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Biomechanical devices — electric machines, mechanical
designs and control methods: a review of current
developments

Abstract: In this paper a review of current solutions used in biomechanical devices is presented. The most attention would be
paid on electrical motors, mechanical skeletons and methods of control them.
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High Torque Electrical Machines used to drive biomechanical devices

Many of the biomechanical devices contain electrical machines for very different usage. The most common
machines are the servo motors, hence closed drive systems composed of direct current (DC) motor or brushless
direct current motor (BLDC) with ready implemented encoder. The servomotor rotates, causing feedback pulses
to be sent from the encoder to the servo amplifier. The deviation counter subtracts the feedback pulses from the
encoder from the command pulses from the positioning module. The pulses counted by the deviation counter are
called error pulses.

Fig.1. High Torque electric machines: (from left hand side) stepper motor, PMSM, SynRel, PMVM.

Based on the literature review (165 articles mentioned in the paper), it was found that the largest number of
motors used in bionic designs are BLDC motors (23), servo motors (30), DC motors (13), various high-torque
motors (10) and PMSM motors (30). Stepper motors (3) are the most commonly used. Furthermore, considering
the other high torque motors, it was found that SynRel (2), FSPM (2), PMVM (5), SRM (3), YASA (1), CPFRM
(2), AFPM (4), linear (3) or induction (2) motors are described in the literature. The article contains a description
of the individual types of machines and their comparison.

Electric motors

Fig .2. Type of motors with high torque which are used in biomechanical constructions

Acknowledgement

Project financed from state budget funds granted by the Minister of Education and Science within the framework
of the "Pearls of Science" programme with the number PN/01/0004/2022 entitled. "High torque permanent
magnet machine for use in biomechanical structures" - organisational unit implementing the task: Department of
Electrical Machines and Drives at the Faculty of Electrical Engineering of the West Pomeranian University of
Technology in Szczecin - total funding amount

228 800.00 PLN.

Literature

1. S. Gao, J. Mai, J. Zhu and Q. Wang, "Mechanism and Controller Design of a Transfemoral Prosthesis With
Electrohydraulic Knee and Motor-Driven Ankle," IEEE/ASME TRANSACTIONS ON MECHATRONICS, vol. 26,
no. 5, October 2021.

2. H. Yang, G. Wei, L. Ren, Z. Qian and K. Wang, "A low-cost linkage-spring-tendon-integrated compliant
anthropomorphic robotic hand: MCR-Hand III," Mechanism and Machine Theory, vol. 158, April 2021.

Authors: mgr inz. Michat Cichowicz, West Pomeranian University of Technology, Szczecin, Sikorskiego 37, 70-313 Szczecin,
e-mail. michal.cichowicz@zut.edu.pl; dr hab. inz. Marcin Wardach, prof. ZUT, West Pomeranian University of Technology,
Szczecin, Sikorskiego 37, 70-313 Szczecin, e-mail. marcin.wardach@zut.edu.pl. ; dr inz. Pawet Herbin, Maritime University of
Szczecin, Waty Chroberego 1/2, 70-500 Szczecin, e-mail. p.herbin@pm.szczecin.pl; prof. dr hab. inz. Ryszard Patka, West
Pomeranian University of Technology, Szczecin, Sikorskiego 37, 70-313 Szczecin, e-mail. ryszard.palka@zut.edu.pl

17—



