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Torque Ripple Reduction Algorithm of PM Synchronous Motor
at High Speed Operation

Jong-Hyun Kiml, Kwan-Yuhl ChoT, and Hag-Wone Kim'

Abstract

Torque ripples generate mechanical vibration at low speed and acoustic noise at high speed. The back emf
harmonics of a PM synchronous motor is one of the main sources of torque ripples. To reduce torque ripples
resulting from back emf harmonics, dg-axis harmonic currents that reduce the torque ripples are generally

compensated to the current controller. Harmonic current compensation is effective at low speed, but it is not
applicable at high speed because of the limited bandwidth of the current controller. In this study, dq-axis
harmonic voltage compensation that can reduce torque ripples at high speed is proposed. The dg-axis
harmonic voltages are calculated from the motor speed and the dg-axis harmonic currents. The effectiveness
of the proposed method in reducing torque ripple is verified by a simulation and experiments.
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Fig. 2. dg-axis harmonic voltages.
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TABLE 1
PARAMETER OF PMSM

Parameters Value
Rated power 1 Hp
Rated current 5A
Number of poles 6
Phase resistance (r,) 052 @
d-axis inductance (Z;) 6.3 mH
g-axis inductance (Z,) 10.1 mH
Magnet flux (1) 0.063 Vsec
PWNM_frequency 15 kHz
Bandwidth of current control 100 Hz
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Fig. 3. Block diagram of voltage compensation.
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Fig. 4. Compensated dq-axis harmonic voltages.
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Fig. 5. dg-axis currents at high speed (1,200rpm).
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Fig. 8 FFT analysis of torque ripples at high speed
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(c) Dynamo set
Fig. 9. Experimental setup.
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