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Abstract: In this study, a noncircular drawing (NCD) sequence for manufacturing high-strength and
high-ductility pearlitic steel wires was investigated. Multipass NCD was conducted up to the 12th pass at
room temperature with two processing routes (defined as the NCDA and NCDB), and compared with the
wire drawing (WD). During the torsion test, delamination fracture in the drawn wire was observed in the
10th pass of the WD whereas it was not observed until the 12th pass of the NCDB. From X-ray diffraction,
the circular texture component that increases the likelihood of delamination fracture of the drawn wire was
rarely observed in the NCDB. Thus, the improved ability of the multipass NCDB to manufacture
high-strength pearlitic steel wires with high torsional ductility compared to the WD (by reducing the
likelihood of delamination fracture) was demonstrated.
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Table 1 Chemical composition of the high-carbon
steel used in experiments

Components (wt. %)
C Si Mn P S Cr
0.79- | 0.15- | 0.60- | 0.03 0.03

0.86 0.35 0.90 max max

0.18

ND (normal direction) bi ‘
<—> Diameter

<> Major axis length

TD (transverse direction) D > Minor axis length

DD (drawing direction)

WD = = = =

NCDA <eeegeeeeees >|:> |:>. ............... >|:> |:>

NCDB <pe =2 = <> = —---

Fig. 1 Schematic diagrams of the NCD process
and definition of two processing routes of
NCDA and NCDB
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Table 2 Process parameters of the drawing dies used for the multi-pass WD and NCD processes in

experiments
WD ; .NCD . . Semi-die Bearing Area} Total area
No. of . Major axis | Minor axis reduction .
Diameter angle length reduction
passes (mm) lepgth at leflgth at ©) (mm) per each %)
exit (mm) | exit (mm) pass (%)
1 11.63 13.39 10.10 6 3.49 20 20
2 10.40 10.40 6 3.12 20 36
3 9.30 10.71 \ 8.08 6 2.79 20 49
4 8.32 8.32 6 2.50 20 59
5 7.44 8.57 \ 6.46 6 2.23 20 67
6 6.66 6.66 6 2.00 20 74
7 5.95 686 | 5.16 6 1.79 20 79
8 5.32 5.32 6 1.60 20 83
9 4.76 5.48 \ 4.13 6 1.43 20 87
10 4.26 4.26 6 1.28 20 89
11 3.81 4.39 \ 3.31 6 1.14 20 91
12 3.41 3.41 6 1.02 20 93
2Z}o] E Z(fully pearlitic steel)©]Th Z7] HelolE N A9 7HESIgE 48] o)t
225 vAs g g A SEA 713 AF 1000°C A 10 A vk E Ad T BEFE ERs WA
7 54 3 600°CE FAH AE(lead bath)l (draw bench) E}FJ 2] 21X 7)o A 16.67 mm/s2] %
wAAA 10 (F Alske] G2WEHE AAEhE R LA v Hew, sdAzE B
Y Hlo]& " (lead patenting)s T8z, AA e Bdl Axvuy 9 23 olE ARESitt
Tz A 4t T(scale)S A A 0}7] !
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F(pass schedule)s A7Aslal F 7+ ‘_%(total area Holom, Ao R ThEatA e el w
reduction)®] 93%7} © w7} F 12 s A =8 Ade F¥selt. Addels A AE
o 3

4L Fdstel AF 440l 341 mmrt HES 100 vz AAsta QUFgAANA 53 57

Ak HY9y AM A AL = AN ;;'_ 91747} I (ultimate tensile strength, UTS)®] 1% <
Ate] HNZ & U3 s I PEg o° o 9FES ket AEelA 30 cycle/min®
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Fig. 2 Observations of the fracture surfaces of
twisted wires processed by the WD,
NCDA, and NCDB, respectively
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Fig. 5 Experimental results of the tension tests: (a) engineering stress-strain curves,
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