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Pouring and Sloshing Suppression Control of Cylindrical Ladle in Self-Transfer-Type
Automatic Pouring Robot with Complex Motion of Pouring and Transfer

Yoshiyuki Noda*!, Ken'ichi Yano*? and Kazuhiko Terashima*!

This paper is concerned with development of self-transfer-type automatic pouring robot using a cylindrical ladle.

Especially, the paper focuses on the pouring control of the cylindrical ladle and sloshing suppression during ladle

transfer and tilting. In order to realize fast pouring, the robot’s pouring system was constructed by a feed-forward

controller with a system inverse to the pouring process. In order to suppress the sloshing of the liquid in the ladle,

the natural frequency of the sloshing caused by the transferring and pouring motion was identified by short-term

Fourier transform. The feedback controllers in the control system were then designed by the Hybrid Shape Approach

using notch filters corresponding to the identified natural frequency of sloshing. The proposed pouring and sloshing

suppression controls were applied to an automatic pouring robot that had both automatic detection of the mold’s
status filled or unfilled with liquid and tracking control to the mold. The effectiveness of the developed control system

was shown through experiments.
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Fig.1 Self-transfer-type automatic pouring robot
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Fig.2 Self-transfer-type automatic pouring robot
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Fig.3 [Illustration of automatic pouring robot
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Table 1 Motor parameters

Parameter Symbol Value
R:-axis gain Kzm 0.166 [m/sV]
R_-axis time constant Tem 0.007 [s]
R_-axis maximum velocity Vimaz 0.800 [m/s]
Rz-axis maximum acceleration Agzmaz 2.0 [m/sQ]
Ry-axis gain Kym 0.083 [m/sV]
Ry-axis time constant Tym 0.006 [s]
Ry-axis maximum velocity Vymaz  0.500 [m/s]
R,-axis maximum acceleration Aymaz 1.0 [m/s?]
R-axis gain K.m 0.083 [m/sV]
R.-axis time constant Tom 0.018 [s]
R-axis maximum velocity Vimae  0.500 [m/s]
R,-axis maximum acceleration Azmaz 1.0 [m/s?]
Rg-axis gain Kim 24.6 [deg/sV]
Rp-axis time constant Tim 0.006 [s]
Ry-axis maximum velocity Vimaz  150.0 [deg/s]
Re-axis maximum acceleration A¢maz  150x 10! [deg/s?]
M-axis gain Kmm 0.167 [m/sV]
M-axis time constant Tmm 0.005 [s]
M-axis maximum velocity Vmmaz 0.500 [m/s]
M-axis maximum acceleration Ammaz 1.0 [m/s?]
Laser sensor
Relief sprue
Detected Sprue cup
Distance A
. Mold filled
Detecting pomF with liquid
Raxis Initial point

of pouring robot
Mold unfilled
with liqud
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Fig.5 Experimental result of laser sensor detecting molds
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Fig.16 Gain diagram of FB controllers
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