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Position error-compensated sensorless control for permanent
magnet synchronous motor
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Abstract ; Traditional sliding mode observer-based rotor position estimation algorithms employ discontinu-
ous control signals, low-pass filters, and phase-locked loop, which introduce chattering phenomena and
position estimation errors. To suppress chattering, a novel sliding mode observer was proposed by adop-
ting an integral nonsingular fast terminal sliding mode surface and designing a reaching law based on the
sliding surface structure. By analyzing the position error transfer function of the phase-locked loop, the
mechanism behind the position estimation error caused by the phase-locked loop was revealed. An posi-
tion error estimation method based on an extended state observer was then designed. By integrating the
extended state observer with the phase-locked loop, a position estimation algorithm with error compensa-
tion was constructed. A detailed analysis of its error transfer function theoretically proves that this com-
pensation method can eliminate position estimation errors present during both dynamic and steady-state
processes of the motor. Experimental results demonstrate that the error-compensated position estimation

algorithm achieves 70% lower speed chattering than conventional methods, with position estimation errors

Y s HER . 2025 - 04 -01

HEWH . B R A RAFE4(62473177) ;2 58 B KA £ 4 (BK20231492)

TEE BN . 2FH(2001—) , B, MEHFR A&, BT F 6 K KEEE F ST AE B 424 ;
WHE(1973—) , %, W+, 835 WML A F0F AR T @ A S BRI 4 FR A5 H R R ZFER;
A 18(2000—), B A EHFR L, BFR A 6 A KR AL R S
B R(1990—), B WL IR T @ A8 H RAZFIERE ) ZENR],

BEEE. LR



555 ] A TRF AT A 07 R 2 A ) I R ) A i ML SR 42 ) 153

reduced by 83.9% in steady-state operation and 72. 7% during dynamic transients, ultimately enhancing

system dynamic performance, rotor position estimation precision, and system robustness.

Keywords ; permanent magnet synchronous motor; sensorless control; improved sliding mode observer;

extended state observer; position error compensation
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abrupt load variation
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