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Determination of the Position and Velocity of the Solid-Liquid Interface During
Directional Solidification of Metals based on Guided Ultrasonic Waves
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ABSTRACT

During directional solidification of metallic materials at high temperatures the structure of the material depends signifi-
cantly on the growth rate. With an ultrasonic pulse-echo technique based on guided ultrasonic waves the position and the
velocity of the solid-liquid interface can be determined in real time and can be used to control the furnace parameters dur-
ing solidification. Experiments have been performed with a CuMn-rod in a Bridgman-type furnace using different cooling
rates. The achieved resolution with respect to the position of the interface in thermal equilibrium is about 0um.
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Fig. 1 Set-up of the sample in the Bridgman-type furnace
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Fig. 2 Schematic diagram of the ulirasonic pulse-echo exper-
imenl
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Fig. 4 Varialion in the time-of-Nlight of the solid-liquid interface
during directional solidification of a CuMn-sample
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Fig. 5 Recalculated details of the region (I, I} in Fig. 4. (D)
and (11} show variations in the position and the velocity
of the solid-liquid interface. The solid line in {1M)
represents the furnace velocity.
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Fig. 6 Recalculaled details of the region (11, 1V) in Fig. 4. (I}
and (V) show variations in (he posilion and the velocity
of the solid-iquid interface. The solid linc in (1V)
represents the furnace velocity.
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Fig. 7 Structure at the surface of a planar cut along the axis of
the solidified CuMn-sample. The upper region shows a
cellular, the lower a planar morphology.
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Fig. 8 (a) shows variations in the position and (b) the velocity of
the solid-liquid interface. The solid line in (b)represents
the furnace veloeity.

Fig. 3 Struclurc at the surface of a planar cut along the axis of
the solidified CuMn-sample. The figure shows a dendritic
morphology
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