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Three-Vector Nonlinear Model Predictive Control Considering Phase Delays
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Abstract: Surface-mounted permanent-magnet synchronous motors (SPMSMs) are widely used in various drive sys-
tems. Model predictive control (MPC), a novel control method, is gradually being applied to motor control systems
because of its fast response and multi-objective optimization capabilities. However, traditional MPC is sensitive to
phase delays and experiences high control demands during high-speed operations. In addition, the single-vector con-
trol approach, which employs only one voltage vector during a control cycle, results in large current ripples. These
issues are particularly prominent at low control frequencies. To address these problems, model accuracy and vector
action need to be optimized. Hence, a nonlinear discrete o8 model-based three-vector MPC (NL-3TV-MPC) strat-
egy was proposed. First, given the zero-order hold property of the stationary reference frame, a mathematical model
of the stationary frame was developed to mitigate performance degradation caused by phase delays. Furthermore,

discretization from a continuous domain to a discrete domain significantly affected the prediction accuracy. A nonlinear
discretization approach was employed to enhance the control performance at low control frequencies. The current rip-
ples were mitigated by optimizing the three-vector MPC strategy. To reduce the computational burden of complex
enumeration processes, the optimal voltage vector combination was selected based on a cost function and via per-
formance analysis. The voltage vector action time was determined through cost function optimization. Finally,

simulation and experimental results showed that compared with traditional MPC methods, the proposed control strat-

Wi EH: 2024-12-16; 1EEIHHER: 2025-01-16.

EERIT: P (1975— ), L, W4, #FZ, lgdtju@tu.edu.cn.

BEEE: & W, elib@tu.edu.cn.

EEWE : I 4 [ S SRS X AT E S B A (KF1J-2024-001) .

Supported by the National Key Laboratory of Inertial Measurement Open Fund (No. KFJJ-2024-001) .



+ 1146 -

REFR AR (A /B 5 TR RR)

58 FH1LM

egy accounted for the effects of system delays and nonlinearities. With a low computational load, the proposed control

strategy improved the prediction accuracy under high-speed conditions and reduced the current harmonics in steady-

state operation, effectively reducing operating losses and enhancing the control performance.

three-vector ;
(SPMSM) ; model predictive control (MPC)
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