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Vibration Suppression using Sensorless 120-degree Conduction Drive Focusing Periodic Load Fluctuation of Compressor

Yusuke Omi”, Takumi Yasuda, Jun-ichi Itoh (Nagaoka University of Technology)

This paper proposes a reduction method of vibration in a compressor motor during low-speed operation. The load torque of the

compressor motor fluctuates periodically and the difference between the load torque and the motor torque causes vibration. The

proposed method suppresses the vibration by the repetitive control. When the IPMSM is driven by a sensorless 120° conduction

drive, the position detection accuracy is reduced due to back EMF error. Therefore, this paper also proposes the compensation

method for the back EMF error caused by the inductance variation of the IPMSM. The simulation results show that the proposed

method reduces the fundamental frequency component of the motor speed ripple by 98.6% at a low speed of 0.19p.u..
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Fig. 1. Load torque characteristics.
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Fig. 2. Conceptual diagram of 120-degree conduction mode.
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Fig. 3. Motor control configuration for compressor drive.
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Fig. 4. Circuit Configuration of Three-Phase Inverter.
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Fig. 5. Conceptual diagram of back EMF in 120° conduction drive.
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Fig. 7. Motor speed waveform and harmonic analysis results when
the motor is driven with constant current command.
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Table. 1. Simulation conditions.

Parameter Symbol Value
Rating rotation speed oY 80 rps
Rating torque Th 0.237 N*m
Number of pole pairs P 3
Winding resistance R 6.2Q)
d-axis inductace Ly 76.3mH
g-axis inductace Ly 136 mH
Field flux linkage Vi 0.14 Wh
Inertia moment J 0.00037 kgm?
DC-link voltage Ve 280V
Switching frequency fow 16 kHz
Speed command value o 15 rps
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Fig. 11. Waveform of motor speed, estimated speed, and repetitive
control output current with and without voltage error compensation.
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Fig. 12. Waveforms of motor speed, estimated speed, and repetitive
control output in steady-state or stepping-out condition.
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Fig. 13. Harmonic analysis results of Motor speed.
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