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Effect of Multi-Pass Drawing and Tensile Straightening
on the Residual Stress of High-Carbon Steel Wire
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Abstract: This study was carried out to investigate the evolution of axial residual stress in high-carbon steel wire during
multi-pass drawing and the subsequent tensile straightening. Firstly, the stress-strain relationship of the steel rod under se-
vere deformation was obtained by means of tensile experiments. Then a numerical model for multi-pass drawing was construc-
ted based on Abaqus finite-element software, which has been verified by comparison with the experimental results. By using
the numerical model, an eight-pass drawing process was simulated, and the formation and evolution mechanism of the residu-
al stress has been revealed. After that, the variation of the residual stress after tensile straightening has been studied by nu-
merical simulation. The results showed that, the distribution of the axial residual stress is highly inhomogeneous after draw-
ing, which exhibit positive in the skin region and negative in the center region. The drawing passes had slight effect on the
residual stress of the steel wire. In contrast, significant effect was observed after the subsequent tensile straightening. A ten-
sile deformation as small as 0. 6% ~1% can dramatically reduce the residual stress, resulting a more homogeneous distribu-
tion of the residual stress in the wire.
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Fig. 1 Tensile stress-strain curves of the steel wire. The thin lines are
the measured stress-strain curves after various drawing-passes,

the thick line is the stress-strain curve obtained by interpolation
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Fig. 2 Numerical model for the steel wire drawing(a), the enlarged

map of the deformed region(b)
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Fig. 3 Tensile stress-strain curves of the steel wire after 8 drawing-passes
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Fig. 4 Distribution of the axial residual stress and relative axial dis-
placement of the cross-section of the steel wire after the first

drawing-pass
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the steel wire after various drawing-passes
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Fig. 7 Evolution of the yield area at various tensile elongations, the red
regions denote the yield area while the blue regions are the area

that has not yield
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