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Abstract

In direct force control of a single-axis servo system, the output position of the motor is affected by
factors such as load force and friction. Considering the poor adaptability of the PID controller to
parameter changes and the inability to balance response speed and overshoot, the control per-
formance of the system is improved by using Active Disturbance Rejection Control (ADRC) instead
of PID. A continuous and smooth nonlinear function was designed to address the issues of jitter
and unsmooth switching at the segmentation points in traditional ADRC nonlinear functions. Im-
provements were made to the Extended State Observer (ESO) and the Nonlinear State Error
Feed-back Control Law (NLSEF), respectively. A general rule for parameter tuning of Improved Ac-
tive Disturbance Rejection Control (I-ADRC) is provided, and it is applied to Direct Force Control
(DFC) of Single Axis Permanent Magnet Synchronous Linear Motor (PMLSM). The simulation com-
parison between I-ADRC and PID, as well as some existing self-disturbance rejection control
strategies, was conducted under both no-load and variable-load conditions. The experimental re-
sults showed that using an improved self-disturbance rejection controller for direct force control
has better tracking performance and anti-interference ability.
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Figure 1. Mathematical model diagram of permanent magnet linear synchronous motor in d-q coordinate system
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Figure 2. ADRC structure diagram
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Figure 3. I-ADRC structure diagram
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Figure 11. Simulation waveform under variable load conditions
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Table 4. Motor performance indicators under variable load sine signal input
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