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

It is intended to develope an algorithm for dynamic simulation of fast-acting solenoid valves. The
coupled equations of the electric, magnetic, and mechanical systems should be solved simultaneously in
a transient nonlinear manner. The transient nonlinear electromagnetic field is analyzed by the Finite
Element Method (FEM), which is coupled with nonlinear electronic circuitry. The dynamic movement
of the solenoid valve is analyzed at every time step from the force balances acting on the plunger,
which include the electromagnetic force calculated from the Finite Element 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 resuits
including bouncing effects.
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Fig. 1 Flow chart for numerical modeling procedure
21 R7|Ee| fEtes 28Y

Maxwell R 24 235 aeld AlEA 2
7] BAAe A (1 go] Foizinh

vx%(vxﬁ)zﬁ)—kﬁﬁf; (1)
0

A (e YA 230d 2AZ SAgetn A9F
7 2 A 828 E A 2(hysteresis) 54 FA
ste 4 9 2ol Ao £+ AR

A )
ol dz\ 0z ar\ r ar )
oM, aM,
“L[ - ]+U & —Jos
il

dz dr

2 ()E 7+ 824 eo] W3} Galerkind &
gsid A (33 o) g48E YALNE 7+
T+ At

O

- 928 -



[SO] (e){A} (e)
(3)

+[P](e) d {A}

—(Q19 = {73

39l 24 Y WAL z23sto] HA 3
o

2 g5

Solenoid

BRI L1

Ql

Fig. 2 Electric driving circuit for solenoid valve
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Fig. 9 Plunger displacement (without fuel supply)
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Fig. 10 Plunger displacement (with fuel supply)
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