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(54) Title: 3-WAY CONTROL VALVE
(57) Abstract

A 3-way hydraulic valve
(10) comprising a body formed
with an inlet port (14) for con-
necting to a pressurized sup-
ply line, a first outlet port (16)
for connecting to an outlet line
and being in flow communica-
tion with the inlet port, a gate 1
(20) intermediate the inlet port
and the first outlet port, divid- RN
ing the body into an inlet cham-
ber and an outlet chamber, the
body further comprises a second
outlet (18) extending from the
outlet chamber (26), and a con- L
trol chamber fitted with a de- 22 JH’
formable diaphragm (34) seal- y
ingly engageable with the gate
so as to prevent flow between
the inlet port and the first outlet
port, and a sealing port (50) as-
sociated with the second outlet
and comprising a sealing mem-
ber (60) linearly displaceable
between a closed and an open
position. The sealing member is
attached to the diaphragm by a
linking element (64) having at
least two degrees of freedom,
whereby when the diaphragm
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engages the gate, the sealing port is opened and when the diaphragm disengages from the gate the sealing port is closed and disen-
gagement of the diaphragm from the gate entails closing of the sealing port by the sealing member.
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3-WAY CONTROL VALVE

FIELD OF THE INVENTION

The present invention is in the field of hydraulic control valves and
more specifically it is concerned with a 3-way control valve of the type having a
single control chamber and which is suitable for use, for example, as a flushing

valve. The present invention aims at an improvement of such valves.

BACKGROUND OF THE INVENTION

A 3-way control valve is typically used in a pressurized liquid line,
for opening or closing one or two outlets, responsive to a control signal or
depending on flow conditions of the pressurized line, €.g. pressure. Such a valve,

may be used, for example, as a back-flushing valve ﬁned on a supply line and

" connected in series to a filtering device. In the normal course of operation, when

an inlet chamber of the valve is pressurized and a control chamber of the valve is
vented, the valve is in an open position allowing flow towards a first outlet
chamber (e.g. towards the filtering dévice) with a second outlet chamber being in
a closed position. However, when the inlet port is not pressurized and the control
chamber is pressurized, then the valve will close to a position allowing back-flow
in a direction from the first outlet towards the second outlet. Typically, the second
outlet will be a flushing outlet as known in the art.

A serious problem occurring' with 3-way valves, in banioular with

back-flushing valves, is that essentially high pressures are involves and
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accordingly strong forces develop within the valve, entailing high mechanical

stress in the components thereof. This requires rigid and heavy structures and

eliminates the use of plastic materials owing to high moments developing in the
construction. In particular, this problem occurs in 3-way valves of the type -
coinprising a control chamber with a diaphragm in which the two outlet ports are
essentially aligned and wherein the inlet port is essentially vertical to the outlet
ports (at times referred to as non-aligned filtering flow valves).

OWing to the high pressure and forces acting in such valves, the
wear of the moving parts is essentially high resulting in that such valves must be
frequently serviced and checked for defaults.

It is the object of the present invention to provide an improved
3-way control valve m which the above problems or disadvantages are

significantly reduced or overcome.

BRIEF SUMMARY OF THE INVENTION

According to the present invention there is provided a 3-way

hydraulic valve comprising a body formed with an inlet port for connecting to a

pressurized supply line, a first outlet port for connecting to an outlet line and

being in flow communication with the inlet port, a gate intermediate the inlet port
and the first outlet port, dividing the body into an inlet chamber and an outlet
chamber, the body further comprises a second outlet extending from the outlet
chamber, and a control chamber fitted with a deformable diaphragm sealingly
engageable with the gate so as to prevent flow between the inlet port and the first
outlet port, and a sealing port associated with the second outlet and comprising a
sealing member linearly displaceable between a closed and an open position, said
sealing member being attached to the diaphragm whereby when the diaphragm
engages the gate said sealing port is open and when the diaphragm disengages
from the gate said sealing port is closed, the valve being characteriied in that the

sealing member is attached to the diaphragm by a linking element having at least
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two degrees of freedom and whereby disengagement of the diaphragm from the
gate entails closing of the sealing port by said sealing member.

By a preferred application of the present invention the second
outlet is a flushing outlet whereby back-flushing is performed by flushing liquid
flowing in a direction from the first outlet towards the second outlet.

By a first embodiment, the linking element is a rigid link pivotally
connected at one end thereof to the diaphragm and at an opposed end thereof to
the sealing member. Alternatively, the linking element may be a flexible element
such as a strip of material, e.g. plastic or metal. The linking element may also be
a célble, a cord or a string made of a variety of materials such as rope. metal,
fibers, rubber and elastomers etc.

Preferably, the sealing member is spring biased into sealing
engagement with the sealing port when the supply line is not pressurized and
when the control chamber is vented.

In order to eliminate friction and reduce forces acting in the valve,
the sealing member is restrained from displacement with respect the sealing port
éccept for linear displacement along its longitudinal axis. By one application, the
sealing member comprises radially extending male-female type engagement

restricting ribs, one of these being provided on the sealing member and the other

at corresponding portions of the sealing port integrally formed with the body or of

a sleeve member fixedly retained within the sealing port.
By another application, the sealing member is slidably retained
over at least one positioning rod extending parallel to a longitudinal axis of the
sealing port.
In order to increase the sealing force of the diaphragm against the
gate, an engagement surface of the gate is offset from an axis of symmetry of the
diaphragm whereby the surface area of the diaphragm corresponding with the

inlet chamber is smaller than that of the outlet chamber. Preferably, the axis of
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symmetry of the diaphragm is essentially perpendicular to a flow axis of the valve
extending between the inlet port and the first outlet port.

By still a preferred embodiment of the present invention a portion
of the face of the diaphragm within the control chamber is fitted with a rigid plate
elemént and there is a restraining element extending from a wall of the céntrol
chamber, whereby upon disengagement of the diaphragm from the gate, the plate
element encounters the restraining element for dampening the displacement and
deformation of the diaphragm. Preferably, the plate element performs a
combined rolling and sliding motion over a tip of the restraining element. Said

restraining element is for example a pin or a rib.

BRIEF DESCRIPTION OF THE DRAWINGS
For better understanding, the invention will now be described by

way of example only, with reference to the accompanying drawings. in which:

Fig. 1 is a longitudinal cross-section through a 3-way valve in accordance
with the present invention, the valve in its back-flushing position;

Fig. 2 is a view in direction of arrow Il in Fig. 1. showing only the sealing
member and a retaiﬁing sleeve;

Fig. 3 ii_lustrates the valve of Fig. 1 in a mid position of the diaphragm and
prior to closing the flushing port;

Fig. 4 is a longitudinal cross-section through the valve seen in Fig. 1, with
the second outlet in its sealed position; and

Fig. 5 illustrates a further application of the valve seen in Fig. 1 wherein

the link element is a rope.

DETAILED DESCRIPTION OF A SPECIFIC EMBODIMENT

The 3-way valve 10 seen in Fig. 1 is a flushing valve having an
essentially T-like body 12 fitted with an inlet port 14, an essentially aligned first
outlet port 16 and a second outlet port 18 at a leg portion of the body 12. The
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second outlet port 18 is at times referred to as "a flushing port". 3-way valves of
this type are typically used in water supply lines and are connected in series to a
filter device (not shown) connected to the first outlet port 16. Such 3-way valves
are at times referred to as "in-line filtering valves". Body 12 further comprises a
gate member 20 defining an inlet chamber 22 and an outlet chamber 24. |

At a top portion of the body there is a control chamber 26 fitted
with a cover 28 secured to the body by bolts 30 clampingly securing a diaphragm
34 in the shape of spherical segment and which comprises annular ribs 36
projecting from its top and bottom surfaces for sealing engagement with
respective grooves of the housing 12 and the top cover 28. Cover 28 further
comprises a control signal port 40 (which may be connected to the supply line)
and a restraining elemin the form of a rib 42 projecting downward from its top
surface and having a rounded tip 43, the purpose of which will hereinafter be
explained in more detail.:

In the position seen in Fig. 1, the diaphragm 34 sealingly engages
an engagement surface 44 of gate member 20, thus closing the path between the
inlet chamber 22 and the outlet chamber 24.

Extending from the outlet chamber 24 there is a second outlet 48
formed with a sealing surface 50 of replaceable sleeve member 52 retained within
the cylindric portion 54 by means of coupling member 56 which also secures the
outlet's nozzle S8. A sealing member generally designated 60 is received within
the second outlet 48 and as will hereinafter be explained is restricted to perform
linear displacement only. The sealing member 60 is pivotally connected at 62 to
rigid link element 64 which at its opposed end 66 is pivotally connected to a
connecting element 68 connected in tum to diaphragm 34 by bolt 70. The
arrangement is such that the link element has two degrees of freedom. Bolt 70

further secures the rigid support element 72 and plate 74 over projection 76 of the
diaphragm 34. -
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The sealing member 60 comprises a top seal clamp 80 and a
bottom seal clamp 82, which together clampingly support seal 84 formed with an
annular skirt like portion 86 at its top portion for improved sealing engagement
with sealing portion 50 as seen in Fig. 3. Both seal clamps 80 and 82 and the seal
84 are tightly secured by bolt 88.

In the position seen in Fig. 1, the diaphragm 34 sealingly abuts

against the sealing surface 44 of gate member 20, thus closing flow

communication between the inlet chamber 22 and the outlet chamber 24. Biasing

the diaphragm 34 into this sealing 'position'occurs, for example, upon applying a
hydraulic control signai via control signal port 40 as known per se. Such a
control signal may be, fbr example, a pneumatic signal or. a hvdraulic signal
which might be at the same pressure as of the supply line (not shown) connected
to inlet port 14. When the valve is in its open position. as seen for example in
Fig. 4, the surface area of the diaphragm 34 within chamber 26 is essentially
similar to the surface area of the diaphragm at its opposed face (facing the inlet
chamber 22 and the out]et'chamber 24). However, upon applying pressure within
the control chamber 26 as at the inlet chamber 22, the diaphragm will deflect to
the position seen in Fig. 1, owing to pressure acting oh the top surface of the
sealing member 60, thus entailing downward displacement of the sealing member
60 to disengagé from the sealing surface 50 as seen in Fig. 1. In the position of
Fig. 1, back-ﬂ_ushing may take place by flowing flushing water (for example from
a filter connected in series to the outlet port 16) via outlet chamber 24, through
the second outlet 48 and through the second outlet port 18.

In order to minimize the forces acting on the components of the
valve and consequently the mechanical stress, it is required to decrease friction
and moments acting between the moving parts and the body. This is obtained by
ensuring smooth displacement of the sealing member 60 in a linear direction
only, i.e. along its longitudinal axis, preventing it from rotating about its

longitudinal axis or from tilting about this axis, in spite the complex motion of the
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diaphragm 34 during its displacement, as will be explained hereinafier. In order
to ensure that the sealing member 60 displaces only in a linear direction, the
bottom clamp 82 is provided with a plurality of pairs of radially projecting ribs 90
each pair constituting a longitudinal groove 92 receiving a corresponding rib 94
radially and inwardly projecting from the insert 52 as can best be seen in Fig. 2.
In order to service the sealing member 60 or to replace the sleeve 52, e.g. in case
of wear of the radial projections 94, coupling 536 is opened and access is admitted.

Further attention is now directed to Figs. 3 and 4 of the drawings
illustrating consecutive positions of displacement of the diaphragm 34 from its

engaging position seen in Fig. 1 to its fully open position seen in Fig. 4. When

the control chamber 26 is vented, and upon pressurizing the inlet chamber 22, a

portion of the diaphragm 34 being in flow communication with the inlet chamber
22 deforms under pressure of the flowing water as seen in Fig. 3, until the
plate 74 encounters the rounded tip 43 of rib 42. In this situation, when fluid
pressure at the bottom surface of the diaphragm continues, diaphragm 34
continues to deform with plate 74 performing a combined sliding and rocking
motion over the rounded tip 43 of rib 42 until it reaches its steady state as seeﬁ in
Fig. 4. This arrangement reduces the forces acting on the sealing member 6.0 and
prevents a shock which would have occurred if the diaphragm would reach its
final position of Fig. 4 at one stroké, which might result in fraction or excessive
wear of the valve or its components. As seen in Fig. 3. the linking element 64 is

slightly inclined as it adjusts to the distortion of the diaphragm 34 in the

intermediate position seen in this figure, as explained hereinabove.

Upon completing the deformation of the diaphragm 34 to its fully
open position as seen in Fig. 4, i.e. when the inlet chamber 22 and the outlet
chamber 24 are in flow communication, the sealing skirt 86 of seal member 84
sealingly abuts against the sealing surface 50, closing the second outlet 48. It will
further be noted from the figures, in particular see Fig. 1, that the sealing surface
44 of the gate member 20 is slightly offset from the axis of symmetry of the
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diaphragm 34. This arrangement ensures that the surface area of the diaphragm
corresponding with the inlet chamber 22 is somewhat smaller than the surface
area corresponding with the outlet chamber 24 and accordingly the sealing force
of the diaphragm 34 against the gate member 20 is increased. ,

Attention is now directed to Fig. 5 illustrating a further application
of the present invention which in principle is similar to the previous application
and accordingly reference is made only to those components which differ and
those elements which are similar to the elements described hereinbefore are
designated by the same reference numerals.

In this application the sealing member generally designated 102 is
connected to the diaphragm 34 by a flexible wire element 104 which may be. for
example. a cable, a cord, a string, etc. It will be appreciated that this element may
also be a strip of material e.g. metal or plastic, for obtaining the same effect as
explained in connection with the previous application, having at least two degrees
of freedom, whereby the sealing member 102 performs only linear displacement
within the second outlet 48 while the diaphragm may perform a complex motion.

It will be appreciated that opening of the sealing member 102 to the
position seen in Fig. 5 is obtained by pressure of the back-flushing water flowing
in the direction from the first outlet port 16 towards the second outlet port 18 and
by pressure applied via the control chamber 26 acting on the diaphragm 34.
Closing the second outlet 48 is in the same manner as explained 'in connection
with Figs. 3 and 4 in which the diaphragm 34 deforms to the position of Fig. 4
entailing pulling of the sealing member 102 to its sealing position (not shown).

In order to prevent draining of the supply line (not shown)
connected to the inlet port 14, there is provided a coiled spring 108 bearing at one
end against a shoulder 110 of the outlet port 18 and at an opposed end against
shoulder 112 of the bottom clamping member 82. It is thus ensured that when the
inlet chamber 22 and the control chamber 26 are vented. the sealing member 102.

displaces to its closed position (not shown).

-8- PCT/IL98/00425
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Although not shown, a skilled person will appreciate that
restricting the sealing element to linear motion only may be carried out also by a
single ribbed positioning rod centrally extending at the outlet port, or two or more
smooth positioning rods over which the sealing element slides.

It will be appreciated by a skilled personthat the construction of the
valve of the present invention essentially decreases forces and moments
developing within the valve as a result of displacement of the sealing
components, thus enabling operation of the valve at essentially high pressure. e.g.
in the range of up to 10 atmospheres, that in spite the fact that the body may be

made of a plastic material.
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CLAIMS:
1. A 3-way hyvdraulic valve 10 comprising a body 12 formed with an

inlet port 14 for connecting to a pressuriZed supply line. a first outlet port 16 for -
s connecting to an outlet line and being in flow communication with the inlet .port
14, a gate 20 intermediate the inlet port 14 and the first outlet port 16, dividing
the body 12 into an inlet chamber 22 and an outlet chamber 24, the body further
comprises a second outlet 18 extending from the outlet chamber 24, and a control
chamber 26 fitted with a deformable diaphragm 34 sealingly engageable with the
10 gate 20 so as to prevent flow between the inlet port 14 and the first outlet port 16,
and a sealing port 48 associated with the second outlet 18 and comprising a
sealing member 60 linearly displaceable between a closed and an open position,
said sealing member 60 being attached to the diaphragm 34 whereby when the
diaphrégm engages the gate 20 said sealing port 48 is open and when the'.
1s diaphragm 34 disengages from the gate 20 said sealing port 48 is closed. the
~ valve 10 being characterized in that the sealing member 60. is attached to the
diaphragm 34 by a linking element 64 having at least two degrees of freedom and
whereby disengagement of the diaphragm 34 from the gate 20 entails closing of
the sealing port 48 by said sealing member 60. |
202, A 3-way hydraulic valve according to claim 1. wherein said linking
element is a rigid link 64 pivotally connected at one end 66 thereof to the
diaphragm 34 and at an opposed end 62 thereof to the sealing member 60.
3. A 3-way hydraulic valve according to claim 1, wherein said linking
| element is a flexible element 104.
25 4. A 3-way hydraulic valve according to claim 3, wherein said linking
element is a strip of material.

5. A 3-way hydraulic valve according to claim 1, wherein said linking

element is a cable or a string.
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6. A 3-way hydraulic valve according to claim 1, wherein the sealing

member 60 is spring biased into sealing engagement with the sealing port 40

when the supply line is pressurized and when the control chamber 26 is vented.

7. - A3-way hydraulic valve according to claim 1, wherein the sealing
smember 60 is restrained from displacement with respect the sealing port 48

accept for linear displacement along its longitudinal axis.

8. A 3:way hydraulic valve according to claim 7, wherein the sealing

member 60 comprises radially extending male-female type engagement

restricting ribs 92 and grooves 90, one of these being provided on the sealing
1o member 60 and the other at corresponding portions of the sealing port 52.

A9. | A 3-way hydraulic valve according to claim 7, wherein the sealing

member -60 is slidably retained over at least one positioning rod extending

parallel to a longitudinal axis of the sealing port 48.

10. A 3-way hydraulic valve according to claim 1, wherein an
1s engagement surface 44 of the gate 20 is offset from an axis of symmetry of the

diaphragm 34 whereby the surface area of the diaphragm corresponding with the

inlet chamber 14 is smaller than that of the outlet chamber 16.

11. A 3-way hydraulic valve according to claim 10, wherein the axis of

symmetry of the diziphragm 34 is essentially perpendicular to a flow axis of the
20 valve extending between the inlet port 14 and the first outlet port 16.

12. A 3-way hydraulic valve according to claim 1, wherein a portion of

the face of the diaphragm 34 within the control chamber 26 is fitted with a rigid

plate element 74 and there is a restraining element 42 extending from a wall of

the control chamber 26, whereby upon disengagement of the diaphragm 34 from
»sthe gate 20 the plate element 74 encounters the restraining element 42 for

dampening displacement and deformation of the diaphragm 34.

13. A 3-way hydraulic valve according to claim 12, wherein the plate

element 74 performs a combined rolling and sliding motion over a tip 43 of the -

restraining element 42.
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14, A 3-way hydraulic valve substantially as herein described

with reference to and as illustrated in the accompanying drawings.

Dated this 21st day of August 2001.

DOROT VALVE MANUFACTURERS and ARKAL FILTRATION SYSTEMS

By Its Patent Attorneys
GRIFFITH HACK

Fellows Institute of Patent and Trade Mark
oo Attorneys of Australia.
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