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Position-and-Speed-Sensorless Control of IPM Motor Using PWM Ripple

Satoshi Kohno, and Toshihiko Noguchi
(Nagaoka University of Technology)

Abstract

This paper proposes a new position-and-speed-sensorless control of an internal permanent magnet synchronous

motor using PWM ripple. The method can estimate the rotor position, i.e. d-axis, by reluctance information of the rotor, which
can be detected by harmonic currents caused by the PWM ripple. Using the PWM ripple makes it possible to reduce harmonic
losses and torque pulsation because intentional harmonics injection to the motor is not necessary. One of the keys is a

three-phase sinusoidal carrier modulation technique with rotating coordinate transformation, and the other is a rotor position
estimation technique using phase shift information of the PWM ripple currents on the estimated coordinates. Consequently,

excellent operating characteristics have been obtained through various computer simulations, i.e. speed step responses, a

disturbance response, and parameter sensitivity tests.
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Fig. 1. Model of IPM motor and definition of coordinates.
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Fig. 2. PWM ripple current loci on estimated coordinates.
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(a) Block diagram of whole controller.
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Fig. 6. Speed step responses.
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Fig. 8. Characteristics of parameter sensitivity.
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