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Comparison between Adjustable Field [IPM Motor Control Based on Permeability Modulation Technique and
Conventional Field Weakening Control

Kiyohiro Iwama™, Toshihiko Noguchi, Masahiro Aoyama, (Shizuoka University)

An adjustable field IPM motor utilizing a permeability modulation technique is proposed in this paper. The proposed motor

has a magnetic path made of a soft magnetic material between the rotor magnetic poles and a special winding for the permeability

modulation. The proposed motor can control the amount of a magnetic flux which interlinks to the stator windings by

modulating the permeability of the soft magnetic material path. This paper demonstrates some computer simulation results

about the ability of the proposed adjustable field method, and makes a comparative investigation between the proposed method

and the conventional field weakening control.
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Magnetic flux for permeability modulation

—» Permanent magnet magnetic flux

Soft magnetic metal

(a) Without magnetic saturation. (b) With magnetic saturation.
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Fig. 1. Permeability modulation principle.
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Soft magnetic metal

(a) Without magnetic saturation. (b) With magnetic saturation.
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Fig. 2. Basic principle of proposed adjustable field control.
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Fig. 3. Circuit configuration of proposed motor drive.
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(a) Method using DC/DC converter. (b) Method using time and/or space

harmonics.
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Fig. 4. Various motor drive circuits.
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(c) Method using zero-phase current.
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Table 1. Evaluation of various motor drive circuits.
Motor drive circuits Switching loss | Controllability | Power supply voltage utility
Method using DC/DC converter X O O
Method using time and/or space harmonics A X (@]
Method using zero-phase current O O (@]
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Fig. 5. Magnet circuit of proposed motor.
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Table 2. Specifications of proposed motor.
DC Voltage 270 V

Phase current 50 Apms

Number of poles and slots 8 poles, 48 slots

Number of armature coil turns 7
Number of 0-phase coil turns 100
Stator diameter ¢148 mm
Motor flame diameter @160 mm
Rotor diameter @100 mm
Stack length 60 mm
Max m.m.f. for permeability modulation 1200 AT
Armature coil resistance 0.149 Q
0-phase coil resistance 1.600 Q
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Fig. 6. Relative permeavility distribution with 1200 AT m.m.f. for

permeability modulation.
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(b) FFT results of back e.m.f.
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Fig. 7. Back e.m.f. without rotor skew.
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