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Effect of Wire Diameter and Grain Size on Tensile Properties of Austenitic Stainless Steel Wire

Taishiro FUKUMARU, Hideyuki HIDAKA, Toshihiro TSUCHIYAMA and Sefsto TAKAKI

Synopsis

: Tensile tests were carried out for fine austenitic stainless steel wires with different grain sizes and wire diameters, and then the effect of wire

diameter on the grain size dependence of tensile properties was discussed in terms of the behavior of dislocation slip near the material sur-

face. 0.2% proof stress and total elongation of fine wires depended on not only grain size but also its diameter: these properties were strongly

influenced by the ratio of wire diameter (D) to grain size (d), D/d, which represents the number of grains existing along a diameter direction.

It was found that the tensile properties of fine wires were markedly deteriorated when the D/d became smaller than 5. This was due to the oc-

currence of local necking which is just like the deformation of single crystal. In the grains facing the wire surface, dislocations can easily

pass out from the material surface and this leads to easier deformation in comparison with the grains within the wire where the dislocation

movement is interrupted by grain boundaries. In the case when D/d is sufficiently large, because the volume fraction of the grains facing the

surface is very small: thus, the whole deformation of wire is not affected by the wire diameter.

Key words: austenitic stainless steel; fine wire; wire diameter; grain size; 0.2% proof stress; elongation; material surface; grain boundary; dislocation.
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Table 1. Chemical composition of specimen used in this
study (mass%o).

Cr Ni Mn Si Mo C N P S

SUS316 | 19.22 1258 1.82 0.39 226 0.05 0.03 0.019 0.004
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Fig. 1. Change in Vickers hardness of anncaled SUS316
wires (¢0.2 mm) as a function of annealing temper-
ature.

Fig. 2. Optical micrographs of SUS316 wires (¢0.2mm)
annealed at 1273K (a) and 1473K (b) for 1.8 ks.
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Fig. 3. Nominal stress-strain curves of SUS316 wire
(¢0.2 mm) annealed at 1273K (a) and 1473K (b)
for 1.8 ks and an as-received wire (c).
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Fig. 4. Relation between tensile properties and grain size
in SUS316 wires (¢1 mm, ¢0.5mm, ¢0.2mm and
¢0.1 mm).
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Fig. 5. Relation between tensile properties and D/d in
SUS316 wires (¢0.5 mm, ¢0.2 mm and ¢0.1 mm).
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Fig. 6. Change in strength—ductility balance in annealed
SUS316 wire (¢0.5 mm, ¢0.2mm and ¢0.1 mm) as
a function of annealing temperature in SUS316
wire.
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Fig. 7. True stress—strain curves and work hardening rate—
true strain curves in SUS316 wires (¢0.2 mm) with
various D/d.
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Fig. 8. Scanning electron micrographs of SUS316
(¢0.2 mm) wires tensile-deformed by fracture. The
D/d is controlled to be 8.0 (a) and 2.2 (b), respec-
tively.

Fig. 9. Scanning electron micrographs of the fracture sur-
face in SUS316 wires (¢0.2 mm) with different D/d
(8.0 (a,b) and 2.2 (c, d)).
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Fig. 10. Orientation imaging micrograph (a) and optical micrograph (b) of SUS316 wire tensile-deformed by 15% (fracture). The
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dislocation

Fig. 11. Schematic illustration showing dislocation move-
ment in specimens with different D/d. Hatched
areas are grains facing the wire surface. (a) D/d is
sufficient large (D/d>>5). (b) D/d is very small
(D/d<5).
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