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Development of Flux Concentrated type Self-Bearing Motor
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Self-bearing motor has combined function of AC motor and magnetic bearing. Usually levitation force is
produced by Maxwell force while the motor torque is produced by Lorentz force. The authors have proposed Lorentz
type self-bearing motor where strong magnetic flux is the key technology for good characteristics. In this paper three
types of rotor are designed and compared: a flux concentrated PM rotor, Halbach rotors with iron backyoke and
aluminum backyoke. The high density flat coils are designed and used for the stator. The experimental setup is
fabricated and the results obtained are compared and discussed in details.
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Fig. 3 Design of Slotless Stator (Left: Yoke, Right: Coil)
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Fig. 4 Analytical Models (Left; CSPM, Right; Halbach)
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Fig. 6 Comparison of Flux Densities in Airgap
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Fig. 19 Photo of Levitated Rotation Experiment

Power Amplifier g

le—]

D/A Converter

Uy W Vi Uy, W Vi
+U -V, W, -U +V -W
1
T

1
vl w.l V. U, v,| w,
Motor 2-3Phase
Current Converter
K K
Eddy-current 1 I
displacement A/D Y

sensor

Converter

‘jPID Controller ]

Fig. 20 Schematic of Control System

ERREEST-OT, Xy v 7D 35mm L%, £D
LR N T TITREL TR0,
RBICBARIIOREEITo T2, ZHUT=aA Mz
BRARS T, a—XEHIENOEM S, B0
FIRDOKE| 1 & B2 T, LT +— RS =D
oAk 347280=124 fF L, LI ZA TN —TDFE
Frd 280/347=0.81 {F LT 7 v b L7z, #5%% Fig. 18
RS, BB 72D T, (RIEHHTICIT R
WEASR N EH TS,

5 %t -[EEREHE

BYELR L e—2 OF L - BHERFEEZHIE Lz,
LU LSy - BRI L BIFFIZREVDT, Fig.
IR T RO I E B THEFBIRREE L, /25
W L — 2 2T THIEI L, WEEZITo7, HIER
DIERLA Fig. 20 1259, v —2 L PD filfl C&ER b
L, ilfEIZfF% Table 11279, 22T, Kp, Kdidtb
B sy A Y, TV L TEETh D, BE
[BIERICIXREEN L7228, 200r/min FEEE DOEEREED B AR
FLL T LE -7, SENIEEE—ZH#E%21T-> TR

Table 1 Feedback Gains (Local PD Control)

102

CSPM Halbach S Unit
Mass 227 2.30 Kg
Kp 60 70 A/mm
Kd 0.16 0.16 A s/mm
T 0.1 0.1 ms
03 03 |
- — | i Y _direction
""" Y _direction 0.25 N vt
F 025 b X direction| ' (X direction)
E o2 . .E 02 ;
8 o5 \ 5015y
5 \ 5 01 i
g™ g [
& 005 fl\"*\ " - 5 0.05 L —
B '\W Sk At »*'»»;_‘.Mv«w‘ stvd B 0 [ i '-f-i-w\&an*'-«»—-'-.h:»:“-.»m-\,;
0'056 o100 o 20 003G 30100 T80 300
Time [msec] Time [msec]

Fig. 21 Impulse Responses of CSPM (Left: X, Right: Y)
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Fig. 22 Impulse Responses of Halbach S (Left: X, Right: Y)
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Fig. 23 Frequency Responses of CSPM (Left: X, Right: Y)
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Fig. 25 Torque and Efficiency of Motor
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