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Research on Magnetic Structure and Control Method of Integrated Driving Device
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Multiple-degree-of-freedom (DOF) mechanisms are developed in various fields such as robots, industrial
machines, and human-machine interfaces. The mechanisms generally achieve the multiple-DOF motion by a
simple combination of 1DOF actuators and mechanical elements. However, this combined structure has a large
size and decreases energy density. Moreover, the supporting mechanism of the structure needs many
mechanical elements such as bearings and links, etc. Friction loss increases when there are many contact parts,
and positioning accuracy and drive performance decrease. Thus, integrated driving devices that have a
magnetically integrated structure of actuators and mechanical elements were focused. Especially, this thesis
focused on the integrated driving devices with rotary and linear 3DOF and linear motions driven by a magnetic
force. Various integrated driving devices have been developed, however, there are some remaining issues such
as increasing in size of structure and control device, a complicated structure that consists of a large number of
components, interference by the magnetic integration. In order to solve these problems, a novel magnetic
structure, operating principle, and control method of the integrated driving devices were proposed in this thesis.

First, the rotary 3DOF electromagnetic actuator which can generate 3DOF motion by only three control
phases and has a simple structure composed of a few components was presented. The torque and dynamic
behavior were presented, and the experimental results show that the actuator can be driven by the proposed
structure and operating principle. The attitude stabilization system was designed using the proposed dynamic
model, and it is shown that the system can be stabilized the disturbance. The sensor-less attitude estimation
method was proposed for simplifying the system. Next, the linear 3DOF electromagnetic actuator which can be
driven by three-coils was described. The static detent force and thrust characteristics were clarified, and it is
shown that the actuator can drive with asymmetric acceleration for a haptic presentation. Moreover, the
interference suppression method using a non-linear compensator for the linear 3DOF magnetic bearing was
proposed. The feasibility of a stable operation when the disturbance is given was shown. In addition, the linear
actuators and power transmission mechanisms that have magnetic lead screw (MLS) structures were described.
The consequent-pole MLS which can consist of a few simple components was proposed, and the thrust density
is compared with other MLSs. The sensor-less force estimation method was proposed to simplify a force
control system. The MLS structures using a magnetic levitation were proposed to achieve a complete
non-contact mechanism. These researches show that the simplification of the magnetic structure and control
device can be achieved by magnetic integration. It was suggested that the multiple-DOF mechanism can be
improved by the proposed integrated structure and control method. The integrated driving devices are expected
to contribute to various applications.
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