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Fig.10 Transient response for on/off control
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Fig.12 Transient response for PD control
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Recently, it has been desired strongly to develop a system to aid in nursing care and to support the activities
of daily life for the elderly and the disabled. The actuators required for such a system need to be flexible so as
not to injure the human body. The purpose of this study is to develop a flexible and lightweight actuator and to
apply it to a flexible robot arm, a rehabilitation device and so on. So far, new types of flexible pneumatic
actuator that can be used even if the actuator is deformed by external forces have been proposed and tested in our
previous studies. Also, several kinds of rod-less type flexible pneumatic cylinder were tested, and the tested
flexible pneumatic cylinder was utilized as a rotary actuator and a flexible robot arm.

In this paper, we propose and test a spherical actuator using the flexible pneumatic cylinders. The novel
spherical actuator using two flexible pneumatic cylinders has a simple structure. The actuator consists of two
ring-shaped flexible pneumatic cylinders (the double type cylinder). They are intersected at right angle and are
fixed on the base. The diameter of each ring-shaped cylinder is 148mm. And they can bend by being supplied
the air to the cylinder. Two slide stages of each cylinder are connected by a right angle so that the bending
movement with 2 degrees-of-freedom can be realized. The size of the actuator is 160mm in width and 175mm in
height. The total mass of the actuator is only 170g. By driving two cylinders, the actuator can bend largely for
every direction. The bending control system using a micro-computer and the quasi-servo valves is proposed and
tested. As a result of the experiment using the tested spherical actuator, it is confirmed that the tested actuator
can bend over the range of 240 degrees around the center of circle of the cylinder. Furthermore, the master-slave
control can be realized by using the proposed compact and inexpensive control system.

Keywords: spherical actuator; flexible pneumatic cylinder; quasi-servo valve; master-slave control.



