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Inexpensive rehabilitation devices that can be used at home are strongly required because of a
lack of Physical Therapist and welfare workers. We aim to develop “a home rehabilitation device”
that can be used at home without special knowledge and any special attached equipment. In ideal,
it is better to produce the device at low cost in order to decrease the financial aid from the
government. In the previous study, the low-cost portable rehabilitation device using a flexible
spherical actuator that consists of two flexible pneumatic cylinders was proposed and tested.
However, a compact and high power compressor to drive such a pneumatic device at home has not
been developed yet. In addition, the driving sound of a typical compressor is very noisy.

In this study, a flexible hydraulic cylinder driven by a small-sized hydraulic gear pump is
proposed and tested. The construction and the operating principle of the proposed cylinder are
described. The hydraulic gear pump with a rotary encoder is also proposed and tested. The
empirical equation of the suitable pump rotational angle for the desired displacement can be
obtained. The position control of the tested cylinder is also carried out. As a result, by using the
on/off control scheme based on the empirical equation, the multi-position control within the
tracking error of 6 mm can be realized.

Keywords: flexible hydraulic cylinder; spherical actuator; portable rehabilitation device;
sequential control.



