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Fig. 5 Relationship between the depth from the specimen
surface and the internal orthogonal shear stress 1 ;
obtained by calculations for P, of 4.5 GPa.
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Fig. 6 Scanning electron micrographs around the artificially
embedded Al,O; particle in a cross section
perpendicular to the raceway of Specimens G and
H. Diameters of both Al,O; particles are around 150
um. RCF tests were interrupted at 1500 cycles under
P.., of 4.5 GPa. (A) Specimen G was hydrogen
precharged and (B) Specimen H was uncharged.
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Fig. 7 Digital microscopic images around the artificially embedded Al,O5 particle
in a cross-section perpendicular to the raceway of hydrogen precharged
Specimen |. Diameter of the Al,O5 particle is 122 um. The RCF test
was interrupted at 3.0%X 10° cycles under P,., of 4.5 GPa. (A) Low-
magnification image and (B) high-magnification image of crack branching.
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Fig. 8 Digital microscopic images around the artificially embedded Al,O5 particle
in a cross section perpendicular to the raceway of uncharged Specimen J.
Diameter of the Al,O3 particle is 151 um. RCF test was interrupted at 3.0

%X 10° cycles under P, of 4.5 GPa.
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Fig. 9 Digital microscopic images around the artificially
embedded Al,O5 particle in a cross section of an Al,O4
particle perpendicular to the raceway of hydrogen
pre-charged Specimen D. (A) 80 um away from the
center and (B) the center of AlLO; particle. (C) An
enlarged scanning electron micrograph of the boxed
area in (A). Diameter of the Al,O particle is 168 pym.
RCF test was interrupted at 2.1X 10° cycles under
P Of 4.5 GPa.
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Digital microscopic image of artificially embedded
AlLO5 particle in a cross-section perpendicular to
the raceway of hydrogen precharged Specimen B.
Diameter of the Al,O particle is 100 pm. The flaking
that originated from the Al,O5 particle occurred at
6.1x10° cycles under P, of 4.5 GPa.
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Fig. 11 Scanning electron micrographs of crack tip

originating from Al,O; particle in Specimen B.
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Fig. 12 Digital microscopic image of the artificially embedded
Al,O3 particle in a cross-section perpendicular to the
raceway of uncharged Specimen A. Diameter of the
Al,O5 particle is 92 um. RCF test was interrupted at
1.0x 10® cycles under P,,, of 4.5 GPa.
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Fig. 13 Scanning electron micrographs of the front- and
rear-side cracks of the Al,O; particle as seen
from the overrolling direction in Specimen A. The
previously given gaps around the Al,O; were almost
closed at the observation.
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Fig. 14 Relationship between the number of cycles and
the length of cracks initiated and propagated from
an Al,O; particle in hydrogen precharged and
uncharged specimens. The data were obtained from
each observation results after RCF tests on Al,O4
particles with diameters of 100-150 um. The crack
angle of the data was within 0° -40° with respect
to the overrolling direction.
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Fig. 15 Variation of crack length before and after crack
branching. The dotted curve is based on the
estimation.
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Fig. 16 (A) Schematic illustration indicating observation
direction of specimen. The cross-sectional digital
microscopic images are perpendicular to the
raceway for (B) the hydrogen precharged Specimen
K after 1.0x10° cycles of RCF test and (C) the
uncharged Specimen L after 8.7 % 10° cycles of
RCF test. Specimens K and L included a pair of
Al,O5 particles with around 150 pym and 170 um,
respectively.
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Fig. 17 Microscopic images around the artificially embedded
Al,O3 particle in a cross-section perpendicular to the
raceway of Specimens E and F. Diameters of both
Al,O5 particles are 263 pym. The flaking originated
from AlLO; particle occurred at 3.3x 10° and 2.9 %
10° cycles under P, of 4.5 GPa, respectively. (A)
Specimen E was uncharged and (B) Specimen F
was hydrogen pre-charged.
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*Horizontal cracks initiate
by mode I principal tensile
stress.
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RCEF crack model

of inclusion with gaps

Supporting images
of the model

~Cracks propagate over a wide
range by crack branching.
~Connection of cracks occurs.

P
ALO, |
r

. Crack branching

*Crack enlargement progresses
with the formation of WEA
everywhere around the crack,
leads to premature flaking.

f

‘WEA formation

Fig. 18 Crack model under RCF condition where hydrogen acts in this study.
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