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Fig. 1 Segregation bands in centrifugal casting (after Prof. I.

Ohnaka)?.
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Fig. 2 (Color online) Schematic of shear deformation.
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Fig. 3 (Color online) Setup of in-situ observation of deformation in semi-solid alloys. (a) Vacuum chamber and stages

(b) furnace?! (c) configuration of direct shear cell.
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Fig. 4 Microstructures prior to shear of (a) the 310 um sample and
(b) the 120 um sample. (c and d) Magnified views of the box
surrounded by the white dashed line in (a) and (b). The out-
er solid-liquid interface is traced in black and the entrapped
liquid is highlighted white23.
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Fig. 5 Microstructures (a) before and (b) after a 2d increment of AL,O; push-plate motion. (c—f) Four frames from the
box surrounded by dashed black lines in (a) and (b). (g—j) The dilation of the globule assembly, highlighting five
globules, labeled A-E, which is involved with the dilation event. Liquid regions between globules are defined as

white and globules boundaries are traced black??.
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Fig. 6 Microstructures (a) before and (b) after a 2.2d increment of
Al,O; push-plate motion. (¢ and d) Magnified views of the
box surrounded by the white dashed lines in (a) and (b),
where liquid regions are filled white and solid-liquid inter-
faces are traced in black. (e) The average transmitted image
of 30 frames during the 2.2d increment of deformation. (f)
The crystal displacement between (a) and (b)23.
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Fig. 7 Schematic of shear deformation model in semi-solid state.
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Fig. 8 Microstructures (a) before and (b) after a 2.2d increment of
Al,O; push-plate motion.

Fig. 9 Example of a cluster of globules, which is traced in white in
(a) before and (b) after push-plate motion2?.
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In situ observation of shear deformation
in semi-solid alloys
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Abstract The shear deformation of partially solid microstructures due to the solidification shrinkage, and
the external forces during the casting process is related to casting defects including macrosegre-
gation and cracking. The direct approach for understanding the shear deformation is to observe
deformation in situ at a grain scale. In-situ observation was carried out to study the dynamics of
the globule motion using X-ray imaging technique. This paper reviews the in-situ observation tech-
nique for the shear deformation and the deformation mechanisms in semi-solid alloys. Direct evi-
dence is presented for the shear deformation including shear-induced dilation in semi-solid carbon
steel.
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