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Low Switching Frequency Predictive Current Control Method for
Three-Level Induction Motor Based on Event-Trigger
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(School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: With the rapid development of high-performance industrial drive systems, medium- and high-voltage mo-
tor drives face increasing demands for higher control accuracy, faster dynamic response, and improved energy effi-
ciency. In three-level induction motor drive systems, a key challenge was balancing current control accuracy and sys-
tem efficiency under low switching frequency conditions. To address critical issues such as degraded current control
accuracy, neutral point voltage drift, and insufficient dynamic performance in such scenarios, this paper proposed a
predictive current control method for three-level induction motors based on an event-triggered mechanism. First, a
complex vector model of the induction motor was established to provide the foundation for the predictive control algo-
rithm. Then, the structure and voltage vector characteristics of the three-level neutral point clamped (3L-NPC) in-
verter were analyzed. Subsequently, several key control components were investigated, including current-trajectory-
based enumerative predictive optimization, synchronous angle and back electromotive force (EMF) estimation, and

a voltage vector selection criterion incorporating neutral point voltage prediction. Based on these, a complete event-
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triggered predictive current control strategy was developed. Under high modulation index conditions, current trajecto-

ries deviated from ideal linear paths, violating the algorithm’s linearity assumption. To ensure stable operation at

rated speed and load while maintaining the validity of the linear trajectory assumption, current trajectories under dif-

ferent excitation currents were monitored. A modulation index-based criterion was introduced to identify the transition

from linear to nonlinear behavior, thereby defining the boundary conditions for stable current loop operation. Ex-

perimental results demonstrate that the proposed control method achieves fast current response, effectively suppresses

neutral point voltage drift under disturbances, and reduces the system’s average switching frequency.

Keywords: induction motor; predictive control; switching frequency; neutral point voltage
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