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Abstract The sensorless control based on the flux linkage of PM synchronous motors has excellent position
estimation characteristics at low speeds. However, a limitation arises because the integrator of flux estimator is
saturated by the DC offset generated during the analog to digital conversion(ADC) process of the measured current.
In order to overcome this limitation, HPF with a low cutoff frequency is used. However, the estimation performance
is deteriorated (Ed- the verb deteriorate already includes the meaning of 'problem') at high speed due to the low cutoft
frequency, and increasing the cutoff frequency of the HPF induces further problems of phase leading and initial
starting failure at low speeds. In this paper, the cutoff frequency of HPF was synchronized to the operation frequency
of the motor: at low speeds the cutoff frequency was set to low in order to reduce the phase leading of the estimated
flux, and at high speeds it was set to high to raise the DC offset removal performance. As a result, the operating
range was increased by 200%. Furthermore, a phase compensation algorithm is proposed to reduce the phase leading
of the HPF to less than 1.5 degrees over the full operating range. The proposed sensorless control algorithm was
verified by experiment with a PM synchronous motor for a washing machine.
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Fig. 11. Experiment set
(a) Control board (b) Stator (c) Rotor

Table 1. Experiment parameter

Parameter. Value Unit
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EMF constant Vsec
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DC link Voltage
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Table 2. Cutoff frequency of HPF in experiment

Proposed method
(Hz)

25

Motor speed Conventional method
(rpm) (Hz)
50 1
200 1
600 1
1200 1
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