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Effects of Strain Hardening Behavior on the Strain Path Dependence of Forming Limit Stresses in a Steel Tube

Kengo YOSHIDA and Toshihiko KUWABARA

Synopsis : The strain path dependence of forming limit strains and stresses of a steel tube subjected to combined axial load and internal pressure are in-

vestigated for linear and combined stress paths using a tension-internal pressure testing machine. The combined stress paths consist of two

linear stress paths and include unioading between the first and second loadings. The strain hardening behavior of the steel tube for both linear

and combined stress paths is observed in terms of the equivalent stress—equivalent plastic strain (6—&) curves. Forming limit stresses in

stress space drop on a single curve irrespective of the strain paths when the &—Z curves for the given linear and combined stress paths are on

a single curve (isotropic hardening), while the forming limit stresses for other combined stress paths generally become less than those for the

linear stress paths when the material exhibits the cross effect in the second loadings. It is therefore concluded that the strain path dependence

of forming limit stresses is much affected by the strain hardening behavior of the material for the given loading path. A new method for eval-

uating forming limits for combined loadings is proposed utilizing a limit curve in an equivalent plastic strain—stress ratio space.
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Fig. 1. Equivalent stress G-equivalent plastic strain &
curve.

Table 1. Strain hardening characteristics of the steel tube.

k (MPa) n &
A 642 0.226 0.0071
B 634 0.200 -0.013

Approximated using G=k(g,+&)" for A: 0.002<F<0.67
and B: 0.04<Z <0.67.
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Fig. 2. Forming limit strains for linear stress paths.
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Fig. 3. Forming limit stresses for linear stress paths.
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shown in Fig. 1.
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