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Fig. 1 Ladle lifting system of casting crane
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Fig. 3 Geometric model and mesh division of ladle lifting system
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Fig. 4 Liquid level fluctuation and swing diagram
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Modeling and Dynamic Characterization of Ladle Swing-Liquid Shaking Coupling

NIE Guo-giang, MENG Wen-jun
(School of Mechanical Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, Shanxi, China)

Abstract:

In order to study the coupling of liquid steel sloshing and swing during ladle lifting and its influencing factors. The
mass-spring-damping model of ladle lifting system is established according to the principle of equivalent dynamics,
its motion equation is derived. The multi-body dynamic-two-phase flow finite element coupling model of ladle
lifting system is established for finite element numerical simulation, which verifies the effectiveness of the third-
order modal equivalent model. Then the influence of different parameters on the ladle lifting system is analyzed
based on the equivalent model. The results show that the swing amplitude of the wire rope increases first and then
decreases with the increase of the rope length and reaches the maximum value when the wire rope length is around
8 meters, and the swing amplitude increases with the increase of the trolley acceleration. The severity of liquid steel
sloshing decreases with the increase of liquid loading rate of steel ladle. The sloshing of molten steel will decrease
with the increase of wire rope length, but with the increase of liquid loading rate of steel ladle, this effect will
become smaller and smaller. The equivalent model can provide a theoretical basis for the precise positioning control
scheme of the ladle lifting system.
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fluid level fluctuation; swinging characteristics; lifting systems; casting cranes; equivalent model
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