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Abstract: During the cold wire-drawing process, the diameter of a wire is reduced and the length of the wire is
increased as the wire passes through the die. The pressure and sliding motion at the interface between the wire and die
cause elastic recovery of the workpiece and friction and wear on the die. In addition, wire deformation and frictional
heating raise the temperature of the wire and die, resulting in difficulty in manufacturing the drawn products according
to a designated inner diameter of the die, deviating from the designated dimension or the inner diameter of the die. In
this study, considering the die temperature distribution, the effects of dimensional changes of the drawn products were
analyzed quantitatively; these changes are caused by the elastic deformation of the die, the elastic recovery of the
workpiece, and the thermal deformation of both the die and the workpiece. It was confirmed that the elastic recovery of
the workpiece influenced these changes the most. The initial dies considering these factors could avoid deviation from
the designated dimension, and the desired drawn products were obtained by using the designed initial drawing dies.
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Table 1 Material properties used in the simulation

Material S45CS WC  AISI-H-13
Young’s modulus
(GPa) 192 650 210
Poisson’s ratio 0.3 0.25 0.3
Heat conductivity
(W I mK ) 51.9 59 24
Heat capacity
(J I mmkK ) 0.486 15 2.7
Thermal expansion
coefficient 1.397¢-05 5e-05 1.17¢-0.5
(1/K)
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Fig. 3 True stress-strain curve of S45CS
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Fig. 4 Model of heat tansfer on surface in FE simulation
of the wire-drawing process
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Table 2 Analysis of effect factors influencing dimensional change and comparison with dimensional changes

Effect factors Dimensional changes (mm)
(%) (Deviation from measurement, %)
D, D
CASE 0 / s L a: }; Elastic Thermal Elastic Experi FEA
(mm) — um)  (m) - Omm) (7)) gegormation cxpansion recovery ment FEA applying
i wire modified die
CA18E 0 3.645 0 12.5 0 112.5 0.009 0.008(11%) 0.000
E 0 81 24 365 12 6 18 27 0 109 0013 0.011(15%) 0.000
CA?’SE 2.4 5.265 6 11 -22 0 111 0.010 0.009(10%) 0.000

Original line of the die
.—.—.—-'—_JD—/

Modi ﬁcf line of the die Total deformatiot_‘lvalue = ¢lastic defo@ﬁon
I thermal cxpansion | clastic rccovery

(a)

N

o s
.

Original die dimension  Modified die dimension

(b)
Fig. 7 Die design modification from the analysis result:
(a) die interface line modification; (b) side view
of the modified die (s of case 1: 0.008, s of case 2:
0.011, and s of case 3: 0.009 mm)
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