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MTPA control based on PIR harmonic suppression and IPMSM
virtual DC signal injection

Liu Xinran Zhang Yi Wei Haifeng
(Institute of Automation,Jiangsu University of Science and Technology,Zhenjiang 212100, China)

Abstract; To address the issues of current harmonics and torque pulsation caused by the inverter's nonlinear factors,
which reduce the MTPA control accuracy of IPMSM, this paper proposes a collaborative control strategy that combines
virtual DC signal injection MTPA with a proportional-integral resonant controller. First,the virtual DC signal injection
method injects a virtual DC signal into the d-q axis feedback current,and simultaneously calculates the virtual power
response using voltage information to achieve precise tracking of the optimal current vector angle, thereby avoiding
current and torque pulsation. Second,a quasi-resonant controller is introduced, which is combined with a traditional
current loop PI controller to form a PIR composite controller. By leveraging its high gain characteristics for specific
harmonic frequencies (such as 5th and 7th), it compensates for the low-frequency harmonics introduced by inverter
nonlinearity. Additionally,the introduction of the PIR controller further improves the quality of voltage and current
waveforms,enhancing the precision of MTPA control. Together, these two components form a dual closed loop of
harmonic suppression-efficiency optimization. The experimental results show that the proposed cooperative control
strategy can effectively suppress the 5th and 7th harmonics and reduce the total harmonic distortion rate of current
under different speed scenarios; under the same load torque conditions, compared to traditional MTPA control and
virtual DC signal injection MTPA control, the proposed collaborative control strategy requires lower current values and
achieves higher MTPA control accuracy.
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Fig. 1 Working principle of the A phase bridge arm of the inverter
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Fig. 2 Schematic diagram of dead time error voltage
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Table 3 d-q axis current and current vector Angle B of each

control strategy under different loads

R MARE 4 q il IR R R
Fmg /(Ne-m) H/A BE/A EiL/A AR/O)
1 —0.09  0.81 0. 81 96. 32
2 —0.32 1.72 1.75 100. 56
MTPA 3 —0.66  2.61 2. 69 104. 26
4 —1.15  3.39 3.58 108. 68
5 —1.46  4.07 4.32 109. 79
1 —0.03  0.80 0. 80 92. 15
VDSI- 2 —0.13 1. 60 1. 61 94. 57
MTPA 3 —0.28  2.35 2.35 96. 79
4 —0.51  3.11 3.15 99. 08
5 —0.75  3.83 3.90 101. 15
1 —0.01  0.52 0.52 91. 09
PIR- 2 —0.08  1.40 1. 40 93. 26
VDSI- 3 —0.20 2.16 2.17 95. 29
MTPA 4 —0.44  3.08 3.11 98.15
5 —0.68  3.76 3.77 100. 2
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