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New Types of High-strength Low Alloy TRIP-aided Sheet Steels
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History of development and formability of three types of low
alloy TRIP-aided steels with different matrix structure, polygonal
ferrite (TPF), bainitic ferrite (TBF) or annealed martensite
(TAM), in which DP and B steels are dual-phase and bainitic
steels, respectively. Numerals represent developed year
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Stretch-Flangeability

Typical light micrographs and TEM images of (a, d) 0.2%C-
1.5%Si-1.5%Mn TPF (ta=1000s), (b, e) TAM (tA=100s) and
(c, f) TBF (ta=200s) steels austempered at 400°C

In (a)-(c), gray, black and white regions represent matrix ((a)
polygonal ferrite, (b) annealed martensite, (c) bainitic ferrite)
and retained austenite and/or martensite, respectively

In (d)-(f), ast aam, av and Yr represent polygonal ferrite
annealed martensite, bainitic ferrite and retained austenite,
respectively
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Fig.4 Variations in (a) initial volume fraction (fy0) and (b) initial carbon
concentration (Cy ) of retained austenite as a function of carbon
content (C) in 0.1-0.6%C-1.5%Si-1.5%Mn TRIP-aided steels

(a) (b) Annealing iny (c) Annealinginy
Annealing in a+y Annealing in oty
% ; Austempering
i i S Austempering
0Q 0Q 0Q il 0Q
time

Fig.3 Heat treatment diagrams of (a) TPF, (b) TBF and (c) TAM cold rolled sheet steels, in which OQ represents quenching in oil
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Fig.5 Annealing-austempering process (a) and pseudo-binary Fe-
C-1.5S8i-1.5%Mn diagram (b), in which 7y and Ta+y represent
annealing temperatures in Y and a+Y regions, respectively.
Ta and fa are austempering temperature and time, respectively
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Fig.6 Schematic illustration of dominant deformation mechanism
of retained austenite in different temperature ranges in TRIP
steel : (from left to right) stress-induced plasticity, strain-
induced plasticity and dislocation glide plasticity
apf - polygonal ferrite, av:carbon free bainite, am:
martensite, Yr : retained austenite
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Fig.7 (a) Variations in volume fraction of retained austenite (fy) as a
function of plastic strain (strain rate: 2.8x10/s) and (b) forming
temperature dependence of k value in 0.4%C-1.5%Si-1.5%Mn
TPF steel
SIMT : strain-induced martensite transformation, SIBT : strain-
induced bainite transformation, Bs : bainite-start temperature,
Ba : start temperature of strain-induced bainite transformation,
Ts : minimum k value temperature
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Fig.8 Comparison of (a) nominal stress (o) - strain (&) curves and
(b) generalized strain hardening rate ((dot/deT) /oT) - true
strain (&7) curves of 0.2%C-1.5%Si-1.5%Mn TAM, TBF and
TPF steels
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Fig.9 Variations in (a) yield ratio (YR), (b) total elongation (7E/) and
(c) reduction of area (RA) of as a function of tensile strength
(TS) in 0.1-0.6%C-1.5%Si-1.5%Mn TRIP-aided steels
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Fig.10 Variations in (a) maximum stretch height (Hmax), (b) limited
drawing ratio (LDR), (c) hole expanding ratio (A) and (d)
minimum bending radius (Rmin) as a function of tensile strength
(TS) in 0.1-0.6%C-1.5%Si-1.5%Mn TRIP-aided steels
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Fig.11 Forming temperature dependences of (a) tensile strength
(TS), (b) total elongation ( TE/), (c) limiting drawing ratio (LDR)
and (d) hole-expanding ratio ( A ) of 0.2%C-1.5Si-1.5%Mn TPF
and TBF steels austempered at 7a=375 or 450°C. Strain rate
of tensile tests is 2.8x10%/s
TPF steel (Ta=400C) : fyo=18.2mass%, Cyo=1.00mass%
TBF steel (Ta=375C) : f\oc=9.8mass%, Cyo=1.16mass%
TBF steel (Ta=450C) : fyo=11.2mass%, Cy,=0.96mass%
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