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In recent years, with an increase in aging infrastructure pipelines, in-pipe inspection robots that can
travel in narrow pipes have been attracting the attention of the scientific and industrial community to
identify abnormalities in pipelines. To contribute to the demand for such robots, an articulated wheeled
in-pipe robot, which has a long and zig-zag-shaped structure, has been developed. This robot can be
easily miniaturized in the radial direction by arranging the necessary actuators in series along the pipe’s
axial direction. In addition, the robot can travel through vertical pipes by closing its links and forming a
V-shape while pressing the wheels against the pipe wall. Due to the structural characteristics of an
articulated wheeled in-pipe robot, the bending direction of bent pipes and the bending direction of the
robot’s joints need to be aligned. Existing robots have been equipped with actuators independently for a
propulsion function and a rolling function to achieve this function. However, the greater the number of
actuators required, the greater the number of links to be connected, which tends to increase the total
length and diameter of the robot. The robot’s size is one of the problems when it passes through pipes
with complicated structures with a series of bends in an out-of-plane direction. Therefore, this thesis
focuses on an underactuated mechanism that produces multiple outputs by a single input. This
mechanism aims to achieve propulsion and steering with only one single input. By reducing the number
of required actuators and links, it is possible to reduce the robot length, which will improve the traveling
performance in out-of-plane pipes.

In this study, based on a simple differential principle using the rotating and revolving motions of a
pair of miter gears, an underactuated joint is proposed where a hemispherical wheel can rotate around its
pitch axis and roll axis. A V-shaped robot, which can roll around the pipe axis using helical movement,
is developed with this mechanism. The proposed mechanism can distribute the motor power to the
hemispherical wheels' rolling motion and pitch rotation. However, an external force is required to
change the output distribution ratio. Therefore, this study proposes a control-based approach to change

the robot’s posture by using the speed difference between the two motors installed in the robot and a



mechanical approach to assist the output switching by adopting a mechanical constraint using a one-way
clutch. Experiments demonstrate the validity of the proposed mechanism.

The first approach focused on the physical phenomenon that several different motions are generated
through combining the speed difference between two motors and the direction of rotation. Based on this,
three types of transformation methods considered adequate for rotating the roll joint are presented. In
addition, to obtain the appropriate roll joint angle during the helical rolling movement, the relationship
between the elevation angle of the helical motion and the roll angle is clarified.

In the second approach, a novel constrained differential mechanism is proposed that can select
between pitch and roll rotation of the wheels by switching the motor's rotational direction. The proposed
mechanism utilizes the constraint force of the one-way clutch to switch two outputs of the differential
mechanism. A new V-shaped in-pipe robot with this constrained differential mechanism is developed,
which mechanically solves the drawback of underactuated joints.

Finally, experimental verification is conducted for each proposed method described above. In this part,
the traveling and steering performances of the proposed robot in straight, bent, T-branch pipes and
vertical sections are evaluated by prototypes. From the results, although it was found that the traveling
performance for T-branch pipes of the developed V-shaped robot was lower than that of the
conventional robots, the robot has improved the traveling and steering performance for bend and

out-of-plane pipes.



