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Prediction of Surface Residual Stress of Multi-pass Drawn Steel Wire
Using Numerical Analysis
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Abstract

The tensile surface residual stress in the multi-pass drawn wire deteriorates the mechanical properties of the wire.
Therefore, the evaluation of the residual stress is very important. Especially, the axial residual stress on the wire surface is
the highest. Therefore, the objective of this study was to propose an axial surface residual stress prediction model of the
multi-pass drawn steel wire. In order to achieve this objective, an elastoplastic finite element (FE) analysis was carried out
to investigate the effect of semi-die angle and reduction ratio of the axial surface residual stress. By using the results of the
FE analysis, a surface residual stress prediction model was proposed. In order to verify the effectiveness of the prediction
model, the predicted residual stress was compared to that of a wire drawing experiment.
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Fig. 3 Initial FE analysis model

Table 1 Conditions for FE analysis

Conditions

Value

Number of passes

23

Wire material

AISI 1072

Initial wire diameter (mm)

1.050

Final wire diameter (mm)

0.188

Bearing length of die (mm)

0.3 x initial wire diameter

Semi-die angle (°)

5.0,6.0,7.0,8.0

Flow stress of initial wire (MPa)

o =2194.5. g0%0%

Yield strain

0.0056

Young’s modulus (GPa)

210.0

Poisson’s ratio (v)

0.3
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Table 2 Conditions for wire drawing experiment

Conditions Value
Wire material AISI 1080
Initial wire diameter (mm) 2.0
Final wire diameter (mm) 17
Bearing length of die (mm) 0.3 x initial wire diameter
Semi-die angle (°) 5.0
Drawing speed (mm/s) 5.0
Flow stress of initial wire (MPa) o =3007.8- g%
Yield strain 0.0046
Young’s modulus (GPa) 210.0
Poisson’s ratio (v) 0.3
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