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Friction Reducer with a Multi-Layer Ball Array Structure

R EE
Gi-Ppeum Kim!, Hee-Chan Shin!, Jae-Bok Song’

Abstract: This research focuses on reducers, vital components in service robots, with a special
emphasis on friction reducers designed for use in environments where interaction with humans is
essential. For service robots to effectively perform advanced tasks, it is crucial to have reducers that
offer high precision, high reduction ratios, and strong resistance to impacts. To meet these require-
ments, our study introduces a new design methodology and proposes a friction reducer featuring a
multi-layer ball array structure. Compared to traditional gearbox-based reducers, the friction reducer
developed in this study demonstrates a higher reduction ratio and improved shock absorption. The
performance of this newly proposed reducer has been verified through experimental analysis. It was
confirmed that by minimizing drive losses, the system has high backdrivability, delivering a torque
of 15 Nm. Additionally, it was observed that the system showed an immediate response without

backlash to fine input vibrations.
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[Fig. 1] 3D modeling for friction reducer
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[Fig. 2] Geometry of multi-layer ball reducer
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[Fig. 3] Velocity and direction at the contact point
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[Fig. 4] Cross-section of the reducer
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[Fig. 6] Direction of preload transmission between balls
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Friction reducer
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