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Energy Efficiency Analysis and Redesign of Flow Regenerating Hydraulic
Valve for High Negative Pressure Hydraulic Cylinder System

LI Xiaoxiang, WANG Anlin, FAN Xucan
(School of Mechanical Engineering, Tongji University, Shanghai 201804, China)

Abstract: To solve the problem of low working efficiency and high energy loss caused by high
negative pressure hydraulic cylinder systems, this paper proposes a method for redesigning the
flow regenerating hydraulic valve in high negative pressure hydraulic cylinder system. Taking the
common hydraulic valve used in a common type of earthmoving mechanical cylinder as the
research object and using factorial analysis approach, it was found that the fixed liquid resistance
parameter of the non-regenerative hydraulic circuit has a significant effect on the efficiency of flow
regenerating hydraulic valve. To solve the problem of low oil supply efficiency, a novel method
was proposed, which can change the fixed liquid resistance of the non-regenerative hydraulic
circuit to a variable liquid resistance and hence forming a differential control combined with the
variable liquid resistance of the regenerative hydraulic circuit. Based on the method, the
structural redesign of the hydraulic valve, with four structural variables as the design variables

and the maximum efficiency of the hydraulic valve as the optimization target, was realized by
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means of design of experiment (DOE) and response surface methodology (RSM). Through the

small sample tests for more than 2000 hours, the efficiency of flow regenerating hydraulic valves

and the working efficiency of the working device descending process were increased by 29% and

27% s respectively, and the theoretical energy loss of the non-regenerative flow was reduced by

more than 90%. The method can effectively solve the problems of high negative pressure in the

rodless chamber of the cylinder and system energy loss. The concept and process of hydraulic

valve redesign based on hydraulic resistance differential control proposed in this paper provide an

engineering reference for the design of similar high negative pressure hydraulic cylinder system.

Keywords: high negative pressure cylinder; flow regeneration; energy efficiency analysis;

response surface methodology; liquid resistance
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