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Position Control Performance of Hydraulic Electric Hybrid Linear
Drive System

HAO Yunxiao XIA Lianpeng GE Lei WANG Xiangyu QUAN Long

(Key Laboratory of Advanced Transducers and Intelligent Control System , Ministry of Education/Shanxi Province ,
Taiyuan University of Technology, Taiyuan 030024, China)

Abstract; The existing hydraulic system uses proportional valve or servo valve to control the position of
hydraulic cylinder, resulting in very large throttling loss. In order to improve the hydraulic system energy
efficiency, a hydraulic electric hybrid linear drive system adopting electro-mechanical linear actuator and
hydraulic cylinder was proposed. In order to suppress the coupling effect between the electro-mechanical
linear actuator and hydraulic cylinder, the hydraulic pump and the proportional valve were used to control
the output force and operation direction of the hydraulic cylinder to meet the load force requirement of the
system. The electro-mechanical linear actuator was used to control the operation position of the load.
Meanwhile, in the electric motor current control loop of the electro-mechanical linear actuator, the
hydraulic cylinder output force fluctuation and external interference force can be compensated. In order to
realize the above target, an adaptive sliding mode control method based on extended state observer was
designed for the electro-mechanical linear actuator. Based on the load force estimated by the extended
state observer, the hydraulic cylinder output force can be open-loop controlled by adjusting the pressure
of the hydraulic pump and the opening of the proportional valve. In the proposed system, the function of
the proportional valve was controlling the move direction of the hydraulic cylinder most of the time. Thus,
the throttling loss can be greatly reduced. The operation performance and the energy efficiency
characteristics of the hydraulic-electric hybrid driving system were analyzed through simulation and test.
The results showed that the proposed system had good position control performance and high energy
efficiency. Compared with the traditional valve controlled system, the proposed system’s energy
consumption can be reduced by 51% .
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