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The Effects of Carbon on Low Cycle Fatigue Softening of Austenitic
Stainless Steels

Koji SHIBATA, Masahiko KoGITA, Cheng-shu CHEN and Toshio Fuarra

Synopsis : ‘

Effects of carbon on low cycle fatigue behavior of 20Cr-15Ni and 15Cr-15Ni stainless steels have been
investigated at room temperature. Thin foils from the cyclically deformed specimens were subjected to
electron microscopy. Single crystals produced by remelting some of the steels were also tested. They
were deformed by compression sliced in the predetermined directions, and their dislocation configurations
were observed in electron microscope. The effects of carbon and/or silicon addition on proof strength,
cyclic deformation behavior and dislocation configurations were also studied. It was shown that the carbon
alloyed steels showed fatigue softening as reported previously in a 0.18C-25Cr-20Ni steel. The softening
was observed even at the small number of cycles, and was enhanced by an increase in carbon content and a
decrease in strain amplitude. Carbon also reduced the trend of dislocations to form cellular configurations.
It was revealed that such effects of carbon were increased by Si addition and that Si increased the solid
solution hardening by carbon. All these results were qualitatively consist with the concept that solid solu-
tion hardening by some complexes between carbon and chromium atoms existed in the as-solution treated

condition and broke down during cyclic deformation to induce fatigue softening.
Key words : stainless steel ; fatigue ; softening ; carbon, silicon ; solid solution ; strength ; microscopy.
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Table 1. Chemical composition of steels (wt%).

Steels C Mn Si Ni Cr N
A-1 0.01 1.00 0.77 15.21 19.84 0.0061
A-2 0.20 1.53 0.80 15.67 20.19 0.0056
A-3 0.29 1.50 1.80 15.42 19.47 0.0048
B-1 0.006 1.55 0.01 15.02 15.13 0.0040
B-2 0.005 1.50 1.85 15.30 15.61 0.0025
B-3 0.27 1.48 0.06 15.11 15.30 0.0037
B-4 0.30 1.49 1.97 15.27 15.27 0.0023

P:~0.003, S:~0.007
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Fig. 1. Stress amplitude response in constant to-
tal strain amplitude tests of the A-series steels.
The values of constant strain amplitude are (a) 5.0
X1072 and (b) 1.0X1072,
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Photo. 1. Dislocation configurations of the steel
A-1 and A-3 cyclically deformed under the con-
stant total strain amplitude of 1.0 X107 2.
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Photo. 2. Comparison of dislocation configura-
tions using single crystals produced by remelting
the A-1 and A-3 steels. Crystals were deformed
by compression in <100> direction and foils were
sliced to be parallel to {111} plane.
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Fig. 2. Stress amplitude response in constant to-
tal strain amplitude tests of the B-series steels.
The values of constant strain amplitude are (a) 6.0
X1073, (b) 8.0X107 3 and (c) 1.2X1072,
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Fig. 3. Stress amplitude response in constant
plastic strain amplitude tests of the B-series
steels.

Photo. 3. Dislocation configurations of the B-series steels cyclically deformed
for 100 cycles under 6.0 X107 3 total strain amplitude.
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Fig. 4. (a) True stress-true strain and (b) work
hardening rate-true strain curves of the B-series
steels.
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Curves @, @ and @ show the difference in the strength of B-2, -
B-3 and B-4 from that of B-1 steel, respectively. They were
obtained from the results exhibited in Fig. 4(a) and are showing
approximately the effect of Si, C, and Si + C, respectively.
Curve @ shows approximately the strength difference between
B-4 and B-1 steels when the cooperative effect between Si and C
does not exist.

Fig. 5. Strain dependense of the
strength by C and Si.

increase in
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