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_ 1
PRESSURE RESPONSIVE VALVE

BACKGROUND OF THE INVENTION

This is a division of application Ser. No. 750,349,
filed Aug. 5, 1968, now U.S. Pat. No. 3,572,359.

Pilot valves are preferred to be non-flowing during
all conditions except when the control or dome pres-
sure output is being changed in response to varying
conditions. The condition during which no fluid flows
through the valve is designated herein as an on-control
condition. When the pilot valve output is being
changed, it is desired that it return to the on-control
condition with a minimum flow of fluid therethrough
and that over-control and cycling be avoided.

SUMMARY

The present invention relates to an improved pilot
valve. The improved pilot valve of the present inven-
tion is non-flowing during on-control conditions and by
providing a ‘means for comparing inlet and control
pressure in a substantially balanced structure avoids
over-controlling and cycling and allows a preselected
relationship between inlet and control pressure to be
established.

An object of the present invention is to provide an
improved non-flowing pilot valve for controlling a main
valve so that the main valve maintains a constant
downstream pressure even when subjected to varia-
tions of upstream pressure.

Another object of the present invention is to provide
an lmproved non- ﬂowing pilot valve for controlling a
main valve so that the mam valve is not subject to over-
controlling or cycling.

Another object is to provide an improved non- -flow-
ing pilot valve having a preselected sensitivity to ‘the
relationship between mlet and output pressures of the
pilot valve.

A further object is to provnde an lmproved non-flow-
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ing pilot valve’ havmg a valve member which is substan-

tially balanceéd.

Still another object of the present invention is to pro-
vide an improved pilot valve structure wherein flow oc-
curs through the pilot valve only when the output or
dome pressure is being changed. -

A still further object is to prov1de a non-flowing pilot
valve in which the problems of icing due to throttlmg
and dirt infiltration are minimized.

BRIEF DESCRIPTION OF THE DRAWINGS

- These and other objects and advantages of the
present invention are hereinafter set forth and ex-
plained with reference to the drawings wherein:

FIG. 1 is an elevation view illustrating the pilot valve
of the present invention connected to control a main
pressure reducing regulator.

FIG. 2 is a sectional view of the preferred form of
pilot valve of the present invention in non-flowing con-
dition. '

FIG. 3 is a partial sectional view of the pilot valve
shown in FIG. 2 to |llustrate the open position of the
inlet valve.

FIG. 4 is a view similar to FIG. 3 but illustrates the
open posmon of the discharge valve.

FIG. 5 is a partial sectional view of a modified form
of the pilot-valve of the present invention.
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FIG. 6 is a view of a modified valve similar to the
valve shown in FIG. § and illustrates the discharge port
which is added when a separate supply of control gas is
used.

FIG. 7 is a partial sectional view of another modlﬁed
form of pilot valve of the present invention.

FIG. 8 is a partial sectional view of another modified
form of p!lot valve of the present invention.

FIG. 9 is a partial séctional view of still another
modified form of pilot valve of the present invention.

FIG. 10 is a partial view showing a modified balanced
valve member.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The pilot valve P of the present invention is shown in
FIG. 1 connected to control the main pressure reducing
reglilator R. Flow through the regulator R is from right
to left as indicated by the arrows. Upstream pressure or
regulator inlet pressure is delivered to the pilot valve
inlet through the duct 10 and the downstream pressure
(or regulated pressure) is communicated to the pilot
valve signal pressure inlet by the duct 12. The output
control pressure or dome pressure is communicated to
the dome chamber (not shown) of the regulator R by
the duct 14. This output control pressure actuates a
valve member in regulator R so that the downstream
pressure is maintained constant, even though the up-
stream pressure is subject to fluctuations.

The pilot valve P senses a change in the pressure
downstream of regulator R and varies the output con-
trol or dome pressure delivered to the regulator R to
move the valve member in regulator R to thereby cor-
rect the downstream pressure back to the preselected
pressure without causing over-controlling or cycling of
the regulator R. Also, it is desired that no flow of fluid
occurs through pilot valve P so long as the downstream
pressure is maintained at the preselected level.

The preferred form of pilot valve P is shown in detail
in FIG. 2. The pilot valve P includes the body 16 and
the bonnet 18 which-are suitably secured together with
screws 20 with main control’ dlaphragm 22 -clamped
therebetween. As shown, the body 16 includes the
upper body member 24 and the lower body members
26 which are suitably secured together with screws 28
with stabilizing diaphragm 30 clamped therebetween.

Fluid under pressure is supplied to the pilot valve P
through the duct 10 which is connected through. the
inlet 32 into chamber 34 defined in the lower body
member 26. This pressure is delivered through the inlet
32 into the chamber 34 in which the block 36 is
mounted. Block 36 is clamped to the inner periphery of
the stabilizing diaphragm 30, is connected to the stem
38 and is urged upwardly within the chamber 34 by the
spring 40. The inlet valve seat 42 is defined by the seat
insert 44 is threadedly engaged into the upwardly fac-
ing recess 46 defined by the block 36. The port 48
defined by the block 36 provides communication from
the interior of the chamber 34 into the recess 46. The
valve member 50 is positioned in surrounding relation
to the stem 38 and is slidable thereon. The exterior sur-
face of valve member 50 defines the seating surface 52
which is adapted to engage the inlet valve seat 42 and
the seating surface 54 which is adapted to engage the
discharge vaive seat 56 defined by the insert 58 which
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is, as shown, threadedly engaged into the upper body
member 24. The valve member 50 is urged upwardly
on stem 38 by the spring 60.

The space 61 intermediate the two valve seats 42 and

§6 is in communication with the duct 14 through the
port 62. The pressure supplied through the port 62 and
the duct 14 is the control pressure or dome pressure
output of the pilot valve P.

The fain control diaphragm 22 operates in the space
defined between the upper body member 24 and the
bonnet 18 and is secured to the upper end of the stem
38 as shown. Diaphragm 22 is biased downwardly by
the spring 64. The biasing of the diaphragm 22 is made
adjustable from the exterior of the pilot valve P by the
screw 66 which extends through the bonnet and en-
gages the upper spring retainer 68. Regulated or signal
pressure is communicated to the chamber 70 defined
by the diaphragm 22 and the body member 24 from the
duct 12 through the port 72. As shown in FIG. 2, the

pilot valve P is on-control with valve member 50 in en-

gagement with both valve seats 42 and 56.

The operation of the pilot valve P .is better un-
derstood with reference to FIGS. 3 and 4. As illustrated
in FIG. 3, the signal pressure conducted through the
duct 12 into the chamber 70 has increased slightly
causing the diaphragm 22 to be moved upwardly
against the force of the spring 64. By the direct connec-
tion of the stem 38 from the diaphragm 22, to the block
36, the block 36 is moved upwardly responsive to such
pressure increase. This upward movement of the block
36 moves the inlet seat 42 upwardly away from seating
engagement with the seating surface 52 on the valve
member 50. The valve member 50 during this action
.cannot move upwardly because of its seated engage-
ment of its seating surface 54 with the discharge valve
seat 56. When the inlet valve is thus opened, fluid pres-
sure is delivered from the inlet chamber 34 through the
inlet valve, the port 62 and the duct 14 to the regulator
R which the pilot valve is controlling. This increase in
pressure causes the main valve member to close slightly
whereby the downstream pressure being controlled is
reduced. This reduction in.pressure is sensed in the
chamber 70 allowing the spring 64 to urge the
diaphragm 22, the stem 38 and the block 36
downwardly to again close the inlet valve by the en-
gagement of seating surface 52 with the inlet valve seat
42. Thus, the pilot valve P is ‘returned to on-control
condition with no fluids flowing therethrough. '

The opposite action is provided when the signal pres-
sure is reduced below the preselected level. Such pres-
sure is communicated by the duct 12, port 72 into the
chamber 70. A reduction of pressure in chamber 70 al-
lows the force of the spring 64 to move the diaphragm
22, the stem 38 and the block 36 downwardly. Since
inlet valve is closed with the seating surface 52 on the
valve member 50 in engagement with the inlet valve
seat 42, this downward movement causes the valve
member 50 to slide downwardly with the movement of
the block 36 and the stem 38. Thus, the discharge valve
is opened by the' movement of the seating surface 54
downwardly out of engagement from the discharge
valve seat 56 as illustrated in FIG. 4. In the form of the
pilot valve illustrated, control pressure then is con-
ducted from the dome or control chamber of the regu-
lator R, through the duct 14, the port 62 and the
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discharge valve into the chamber 70. This reduction of
pressure on the main valve actuator causes its actuator
to open providing an increase in the downstream pres-
sure. The pressure increase is immediately sensed in
the chamber 70 causing the diaphragm 22 to overconie
the force of the spring 64 to move upwardly. This up-
ward movement moves the stem 38 and the block 36°
upwatdly and by virtue of the force exerted on the
valve member 50 by the spring 60, the valve meniber
50 moves upwardly therewith to close tlie discharge
valve by bringing seatirig surface 54 of the valve
member 50 into seating engagement with the discharge
seat 56. The pilot valve P is thus returned to on-control
condition. '

Also, as hereinafter explamed an increcse in the up-
stream pressure of regulator R is delivered to chamber
34. When the pressure in chamber 34 is sufficiently
more than the output pressure, block 36 moves up-
wardly opening the inlet valve to increase the output
control pressure. This increased output control pres-
sure balances against the inlet pressure and returns
block 36 to the position closing the inlet valve. Also,
the increase in output control pressure causes the valve
member in regulator R to close slightly to compensate
for the increased upstream pressure. Similarly, a reduc-
tion in the upstream pressure causes the discharge
valve to open thereby reducing the output control pres-
sure and allowing the valve member of regulator R to
open slightly to compensate for the reduced upstream
pressure.

Additionally, the stabilizing diaphragm 30 and block
36 form a stabilizing pressure responsive’ member
which adjusts.the output control pressure responsive to
changes in the signal pressure and inlet pressure as ex-
plained and further returns the pilot valve P to an on-
control condition as soon as the output pressure has
changed responsive to the changes in inlet pressure or
signal pressure and before the signal pressure has
returned to normal. For example, assuming the effec-
tive area ration of diaphragm 22 to diaphragm 30 is 20
to 1, then a change of on p.s.i..in signal pressure
produces a change of 20 p.s.i. in output control pres-
sure to again place the system on-control. Thus, this
stabilizing closes the valves as soon as a balanced « con-
dition exists and thereby prevents cycling of the pilot
valve.

From the foregoi'ng it can be seen that by adjusting .
the screw 66 to regulate the compression of the spring .
64, the desired downstream pressure in a regulator R
may be-accurately controlled by the pilot valve P.

It should be noted with reference to FIG. 2 that a
suitable seal is provided between the interior of the
valve member 50 and the exterior of the stem 38, which
is shown as the O-ring 74. Additionally, the lower end
of the stem 38 is provided with a suitable seal such as,
the O-ring 76 within the recess 78 defined at the lower
end of the chamber 34: While O-ring seals are shown in
both of these applications, it is preferred that such seals
be made to have as little friction as possible. It is con-
templated that such seals may be replaced by a low fric- .
tion seal such as, a ring of polytetrafluoroethylene posi-
tioned in a groove and loaded by a spring.-

In order to achieve a substantial balancing of the
valve member, and to maintain a relationship between
inlet and output pressures, it.is preferred that certain
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area relationships be maintained in the structure. With
reference to the pilot valve illustrated in FIG. 2, it is
preferred that the area of the stem 38 at the point of
sealing by the O-ring 74 be substantially the same as the
area of the discharge valve seat; the area of the inlet
valve seat be only slightly larger than the area of the
discharge valve seat to minimize the small force acting
on the valve member due to the differential between
the pressure in the inlet chamber 34 and the pressure
between the two valve seats; and the area of the seal is
at the lower enid of the stem 38 provided by the O-ting
76 be preselected to have a relationship to the effective

—

0

areas of the stabilizing diaphragm 30 and the area of .

the discharge seat. For example, if it is desired that the
regulator R be controlled by the pilot valve P to require
a dome pressure output equal to 95 percent of its inlet
pressure before the inlet valve begins opening, then the
respective areas are designed so that 100 percent of the
effective area of the stabilizing diaphragm 30 less the
area of the seal at the lower end of the stem 38 is equal
to 95 percent-of the area of the stabilizing diaphragm
30 less the area of the discharge valve seat. The pur-
pose of such relationship is to provide a valve combina-
tion which would being opening of the valve member of
regulator R at the preselected adjusted pressure re-
gardless of wide variations of the inlet pressure. It is
also contemplated that in other applications, it may be
desirable to balance these areas in other effective
ratios. While valve member 50 is substantially balanced
by virtue of the relatively small differences in areas of
the seating surfaces, a two piece valve member (not
shown) may be used therefor to provide a completely
balanced valve member.

In FIG. 5, only a portion of the modified pilot valve is
illustrated, it being understood that the remaining
unshown portxons would be the same as shown in FIG.
2. Additionally, in FIG. §, the parts common to the
modified form shown and the pilot valve 1Ilustrated 1n
FIG. 2 are given the same numbers with the letter **
following. Thus, the inlet 10a connects into the body
member 26a to provide communication of supply pres-
sure into the chamber 34a. The stem 38a is secured to
the diaphragm 22a which is biased by the spring 64a
and made responsive to pressures within the chamber
70a. However, it is noted that the block 36a is rendered
responsive to pressure by the seal, such as, O-rings 80
or any suitable low friction seals, which seals between
the exterior of the block 36a and the interior of the
chamber 34a. The connection between the stem 38a
and the diaphragm 22a is provided by a free-pivoting
force-loaded connection. This connection includes the
rounded upper end of the stem 384 and the head 82
defining the recess 84 in which the upper end of the
stem 38a is free to pivot. The head 82 is secured to the
underside of the diaphragm 22a, as shown. The spring
404 urges the block 36a and the stem 38a upwardly to
maintain the upper end of the stem 38a in engagement
with the recess 84 in the head 82. This type of connec-
tion minimizes possible eccentric loadings caused by an
unsquare spring or other structural eccentricities.

Additionally, the body member 26a defines a
passageway 86 communicating from the recess 87
beneath the lower end of the stem 38 to the passageway
88 defined in body member 24a which leads into the
chamber 70a. This communication provided by the
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passageways 86 and 88 balances the pressure exerted
on opposite ends of the stem 38.

The operation of this modified form of the pilot valve
structure illustrated in FIG. 5 is substantially as previ-
ously described. The block 36a, by being sealed against
the walls of the chamber 34a, acts as a pressure respon-
sive member in the same manner as block 36 and
diaphragm 30. The effective areas may bé preselected
to balance this pilot valve structure in the manner
previously described. Also, it is preferred to have as
low a friction seal as possible between the exterior of
the block 36a and the interior of the chamber 34a to
minimize the effect of friction which effect.is more
pronounced by virtue of the balancing of the areas of
the pilot valve of the present invention.

As previously mentioned, the pilot valve may be
desired to provide a separate source of supply of ac-
tuating fluid under pressure to operate a main valve.
The modified form of pilot valve illustrated in FIG. 6 il-
lustrates a pilot valve suitable for using a separate
source of supply of fluid under pressure. In FIG. 6, only
the portion of the valve is illustrated and all parts com-
mon to the other forms of pilot valve are given the same
numbers with the suffix letter “b.” As can be seen, the
pilot valve illustrated in FIG. 6 is substantially the same
as the pilot valve illustrated in FIG. 5. In addition
thereto, the discharge seat insert 58b is provided with
an O-ring seal 90 to seal around the portion of the stem
38b passing therethrough. The chamber 91 defined
between the discharge valve seat 56b and the seal 90 is
vented through the passageway 92 and the port 94.
Thus, as dome of control pressure is discharged
through the outlet valve, it is conducted to suitable
venting through the passageway 92 and the port 94
rather than being conducted into the signal pressure
chiamber 70b. Such structure prevents the mixing with
the supply fluid in the chamber 70b. Further, supply
fluid may be of any preselected pressure. ‘This is ad-
vantageous when the pressure of the fluid flowing
through the regulator R which is controlled by the pilot
valve is out of the preferred’ range ‘of pressure to be sup-
plied to the pilot valve.

. The pilot valve illustrated in FIG. 7 is a modified
form of pilot valve structure which is adapted to func-
tion as a back pressure regulator, that is, which may be
used for controlling an upstream pressure rather than a
downstream pressure as illustrated and described w1th
reference to FIGS. 1 and 2.

As shown in FIG. 7, the body 100 is made in two
body members. 102 and 104. The bonnet 106 is secured
to the upper body member 102 with the diaphragm 108
clamped therebetween. The screws 110 or any other
suitable means are used to secure the bonnet 106 to the
body member 102. The signal pressure chamber or
diaphragm chamber 112 is defined between . the
diaphragm 108 and the upper portion.of the upper
body member 102. The body member 102 defines the
inlet chamber 114. The port 116 provides communica-
tion of the fluid pressure to be controlled into the-inlet
chamber 114 and also to the signal pressure chamber
112. The stem 118 is suitably secured to the diaphragm
108 and extends downwardly therefrom into engage-
ment with the block 120 and is sealed at its lower end
by the O-rings 122 in_the recess 124- deﬁned in the
lower body member 104.
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The block 120 is adapted to be reciprocated within
the body 100 and is provided with the seals, such as, O-
ring 126, to provide a seal between the exterior of the
block 120 and the interior of the chamber 127. Spring
128 urges the block 120 upwaidly. The block 120 is
provided with an internal chamber 130 and the port
132 communicates between the chamber 130 and the
inlet chamber 114. The inlet valve seat 134 is defined
in the block 120 at the lower end of the chamber 130.

The valve member 136 surrounds and is sealed with
respect to the stem 118. The valve member 136 is
adapted to slide longitudinally on the stem 118 and is
biased downwardly thereon by the spring 140. The
valve ‘member 136 defines the seating surface 142
which is adapted to engage the inlet valve seat 134 and
the seating surface 144 which is adapted to engage the
discharge valve seat 146. The discharge valve seat 146
is formed by the insert 148 which is clamped between
body members 102 and 104. Body members 102 and
104 are suitably secured together by means not shown.

The intermediate chamber 127 between inlet valve
seat 134 and discharge valve seat 146 is connected
through the port.150 to the main valve being controlled
by thie pilot valve to control the dome ‘pressure in the
main valve. Fluid flow passing through the discharge
valve is discharged through the port 152. It should be
noted that the stem seal provided by the O-ring 122 in
all positions of the stem 118 remains below the commu-
nication between the discharge port 152 and the
dlscharge valve..

As in other forms of the pilot valve of the present in-
vention, the block 120 functions as a pressure respon-
sive or.stabilizing member by virtue of the seals pro-
vided by the O-ring 126. It should be noted that this
structure may be modified to include a stabilizing
diaphragm in place of such seals'in the manner illus-
trated in FIG. 2.,

In operation, the signal pressure or pressure bemg
controlled is conducted through the inlet 116 and into
the chambers. 112 and 114. As in other forms of the
pilot valve, the diaphragm 108 is biased by the spring
154. The force exerted by the spring 154 is preferably
adjustable as shown and described with reference to
the structure illustrated in FIG. 2. When the pressure
being controlled increases beyond the preselected con-
trol pressure, this increase pressure is communicated
into the diaphragm ~chamber -112 and urges the
diaphragm 108 upwardly against the force of the spring
154. This movement of the diaphragm’ 108 moves the
stem 118.and the block 120 upwardly. Since valve
member 136 is in engagement with the inlet seat 134,
the valve member 136 is lifted with this movement of
the block 120 causing the discharge valve to be opened
by disengagement of the seating surface 144 on the
valve member 136 from the discharge valve seat 146.
In this condition, flow of the dome pressure fluid is con-
ducted from the dome through the port 150, the inter-
mediate chamber 127 and it is discharged from the
structure through the discharge outlet port 152. The
decrease in dome pressure causes the main valve to
open, thereby reducing the upstream pressure. When
the pressure being controlled is reduced to the
preselected amount, the force exerted by the spring
154 causes the diaphragm 108, the stem 118, the block
120 and the valve member 136 to move downwardly to
close the discharge valve.

10

15

20

25

30

35

40

45

55

8

Whenever the pressure being controlled is less than
the preselected pressure, such pressure change is com-
municated to the diaphragm chamber 112 and the
force exerted by the spring 154 causes the diaphragm
108, the stem 118 and the block 120 to move
downwardly. Since the valve member 136 is in engage-
ment with the discharge seat 146, it cannot move
downwardly. The relative downward movement of the
block 120 with respect to the valve member 136, disen-
gages the inlet seat 134 from the seating surface 142 on
the valve member 136 théreby opening the inlet valve
to conduct fluid pressure into the intermediate -
chamber 127. This fluid pressure is delivered through
the port 150 to the dome of the main valve causing the
main valve to close whereby the back pressure of the
main valve which is being controlled is increased. Such
increase is communicated to chamber 112 to cause 3.
upward movement responsive thereto to move the inlet
valve seat 134 into engagement with the seating surface
142 on the valve member 136.

As previously described, the balancing of the pres-
sure areas with the pilot valve illustrated in FIG. 7 is
substantially similar to-that previously described with
reference to the other forms of pilot valve.

The modified form of pilot valve illustrated in FIG. 8
is a variation  of the pilot valve illustrated in FIG. 2
wherein the valve member rather than surrounding the
stem, is provided in a solid shape but adapted to func-
tion in the same manner. In this form of the mventxon
the same balancing features are provided.

In the form of pilot valve illustrated in FIG. 8, the
body 160 includes three portions, upper body member .
162, intermediate body member 164, and lower body .
member 166. A bonnet (not.shown) clamps the main
dlaphragm 168 to the body 160 and an adJustable
spring biasing the diaphragm downwardly is provided
as described in relation to FIG..2. The lower body
member 166 defines the inlet chamber 170 into which
fluid pressure is conducted through the port 172. The
stabilizing diaphragm 174 is positioned between bady
member 166 and body member 164 and is secured at
its inner periphery to the block 176. Block 176 is con-
nected to stem 178 and the spring 180 is provided to
urge the block 176 upwardly in the'chamber 170. The
block 176 defines the chamber 182 which is in commu-
nication with the inlet chamber 170 through the ports
184. The upper end of chamber 182 is closed by the in-
sert 186. Insert 186 defines a central passageway 188
through which the valve member 190 extends. The in-
sert 186 also defines the inlet valve seat 192. The valve
member 190 is urged upwardly with respect to the
block 176 by the spring 194. The upper end of the
passageway 188 opens into the intermediate chamber
196. Dome pressure or outlet control pressure port 198
defined in body 164 is in direct communication with

- the intermediate chamber 196 as shown. Additionally,

60

discharge valve seat 200 is defined in body 164 and
adapted to be engaged by the upper.end of the valve
member 190. The passageway 202 communicates with
the signal pressure port 204. Also port 204 is in com-
munication with the diaphragm chamber 206 through
the passageway 208 extending upwardly through the
body members 164 and 162.

In operation, the pilot valve shown in FIG. 8 is
adapted to control a downstream 'pressure in the
manner described with reference to FIGS. 1 and 2. This
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downstream pressure is communicated to . the
diaphragm chamber 206 through the signal pressure
port 204. Assuming that such pressure increases above
the preselected desired pressure, the pressure over-
comes the force of the spring and moves the diaphragm
168 upwardly. Because of the direct connection of the
diaphragm 168 to the stem 178 and the block 176, this
upward movement disengages the seat 192 from the
valve member 190 thereby allowing pressure from
within the inlet chamber to be conducted into the inter-

mediate chamber and delivéred through the port 198 to’

increase the dome pressure of the main valve. This in-
crease in pressure causes the main valve to close
slightly thereby reducing the downstream pressure. As
the downstream pressure is reduced, the diaphragm
168, stem 178 and block 176 move downwardly to
again cause engagement between the valve member
190 and the inlet valve seat 192.

In the invent that the pressure being controlled
decreases below the preselected desired level, the
diaphragm 168 moves downwardly responsive to the
spring force causing the block 176 to move
downwardly. Because of the engagement of the inlet
valve seat 192 with .the valve member 190, valve
member 190 also moves downwardly disengaging valve
member 190 from the discharge seat 200. When the
discharge valve is open, dome pressure from the main
valve is conducted through the.port 198, the inter-
mediate chamber 196 and discharged through the
passage 202 and the port 204. This decrease of dome
pressure in the main valve causes the main valve to
open slightly allowing the downstream regulated pres-
sure to be increased. When the regulated pressure
builds back up to the predetermined desired level, such
pressure increase is transmitted to the diaphragm
chamber 206 moving the diaphragm upwardly and
bringing the valve member 190 back into engagement
with the discharge valve seat 200.

As explained with reference to FIGS. 1 and 2, the
relative areas.may be preselected to provide the desired
response to variations in upstream pressure. The
diaphragm 174 is exposed to inlet (or upstream) pres-
sure and to dome pressure and responds thereto to vary
the dome pressure responsive to variations in upstream

pressure so - that compensanon is provided for such’

variations to assist in maintaining a substantially con-
stant downstream pressure.

The modified form of the pilot valve, a portlon of
which is illustrated in FIG. 9, is designed to perform the
function. of a back pressure regulator or a relief pilot
and in such manner is similar to the pilot valve illus-
trated in FIG. 7. This pilot valve includes the body 220,

having an inlet pressure connection or port 222 which-

communicates by the passageway 224 into - the
diaphragm chamber - 226 defined ~between the
diaphragm 228 and the upper portion of the body 220.
As previously mentioned, with respect to the other
views, only a portion of this pilot valve is shown, it
being understood that the pilot valve includes a bonnet
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similar to that shown in FIG. 2, which clamps the

diaphragm 228 between the bonnet and the body 220
and includes adjustment of the force exerted by the
spring 230 on the diaphragm 228.

The body 220 defines the recess or chamber 232
which

65

is in communication with the diaphragm
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chamber 226. The block 234 is positioned in the recess
232 and functions as a pressure responsive member by
reason of the seal between its exterior and the interior
of the recess 232, provided by the O-ring 236. Addi-
tionally, the block 234 is secured by. the stem 238 for
movement with the diaphragm 228. Spring 240 is posi-
tioned within the chamber 232 to urge the block up-
wardly therein. The block 234 defines the interiial
recéss 242 which is in communication with the
chamber 232 through the ports 244. The block 234
also defines thie inilet valve seat 246 at the lower end of
the récess 242. The valve seat 246 is positioned to be
engaged by the valve member 248. Valve member 248
is urged downwardly toward engagement with the inlet
valve seat 246 by the spring 250. The ‘ntermediate
chamber 252 is defined within the recess 232 below the
block 234 and communicates through the port 254 to
provide dome pressure or control pressure to the main

‘valve. The insert 256 which is threadedly secured into

the body 220 at the lower end of the recess 232 defines
a central passageway 258 through which ‘the valve
member 248 extends. The discharge valve seat 260 is
defined in the body 220 surrounding the communica-
tion - between -the discharge port 262- and _the
passageway 258. If desired, valve member 248 may be
substantially balanced as shown in FIG. 10. Valve
member 248a includes the extension 249 which ex-
tends into and is sealed for sliding in the recess 239 in
stem 238..Valve member 2484 is also hollow to provide
for equalization of pressure between port 262a and the
recess 239.

In operation, as the pressure bemg controlled in-
creases above the preselected desired pressure, this in-
crease of pressure is conducted through the inlet port
222, the passageway 224 into the diaphragm chamber
226 and the recess 232. An increase in pressure in the
diaphragm chamber 226 causes the diaphragm 228 to
move upwardly whereby the block 234 is moved up-
wardly. Because of the engagement of the valve
member 248 with the inlét valve seat 246 defined by
the block 234, the valve member 248 is lifted thereby
disengaging it from the dlscharge valve seat 260. This
opening of the discharge valve conducts dome or out-
put pressure from the intermediate chamber and the
main control valve -and discharges it through the

“discharge port 262. This dlscharge of pressure reduces
‘the dome pressure in the main valve causing the valve

to open. Opening of the valve reduces the back pres-
sure and as this reduction in back pressure is sensed in
the diaphragm chamber -226, the diaphragm moves
downwardly, allowing the block 234 and valve member
248 to move downwardly to seat valve member 248 on
the discharge valve seat 260.

Whenever the pressure being controlled falls below
the preselected desired pressure, the reduced pressure
is communicated to the diaphragm chamber 226. The
reduction in pressure.in the diaphragm chamber 226 al-
lows the force of the spring to move the diaphragm 228
downwardly. Downward movement of the diaphragm
228 moves the stem 238 and the block 234
downwardly. Since the valve member 248 is in engage-
ment with the discharge seat 260, the downward move-
ment of the block 234 disengages the inlet valve seat
246 from the valve member 248 allowing pressure from
the recess 232 to be conducted into the intermediate
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chamber and through the port 254 to the dome of the
main control valve. An increase in pressure in the dome
of the main control valve causes the valve to close
slightly thereby allowing the back pressure being held
by the vaive to increase. An increase in this back pres-
sure is transmitted to the . dlaphragm chamber 226
returning the diaphragm upwardly. The upward move-
ment of the diaphragm is accompanied by an upward
movement of the block 234 bringing the inlet valve seat
246 back into engagement with the valve member 248.

From the foregoing it may be seen that the present
invention provides an improved non-flowing pilot valve
which is substantially balanced and responsive to both
upstream and downstream pressures of the main valve
which it controls so that the main valve is not subject to
cycling or over-controlling. The improved pilot valve of
the present invention is maintained in an on-control
condition or no-flow condition for a maximum amount
of time which minimizes problems of icing due to throt-
tling and dirt infiltration. As explained, the improved
pilot valve may have preselected area relationships.to
preselect the pressure ratio at which the. pilot valve
responds or to preselect the sensitivity to the relation-
ship between inlet and output pressures of the pilot
valve (upstream and dome pressures in the case of a
regulator valve as hereinbefore disclosed).

The foregoing disclosure and description of the in-
vention - are illustrative and explanatory thereof, and
various changes in the size, shape and materials as well

"as in the details of the illustrated construction, may be
made within the scope of the-appended claims without
departing from the spirit of the invention.

What is claimed is: '

1. A pressure responsive valve, compnsmg

a body,

adiaphragm mounted in said body, -

said body and said diaphragm deﬁmng a dlaphragm

chamber,

a stabilizing pressure responsive member mounted

- for movement in said body, -

means connecting said stablhzmg member to said

diaphragm,

means to supply a signal pressure to said diaphragm

chamber and one side of said stabilizing member
communicating with said diaphragm chamber,

said body and said stabilizing member defining an in-

-termediate chamber on the opposite side of said
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stabilizing member,

a control port in said body communicating with said
intermediate chamber, ’

said stabilizing member sensing and generating
forces responsive to the pressire differential
between the signal pressure and the control pres-
sure in said intermediate chamber,

a first passage communicating between said sigrial
pressure supply medns and said intérmediate .
chamber,

a first valve seat surrounding said first passage,

a discharge pott in said body,

a second passage ‘communicating between said inter-
medidte chamber and said discharge port,

a second valve seat surrounding said second passage,

a valve member movably mounted in sa.d body and
having surfaces for engagement with said first and

second vilve seats respectlvel[y
said valve member being annular in shape and sur-

rounding said connecting means and including,
means sealing between said valve mémber and said
connecting means, and
means resiliently urging said valve member into €n-
- gagement with said valve seats, -
said stabilizing member moving solely responsive to
the ‘sensed pressure differential force and the
forces on said diaphragm
2. A pressure responswe valve accordmg to claim 1,
wherein
the area of said sealmg means is substantially the
same area as the area of said second valve seat.
3. A pressure responsnve valve accordmg to claim 2,
including
a second sealmg means for sealing between said con-
necting means and said body,
the sealing area of said second sealing means bemg
preselected with respect to the effective pressure
area of said stabilizing member to provide the
desired sensitivity of opening of the said first valve
with ‘respect to the pressures in said diaphragm
chamber. and- on said side of said stabilizing
member with respect to the pressures in said inter-
mediate chamber.
4. A pressure responsnve valve accordmg to clalm 1,
wherein
said valve member extends through one. of said valve
seats. ,
® k% kK *



