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PROPORTIONAL CONTROL VALVE
The present invention relates to valve apparatus and more particularly a proportional

gated diaphragm flow control valve used in dispensing fuel in a proportional blending

device.

Gated diaphragm proportional flow control valves are known in the art of fuel
dispensing, automotive and industrial control. Figure 1 shows a schematic representation
of a prior art gated diaphragm flow control valve 1, which has been used in the above
applications and particularly in a fuel dispenser with proportional blending. Valve 1
includes an inlet 2 and an outlet 3 for, respectively, receiving and discharging a flow of
fluid such as fuel. Inlet 2 leads to an inlet path 4, and outlet path 5 leads to outlet 3.
Inlet path 4 includes two fluid flow openings, valve inlet opening 6 and gate chamber
inlet opening 7. Gate inlet opening 7 is opened and closed by a gate chamber inlet valve
10, which is reciprocated from opened to closed positions by a gate inlet solenoid 11.
Outlet path 5 includes two fluid flow openings, valve outlet opening 8 and gate chamber
outlet opening 9. Gate outlet opening 9 is opened and closed by a gate chamber outlet

valve 12, which is reciprocated from opened to closed positions by a gate outlet solenoid

13.

The body of valve 1 contains a valve opening 14 which is opened and closed by a valve
member 15. The valve stem projects into a gate chamber 16, and includes a valve stem
diaphragm 17, which seals against walls 18 of gate chamber 16. A relief port 20

connects the portion of gate chamber 16 below valve stem diaphragm 17 to a valve flow

area 21.
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2
In operation of the device of Fig. 1, pressurized fluid is supplied to inlet 2 from a
pressurized fluid source. When it is desired to commence fluid flow through valve 1,
signals are sent to solenoids 11 and 13 to close gate outlet valve 12 and open gate inlet
valve 10, thereby allowing pressurized fluid from inlet 2 and inlet path 4 to pass into gate
chamber 16 through gate inlet opening 7 but not to leave gate chamber 16 through gate
outlet opening 9. The operation of solenoids 11 and 13 are coupled, so that when one is
in an open position, the other is in a closed position. If there is a sufficient pressure
difference between the fluid pressure at inlet 2 and outlet 3, pressure on valve stem
diaphragm 17 willi move valve stem 15 downwardly, opening valve opening 14 and
allowing fluid to flow from inlet 2 to outlet 3. The degree to which valve opening 14 is
opened depends upon the proportional value of the inlet pressure to the outlet pressure,
such that the valve opening 14 is opened more with a higher pressure difference, and
opened less with a lower pressure difference. As a result, the fluid flow through valve
opening 14 is proportional to the relative difference between the inlet 2 and outlet 3

pressures.

When it is desired to stop flow through valve 1, signals are sent to solenoids 11 and 13
to simultaneously open gate outlet valve 12 and close gate inlet valve 10, thereby
allowing pressurized fluid from gate chamber 16 to exhaust through outlet path 5 and
outlet 3, while simultaneously preventing fluid from inlet 2 and inlet path 4 from entering
gate chamber 16. As a result, the pressure on diaphragm 17 is relieved, thereby causing
valve stem 15 to move upwardly to close vaive opening 14, under the action of pressure

on valve stem 15 and diaphragm 17 -- through relief port 20 — from outlet 3. This
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position of solenoids 11 and 13 prevents fluid from flowing from inlet 2 to outlet 3.

The above-described prior art device operates adequately to provide proportional flow
control when there is a sufficiently large difference in the inlet and outlet pressures for
the valve 1, hereinafter referred to as a proportional flow mode. However, when it is
desired to operate the valve 1 at low flow rates hereinafter referred to as a low flow mode
(for example when a fuel dispenser dispenses a preset volume amount of fuel and must
dispense fuel at a low flow rate as it reaches the preset amount, or when the dispensing
nozzle is variably closed or only partially open) the above-described valve can have a
tendency to either not open at all or to "flutter” between opened and closed positions in
an unstable manner. Accordingly, prior art fuel dispensers which use the valve shown in
Fig. 1 generally include an additional valve which controls the flow of fuel at low fuel
flow rates. Adding an extra valve to the fuel dispenser, however, can increase costs of
the overall system. Adding the extra valve also requires extra controls for controlling the
dispensing apparatus to switch between the two valves, increasing costs and adding

complexity to the dispensing apparatus.

Valves of the type described above are commonly used in automotive and industrial
applications to control fluid flow. As described above, the normal operation of gated
diaphragm control valves is to use upstream and downstream pressure to act on a
diaphragm and/or a diaphragm stem valve in order to control flow. Gated diaphragm
valves are low cost because of their simple construction and are often preferred over more

expensive valve technologies. Gated diaphragm valves can be used as normal on/off
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valves and can perform virtually all of the functions required by a proportional control
valve, except reliable low flow operation. Low flow operation of a valve is normally
required in precision fluid applications for dispensing exact or very precise volumes.
Direct control proportional valves or stepper motor valves perform precision low flow

5 dispensing, but are expensive.

The aim of the present invention is to provide a modified gated diaphragm flow control
valve, to overcome the deficiency of such a valve for low flow dispensing, to provide for
excellent low flow characteristics, while at the same time maintaining the typical low cost

10 of a traditional gated diaphragm flow control valve.

In accordance with the present invention there is provided valve apparatus comprising a
valve and valve control means, the valve comprising:
a valve inlet;
15 a valve outlet;
a valve opening;
a valve member arranged to control the flow of fluid passing through the opening
between the valve inlet and valve outlet:
a gate chamber arranged such that the pressure of fluid therein acts to control the
20 position of the valve member;
a gate chamber inlet in fluid communication with the valve inlet:
a gate chamber outlet in fluid communication with the valve outlet; and

at least one gate chamber valve;
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wherein the valve control means is arranged to control the position of the at least
one gate chamber valve such that in a proportional flow mode pressure in the chamber
acts to control the position of the valve member in dependance on the relative pressure
between the valve inlet and outlet, wherein in that in a low flow mode the valve control
means controls the gate chamber valve such as to permit fluid to flow from the valve inlet

to the valve outlet via the chamber, the flow path defining a by-pass flow path @L).

By employing the present invention to bypass the main valve and create a fixed and
repeatable flow rate, the valve is allowed to operate at low flow conditions that are
unattainable or uncontroliable by normal flow using the main valve and the diaphragm
without any additional valve actuators. Preferably the by-pass flow path (L) comprises
an orifice of known dimensions which determines flow rate through the chamber in the
low flow mode, the dimensions of the orifice being selected such that in the low flow
mode flow is restricted such that the pressure in the chamber causes the valve member to
close the valve opening. This allows for precise low flow control in applications that

require precision dispensing of fluid, such as in gasoline preset transactions.

In one embodiment the apparatus comprises an inlet gate chamber valve and an outlet

gate chamber valve the valve control means being arranged to control the inlet and outlet

gate chamber valves such that:

a) in a proportional flow mode the inlet valve js open and outlet valve is closed
whereby at high flow rates fluid pressure in the chamber causes the valve element

to restrict the flow through the valve opening in dependance on said pressure in
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b) in a low flow mode both the inlet and outlet gate chamber valves are open such
that fluid flows from the valve inlet to the valve outlet via the by-pass flow path
(L), and the pressure in the chamber permits the valve member to close the valve
opening; and

c) in a closed mode the inlet gate chamber valve is closed and the outlet gate
chamber valve is open such that the pressure in the chamber permits the valve

member to close the valve opening.

Alternatively a restricted flow can be achieved by rapidly opening and closing the gate
chamber valve(s) on a conventional gate proportional flow valve, and according to an
alternative embodiment of the invention the valve control means in a low flow mode
causes the at least one gate chamber valve to be pulsed between two positions such as to

partially restrict fluid flow through the chamber.

Various embodiments of the present invention will now be described by way of example

only with reference to the accompanying figures of which:

Fig. 1 is a schematic, cross-sectional view of a prior art gated proportional valve;

Fig. 2 is a schematic, cross-sectional view of a first embodiment of the present invention;
Fig. 3 is a schematic, cross-sectional view of a second embodiment of the present
invention;

Fig. 4 is a schematic, cross-sectional view of a third embodiment of the present invention;
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Fig. 5 is a schematic, cross-sectional view of a fourth embodiment of the present
invention;

Fig. 6 is a schematic, cross-sectional view of a fifth embodiment of the present invention:
Fig. 7 is a schematic, cross-sectional view of a sixth embodiment of the present invention:
and

Figs. 8 and 9 are schematic, partial, cross-sectional views of a seventh embodiment of the

present invention.

Referring to Fig. 2, this shows a first embodiment of the present invention. Valve 101
includes an inlet 102 and an outlet 103 for, respectively, receiving and discharging a flow
of fluid such as fuel. Inlet 102 leads to an inlet path 104, and outlet path 105 leads to
outlet 103. Inlet path 104 includes two fluid flow openings, valve inlet opening 106 and
gate chamber inlet opening 107. Gate inlet opening 107 is opened and closed by a gate
chamber inlet valve 110, which is reciprocated from opened to closed positions by a gate
inlet solenoid 111. In the embodiment of Fig. 2, gate inlet opening 107 is configured as
a controlled-diameter and controlled-shape orifice in an orifice element 150. Gate inlet
valve 110 is configured so as to seal against the orifice of gate inlet opening 107 in its
closed position. Outlet path 105 includes two fluid flow openings, valve outlet opening
108 and gate chamber outlet opening 109. Gate outlet opening 109 is opened and closed
by a gate chamber outlet valve 112, which is reciprocated from opened to closed positions
by a gate outlet solenoid 113. Gate outlet opening 109 in the embodiment of Fig. 2 is

configured as a conventional valve opening.
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Valve 101 body contains a valve opening 114 which is opened and closed by a valve stem
115. Valve stem projects into a gate chamber 116, and includes a valve stem diaphragm
117, which seals against walls 118 of gate chamber 116. A relief port 120 connects the
portion of gate chamber 116 below sealing flange 117 to valve inlet opening 106.

The device of Fig. 2 has three modes, proportional flow, low flow and closed. A
proportional flow path of fluid is shown in dot-dash lines P. When it is desired to
commence fluid flow through valve 101, signals are sent to solenoids 111 and 113 to
close gate outlet valve 112 and open gate inlet valve 110, thereby allowing pressurized
fluid from inlet 102 and inlet path 104 to pass into gate chamber 116 but not to leave gate
chamber 116. If there is a sufficient pressure difference between the fluid pressure at
inlet 102 and outlet 103, pressure on valve stem diaphragm 117 will overcome any
upward force by the pressure at outlet 103 on the valve stem 115 and the pressure at valve
opening 106 on valve stem diaphragm 117, through relief port 120, to thereby move valve
stem 115 downwardly, opening valve opening 114 and allowing fluid to flow from inlet
102 to outlet 103. The degree to which valve opening 114 is opened depends upon the
amount of differential pressure across the control diaphragm 117. The biasing force on
the main flow (lower) side of control diaphragm 117 is equal to the area of the control
diaphragm 117 exposed to the inlet pressure through relief port 120 times the inlet
pressure at 106, plus the area of the valve stem 115 exposed to the outlet pressure times
the outlet pressure at 108. This biasing force is the net force acting on the main flow side
of diaphragm 117 and is subtracted from the main valve opening force acting on the
control (upper) side of the diaphragm 117. The opening force is one of three forces,

depending on the state of the gate valves 110, 112. If the inlet gate 110 is opened and the
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outlet gate 112 is closed, the opening force is the inlet pressure at 106 times the area of
the control side of the diaphragm 117. If the inlet gate 110 is closed and the outlet gate
112 opened, the opening force is the outlet pressure at 105 times the area of the control
side of the diaphragm 117. If both the inlet gate 110 and the outlet gate 112 are open, the
opemung force is the inlet pressure at 106, minus the pressure drop across control orifice
150, times the area of the control side of the diaphragm 117. These three forces are
referred to hereinafter as the "net inlet force,"” "net outlet force," and "net preset force,"
respectively. Note also that these three forces will be generally termed "opening forces"

and the net force on the opposite side of the diaphragm will be termed the "biasing

forces."

The net inlet force, net outlet force or net preset force and their relation to the biasing
force determine whether the valve stem 115 is open, and the amount which the valve 115
is opened. This is true whether the gates 110 and 112 are pulsed open for discreet time
intervals or held completely open. In order to optimize the control characteristics of the
valve 115, both the opening and closing characteristics of the valve can be modified by
changing the area on the main flow side of the diaphragm 117 exposed to the inlet
pressure. The limitation to such modification is the point where the net preset force is
equal to the biasing force on diaphragm 117. If the net preset force is greater than the net
biasing force, then the diaphragm 117 will deflect and the valve stem 115 will not remain

seated during preset flow, when both the inlet gate 110 and the outlet gate 112 are open.

Whenever controlled amounts of fluid flow are allowed to eater or exhaust from the gate
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chamber 116, the change in volume of gate chamber 116 is equal to the flow rate entering
through orifice 150, or exhausted through outlet 109, times the elapsed time for this flow.
In this way, the change of volume in the gate chamber 116 is essentially the integration
(or summation) of the flow allowed to enter or leave the chamber. The increase in flow
rate through valve opening 114 is proportional to the displacement stroke of valve stem
115 caused by the change in the volume of gate chamber 116, resulting in the effective
area of opening 114. In order to increase or decrease the effect that a change in volume
into the gate chamber 116 has on the change in flow through opening 114, the control
area of diaphragm 117 must be decreased or increased respectively. This essentially
increases or decreases the stroke by making the change of volume into gate chamber 116
work over a smaller or larger area respectively, and thus increasing or decreasing the

stroke of valve stem 115 respectively.

When it is desired to stop flow through valve 101 during proportional flow, signals are
sent to solenoids 111 and 113 to open gate outlet valve 112 and close gate inlet valve 110,
thereby allowing pressurized fluid from gate chamber 116 to pass out outlet path 105 and
outlet 103, but does not allow fluid from inlet 102 and inlet path 104 to enter gate
chamber 116. As a result, the pressure on the control side of valve stem diaphragm 117
is relieved, thereby causing valve stem 115 to move upwardly to close valve opening 114.
This position of solenoids 111 and 113 prevents fluid from flowing from inlet 102 to

outlet 103.

During low flow in the valve 101 of Fig. 2, signals are sent to solenoids 111 and 113 to
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open gate inlet and gate outlet valves 112, 113, a “low flow mode”. As a result, fluid
flows from inlet 102, through orifice of gate inlet opening 107, through gate chamber 116,
out gate outlet opening 109 and subsequently out outlet 103, constituting a by-pass flow
path (L). Because gate inlet opening 107 is in the form of a controlled-diameter and
controlled-shape orifice, &e flow rate through the path described above is of a low,
controlled rate. As a result, the valve can be used during preset operations to provide

controlled low flow without the need for an additional valve.

The embodiment of Fig. 2 is a slow-opening/fast-closing proportional valve. Because the
orifice in the embodiment of Fig. 2 is at the gate inlet, the orifice slows the flow rate into
the gate chamber 116 and thus slows the opening of valve 115, after gate inlet vaive 110
is opened. Conversely, when gate inlet vaive 110 is closed and gate outlet valve 112 is
opened, the pressure of gate chamber 116 is exhausted rapidly, as gate outlet 109 is not
a controlled-diameter or controlled-shape orifice. As a result, the valve stem 115 closes

more rapidly than it opens.

Fig. 3 shows a second embodiment of the present invention, which is identical in design
to the embodiment of Fig. 2 except for the location of the orifice. The embodiment of
Fig.3isa fast-opening/siow-closing proportional valve. Thus, the controlled-diameter,
controlled-shape orifice element 251 is at the gate outlet 209. In operation as a low-flow
valve, the embodiment of Fig. 3 is identical to the operation of the valve of Fig. 2. In
proportional flow, the valve stem 215 will open more rapidly than it will close, since the

orifice is located at gate outlet 209.
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Fig. 4 shows a third embodiment of the present invention, which is identical in design to
the embodiments of Figs. 2 and 3 except for the location of the orifice. The embodiment
of Fig. 4 is an equal-opening and -closing proportional valve. Thus, there are controlled-
diameter, controlled-shape orifice elements 350, 351 at both the gate inlet 307 and gate
outlet 309. As a result -- because the orifices allow approximately equal flow rates
because of their equal sizes and shapes -- the proportional valve will open and close at

the same rate. During low flow, the valve operates in a manner identical to that in the

embodiments of Figs. 2 and 3.

Although Figs. 2-4 show the use of sized orifices 107, 209, 307, 309 to control flow rate
through the gate chambers 116, 216, 316, the same effect could be achieved using a
conventional valve structure (like that shown in Fig. 1), in which the valves 10, or 12, or
10 and 12, are rapidly pulsed open and closed by gate solenoids 11, or 13 or 11 and 13.
As a result of such pulsing of the valves 10, or 12, or 10 and 12, the flow rate through the
openings 7, or 9, or 7 and 9 is restricted (depending on the pulse rate), therefore providing
the same effect as if there were a control orifice at the gate inlet, gate outlet or gate inlet
and gate outlet. The same effect could be achieved by providing full-open and partially-

open positions of the valves 10, or 12, or 10 and 12.

Figs. 5-7 show fourth through sixth embodiments of the present invention which are
configured in the form of a diaphragm proportional valve. In the embodiment of Fig. 5,
valve 401 includes an inlet 402 and an outlet 403 for, respectively, receiving and

discharging a flow of fluid such as fuel. Inlet 402 leads to an inlet path 404, and outlet
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path 405 leads to outlet 403. Inlet path 404 includes two fluid flow openings, valve inlet
opening 406 and gate inlet opening 407. Gate inlet opening 407 in the embodiment of
Fig. 5 is configured as a conventional valve opening. Gate inlet opening 407 is opened
and closed by a gate inlet valve 410, which is reciprocated from opened to closed
positions by a gate inlet solenoid 411. Gate inlet valve 410 is configured so as to seal
against gate inlet opening 407 in its closed position. Outlet path 405 includes two fluid
flow openings, valve outlet opening 408 and gate outlet opening 409. Gate outlet opening
409 is opened and closed by a gate outlet valve 412, which is reciprocated from opened
to closed positions by a gate outlet solenoid 413. In the embodiment of Fig. 5, gate outlet

opening 409 is configured as a controlled-diameter and controlied-shape orifice in an

orifice element 451.

Vaive 401 body contains a valve opening 414 which is opened and closed by a valve

diaphragm 430. Valve diaphragm 430 has one side facing gate chamber 416 and another

side which can seal against valve opening 414.

The device of Fig. 5 has three modes, proportional flow, low flow and closed. A
proportional flow path of fluid is shown in dot-dash lines P. When it is desired to
commence fluid flow through valve 401, signals are sent to solenoids 411 and 413 to open
gate outlet valve 412 and close gate inlet valve 410, thereby venting pressurized fluid
from gate chamber 416 to outlet 403. If there is a sufficient pressure difference between
the fluid pressure at inlet 402 and outlet 403, pressure on lower side of valve diaphragm

430 will move valve diaphragm 430 upwardly, opening valve opening 414 and allowing



10

15

20

WO 97/31210 PCT/GB97/00468

14

fluid to flow from inlet 402 to outlet 403. The degree to which valve opening 414 is
opened depends upon the amount of differential pressure across the control diaphragm
430. The opening force on the main flow (lower) side of control diaphragm 117 is equal
to the area of the diaphragm 117 exposed to the inlet pressure at 414 times the inlet
pressure at 414, plus the area of the of the diaphragm 117 exposed to the outlet pressure
at 408 times the outlet pressure at 408. This opening force is the net force acting on the
main flow side of diaphragm 430 and is subtracted from the biasing force acting on the
control (upper) side of the diaphragm 430. The biasing force is one of three forces,
depending on the state of the gate valves 410, 412. If the inlet gate vaive 410 is opened
and the outlet gate valve 412 is closed, the biasing force is the inlet pressure at 406 times
the area of the control side of the diaphragm 430. If the inlet gate 410 is closed and the
outlet gate 412 opened, the biasing force is the outlet pressure at 405 times the area of the
control side of the diaphragm 430. If both the inlet gate valve 410 and the outlet gate
valve 412 are open, the biasing force is the inlet pressure at 406, minus the pressure drop
across control orifice 450, times the area of the control side of the diaphragm 430. These
three forces are referred to hereinafter as the "net inlet force," "net outlet force," and "net
preset force," respectively. Note also that these three forces will be generally termed
"biasing forces" and the net force on the opposite side of the diaphragm will be termed

the "opening forces."

The net inlet force, net outlet force or net preset force and their relation to the opening
force determine whether the valve opening 414 is open, and the amount which the valve

opening 414 is opened. This is true whether the gates 410 and 412 are pulsed open for
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discreet time intervals or held completely open. In order to optimize the contro]
characteristics of the valve 415, both the opening and closing characteristics of the valve
can be modified by changing the area on the main flow side of the diaphragm 430
exposed to the inlet pressure at valve opening 414. It has been found that when the area
of the valve opening 414 is equal to the area of the control side of diaphragm 430
surrounding valve opening 414, there is no need for the use of a spring to bias the
diaphragm 430. The limitation to such modification is the point where the net preset
force is equal to the opening force on diaphragm 430. If the net preset force is greater
than the net opening force, then the diaphragm 430 will deflect and not remain seated

during preset flow, when both the inlet gate 410 and the outlet gate 412 are open.

Whenever controlled amounts of fluid flow are allowed to enter or exhaust from the gate
chamber 416, the change in volume of gate chamber 416 is equal to the flow rate entering
through orifice 450, or exhausted through outlet 409, times the elapsed time for this flow.
In this way, the change of volume in the gate chamber 416 is essentially the integration
(or summation) of the flow allowed to enter or leave the chamber. The increase in flow
rate through valve opening 414 is proportional to the displacement of the diapﬁragm 430
caused by the change in the volume of gate chamber 416, resulting in the effective area
of opening 414. In order to increase or decrease the effect that a change in volume into
the gate chamber 416 has on the change in flow through opening 414, the control area of
diaphragm 430 must be decreased or increased respectively. This essentially increases
or decreases the stroke by making the change of volume into gate chamber 416 work over

a smaller or larger area respectively, and thus increasing or decreasing the deflection of
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diaphragm 430 respectively.

When it is desired to stop flow through valve 401 during proportional flow, signals are
sent to solenoids 411 and 413 to close gate outlet valve 412 and open gate inlet valve 410,
thereby allowing pressurized fluid from inlet 402 to enter gate chamber 416 but not to exit
gate chamber 416. As a result, the pressure is increased on the control side of valve
diaphragm 430, thereby causing valve diaphragm 431 to move downwardly to close valve

opening 414. This position of solenoids 411 and 413 prevents fluid from flowing from

inlet 402 to outlet 403.

During low flow in the valve 401 of Fig. 2, signals are sent to solenoids 411 and 413 to
open gate inlet and gate outlet valves 412, 413. As a result, fluid flows from inlet 402,
through orifice of gate inlet opening 407, through gate chamber 416, out gate outlet
opening 409 and subsequently out outlet 403. Because gate outlet opening 409 is in the
form of a controlled-diameter and controlled-shape orifice, the flow rate through the path
described above is of a low, controlled rate. As a result, the valve can be used during

preset operations to provide controlled low flow without the need for an additional valve.

The embodiment of Fig. 5 is a slow-opening/fast-closing proportional valve. Because the
orifice in the embodiment of Fig. S is at the gate outlet, it takes a period of time before
the pressure of gate chamber 416 is relieved after gate outlet valve 412 is opened.
Conversely, when gate outlet valve 412 is closed and gate inlet valve 410 is opened, the

pressure of gate chamber 416 is equalized rapidly, as gate inlet 407 is not a controlled-
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diameter or controiled-shape orifice. As a result, the proportional valve closes more

rapidly than it opens.

Fig. 6 shows a fifth embodiment of the present invention, which is identical in design to
the embodiment of Fig. 5 except for the location of the orifice. The embodiment of Fig.
6is a fast-opening/siow-closing proportional valve. Thus, the controlled-diameter,
controlled-shape orifice 550 is at the gate inlet 507. In operation as a low-flow valve, the
embodiment of Fig. 6 is identical to the operation of the valve of Fig. 5. In proportional
flow, the vaive will open more rapidly than it will close, since the orifice is located at

gate inlet 507.

Fig. 7 shows a sixth embodiment of the present invention, which is identical in design to
the embodiments of Figs. 5 and 6 except for the jocation of the orifice. The embodiment
of Fig. 7 is an equal-opening and ~closing proportional valve. Thus, there are controlled-
diameter, controlled-shape orifices at both the gate inlet 607 and gate outlet 609. As a
result — because the orifices allow approximately equal flow rates because of their equal
sizes and shapes -- the proportional valve will open and close at the same rate. During

low flow, the valve operates in a manner identical to that in the embodiments of Figs. 5

and 6.

Although Figs. 5-7 show the use of sized orifices 407, 509, 607, 609 to control flow rate
through the gate chambers 416, 516, 616, the same effect could be achieved using a

conventional valve structure, in which the valves are rapidly pulsed open and closed by
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the gate solenoids. As a result of such pulsing of the valves, the flow rate through the
gate openings is restricted (depending on the pulse rate), therefore providing the same
effect as if there were a control orifice at the gate inlet, gate outlet or gate inlet and gate
outlet. The same effect could be achieved by providing full-open and partially-open

positions of the valves 10, or 12, or 10 and 12.

Figs. 8 and 9 show an alternative embodiment which achieves the same resuits as the
embodiments of Figs. 2-4, but which requires only one solenoid 711. In the embodiment
of Figs. 8 and 9, the gate outlet opening 409 is resized to provide a small orifice which
provides a controlled, very low flow rate. The gate inlet opening 407 is resized as a
relatively large orifice which provides a controlied, high flow rate. Solenoid 711 is
structured so as to provide three positions for the gate inlet valve 710: closed, partially-
open (Fig. 9) and full-open (Fig. 8). The full-open position of gate inlet valve 710 results
in a large flow rate into the gate chamber 716, through gate inlet opening 707, and a small
flow rate out of gate chamber 716, through gate outlet opening 709. The gate chamber
716 essentially integrates the difference in the inlet and exhaust flows, and the resulting
net flow rate into gate chamber 716 results in an accumulated pressure in gate chamber
716, which pressure acts on diaphragm to effect proportional flow control (in the manner
described above with reference to Figs. 2-7). The partially-open position of gate inlet
valve 710 is the low flow control position. In the partially-open position of gate inlet
valve 710, the gate inlet opening 707 flow area is reduced, thereby reducing the flow rate
through gate inlet opening 707 to a level approximately equal to the flow rate out gate

outlet opening 709. As a result, no pressure is accumulated in gate chamber 716,
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diaphragm 730 is thus not displaced, and no proportional flow is achieved. The flow rate
through gate inlet opening 707 and gate outlet opening 709 is the resulting controlled low
flow rate. In the closed position of gate inlet valve 710, any accurnulated pressure in gate
chamber 716 is exhausted, with no net flow into gate chamber 716, thereby displacing the
diaphragm and shutting off both proportional flow and low flow. This embodiment
produces a simplified, cost reduced version that can be controlled by modulating the input
gate only. The configuration of Figs. 8 and 9 would be used in a proportional flow
control valve of the type shown in Figs. 2-4; in the valve structure shown in Figs. 5-7,

the solenoid and valve would be located at the gate outlet, and the small orifice at the gate

inlet.

It is to be understood that many variations are possible under the teachings of the present
disclosure. For example, other mechanisms for providing proportional flow can be
provided. In addition, the orifice need not be located at the inlet or outlet to the gate, but
could be located elsewhere within the by-pass flow path (L). The present invention is not
limited by the particular structures and methods described above, but is instead defined

by the claims below.
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Claims
1. Valve apparatus comprising a valve (101) and valve control means, the valve
(101) comprising:
a valve inlet (102);
a valve outlet (103);
a valve opening (114);

a valve member (115) arranged to control the flow of fluid passing through the
opening (114) between the valve inlet (102) and valve outlet (103);

a gate chamber (116) arranged such that the pressure of fluid therein acts to
control the position of the valve member (115);

a gate chamber inlet (107) in fluid communication with the valve inlet (102);

a gate chamber outlet (109) in fluid communication with the valve outlet (103);

and

at Jeast one gate chamber valve (110, 112);

wherein the valve control means is arranged to control the position of the at least
one gate chamber valve (110, 112) such that in a proportional flow mode pressure in the
chamber (116) acts to control the position of the valve member (115) in dependance on
the relative pressure between the valve inlet (102) and outlet (103), characterised in that
in a low flow mode the valve control means controls the gate chamber valve (110, 111)
such as to permit fluid to flow from the valve inlet (102) to the valve outlet (103) via the

chamber, the flow path (102, 103, 106, 105, 103) defining a by-pass flow path (L).
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2. Apparatus as claimed in Claim 1 wherein the by-pass flow path (L) comprises an
orifice (150) of known dimensions which determines flow rate through the chamber in
the low flow mode, the dimensions of the orifice (150) being selected such that in the low
flow mode flow is restricted such that the pressure in the chamber (116) permits the valve

member to close the valve opening (114).

3. Apparatus as claimed in Claim 2 wherein the orifice (150) is in the at least one

gate chamber valve opening (107).

4, Apparatus as claimed in Claims 1, 2 or 3 comprising an inlet gate chamber valve
(110) and an outlet gate chamber valve (112) the valve control means being arranged to
control the inlet and outlet gate chamber valves (110, 1 12) such that:

a) in a proportional flow mode the inlet valve (110) is open and outlet vaive (112)
is closed whereby at high flow rates fluid pressure in the chamber (116) causes
the vaive element (115) to restrict the flow through the valve opening (114) in
dependance on said pressure in the chamber (116);

b) in a low flow mode both the inlet and outlet gate chamber valves (110, 1 12) are
open such that fluid flows from the valve inlet (102) to the valve outlet (103) via
the by-pass flow path (L), and the pressure in the chamber (116) permits the vaive
member (115) to close the valve opening (114); and

c) in a closed mode the inlet gate chamber valve (112) is closed and the outlet gate
chamber valve is open such that the pressure in the chamber (116) permits the

valve member (115) to close the valve opening (114).
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5. Apparatus as claimed in Claim 4 comprising an orifice (251) of known dimensions
located in the by-pass flow path (L) between the chamber (216) and the valve outlet

(203), which orifice determines the flow rate through the chamber in the low flow mode.

6. Apparatus as claimed in Claim 4 comprising an orifice (150) of known dimensions

located in the by-pass tlow path (L) between the chamber (116) and the valve inlet (102),

which determines the flow rate through the chamber (116) in the low flow mode.

7. Apparatus as claimed in Claim 4 comprising two orifices (350, 351) of known
dimensions in the by-pass flow path (L), between the chamber (316) and the valve inlet
(302) and between the chamber (316) and valve outlet (303) respectively, the orifices
(350, 351) together determining the flow rate through the chamber (316) in the low flow

mode.

8. Apparatus as claimed in any one of Claims 1, 2 or 3 comprising only one gate
chamber valve (710), the valve control means being arranged to set the valve (710) to a
closed position, an open position or, in low flow mode to an intermediary position, the
gate chamber valve opening (707) comprising an orifice (750) which determines the flow
rate through the chamber (716) when the gate chamber valve (710) is in an intermediary
position, the dimensions of the orifice being selected such that in a low flow mode flow
is restricted, such that the pressure in the chamber permits the valve member to close the

valve opening.
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9. Apparatus as claimed in Claim 8 wherein the gate chamber valve (710) is located
in the gate chamber inlet, the control means being arranged to close the gate chamber
valve (710) in the closed mode, and fully open the gate chamber valve (710) in the

proportional flow mode.

10.  Apparatus as claimed in Claim 9 further comprising a second orifice (751) located
in the by-pass fluid flow path between the gate chamber outlet and valve outlet, the

dimensions of the second orifice (751) being smaller than the first orifice.

11. A valve (1) for use in the apparatus of any one of Claims 2 to 10.

12.  Apparatus as claimed in Claim 1 wherein the valve control means in a low flow

mode causes the at least one gate chamber valve to be pulsed between two positions such

as to partially restrict fluid flow through the chamber.
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