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Predictive Speed Control for Permanent Magnet Synchronous Motors with

Disturbance Compensation
HONG Junjie, ZHAO Minglang™ , HUANG Longzhe, YU Bingrong, HE Yilong, YAN Boping
(School of Automation, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: [ Objective ] To improve the anti-disturbance
capability of the speed control system for permanent magnet
synchronous motor (PMSM) , this paper proposes a predictive
speed control (PSC) strategy with fixed switching frequency
and disturbance compensation. The speed loop adopts PSC
with disturbance compensation, while the current loop adopts
proportional integral ( PI) control. [Methods] Firstly, the
g-axis reference current for realizing the target speed was
derived from the mechanical motion equation of the PMSM.
To enhance the accuracy of g-axis current tracking, a second-
order Taylor expansion of the mechanical motion equation was
proposed, which proved to be more precise than first-order
forward Eulerian discretization. Secondly, traditional sliding
mode observers rely on large switching gains to ensure the
observation errors converge to zero within a finite period of
time. However, these large switching gains often lead to
severe jitter phenomena. Therefore, an improved sliding
mode disturbance observer ( SMDO ) was proposed,
incorporating an additional switching term into the Luenberger
observer framework, which eliminated the need for large
switching gain. Thirdly, to further improve the anti-
disturbance performance of the PSC, a feed-forward
disturbance compensation component was introduced into the
PSC feedback loop, resulting in the proposed PSC+SMDO
control strategy. Finally, experiments were carried out on a
test platform with the dSPACE DS1103 as the control core.
[Results] The experimental results showed that: the designed
improved SMDO accurately estimated load disturbances and
provided real-time disturbance feedback to the speed
controller, achieving steady-state error-free operation. The

designed PSC + SMDO speed controller had strong anti-
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disturbance performance and tracking performance. Under
parameter mismatches, the speed controller based on active
disturbance rejection control ( ADRC) was affected by the
parameter changes, while the proposed PSC +SMDO speed
controller maintained strong robustness. Additionally, the
total harmonic distortion (THD) of the motor a-phase current
was 3.44% under PSC+SMDO speed controller, which was
2.21% and 4.69% lower than the THD of the a-phase current
under the PSC and ADRC speed controllers, respectively.
Compared with PSC, ADRC and PI
controllers, the designed PSC+SMDO controller significantly

[ Conclusion ]

improves the dynamic response and anti-disturbance
performance of PMSM speed control system.

Key words: permanent magnet synchronous motor;
predictive speed control; sliding mode disturbance observer;

disturbance compensation
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Tab.1 Motor parameters

BE T/ W 750
HE LT A 4.2
BE R/ (rominT") 3 000
B/ (N-m) 2.4
ETFHH/Q 0.901
FETHE/mH 6.552
*&X‘T%&/np 4
AR/ (kgom?) 0.000 153
B R/ (N-m-A"") 0.6
Rl BEHE AL/ (Nm-s) 0.001
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Fig.5 Speed controller based on ADRC
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Tab.2 Speed controller parameters
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B9 R[EE 28 T B9 3 30 5L
Fig.9 Half-load response under different speed
controllers
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Tab.3 Performance indicators of different speed

controllers
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(remin”") [@/ms (remin™') [/ms
PI 18 151 48 162
S0% ADRC 10 51 26 77
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PI 30 250 99 167
100% ADRC 11 50 57 80
PSC 22 174 79 101
PSC+SMDO 17 104 69 85
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Fig. 10 Full load response under different speed

controllers
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B 11 Pl EEEH SRR&K %K
Fig. 11 Steady state experimental waveform of PI

speed controller

E 12 ADRC & E=FI SR a St 0w
Fig. 12 Steady state experimental waveform of ADRC

speed controller
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Fig. 13 Steady state experimental waveform of PSC

speed controller
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Fig. 14 Steady state experimental waveform of
PSC+SMDO speed controller
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il e JU) LA 22 , 1R 22 2428 40 rpm,,
B3 ) 4 7 R B PR T L KR 0.75
RS 12548 459 3 (14 7 280 5842 F B BR e 328 96 3 B
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E 15 atHEH FFT 247
Fig. 15 FFT analysis of a-phase current

B 16 J=0.5], Bt [E)iE B2 6l 28 TR ie ik 2

Fig. 16 Experimental waveform under J=0. 5], for different speed controllers
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Fig. 17 Experimental waveform under J=2J, for different speed controllers
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E 18 K,=0.75K,, B AN[E) 3K B4 il 2% T ik B o 7

Fig. 18 Experimental waveform under K, =0. 75K, for different speed controllers
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Fig. 19 Experimental waveform under K, =1. 25K, for different speed controllers
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