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ABSTRACT Micro-mechanisms of fatigue damage in copper single—, bi~ and poly— crystals were
summarized in the present paper. A number of investigations reveal that fatigue crack mainly initiates
along persistent slip bands (PSBs) in copper single crystals at low or medium strain range, however,
nucleates along coarse deformation bands (DBs) at high strain range. For copper bi-crystals, various
large—angle grain boundaries (GBs) are always the preferential sites for the nucleation and propagation
of fatigue cracks while the low—angle GBs do not lead to fatigue cracking during fatigue. Fatigue cracks
mainly nucleated along large—angle GBs, sometimes along PSBs in polycrystalline copper, however,
the initiation of fatigue crack at twin boundaries (TBs) was not observed due to the compatible slip

deformation across the TBs.

KEY WORDS copper crystal, fatigue crack, persistent slip band (PSB), deformation band (DB),

grain boundary (GB)
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Fig.1 lllustration of cyclic stress—strain (CSS) curve of

copper single crystals oriented for single slip
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Fig.2 SEM image of persistent slip bands (PSBs) (a)
and ECC image of ladder—like disloction structure
within PSBs (b)
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Fig.3 SEM images showing fatigue cracking nucleation

along PSBs in fatigued copper single crystal ori-
ented for singleslip (a) and nucleation at intersec-
tion sites between primary slip and secondary slip

bands in copper single crystal oriented for double—
slip (b)
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Fig.4 Formation of coarse deformation bands (DBs) per-

pendicular to primary slip bounds (SB) in copper
single crystals fatigued at high strain amplitude
(7p1 = 8 x 1072)
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Fig.5 Two kinds of dislocation arrangements within de-
formation bands (DBs): parallel ladder-like PSBs

(a) and parallel dislocation walls (b)
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Fig.6 Fatigue cracking along coarse deformation bands

at high strain amplitude (a) and dislocation cells

appeared near crack (b)
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Fig.7 Fatigue cracking along perpendicular (a), parallel (b) and inclined (c) grain boundaries in copper bicrystals

and illustration of interactions of PSBs with a large-angle GB (d)
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Fig.8 SEM-ECC images showing PSBs a obstructed by
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Fig.9 SEM images showing interactions of PSBs with low~angle GB (a), fatigue cracking along PSBs (b), interactions of

dislocation walls with low-angle GB (c) and illustration of interactions between PSBs and low-angle GB (d)
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Fig.11 Typical fatigue cracking along PSBs (a) and large-angle grain boundaries (b—d) in fatigue polycrystalline Cu



11 ##

SRETUESE < 4R R AR AR AR O A 1149

B 12 CuZ&EFIEEBRHSERANANTHEER
Fig.12 Typical interactions of PSBs with twin boundaries

in fatigued Cu polycrystals
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