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Mathematical Model Errors and Their Compensations of IPM Motor Control System
Jun Kudo*, Toshihiko Noguchi (Nagaoka University of Technology),

Manabu Kawakami, and Koichi Sano (CORONA Corporation)

Abstract — This paper focuses on mathematical model errors in the IPM motor controller, and presents compensation

techniques for the errors. Even though no motor parameter mismatch is in the controller, the voltage commands and the

feedback currents (an inverse motor model) hardly satisfy the mathematical equation of the motor due to a sampling

interval, a phase lag of the detected currents, an inverter dead time, and an ON-voltage of the power devices. In the

paper, a compensation method is discussed for each error factor, and is experimentally examined one by one. As a result,

a combination of all four compensations makes it possible to improve the total error effectively, which possibly

contributes toward highly accurate position and/or speed estimation in a mechanical sensorless IPM motor drive.
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Fig. 1. Motor model for discussion on sampling error.
(a) Sampling point. (b) PWM pattern output point.
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Fig. 2. Sampling error compensation.
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Table 1. Parameters of test motor.

Number of pole 4
Rated output power 2 kW
Rated rotation speed 7200 r/min
d-axis inductance L, 7.3 mH
g-axis inductance L, 14.2 mH

Winding resistance R, 0.52Q
Flux linkage of IPM 0.09884 Wb
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Fig. 3. Sampling error compensation characteristic.
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Fig. 5. Detected motor current phase delay compensation.
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Fig. 6. Detected motor current phase delay
compensation characteristic.
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