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Analysis of Fatigue Fracture by Dislocation Structure Observation using ECCI Method
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Because cyclic deformation is localized around a tip of fatigue crack,
self-organized dislocation structure and lattice distortion are produced below a fracture surface, as
signatures of fatigue process. In the present study, we investigates the dislocation structure and the
lattice rotation with the ECCI and EBSD techniques. In the experiments employing copper single crystals,
we observed the concentric distributions of the vein and the cell dislocations structures, which were
affected by the distance from fracture surface, the stress intensity factor range and the
crystallographic orientation. In polycrystalline copper, the EBSD analyses revealed that the local
lattice rotation near the fracture surface depended on the stress intensity factor range. These results
suggest a possibility that a fracture process can be estimated by the microstructural observation near
the fracture surface.

EBSD



<100>
<111>

Electron
Channelling Contrast Imaging(ECCI)

SEM
Backscatter Diffraction(EBSD)

Electron

ECCI EBSD

99.99%%

100x20x3mm*

(ccn)
<100>

{001} {011}

0.1

EBSD

99.99%
573K 24h
60MPa
R=-1 10°

CCT

R=0.1 27MPa
Imm
EBSD

10pm

(FIB)

ECCI EBSD

(JEOL JSM-6500F

ECCI

<110>

10Hz

ECCI

10Hz

10Hz

ECCI

)

Fig.1



{011} <100>{011}
Type 1
<110>{001}
Type 2
Type 3 <100>{011}
Type 1
s d — 3um
Fig.1 An ECC image of the cell structure observed in Type 2 Type 3
the vicinity of the fracture surface. Feature of cells Type 2
changes with increase of distance from the fracture Type 3
surface.
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Fig.2 ECC images of cell structures observed in the o 4 5 6 7 s 9 10
vicinity of fracture surfaces. Types 1 and 2 had Stress intensity factor range AK [MPa-m']
equiaxed shapes. Type 3a and Type 3b had elongated
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Fig.3 Distributions of the cell structures near fracture
surface of the single crystals having the various
orientations.
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Fig.4 Relationship between the cell size and the stress
intensity factor range 4K.
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Fig.5 Typical rotation angles around X, y and z-axis
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Fig.6 Model of edge dislocations emitted from fatigue
crack tip and resultant |lattice rotation around z-axis.
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Fig.7 Typical rotation angles around z-axisin agrain

adjoining and not adjoining fracture surface.
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Fig.8 Modél of lattice rotation by dislocation motion in
thein the grain (8) adjoining fracture surface and (b)
distant from fracture surface.
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Fig.9 IPF maps“of FIB-milled fracture rfeﬁ at
(a) 4K, = 6.0MPam'?, and (b) 4K, = 6.3MPam*2.
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Fig.10 Lattice rotation angle around z-axis, plotted

against stressintensity factor range.
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Fig.11 Relationship between coefficient A of the
logarithmic function fitting and the stress intensity
factor range.
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