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Current Sensorless MTPA Operation of
Interior Permanent Magnet Synchronous Motor Drives Considering
VSI Nonlinearity
Xu Guanda Lian Chuangiang Guo Liyuan
(National Key Laboratory of Electromagnetic Energy Naval University of Engineering
Wuhan 430033 China)

Xiao Fei Liu Jilong

Abstract The maximum torque per ampere (MTPA) control strategy can fully use the reluctance torque to
output the maximum torque per unit stator current and improve the operating efficiency of interior permanent
magnet synchronous motors (IPMSMs). Still, the traditional formula method or the high-frequency signal
injection method requires the installation of at least two phase-current sensors to obtain the current information
of the motor. Once the current sensor fails, the closed-loop control of the system will fail and cause unpredictable
damage. The paper proposes an MTPA control strategy for IPMSM without current sensors. The strategy can
accurately realize the MTPA control of the permanent magnet synchronous motor by calculating the optimal
voltage control instruction only from the rotational speed information and the mathematical model of the system.

Firstly, the relationship between the control voltage command and the rotational speed is calculated using
the formula method according to the mathematical model of the IPMSM and the conditions of the MTPA control.
Secondly, inverter nonlinearity can cause the inverter output voltage to deviate from the commanded voltage,
resulting in the motor deviating from the MTPA operating point. Therefore, the mean value compensation method
is proposed to compensate the command voltage for the nonlinearity. Thirdly, the effect of current estimation
error on the calculated voltage compensation value is analyzed. The analysis shows that even if the current
estimation error exists, the average error of the voltage compensation value based on the estimated current is still
0. Finally, the effect of parameter deviation on the control strategy is analyzed, and the influence of parameter

deviation on the optimal voltage command amplitude and the response current is given.
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The experimental results for steady-state conditions show that the A-phase current fundamental wave
amplitude of the motor with the proposed strategy is smaller than that with the traditional strategy. The
effectiveness of the proposed method is verified. The experimental results at the same load torque under different
speeds show that the current vector amplitude error of the MTPA control with the proposed method is small. Its
maximum error does not exceeding 0.5%, while the traditional method is 14%~30%. The experimental results at
the same speed with different load torques show that the current vector magnitude error of MTPA control with the
proposed method is small, with the maximum error not exceeding 1%. In contrast, the traditional method’s
maximum error is in the range of 2%~37%. The experimental results of dynamic operation and loaded starting
conditions show that the proposed control strategy is robust to parameter deviations and has good dynamic
performance.

The following conclusions can be drawn. (1) The proposed method can realize MTPA control of IPMSM
without current sensors, which is of great significance to the fault-tolerant control capability of current sensor
failures in the IPMSM drive system. (2) The proposed method has good dynamic performance and is robust in the
variation of motor parameters. (3) The proposed MTPA control strategy considers the effect of VSI nonlinearity,
and the control voltages are compensated, effectively improving the running accuracy in MTPA.

Keywords: Interior permanent magnet synchronous motor (IPMSM), maximum torque per ampere (MTPA),
current sensorless, nonlinearity compensation
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