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Elucidation of characteristic fatigue behavior of nano-scale metals and
construction of its mechanical foundation

Sumigawa, Takashi

35,600,000

In this project, we aimed to examine the tension-compression fatigue
behavior of micron- and nano-scale metals. Target material was copper single crystal. In low cycle
fatigue, strain burst occurred during tensile deformation in the first cycle. In the compressive
half cycle, a nano-scale extrusion was brought about owing to localized reverse slip.
Extrusions/intrusions were grown with increasin? of number of cycles, resulting in nano-scale
cracking. This fatigue behavior was significantly different from that of bulk counterparts where
micron-scale extrusions/intrusions with characteristic dislocation structure formation are grown. A
special loading device, which was developed in this project, enabled us to realize high cycle
fatigue experiment. In the experiment, although noticeable strain burst did not occur, the
nano-scale extrusion/intrusion grew from several hundred cycles. On the basis of these results, we
clarified the specific fatigue mechanism of micon- and nano-scale metals.
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Fig.5 (a) In situ FE-SEM images and (b)
relationship between resolved shear
stress and strain on primary slip
system in the Ist cycle. The labels

correspond to those in (a).
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(b) After compression
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(a) After compression
in the 1st cycle

(d) After compression
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(c) After compression
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Fig. 6 Morphological change of Side 1 of

test section.
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Fig.7 High-resolution FE-SEM images of
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(c) Side 1 - Side 2
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specimen after uniaxial tension—

compression testing.
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