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Dynamic Analysis of Fast-Acting Solenoid Valves
Using Finite Element Method
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Abstract

It is intended to develop an algorithm for dynamic simulation of a fast-acting solenoid valve. The
coupled equations of electric, magnetic, and mechanical systems should be solved simultanecusly i a
transient noplinear manner. The transient nonlincar electromagnetic ficld is analyzed by the Finite
Element Method (FEM), which is coupled with nonlinear electronic circuitry, The dynamic movement
of the solenoid valve is analyzed al every tme step from the force balance acting on the plunger,
which includes the electromagnetic force caleulated from the Finite Flemenl analysis as well as the
elastic force by a spring and the hydrodynamic pressure force along the flow passage. Dynamic

responses of the solenoid valves predicted by this algorithm agree well with the experimental resulis
including bouncing effects.
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Fig. 6 Dynamic model for plunger movement
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Table 1 Input data for electromagnetic analysis

ftem Input data
Coil Resistance 14,44
Coil Turns 336
Vohage 133V

Air Gap

Conductuvity
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Fig. 9 Distributions of magnetic vector potentinl A
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Fig. 10 Distributions of  muagnetic flux density B

{t = 2.0ms)
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