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Effect of Strain Rate on the Extremely Low-Cycle Fatigue of
Fe-15Mn-10Cr-8Ni-4Si Bidirectional-TRIP Steel
by

Fumiyoshi YosHinaka*, Nobuo NacasHivMa™ and Takahiro SawaGucHr**

Extremely low-cycle fatigue tests were conducted on the Fe-15Mn-10Cr-8Ni-4Si bidirectional-TRIP (B-TRIP) steel, up
to an axial total strain amplitude of 10%. The fatigue life was about five times longer than that of SUS316 in the range of total
strain amplitude of 4% or more. The improved fatigue life of the Fe-15Mn-10Cr-8Ni-4Si was attributed to the reversible
bidirectional y«>¢ transformation during fatigue deformation that might mitigate the fatigue damage. On the other hand, the
fatigue life tended to decrease with increasing strain rate when the strain rate was varied from 0.1 to 2.5%/s with the total
strain amplitude of 10%. The fractography revealed that the fracture surface varied significantly with strain rate. At low strain
rates, the crystallographic fracture surface characterized by facets and secondary cracks were observed, whereas these features
were not observed at high strain rates. EBSD measurements on the postmortem microstructure showed that frequent
g-martensite formation occurred at low strain rates, whereas martensitic transformation was suppressed at high strain rates.
The change in the specimen surface temperature was evaluated in terms of the Gibbs free energy difference between
v-austenite and e-martensite AGY%, and the effect of strain rate on the extremely low-cycle fatigue was discussed from the
viewpoint of the deformation mechanism as follows. At low strain rate, AG'~* < 0 (negative close-to-zero AG'%), the
condition for B-TRIP to work effectively, is maintained over the entire life span. At high strain rate, the deformation
mechanism changes to one in which y-austenite is dominant due to the increase in AGY~¢ caused by self-heating; the fatigue
damage mitigation mechanism by B-TRIP is less likely to occur at high strain rates, resulting in a reduction in life.
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Fig. 1 Relationship between the total strain amplitude and the fatigue

life.

Table 1 IO HIRIE a1, 0 = 10%I2331F 5 O Al
LT FMOERETRT. FAROLEBY, OFHELEN
REL DO T FEMPMETT L@ MR R 7.
—J7, Fig. 1 {Z7R L7 SUS316 IOV TR 1 v b &
NORERPOIMTET D2 LT e 0 = 10%ICBIT DIET F
MEREETDEN = 9 &7D. Thbb, kLKL
%ZF HBE0 Fe-15Mn-10Cr-8Ni-4Si O¥g 55 77 1T Ovg



860 g ER, RE MR, O R

HENRKEL RDIZERERTTDHODOMEKE LTHERM
BHZF TR Z R D, OBl EED 2.5%/s O E T
THIUL 2 fERE D EFHMm a7

Table 1 Results of fatigue tests at total axial strain amplitude of

10% with different strain rates.

Axial strain . ) Maximum
Fatigue life
rate stress at Ny/2
(cycles)

[%o/s] [MPa]
0.1 61 745
0.5 41 802
2.5 25 840
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Fig. 3 Relationship between the number of cycles N and the specimen
temperature 7 during fatigue test at total axial strain amplitude of

10%.
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Fig. 4 Fracture surface: (a)—(c) Overall fracture surface obtained with the strain rate of 0.1%/s, 0.5%/s, and 2.5%/s; (d) and (e) Fatigue crack
growth region in (a) and (c¢); (f)—-(h) Magnified view of the fracture surface at the fracture origin, the fatigue crack growth region, and the

fast fracture region in (a).
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Fig. 5 Longitudinal section at the fatigue crack propagation regime: strain rate of (a) 0.1%/s and (b) 2.5%/s.
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@  y-austenite @: e-martensite —: Grain boundary —: Twin boundary

Fig. 6 Electron backscattering diffraction maps of the post-mortem microstructure obtained from the region shown in Fig. 4: (a) phase and (b)
grain boundary maps for strain rate of 0.1%/s, and (c)(d) those for 2.5%/s.
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Fig. 7 Relationship between the number of cycles N and the Gibbs
free energy difference between y-austenite and e-martensite
AG'™* during fatigue test at total axial strain amplitude of
10%.
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