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The Effects of Die Design and Die Series on the Surface Residual
Stress of Cold Drawn Eutectoid Steel Wire
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Abstract
In this study, the die design and die series on the surface residual stress of cold drawn eutectoid steel wire have been
investigated. Test pieces were fabricated using die series with different mean and final reduction ratios. Surface residual
stresses in the axial direction were measured by X-ray diffraction, Bruker’s 2-dimensional GADDS system. The results
were compared with stress profiles that were calculated by 3D and 2D finite element simulations, ABAQUS 6.4 program
in finite element analysis(FEA). By means of the FEA method, optimal die shape considering delta-parameter were
induced and applied in order to determine die sequence designs. Balance of the drawing stresses was also introduced to

optimize die sequence.
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Table 1 Chemical composition of eutectoid steel wire

(wt.%)
C Si Mn S P Fe
0.807 | 0.204 0.5 0.004 0.01 Bal.

Table 2 The fabrication of eutectoid steel wires

Seri Number *E ol € mean € final
es of dies (n) ) %) )
n 3.47 0.14 0.09
A 25 n-1 3.38 0.14 0.14
n-2 3.24 0.14 0.13
n 3.47 0.16 0.09
B 22 n-1 3.88 0.16 0.16
n-2 3.22 0.16 0.15
n 3.47 0.14 0.05
C 25 n-1 3.42 0.14 0.14
n-2 3.29 0.14 0.14
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Table 3 Distribution of residual stress in axial
direction measured by X-ray

series | Number of dies (n) | Residual stress (MPa)

n 452.5+212.0

A 25 n-1 298.5+£195.2
n-2 428.5+£185.1

n 305.84+202.3

B 22 n-1 495.0£276.9
n-2 442.5+319.0

n 849.5+116.0

C 25 n-1 613.5+£229.1
n-2 695.5¢113.2

Table 4 Test series parameters for simulation of die

Fig. 1 Mises Stress distributions of wires after passing
the one die: (a) die shape 1, (b) die shape II, (c)
die shape I11, (d) die shape 1V, (e} die shape V

Table 5 Test series parameters for simulation of die

design series
A a®) R " o4(MPa) A al®) R imean R final ca(MPa)
| 2.64 6.15 0.15 0.1 2428 i 2.64 6.15 0.15 0.09 301.2
11 2.31 6.15 0.17 0.1 278.9 ii 2.64 6.15 0.14 0.05 300.2
| 141 | 40 0.18 0.1 357.0 i | 217 | 615 0.16 0.01 299.8
v 1.47 7.5 0.30 0.1 493 4 iv 141 4 0.14 0.01 357.5
\'% 141 4.0 0.18 0.05 269.8
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Fig. 2 Distribution of calculated drawing force after
passing through dies: (a) die design i, (b) die
design ii, (¢) die design iii, (d) die shape iv
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Fig. 3 Distribution of residual stress calculated by
FEM in drawn steel wire: (a) die design i, (b)
die design ii, (c¢) die design iii, (d) die shape iv
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