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Crystal lattice rotation and fatigue crack generation in
aluminum wire under cyclic bending deformation

Hayato IKEYA'*, Osamu UMEZAWA? and Hiroshi FUKUTOMI®

The relationship between the grain boundary steps on the specimen surface developed by cyclic bending and fa-
tigue crack generation on the grain boundaries inclined at about 45 degree to the principal stress axis has been
discussed for 4N-aluminum wire. The crystal lattice rotation near the grain boundary induced by slip bands in a
grain resulted in a strain incompatibility with the neighboring grain. Due to the shear deformation along the grain
boundary, the individual grain boundary steps coalesce and form a grain boundary microcrack, resulting in the fa-
tigue crack generation and propagation. The strain incompatibility is developed at the grain boundary between the
grain accompanied with crystal rotation over 10 degrees in the vicinity of the boundary and the grain with almost
no crystal rotation. Based on the approximation that only the primary slip system is operative, the step height due
to the crystal slip deformation is estimated from the lattice rotation near the grain boundary.
(Received January 23,2019  Accepted March 27, 2019)
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Fig. 1 Schematic illustration of the test specimen indicating
the top surface and bottom surface.
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Fig. 2 Secondary electron image of the specimen at the top
surface after 100 cycles with £m,u=0.02. The grain bound-
ary crack indicated by arrow.

P G.B.

Principal stress axis

Fig. 3 Slip bands and grain boundaries (G.B.) inclined about 45 degrees to the principal stress axis at the top surface after 100 cycles
with £max=0.02: (a) surface traces of slip bands in the vicinity of G.B., (b) magnified image of the grain boundary steps indicated by

arrows (i)—(iii), and (c) gain boundary microcrack.
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Fig. 4 Grain boundary steps observed by 2 degrees tilting
from the TD direction around the principle stress axis (RD).
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Fig. 5 Dislocation cell structure developed after 200 cycles
cyclic deformation with £m,=0.02. Beam direction is [111]
zone normal.
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Fig. 6 Secondary electron image (a) shows the matching halves of fractured specimen on the TD plane (Nf=1100 cycles, &max=0.02).
Photograph (b) shows the fracture surface of the half in the left side in (a). Arrows in (a) and (b) note the neutral axis. Photographs
(c) and (d) magnified in (a) indicate fatigue crack growth along the grain boundary.
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Fig. 7 Orientation distribution of RD observed at top surface after 0 cycle (a) and 100 cycles (b). The colors correspond to the crys-
tal orientations given in the inverse pole figure. Secondary electron image (c) shows the grain boundary area indicated by the white
square in (b). Development of slip bands and the formation of microcracks are seen in (c) and the magnified image (d), respectively.
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Fig. 9 Crystal rotation (a) along slip band for the primary slip system in Grain A shown in Fig. 8(a); the orientation of RD is given.
The broken line in (a) indicates a great circle connecting initial orientation and 111. Schematic illustration (b) shows the geometrical
arrangements of the primary slip planes and slip directions in the grains A and B. The a, £ and y in (b) denote the angles between the
top surface and the slip plane in Grain A, the slip plane in Grain B, and the slip direction in Grain A, respectively.
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Fig. 8 Crystal rotation in grains shown in Fig. 7(b) by grain reference orientation deviation (GROD): (a) GROD map, (b) misori-

entations from point ¢ (origin) in Grain A to points by point d in Grain B, and (c) point to point misorientation between point e and
point f'in Grain A.
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Table 1 Estimated number of active dislocations in the Grain A shown in Fig. 7.
46(°) 90 (°) 20 (°) 91 (°) 41 (%) & xo (um) n
33 45.8 44.2 44.5 455 0.010 0.043 673
2.2 43.0 47.0 442 45.8 0.040 0.020 319
1.3 452 44.8 459 44.1 0.025 0.002 35
04 435 46.5 434 46.6 0.003 0.015 151

46: misorientation of adjacent points, A: angle between principal stress axis and slip plane normal, ¢: angle between principal stress axis and slip
direction, ¢;: tensile strain, xo: gradient on the grain boundary step between adjacent points, and n: estimated number of active dislocations.
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