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Low- and High-cycle Fatigue Properties of Ultrafine-grained Low Carbon Steels

Tatsuaki SAWAL, Saburo MATSUOKA and Kaneaki TSUZAKI

Synopsis : It has been well known that fatigue properties of steels are improved by grain refinement. In the STX-21 project, we have been developing

low carbon steels with sub-micron meter grain sizes and reported that their tensile strength is 800 MPa and DBTT is around 77K.

In this report, low- and high-cycle fatigue properties of ultrafine-grained steels with different grain diameters of 0.7 and 0.9 ym and differ-

ent carbon contents of 0.05 and 0.15 mass% were investigated. The grain refinement improved high-cycle fatigue properties, whereas it did

not affect low-cycle fatigue properties. Fatigue limit showed the similar Hall-Petch type relationship for several studies carried out hitherto.
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Table 1. Chemical composition (mass%).

C Si {Mn| P S Al N

Ultra fine-grained 0.05C 0.049 | <0.01 | 1.98 | 0.021 | 0.0009 { 0.025 | 0.0014

others

Ultra fine-grained 0.15C 0.150 | 0.30 | 1.45 | 0.009 | 0.0008 | 0.029 | 0.0025

Normalized 0.05C 0.049 | 0.01 | 2.01 | 0.022 | 0.0010 | 0.032 | 0.0018

Normalized 0.15C 0.150 | 0.32 1.44 | 0.010 | 0.0010 | 0.029 | 0.0019

Normalized 0.45C (S45C) | 0.460 | 0.21 0.78 | 0.020 [ 0.0022 Ni:0.02, Cr:0.15, Cu:0.02
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Table 2. Mechanical properties and grain size.

Lower yield strength Tensile strength Vickers hardness Grain size

oy (MPa) og (MPa) HV (196N) d, (um)
Ultra fine-grained 0.05C 645 645 216 0.7
Ultra fine-grained 0.15C 658 668 220 0.9
Normalized 0.05C 249 408 123 15
Normalized 0.15C 338 495 145 10
Normalized 0.45 (S45C) 453 700 194 75

(a) Ultrafine-grained 0.15C steel.

N

(c) Normalized 0.15C steel.

(e) Normalized 0.45C steel.

(b) Ultrafine-grained 0.05C steel.

e

Fig. 1. Microstructure for test pieces.
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(a) for high cycle fatigue test.
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(b

for low cycle fatigue test.

Fig. 2. Profile of fatigue specimen, mm.
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(a) Ultrafine-grained 0.15C steel.
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(d) Normalized 0.05C steel.

Number of cycles to failure.Nf

(b) Ultrafine-grained 0.05C steel.

Number of cycles to fai Iure,Nf

(c) Normalized 0.15C steel.
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(e) Normalized 0.45C steel.

Fig. 3. S-N curves by high cycle fatigue test. o, is fatigue limit at 107 cycles.
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(a) Ultrafine-grained 0.15C steel.
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(b) Ultrafine-grained 0.05C steel.
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(c) Normalized 0.15C steel.
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(e) Normalized 0.45C steel.

Fig. 4. Monotonic and cyclic stress-strain curves. Solid lines are monotonic properties, and solid and open circles are cyclic prop-
erties by constant strain and incremental step tests. o, and o, are lower and cyclic yielding stresses.
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(a) Non-deformed part (grip part). (b) Deformed part (gage part)

Fig. 6. TEM microstructure at the lateral section of the
0.15C ultrafine-grained specimen fatigued with
g,=12%, £,,=0.9%, 0,=536 MPa, and N,=837,
where 0, and 0, are total and plastic strain ampll-
tude, o, is stress amplitude, and N, is number of

cycles to failure.
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(a) Non-deformed part (grip part). (b) Deformed part (gage part)

Fig. 7. TEM microstructure at the lateral section of the
0.15C normalized specimen fatigued with g, =
1.2%, €,,=1.0%, 6,=444 MPa, and N,=300.
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10.00 um = 50 steps 10.00 um = 50 steps
(a) Non-deformed part (grip part). (b) Deformed part (gage part)

Fig. 8. EBSD analysis at the lateral section of the 0.15C ultrafine-grained specimen fatigued with g,=12%, ¢,,=0.9%,
0,=536 MPa, and Nf:837.

10.00 um = 50 steps 10.00 um = 50 steps

(a) Non-deformed part (grip part). (b) Deformed part (gage part)

Fig. 9. EBSD analysis at the lateral section of the 0.15C normalized specimen fatigued with £,=1.2%, g,

=1.0%, G,=444 MPa,
and N,=300.
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Table 4. Parameter in Hall-Petch relation.

d , (um) K. (MPay" mm) AG,/AGs
0.05C 0.7 493 0.62
This work

0.15C 0.9 5.79 0.78
Grozier'” 6.0 2.35
Abe” 7.1 7.46

Kurita” 76 0.59
S10C 4.0 494
Tachibana” $35C 6.0 5.81
WT60 8.0 421
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