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Abstract: To improve the dynamic response and disturbance
rejection property of the permanent magnet synchronous motor
( PMSM)

twisting sliding mode linear active disturbance rejection

speed regulation system, an improved super-

control (STSM-LADRC) strategy was proposed. This strategy
optimized the linear extended state observer ( LESO) and
linear state error feedback ( LSEF) control law in LADRC
using the sliding mode variable structure principle. First, the
STSM-LESO was designed, where the STSM control algorithm
improves the LESO in LADRC, enhancing the observing
property and thus the controller ~s disturbance rejection
property. Second, the STSM control algorithm replaced the
original LSEF control law, improving the controller’s dynamic
response property. The hyperbolic tangent function was used
instead of the sign function in the STSM algorithm to further
reduce inherent sliding mode chattering and enhance system
stability. The proposed control strategy was then analyzed for
stability using Lyapunov theory. Finally, simulations were
conducted on the Matlab/Simulink platform for validation.
The results showed that the proposed strategy provided better
dynamic response and disturbance rejection property
compared to traditional LADRC and other controllers.

Key words: permanent magnet synchronous motor; linear

active disturbance rejection control; super-twisting sliding
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Permanent magnet synchronous motor ( PMSM)
has advantages such as high power density, high
reliability, and high efficiency, making it widely
With the rapid

linear

used in various industrial fields.

development of control theory, active
disturbance rejection control ( LADRC) has been
increasingly applied to the speed control loop of
PMSM to achieve better dynamic response and
disturbance rejection property.

response  and

To improve the dynamic

disturbance rejection property of PMSM speed
regulation system, this paper proposed an improved
super-twisting sliding mode (ISTSM) linear active
disturbance rejection control strategy. The sliding
mode variable structure principle was used to
optimize the linear extended state observer ( LESO)
and linear state error feedback ( LSEF) control law
in LADRC. The block diagram of the ISTSM-LADRC
structure was shown in Fig. 1.

First, the STSM-LESO was designed, where the

STSM  control algorithm improved the LESO in

Fig.1 Structural block diagram of the ISTSM-LADRC

LADRC, enhancing the observing performance and
thus improving the controller’s disturbance rejection
property. the STSM control algorithm

replaced the original LSEF control law, improving

Second,

the system’ s dynamic response. The tanh function
was used instead of the sign function in STSM to
further reduce the inherent sliding mode chattering

and enhance system stability. Finally, the proposed

control strategy was validated on the Matlab/
Simulink simulation platform.
Comparative analyses of LADRC, STSM-

LADRC, and the proposed ISTSM-LADRC strategy
were conducted under variable load conditions. The
conclusions were as follows:

1. The ISTSM-LADRC
exhibited better dynamic response property and

with the

proposed strategy

stronger disturbance rejection property,
STSM-LESO
disturbances in the system.

2. Compared to traditional LADRC and STSM-
LADRC, the ISTSM-LADRC strategy reduced the
speed drop by 41% and 13% , respectively, and the

showing a strong ability to track

response time by 87. 5% and 50% , respectively,
under variable load conditions. Under stable system
conditions, replacing the traditional sign function
with the tanh function reduced the observer signal

chattering by 50% .
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