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Abstract

Water hydraulic proportional control valves us-
ing tap water as their working fluid provide fluid
control solutions with excellent power density and
controllability similar to oil hydraulic equipment
as well as high levels of environmental friendli-
ness, hygiene, and safety. Control valves with
these features are expected to find application in a
wide range of manufacturing equipment for foods,
drinks, semiconductors, medical/pharmaceutical
products, cosmetics, chemicals, renewable energy,
and underwater work equipment. Since these
valves use a low-viscosity working fluid, they have
hydrostatic bearings for friction/wear prevention
and damping orifices for stable pilot valve opera-
tion. They are also equipped with a compensating
circuit to provide feedback control, using spool
displacement as a control parameter, for improved
valve performance. The previous report proposed,
based on theoretical analysis and experimental
verification of each valve, that valve characteris-
tics can be represented using a cubic transfer
function by defining transfer functions for three
valve components, namely the compensating cir-
cuit, the solenoid, and the pilot valve, and perform-
ing feedback connection of these components. It
also examined the effects of design parameters on
frequency and step response characteristics, re-
vealing that, while the thrust characteristics of the
solenoid and the transfer characteristics required
due to the geometric structure of the pilot valve
are always stable, the valve response characteris-
tics are determined by a cubic transfer function
including the compensating circuit and may in-
clude unstable elements. However, effects on sta-
bility due to the addition of a compensating circuit
are not adequately considered. This report exam-
ines design considerations for valve stability and
discusses the effects of parameters associated with
the compensating circuit.
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