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Propoesed Lecture Topics
I. Magnetically Suspended Bearingless Motor
1.

Basic idea and motivation

2.

Force distribution in a motor

3.

Some developments for specific applications

4.

Consequent-pole bearingless motor, , controller and power electronics

5.

Outer rotor and multi-pole structures, sensors and etc.

Magnetic bearings and a motor are widely installed in a shaft in compressors, chemical pumps, turbo-molecular
pumps, blood pumps, etc. In these applications, the motor and magnetic bearings are constructed in the shaft in tandem.
The motor and magnetic bearings generate rotating torque and suspension radial forces, respectively. In motors, it is
well known that radial force is generated when flux distribution is unsymmetrical. A bearingless motor intentionally
makes its flux distribution unsymmetrical and generates radial force for magnetic suspension. The bearingless motor is
a magnetically combined electric motor with a magnetic bearing. At the beginning of this lecture, the basic idea and
motivation of bearingless motor developments are presented. The integration of magnetic bearings and the motor
enhance force and torque capability, or shorten the total shaft length. Then, flux distributions in the PM motor are
presented to show the magnetic stress force along the rotor surface. It is shown that there are tangential stress forces for
torque generation, but also a significant radial stress force acting in the radial direction, although the integration of the
radial stress forces is zero if the flux distribution is symmetrical. A simple winding method to make flux distribution
unsymmetrical is provided, and radial force is introduced to demonstrate the advantages of a magnetically combined
bearingless motor.
Some bearingless motor developments for specific applications are presented to illustrate industrial applications.
Several development examples are presented such as consequent-pole bearingless motor for pump applications,
controller and power electronics developments, an outer rotor and multi-pole structures, integrated position sensors, and
etc.

II. Developments of Rare-Earth-Free-Motor for Hybrid Electric Vehicles
1.

Rare earth problem in electrical motors

2.

Performance of NdFeB PM motors for hybrid electrical vehicles.

3.

Overview and some developments of rare-earth-free motors.

4.

Switched reluctance motor design

5.

Test results and comparison to NdFeB IPMSM.

In order to reduce CO2 emissions and prevent global warming, hybrid and pure electrical vehicles have been
introduced in automobiles. The number of these environmentally friendly vehicles has been significantly increased
recently. These vehicles have a motor to assist an internal combustion engine to enhance the fuel efficiency. Most
motors include rare-earth permanent magnets, i.e., NdFeB permanent magnets. However, NdFeB permanent magnets
require rare-earth materials, namely neodymium (Nd) or dysprosium (Dy). The Dy is needed to enhance the hightemperature characteristics; those are required in hybrid electrical vehicles because the motor is installed in the engine
room. The problem with rare earth materials is their limited supply and high cost. For Nd and Dy, the material costs
peaked in July 2011, then decreased; however, the costs in 2012 are still 20 and 31 times those in 2006, respectively.

In the lecture, the rare-earth problem for motor production is presented. Then, the performance of hybrid
electrical vehicles is presented in assessing the current status of NdFeB PM motors. An overview and some
developments in rare-earth-free motors are reviewed. One example of switched reluctance motor development is
presented in detail. It is shown there are three keys to enhancing the torque density, efficiency and operating range to be
competitive with NdFeB motors employed in hybrid vehicles. In addition to the design process, test machine
developments and test results are presented.

