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Ausformed Bainite in SUP7 Spring Steel

Nobuhiro Tsun, Michihiko AYADA, Taichi TAKASHIMA and Yoshihiro SAITO

Synopsis : In order to clarify the applicability of ausformed bainite in spring wire, effect of ausforming on the microstructure and the hardness of

isothermally held JIS-SUP7 spring steel was investigated. The acceleration of isothermal transformation by ausforming was qualitatively

confirmed. Ausforming made the pearlite colony size small, but the hardness of proeutectoid ferrite + pearlite structure only slightly increased

by deformation. The bainitic ferrite size, especially its thickness, was decreased by ausforming. The bainitic packet which is an unit of

bainitic ferrites with the same direction was refined by 20% deformation, while after 30% to 35% deformation the bainitic ferrite within an

identical prior-austenite grain tended to align to a same direction so that the packet rather coarsened. Independent of deformation, large

amount of austenite up to 35% retained after quenching to room temperature in the specimens tempered at upper bainite region. In the speci-

mens tempered at lower bainite region, the amount of retained austenite largely increased by ausforming. In spite of the increase in retained

austenite, ausforming by 30% to 35% strengthened the material tempered at bainite regions. Especially, the ausformed lower bainite showed

large hardness of HV650 which is superior to a conventional quenched and tempered material with tempered martensite structure. These re-

sults indicate that the ausformed lower bainite could be applied to practical use.

Key words : medium carbon spring steel; ausforming; austempering; bainite; microstructure; mechanical property; retained austenite.
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Fig. 1. Schematic illustration showing the principle of the
aus-drawing process to obtain ausformed marten-
site or ausformed bainite.
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Table 1. Chemical composition of the SUP7 studied

(mass%).
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Fig. 2. SEM (a,c,e) and TEM (b,d,f) micrographs of the non-deformed SUP7 austempered at various temperatures.
Ferrite+Pearlite: (a) austempered at 923K for 60, (b) at 873K for 1200s.
Upper Bainite at 723K: (c¢) austempered for 300 s, (d) for 1200s.
Lower Bainite at 573K: (e) austempered for 1200, (f) for 1200s.
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Fig. 4. SEM microstructures of the specimens quenched immediately after deformation. ‘C.A. in the figures indicates the direc-

tion of compression axis.

(a) No deformation+quenched. (b) Deformed by 20% at 873K +quenched.
(c) Deformed by 20% at 723K +quenched. (d) Deformed by 30% at 573K +quenched.
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Fig. 5. SEM microstructures showing the effect of ausforming on the microstructures of the specimens ausformed by various re-
ductions (r) and tempered for 300 s at 873K (a,b,c), 723K (d.e.f), or 573K (g,h,1).
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Fig. 6. Amount of retained austenite in the specimens aus-

formed and tempered at 873K (a), 723K (b) or
573K (c).
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Fig. 7. Vickers hardness of the specimens austempered at
various temperatures without deformation.
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Fig. 8. Effect of compression reduction on Vickers hard-
ness of the specimen with ferrite—pearlite structure
ausformed and tempered at 873K, upper bainite
structure at 723K, and lower bainite structure at
573K. The hatched band shows the level of conven-
tional quenched and tempered specimen of SUP7
with tempered martensite structure.
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