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This paper introduces a “free—form” omni—directional driving gear with two degrees of
freedom: translation in one direction and movement along a surface with variable
curvature. This gear features a single—stage structure, making it more compact and
lightweight compared to conventional X-Y stages with two—stage structures. It can flexibly

transmit power to surfaces with different curvatures.

The research involves fabricating the free—form omni—directional driving gear by combining
a planar gear with zero curvature and a convex arc—shaped gear with positive curvature.
Mechanical interferences at the joints were tested and predicted using a 3D CAD
simulator, ensuring smooth operation. This approach allows extending the gear's movable

range by connecting gears with various curvatures and interference—free joints.

Additionally, the paper discusses a small, lightweight flexible actuator made from DN gel
and a shape memory alloy, applied to a shakuhari-mushi type mobile robot. Combining this

soft material with the free—form gears is also explored.
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Chapter 1 defines the unique tooth profile of the free—form gear. Chapter 2 details
predicting mechanical interferences using “SolidWorks™ software. Chapter 3 covers the
first prototype’s mechanism and demonstration. Chapter 4 describes the improved second
prototype designed to fit an automobile side mirror. Chapter 5 focuses on the shakuhari—
mushi type mobile robot with DN gel legs and its walking experiment. Chapter 6 discusses
designing a small, flexible actuator for confined spaces by combining DN—gel and free—form

gears, and its potential applications.

These results are promising for flexible actuators in confined—space exploration robots,

offering a compact, lightweight, low-cost, and highly functional solution.
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