Reverse Loading Tests of Steel Tube under Biaxial Stress States
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ABSTRACT

Some kinds of steel tubes are finished by several cold working processes, such as cold drawing, cold
rolling or end sizing process. The values of stress components in the axial and circumferential
directions of the tube change significantly, including reverse loading, during these cold-working
processes. However, there are few researches that accurately measured the deformation behavior of
steel tubes subjected to nonlinear stress paths, including reverse loading, under multiaxial stress
states and checked the validity of material models under multiaxial stress paths.

In this study, biaxial loading tests including reverse loading were carried out using seamless carbon
steel tubes. Biaxial stress components in the axial and circumferential direction were applied to the
tubular specimens using a servo-controlled multiaxial tube expansion testing machine developed by
Kuwabara and Sugawara [1]. This testing apparatus is capable of applying arbitrary biaxial stress
paths to the central section of the tubular specimen by controlling axial forces and an internal
hydraulic pressure. The tubular specimens were loaded under linear tensile stress paths. Contours of
plastic work were measured in the principal stress space, and the differential hardening (DH)
behaviour was observed; the shapes of the contours of plastic work changed with an increase in
plastic work. In addition, small uniaxial tensile specimens were fabricated from the mother tube wall
in axial and hoop directions, and tension-compression reverse loading tests were performed to
guantitatively evaluate the Bauschinger effect of the test material. Moreover, bilinear stress path
experiments were performed to investigate the effect of axial prestraining on the change in the yield
locus shape; compressive preloading in the axial direction (first loading) followed by the application
of linear stress paths in the first quadrant of the principal stress space (second loading). The measured
Bauschinger effect and the DH behaviour in the second loading were different from those measured
in the liner stress path tests and the uniaxial reverse loading tests for the as-received material. Based
on these experimental data, a material model that can reproduce the DH behavior for the combined
loading was investigated. The material model will be utilized to improve the accuracy in the
numerical analyses of the cold working processes for fabricating the steel tube.
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