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Experimental Verification of Adjustable Field IPM Motor Based on Permeability Modulation

Kiyohiro Iwama™, Toshihiko Noguchi, (Shizuoka University)

Experimental verification results of an adjustable field IPM motor based on a permeability modulation technique is discussed

in this paper. The permeability modulation is a technique to modulate the permeability of a magnetic material utilizing a

modulation flux. The proposed motor can control an amount of a permanent magnet flux that interlinks to the stator windings by

applying the permeability modulation to the leakage magnetic paths. This paper describes validity of the proposed adjustable field

method and the operation characteristics of the proposed motor.
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(Keywords: Adjustable field, permeability modulation, magnetic saturation, 3-dimensional magnetic path, interior permanent

magnet synchronous motor, 0-axis current)
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Fig. 1. Basic principle of proposed adjustable field method.
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Fig. 2. Magnetic circuit of proposed motor.

TABLE 1. Specifications of proposed motor.

Maximum modulation current 10 Apc
Number of poles 8 poles
Number of slots 48 slots

6 turns/slot, 0.158 Q
120 turns, 1.8Q

Armature winding
Modulation winding

Stator diameter $148 mm
Rotor diameter ¢ 96.6 mm
Stack length 63 mm
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Fig. 3. Prototype configuration of proposed motor.
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Fig. 6. Experimental setup.
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Fig. 7. U-phase e.m.f. in no-load condition.
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Fig. 9. Leakage magnetic paths of compared models.
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(a) Method using DC/DC converter. (b) Method using harmonics.

Fig. 11. Motor drive circuits of conventional adjustable field PM motor.
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TABLE II. Simulation conditions of zero-phase current control.

DC-bus voltage 300 Vpce
Smoothing capacitor 7800 pF
Dead time 4 us
Switching frequency 10 kHz
Time constant of current control 0.25 ms
Armature winding 1.5mH, 0.15Q
Modulation winding 50 mH, 1.80 Q
Amplitude of iy 3A
Rising and falling time of iy 5 ms
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Fig. 14. Simulation results of zero-phase current control.
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