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Spatial Harmonics Based Mechanical Sensorless Control of Concentrated Wound IPM Motor

Katsumi Shingai, and Toshihiko Noguchi (Nagaoka University of Technology)

Abstract - This paper describes
concentrated stator windings.
relative rotor position.

a spatial-harmonics based estimation method of rotor position of an IPM motor with
The method utilizes voltage command ripples caused by variations of inductance to estimate
Since the inductance periodically pulsates with the rotor position depending on a particular

stator-core structure, the voltage command generates the ripples of which frequency is six times of the operating frequency.
In this paper, d-axis and g-axis inductances are experimentally measured and are expressed with a simple mathematical

model.

Also, this paper discusses an estimation method of the rotor position, using the voltage command ripples.

Computer simulation results demonstrate possibility of the proposed mechanical sensorless approach.
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Fig. 1. IPM motor with concentrated stator windings.
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Fig. 2. Experimental results of inductance measurement.
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Fig. 5. Voltage, current ripple waveforms and frequency
spectra d-axis voltage command.
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Fig. 6. Block diagram of whole controller.
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Table 1. MOTOR PARAMETERS AND RATINGS

Nominal Parameters and Ratings of Test Motor

Field flux linkage 0.117 (Wb) Rated power 1500 (W)
Armature resistance 0.451(QY) Rated voltage 193 (V)
Moment of inertia | 0.000576 (kg/m?) | Rated current 6.1 (A)
d-axis inductance 11.0 (mH) Maximum speed | 7200 (r/min)
g-axis inductance 17.5 (mH) Number of poles 4
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Fig. 7. Simulation results of position estimation.
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Fig. 8. Simulation result of ramp speed response.
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