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Abstract

This paper proposes an improved sliding mode observer (SMO) to combat high-frequency chattering,
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large steady-state errors, and poor dynamic performance in traditional SMOs for rotor position esti-
mation in electric motors. This method replaces the sign function with a saturated sine function,
thereby effectively suppressing high-frequency chattering. Additionally, an improved phase-locked
loop (PLL) structure is introduced to replace the conventional PLL, enabling accurate observation
of motor speed transitions from forward to reverse rotation and significantly enhancing the speed
and rotor position tracking accuracy. Simulation results show that, compared with traditional meth-
ods, the improved SMO reduces the steady-state error of position estimation by more than 80%.
Under dynamic conditions, where the given speed changes from 1,000 r/min to 1,500 r/min and a
sudden load of 5 N is applied, the improved SMO exhibits a faster response speed, with position
estimation errors consistently maintained within +0.02 rad, significantly outperforming the +0.1
rad error of traditional methods. Moreover, the improved SMO demonstrates superior robustness
and disturbance rejection, making it more suitable for rotor position estimation in practical motor
drive systems with broad engineering application prospects.
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Figure 1. Structure diagram of traditional sliding mode observer
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Figure 2. Structure diagram of traditional PLL phase detector
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Figure 4. Improved phase detector architecture
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Figure 5. Improved sliding mode observer (SMO) control system
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Figure 11. Improved SMO rotor position
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Figure 12. Conventional SMO rotor position deviation
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Figure 13. Improved SMO rotor position deviation
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Figure 14. Improved SMO with reverse speed
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Figure 15. Conventional SMO with reverse speed
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Figure 16. Improved SMO with reverse rotor position
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