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A Study on Compensation of Rotor Position Estimation Error in Hall-Sensor-Based
PMSM Vector Control under Load Fluctuations
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This paper proposes a phase error compensation control technique to ensure control stability when a load fluctuations cause a phase
error between the actual coordinate system (d-q axes) and the estimated coordinate system (-6 axes) during vector control of PMSM
(Permanent Magnet Synchronous Motor) based on a hall-sensor. Under fluctuation load conditions, the torque stability is
compromised due to the rapid changes in axis currents caused by the inter-axis phase error. The phase error compensation control
technique proposed in this paper addresses issues caused by the phase error and ensures control stability through phase compensation.
To validate the effectiveness of the proposed control technique, simulations were conducted, and the simulation waveforms before and
after applying the phase error compensation control technique were compared and analyzed.
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Fig. 1. (Color online) Hall sensor-based rotor position estimation algorithm.
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Fig. 2. (Color online) Rotor position estimation based on hall sensor signals.
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Fig. 11. (Color online) PMSM vector control simulation circuit with applied phase error compensation technique.

Table 1. Motor and controller parameters of PSIM simulation.

Motor Parameter

Control Parameter

Back EMF 26 [Vpk/krpm]
Moment of Inertia 70 [ukgm?]
d-axis Inductance 1.4 [mH]
g-axis inductance 1.5 [mH]
Phase Resistance 0.145 [Q]

Poles 6

Switching Frequency 10 [kHz]
DC Voltage 300 [V]
Speed Reference 6600 [RPM]
P-gain 0.015
I-gain 0.09
Load Torque 28 [Nm]
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Table II. Performance comparison before and after applying the proposed compensation.

. Before After Relative
Metric . .
Compensation Compensation Improvement
Motor State Stalled Recovered
Current Overshoot 15.6 [A] 10.7 [A] 314 [%]
Peak Motor Torque 7.2 [Nm] 8.9 [Nm] 23.6 [%]
Minimum Motor Torque —6.5 [Nm] —0.97 [Nm] 85.1 [%]
Instantaneous Minimum Speed -859 [RPM] -71 [RPM] 91.7 [%]
Speed Recovery Not Recovered Recovered -
Max Difference of g-axis Current 54.0 [A] 6.0 [A] 88.9 [%]
Max Difference of Motor Torque 11.7 [Nm] 7.0 [Nm] 40.2 [%]
Max Difference of Electrical Angle 3.14 [rad] 0.8 [rad] 74.5 [%]
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Fig. 12. (Color online) Simulation waveform with the conventional control method under load fluctuations.
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e Ra) AT oF A5 850l oAlEe) B2 Y
o] HAEA. Aoz, Ak 94 o3} ma FHe
A Ral AR A9 Aol A Shel B} e
NgHolde s QEssT.

o =l ox &

AAfel 2

o] =2 202595 AF-IIE AT AdoR g
ToUA7EH 7] A s wol e A5 (RS-2025-
02313282(2410012338), WF=A] 24 A4 7P F5 234
=4 3% 7= 7.
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