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Abstract: In order to solve the problem of residual stresses in the drawing process of 0Cr17Ni7Al spring steel wire and the
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rebound phenomenon after the wire curling, the effects of drawing process parameters on residual stresses and wire warpage
were analyzed through a combination of experimental observation and finite element simulation. Subsequently, a quantitative
relationship model between the residual stresses and warpage was constructed. The results indicate that the axial plastic
deformation of the wire coil during the winding process is the primary cause of warpage, and the distribution characteristics of
the residual stress have a pronounced impact on warpage. By adjusting the drawing parameters, the warpage can be effectively
controlled. The accuracy of the relationship model between warpage and residual stress is as high as 0. 97. The research result
deepens the understanding of the influence of residual stress in the drawing process, and provides technical reference for the

subsequent processing and application of the steel wire.

Keywords: ferrous metals and their alloys; 0Cr17Ni7Al spring steel wire; residual stress; drawing process; warpage; finite

element simulation
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Tab.1 0Cr17Ni7Al spring steel wires of different sizes (not disassembled)
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Tab. 2 0Cr17Ni7Al spring steel wires of different sizes (after disassembly)
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Fig. 2 Residual stress test equipment and test principle
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Tab.3 Summary of residual stress test data for the first trial production
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o py s 0 112.6 0 —173.7 0 343. 3 723.6 0 789.7
o' p1_s 0 61.2 0 —130.3 0 125.7 763.0 0 956. 6
6 pys 0 —324.2 0 —131.1 0 162. 6 0 791.6 0 784.7
Op1 0 165. 2 0 —124.2 0 108. 1 0 683. 2 0 676.9
Opy s 0 84.6 0 —95.0 0 290. 6 0 607.0 0 770. 8
Opl—s 0 12.8 0 —106.5 0 115.8 703.4 0 971.2
Opy—2 0 —261.4 0 —139.5 0 83.8 646. 2 0 752.8
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Fig. 3 Residual stress difference after wire

disassembly (2 positions)
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Fig.4 Stress difference at different positions (two positions) before and after filament
disassembly and comparison with warp pitch
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Tab. 4 Simulated material parameter settings
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Fig.5 Status display before and after simulated compression
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Tab.5 Summary of residual stress test data for the second trial production
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Fig. 7 Correlation analysis of warpage with stress difference
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