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Abstract

Addressing the coexistence of matched and mismatched disturbances in hydraulic systems while
simultaneously considering transient and steady-state performance requirements, an adaptive
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robust prescribed performance controller (ARPPC) is proposed. Taking a valve-controlled electro-
hydraulic position servo system as an example, a nonlinear mathematical model of the system in-
corporating both matched and mismatched disturbances is established. A prescribed performance
function is defined to govern the control error, and a backstepping controller is designed based on
the transformed error resulting from the prescribed performance function. An extended sliding
mode observer (ESMO) is effectively integrated with adaptive control within the backstepping
framework to achieve feedforward compensation for both matched and mismatched disturbances,
ensuring pre-definable transient performance and asymptotic steady-state performance. Further-
more, the stability of the closed-loop system is analyzed using Lyapunov theory. Finally, compara-
tive simulation results are presented to validate the effectiveness of the proposed control strategy.
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Figure 1. Schematic diagram of hydraulic valve-controlled asymmetric cylinder
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Table 1. System simulation parameters

®1 RGEHESY

ae] IEERALE] i i AHE

m 30 (kg) K 0 (Nm)

C 1x 1071 (m¥/(N's)) f, 1000 (N)

C 1x 1071 (m%(N-s)) P, 3 x 107 (Pa)

B 2500 (N-s/m) f 1110 (N)

Ky 1 x 1077 (m3s) A 8.011 x 1073 (m)
5. 2 x 108 Pa Vao 6.4 x 1074 (m?3)
A, 1.257 x 1073 (m?) \% 1.8 x 103 (m3)
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Figure 2. Desired trajectory Xiq, Output state X1 in case 1
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Figure 5. System states X, and their estimations in case 1
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Figure 7. Disturbance estimations in case 2
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