Wa6 % H3W 2/ M Fx % W Vol. 46 No. 3
2025 4F 3 H Chinese Journal of Scientific Instrument Mar. 2025

DOI: 10. 19650/j. cnki. cjsi. J2513681

ETHOMRERMNRTENEEEERSFREES

[;ﬂl

WE4RIR ,EE R BT
(1. 2B RFAHLE TR BE 2240 730070; 2. PHRACE KA LiE il iz B A G & EH ALK = AR 610031)

AR AT RO S B B Y JC AR AR R s ) O 58 T SR L B T RS A A T, RS IR
M ESAEREEEAG TP 3R R AT (B I B E S R BBHR M R G e MR G B . a7 e B T ASE XL U 4% P SR i
JHF 5725 B LAY i i AN REBE LI | 45 4 T8 Bl 28 R A T ee st | DAk i AU 4R | $88 0 WA Ay 1 1) ST 0 e R (57 RS B8, i X el
HLSECE A B TP 0038 B 1 . TRE D 25 BE S AT S50 55 i A0 Mt S ORI 245 SR AR s i), 88 5 A A T P MER 1 | B RGEAE A TR
BT T IR AR R AT Bh A TR BE . BT XA 11, SR P SGHE (Y AR 28 | 38 2 DR A 254, B8 s LA I AR BB AT 4 T
PR IR R BB T, I BRI BR AR A b i A T PR R 22, B (R 8 B A T 0 = s R Sl A e B TR A, B B B AH 3R RE 8
H R R GENT H LB A TR AR B3E R R LI B IR T AR SR R R M RE AL TR RE 7, LIRSS R R, SR
ROV % 7 AR LG 25 B R KW TGRSR 028 B AR T T RGN, RIBT 3 IR TEARRIEETT T T ¥R
o5 T R R R NN R T JC AL IR R B il RS B IR MG 5R T F LIS AT I RIS

KA . Sl AL T BOULIN 5 s BURR R ; Tkt 4% s % Akt

FES%ES: TP273 THI37 RRERINAG . A ERIREFER KK 410415

Sensorless vector control of induction motors based on phase-locked loop

Ji Juanjuan',Cui Yanliang' , Wang Kaiyun®
(1. School of Mechanical and Electrical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China;
2. State Key Laboratory of Rail Transit Vehicle System, Southwest Jiaotong University, Chengdu 610031, China)

Abstract : This paper presents a sensorless vector control strategy that utilizes a sliding mode observer (SMO) and a phase-locked loop
(PLL) for rotor flux and speed estimation in induction motors. While traditional SMOs excel in flux estimation, they tend to suffer from
chattering due to their inherent switching characteristics, which can compromise system stability and control precision. To overcome this
limitation, the paper introduces a super-twisting SMO for current and flux observation and enhances it by incorporating a pre-filter to
mitigate high-frequency chattering. This improvement enhances the smoothness and phase angle accuracy of flux estimation, increases
adaptability to motor parameter variations, and reduces the impact of harmonic disturbances. The pre-filter effectively suppresses high-
frequency noise, improving flux estimation accuracy and ensuring robust dynamic performance across varying operating conditions. For
speed estimation, an enhanced PLL is proposed, with an optimized structure to improve frequency tracking at low and variable speeds,
while effectively eliminating steady-state errors in ramp frequency inputs. This results in high-precision speed estimation and rapid
dynamic response. Additionally, the enhanced PLL improves the system’s adaptability to motor operating conditions, ensuring more
stable and reliable speed observation and boosting control performance and disturbance rejection capability. Experimental results
demonstrate that the proposed method reduces flux waveform distortion by about 20% compared to conventional SMO-based methods,
significantly enhancing system robustness. The method shows excellent performance across various operating conditions, not only
improving sensorless vector control accuracy but also enhancing motor reliability, providing a practical and effective solution for
engineering applications.
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BEREHE/ (romin™') 1350 L,/H 0.75
R AL/ s 1x1073 J/(kg-m™) 0.019
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