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Design of the Robust Composite Sliding Mode Controller for Permanent Magnet
Synchronous Motors

JIN Aijuan, ZHAO Yingying, LI Shaolong

(University of Shanghai for Science and Technology, Shanghai 200093, China)

ABSTRACT: The work aims to enhance the rapid response, and anti-interference capabilities of permanent magnet
synchronous motors (PMSM) during filling, sealing, and other packaging operations, while reducing the vibration of the control
system. A composite sliding mode control strategy was proposed and a segmented rate reaching law adaptable to the sliding
surface and system state variations was designed. Then, it was combined with a novel integral sliding mode surface to design a
speed loop sliding mode controller. Furthermore, a disturbance observer was designed to estimate the disturbance in the
closed-loop system, and the estimated value was compensated to the output current of the controller in real time to construct a
composite controller. Simulation results demonstrated that the designed controller significantly improved the convergence rate
and effectively reduced the vibration of the control system, thereby enhancing the dynamic quality. In addition, the disturbance
estimated by the disturbance observer improved the anti-interference capability of the system, further enhancing the control
performance. The control strategy of the proposed composite sliding mode controller effectively improves the dynamic
performance and anti-interference capability of the PMSM speed control system, reduces the vibration of the control system,
and provides an effective solution for achieving efficient and stable control.
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Tab.2 Performance comparison of load start-up simulation experiments
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Fig.4 Waveform of variable load simulation experiment
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Tab.4 Performance comparison of variable load simulation experiment under sudden load increase
eyt BLRIEE /(- min ") GBI/ % FAEIRZE/(N-m) RTINS FaZSAR 2/ (r-min ")
PID 956.2 438 1.09 0.246 0.047
DPRL 970.1 2.99 0.084 0.24 0.023
FPRL 974.3 2.57 0.096 0.232 0.014
PRARL 987.5 1.25 0.063 0.204 0.005
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Tab.5 Performance comparison of variable load simulation experiment under sudden load reduction

Faiil =X P (F/(r-min ') TR IR % FAETRZE/(N-m) AT ) /s RS2/ (r-min ")
PID 1 044 4.4 0.989 0.337 0.044
DPRL 1030 3 0.861 0.331 0.021
FPRL 1025 25 0.752 0.324 0.011
PRARL 1007 0.7 0.421 0.303 0.007
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