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This study proposes two concepts: a prediction method for deformation and motion, and the
multi—functionalization of a simple structure in—pipe locomotive devices, also known as bundled—
tube locomotive devices. The thesis is organized into five chapters.

The first chapter describes the background and aims of this study. A bundled—tube locomotive
device comprises braided inflatable tubes; their periodical inflation and deflation with fluid power
generate locomotion in a pipe. Further, a comparison between a tube device and other in—pipe
devices reveals several advantages of the tube device. However, the device has two limitations—
its design process requires experimental trials, and it cannot control its attitude and select
pathways in a branched pipe. Therefore, this study aims to propose a prediction method for
deformation and motion of a bundled—tube locomotive device and achieve a multi—functional
device.

The second chapter geometrically formulates a deformation of a helical bundled—tube device. The
second chapter also proposes a design and production method with an extrusion, which achieves
a low—cost helical device applicable in a practical piping system. Locomotive experiments with an
extruded prototype show that a bundled—tube device and the proposed design method have value
for practical uses.

The third chapter extends the formulation of a helical device into bundled-tube devices with
general braiding methods. The extended principle successfully describes the relationships
between designs, deformations, and motions of general bundled—tube devices. Further, the
principle is applied to a bundled-tube linear-rotary actuator with pneumatic artificial muscles.
The conducted experiments validated that the extended principle is applicable to a bundled—tube
linear-rotary actuator with pneumatic artificial muscles.

Based on the proposed formulation, a multi—functional device—a six braided—tube locomotive
device—is described in the fourth chapter. The new device can individually control its position
and rotation. A hook attachment and steering method, which are also designed based on the
proposed formulation, enable steering in a branched pipe.

The final chapter summarizes this study. It states that the aims of this study were achieved and
that future works are required to put bundled—tube devices to practical use.
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