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Multi-Step Model Predictive Current Control of Permanent Magnet

Synchronous Motor with LC Filter

LI Yaohua® , WANG Xiaoyu, WU Tingxu, ZHANG Xinquan, DENG Yizhi, TONG Ruiqi
(School of Automotive, Chang’ an University, Xi’an 710064, China)

Abstract: [ Objective] In order to improve the control
performance of model predictive current control ( MPCC) for
permanent magnet synchronous motor (PMSM) , an LC filter
was added between the PMSM and the inverter. [Method] A
third-order multi-step MPCC system with LC filter was
established. Predictive control was applied to the inverter
current, capacitor voltage, and motor current, with simulation
comparisons made against a first-order multi-step MPCC and
field orientation control ( FOC). [Results] Comparison
results showed that under the same switching frequency and
number of prediction steps, the third-order MPCC
significantly reduced torque ripple and current ripple in the
PMSM compared to the first-order MPCC, while also
achieving lower total harmonic distortion ( THD ) in the
current. Additionally, as the number of prediction steps
increased in the third-order MPCC, both current THD,
current ripple, and torque ripple progressively decreased.
[Conclusion] As the number of prediction steps increases,
the control performance of the third-order MPCC system
gradually improves. The third-order MPCC outperforms the
first-order MPCC. At higher switching frequencies, the third-
order MPCC with 4=5 prediction steps delivers better control
performance than FOC.

Key words: permanent magnet synchronous motor; model

predictive current control; multi-step prediction; LC filter
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Multi-Step Model Predictive Current Control of Permanent Magnet
Synchronous Motor with LC Filter
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Model predictive current control ( MPCC) for
permanent magnet synchronous motors (PMSMs) has
garnered significant attention due to its simple
structure, flexible control, and no need for pulse
width modulation. However, because of the limited
number of candidate voltage vectors, MPCC exhibits
relatively large current and torque ripples, resulting
in inferior control performance compared to field
( FOC ). To

performance, an LC filter was introduced into the

oriented control improve control

PMSM MPCC was

developed. Predictive control was applied to the

system, and a third-order
inverter current error, capacitor voltage error, motor
current error, and switching frequency. The control
performance of the third-order MPCC was compared
with that of the first-order MPCC and FOC.

At an average switching frequency of around
5 kHz, the control performance of the first-order

MPCC, third-order MPCC, and FOC was shown in
Tab.1.

Tab.1 Control performance of first-order MPCC, third-order MPCC and FOC

Control system Predictive step Weighting factor fo/kHz Lyyp/% ig-rmse” A ig-ruse/ A Tepusp/ (N-m)

1 A=54 5.00 7.23 10.44 8.71 7.96
2 A=58 4.98 6.91 10.26 8.09 7.54
First-order MPCC 3 A=85 5.01 7.00 10.51 8.36 7.72
4 A=70 5.00 6.91 10.61 8.10 7.52
5 A=58 4.98 6.8 10.73 7.56 7.23
1 A=275 4.90 4.19 6.90 8.91 5.26
2 A=160 5.17 3.63 6.14 8.34 4.87
Third-order MPCC 3 A=150 5.00 3.03 3.62 6.68 3.65
4 A =500 5.00 1.51 2.25 4.04 1.85
5 A =700 5.00 1.08 2.33 2.82 1.16
FOC / TS:4><1()_4 5.00 2.86 3.73 1.45 2.68

The conclusions are as follows performance improves as the number of prediction

1. For the first-order MPCC, when the steps increases.

switching frequency exceeds 3.5 kHz, the control
performance from one to five prediction steps is
roughly equivalent. When the switching frequency is
below 3.5 kHz, multi-step prediction outperforms
single-step prediction, though the performance from
two to five steps is approximately the same.

2. For the third-order MPCC,

the control

S3

3. At the same switching frequency and number
of prediction steps, the control performance of the
third-order MPCC surpasses that of the first-order
MPCC. When the switching frequency exceeds
2.5 kHz, the four-step and five-step third-order
MPCC outperforms FOC at the same switching

frequency.
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