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Position-and-Speed-Sensorless Control of IPM Motor
Using Frequency-Modulated Carrier and PWM Harmonic-Current Phase Information

g B FE FOFZ Emumssis

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

Abstract — This paper describes a novel control strategy of a permanent magnet motor drive without a rotor position sensor.
The strategy is based on use of relative phase information of a harmonic current vector caused by a frequency-modulated three-
phase PWM carrier. In this system, the PWM carrier source is located on a reference frame rotating synchronously with an
estimated rotor position, and rotational coordinate transformation is applied to generate the frequency-modulated three-phase
PWM carrier on the stator reference frame. By using this transformed carrier for pulse-width modulation, a locus of the harmonic
current vector on the synchronous reference frame is observed to be a stationary ellipse because of the rotor saliency. Since the
long diameter of the harmonic current ellipse indicates the true d-axis direction, coinciding the estimated d-axis with the long-
diameter direction makes sensorless operation possible. The paper describes a theoretical aspect and presents several experimental

results to show feasibility of the proposed technique.
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Fig. 1. Model of IPM motor and definition of coordinates.
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Fig. 2. Frequency-modulated carrier and PWM harmonic.
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TABLE 1 MOTOR PARAMETERS AND RATINGS
Nominal Parameters and Ratings of Test Motor

Field flux linkage 0.306 (Wb) | Rated power 100 (W)
Armature resistance 14.8 (Q) Rated voltage 200 (V)
Moment of inertia 0.00414 (kg/m?) | Rated current 0.7 (A)
d-axis inductance 248 (mH) Rated speed 1500 (rpm)
g-axis inductance 485 (mH) Number of poles 4
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(b) Block diagram of rotor position and speed estimator.
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Fig. 4. Configuration of proposed control system.
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Fig. 5. Schematic diagram of position estimation error circuit.
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Fig. 7. Configuration of Experimental Setup.
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Fig. 8. Experimental results of position estimation at standstill.
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Fig. 9. Experimental results of position estimation at 100 (rpm).
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