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Dynamic Characteristics Model and Design of Proportional Solenoid

Valve for Clutch Engagement Process

LI Xiaoxiang, WANG Anlin, FAN Xucan, LI Xiaotian

(School of Mechanical Engineering, Tongji University, Shanghai 201804, China)

Abstract: In order to improve the oil pressure response control performance and accuracy during
the clutch engagement process, a dynamic model and a design method of proportional solenoid
valve (PSV) is proposed. First, a two-dimensional finite element model of PSV is established and
the accuracy of the model is verified by experiments. The electromagnetic structure parameter
model of the electromagnetic force established by the design of experiment (DOE) and the
response surface method (RSM) provides a parametric representation for the precise design of the
electromagnetic force and current mapping relationship. Then, taking the spool mass, spring
stiffness, preload and damping coefficient of the PSV as the design variables and the minimum of
the normalized comprehensive function combined with the pressure response time and overshoot
as the optimization objective, the optimal design of the PSV is carried out and its robustness is
analyzed. The test results show that the dynamic response time of the output oil pressure is
reduced by 18% and the oil pressure overshoot is reduced by 31% , which meets the requirement

of the dynamic response characteristics. Finally, the steady-state output characteristics of the
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PSV current versus oil pressure are tested and verified. The correlation between the simulation

data of the model and the test results is 0.998 3. This method effectively improves the

comprehensive performance of the oil pressure control during the clutch engagement process. The

proposed dynamic characteristic model and design method of the PSV provide an engineering

reference for analyzing similar oil pressure control problem.

Keywords: proportional solenoid valve; response surface methodology; optimal design; dynamic

characteristics
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