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Initial Rotor Position Detection of Single-phase Permanent

Magnet Synchronous Motor using Offset Voltage
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Abstract

This paper propose an initial rotor position detection method for sensorless operation of a single-phase permanent
magnet synchronous motor(SP-PMSM) with asymmetric air-gap. In general, the sensorless control based on back-emf
estimation is difficult to estimate the back—-emf at the zero and low speed regions. For this reason, an open loop start-up
technique is indispensable, and it is also necessary to detect the initial position of the rotor in order to rotate in a certain
direction. In this paper, we propose a method to detect rotor polarity by adding offset voltage to high frequency voltage
signal based on the magnetic characteristics of SP-PMSM. The validity and usefulness of the proposed algorithm are
verified through several experimental results.
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Fig. 2. Linear and saturation regions of A—14 characteristics
in air gap, (a) Before offset voltage, (b) After offset
voltage.
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Fig. 3. Detection of a rotor pole in a SP-PMSM when
injecting high frequency voltage, (a) Phase current
at north pole, (b) Phase current at south pole.
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Fig. 4. Detection of a rotor pole in a SP-PMSM when injecting
high frequency voltage and offset voltage,
(a) Phase current at north pole,
(b) Phase current at south pole.
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Oscilloscope

Fig. 6. Experimental set-up.
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Fig. 7. Experimental waveforms of north and south pole
detection, (a) North pole detection and corresponding
signal, (b) South pole detection and corresponding
signal.
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Table 1. Parameters of a single-phase PMSM. and driving

system.
E  1.SP-PMSM ¥ & AlaB el mzlio|g
Parameters Value
number of poles 4
) rated voltage 25[Vdc]
Slnﬁﬁéﬁ\};{ase stator resistance 0.015[2]
stator inductance 0.018[mH]
back-emf constant 0.266[ V/krpm]
IGBT 600[V]
Full bridge capacitor 540[uF]
inverter current sensor 70[A]
voltage sensor 500[V]
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