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Fig.1 Structure and principle diagram of solenoid valve damper
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Fig.2 Experimental system structure diagram of solenoid

valve damper force-speed characteristic
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adjustable damping force
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Fig.7 Reference model of suspension
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system with solenoid valve damper
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Abstract; The structure finite element model for the working device of hydraulic excavator was
established, and each order modal frequency and modal characteristics of working device were gotten by
analyzing the free mode of the finite element model. The key modal frequency was determined, which
influenced the dynamic performance of the working device, and taking the key modal frequency as the
optimization goal the sensitivity analysis was conducted for the main structural parameters to set up the
dynamic optimum design variables of working device. Taking the geometric constraints and performance
constraints of work device as constraint conditions, the dynamic optimization design was conducted by
using augmented Lagrangian method. The instance analysis showed that the structure stiffness was
improved, and the structure deformation was reduced. And the dynamic working performance and the
structure stability reliability for the working device were improved.

Key words: Hydraulic excavator Modal analysis Working device  Structure dynamic optimization

design  Augmented Lagrangian method
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Nonlinear Control of Quarter Vehicle Model with Semi-active
Suspension Based on Solenoid Valve Damper

Yang Liuging'®> Chen Wuwei' Gao Zhengang' Chen Yikai'
(1. School of Mechanical and Automotive Engineering, Hefei University of Technology, Hefei 230009, China
2. Department of Automotive and Mechanical Engineering, Anhui Communications Vocational and

Technical College, Hefei 230051, China)

Abstract; On the basis of experiments on force-speed characteristics of solenoid valve damper, a slide
model control strategy based on saturated input was put forward for a quarter vehicle semi-active
suspension with solenoid valve damper, which considered the nonlinear properties of vehicle semi-active
suspension and output saturation properties of solenoid valve damper with adjustable damping force. A
quarter vehicle nonlinear model with semi-active suspension and a suspension reference model with
simplified input were built. A slide model controller was designed for a quarter vehicle nonlinear model.
Meanwhile, considering the damping force output saturation property of solenoid valve damper, an
assistant analysis system was designed to generate control compensation signal in order to compensate the
saturation of the slide model controller. The results of simulation under Matlab/Simulink and experiments
showed that the slide model controller based on saturated input could effectively eliminate the influence of
output saturation of solenoid valve damper, and make the performance indexes, such as vehicle body
vertical acceleration and suspension working space, close to the corresponding ideal output of a
suspension reference model. It could also optimize the semi-active suspension design and control so as to
improve vehicle ride comfort.

Key words: Vehicle Semi-active suspension  Solenoid valve damper Nonlinear Saturated SMC

Experiment Simulation



