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A Novel Nonsingular Terminal Sliding Mode Observer for
Sensorless Control of Permanent Magnet Synchronous Motor

CHANG Xuejian, PENG Bo, LIU Ling, GAO Lin

(School of Electrical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Aiming at the accurate estimation of rotor position and speed of permanent magnet
synchronous motor for the sensorless vector control system, a novel nonsingular fast terminal
sliding mode observer based on tracking differentiator, named NFTSMO, is proposed. First, a
nonsingular fast terminal sliding mode surface in form of integration is constructed, which makes
the observation error of currents converge to zero in finite time and avoids the singular problem as
well as the noises produced by the conventional nonsingular terminal sliding mode surface. Then,
the sliding control law is developed with low chattering switching control combined with terminal
attractor. The smooth estimation of the back electromotive-force is obtained through the tracking
differentiator, and the phase lag caused by the low-pass filter in traditional sliding mode observer
is decreased. Finally, the information of rotor position and speed is modulated from the observed
back electromotive-force by the phase-locked loop. The simulation results show that the proposed
nonsingular fast terminal sliding mode observer can accurately estimate the rotor position and

speed of permanent magnet synchronous motor. The maximum error of speed estimation is

Wi B . 2015-06-11,  FEFHEMA . WEHESI991 ), & A g GEEEE) . B Wt Jhf, 4 S, FE4wW
H: ERAKFEIATBIIHE (51307130 5 Jo 3 A% JE AR b 55 9 L 300 9% 4 9% Bh 3T H (1191320056,
R 2% s E] . 2015-11-03 P25 B bl . http: / www. enki. net/kems/detail/61. 1069. T. 20151103. 1744. 002. html



86 [ . ]

Ko

Eird 9550 3%

R

between =1 r/min, and the estimated rotor position has no phase lag. The system has good

dynamic and static performances. Compared with the traditional sliding mode observer, the

proposed observer has advantages of faster convergence rate, higher tracking accuracy, lower

chattering of back electromotive-force. Besides, the proposed observer has strong robustness in

the presence of load disturbances and parameter perturbations.

Keywords: permanent magnet synchronous motor; sliding mode observer; terminal sliding mode

control; sensorless control; tracking differentiator
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