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Abstract— The response of robot actuators to various dy-
namic interactions during contact tasks is not trivial because
there exists a tradeoff between actuator-thrust force density
and back-drivability. Although hybrid actuation approaches
are promising, complex transmission mechanisms are necessary
to synthesize forces from heterogeneous actuators. This study
presents a novel concept of a fusion hybrid linear actuator
to address the fundamental problems in conventional hybrid
actuation approaches. The concept embodies an integrated
structure of an air cylinder and a linear motor and shares the
moving spaces of the piston and moving part of the linear motor
inside the compact housing of the actuator. Herein, the design
strategy requirements and its structural optimization processes
are discussed. A kinetic friction model of a pneumatic cylinder
that considers a piston structure is proposed to improve the
force characteristics during dynamic interaction. Furthermore,
a quantitative benchmark test is developed to maintain the
contact force constant against a load actuator, to evaluate the
disturbance resistance under a wide range of target contact
force conditions. The concept and performance were validated
by experiments comparing the proposed hybrid actuation
condition with conventional pneumatic actuation conditions.

Citation & link

Y. Nakata and T. Noda, “Fusion Hybrid Linear Actu-
ator: Concept and Disturbance Resistance Evaluation,” in
IEEE/ASME Transactions on Mechatronics, vol. 28, no. 4,
pp. 2167–2177, Aug. 2023.

https://ieeexplore.ieee.org/document/10084348

1Department of Mechanical and Intelligent Systems Engineering, Grad-
uate School of Informatics and Engineering, The University of Electro-
Communications, 1-5-1 Chofugaoka, Chofu, Tokyo, 182-8585, Japan.
ynakata@uec.ac.jp

2Department of Brain Robot Interface, ATR Computational Neuroscience
Laboratories, 2-2-2 Hikaridai Seika-cho, Soraku-gun, Kyoto, 619-0288,
Japan. t noda@atr.jp

2024 IEEE/ASME International Conference on Advanced Intelligent Mechatronics (AIM)
July 15-19, 2024. Boston, MA, USA

979-8-3503-9154-1/24/$31.00 ©2024 IEEE 379


