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Restraint of fatigue crack propagation by wedge effect of fine particles
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Summary

Restraint of fatigue crack propagation by wedge effect of some fine particles was examined on a JIS
A 5083 P-O Al-Mg alloy.

For a fatigue test, a 5 mm thick plate specimen with a central EDM notch was used. As the fine
particles to be wedged into fatigue cracks, three kinds of particles were prepared, namely, magnetic
particles and two kinds of alumina particles of which the mean particle sizes were 47.3 ym and 15.2 ¢
m. Before the fatigue tests, particles of each kind were suspended in an oil, and the suspension was
spread on the specimen surface covering the notch part. Fatigue tests were performed by a servo-
hydraulic type fatigue tester with a test frequency of 2 Hz and a load ratio of R=0.

First a control fatigue test was done by spreading only the oil on the specimen surface, and it was
proved that the wedge effect of the oil itself is negligible. The alumina particles of large size were also
not effective to restrain the crack propagation, because the suspension is difficult to be made due to the
large particle size and the particles cannot be sent to the crack tip properly.

On the other hand, both of the magnetic particles and the alumina particles of small size had evident
effects to restrain the crack propagation, especially in the case of the alumina particles the failure lives
were extended by the range from 4X10° to 7X10° cycles. From some crack propagation plots, it was
found that the restraint of crack propagation by the particles occurs mainly in the very early stage of
crack propagation and the restraint effects become weak when the fatigue crack length exceeds
approximately 3 mm.

After the fatigue tests, some macro- and microfractographic analyses were performed using a CCD
microscope, a SEM and an EPMA, in order to examine the mechanism of fatigue crack restraint by the
wedge effects of the fine particles. From those analyses, it was reasoned that the fine alumina particles
wedged into a fatigue crack are subjected to cyclic pressures from the crack surfaces, crushed up into
finer particles, and then form a kind of alumina coating (in the vicinity of the notch root) which
prevents the free crack closure as a wedge.
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Table 1 Chemical composition of A 5083 P-O

Composition Si Fe Cu Mn Mg Cr Zn Ti

Weight % 0.3 0.25 0.03 0.61 4.52 0.11 002 0.02

Al Balance

Table 2 Mechanical properties of A 5083 P-O

Tensile Strength 0.2% Proof Stress Elongation
(MPa) (MPa) (%)
314 179 25
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Photo 1 SEM images of (a) magnetic particles, (b)
alumina particles of type L (47.3 pm) and
Fig.1 Specimen design (¢) alumina particles of type S (15.2 #m)

Dimensions in mm.
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Table 4 Fatigue test conditions and results

Spacimen Type of paste Aon (MPa) Nf

A e 44.3 505380

A-2 e 54.6 215970

A3 - 65.3 108918

B~1 oil only 44.2 451914

B-2 oil only 65.7 153456

F-1 Magnetic particle + oil 44.2 756018

F-2 Magnetic particle + oil 48.3 532356

F-3 Magnetic particle + oil 55.3 473094

F-4 Magnetic particle + oil 65.7 291018

L-1 Al20s (47.3xm) + oil 55.3 228378

s-1 Al20s (15.2um) + oil 44.2 1197440

$-2 Alz20s (15.2pum) + oil 55.2 676548

s-3 Al20s (15.2xm) + oil 65.7 489978
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Fig.3 Crack propagation plots for A-1, A-3 (no
paste) and F-1, F-4 (magnetic particle)
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Fig.4 Crack propagation plots for A-1 (no paste)
and S-1 (Al:Os, 15.2 pm)
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Photo 2 CCD microscope images of fracture surfaces;
(a) A-2 (no paste), (b) S-3 (Al 15.2
m) and (¢) S-1 (AlLOs, 15.24m)
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Compositional images (back scattered electron images) of fracture surfaces in the vicinities of

notch roots: (a)(bh) A-1.(no paste), (¢) F-1 (magnetic particle) and (d) S-1 (ALOs, 15.2m)
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