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Dual-Closed-Loop Robust Repetitive Control for Permanent Magnet Linear

Synchronous Motor Servo System Based on Delay Compensation
XU Dongbo, WU Zhitao "

(School of Electronic and Information Engineering, University of Science and

Technology Liaoning, Anshan 114001, China)

Abstract: [ Objective] In order to improve the dynamic
response and robusiness of permanent magnet linear
synchronous motor ( PMLSM) servo systems, a dual-closed-
loop cascade composite control method was proposed,
combining robust velocity control with delay compensation and
plug-in repetitive proportional differential ( PD ) position
control. [Methods] Initially, a robust velocity controller was
designed based on the reference model robust compensation
principle, which effectively addressed the modeling errors
between the reference model and the actual system model,
using an inverse system delay model to mitigate the effects of
system transmission delays. In addition, to effectively
suppress periodic external disturbances, a plug-in repetitive
controller was integrated with the PD position controller,
forming a plug-in repetitive PD position controller. [Results]
Experimental results demonstrate that this dual closed-loop
cascade control structure significantly reduces position errors,,
addresses the degradation of system performance and
overshoot caused by transmission delays, and effectively
mitigates the impact of external periodic disturbances.
[ Conclusion ] The proposed composite control method
enables the PMLSM position servo system to achieve high-
precision tracking of periodic signals, thereby improving the
system’ s dynamic response and robustness.

Key words: permanent magnet linear synchronous motor;
delay compensation; periodic input; repetitive control;

external disturbance
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Fig.4 Block diagram of robust velocity control
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Fig.5 Simplified block diagram of velocity control
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With

automation and precision manufacturing, permanent

the growing demand for industrial

magnet linear synchronous motors ( PMLSMs) , as
efficient linear servo motion actuators, are being
increasingly applied in a wide range of fields.
PMLSMs, with their advantages of high speed, high
precision, and strong thrust, show great potential in
areas such as industrial robotics, semiconductor
manufacturing equipment, and logistics warehousing.
However, PMLSMs still face numerous challenges in
practical applications due to factors such as internal
parameter perturbations, external disturbances, and
interferences. these, periodic

uncertain Among

motion tasks place higher demands on the precise

of PMLSMs. In

applications on production lines, precise position

control repetitive  positioning

control is crucial. However, external disturbances

the

accuracy. This paper aims to explore how to suppress

can severely affect system ’ s positioning

the impact of internal and external disturbances to

enhance the tracking accuracy of PMLSM in the

process of tracking periodic reference input
trajectories.
To improve the dynamic response and

robustness of the PMLSM servo system, a dual-loop
cascade composite control method was proposed,
combining robust velocity control with delay
compensation and plug-in repetitive proportional
differential ( PD ) position control. First, a robust
velocity controller was designed based on the robust

compensation principle of the reference model, as

S7

shown in Fig.1. This controller effectively adjusted
for modeling errors between the reference model and
the actual system model, using an inverse system
delay model to offset the transmission delay effect.

Then,

disturbances, a plug-in repetitive controller was

to effectively suppress periodic external
introduced in combination with the PD position
controller, forming a plug-in repetitive PD position

controller, as shown in Fig.2.

Fig.1 Block diagram of robust speed control

Fig.2 Block diagram of position control

Experimental results show that this composite
control method resolves the degradation of system
performance and overshoot caused by transmission
delays, and effectively suppresses the influence of
Additionally, the
the PMLSM

to achieve high-precision

external periodic disturbances.
composite control method enables
position servo system
tracking of periodic signals, while improving the

system’ s dynamic response and robustness.
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