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Delay Compensation for Digital Control System of Permanent-magnet
Synchronous Traction Motor Based on Multiple Sampling Observer

WANG Xiaofan, LIN Fei, FANG Xiaochun, ZHANG Xinyu, YANG Zhongping

(School of Electrical Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: In the rail transit traction drive system, the control bandwidth of the current closed-loop is limited by
digital control delay due to the low switching frequency of the inverter. Aiming at the characteristics of high-
power permanent magnet synchronous motors (PMSMs), the causes and effects of time delay were analyzed,
and the sampling delay was greatly reduced by using multiple sampling control method. In order to further im-
prove the performance of current control, the multiple sampling method was modeled and analyzed in the dis-
crete domain by using the improved Z-transform theory, while a delay compensation method based on the high
sampling rate observer was proposed. The simulation based on Matlab/Simulink and experimental results of
high power PMSM show that the proposed compensation method can improve the dynamic response of current
control and reduce the steady-state current ripple.

Key words: multiple sampling; delay compensation; digital control; permanent magnet synchronous motor
(PMSM) ; improved Z-transform
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