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A Method for Estimating Fluid Force in Proportional Directional
Control Valves with Spool
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Abstract: In establishing a simulation program for hydraulic valves, it is always a big obstacle to

incorporate correctly flow forces on valve body into the simulation program. This paper suggests a

method to estimate flow forces on spool in proportional directional/flow control valves with spool

structure. Furthermore, suggests a way to obtain simulation program for spool valves, in which flow

force mechanism is fully reflected.
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F, : A% %59 (steady state flow force)
C, : &% 7A4=(discharge coefficient)
A #Bel JiFH A (valve openning)
Ap @ 2892 k8 Ak (pressure difference)

<
¢ - A9 7% - ¥ ZE(et angle of fluid

x, : 2% WP (spool displacement)

uw @ Aol ¥# (control input)
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(a) Jet flow through valve orifice
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(b) Pressure distribution on spool lands

Fig. 1 Flow force in spool valve chamber
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Solenoid

Position Sensor

[ K I

R(s) :Reference input
i : Solenoid current
F(s) :Disturbance
X(s) : Output(Spool position)

| pos I

5ol

u : Control input
F.; : Solenoid force
F,, :Applied force on spool

Fig. 2 Block diagram of the spool valve
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Fig. 6 Steady state characteristics of the

proportional solenoid (hysteresis
filtered)
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Fig. 4 Test bench for experiment
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@ Valve model
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Fig. 5 Simulation model(AMESIim based)
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Fig. 8 Effect of Ap on u experiment
(hysteresis filtered)
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Fig. 11 Block diagram to estimate steady state
flow force
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Fig. 12 Simulation model including the steady state flow force estimator
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Fig. 16 Simulation model including the F, data file
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