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Composite Control Design and Stability Study of Controlled Hydraulic Actuator
QI Tianjun, LI Furong, HUANG Xushan, WANG Fei,ZHAO Yufeng
( Yumen Oilfield Branch, PetroChina Company Limited , Jiuqguan Gansu 735000, China)

Abstract: A composite control method based on singular perturbation theory was designed for position tracking of hydraulic actua-
tors (HA) .From the perspective of time—scale separation,the HA was decomposed into a slow mechanical subsystem and a fast hydrau-
lic subsystem,and composite control was implemented using singular perturbation theory. An observer—based backstepping controller was
developed using a barrier Lyapunov function.An error variable similar to a sliding surface was proposed to transform the second—order
mechanical subsystem into a first—order error subsystem.The position tracking error constraint of the HA was decomposed into an output
constraint for the first—order error subsystem and a stability problem for the first—order hydraulic subsystem.Through the stability analy-
sis of singular perturbation theory, it is proved that, with proper selection of control parameters ,the proposed method can achieve the de-
sired position tracking error constraints and stability performance.Finally,simulations and experiments verify the effectiveness and prac-
ticality of the proposed control method.The results show that the designed composite controller can effectively suppress the influence of
uncertainties in the hydraulic actuator system and ensure that the position tracking error remains within the specified range. Compared
with traditional reduced—order nonlinear controllers (RNC) and backstepping—designed controllers ( BDC) ,the proposed method dem-
onstrates significant advantages in both tracking accuracy and stability.

Keywords : hydraulic actuator; composite control design;singular perturbation theory ;stability control
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