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Influence of Compressive Pre—Strain on Tensile Fatigue Life in Carbon Steel S45C
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For S45C carbon steel with three heat treatments, pulsating tension tests were carried out under controlled stress condition.
The effect of compressive pre—strain, Bauschinger effect and controlling factors on fatigue life were examined. The following
results were obtained. The decrease of pulsating fatigue life was caused by three factors, i.e. increase of the total plastic strain
amplitude, cyclic plastic strain amplitude and cyclic creep rate. The increase of Bauschinger strain led to the increase of the value
of the three factors. Then it resulted in shorter fatigue life. In order to examine the cyclic stress conditions to the fatigue life, the
stress ratio was defined as the ratio of maximum cyclic stress to yield stress of each material. Bauschinger strain was occurred
when the stress ratio was under the threshold for each material. As the result, cyclic plastic strain amplitude and cyclic creep rate

were increased and then pulsating fatigue life was reduced.
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Table 1 Chemical composition of JIS S45C.
(mass%)

C Si Mn P S Cu Ni Cr
0.45 0.22 0.72 0.02 0.03 0.15 0.06 0.2

Table 2 Mechanical properties of JIS S45C.

gi?glagtt%}ﬂlf};e Yieldl\%lx;f;ngth/ Elongation  Yielding ratio
A-1 971.7 619.9 0.22 0.64
A-2 906.5 823.5 0.35 0.91
B-1 666.6 382.2 0.41 0.57

Fig. 1 Optical micrographs after heat treatment; (a) A-1:
bainite + pearlite structure, (b) A-2: ferrite and cementite
structure, and (c¢) B-1: ferrite and pearlite structure.
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Fig. 2 Dimension of test specimen.
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Fig. 3 Stress strain hysteresis loop at N cycle.
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Fig. 4 Fatigue life curves of S45C with or without pre-strain.
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Fig. 5 The ratio of fatigue lives of 0.8% prestrain to that of
non—prestrain.
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Fig. 6 The variation of total plastic strain amplitude during
cycling (t-CSSR); (a) A-1, (b) A-2 and (c) B-1.
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Fig. 7 Relationships between various parameters; (a) cyclic
plastic strain amplitude and (b) cyclic creep rate, and cyclic
number at stress amplitude in the vicinity of the yield stress of
each material.
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