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% 1%  General introduction
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45 2% Characterization of dislocation microstructures in near-[111] single crystal copper
using high-voltage scanning transmission electron microscopy
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Dt f R L OVEEN T N0 ROMAEDEEEET 5L, DB ITT XV EHITHATRbD L
FEE/R S OO 2 FENFIEL, CBIXR2IINIHTICER SN D Z EBRHTE 2,

# 3% Formation mechanism of dislocation network of cell structure in cyclically deformed
near-[111] copper single crystals
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% 4 & Cell structure evolution during cyclic deformation of near-[001] and near-[011]
copper single crystals
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# 5% General conclusions and future perspectives
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The initiation and propagation of fatigue cracks are closely associated with the
dislocation cell structures, making the study of cell formation crucial for understanding
fatigue behavior. However, the studies on the cell structures of multiple-slip-oriented copper
single crystals are still insufficient. This study systematically investigated the cell structures
formed during fatigue in multiple-slip-oriented copper single crystals. The main findings are
summarized below.

Chapter 2 characterizes the evolution of dislocation structures in fatigued near-[111]
copper single crystals over a wide range of strain amplitudes (ypi: 2 x 1074 ~ 2 x 1073). With
increasing shear strain amplitude, the matrix dislocation structure developed from a vein-like
structure into a wall structure. When yp1 > 1 x 1073, three types of cell bands (CBs) parallel to
{211} formed inside the DBs. The state of CBs development affected the softening rate of
the fatigued specimens.

In Chapter 3, the formation mechanism of the cell boundary in near-[111] copper single
crystals was investigated. The cell boundary evolved from the dislocation network. The
dislocation network comprised of three types of perfect screw dislocations, which
corresponded to the primary slip system, coplanar slip system, and new dislocations formed
by their interactions. As the dislocation density increased, these three perfect dislocations
dissociated into Shockley partial dislocations.

Chapter 4 characterized the dislocation structures of near-[011] and near-[001] copper
single crystals at high strain amplitudes. For [011] crystals, in the plateau region, the (111)
cell structure formed within single-slip DBs. Beyond plateau region, multiple-slip DBs
formed, and cell structures preferentially developed in multiple-slip DBs. In [001] copper
single crystals, the (111) and (111) cell structure uniformly formed in the matrix without the
formation of DBs. The formation mechanism of the (111) cell boundary was independent of
the stress axis and resulted from the interaction between the primary and coplanar slip

systems.
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