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1
MODULATING FLOW CONTROL VALVE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

The invention disclosed herein relates to a flow con-
trol valve assembly and, more particularly to a modulat-
ing flow control valve assembly including a bypass
valve for dividing the input flow to the valve assembly
between two output systems whereby a predetermined
minimum input flow is maintained.

Various fluid systems include a pressure fluid supply
which 1s to be divided between two output systems in
accordance with flow changes in one of the latter sys-
tems. For example, steam generating plants generally
include a centrifugal feed water pump providing an
output flow to a feed water heater. In these plants, it is
usual to provide for the continuous operation of the
pump and to utihize a check valve whose position is
responsive to the rate of flow from the pump to the
heater in accordance with the demand flow require-
ments of the latter. Flow through the pump also func-
tions to cool it so that during periods of relatively low
demand from the heater when the output of the pump
falls below a minimum flow rate it is possible for the
pump to overheat. Accordingly, when the demand
from the heater falls below the noted minimum, it is
usual to maintain the output of the pump at the noted
minimum rate and to recirculate the excess back to the
pump. By recirculating a portion of the output, the
pump is protected from overheating.

Recirculation of the output from the pump can be
provided by manual operation of a bypass valve which,
of course, is relatively expensive and unreliable or could
be provided by a bypass valve controlled by a flow
meter detecting flow on the inlet side of the pump.
When the flow on the inlet side of the pump drops
below the minimum rate required to cool the pump, the
flow meter causes the bypass valve to be opened main-
taining the pump output and diverting that portion of
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the flow not required by the feed water heater to a sump 45

connected to the inlet of the pump. Such an arrange-
ment involves relatively complex and expensive appara-
tus and has not been found to be satisfactory. An alter-
native to either of the techniques described above and
one which has been found to be generally satisfactory
for most systems involves the use of a modulating flow
control valve assembly including a main check valve
whose position is responsive to the rate of flow from the
pump to the heater and a bypass valve for recirculating
flow back through the pump during periods of low
demand by the heater. While valve assemblies of this
type are known 1in the art, they are not entirely satisfac-
tory in certain systems, particularly, in large steam gen-
erating plants where the minimum flow requirement
through the pump is relatively large. One problem with
known valve assemblies utilized in these applications is
caused by the on-off operation of the bypass valve
which causes abrupt increases in the output of the
pump. These abrupt increases in the output of the pump
provide a water hammer effect, that is, sudden surges in
the output flow which may be detrimental to the pump,
the piping system and the remainder of the fluid control
system.
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Another problem with modulating flow control
valve assemblies of the type noted above results from
the use of a mechanical link arrangement between the
main check valve and the bypass valve which operates
the bypass valve in response to the movement of the
main check valve. Use of mechanical links is somewhat
complex and expensive, but, more importantly, is not
entirely dependable. Malfunction of the mechanical link
can result in both the main check valve and the bypass
valve being in closed positions whereby the flow
through the pump falls below the minimum required to
prevent overheating.

Accordingly, it is an object of this invention to pro-
vide a modulating flow control valve assembly includ-
ing a check valve and a bypass flow control valve
wherein flow through the bypass valve gradually de-
creases with increases in flow through the check valve.

It 1s another object of this invention to provide a
modulating flow control valve assembly including a
check valve and a bypass flow control valve wherein
operation of the bypass valve is controlled without the
use of mechanical links.

It 1s yet another object of this invention to provide a
modulating flow control valve assembly that assures a
minimum output from a pump or other source of fluid.

Finally, it is an object of this invention to provide a
modulating flow control valve assembly that is simple,
rugged and economical and which is particularly useful
In steam generating plants for maintaining a minimum
output from a feed water pump.

These and other objects of this invention are accoms-
plished by providing a valve assembly including a
check valve movable between a closed position and a
fully open position in response to the rate of flow of
fluid from a pump or other pressure source to a demand
system. The check valve also includes an intermediate
position wherein the flow thereacross corresponds to a
predetermined or preselected minimum output flow
from the pump. Also included is a bypass valve having
a fully open position when the check valve is in its
closed position and a closed position when the check
valve is in its intermediate position in response to the
predetermined minimum rate of flow through the check
valve. Operation of the bypass valve is controlled by
fluid pressure from the inlet side of the check valve
acting on a piston associated with the bypass valve and
by a pilot valve controlling te buildup of fluid pressure
on the piston.

More particularly the bypass valve is formed with a
slidable conduit communicating between the inlet side
of the check valve and the working face of the piston,
which is slidable in a pressure chamber that communi-
cates with the recirculation system. The pilot valve
controls the flow between the pressure chamber and the
recirculation system whereby the pressure chamber is
either vented or accumulating fluid. Even more particu-
larly, the pilot valve is controlled by a stem on the
check valve which cooperates with the slidable conduit
to keep the pilot valve open or to allow it to close in
response to forces developed by fluid pressure or by a
spring member.

For a better understanding of the invention, reference
is made to the following description of a preferred em-
bodiment taken in conjunction with the figures of the
accompanying drawing, in which:

FIG. 1 1s a longitudinal sectional view of a valve
assembly in accordance with this invention illustrating
the closed position of the main check valve and the fully
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open position of the bypass valve and also illustrating, in
dotted lines, an intermediate position of the main check
valve and closed position of the bypass valve;

FIG. 2 is a sectional view similar to FIG. 1, but illus-
trating the fully open position of the check valve and
the closed position of the bypass valve;

FIG. 3 is an enlarged sectional view of the bypass
valve illustrated in FIGS. 1 and 2, illustrating its fully
open position;

FIG. 4 is a sectional view taken along the line 4—4 of 10

FIG. 1; and,

FIG. § is an enlarged sectional view of another form
of a bypass valve usable with a valve assembly in accor-
dance with this invention.

Referring to the drawings, there is illustrated a modu-
lating flow control valve assembly 10 particularly
adapted to be used in a steam generating system for
controlling the output flow of a feedwater pump to a
feedwater heater. It should be understood, however,
that a valve assembly in accordance with this invention
is usable between other pressure sources and demand
systems of the type wherein the pump is continuously
operative and wherein the demand system has a vari-
able flow requirement. However, to simplhify the de-
scription of a preferred embodiment of the invention,
reference will be made to a pump and a heater. Valve
assembly 10 includes a main check valve 12 responsive
to the flow of fluid from the pump to the heater and a
bypass valve 14 for controlling the flow of fluid from
the pump to a recirculation system such that a predeter-
mined or preselected minimum output flow from the
pump is maintained even if the main check valve is fully
closed. Both the main check valve 12 and the bypass
valve 14 are contained in a valve body 16 formed with
an inlet opening 18 and an outlet opening 20, the former
communicating with the discharge port on the pump
and the latter communicating with the heater. The top
of the valve body 16, as viewed in the drawing, Is
formed with a cylindrical boss 22 to which is removably
secured a closure member 24 through the use of shear
studs 26. Various other fasteners can be used to secure
the closure member 24 to the boss 22 but it is noted that
the closure member is preferably easily removable for
access to the interior of the valve body 16. Formed on
the bottom of the valve body 16, as viewed in the draw-
ing, is a second cylindrical boss 28 which is also covered
by a suitable closure member 30 secured thereto by
threaded fastener assemblies 32 preferably studs and
nuts. Use of threaded fastener assemblies allows the
removal of the closure member 30 to provide access to
the interior of the valve body 16. A radial port 34 1s
formed through cylindrical boss 28 and is connected to
the sump supplying the pump or is otherwise connected
to the recirculation system.

The main check valve 12 is located between the tnlet

opening 18 and the outlet opening 20 and includes an
internal boss 36 formed with a radial opening 38 com-

municating with the inlet opening and a valve seat 40.
Forming the remainder of the main check valve 12 is a
valve disc member 42 formed with an enlarged diame-
ter flange portion 44 having a diameter greater than the
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diameter of the valve seat 40 so that the bottom surface

46 cooperates with the valve seat to allow or prevent
the flow of fluid thereacross. Extending downwardly,
as viewed in the drawing, and inwardly toward the
longitudinal axis of the disc member 42 is a first tapered

surface 48 and a second tapered surface $0, the latter
terminating adjacent a generally cylindrical sleeve por-

65

4

tion 52. In operation the main check valve 12 is con-
trolled by the pressure differential across the valve seat
40 so that its position is controlled by the demand flow
requirements of the heater. When the main check valve
12 opens, valve disc member 42 moves upwardly, as
viewed in the drawing, so that the bottom surface 46
rises from the valve seat 40. When the valve disc mem-
ber 42 rises to the dotted line position illustrated in FIG.
1 of the drawing, that is, when it has moved a distance
D, the valve is opened to an intermediate position,
which position is responsive to flow to the heater equal
to the predetermined or preselected minimum output
flow of the pump. By changing the angle of the surface
48, this preselected minimum flow may be varied.

At this point it is merely noted that the valve disc
member 42 is formed with an internal flow passage 54
extending through the second inclined surface 50 and
down through cylindrical sleeve portion 52 so that it
communicates with the bypass valve 14. Movement of
the valve disc member 42, is guided by a stern member
56 having a hexagonally shaped portion 58 extending
upwardly from the top of the disc member and into a
complimentary hexagonal opening formed in a boss 60
extending downwardly from the closure member 24.
Use of the hexagonal stem portion 58 and the hexagonal
opening in the boss 60 provides suitable bearing engage-
ment between these members and also prevents rotation
of the stem member and, accordingly, the disc member.
A compression spring 64 bears between the end surface
of the closure member 24 and the end surface of the
valve disc member 42 and biases the disc member
downwardly, as viewed in the drawing, so that the
surface 46 normally seats on the valve seat 40. For
purposes to be made clear hereinafter, the stem member
56 further includes a generally cylindrical reduced di-
ameter portion 66 extending downwardly through the
internal flow passage 54 and terminating in a bearing
surface 67 extending below, as seen in the drawing, the
end of cylindrical sleeve portion 52 of the valve disc
member. The bearing surface 67 of the reduced diame-
ter stem portion 66 is formed with a V-shaped groove
68 extending diametrically thereacross for a purpose
which will also be explained hereinafter.

Extending upwardly from the end surface of the
closure member 30 is a bushing 70 which extends
through cylindrical boss 28 and the upper end of which
is received within the sleeve portion 52 of the valve disc
member 42. The sleeve portion 52 is formed with an
interior bearing surface 71 that rides along the outer
surface of the bushing 70 and also guides the movement
of the valve disc member 42. As clearly seen in the
drawing, the interior of the bushing communicates with
the internal flow passage 54 and thus with the radial
opening 38 and the inlet opening 18. Referring particu-
larly to FIG. 3 of the drawing the bypass valve 14 can
be seen to include a valve seat 72 formed at the bottom,
as viewed in the drawing, of a reduced diameter portion
74 formed intermediate the ends of the bushing 70.
Axially extending slots 76 are formed in the reduced
diameter portion 74 and as will be made clear hereinaf-
ter serve to throttle the flow of fluid to the valve seat
72. Adjacent the valve seat 72 the bushing is formed
with an enlarged diameter portion defining the flow
chamber 77 that communicates through a plurality of
cross ports 78 with the interior of the boss 28 and, thus,
with the recirculation port 34.

Completing the description of the bypass valve 14 a
valve member 80 is slidably received in the bushing 70
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and is formed with a cylindrical end portion 81 having
a bearing surface 83. Adjacent the cylindrical end por-
tion 81 the valve member 80 is formed with a land por-
tion 82 having inclined end faces 84 for cooperating
with the slots 76 and throttling the fluid from the inlet
opening 18. Spaced from the land portion 82, the valve
member 80 is formed with an inclined surface 86 that
cooperates with the valve seat 72 for allowing or pre-
venting the flow of fluid from the inlet port 18. As
illustrated in FIG. 3 of the drawing, the bypass valve 14
is in a fully open position and allows the flow of fluid
from the pump at a rate corresponding to the prior
defined predetermined or preselected minimum output
of the pump. Fluid from the pump is throttled through
the recesses 76 past the valve seat 72 and through the
cross ports 78 which further reduce its pressure. Pro-
tecting the inner wall of the boss 28 from the forces
exerted by the fluid discharged through the cross ports
78 the bushing 70 carries a wear plate 88 spaced from
and adjacent to the cross ports.

The desired predetermined minimum flow require-
ment of the pump to be protected is designed into the
valve structure of the present invention and can be
easily changed from valve to valve during manufacture
by relatively minor modifications to the valves. This
can be accomplished by varying the angle and/or
length of the tapered portion 48 of the check valve disc
member 42 and by varying the length of the end portion
81 bypass valve member 80. Shortening the end portion
81 will restrict the degree of opening of the bypass
valve when the check valve is closed and thus decrease
the bypass flow. This of course should be matched by a
corresponding change in the angle and/or length of the
tapered portion 48 so that the quantity of flow through
the check valve when the bypass valve closes is equal to
the flow through the bypass valve when the check
valve is closed. |

Referring briefly to FIG. 1 of the drawing, it can be
seen that the bypass valve has a close position, illus-
trated in dotted lines, wherein the valve member has
moved to a position wherein the inclined surface 86
bears on the valve seat 72 and the flat surface on land 82
is adjacent the reduced diameter portion 74 adjacent the
top, as viewed in the drawing, of the slots 76. Move-
ment of the bypass valve 14 between its open and closed
positions is controlled in accordance with the position
of the main check valve 12 such that the bypass valve is
in its fully open position when the main check valve is
in its closed position and is in its closed position when
the main check valve is in its intermediate position.
Accordingly, the inclined surface 86 is spaced from the
valve seat 72 a distance equal to the distance D between
the bottom surface 46 and the valve seat 40 in the inter-
mediate position of the main check valve. Further it
should be clear that the land 82 is spaced from the top
of the slots 76 by a distance also equal to the distance D
and that the inclined surfaces 84 cooperate with the
slots to progressively reduce the flow of fluid through
the bypass valve 14 with the progressive increase in
flow through the main check valve 12. That is, flow
through the bypass valve 14 varies inversely with the
flow through the main check valve to maintain the
minirnum output of the pump.

In order to control the position of the bypass valve
14, the valve member 80 is formed with a piston 90
extending from the inclined surface 86 and slidably
received in the bushing 70. The piston 90 is formed with
a counterbored opening 92 that forms part of a pressure
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chamber 94 along with the bushing 70 and the closure
member 30. The pressure chamber 94 commuicates
with the inlet side of the main check valve 12 through a
conduit 96 in the form of a hollow rod slidably carried
through the valve member 80 and also communicates
with the flow chamber 77 through a cross-port 98
formed radially through the valve member. Between
the pressure chamber 94 and the cross-port 98, the valve
member 80 1s formed with a pilot valve seat 100 that
cooperates with a pilot valve member 102 for control-
ling the pressure in the pressure chamber. The pilot
valve member 102 is fixedly carried on the conduit 96
by an externally threaded hollow bushing 104 received
over the end of the conduit and cooperating with an
internally threaded portion formed on the pilot valve
member. To prevent rotation of the pilot valve member
102 relative to the bushing 104, both members are
formed with radial slots through which a lock pin 106 is
placed. A light biasing force tending to seat pilot valve
member 102 on the valve seat 100 is provided by a
compression spring 107 bearing on a flange 108 on the
ptlot valve member and on a retaining ring assembly 110
fixed to the end of the valve member 80. Adjusting the
position of the bushing relative to the pilot valve mem-
ber 102 will vary the amount of opening of the pilot
valve.

Having described one preferred embodiment of a
modulating flow control valve assembly in accordance
with the invention, its operation will now be explained.
As illustrated in FIG. 1 of the drawing, the main check
valve 12 is closed since there is no demand for fluid
from the heater connected to the outlet port 18. With
the main check valve closed, the surface 46 seats on the
valve seat 40 and the bearing surface 67 on the stem 56
1S in bearing engagement with the bearing surface 83 on
the valve member 80. The reduced diameter portion 66
is of such a length that it retains the valve member 80 in
a fully open position, that is, a position wherein the
inclined surface 86 is spaced from the valve seat 72 a
distance equal to the distance D as is the land 82 from
the top end as seen in the drawing, of the slots 76. In
addition, the reduced diameter portion 66 of the stem 56
also retains conduit 96 flush with the bearing surface 83
of the valve member 80 so that the pilot valve member
102 is spaced from the pilot valve seat 100. Because of
the groove 68 formed in the bearing surface 67 of the
reduced diameter portion 66, the conduit 96 communi-
cates with the inlet side of the main check valve 12.

With the pump operative and with the main check
valve 12 closed, output fluid from the pump flows
through the inlet opening 18, radial opening 38, the flow
passage 54 and through the interior of the bushing
where its pressure is reduced as it is throttled through
the slots 76 and then flows across valve seat 72 into flow
chamber 77. From the flow chamber 77, the pressure is
again reduced as the fluid flows through the cross ports
78 against the wear plate 88 and into the interior of the
cylindrical boss 28 from which it flows through the
recirculation port 34, the recirculation system and
through the pump. If desired, the pipe connected to the
recirculation port 34 can include a restriction for fur-
ther reducing the pressure of the fluid, but this is depen-
dent on the exact nature of the system in which the
valve assembly is used.

Simultaneous with the above, fluid in the bushing 70
flows through the groove 68 on the bearing surface 67
of the stem §6 and through the conduit 96 into the pres-
sure chamber 94 to exert force on the working face of
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the piston 90. However, since the pilot valve 102 is
open, the pressure in the pressure chamber 94 is vented
across the valve seat 100 and through the cross-port 98
into the flow chamber 77. From the flow chamber 77
the vented fluid flows through cross-ports 78 into the
interior of the boss 28 and through the recirculation
port 34. By venting the fluid, the pressure in the pres-
sure chamber cannot build up and cause the bypass
valve 14 to close.

When the heater requires flow from the pump, a
pressure differential across the main check valve 12
allows the inlet pressure to lift the valve disc member 42
from the valve seat 40. As the valve disc member 42
moves, the bearing surface 67 of the stem 56 moves
away from the bearing surface 83 of the valve member
80 and no longer resists movement of the conduit 96. At
this point, pressure in the pressure chamber 94 acts to
seat the pilot valve member 102 on the pilot valve seat
100 so that the pressure is no longer vented, but builds
up in the pressure chamber causing the valve member to
move toward its closed position. If the demand flow
requirement 1s such that the main check valve is open to
a position wherein the valve disc member 42 has not yet
reached the intermediate position, that is, has not
moved a distance D and the demand requirement of the
heater i1s less than the desired minimum output of the
pump, the end of the conduit 96 will eventually bear on
the bearing surface 67 of the stem 56 such that further
movement of the valve member 80 causes the pilot
valve member 102 to unseat allowing pressure in the
pressure chamber 94 to be vented past the pilot valve
scat 102 and through the cross-port 98. When the pres-
sure in the pressure chamber 94 drops the valve member
moves toward the closure member 30 causing the pilot
valve seat 100 to engage the pilot valve member 102
allowing the pressure to build up in the pressure cham-
ber moving the piston 90 toward the stem 56 allowing
the pilot valve seat 100 to move away from the valve
seat, etc. This oscillation can repeat several times, but
eventually a steady state position will be assumed with
the bypass valve 14 only partially open.

If the demand flow requirement is such that the valve
disc member 42 reaches its intermediate position, that is
has moved a distance D where the demand flow re-
quirement equals the minimum pump output, the bypass
valve 14 will close because the end of the conduit 96
will not engage the bearing surface 67 of the stem 56
and, thus, the pilot valve member 102 will not be un-
seated. Thus, movement of the valve member will con-
tinue until the inclined surface 86 seats on te valve seat
72 preventing further flow through the bypass valve 14.
Beyond the intermediate position of the main check
valve 12 its operation is in accordance with the demand
flow requirement of the heater and the bypass valve 14
remains closed. If, however, the demand flow require-

ment drops below the minimum output of the pump, the
valve disc member 42 moves toward the valve seat 40

and the bearing surface 67 of the stem 56 bears against
the end of the conduit 96 unseating the pilot valve mem-
ber 102 and allowing the valve member to move to a
position wherein the bypass valve member 14 is par-
tially open. If the main check valve 12 does not close,
the pilot valve member 102 and the valve seat 100 oscil-
late as previously explained; if the main check valve 12
closes, the bypass valve 14 is moved to its fully open
position.

Referring now to FIG. § of the drawing, another
form of a bypass valve 14a including a modified form of
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pilot valve is disclosed ad is usable with the main check
valve 12 disclosed in FIGS. 14 of the drawings to
provide another embodiment of a valve assembly in
accordance with this invention. Because the main check
valve 12 1s the same as that disclosed in FIGS. 1-4, it is
not illustrated in FIG. § of the drawing and when the
structure comprising the main check valve is referred to
in the following description, the reference numerals
utilized in FIGS. 1-4 of the drawing will also be uti-
lized; because of the similarities between the bypass
valve 14a disclosed in FIG. § and that disclosed in
FIGS. 1-4 of the drawing, like reference numerals will
be utilized for similar parts with the suffix a attached.
The bypass valve 14a includes a bushing 70a extending
upwardly from the end surface of the closure member
30a so that the interior of the bushing communicates
with the internal flow passage 54 in the valve disc mem-
ber 42. Similar to the embodiment in FIGS. 1-4 of the
drawing, the bushing 70a is formed with a valve seat
72a, a reduced diameter portion 74a having axially ex-
tending slots 76a, a flow chamber 77a and a plurality of
cross-ports 78a in communication with the recirculation
part 34. Adjacent the cross-ports 78a, the bushing 70a
carries a wear plate 88a similar to wear plate 88.

Slidably received in the bushing 70a is a valve mem-
ber 80a which is similar to valve member 80 disclosed in
FIGS. 1-4 of the drawing. The valve member 80a thus
includes a generally cylindrical end portion 81a having
a bearing surface 83a, a land portion 82a having inclined
end faces 84a cooperating with the slots 76a for throt-
tling fluid from the inlet passage of the valve assembly.
Spaced from the land portion 82a is an inclined surface
86a that cooperates with the valve seat 72a to allow or
prevent, depending on its position, the flow of fluid into
the flow chamber 77a, through the cross-ports 78a,
against the wear plate 88a and finally through the recir-
culation port 34 to the feedwater pump.

Similar to the embodiment of the invention disclosed
in FIGS. 14 of the drawing, movement of the bypass
valve 14a between its opened and closed positions 1s
controlled in accordance with the position of the main
check valve 12 so that flow through the bypass valve
varies inversely with flow through the main check
valve until the latter reaches its intermediate position at
which position the bypass valve is closed. To control
the position of the bypass valve 14a the valve member
80a is formed with a piston 90a which is slidably re-
cetved 1n the bushing 70a and which is formed with a
counterbored opening 92a. The counterbored opening
92a and the inside wall of closure member 30a define a
pressure chamber 94a that communicates through a
cross-port 98a with the flow chamber 77a. The pressure
chamber 94a also communicates with another pressure
chamber 112 formed in the closure member 30a which
will be fully explained hereinafter. At this point, it is
noted that the valve member 80a is formed with an
axially extending opening 114 forming a approxiamtely
right angle with the end wall of the counterbored open-
ing 92a and which receives in sliding relationship there-
with a conduit 96a in the form of a hollow rod. Interme-
diate its ends, conduit 96a is formed with a reduced
outer diameter portion 116 located, at least partially,
within the opening 114 to form a flow path from the
pressure chamber 94a to cross-ports 98a and, thus, flow
chamber 77a. Controlling the flow of fluid from pres-
sure chamber 94a to the cross-ports 98a is a pilot valve

member 102a having an inclined end surface 108a that
cooperates with the end of the opening 114 adjacent the
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end wall of the counterbored opening 92a to allow or
prevent the flow of fluid from the pressure chamber 94a
to the cross-ports 98a. The pilot valve member 102a is
threadably carried on an outer threaded portion of a
hollow bushing 104a having the same outer and inner
diameters as the conduit 96a. Retaining the pilot valve
member 102 on the bushing 104a is a lock nut 118 which
bears on the end face of the pilot valve member adjacent
a wrenching configuration 120 which may be gripped
during the assembly and removal of the lock nut on the
threaded portion of the bushing 104a.

The free end of the bushing 104a extends into the
pressure chamber 112 with a slight radial clearance and,
preferably, for reasons to be made clearer hereinafter,
with a smaller clearance than that between the opening
114 and the reduced outer diameter portion 116 of the
conduit 96a. Thus, the radial clearance between the end
of the bushing 104a and the pressure chamber 112 de-
fines a flow path from the pressure chamber 112 to the
flow chamber 94a. A spring member 122 is provided
and bears between the innerface of the closure member
30a and an inclined surface on the bushing member 104a
adjacent the free face of the lock nut 118.

As noted previously, the inner and outer diameters of
the end face of the conduit 96a adjacent the bearing
surface 83 and of the bushing 104a are equal and thus
define equal areas against which fluid pressure acts. The
flud pressure acting on the noted end of conduit 96a is

substantially equal to that acting on the noted end of

bushing 104a, there being only a slight pressure drop
through the conduit 96a and bushing 104a, so that the
forces developed by the fluid pressure and acting on the
conduit and bushing are substantially balanced. It is
now noted that the areas of the pilot valve member 102a
and the lock nut 118 on which pressure in pressure
chamber 94 acts and the area on the conduit 96a in the
opening 114 on which pressure can act are also selected
so that the fluid pressure forces acting on the conduit
96a are substantially equal. Accordingly, the spring
member 122 exerts the only force tending to close the
pilot valve 102a, that is, the only force that tends to
move the bushing 104a, pilot valve member 102a and
conduit 96a toward the reduced diameter portion 66 of
the stem 58 so that inclined surface 108a bears on the

right angle edge between the opening 114 and the end
wall of the counterbored opening 92a. Because of the

generally right-angle relationship between the opening
114 and the end wall of the counterbored opening 92a,
a line contact on the inclined surface 108a is provided
when the pilot valve is closed and the fluid pressure
forces on the conduit means 96a are substantially un-
changed as the pilot valve opens or closes.

Operation of a valve assembly in accordance with
this invention and including the bypass valve 14a dis-
closed in FIG. S of the drawing is generally similar to
that disclosed in FIGS. 1-4 of the drawing. When the
main check valve 12 is closed, the bearing surface 67 on
the stem 56 is in bearing engagement with the bearing
surface 83a on the valve member 80a and retains the
valve member in a fully open position with land portion
82a and inclined surface 86a spaced from reduced diam-
eter portion 74a and valve seat 72a, respectively by the
distance D. The bearing surface 67 also works against
spring member 122 holding the end of conduit 96a flush
with the bearing surface 83a and maintaining pilot valve
102a open. With the pump operative and with the main
check valve closed, output fluid from the pump flows
through the inlet opening 18, radial opening 38, the flow
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passage 54 and through the interior of the bushing
where its pressure is reduced as it is throttled through
the slots 76a and then flows across the valve seat 72a
into the flow chamber 77a. From the flow chamber 77a,
the pressure is again reduced as the fluid flows through
the cross-ports 78a and against the wear plate 88a into
the interior of the cylindrical boss 28 from which it
flows through the recirculation port 34. Simultaneous
with the above-described flow, fluid also flows through
the groove 68 in the bearing surface 67 of the stem and
then through the conduit 96a to pressure chamber 112
and the flow passage between the end of the bushing
104a and the pressure chamber 112 and into the pressure
chamber 94a. Because the pilot valve 102a is open,
pressure in the chamber 94a is vented through the flow
passage between the conduit 96a and the opening 114,
the cross-ports 98a and into the flow chamber 77a.
Since the flow passage communicating between the
flow chamber 772 and the cross-ports 98a is larger than
the flow passage communicating between the pressure
chamber 112 and 94a, the fluid pressure is reduced.

When the heater requires flow from the pump, a
pressure differential across the main check valve 12
allows the inlet pressure to lift the valve disc member 42
from the valve seat 40. As the valve disc 42 moves, the
bearing surface 67 on the stem 56 moves away from the
bearing surface 83a on the valve member 80a and no
longer resists movement of the conduit 96a. The spring
122 exerts a force on the bushing 104a moving the con-
duit 96a until the inclined surface 108a on the pilot
valve member 102a seats on the edge between the open-
ing 114 and the end wall of counterbored opening 92a.
With the pilot valve closed, pressure builds up in the
pressure chamber 94a and acts on the piston 90a moving
the valve member 80a toward the main check valve 12.
If the main check valve has not opened to its intermedi-
ate position, the conduit 96a and the bearing surface 83a
of the valve member 80a eventually bear against the
bearing surface 67 on the stem 56. At this point, the
conduit 96a is urged against the spring 122 toward the
closure member 30a which moves pilot valve member
102a away from the opening 114 so that pressure in
chamber 94a is again vented through the cross-ports
98a. At this point, land 82a is closer to the top end of the

slots 76a reducing flow through the slots and past the
valve seat 72a. Thus, the desired minimum output of the

pump is maintained. It is noted that because the spring
122 exerts the closing force, the oscillation noted with
respect to the FIGS. 1-4 embodiment is eliminated.

If the main check valve opens beyond its intermediate
position, the pilot valve remains closed, the inclined
surface 86a bears against valve seat 72a and the land 82a
is beyond the end slots 76a. Thus the pump output flows
through the main check valve and no portion is recircu-
lated. If the demand flow requirement drops below the
minimum output of the pump, the valve disc member 42
moves toward the seat 40, the bearing surface 67 on
stem 56 seats on bearing surface 83a of the valve mem-
ber 80a and conduit 96a moving the conduit toward the
closure member 30a and opening the pilot valve. At this
point pressure in chamber 94a is again vented allowing
the bypass valve 14a to open.

In view of the foregoing, it should be clear that a
modulating valve assembly has been provided that in-
cludes a main check valve and a bypass valve operative
to maintain a minimum flow from a pump. It should also

be clear that the operation of the bypass valve is inde-
pendent of the operation of the main check valve, that
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is, the main check valve and the bypass valve cannot
both close in the event of a malfunction and, finally, it
should be clear that fluid is progressively metered be-
tween the two valves so that abrupt changes in the
output of the pump or other pressure source are
avoided.

While in the foregoing there has been described a
preferred embodiment of the invention, it should be
obvious to one skilled in the art that various changes
and modifications can be made within the true spirit and
scope of the invention as recited in the appended claims.

I claim:

1. A modulating flow control valve assembly includ-
ing main check valve means movable between a fully
closed and a fully open position in response to flow of
fluid from a pressure source to a demand system and
including an intermediate position wherein the fluid
flow to said demand system corresponds to a prese-
lected minimum flow from said pressure source, and
bypass valve means for controlling the flow of fluid
from said pressure source to a recirculation system, said
bypass valve means having a fully open position when
said main check valve means is in its fully closed posi-
tion and being movable to a fully closed position when
said main check valve means is in its intermediate posi-
tion, piston means operatively associated with said by-
pass valve means, said piston means being located in a
pressure chamber, said pressure chamber being in fluid
communication with the inlet side of said main check
valve means whereby pressure at inlet side of said main
check valve means is operative in moving said bypass
valve means between said fully open and fully closed
positions, pilot valve means biased toward a closed posi-
tion being located in said pressure chamber for controlling
the pressure acting on said piston means[.]}, said pilot
valve means being movable to its closed position solely
because of said bias and being movable to its open position
by said main check valve means.

F2. A modulating flow control valve assembly in
accordance with claim 1 including pilot valve means
having an open position when said bypass valve means
is in an open position, said pilot valve means being mov-
able to a closed position in response to the opening of
said main check valve means.}
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3. A modulating flow control valve assembly in ac- 45

cordance with claim [2] 7 wherein said pilot valve
means is movable to its closed position by fluid pressure.

4. A modulating flow control valve assembly in ac-
cordance with claim [2] 7 wherein said pilot valve
means is movable to its closed position by spring means.

5. A modulating flow control valve assembly in ac-
cordance with claim 1 including pressure reducing
means associated with said bypass valve means.

6. A modulating flow control valve assembly includ-
ing main check valve means movable between a fully
closed and a fully open position in response to flow of
fluid from a pressure source to a demand system and
including an intermediate position wherein the fluid
flow to said demand system corresponds to a prese-
lected minimum flow from said pressure source, and
bypass valve means for controlling the flow of fluid
from said pressure source to a recirculation system, said
bypass valve means having a fully open position when
said main check valve means is in its fully closed posi-
tion and being movable to a fully closed position when
said main check valve means is in its intermediate posi-
tion, piston means operatively associated with said by-
pass valve means, said piston means being in fluid com-
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munication with the inlet side of said main check valve
means whereby pressure at inlet side of said main check
valve means is operative in moving said bypass valve
means between said fully open and fully closed position,
conduit means slidably mounted through said bypass
valve means and said piston means, said conduit means
communicating at one end with the inlet side of said
main valve means and at its other end with said piston
means.

7. A modulating flow control valve assembly in ac-
cordance with claim 6 wherein said piston means is
slidably received in a pressure chamber and wherein
said pressure chamber communicates with said recircu-
lation system through pilot valve means.

8. A modulating flow control valve assembly 1n ac-
cordance with claim 7 wherein said pilot valve means is
fixed to said conduit means and is maintained In an open
position when said bypass valve means is in its fully
open position and said main check valve means is In 1ts
fully closed position, said pilot valve means being mov-
able to its closed position when said main check valve
means moves from its fully closed position.

9. A modulating flow control valve assembly in ac-
cordance with claim 8 wherein said main check valve
means includes first bearing means bearing on second
bearing means on said bypass valve means when said
main check valve means is in its fully closed position
whereby said conduit means is held in a position
wherein said pilot valve means i1s open.

10. A modulating flow control valve assembly in
accordance with claim 9 wherein said first bearing
means moves out of engagement with said second bear-
ing means when said main check valve means opens
such that fluid pressure in said pressure chamber closes
said pilot valve means allowing pressure in said cham-
ber to move said bypass valve means toward its closed
position.

11. A modulating flow control valve assembly in
accordance with claim 9 including spring means biasing
said pilot valve means to a closed position and wherein
fluid pressure forces acting on said conduit means are
balanced such that when said first bearing means moves
out of engagement with said second bearing means said
spring means closes said pilot valve means allowing
pressure in said chamber to move said bypass valve
means toward its closed position.

12. A modulating flow control valve assembly includ-
ing a valve body formed with an inlet opening adapted
to be connected to a source of fluid, an outlet opening
adapted to be connected to a demand system and a

recirculation port adapted to be connected to said
source of fluid, said valve body being formed with a
main check valve seat between said inlet and outlet
openings and cooperating with a check valve disc re-
sponsive to the flow of fluid from said inlet opening to
said outlet opening, said check valve disc being formed
with a valve surface which prevents the flow of fluid
when seated on said main check valve seat and being
formed with a first tapered surface for metering the
flow of fluid to an intermediate position of said check
valve disc, said valve body including a bushing formed
with a bypass received therein, said bypass valve mem-
ber having a valve surface formed thereon for regulat-
ing the flow of fluid from said inlet opening to said
recirculation port, said valve member having a first
position wherein said bypass valve surface 1s spaced a
distance from said bypass valve seat allowing maximum
flow of fluid from said inlet opening to said recircula-
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tion port and a second position wherein said bypass
valve surface is seating on said bypass valve seat to
prevent the flow of fluid from said inlet opening to said
recirculation port, the distance between said first and
second positions of said bypass valve means being equal
to the distance movable by said check valve disc be-
tween its fully closed position and its intermediate posi-
tion, said check valve disc being formed with an exten-
sion member extending toward said bypass valve mem-
ber and said bypass valve member being formed with an
extension member extending toward said check valve
disc, said extension members being in bearing engage-
ment when said check valve disc is in its seated position
on said main check valve seat and when said bypass
valve member is in its fully open position, said bypass
valve member including piston means slidably carried
in a pressure chamber and having a working face in
communication with pressure on the inlet side of said
main check valve seat through conduit means slidably
mounted through said bypass valve member and said
piston means whereby fluid flows into said pressure
chamber, said pressure chamber communicating with
said recirculation port and a pilot valve carried on said
conduit meas for controlling the flow of fluid from said
pressure chamber to said recirculation port, said pilot
valve being maintained in an open position by said ex-
tension member on said check valve disc bearing on said
extension member on said bypass valve member and
being movable to a closed position when said check
valve disc moves from said main check valve seat, fluid
pressure in said pressure chamber being operative when
said pilot valve is closed to move said bypass valve
toward its second position whereby flow through said
bypass valve to said recirculation port varies inversely
with flow through said main check valve to its interme-
diate position.

13. A modulating flow control valve assembly in
accordance with claim 12 wherein said bushing is
formed with slots and said bypass valve member is
formed with a land whereby fluid flow to said recircula-
tion port is throttled.

14. A modulating flow control valve assembly in
accordance with claim 12 wherein radial ports reducing
fluid pressure are interposed between said bypass valve
seat and said recirculation port.

15. A modulating flow control valve assembly in
accordance with claim 14 wherein a wear plate is inter-

10

15

20

25

30

35

45

30

53

65

14

posed between said radial ports and said recirculation
port.

16. A modulating flow control valve assembly in
accordance with claim 12 wherein said pilot valve is
movable toward said closed position by fluid pressure in
said pressure chamber.

17. A modulating flow control valve assembly in

accordance with claim 12 wherein one end of said con-
duit means communicates with a second pressure cham-
ber in communication with the other pressure chamber
and wherein the cross-sectional areas at the ends of said
conduit means are substantially equal, such that fluid
pressure forces acting on the ends of said conduit means
are substantially balanced, and wherein the conduit
means configuration is such that other fluid pressure
forces acting thereon are also substantially balanced,
whereby said pilot valve is movable toward said closed
position by spring means operatively associated there-
with. -
18. A modulating flow control valve assembly in
accordance with claim 17 wherein the flow path from
said second pressure chamber to said other pressure
chamber is smaller than the flow path between said
other pressure chamber and said recirculation port
whereby the pressure of said fluid is reduced.

19. A modulating flow control valve including main
check valve means movable between a fully closed and
a fully open position in response to flow of fluid from a
pressure source to a demand system and including an
intermediate position wherein the fluid flow to said
demand system corresponds to a preselected minimum
flow from said pressure source, and bypass valve means
for controlling the flow of fluid from said pressure
source to a recirculation system, said bypass valve
means having a fully open position when said main
check valve means is in its fully closed position and
being movable to a fully closed position when said main
check valve means is in its intermediate position, piston
means operatively associated with said bypass valve
means, said piston means being in fluid communication
with the inlet side of said main check valve means
whereby pressure at inlet side of said main check valve
means is operative in moving said bypass valve means
between said fully open and fully closed position, said
main check valve means including a disc member and
said bypass valve means including a valve member, said
disc member and said valve member being coaxially

aligned and movable relative to each other.
l ¢ . * %
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