5552 4 5510
2025410 A 10 H

HLAIL-S5 4 O

Electric Machines & Control Application

Vol. 52 No. 10, October, 10, 2025
CCBY-NC-ND 4.0 License

DOI: 10. 12177/ emca. 2025. 092

X EHS :1673-6540(2025) 10-1075-11

FE 5 ES . TM 351 XHERARERD - A

E??ﬁ}f%}_%gﬂ’ﬁr %243 BLDCM &Y
o i &% 4B ¥== il

Tﬂm”,%%%”ﬂ

2. LA K =

B, SRR, B &
(1. ATIFEKRF A5 AL ISR TR dx
BHHAESEEHEETERZHT LK &7

210023;
210023)

Open-Winding Brushless DC Motor Model Predictive Torque Control
Based on the Extended Voltage Vector

DING VVeiyangl’2 , YANG Jianfei'** s

PAN Jiawei'?,

FAN Chenxing"?, QIU Xin'?

(1. School of Electric and Automation Engineering, Nanjing Normal University,
Nanjing 210023, China;
2. Jiangsu Key Laboratory of 3D Printing Equipment and Manufacturing, Nanjing 210023, China)

Abstract: [Objective] To address the issue of large torque
ripple in the direct torque control (DTC) system of brushless
DC motor (BLDCM) , this paper proposes a model predictive
torque control ( MPTC) method based on the open-winding
brushless DC motor ( OW-BLDCM ). [Methods] First, a
mathematical model of the OW-BLDCM was established, and
the traditional voltage vector set was expanded by introducing
a class of single-phase conducting voltage vectors to improve
voltage adaptability. Next, based on the conventional DTC
switching vector table, when torque needed to be increased,
large vectors and single-phase vectors from the corresponding
sector were used to increase torque. When torque needed to
be reduced, in addition to the corresponding sector’ s voltage
vector, a model predictive control method was applied to roll
and optimize the vector set, selecting the most effective
voltage vector. Furthermore, simulation software was used to
validate the proposed control method and the motor topology
in terms of torque ripple suppression, observing the control
effectiveness of torque and other parameters. Finally,
physical experiments were conducted on an OW-BLDCM DTC
platform. [Results] The results showed that the proposed
MPTC method, compared to traditional DTC,

achieved a

4.1% improvement in torque ripple suppression under rated
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operating conditions. The suppression of torque ripple was
significantly enhanced at moderate and low speeds.
Additionally, the proposed method in this study inherited the
fast dynamic response characteristic, with a response time of
only 1.706 ms, which was virtually identical to the 1.209 ms
response time of DTC. [Conclusion] This study demonstrates
that the proposed MPTC method for OW-BLDCM effectively
reduces torque rtipple and enhances control flexibility,
providing a new approach for the efficient control of OW-
BLDCM.

Key words: open-winding brushless DC motor; direct torque
control; model predictive control; single-phase voltage

vector; torque ripple
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