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Effects of Forming Conditions on Qualities of Bend in Hydraulic Bending of Tube

Katsuhide Nishio, Kenichiro Chuma

Synopsis :

The effects of forming conditions on the qualities of bend in hydraulic bending of thin-walled stainless steel tubes were examined.
Especially, the effects of hydraulic pressure and Vp/Vr (velocity of pressure die - velocity of rotary die ratio) on thickness decreasing on
the outside of bend, wrinkling on the inside of bend, and flattening were investigated. Experiments about hydraulic bending and conven-
tional rotary draw bending with the mandrel were carried out. FEM analyses were also performed to calculate the stress and the strain.

The results obtained are as follows ; The strain in thickness and longitudinal direction on the outside of bend were remarkably larger
than those of inside of bend in hydraulic bending. It was confirmed that increase of hydraulic pressure suppressed flattening and wrin-
kling on the inside of bend, but promoted thickness decreasing on the outside of bend, and decrease of Vp/Vr, especially in case of
Vp/Vr <1, suppressed wrinkling on the inside of bend and promoted thickness decreasing on the outside of bend, and flattening. The rea-
sons why mentioned above were discussed in relation to the analytical results, contact states of tube and dies, and so on. So the change of
hydraulic pressure and Vp/Vr showed different effects on thickness decreasing, wrinkling, and flattening, that proper hydraulic pressure
and Vp/Vr should be selected in accordance with the requirement for the qualities. Proper ranges of hydraulic pressure and Vp/Vr were
obtained for SUS304 stainless steel tubes of 0.6mm and 1.0mm thickness. That would be useful index for successful bending of other dif-
ferent types of tubes. In addition, the strain on the outside of bend in hydraulic bending were half of that in case of rotary draw bending
with the mandrel. The reason of this difference was considered due to concentration of tensile stress at the contact point of tube’s inner

plane and mandrel’s edge in the later bending.
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Table1 Mechanical properties of tube

Thickness (mm) 0.6 1.0
Yield strength (MPa) 360 349
Tensile strength (MPa) 682 667
Elongation (%) 62 64
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Table 2 Bending conditions

Bending radius (mm) 1.6D (D ; Diameter of tube)

Bending angle (deg.) Max90
Vp/Vr 01~14
Hydraulic pressure (MPa) 2~25

Type of liquid Tap water (Room temperature)
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Fig. 4 Effect of hydraulic pressure on thickness change.
(to=1.0mm, Vp/Vr=0.6, Bending angle=90deg.)
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Fig. 6 Effect of hydraulic pressure on strain distributions on the
inside and outside of bend.
(to=1.0mm, Vp/Vr=0.6) <FEM>
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