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Fatigue Strength Properties of Bainitic Microalloyed Steels

Ichie Nomura and Naoki Twama

Synopsis : Relation between fatigue strength and static strength, and the relation between fatigue crack initiation and micros-
tructure in bainitic microalloyed steels were investigated, using various bainitic steels changed in heat treatment
conditions. Results obtained are as follows : (1) Lowering austenitizing temperature raises the tensile strength (o),
0.29% vield strength (o) and fatigue limit (ow) of the air-cooled bainitic steels by reason of the refinement of packet
size. An increase in cooling rate raises os, oy and ow of the air-cooled bainitic steels by reason of lowering bainite
transformation temperature. (2) The fatigue limit ratios (ow /o) of the air-cooled bainitic steels are almost the same
as those of the tempered martensitic steels and the tempered bainitic steels except the bainitic steels austenitized at

a higher temperature (1603K).

(3) Under fatigue conditions, linear surface reliefs made of slip bands are found to be

generated mainly along bainitic ferrite lath in the air-cooled bainitic steels, and a fatigue crack initiates along a linear

surface relief.

(4) Coarsening of prior austenite grain size over about 100p¢m reduces the fatigue limit of the air-cooled

bainitic steels. This is because the longer bainitic ferrite laths in coarser prior austenite grains are regarded as small
fatigue cracks in the bainitic steels with fine prior austenite grains.
Key words : bainite ; bainitic steel ; microalloyed steel ; fatigue ; fatigue crack ; static strength ; microstructure ; bainitic ferrite.
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Table 1. Chemical compositions of steels. (mass%)

Steel| C Si { Mn P S Cr [Mo | V B Fe
A |0.15/0.26( 2.18| 0.005] 0.021 | 1.01 | 0.20( 0.13 — | Bal
B [0.20]0.24|2.20 | 0.017 | 0.018 | 0.98 | 0.02 | 0.10 | 0.0015 | Bal.
M |0.40(0.30|0.69 |0.020 { 0.023 {1.03 | 0.17 | — — | Bal.
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Fig. 1. Optical microstructure of air-cooled bainite
in Steel A (60mme¢) austenitized at 1573K,
etched by a reagent which is a mixture of 1
% sodium metabisulfite solution and saturat-
ed picric acid solution. (A: prior austenite
grain boundary, P : packet)
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Fig. 2. Bainitic ferrite (observed as white region)
and M-A constituent (observed as dark gray
granule) in air-cooled bainite in steel A (60
mme) austenitized at 1573K, etched by a
reagent which is a mixture of 1% sodium
metabisulfite solution and saturated picric
acid solution. (A: prior austenite grain
boundary)
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Fig. 3. Influences of austenitizing temperature and
cooling rate on tensile strength, 0.2% yield
strength and fatigue limit of air-cooled
bainitic steels.
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Fig. 4. Relationship between tensile strength and
0.2% vyield strength of bainitic steels and
tempered martensitic steels.
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Fig. 5. Relationship between tensile strength and
fatigue limit of bainitic steels and tempered
martensitic steels.
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Fig. 6. Surface reliefs caused by slip bands (symbols
S-S and S’-S’) and initial cracks (symbols C)
on surface of specimen after 1X10° cycles at
a stress amplitude of 490MPa stress on a
rotating bending fatigue test in steel A (60
mme) austenitized at 1573K and air-cooled.
(a)Surface viewed as fatigue tested. (b)Sur-
face etched by 3% nital.
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Fig. 7. Initiation (symbols C-C) and propagation of
a fatigue crack on a surface of specimen
etched by 3% nital, after 1.2X10° cycles at a
stress amplitude of 490MPa on a rotatin
bending fatigue test in steel A (60mm¢§
austenitized at 1573K and air-cooled.
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Table 2. Transformation temperatures of A steel.

Austenitized | Cooling | Bs |*Bso| BF
temp. (K) |rate (K/s)| (K) | (K) | (K)

1173 0.17 766 | 720 | 603
0.33 762 | 698 | 613
1573 0.17 763 | 731| 597
0.33 763 | 703 | 618

*Bs0: 50% bainite transformed temperature.
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Fig. 8. Influence of packet size on 0.2% yield
strength of air-cooled bainitic steels.
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Fig. 9. Relationship between prior austenite grain
diameter and fatigue limit ratio of air-
cooled bainitic steels.
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Fig. 10. Strain-stress curves at 1st and 2nd cycles at
a stress amplitude of 575MPa on a tension
-compression fatigue test for air-cooled
bainitic steel (60mm¢ of steel A austenit-
ized at 1573K and air-cooled, oy, =613MPa,
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Fig. 11. Change in the amplitude of plastic strain
during tension-compression fatigue tests at
a stress amplitude of 575MPa for air-
cooled bainitic steel (60mm¢ of steel A
austenitized at 1573K and air-cooled) and
tempered bainitic steel (air-cooled bainitic
steel tempered at 873K).
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