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Abstract :

In recent years, the development of haptic feedback gloves has been pursued for XR content and
remote operation of mechanical systems. However, conventional devices are unable to present three-
dimensional (3D) forces independently to each finger. This is because presenting 3D force to each
finger requires the combination of at least three actuators per finger, resulting in large size and heavy
weight. The increase in size and weight significantly affects the user’s sensory experience and
available usage time in force feedback, making it a critical issue. To address this, the authors focus on
the multi-axis capability of vibration devices. While previous studies have proposed multi-axis
vibration structures using multiple vibration motors, such configurations inherently lead to bulkiness.
Therefore, the authors proposed a novel three-dimensional vibration actuator capable of generating
vibrations in arbitrary directions with a single unit. The actuators for haptic feedback gloves based on
the principle are developing. However, the generated vibration was weak, making haptic presentation
difficult. Furthermore, the driving mechanism suffered from cross-axis interference, where vibrations
unintentionally occurred in directions other than the intended axis. To overcome these issues, this
study proposes a new three-dimensional vibration actuator specifically designed for haptic feedback
gloves. First, the basic structure and driving principle of the proposed actuator are presented. Then,

its static thrust characteristics are analyzed using 3D finite element method, and a dynamic model is



constructed based on the equation of motion to simulate vibration behavior. Finally, a prototype is

fabricated, and its static thrust and frequency characteristics are measured and reported.
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