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Power Transmission Mechanism of Electrorheological Clutch
Part I: Analytical development of power transmission mechanism

Kyoo-Han Lee, Hyun-Hae Shim*, Chang-Ho Kim* and Yoon-Chul Rhim**

Department of Mechanical Engineering Graduate School, Yonsei University
*Tribology Research Center, Korea Institute of Science and Technology
**Department of Mechanical Engineering, Yonsei University

Abstract—ER clutch is a device using ER fluid, so called “intelligent material” and is a power
transmission system controlled with electric field strength. This device responses very rapidly when
controlled by rapid and continuous electrical signal and can form a servosystem. Wear, noise and vi-
bration during operation is very low level. This study was undertaken to investigate substitutive pos-
sibilities of this ER clutch for existing power transmission mechanism. An analytic relationships us-
ing rheological model (so called, ‘Bingham plastic model’) of ER fluid were developed, and opera-
tion constraints and optimum design concepts were constructed. With this relationships, typical
responses of ER clutch and effects of changing geometric, kinetic parameters of ER clutch and ER
fluid properties were described. In conclusion, compared with existing mechanisms, an excellent per-
formance of ER clutch was confirmed.

Key words—ER clutch, ER fluid, bingham plastic model, power transmission mechanism, per-
fomance analysis.
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Table 1. Reference data sheet

active arca of ouput rotor
Geometrical - active diameter=30 (mm)
parameters  — active length=55 (mm)

electrode gap=1 (mm)

angular velocity of input rotor=1000 (rpm)
Kinetic  resistive torque=0.02 (Nm)
parameters mass moment of inertia of
flywheel=4.300% 10™ (kg m")
plastic viscosity=0.1 (Pas)
yield shear stress: 7,=AE" (Pa)
(A=0.000521, n=1.8614)
High Voltage amplification gain=500
time constant=0.0048 (sec)

ER fluid
propertics

Amplifier
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