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Fig. 1 Setup of laminographic experiment with synchrotron radia-
tion for a plate sample.
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Fig. 2 (Color online) Relation among sample, x-ray and recon-
structed area in laminography at synchrotron facilities.
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Fig. 3 (Color online) Schematic of friction stir welding (FSW).

Weld zone

Fig. 4 Sampling pattern of fatigue samples from a friction stir
welded joint.
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Fig. 5 (Color online) Shape and dimensions of samples. Red cir-
cles schematically present the fields
laminography.

of view by

Fig. 6 (Color online) Plane bending fatigue testing machine and
sample setup.

Fig. 7 (Color online) Scanning equipment of laminography and a
magnified view of the sample holder.
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Fig. 8 (Color online) Setup of laminography at BL19B2 of SPring-
8.
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Fig. 9 (Color online) Comparison between the reconstructed im-
age of a fatigue crack at sample surface by laminography
and the corresponding image by optical microscope.
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Fig. 10 Reconstructed slice images of the fatigue crack with various
elevations.
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Fig. 11 Propagation of a fatigue crack in an FSW joint.
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Fig. 12 (Color online) Reconstructed slice images of an FSW dis-
similar joint between A6061 and A2024.
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Fig. 14 Fatigue crack inside the FSW dissimilar joint between
A6061 and A2024.
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Evaluation of fatigue cracks in FSW joints of
industrial structural materials by laminography
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Abstract Friction stir welding (FSW) is an emerging technology for joining flat and thin metal materials and

has been applied in manufacturing in aviation and automotive industries. Fatigue property is one
of the most important items to be evaluated for the structural integrity of the products, and there-
fore, it is necessary to visualize the three-dimensional (3D) behavior of fatigue cracks propagating
in the non-homogeneous and anisotropic stirred zone of FSW joints. We have applied
laminography with synchrotron radiation of SPring-8 to the FSW joints of aluminum alloy as a typi-
cal structural material. The results showed that the fatigue cracks propagated in a unique way de-

pending on the stirred material.
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