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Abstract: To address the issue of large speed fluctuations
caused by sudden load changes in the speed control system of
permanent magnet synchronous motor, this paper proposed a
novel model-free control scheme for the speed loop based on
fractional-order extended sliding mode disturbance observer
(FOESMDO). The new algorithm improved the dynamic and
static performances of the speed control system by establishing
a new ultra-local model for the permanent magnet synchronous
motor, which did not rely on motor parameters. With this
model as the research object, a new model-free sliding mode
control scheme was designed using fast terminal sliding mode
control and an improved sliding mode switching function. To
enhance the accuracy of disturbance estimation and reduce the
chattering phenomenon in sliding mode control, the improved
algorithm employed a FOESMDO for online estimation of
unknown parts in the ultra-local structure. Finally, simulation
comparison was made between the proposed fast terminal
sliding mode control method with a new switching function
based on FOESMDO and traditional methods, which verified
the superior performance of the new model-free control
algorithm ( FOESMDO-ISFFTSMC) in improving the response
speed and anti-interference property of the speed control
system.
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Permanent magnet synchronous motors are
widely used in fields such as electric vehicles and
aerospace due to their high power density, low
density, compact size, simple structure, and high

highly

nonlinear, and strongly coupled control system,

efficiency. However, as a complex,
obtaining an accurate mathematical model for the
permanent magnet synchronous motor is challenging.
Moreover, during actual operation, the motor may be
affected by parameter perturbations, as well as
sudden external disturbances and other uncertain

all of which

performance and the stability of the control system.

factors, can impact its control
Therefore, this paper adopted a model-free control
scheme to solve the above problems. By employing
an ultra-local model to approximate the motor’ s
behavior, a control method that did not rely on an
accurate model of the motor was implemented. This
ensured the system stability while enhancing the
control system’ s response speed and disturbance
rejection capability.

This paper proposed a speed loop control
scheme based on a novel fast terminal sliding mode

The

proposed controller consisted of two parts, a model-

controller with a new switching function.

free sliding mode controller with a novel reaching law

and a fractional-order extended sliding mode

disturbance observer. To avoid high-frequency noise
caused by differentiation, the model-free controller
with the novel sliding mode reaching law adopted an
integral fast terminal sliding mode surface and
the sliding mode control

employed equivalent

S6

method. The controller design was divided into
equivalent control terms and switching control terms.
The switching control term adopted a new sliding
mode reaching law, where the gain of the reaching
law adjusted adaptively based on the magnitude of
the state variable and the distance between the state
variable and the sliding mode surface. This ensured
while

chattering when the control state approached the

a fast response reducing sliding mode

sliding mode surface. Subsequently, an extended
sliding mode disturbance observer based on fractional
order was proposed in this paper. Compared to
traditional integer-order observers, the fractional-
order disturbance observer could effectively reduce
chattering caused by sliding modes while ensuring
convergence speed. Moreover, the fractional-order
observer offered unique advantages over integer-order
observers in terms of improving robustness and
disturbance rejection capabilities. The control block
diagram of the novel switching function fast terminal
sliding mode control based on the fractional-order
extended sliding mode disturbance observer was
shown in Fig.1.

In this paper, simulations were conducted under

various load conditions to analyze the anti-
disturbance performance of the proposed new
algorithm  compared to traditional model-free
algorithms and proportional integral control. The

the

performance of the new algorithm. Subsequently,

results  verified superior  anti-disturbance

comparative simulations were carried out to compare

the three control algorithms under parameter
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Fig.1 Block diagram of FOESMDO-ISFFTSMC
perturbations, and the simulation resulis validated algorithm exhibited excellent performance in terms of
the strong robustness of the new algorithm against disturbance rejection capability and robustness to

parameter variations. parameter perturbations without relying on an

Through simulation analysis under various accurate mathematical model.

working conditions, it has been verified that the new

S7
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