compared. It is shown that the
formed is closer to the design size based on the cantilever beam analytical loading curves. Finally, it is determined that the bending die
rotation angle is the reason for the difference in the above two loading curvatures, and the rotation angle in the cantilever beam analytical
loading curve is coordinated with the shape of the current bent conduit and the displacement of the bending die.
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Fig. 1 Schematic diagram of 3D free-bending principle
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Fig.2  Schematic diagram of geometric relationship for tube

axis in forming area
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Fig. 3 Displacement-time loading curve
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Fig. 4 Rotation angle-time loading curve
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Table 1 Material parameters of superalloy GH4169

i/ s %

PR - - TR L
(kg -m™) GPa

GH4169 8240 199 0.3
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Fig. 5 Stress-strain curve of superalloy GH4169
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Table 2 Condition settings

Z5 R/mm U/mm Ac/mm  p o/ (mm - s) l,/mm
B 45 11. 459 0.05 0.05 20 30
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Fig. 6 Finite element simulation results

(a) Forming result of arc analytical loading curve

(b) Forming result of cantilever beam analytical loading curve
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Fig. 7 Comparison of forming axis between two loading curves
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Fig. 8 Forming process analysis of circular arc analytical loading curve
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