51 & FE oM
202449 A 10 H

HLAIL-S5 4 O ]

Electric Machines & Control Application

Vol. 51 No.9, September, 10, 2024

CCBY-NC-ND 4.0 License

DOI: 10. 12177/ emca. 2024. 087

X EHS:1673-6540(2024) 09-0042-09

FE 5 ES . TM 351 XHERARERD - A

— ok 4 [B) 27 FE A1 4R B YU 4 B 4= Rl B 4L
KB R

FREeT, MEE, HHEAE, &

x, IHH, TEE, REE

(K% k% AEFR, B H% 710064)

Study on a Simplified Strategy for Model Predictive Torque Control of

Permanent Magnet Synchronous Motors
LI Yaohua®, CHONG Guochen, GUO Weichao, GAO Sai, WANG Qinzheng,

WANG Zichen, XU Zhixiong
(School of Automotive, Chang’ an University, Xi’an 710064, China)

Abstract: To address the issue of the heavy computational
burden in traditional model predictive torque control ( MPTC)
for permanent magnet synchronous motors ( PMSMs), a
simplified MPTC strategy was proposed. By analyzing the
utilization rates of basic voltage vectors in different stator flux
linkage sectors, voltage vectors with lower utilization rates
were discarded, thereby reducing the number of candidate
voltage vectors. Additionally, the utilization of the zero-
voltage vector under different absolute values of torque error
was analyzed. When the torque error was small, the zero-
voltage vector was directly applied; when the torque error was
large, the zero-voltage vector was discarded, reducing the
maximum number of candidate voltage vectors to four.
Furthermore, a flux linkage error constraint was added to the
cost function, effectively reducing flux linkage ripple.
Simulation results showed that, compared to traditional
MPTC, the proposed simplified control strategy effectively
reduced the number of MPTC traversals, alleviated the
computational burden, lowered the system’s switching
frequency, and maintained similar control performance.
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Fig.2 Block diagram of traditional MPTC system
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Model predictive control ( MPC) has garnered
widespread attention in the field of permanent magnet
synchronous motor ( PMSM ) control due to its
superior performance, simple structure, and good
flexibility.  Traditional finite control set model
predictive control ( FCS-MPC) requires enumerating
all basic voltage vectors during the prediction
process, resulting in a heavy computational burden.
Therefore,  simplifying  the computation and
improving real-time performance have become key
issues in MPC.

Based on the model predictive torque control
(MPTC) model for surface-mounted PMSMs, this
paper proposes a simplified MPTC strategy. By
analyzing the utilization rates of basic voltage vectors
in different stator flux linkage sectors, voltage vectors
with low utilization rates were discarded, reducing the
number of candidate voltage vectors. Additionally,
the utilization of the zero-voltage vector under
different absolute values of torque error was analyzed.
When the torque error was small, the zero-voltage
vector was directly applied; when the torque error was
large, the zero-voltage vector was discarded, reducing
the maximum number of candidate voltage vectors to
four. On this basis, a flux linkage error constraint was
added to the cost function, effectively reducing flux
that ,

results showed

MPTC, the

simplified strategy reduced the maximum traversal

linkage ripple. Simulation

compared to traditional proposed

count of the MPTC system, lowered the system’s

average switching frequency, and maintained similar
control performance.

The conclusions are as follows:

1. By applying flux linkage sector constraints,
the number of voltage vectors in the candidate set
could be reduced to five. Compared to traditional
MPTC, the root mean square error ( RMSE) of
torque ripple increased by 5. 15% , the RMSE of flux
linkage ripple increased by 13. 21% , the switching
frequency decreased by 1. 37%, and the control
performance remained comparable.
sector

2. By applying both flux linkage

constraints and torque error constraints, the
maximum number of candidate voltage vectors could
be reduced to four. Compared to traditional MPTC,
the RMSE of torque ripple increased by 0. 61% , the
RMSE of flux linkage ripple increased by 39. 62% ,
and the switching frequency decreased by 33. 44% ,
resulting in reduced control performance.

3. By adding a flux linkage error constraint term
to the cost function, flux linkage ripple could be
effectively reduced. Compared to traditional MPTC
the RMSE of torque ripple decreased by 0.38% , the
RMSE of flux linkage ripple increased by 9.4% , and
the control performance remained comparable. At the
same time, the number of candidate voltage vectors
was reduced to four, alleviating the computational
burden on the system, while the increased utilization
of the zero-voltage vector reduced the switching

frequency by 36. 64% .
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