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Analysis and Control of a 3-Phase VR Type Self-Bearing Step Motor for
Small Angle Control Considered the Fringing Effect

Daegon Kim*

ABSTRACT

The analysis and control of a new type unsymmetrical slotted self-bearing step motor for small angle control is
presented. The motor actuator is used for both motor and bearing functionality without any additional coil windings or
electromagnets for bearing functionality. A circular-arc, straight-line permeance model for the fringing effect is
presented. An unsymmetrical slotted self-bearing step motor layout and control algorithm are described. A new control
current generation method using the electromagnets layout geometry, which needs no additional current for bearing
functionality, is proposed. As the result of this analysis the fringing effect largely influences on the system
characteristics, especially in torque. Even if the bearing functionality is added into the motor functionality, it is shown
that the magnitude of torque is not changed.

Key Words : Self-bearing motor (4l T #| 0] 3 %.E]), Bearingless motor (#1©] 3 8] 2 % E}), Magnetic bearing
(Z718l o] ), Step motor (2= ¥ 2E), Self-bearing step motor (A X ¥ljo] 3 2 ¥ R EY), Fringing effect
(XA & 37}, Carter's coefficient (7HE] HE])

7|49y P, = air gap permeance
P,, P, P,= slot face, circumferential face, and
B, = air gap flux density radial face permeance
K., K, = current stiffness coefficients S, =slot coefficient
K, K .= displacement stiffness coefficients W = circumferential overlapped length
N = number of coil windings per a pole W, = circumferential stator core length
N, = number of segments W, = rotor pitch
N, = number of electromagnet slots h, = air gap at the center position of P,
N, = number of rotor slots iy, = supply current of P,
N, = number of electromagnet pairs ii = torque current
= 200t 29 26 AT
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i,, 1, = bearing control current
k
r, = extent of the fringing permeance

@, = flux through slot face

@, = fringing flux

6 . = phase difference

#, = permeability at free space (=4 7 X 107)

= Carter's coefficient
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(a) Front view
Fig. 1 Schematics of an actuator
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Fig. 2 Geometry of the slotted stator and rotor
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Fig. 3 Circular-arc, straight-line permeance model
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Fig. 4 Force generation and airgap geometry
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Fig. 5 Self-bearing step motor feedback control loop
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Table 1 Construction of the self-bearing step motor

Property Symbol Value
Rotor mass M 1.0Kg
Rotor radius R 0.02m
Axial length of the actuator L 0.0lm
Steady state air gap h, 0.0005m
Number of coil turns N 100
Number of electromagnets N, 9
Number of slot per a pole N, 5
Number of rotor slot N, 60
Motoring current i, 2A
Sensor transducer gain G, 5000V/m
Power amplifier gain G, 1 ANV
Proportional gain G,=G_, 1.0
Derivative gain G,=Gy, 0.0001
Integral gain G,=G,, 1.0
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Fig. 6 Carter's coefficient variation to slot facing area
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Fig. 9 Bearing control current under rotating unbalance
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Fig. 11 Torque response under rotating unbalance
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