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Fatigue-hardening Behavior of TRIP-aided Bainitic Steels

Koh-ichi SucimoTto, Mitsuyuki KOBAYASHI, Kazuya INOUE and Setsuya MASUDA

Synopsis : Fatigue hardening-softening behavior of a newly developed “TRIP-aided bainitic (TB) steel” which is composed of a bainitic ferrite matrix
and retained austenite films was examined. A significant fatigue hardening, similar to “TRIP-aided dual-phase (TDP) steel” and conventional
ferrite—martensite dual-phase steel, was exhibited in the TB steel, particularly when austempered at temperatures higher than the martensite-

start temperature. This was mainly caused by an increase in the strain-induced martensite content and development of severe cell structure in

the matrix. Compressive internal stress in the matrix resulting from the stable and strain-hardened retained austenite films was expected to

make a relatively small contribution to the fatigue hardening, differing from that of the TDP steel.

Key words : low cycle fatigue; fatigue hardening; TRIP; retained austenite; bainitic steel; high strength steel.
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Fig. 1. Scanning electron micrographs of (a) TB (375°C), (b) TB (450°C), (c) TDP and (d) MDP steels, in which “o”, “o;”” and
“a,,” represent ferrite, quasi-ferrite and bainitic-ferrite, respectively. ’

Fig. 2. Transmission electron micrographs of (a) TB
(375°C) and (b) TB (450°C) steels, in which “a,”
and “y,” represent bainitic-ferrite matrix and re-
tained austenite film, respectively.
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Table 1. X-ray measurement conditions and material con-
stants.
Phase T
Characteristic X-ray Cr-Ka
- Filter mon;crometer i
Voltage, Current 30kV-10mA
Collimator 2X2mm2
Fixed time 30s
v R
" Diffraction Plane  (220)
Young's Modulus 192 GPa
Poisson's Ratio 0.28
Stress Constant -628.5 GPa

H (LsL i dE & DHEORM) I2DOW TR L+
fififg 2t & WlE L 7=,
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DOHMBOEBEBHEH % Fig. 21277, 72, y, B2
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RNA=ZFT 4927274 Moy)7 ZABHHE 7 4 L &Ry, M
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Table 2. Retained austenite characteristics and tensile

properties of steels used.

Steel(Ty) | f fa, fan fro Cro| YS TS UEB TE RA
TB(3S0C) | 80 - 31 49 163 | 696 1020 66 450 688
TB(375C) | 58 - 10 48 143 | 649 981 88 483 679
TB(400T) | 87 - 12 75 142 | 561 874 165 480 630
TB(425C) | 89 - 02  B7 127 | 479 903 165 468 599
TB(S0C) | 194 - 128 66 120 | 506 953 136 320 425
TB@75C) | 197 - 160 37 110 | 460 950. 118 260 360
TOP(400C) | 351 176 62 113 123 | 385 944 161 395 498
MDP 204 173 31 - - | 331 591 132 543 742

Ta (C): austempering temperature, , f ap, f &y, f 7o (vol%): initial volume fraction of second phase,
@y, @ and 7g Cyolmass¥) : carbon concentration of 7 g, YS (MPa): yield stress, TS (MPa):
tensile strength, UEI (%): uniform elongation, TE! (%): total elongation, RA (%): reduction of area.

Fig. 3. Typical hysteresis curves of (a) TB (450°C) and (b)
TDP steels.
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Fig. 4. Variations in (a) stress amplitude, o, and (b) plas-
tic strain amplitude, A€p, with number of cycles, N,

for TB steels austempered at temperatures between
350°C and 475°C. (Ae=2%)
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Fig. 5.
Ao, and (b) untransformed retained austenite
content, fy, and strain-induced martensite content,
fok, after fatigue fracture in TB steels austempered
at various temperatures, in which numerals denote
ratio of £, to f 0. (A€=2%)
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Fig. 6. Variations in (a) stress amplitude, ¢, and (b) plas-
tic strain amplitude, Agp, with number of cycles, N,
for several steels. (A£=2%)
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Fig. 7. Coffin-Manson relation of TB (@), TDP (O) and
MDP (A) steels.
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Fig. 8. Transmission electron micrographs showing cell
structure developed in matrix of fatigue fractured
(a) TB (450°C) and (c) TDP steels, in which “a,7”,
“o, “o*” and “y,” represent bainitic-ferrite, fer-
rite, strain-induced martensite and retained austen-
ite, respectively. (b) shows high magnification of
encircled area in (a). (A€=2%)
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Fig. 9. Ratio of untransformed retained austenite content
to initial one, f,/f,, ratio of line breadth at a half-
maximum X-ray intensity in retained austenite to
initial one, A8y, /A0, and X-ray internal stress in
retained austenite, Oy of TB (450°C) and TDP
steels, which are monotonically deformed to € or
cyclically deformed to N=10 cycles under Ae=
1~4%.
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mass%, ferritic steel”), ¢ and o, and definition
of Ag, and A0, ..
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Fig. 11. Calculated values of |0, .| and A0, in TB

(450°C) and TDP steels.
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ment, Ao, and strain-induced martensite con-
tent, for*, for TB (450°C) and TDP steels.
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