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In this research, the principle of cross-coupled tubular two
degrees-of-freedom (DOF) surface permanent magnet (SPM) motor was expanded for realization of high
performance and high force/torque density. Firstly, a two-DOF SPM motor with Halbach array was
developed. It was shown that thrust force and rotational torque can simultaneously be increased
thanks to the three-dimensional magnets arragement based on Halbach array both in axial direction
and circumferential direction. Secondly, a two-DOF interior permanet magnet (IPM) motor was
developed. It was shown that generation of reluctance force/torque can contibute to the increasement

of thrust force and rotational torque. The decoupling between thrust motion and rotational motion
was also achieved. From the experiments on these prototypes, the validity of the developed motors as
motion system was also demonstrated.
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