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Due to the ageing and the decreasing birth rate in Japanese society, providing nursing care for the elderly is
improvement problem. Therefore, it is strongly desired to develop a wearable actuator to use in a power assistive
device for nursing care or rehabilitation device. The purpose of this study is to develop a high-power flexible
actuator with a built-in displacement sensor which can be used in supporting a bathing. In our previous study, we
proposed and tested a rubber artificial muscle with a built-in inner diameter sensor and improved the inner diam-
eter sensor which has 4 photo reflectors on the two electric circuit boards to compensate the inclined angle of the
sensor in the muscle. This sensor can be expected to estimate the axial direction displacement of the rubber arti-
ficial muscle, because the relation between the inner diameter and the axial directional displacement of the mus-
cle has a strong correlation. This sensor can compensate the sensor’s setting position error toward vertical direc-
tion of the sensor electric circuit board, however, it cannot compensate the horizontal direction setting error.
Therefore, we aim to develop an improved inner diameter sensor that can compensate both vertical and horizon-
tal directional setting error of the sensor.

In this paper, as an inner diameter sensor for middle-sized rubber artificial muscle to get larger generated
force for lifting whole human body, the novel inner diameter sensor with radial arrangement of three photo re-
flectors was proposed and tested. The model of the improved sensor for measuring axial displacement of the
muscle was proposed. The parameters in an analytical model were identified. The displacement was measured of
the muscle using the tested sensor and the model with identified parameter was carried out. As a result, the inner
diameter sensor could measure the displacement of the muscle.

As an easily-operated wearable actuator that can be operated and controlled by only reference signal, the in-
telligent rubber artificial muscle with the integrated pneumatic driving system and the built-in sensor was pro-
posed and tested. To drive the actuator, a pneumatic supply pipe and an electric line with three cores from the
outside were required. The position control of the tested actuator was carried out. As a result, it was confirmed
that the intelligent rubber artificial muscle controlled by only giving reference voltage could be realized.

Keywords: inner diameter sensor; artificial rubber muscle; photo reflector; quasi-servo valve



