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Comparative Study on Current Control Strategy for PMSM
LI Yaohua®™ , WANG Qinzheng, LI Mingrui, LI Yansong, LI Xinrui, LEI Jiyu,
WANG Yuchen, XU Hao, DING Hong
(School of Automobile, Chang’ an University, Xi’an 710064, China)

Abstract: [ Objective ] To enhance the performance of
permanent magnet synchronous motor ( PMSM ) control
systems, selecting an appropriate current control strategy for
different application scenarios is crucial. This paper conducts
a comparative study of five current control strategies: vector
control based on hysteresis current control ( HCC ),
proportional-integral (PI) control, and sliding mode control
(SMC) , as well as model predictive current control (MPCC)
and deadbeat current control ( DBCC). The study aims to
reveal the performance differences of these strategies under
various operating conditions, providing a basis for selecting
the most suitable strategy in practical applications.
[ Methods | This study adopted a combined research
methodology of simulation and experimentation. Discretized
simulation models of the PMSM system under different control
strategies were developed based on Matlab/Simulink. The
dynamic response and steady-state accuracy of each strategy
were evaluated by applying various loads, speeds, and control
parameters. Meanwhile, a motor back-to-back test platform
was built, and experiments were conducted under the same
operating conditions. The simulation and experimental current
and speed waveforms were comparatively analyzed, and the
actual performance of the control strategy was validated.
[Results] The simulation and experimental results indicated
that the DBCC strategy employing space vector modulation
exhibited superior performance. In HCC and MPCC, the
voltage vector was applied throughout the entire sampling
period, resulting in significant current ripple. The DBCC
demonstrated the best real-time performance, followed by
HCC, while PI control and SMC showed comparable results,
and MPCC had the poorest real-time performance. During
load transients, the speed drop was minimized by HCC, with

the other four control strategies exhibiting similar speed

drops. The recovery time was shortest for MPCC, followed by
HCC, while the remaining three strategies showed comparable
recovery times. [Conclusion] By comprehensively comparing
the control performance and real-time performance of the
above current control strategies, the DBCC for PMSM
demonstrates superior performance in both aspects.

Key words: permanent magnet synchronous motor; vector
control; model predictive current control; deadbeat current
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Fig.1 The vector control for PMSM based on HCC
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Tab.1 The parameters of PMSM used in simulation

SRR SR
WEEE/ (r-min™") 3 000
e/ (N-m) 0.2
WUEH/W 64
FEFHLE/ pH 300
FEFHFH/Q 0.63
JKWERTEBE/ WD 0.008 3
AL B X 4K 4
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2 ET HCC REEFIT PMSM gk
Fig.2 Speed and torque of PMSM based on

HCC vector control
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Fig.3 i, of PMSM based on HCC vector control
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based on PI control
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Fig.5 Speed and torque of PMSM based on

PI vector control
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Fig.6 i, of PMSM based on PI vector control
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Fig.7 The vector control for PMSM based on SMC
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SMC vector control
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Fig.9 i, of PMSM based on SMC vector control
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Fig. 10 The MPCC for PMSM
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Fig. 11 Speed and torque of PMSM based on MPCC
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16 PMSM X #EiRLEF &
Fig. 16 Dragging experimental platform for PMSM

B 17 ETF HCC XE#EFIT PMSM H¥EiEFn
BRI R
Fig.17 Experimental waveforms of speed and torque
of PMSM based on HCC vector control

B 18 ETF HCC XEEHT PMSM i,
IR
Fig. 18 Experimental waveforms of i, of
PMSM based on HCC vector control
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Fig. 19 Experimental waveforms of speed and torque
of PMSM based on PI vector control
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Fig. 20 Experimental waveforms of i, of
PMSM based on PI vector control
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E 21 ET SMC X=#EFT PMSM H¥EH
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Fig. 21 Experimental waveforms of speed and torque of
PMSM based on SMC vector control
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Fig. 22 Experimental waveforms of i, of
PMSM based on SMC vector control
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Fig.24 Experimental waveforms of i, of
PMSM based on MPCC
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B 25 E-F DBCC T PMSM HKy#i#EM
AR R
Fig. 25 Experimental waveforms of speed and torque of
PMSM based on DBCC

B 26 %£F DBCC T PMSM HJ i, iXI8KH
Fig.26 Experimental waveforms of i, of
PMSM based on DBCC
*x2 ETFi, Bkzh RMSE
Tab.2 Stator i, ripple RMSE

%%ﬂ%mﬁ’ id,R)ISE/A iq,RMSE/A
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R 0.088 5 0.109 4
i 0.060 3 0.134 0
SMC
Ry 0.048 3 0.090 0
& 0.579 6 0.712 0
MPCC
R 0.490 3 0.644 1
& 0.078 1 0.098 3
DBCC
Wy 0.046 0 0.068 3

*=3 BEXEAHLL
Tab.3 Occupy of voltage vector

ZHUE R A 7 TE/%
I 43.41
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3 14.86
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7 0.87

R4 RBEIRIEH R LAIEITRE

Tab.4 Runing time of control strategies
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Fig.27 Speed response curves under different

control strategies
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