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Research on sensorless control strategy of PMSM

HE Zheng , MA Xipei, FAN Pingqing, ZHAO Heng, WANG Yansong

( School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

Abstract: Aiming at the problems of overshoot, chattering and slow response in the sensorless control system
of permanent magnet synchronous motor (PMSM) for electronic water pump, PMSM sensorless control
algorithm based on hybrid sliding mode speed controller and Luenberger observer was proposed. In the speed
loop, a sliding mode speed controller based on the new reaching law was designed. On the basis of the
traditional exponential reaching law, the motion error of the moving point was introduced into the constant
velocity term, and the hyperbolic tangent function was adopted to replace the comparison switching function,
so as to improve the convergence speed and chattering suppression ability of the sliding mode. The Luenberger
observer of the linear control structure combined with the phase-locked loop was applied to the sensorless
control system, in order to improve the chattering problem and stability of the estimated speed. The simulation
results show that under the no-load starting and external disturbance conditions of the motor, the algorithm can
effectively improve the speed tracking effect of PMSM sensorless control system, improve the speed overshoot
and chattering problems, and enhance the anti-interference ability of the system.
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Fig.1 Comparison of phase trajectories of approach law
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Fig. 2 Comparison of two switching functions
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Fig.3 Schematic diagram of phase-locked loop
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Fig. 4 Schematic diagram of system

F1 PMSM &#%
Table1 Table of PMSM parameters

ZH HfE
WX e 4
VS ;] 0.000 1
ETHHLR Q 2.875
T F HURL,/ mH 0.008 5
TKRERRE B or/ Wb 0.175
BRI/ (kg » m?) 0.001

PMSM L) %5 5 #%5 3% 1 000 r/min 25 8 )3 30, 1
0.25 s Ja N #% 2N « mf¥) 71 4%, Luenberger Wil £5 &5
G PLRE R A % i 2 A5 3 4N 5] 5 7. Luenberger
LN 25 4455 6 I 70 T A B R B 1 e el By A )
LA 6 BT . o i R 25 th S an [#l 7 A A 8 i
7. WS R PR BB T FE L3R 2.

1200

—— SR

Y 0t b ke

1 000 ’_\ﬂlf il 0 i
200

sooy (\\ oo |

950

000
600 0.020.04 0250 0.265

3k / (r-min ")

400

200

0  0.050.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
IFE] /s

5 Luenberger+PI #iRIf T HIFERihL%
Fig.5 Speed curve under Luenberger + PI speed loop

Wt 3R 2 AT LUE Y, 55 3B Bk H Luenberger
WL 2% 45 A T—SMC % 3 5 (1 32 G2 98 77 B[] B
Al B R O R R A VA AR AT PTG R



4 far B A KRG TR 25 H ML TG A A TR A 5 o ORI BF 5T .+ 325 .
1200 —E 0 ELICHHS, R0 Pk Rl B A 762N RS, W ahiE
1ooo [} T i [l —2.2~ 0.2, W) /T PLES 3 56 F A9 3,
; 800 ‘ZZEE U, Luenberger WL 5 B4 At 3 %% o 15 52 o 4 o ) B2
£ 600 p.01 002 025027 EEERE B T
@ 400
200 4 5 &

0 0.050.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
] /s

[l 6 Luenberger+T-SMC #iEIF T HGE IR %%
Fig. 6 Speed curve under Luenberger + T-SMC speed loop

120
= 100
.8
£ 80
o
£
I 60
\;’JYH 5 A
K40 S0
| 0 =
& O20¢f s 025 026
0.01
ol (]
]

0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
ISFE] /s

7 Luenberger+Pl 45 RIFEERIZRE

Fig. 7 Luenberger observer and speed PI speed difference
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