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Mechanical Properties of Spring Wire Drawn and Tempered at Lower Bainite Region

Michihiko AYADA, Kazuo INOUE, Nobuhiro Tsuil and Yoshihiro SAITO

Synopsis : Medium carbon spring steel containing Si (SWOSC-V) was aus-drawn and temperd at 543~573K (lower bainite region) to obtain the wire

with ausformed bainite structure. Aus-forming refined bainitic ferrite. Especially near surface, bainitic ferrite tended to align in one direction

because of a large amount of redundant shear strain in drawing. The redundant shear strain also resulted in larger hardness near the surface

especially in the cases of low drawing velocities and large die-cone angles. At center regions, the aus-formed bainite wires showed smaller

hardness than that of a conventional oil quenched and tempered wire with tempered martensite structure possibly due to higher transforma-

tion temperature by heat generation during drawing. The aus-formed bainite wires had large amount of retained austenite up to 25%. The re-

tained austenite transformed to martensite during shot-peening or fatigue testing, so that the aus-formed bainite wires showed good mechani-

cal properties and fatigue strength comparable to those of the conventional wires. These results indicate that the present new and simple

process (aus-drawing+tempering) could be applicable to practical use for spring wire production.

Key words: medium carbon spring steels; Si containing steel; aus-drawing; thermomechanical processing; aus-formed bainite; transformation; retained

austenite; microstructure; mechanical property; fatigue strength; residual stress.
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Table. 1. Chemical compositions of the specimen (mass%).
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Fig. 1. Schematic illustrations showing the apparatus for
manufacturing the aus-formed bainite wire.
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Fig. 2. FE-SEM micrographs showing the representative microstructures of the SWOSC-V wires. Near the surface (a, b, ¢) and
near the center (d, e, f) on the longitudinal sections. (a, d) Oil-quenched and tempered (723K X180 s) martensite. (b, e)
Aus-tempered bainite (558K X 1.2ks). (c, f) Aus-formed bainite (T=558K, r=10%, ¢=10°, v=100mm-s" ! t=1.2ks).
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Drawing direction—

Fig. 3. FE-SEM microstructures of the SWOSC-V wires drawn by 10% at 100 mm s~ 'and tempered for 1.2 ks at 543K. Near the
surface (a, b) and near the center (c, d) on the longitudinal planes. (a, ¢): a=15°. (b, d): &=30°.

Drawing direction—

Fig. 4. FE-SEM microstructures of the SWOSC-V wires drawn by 19% at 100 mm-s ™' and tempered for 1.2 ks at 543K. Near the
surface (a, b) and near the center (c, d) on the longitudinal planes. (a, ¢): @=15°. (b, d): a=30°.
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Fig. 5. Effect of the reduction in area on the hardness dis-
tribution on transverse sections in the aus-formed
bainite wires.
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Fig. 6. Effect of the deformation conditions (die cone
angle (a), drawing velocity (b), and holding time
(c)) on the hardness distribution on transverse sec-
tion in the aus-formed bainite wires. Before shot
peening.
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. 7. Amount of retained austenite in the conventional
oil-quenched and tempered wire, the aus-tempered
wire, and the aus-drawn wires. Before shot peen-
ing.
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Fig. 8. Effect of the deformation conditions (die cone
angle (a), drawing velocity (b), and holding time
(¢)) on the amount of retained austenite in the aus-
drawn wires. Before shot peening.
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Fig. 9. Effect of the shot peening on the amount of retaind
austenite (a) and the hardness distribution (b) in the
aus-drawn wires.
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Fig. 10. Residual stress distribution before and after shot
peening on the lateral plane in the wires with oil-
quenched and tempered (723K X180 s) martensite
structure, the aus-tempered (558K X 1.2 ks) bainite
structure, and the aus-formed (7=558K, r=10%,
a=20°, t=12ks, v=25mm-s~') bainite struc-
ture.
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Table 2. Mechanical properties of the aus-formed bainite
wire and the conventional oil-quenched and tem-
pered wire. Aus-formed bainite was deformed by
r=10%, or=10° and tempered at 543K for 1.2 ks.

T 03 t8 | Toa/ Ts|Twist number G
(MPa) [ (MPa)| (MPa) |to failure , N | (MPa)
Oil-quenched and |Before SP| 1.057 [ 1,194 | 0.881 23.0 80.3
tempered wire After  SP| 1,087 | 1,161 0.936 7.3 76.9
Aus—formed bainite|Before SP| 793 | 1,230 | 0.645 8.8 78.3
wire After  SP} 1,004 { 1,273 ] 0.789 54 79.0

SWOSC-V, o =+850MPa, 5000rpm
Aus—formed bainite wire . .

U i 1

— o o oap—

Deformed (r=10%, «=10" ) and
tempered at 543K for 1.2ks

B Deformed (r=19%, «=15° ) and )3[>
tempered at 558K for 1. 2ks g

0il-quenched and tempered wire

*>

10* 10° 10° 10
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Fig. 11. Fatigue strength of the aus-formed bainite wires
and the conventional oil-quenched and tempered
wires in the rotating bending fatigue test. (under
line—fracture from surface defects, i—fracture
from non-metallic inclusions)
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Fig. 12. SEM fractograph of the rotating bending fatigue
fracture caused by a non-metallic inclusion in an
aus-formed bainite wire. Specimen was drawn at
543K, r=10%, o=10°, y=100mm-s~' and tem-
pered for 1.2ks. The number of cycles to failure
was 522X 10% (a) X 100. (b) x1000.
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residual stress distribution to the applied stress
distribution. The applied stress on the surface was
assumed to be 850 MPa.
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