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Improved Finite Control Set Model Predictive Speed Control for Permanent

Magnet Synchronous Motor
YANG Kuangbiao, SHI Jian”
(School of Mechanical and Electrical Engineering, Guangzhou University, Guangzhou 510006, China)

Abstract: In the traditional finite set model predictive speed
control strategy of permanent magnet synchronous motor, the
direction of voltage vector is fixed, the range of optional
vector is limited, and the sudden change of output voltage
leads to large current ripple. Therefore, a direct speed control
strategy of finite control set model predictive control ( FCS-
MPC) based on voltage subdivision is proposed. In the
proposed concept, a group of finite voltage subdivision vectors
with adjustable amplitude and movable origin are introduced
into FCS-MPC scheme as candidate voltages, and bilinear
transform ( Tustin transform) integral approximation is used to
obtain more accurate current prediction. The controller could
predict the future current and speed, and uses pulse width
modulation to output the optimal subdivision voltage. The
simulation results of permanent magnet synchronous motor
driven by two-level three-phase inverter show that compared
with the traditional FCS-MPC scheme, this method effectively
reduces the current ripple, broades the range of voltage vector
selection and improves the robustness of the motor.

Key words: permanent magnet synchronous motor
(PMSM) ; finite control set model predictive control ( FCS-
MPC) ;

transformation ( Tustin transformation)

direct speed control; voltage subdivision; bilinear
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In the traditional finite set model predictive speed
control strategy of permanent magnet synchronous
motor, the direction of candidate voltage vectors
generated by three-phase two-level inverter is fixed,

and the

limitations.

range of optional vectors has certain

This will cause the selection range of the
candidate voltage vectors to be fixed, making the
selection of the voltage vectors not optimal, which will
lead to the sudden change of the output voltage at the
next moment, resulting in a large current ripple.
Therefore, a direct speed control strategy of finite
control set model predictive control (FCS-MPC) based
on voltage subdivision is proposed. In the proposed
concept, a group of finite voltage subdivision vectors
with adjustable amplitude and movable origin are

into FCS-MPC

voltages. As shown in Fig.1, the candidate voltage is

introduced scheme as candidate
selected from time k£ to time k + 2. This strategy
broades the selection range of candidate voltage
vectors from six fixed directions and amplitudes to
cover any direction and amplitude. At the same time,

Ve Vag® Ve

based on the subdivision of the optimal voltage vector
at the previous moment, the optimal voltage vector at
the next moment is obtained, which can avoid the
sudden change of output voltage and lead to large
current ripple. Moreover, in order to obtain more
accurate  current  prediction,  the  integral
approximation of bilinear transform (Tustin transform)
is used. The controller predicts the future current and
speed, and uses pulse width modulation to output the
optimal subdivision voltage.

Simulation results show that compared with the
traditional method, this strategy selects the voltage
vector in a wider range of vector selection, which
makes the selection of voltage vector more accurate
and can obtain a better steady-state performance
method. It has good servo performance when no-load
start and load torque change, and reduces current
ripple at the same time. Because of its flexibility and
simplicity, the proposed concept can be extended to
other control types of motors, such as current control
and angular position control, as well as other power

electronic applications.
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(a) Traditional candidate voltage selection strategy
J das ,
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(b} Improved voltage subdivision strategy

Fig.1 Selection of traditional and improved candidate voltages
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