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Abstract: [Objective] This paper aims to improve the speed
control performance of permanent magnet synchronous motors
and ensure that the speed error converges to the preset
boundary within a specified time, while avoiding issues such
as controller singularities caused by disturbances and
estimation peaks in the observer during motor starting. In this
paper, a preset performance sliding mode control method
based on a time-varying disturbance observer ( PPSMC +
TDO) is proposed by combining preset performance control
with sliding mode control. [ Methods] First, a preset
performance function capahle of setting convergence time was
proposed, and an error transformation was performed to
convert the inequality-constrained error system into an
equality-constrained ~ system.  Second, a time-varying
disturbance observer was designed to estimate system
disturbances. Then, a preset performance sliding mode
controller was developed for the transformed error system.
[Results] Under the constraint of the preset performance
function, PPSMC + TDO ensured that the speed error
converged to the minmum preset boundary &, within the preset
0.3 s. When external disturbances were applied, PPSMC +

TDO demonstrated the smallest speed fluctuations. Although
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the instantaneous speed error exceeded the preset boundary,
the controller remained stable, without singularities or other
unstable behaviors. Furthermore, at the initial moment, the
disturbance estimation curves showed no estimation peaks.
[ Conclusion ] Experimental results show that under the
influence of the preset performance function, the speed error
converges to the preset boundary within the designated time,
ensuring good dynamic performance of the speed controller.
When disturbances occur, the method addresses the issue of
controller singularities caused by system errors exceeding the
preset performance function boundary and provides excellent
anti-disturbance capability against both constant external load
disturbances and periodic disturbances. Additionally, the

proposed  time-varying disturbance observer effectively
eliminates estimation peaks at the initial moment.

Key words: permanent magnet synchronous motor; preset
performance; sliding mode control; time-varying disturbance

observer
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Fig.3 Speed tracking curves during starting
SPEBRGR , MR BRI A B 4 s e . I HLAR 4K
T SMC+TDO 75 %, Fr 42 77 iE B4t 1 Rt A7 2L 17
FETL BUULHEREFE PR A TEANXS LNk 3 o,

K7 S T B AR A AN IR e AR RE i 17 Jm 2
fEE MRS B 1 r I 42, 181 8 Ry 3 3 [ 4 25
PR SO 5 F1 TDO 35X 4 30 d A Atttk
X FEFE AT L HE TDO 384 T 400 4R s 20 i A
WEAFL , NN 220 R G838 S .

SRJE T B TR T AR TR I T 2 3h
fPERE, RALESIIFREBITIE, E =5 s I
1.5sin(2m) Nem (R BIPESNRIEZN, 72 =10 s J5
FBRZIBI = T RS LA ] e T )3
Wi 157 %6 LE A& 9 Bz, B 10 S B4 s TE T AR,
FEIBA TR RN AN S B A i 2 1K
BERRI, IR i 1 PP REFE ] 48 1 2
PRIV, W TEE S T 2 3 BA B PR,

Fig.4 Convergence curves of speed tracking errors

during starting
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constant load disturbance

Fig. 7  Current curves of PPSMC + TDO under
sudden external constant load disturbance at
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