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Modeling and Servo System of the Compliant Actuator
Controlled by Field-Sensitive Fluid

by Noboru SugiMOoTO* and Tsuyoshi SAITO**

Abstract: In order to develop such a practical human-symbiotic robot that works in collaboration
with human-workers for heavy work, physically helps the aged and the disabled person, and gives
a patient rehabilitation training, the risk reduction concerning with the excessive force, which are
‘applied to a part of human body by the contact of the robot with its users, is the most important
problem. In accordance with the procedure of ISO/CD12100, positively utilizing of inherently safe
actuators capable of limiting their force output and moving speed individually should be considered
firstly as a safety measure against this problem. The utilization of the safe actuators with such
limiting function, however, has been hard to introduce practically due to their difficulty with motion
control and their limited choices of types.

In this report, as a generalized technique to add such limiting function to any types of conventional
actuators, it is examined to combine a functional clutch mechanism by means of a field-sensitive
fluid, which responds to an applied electric or magnetic field with a change in its yield stress,
with an actuator. These materials are commonly referred to electro-rheological (ER) or magneto-
rheological (MR) fluids. This report shows results of experimental comparison of control performance
of antagonistic rotary actuators using ER and MR fluids, which are so constructed that the torque
of two servomotors rotating in the different directions opposite to each other is transmitted to a
freely rotatable output cylinder through the clutch mechanisms.

Furthermore, as a control method for the safe actuators, such a new positioning method that makes
an active use of their limiting function, is proposed. This method stably achieves an extremely high
precision positioning without any complicated algorithms under such a condition that the maximum
torque and the rotational speed of the actuator is limited to secure the safe contact between human
and the robot. From experimental results, it is shown that the proposed method can be applied to
both of actuators using ER and MR fluids. Consequently, it is proved that ER and MR fluids are
effective in introducing the limiting function to human-symbiotic robots.

Keywords; Safety control, Mechatronics and robotics, Actuator, Electro-rheological fluid, Mag-
neto-rheological fluid, Inherently safe design, Compliance control, High-precision positioning
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Fig. 2 Flow curves of ER fluid.
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Fig. 3 Schematic construction of ERAA.
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Fig. 4 The mean steady-state torque versus angular
velocity of primary drum of ERAA.
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Fig. 5 Step response of torque control.
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velocity of motor.
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Fig. 156 Step response of torque and exciting current.
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Fig. 16 Positioning performance of MRAA under pro-
posed method.
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Table 1 Specification of ER/MR actuator.
ER/IMR7ZF 1T —9DERET

ER actuator

MR actuator

Size of output (secondary) cylinder

Diameter 110 mm 92 mm

Height 227 mm 217 mm
Moment of inertia 0.017 kgm? 0.056 kgm?
Area of clutch surface 285 cm? % 2 25 cm? X 2

Maximum output torque .

2.8 Nm (@2.0 kV/mm)

6.5 Nm (@1.0A)

Ratio of power and forque

0.6 W/Nm

1.4 W/Nm

Response time

10 ms

60 ms

Control source

High voltage (: 1~5 kV)

Current (: 1~2A)
¥ Can be engaged by
permanent magnets
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