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The Effects of Heat-treatment Conditions on Stretch-flangeability and Bendability of High-strength Low Alloy
TRIP-aided Sheet Steels with Annealed Martensitic Matrix

Koh-ichi SUGIMOTO, Ryo KIKUCHI, Michitaka TSUNEZAWA, Shun-ichi HASHIMOTO, Takahiro KasHIMA and Shu-shi IKEDA

Synopsis

: The effects of heat-treatment conditions on stretch-flangeability and bendability of 800 MPa grade 0.2C—1.5Si~1.5Mn low alloy TRIP-aided

sheet steels with annealed martensitic matrix or “TRIP-aided annealed martensite steels” were investigated for automotive applications. Good

stretch-flangeability and excellent bendability, as well as large ductility, were achieved in the steels intercritically annealed at 780-820°C, fol-

lowed by austempering at 375-400°C for 100-1000s. In this case, initial microstructure prior to intercritical annealing was martenite or fine

bainite structure transformed at temperatures below 400°C. These good formabilities were considered to be caused by fine annealed lath ma-

trix with low dislocation density, interlath stable retained austenites and relatively low difference in strength between second phase and ma-

trix.
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Fig. 1. Schematic heat-treatment diagram of AM steels, in
which “FC”, “AC” and “OQ” denote furnace cool-
ing, air cooling and quenching in oil, respectively.
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Fig. 2. Experimantal apparatus for (a) hole-punching and
(b) hole-expanding.
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Fig. 3. Effects of coiling temperature (7), intercritical annealing temperature (7, +y)> @ustempering temperature (T ) and austem-
pering time (z,) on initial volume fraction (f,,) and initial carbon concentration (C,,) of retained austenite in AM steels, in

which thin line represents data of PF steels.
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Fig. 4. Light micrographs of AM steels subjected to different heat-treatment.
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Fig. 5.

in which thin line represents data of PF steels.
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Fig. 6. Effects of coiling temperature (T), intercritical annealing temperature (7,,.,), austempering temperature (T,) and austem-
pering time (,) on hole-expanding ratio (A1) and minimum bending radius (K,,,) in AM steels, in which thin line represents

data of PF steels.
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Fig. 8. Illustration of lath boundary migration in AM
steels during intercritical annealing, in which dot-
ted line represents prior lath boundaries migrated
during intercritical annealing. (a) 7,.=20°C, (b)
Ic=20°C, 7,.,=780°C, T,=400°C, 1,=1000s.
(c) TC=4OO°C d) T.= 400°C, Ta+y—780°C T,=
400°C, t,=1000s.
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Fig. 9. Equilibrium diagram of Fe—C-1.5Si~1.5Mn sys-
tems computed by Thermo-Calc'?, in which marks
denote initial carbon concentration of retained
austenite in AM and PF steels calculated from lat-
tice parameter measured by X-ray diffractometory.
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