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Microstructural investigation on cyclic bending deformation and
fracture of aluminum wire

Hayato IKEYA™, Osamu UMEZAWA ** and Hiroshi FUKUTOMI™**

Deformation and fracture behavior in aluminum and Al-1.0mass%Mg alloy wire were investigated under cyclic
bending test with the maximum strains up to 0.02 at the specimen surface, in order to develop light weight electric
wire for automobiles. Microstructural aspects and geometrical characteristics of the fatigue crack initiation sites
were examined where electron back scattering diffraction (EBSD) analysis were employed to make the relationship
between partially cracked grain boundaries and activated slip systems clarified. Grain size strongly affected the
number of cycles to fracture. The fatigue cracks were generated at the grain boundaries with the inclination angles
of 40-60 degrees against the tension-compression direction. Both deformation continuity at the grain boundaries
and the work hardening inside crystal grains have effects on the number of cycles to fracture in the cyclic bending.
(Received December 5, 2017  Accepted January 29, 2018)
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Table 1 Heat treatment and grain size for rectangular speci-

mens.
Heat treatment Grain si
Materials rain size
Temperature (K) Time (s) (um)
573 3.6x10° 30
ANCAL 623 3.6x10° 150
- 723 3.6x10° 190
773 3.6x10° 300
548 1.8x10° 25
573 1.8x10° 40
573 3.6X10° 60
Al-1Mg S
623 3.6X10 100
673 3.6X10° 150
723 3.6x10° 210
773 3.6X10° 30
873 3.6X10° 50
3N-Cu \
973 3.6X10 70
1073 3.6x10° 90
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Fig. 1 Schematic illustration of cyclic bending test for rect-
angular specimen (a), and relationship between bending R
and thickness ¢ for rectangular specimen at maximum bend-
ing strain for the top surface &max (b).
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Fig. 2 S-N curves of 4N-Al, Al-1Mg and 3N—Cu (a), and relationship between grain size and number of cycles to failure at

£max=0.02 with rectangular specimen (b).
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Table 2 Number of cycles to failure in the bending strain and grain size for circular and rectangular specimens.
Materials Emax R (mm) ¢ (mm) Nr (cycles) d (um)
0.003 50 0.32 25973
0.005 35 0.32 5315
4N-Al 30~60
0.008 20 0.32 1640
0.011 15 0.32 1770
(rectangular specimen) 0.020 15 0.6 1100 80
0.003 50 0.32 514555
0.005 70 0.32 129210
Al-1Mg 20~40
0.008 40 0.32 27724
0.011 30 0.32 14461
(rectangular specimen) 0.020 30 0.6 2200 60
0.003 50 0.28 306848
0.004 70 0.28 122185
3N—Cu 20~40
0.007 40 0.28 36805
0.009 30 0.28 20705
(rectangular specimen) 0.020 30 0.6 3895 30

Fig. 3 Secondary electron image of 4N—Al (¢=80um) after
Emax=0.02, 110 cycles(10% of cycles to failure) on the top
surface. Photograph (b) is the magnified image in (a) show-
ing the crack at a grain boundary.
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Fig. 4 Geometrical arrangement of the microstructure observation. Illustrations of SEM observation area (a) and EBSD analysis area
in the TD plane (b).
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Fig. 5 Relationship between angle of tension-compression direction and number of grain boundaries with and without cracks for
4N-Al (d=80 um) after £max=0.02, 990 cycles (90% of cycles to failure).
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Fig. 7 Effects of cyclic bending (&max=0.02) on the distribution of Kernel Average Misorientation in (a) 4N—Al (4=80um) and (b)
Al-1Mg (d=60 um).
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Low angle boundary :2° ~15° (red lines)

Fig. 6 EBSD orientation maps of 4N—Al((a), (b) d=80um)
and Al-1Mg((c), (d) d=60 um) before and after cyclic bend-
ing. (-1) IPF (inverse pole figure) map, (-2) grain boundary
map, and (-3) KAM (Kernel Average Misorientation) map.
(a) and (c) are the initial (0 cycle) state, and images (c) and
(d) are cyclically deformed after £m,x=0.02 approximately
90% of cycles to failure; the number of cycles for (c) and
(d) is 1064 cycles and 1980 cycles, respectively. Black and
red lines indicate the high angle boundaries and low angle
boundaries with the misorientation above or below 15 de-
grees, respectively.
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Fig. 8 Secondary electron images of 4N-Al (¢=80 um) after 100 cycles. Symbol « is the angle between grain boundary and tension-
compression direction. Symbol f is the grain boundary misorientation. The red arrows indicate slip directions.
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