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Fig.1 PMSM topology structure for DC bus sampling
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Tab.1 The relationship between phase current and

DC bus current under different switching states
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at 750 r/min under 1 N-m load
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Fig.18 Experimental results of phase current
reconstruction during algorithm switching for

sudden increase or decrease in motor speed
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Fig.19 Experimental results of phase current
reconstruction during algorithm switching for
sudden increase or decrease in load torque
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Fig.20 Experimental results of algorithm switching

moment for sudden increase or decrease in motor speed
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moment for sudden increase or decrease in load torque
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Mixed Pulse Width Modulation Technology of
Permanent Magnet Synchronous Motor Based on Single Current Sensor
Tian Lisi Zong Nailong Liu Liwei Zhang Jiaming Hu Dongfang
(School of Electrical Engineering China University of Mining and Technology

Xuzhou 221116 China)

Abstract Permanent magnet synchronous motors are widely used in industrial production and other fields
due to their advantages of high power density, high reliability, and high efficiency. Real-time and accurate
three-phase current feedback is the key to AC drive system control. Compared with the traditional multi-current
sensor drive control, using a single current sensor to achieve three-phase current reconstruction can reduce costs
and improve the reliability of the motor system under complex working conditions. Combined with the improved
IRTPWM algorithm and the BSPWM algorithm, this paper forms a hybrid pulse width modulation algorithm to
solve the low-key brake dead zone and the reconstructed dead zone at the sector boundary. Then, an improved
two-point sampling strategy is adopted to eliminate the second type of time-sharing sampling error and simplify
the current compensation step, which fixes the sampling time of the two samples and the sampling spacing as the
minimum sampling time.

Based on the traditional RTPWM algorithm, the improved IRTPWM algorithm calculates the action time of
the other two effective voltage vectors. The action time of the vector is fixed with the least influence on the
synthetic reference voltage vector among the three vectors, and the three effective voltage vectors and zero
vectors are recorded. It collects the phase current at the beginning and end of the optimal measurement vector.

The traditional RTPWM algorithm cannot achieve medium and high-speed operation alone. The
measurement phase backward shift modulation method (BSPWM) is proposed to eliminate the dead zone of
current reconstruction by combining the measurement phase backward shift modulation method and the IR-TPWM
algorithm outside the working area of the IRTPWM algorithm. The mixed pulse width modulation algorithm can
complete the current acquisition twice at two fixed particular sampling points, and the first type of time-sharing
sampling error only needs to be compensated. Therefore, the current compensation steps of the traditional mixed
pulse width modulation algorithm are reduced from four steps to two steps, and the computing burden of the
processing unit is reduced.

The simulation and experimental results show that the error between the reconstruction and the actual
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current is tiny, which proves that the proposed current reconstruction has high accuracy in both steady-state and
transient states. Under the dynamic working conditions of fixed load torque of 2 N-m with the rotation speed of
300 r/min and 600 r/min back and forth and fixed speed of 400 r/min with load torque switching back and forth
between 1 N'm and 3 N'm, the motor speed, g-axis current, and three-phase current do not cause great
disturbance due to the switching of the algorithm.

The following conclusions can be drawn. (1) The combination of the IRTPWM algorithm and BSPWM
algorithm effectively eliminates the influence of the dead zone of current reconstruction. (2) The IRTPWM
algorithm has higher current reconstruction accuracy and lower current harmonic value than the traditional
RTPWM, and the BSPWM algorithm has higher current reconstruction accuracy than the traditional
phase-shifting method. (3) The improved two-point sampling strategy can reduce the number of current
compensations and current reconstruction errors, simplifying the experimental algorithm and improving the
control performance of PMSM.

Keywords: Permanent magnet synchronous motor, single current sensor, reconstruction dead zone, mixed
pulse width modulation, current compensation
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switching state combinations. Finally, a decoupling control cost function is designed, the predictive magnetic flux
under different switching combinations is input into the cost function, and the optimal control is selected for the
next control period. In rolling optimization over multiple control periods, the breaking and closing air gap
magnetic flux quickly approaches their respective reference values, achieving decoupling control.

A co-simulation platform for intelligent control is designed based on LabVIEW and Multisim, and hardware
testing circuits are constructed. The simulation and experimental waveforms show that this proposed scheme can
effectively control the breaking and closing air gap flux. As a result, the non-excited air gap flux to zero is
quickly reduced, approaching the set reference value of the excited air gap flux and effectively weakening the
coupling between the air gaps. Compared with the traditional current closed-loop control scheme, the proposed
control scheme reduces the energy loss during the entire action process and improves the response and action
time of the core action.

Keywords: Bi-stable permanent magnet actuator (BPMA), permanent magnet switches, finite control
set-model predictive control (FCS-MPC), decoupling control
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