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Studies on High-Performance Magnetic Couplings and Magnetic Gears

Tomoyuki Fujita

Recently, devices and equipment are demanded with high efficiency for effective
utilization of energy. Based on the above background, magnetic couplings and magnetic gears
have attracted attention. Because their power transmission is performed on a non-contact, they
have potential for high transmission efficiency. Usually, the magnetic coupling is used for the
purpose of power transmission through the bulkhead or protection device using a torque limiter
function. When a magnetic coupling is mounted as a protection device, the coupling is desirable
to be attached between the gear reducer and the motor from the viewpoint of the transmission
torque. Therefore, this research analyses the performance and improvement of the magnetic
coupling to be mounted between the gear reducer and the motor. It shall be examined for
reduction of magnet amount, consider re-synchronization after out-of-sync and improvement of
a start-up torque. On the other hand, the magnetic gear is considered for using a magnetic gear
reducer or a speed up magnetic gearbox. In this case, it is necessary for the magnetic gear to transmit
a large torque. Therefore, in this study, the surface permanent magnetic gear using the harmonic flux
is focused to obtain large transmission torque. Till now many studies have been conducted on this
surface type magnetic gear. However, there is no study on high-speed stability, high torque and high
reduction ratio which are in need for practical use. Therefore, for the practical application of surface
permanent magnetic gear, this study has proposed the high-speed stability, high torque, and high gear
ratio. And, the proposal contents evaluated the appropriateness by magnetic field analysis and
experiment.

At first, a prototype of magnetic coupling was produced. Its performance was evaluated
for reduction of magnet amount, re-synchronization after out of synchronization and improvement of
a start-up torque. From measuring results of the magnetic coupling prototype, it was confirmed that
re-synchronized can achieve when the output side of the magnetic coupling is iron poles. In addition,
by suppressing the eddy current amount generated in the short-circuit ring, it is possible to prevent
accompanying rotation that occurs when the magnetic coupling was out of synchronization, and it is
effective as a protective function. Then, the analysis results and the experimental results were
compared by performing a magnetic field analysis of the magnetic coupling of the prototype. This
comparison confirmed that a magnetic field analysis method is effective at the design stage. And so,
as a result of improvement by using a magnetic field analysis of the magnetic coupling, it was

confirmed to perform a protection operation at near the target torque. Further, it was found that



start-up torque increases when the short-circuit ring of copper windings was mounted on the iron
pole.

Next, the high-performance magnetic gear was studied. First, prototypes of the surface
permanent magnetic gear were produced, whose high speed rotors have the Concentrated Surface
Permanent Magnet arrangement (CSPM) type and standard magnet arrangement (Surface Permanent
Magnet arrangement : SPM) type. Both of two types are evaluated those performances. Two type
magnetic gears could be stable synchronous operation to 3,000 rpm with maximum torque and
no-load condition. The transmission torque of CSPM type magnetic gear is slightly lower than that
of the SPM type, but the increase of efficiency was confirmed. On both the prototype magnetic gears
of CSPM type and SPM type, the sizes are about 10cm and the transmitting torque are 8.5N-m or
more. These were confirmed to be a practically usable performance. However, the loss due to eddy
currents in the high-speed range has been found large. Therefore, for high efficiency the
developments of the stator gear with both reduction of eddy currents and maintaining the rigidity of
the pole pieces are required.

For the aim of further high torque, Halbach Permanent Magnet arrangement (HPM) type is
proposed to apply to the high-speed rotor. By the HPM the strong magnetic field can be formed in a
wide range. A result of the magnetic field analysis, the magnetic flux density distribution from the
high-speed rotors have succeeded in passing a number of pole pieces and the effective flux density
increased by the application of the HPM in high-speed-rotor of magnetic gear. As a result, the
maximum transmission torque of the HPM magnetic gear increased up to 6.9% than the SPM type.
Therefore, applying HPM in high-speed rotor of the surface permanent magnetic gear is effective to
improvement of the transmission torque. Furthermore, the influence of the pole piece shape of the
stator gear on the torque was examined. By the magnetic field analysis, the pole-pieces of the surface
permanent magnetic gear were found to improve the transmission torque in a shape magnetic flux
which is difficult to be short-circuited. As results of investigation of the stator gear to reduce
eddy currents based on above results, it was possible to obtain a stator gear can be
reduced eddy current and a high rigidity.

Finally, a multi-stage radial direction magnetic gear system was proposed with the aim of
high reduction ratio of the surface permanent magnetic gear. The characteristics of the proposed
magnetic gear with a high reduction were verified by using the magnetic field analysis. The problem
of the large speed ratio in a single stage magnetic gear was shown. And, it was found that the
proposed high-reduction magnetic gear is effective in reducing the number of parts and space saving.
The proposed high-reduction magnetic gear was compact magnetic gear with diameter 13cm and
length 5.5cm. And, it obtained with large transmission torque of about SONe m. From the above, it
was clear for the design basic specifications of high reduction surface permanent magnetic gear.

In this study, through the investigation described above, it were confirmed that the



high-performance magnetic gear and the magnet coupling can be realized. In the future, for the
practical use of magnetic gear and the magnetic coupling, I will consider mainly in terms of

production based on the contents of the tis study.



