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Abstract

Due to strong nonlinearities, parameter uncertainties, and external disturbances, achieving high-
precision synchronization in hydraulic systems remains challenging for conventional controllers.
This paper proposes a composite sliding mode control (SMC) method for hydraulic cylinder syn-
chronization based on a super-twisting SMO. The super-twisting SMO is employed for the real-time
estimation of system states and lumped disturbances, effectively suppressing high-frequency
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chattering and improving observation precision. By integrating fuzzy logic, a fuzzy SMC is designed
to dynamically adjust the switching gain based on system errors, which enhances system robust-
ness and adaptability. Additionally, an integral SMC term is introduced to minimize steady-state er-
rors and elevate tracking accuracy. Theoretical analysis guarantees the closed-loop stability, and
simulation results verify the effectiveness of the proposed strategy.
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Figure 1. Control scheme
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Figure 2. Membership functions of input and output
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Table 2. Comparison of tracking methods under load uncertainty
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TIMES (x12 — x4) mm (2L — xa) mm

[0, 30] s MAX RMS MAX RMS
FPID 1.565 0.814 1.565 0.815
DSMC 0.4 0.154 0.416 0.155
FSMC 0.392 0.034 0.390 0.034
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Figure 4. Comparison of tracking errors of various methods
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Figure 5. Comparison of synchronization errors of various methods
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