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Abstract: [Objective] To address computational complexity
issues in traditional three-vector model predictive current
control ( TV-MPCC ) for permanent magnet synchronous
motor ( PMSM ), a low-complexity TV-MPCC ( LCTV-
MPCC) method based on improved voltage vector selection
and calculation is proposed. [Methods] Firstly, a discrete
current prediction model for PMSM was established based on
the forward Euler method, and three candidate vectors were
selected using an adjacent effective voltage vector screening
method to narrow down the voltage vector selection range.
Then, the value function was calculated to determine the
optimal voltage vector combinations, and their corresponding
virtual action time was calculated. The desired voltage vector
was synthesized using two virtual voltage vectors and their
action time. Based on the duration of virtual voltage vector
action time, the actual voltage vectors and their action time
required for synthesizing the desired voltage vector were
further determined. Finally, the inverter switching sequence
output was generated according to the principle of minimum

switching frequency. [Results] To verify the effectiveness of
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the proposed method, a comparative analysis was conducted
through simulations and experiments. The results showed
that the proposed LCTV-MPCC method achieved comparable
steady-state performance to the TV-MPCC method, with
nearly identical speed and current fluctuations under both
control methods. In terms of calculation efficiency, the

proposed LCTV-MPCC method reduced the average
calculation time per cycle from 54.3 ps to 37.6 ws, which
was a reduction of 30. 76% compared to TV-MPCC.
Additionally, the number of voltage vector iterations
decreased from 6 to 3, representing a 50% reduction. The
proposed method effectively reduced the computational
burden compared to traditional control  methods.
[Conclusion] The LCTV-MPCC method proposed in this
study effectively addresses the computational complexity
issue of the TV-MPCC method by modifying the candidate
voltage vector set and the calculation method for actual
voltage vector action time. This method reduces average
cycle runtime of the system, maintains fixed switching
frequency, and ensures unchanged steady-state control
performance of motors.

Key words: permanent magnet synchronous motor; model
predictive current control; low complexity; three-vector;
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Synchronous Motors
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Fig. 6 Speed waveforms at 2 100 r/min using two

control methods
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Fig.7 Current waveforms at 600 r/min using two

control methods
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Fig. 10 Phase current waveforms and THD analysis

Fig.9 Phase current waveforms and THD analysis
at 600 r/min using two control methods
L R, AR 02 2% B W) S R ARG, 0 ek ) ik 2>
T 30.76% ., TV-MPCC 347 BR il L 2% et ) 4%
TWH, SEOT AT 48, 0 LCTV-
MPCC 383 3 BT ) i TR R b PR AW w )
Mu, ZIRSEER BRE TIPSO IO-, [ T

at 2 100 r/min using two control methods

F2 WIEHIA AT
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Fig. 11 Speed waveforms using two control methods
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Fig. 12 Current waveforms using TV-MPCC

under condition 1
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Fig. 13 Current waveforms using LCTV-MPCC

under condition 1
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Fig. 14 Speed waveforms using two control methods
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Fig.15 Current waveforms using TV-MPCC

under condition 2
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Fig. 16 Current waveforms using LCTV-MPCC

under condition 2
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Fig. 17 Experimental setup
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Fig. 18 No-load steady-state test waveforms
using TV-MPCC
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Fig. 20 Load steady-state test waveforms
using TV-MPCC
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Fig. 19 No-load steady-state test waveforms

using LCTV-MPCC using LCTV-MPCC
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Fig. 21 Load steady-state test waveforms

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license



HIPLSEERIN T, 55 52 4, 45 5 )
Electric Machines & Control Application, Vol. 52, No.5, 2025

581

B 22 TV-MPCC K% iE 52 3 3 72500 5 i 06 % 7
Fig.22 Dynamic response test waveforms using
TV-MPCC under sudden speed change
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Fig.23 Dynamic response test waveforms using
LCTV-MPCC under sudden speed change
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Fig.24 Dynamic response test waveforms using
TV-MPCC under gradual load change
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Fig.25 Dynamic response test waveforms using
LCTV-MPCC under gradual load change
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