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Abstract

In this paper, the bi-metallic tube drawing process with arbitrary curved die and mandrel
profiles has been analyzed by the upper bound method and simulated by the finite element
method. For the analysis, the bi-metallic tube has been divided into six separate regions,
including four regions without deformation at the entry and exit of the die and two regions
where the two tube metals are located in the space between the die and the mandrel and plastic
deformation occurs in them. For each of the regions, a general velocity field in the spherical
coordinate system, applicable to any arbitrary shape of the die, has been presented. Based on
the proposed velocity field, the strain rate field has been obtained and then the internal, shear
and frictional forces have been calculated. By equating the external power required to perform
the process with the sum of the internal, shear and frictional forces, the required tensile force
has been calculated. The results of the analysis method have been compared with the results of
the process simulation using the finite element method, which was performed with the
ABAQUS software. Finally, the effects of various parameters including the percentage of cross-
sectional area reduction, tube thickness, and die angle on tensile force, optimal die angle, and
shear strength between the two metals were investigated.

Keywords: Tube drawing, Upper bound, Bi-metallic tube, Curved die
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