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Investigation of fatigue damage in nano-scale metals by resonant fatigue testing

Sumigawa, Takashi

3,000,000

lym
150 MPa 6
60 nm /
10 m

In order to investigate the fatigue behavior of nano-scale metal, a resonant
fatigue experiment is developed. In a single crystal gold specimen that possesses a test section with a
width of submicron-order, crystallographic slip bands apﬁear on the surface by fatigue. The slip bands
are brought about by the activation of a slip system with the maximum resolved shear stress amplitude.
The critical value for the formation is evaluated to be more than 150 MPa which is more than 6 times
larger than those of persistent slip band (PSB). Cross-sectional FE-SEM observation elucidates that
extrusion/intrusion with a width of approximately 60 nm is formed on the surface at the slip bands.
Although the morphology of the slip bands is similar to that of PSBs in a bulk counterpart, the width is
extremely narrower (bulk: larger than 1 p m).
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Fig. 1 Vibration model of three- dimensionally
small specimen with a rectangular cross
section.
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Fig. 2 (a) Shape and size, (b) SEM images and
(c) stereographic projection of single-crystal
gold specimen.
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Fig. 3 In-situ SEM observation images of
specimen during resonant oscillation: (a) side
view, (b) top view, and (c) side view near
weighted end (after 3200 cycles at AVin/2 = 2.25
V).
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Fig. 4 Magnified view of straight traces on top
surface.
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Fig. 5 Cross-sectional FE-SEM image of
extrusion/intrusion near side 2 surface.
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Fig. 6 Extrusion/intrusion generated at the test
part in Specimenl-3.
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Fig. 7 Relation between width of
extrusion/intrusion, w', and height of test
part, .
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Fig. 8 Relation between critical resolved shear
stress amplitude, Az, and height of test
part, A.
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Fig. 10 Inverse pole figure map showing the
orientation of individual grains on the
upper surface of the Cu portion in the test
section.

Fig. 11 FE-SEM images of the test section
after the fatigue experiment.
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Fig. 12 (a) Schmid factor of the primary slip
system B4 and (b) normalized maximum
resolved shear stress in 12 slip systems in
each grain.
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