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Low Velocity Control of a Pneumatic Cylinder
— The Effect of Nonlinear Friction on Pneumatic Cylinder Motion and

the Compensatory Method Using ERF —

by Hiroyasu IKEDA* and Noboru SUGIMOTO*

Abstract: With all the advantages over other actuators, such as high power/weight ratio and
-intrinsic compliance, the use of a pneumatic cylinder is limited to simple tasks at present. This
is because the pneumatic cylinder has stick-slip motions at low velocities caused by a nonlinear
friction force due to the mechanical sealing parts. Stick-slip motion has so far been considered not
only difficult to control the position or low velocity of the pneumatic cylinder, but potential cause
of an accident due to unexpected action of the cylinder.

The electro rheological fluid (ERF) has lately been attracting a great deal of attention as a
new functional material. ERF can increase its shearing stress when subjected to an electric field.
Therefore, by use of this characteristic, a functional damping device capable of controlling the
damping force by controlling the electric signal can be developed.

This paper centers on a development of a compensatory method capable of achieving a constant
and slow motion of a pneumatic cylinder by using an ERF damper. This method aims to overcome
any decrease in the nonlinear friction force, i.e. the friction force against the increase in piston
velocity, which may cause stick-slip motions. In order to achieve this compensatory method, the
anthors have used ERF of micro-celulose particles dispersed into silicone oil that can rapidly generate
shearing stress in propotion to the approximate square of the applied electric field.

The ER-actuator developed for the study is united with the pneumatic cylinder and the ERF-
damper fulled with this ERF. The nonlinear friction characteristics of the piston cylinder is analised
by means of lubricant models, and the above compensatory method is examined.

As aresult of this study, applying the electric field proportional to the piston velocity as a feedback
realizes constant slow motion of the piston, which has been considered hard to realize by usual PD
controllers. This compensatory method is proved to be applicable to the pneumatic cylinders in a
wide range of velocity controls.

Keywords; Pneumatics, Cylinder, Friction compensation, Velocity control, Stick-slip, Electro rhe-
ological fluid, Active damper
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