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Fatigue Strength of TRIP-aided Bainitic Sheet Steels

Koh-ichi SUGIMOTO, Mitsuyuki KoBAYASHI, Kazuya INOUE, Xiaodong SUN and Tetsuva SOSHIRODA

Synopsis : Fatigue strength and crack initiation-propagation behavior of TRIP-aided bainitic sheet steels which are associated with the transformation-

induced plasticity (TRIP) of retained austenite were investigated for the automotive applications. The steels composing of bainitic ferrite lath

matrix and the retained austenite films completed the highest fatigue limit of several high-strength dual-phase type and bainitic type of steels.

The threshold value of the stress intensity factor range (AK,,) was lower than those of the other dual-phase type of steels, although the crack

propagation rate at a high stress intensity factor range agreed well with those of the other steels. It was concluded that the retained austenite

films suppressed a micro-crack initiation and propagation in the matrix and a long crack propagation due to “stress relaxation” and “block ef-

fect” resulting from the strain-induced transformation, because the mean interfilm space of retained austenite is smaller than a plastic zone of

crack tip.
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Fig. 1. Geometry of specimens for (a) S-N curve and (b)
crack propagation tests.
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Table 1. Characteristics of steels used.

Steel | Tror | Ta Struc-| fyo | Cyo| YS | TS | TEl | FL | FL/TS | AKw | AKth
Ta+r ture f) R=0.1 | R=0.75
TB | 950°C | 400°C 3.0 1.41 | 655 | 1121 | 8.7 | 270 | 0.24 4.3
1200s | 425°C apf+ 10.3 | 1.34 701 | 909 | 15.7 | 305 | 0.34 6.1 -
450°C 7R 9.2 | 1.25|463 | 870 |18.0 295 0.34 7.8 3.7
475°C 4.7 1.14 | 543 | 934 | 16.6 | 300 | 0.3 5.9 -
500°C 1.7 1.04 | 555 | 931 | 14.6 | 290 | 0.3 6.3
200s
- T
B 950°C | 450°C Qp - 536 | 645 | 13.0|255| 0.40 6.5 5.1
1200s | 1000s
TDP | 780°C | 400°C | aft+ap 13.7 | 1.23 | 507 | 833 |31.8 260 0.31 9.5 4.8
| 1200s | 1000s | + TR L(37.1)
MDP | 740°C af+ - 511 908 | 12.8 |215| 0.24 13.3 4.8
1200s am (35.9)
BDP | 760°C | 400°C aftap - - 452 | 609 | 13.2 | 200 | 0.33 8.8 4.6
1200s | 1000s (29.2)

Ty or Ta+y: annealing temperature of v or a+7 region, Ta: austempering temperature, af:
ferrite, aof: bainitic ferrite, ap: bainite, @ m: martensite, 7 r: retained austenite, fyo, f (vol%): volume
fractions of retained austenite and second phase, Cyo (mass%): carbon concentration of retained
austenite, YS (MPa): yield stress, TS (MPa): tensile strength, Tel (%): total elongation, FL (MPa):
fatigue strength, A K (MPa m1/2): threshold value of stress intensity factor range.
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Table 2. X-ray measurement conditions and material con-

stants.
Phase a T
Characteristic X-ray Cr-Ka
Filter \")

Voltage - Current 40 kV - 30 mA

0.5 deg., 5X8 mm2

Slit, Irradiation Mask

Scanning Speed 1 deg.{mh 7

Diffraction Plane | (211)  (220)

Young's Modulus ; 223“(.7“.;’; 192 dﬁ;
Poisson's Ratio 0.28 0.28
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(a) TA=400°C
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Fig. 2. Optical micrographs of TB steels austempered at temperatures between 7,=400 and 500°C.

Fig. 3. Transmission electron micrographs of TB steel
austempered at T,=450°C, in which “o,” and
“y.” represent bainitic ferrite matrix and retained
austenite film, respectively.
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Fig. 4. S—N curves of (a) TB steels austempered at temperatures between 400 and 500°C and (b) TDP, MDP, BDP and B steels.
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Fig. 5. Fatigue crack propagation behavior at R=0.1 or R=0.75 in (a) TB steels austempered at temperatures between 400 and

500°C and (b) TDP, MDP, BDP and B steels.
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Fig. 6. Variations in (a) ratio of untransformed retained
austenite content to initial retained austenite con-
tent (f,/f,,) (b) ratio of line breadth at a half maxi-
mum X-ray intensity in retained austenite to initial
one (Ab,/Aby,) and (c) X-ray internal stresses
(Oy,) in retained austenite of TB steel (7,=450°C)
deformed to any cycles under ¢,=310MPa, in
which o, represents internal stress of matrix calcu-
lated from equation (2).
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Fig. 7. Transmission electron micrographs showing (a)
strain-induced martensite (¢,,) in relatively large
original retained austenite phase and (b) disloca-
tion structure in bainitic ferrite matrix (a,) of TB
steel austemperted at 450°C which was deformed
to N=100000 cycles under 6,=310 MPa.
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Fig. 8. Scanning electron micrograph of micro-crack initi-
ated in matrix near second phase during fatigue de-
formation under o,=310MPa in TB steel austem-
pered at 450°C.

Fig. 9. Scanning electron micrograph of fatigue crack
propagation path under near AK, in TB steel
austempered at 450°C.
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