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Casting is the near net shape manufacturing which molten metal is poured into a mold and
cooled to solidify for desired shape. This process is great importance for various industries,
e.g., automobiles and airplanes. On the other hands, casting factories are severe environment
for workers because they work at the place close to molten metal with high temperature.
Therefore, it is necessary to automate the process and decrease workers. Author’s group has
studied about automation of pouring process by tilting-type automatic pouring system. This
system detects molds on the production line and pours molten metal into a mold with tracking
control of the pouring ladle. In former study, various approach were proposed as elemental
technologies: sloshing suppression control with high speed transfer for molten metal and ladle
motion control to achieve flow rate control and falling position control of outflow liquid
based on desired references. This thesis presents the design approach of the ladle motion with
the lowest position during pouring process, and analysis of molten metal motion and control
design of vibration suppression for the pouring ladle with weir used in real process using
computational fluid dynamics (CFD) simulator.

At the first, the ladle motion with the lowest position was designed to avoid spilling over
and achieve effective processes. The ladle motion which achieves the lowest mouth position
was derived based on the falling trajectory of outflow liquid and the positional relationship
between ladle and obstacles. This motion is derived uniquely when the reference of flow rate
and the shapes of ladle and obstacles. Effectiveness of proposed approach was verified by
laboratory experiments using water. Finally, it was confirmed that the proposed approach
achieves the accuracy of falling position control with the lowest position of pouring mouth.
Next, the molten metal motion in a pouring ladle with weir was analyzed during backward
tilting motion, and its vibration suppression was achieved, using CFD simulator. The
comparison between ladles without/with weir shows that there are sloshing and another
residual vibration of volume moving. The center point of ladle, the weir position and the gate
size of weir can be considered as conditions of motion control and ladle shape. From analysis
results, variations of the weir position and the weir gate size were related to that of vibration
frequencies. It means the necessity of ladle shape optimization. Finally, the control input to
suppress 1st-order mode sloshing and volume moving vibration based on natural frequencies
and dumping ratios of vibrations. This input achieves vibration suppression control.

Through then analysis and design, fundamental and effective knowledge were obtained
with respected to for practical and industrial processes on the fields of automatic pouring and
liquid handling.




