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Control of Automatic Cargo Handling System

Using ER Valves (I)
- Modeling of ER Valves -

Kum Gil Sung*, Dar Do Chung* and Seung Bok Choi**

ABSTRACT

This paper presents two different models of electrorheological (ER) valves which can be applicable to an automatic
cargo handling system at the seaport. Four different ER fluids, which are commercially available, are adopted and their
Bingham characteristics are experimentally evaluated with respect to the intensity of electric field. The field-dependent
Bingham models are used in the design of two types of ER valves; single-type and divided-type. The govering
equations of motion of the ER valves are derived and the principal design parameters are determined based on 200ton
platform to be vertically controlled by the ER valves. Both pressure drops due to the applied field and current density
required to operate the ER valves are analyzed. In addition, the pressure drops of the cylinder system are evaluated for

both ER valves.
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Table 1 Bingham models of different ER fluids in flow mode.
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Fig. 1 Bingham characteristics of ER fluids in flow
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(a) geometry
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(b) assembly drawing

Fig. 2 The configuration of the ER valve.

(b) circuit model

Fig. 3 The hydraulic bridge of single-type ER valve.
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(b) circuit model

Fig. 4 The hydraulic bridge of divided-type ER valve.
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