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A Study on the Compliant Actuators
by means of Electro-Rheological Fluids (ERF)
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Abstract: As an effective safety measure, many sets of industrial robots and manipulators have

been introduced in place of workers who have been suffering from dangerous or detrimental work.

Because of their powerful dangerous action, however, industrial robots should be guarded in a

remote work area. Recently, computers and other micro-electronics which have been progressing

rapid strides, accelerate the progress in automatic control technology. Robots that take care of

patients, physically handicapped persons and very old persons will soon be realized, and many

people will work together with robots in factories, offices and houses. But, the most important thing .
must be safe when a robot and human are in contact each other.

This paper considers the problem of actuators for safe conduct of robot in performing cooperation
work with human. Compliant manipulation fundamentally requires that controlled robot can not
only follow up the input trajectory exactly in free motion space, but also move adaptively in con-
strained space while making compliant contact with its dynamic environment. However it is difficult
to achieve compliant actuator by means of conventional linear control means.

Electro-rheological phenomena is defined as an essentially instantaneous reversible change in ap-
parent viscosity when fluids are subjected to an externally applied electric field. Drive clutches and
hydraulic valves for this Electro-Rheological Fluids (ERF) can control the torque and the pressure
respectively only by application of high voltage.

This study evaluates the non-linearity and passive function of an ER element from a standpoint of
control and pursuits motion control strategies suitable for non-linearity of ER elements. An antag-
onistic rotary actuator system using ERF is proposed and various control strategies are attempted.
The system is so structured that output cylinder is set in drums composed of a positive and a
negative rotation drum driven by the electric motor and the ERF is filled in a gap. As a result
of experiments, proposed control method realizes both force-adaptation (compliance control) and
a fine positioning (stiffness) with changing a shear stress of ERF. This ability to regulate compli-
ance/stiffness by means of such a property as changeable plasticity is essential for a safe robot to
operate in cooperation with humans.

Keywords; Safety control, Smart fluids, Mechatronics and robotics, Actuator, Electro-rheological
fluid, Fine position control, Compliance control, Changeable plasticity, Impedance control.
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Fig. 3 Impedance model of a work system.
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Fig. 4 Interaction space between robot and human body.
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Table 1  Specifications of ERF actuator.
ERF79F 1T —-9DEREH

Output cylinder

Outer diameter 108 mm
Hieght 138 mm

Moment of inertia 0.002 kgm?
Electrode surface area | 0.022 mm?(x2)
Electrodes gap 1.0 mm

Drum

Inner diameter 110 mm
Height 85 mm

Moment of inertia 0.155 kgm?
High voltage amplifier
Voltage output =5~ 35 kV

Rated current +2 mA

Output response 30 V/us
Driving motor

Power 200 W

Rated torque 1.57 Nm

Rotational speed 120~ 1200 rpm
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Fig. 12 Experimental results of compliant positioning

method using ERF actuator.
IR B R 2 DRERIER

1-0. AAAAAAAAAAAAAAAAAAA
—-05- ﬂuuuunuanBUEDnunn
P E
- a
4
— ©0° 000050000000 O0O0C 00O
goo_{l__. .................
E- oooooeoeooooooooooo
o]
= = ooB@8po0ooo0®0%npgpyp30 g0000
~0.5+

1 A a A
asbd  AbLBABAAALADL AA AL

_IO l||lllllllllll'llll1

0.0 5.0 10.0 150 20.0
Angular velocity of drum [rad/s]
Applied field [kV/mm)
00 010 ©20 a30

Fig. 13 Relationship between angler velocity of drams
and torque output (parameter; applied field).
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Fig. 14 Step response of torque output.
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