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Introduce myself and
my research

Kimio Hijikata
Lecturer, Tokyo City University
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Previous research
1. Improve suspension control system of bearingless motors
Back EMF and angle delay compensation of suspension windings
2. Cylindrical-shape active magnetic bearing
Simple shape, easy assembly

3. Bealingless Vernier motor (Reluctance type, Consequent-pole type)

No-friction with high-torque density
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Cylindrical-shape active magnetic bearing

v Active thrust magnetic bearings with a simple cylindrical-shaped rotor.

v' Alarge disc-shaped rotor, as found in conventional designs, is unnecessary..

Electromagnetic _ Electromagnetic
suspension units Thrust magnetic Suspension units Thrust magnetic
1 — bearing unit Shaft ' ! 1 bearing unit

7777, 7
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Thrust 3
‘ disk
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i Cylindrical
i _rotor core

Core &

:........,,.,,_.:’\ Coil Tool T I ff‘..\\ Coil

(a) (b)

Fig. 1. Magnetic levitation system with thrust magnetic bearing: (a) TMB with
thrust disk; (b) TMB with cylindrical rotor core.

13



Cylindrical-shape active

—_——

F_/ E-shape stator core

) ' § Radial magnetized PM
S

Suspension windings
in each slot.

Radial-axis

% Thrust-axis

magnetic bearing
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Fig.2. Structure of TMB equipped with cylindrical rotor core: (a) overall view;

(b) detail view of Area A.

(b)

' Suspension windings

Radial magnetized PM

E-shape stator core

_/ Cylindrical rotor
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Cylindrical-shape active magnetic bearing

TABLE 1
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Fig. 4. Principle of thrust force generation: (a) excitation flux ¢;ae; (b) sus-
pension flux t5; (¢) superimposed magnetic field.

DIMENSION OF THRUST MAGNETIC BEARING

Rotor weight(ALL) 60 N |Stator diameter 180 mm
Touch down(thrust) 0.7 mm |Rotor diameter 50 mm
Touch down(radial) 0.1 mm |Stator length 30 mm
Gap length 0.8 mm |Rotor length 22 mm
Coil packing factor [39.7 % |Overlap length 1.0 mm

Fig. 6. Flux density distribution at rated current.
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Cylindrical-shape active magnetic bearing

TABLE 1
DIMENSION OF THRUST MAGNETIC BEARING

(b)

Rotor weight(ALL) 60 N [Stator diameter 180 mm
Touch down(thrust) | 0.7 mm [Rotor diameter 50 mm
Touch down(radial) | 0.1 mm [Stator length 30 mm
Gap length 0.8 mm [Rotor length 22 mm
Coil packing factor |39.7 % [Overlap length 1.0 mm

200 RARBARERERSS

[1385(N) (@rated current) |
100 -

20.4[N/A] |

Thrust force F,; [N]
o

-100 © Actual measurement
24.0[N/A] ® Analytic value
-200 A AL A 4L l - l Ak od A A 4 l Akl l - l A
-6 4 2 0 2 - 6

Suspension current i, [A]

Fig. 3. Photograph of prototype: (a) stator; (b) rotor.
Fig. 10. Relationship between i and Fy,.






Research Theme at JKU

stator rotor windin
p—

®® U coil
®® YV coil
©AW coil

v Speed-increasing Vernier motor

* The rotor of the motor rotates at a faster
speed than the rotating magnetic field.

* The effect is achieved by having a smaller
number of rotor salient poles than the
number of winding poles.

* The plan is to develop a high-speed Fig. Speed-increasing Veriner motor

bearingless motor using this new method. (the number of rotor salient pole is 2
and the number of winding pole 4)
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Speed-increasing Vernier motor

v' The necessary conditions are p = Zs*Zzand Zy <p .

v The rotational speed of the rotor is Zz/p times that of the rotating magnetic field.

In this case:

p=4,Zs=6, Zg=2

any other combination is ok.

Fig. Conventional Fig. Conventional Fig. Proposed

Vernier motor synchronous motor Vernier motor p: The pole number of the
rotating magnetic field

(Speed-decreasing) (Speed-increasing)

ZR >p (ZR = 8) ZR =p (ZR = 4) ZR <p (ZR = 2) salient poles

Zg: The number of the stator

Zxlp =0.5 Zplp =1 Zplp =2 salient poles

Zg: The number of the rotor
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Torque generation principle
v |s almost same as the conventional synchronous reluctance motors.
v' Synchronize the rotating magnetic field with the lower harmonic component of

the air gap permeance.

d B B B B S B
pth
2nd
6)3 < o 0 Stationally 6" order harmonics
and rotationally 2" order
harmonics combine to form (6+2)h
and (6-2) order harmonics.
d B B B OB O @
Ath
e ol N Y By synchronizing the rotating
NN NSNS 8N magnetic field with the virtual
o salient poles, torque is generated.
S <

Fig. Gap permeance distribution v



Bealingless speed-increasing Vernier motor

v' The area of the winding is divided into two parts.

v" Combination of 4-pole and 2-pole windings generates magnetic suspension force.

Stack length:
30 mm

Fig. 4-poles windings for Fig. 2-poles windings for
torque generation suspension force generation 21



FEM analysis of suspension force

v Suspension force was analyzed at the rated current with no-load condition.

v Suspension force of sufficient magnitude was generated.

Suspension force Fx, Fy [N]

Time ¢[s]

Fig. Analysis results of suspension force
generation with no-load condition

Fig. Magnetic flux distribution at
t=0s (6=0deqg) 22



FEM analysis of suspension force

v' Suspension force was analyzed at the rated current with rated load condition.

v Suspension force of sufficient magnitude was generated.

Susupension force Fx, Fy [N]

Time ¢[s]

Fig. Analysis results of suspension force
generation with rated load condition

Fig. Magnetic flux distribution at
t=0s (6=0deqg) 23



Thank you for your attention!

Vielen Dank!
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