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Abstract

Sloshing Suppression Control during Tilt Motion and Falling Position Estimation|
Title of Liquid in Self-Transfer Type Automatic Pouring Robot

(800 words)

In plants where liquids such as beverages, chemicals or molten metal are handled, technology for|
accurate pouring, rapid transfer and safety have an important role in the improvement of]
production efficiency. Such technology is essential in the automotive industry where many|
components are produced by casting. Thus, control is required for efficient pouring of molten|
metal into molds.

The authors have proposed the self-transfer automatic pouring system for pouring process
automation. "Self-transfer" means that a ladle is transferred automatically following a detected
sprue cup position while a mold is conveyed on a production line. The authors previously proposed
sloshing suppression control during transfer of a ladle or a mold, flow rate control and falling
position control of the pouring liquid. This paper presents the control model approximating actual
phenomena and sloshing suppression control using the model, which reflect consideration of the
variation in liquid shape during tilting motion

In order to suppress the sloshing caused by transfer while molten metal is poured, the natural
frequency must be estimated depending on a ladle size and a tilt angle in real time. To realize a
real-time estimation system, the principal components attributable to variation of the natural
frequency are statistically calculated through simulations using several ladle sizes. The
regression equation for estimating the natural frequency is also derived based on the principal
components. This equation can estimate the natural frequency in real time by feedback of]
load-cell and encoder values. A liquid transfer system was built that can constantly suppress
sloshing when ladle size is changed or the ladle is tilted.

High-order-mode sloshing is likely to occur when transfer is accelerated or ladle size is large, and
the liquid surface is expressed by the wave. The liquid surface is also tilted by inertia of]
transferring. Therefore, the linear state equation is derived that can accurately express actual
phenomena by using the boundary element method and linearization based on the liquid
continuous equation, pressure equation and boundary equation. Moreover, the liquid transfer|
control system is built using the model predictive control method. This system can completely
suppress sloshing while the ladle is transferred rapidly. The variations of liquid surface boundary|
points are expressed as almost zero in the experimental results.

In the pouring liquid trajectory, the gravity force and surface tension of liquid pull the falling
stream-tube toward the center. The falling liquid position is also moved by the inertial force of]
transferring. In order to take account of this phenomenon in predicting the falling liquid position,
a novel model of the falling liquid stream is built by using a pair of multi-pendulums. The masses
and the lengths are identified by using a theoretical equation that includes flow velocity and
liquid characteristics. Through water experiments and model simulation, it is clarified that the
proposed model agrees well with actual phenomena. A falling liquid position control system
employing the proposed model will be constructed that can design transfer velocities in real time
by using the predicted falling liquid position of molten metal. When the novel predictive control
system employing the falling liquid stream model and the liquid vibration model is built, the
authors will present their conception of an integrated system for transferring and pouring motion.




