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RELAY VALVE FOR FLUID ACTUATORS

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.

BACKGROUND OF THE INVENTION

‘This invention relates generally to relay valves and
deals more particularly with a manually set relay valve
of the type used in fluid control systems such as safety
systems for oil and gas wells.

Pilot operated relay valves are commonly used in
safety systems which shut-in well production lines or
other flowlines in the event of unduly high or low pres-
sure conditions. The relay is operated by pilot pressure
and includes a slide valve which controls fluid flow to
and from a gate valve actuator. The gate valve is closed
by the actuator if the flowline pressure, as sensed by a
pair of pressure sensitive pilots, is outside of the operat-
ing range of the safety system. Once the relay has
moved to the closed position due to cut off of the pilot
pressure, 1t 1s reset manually after correction of the
problem which caused the unusual pressure condition in
the flowline.,

Although most relay valves have been pull type
valves in which the slide valve is pulled outwardly to its
set operating position, push type relays have also been
proposed, as exemplified by U.S. Pat. Nos. 4,004,610
and 4,145,025. Because the push type relay has a slide
valve which is pushed inwardly when it is set in the
normal operating position, the slide valve is almost fully
retracted within the valve body and only a small part is
exposed under normal operating conditions. The push
type shde valve is thus effectively shielded from foreign
materials which could otherwise form deposits that
might interfere with proper operation of the relay, par-
ticularly when it is used in an offshore facility or an-
other location where it is exposed to salt, sand, or other
foreign substances.

For safety reasons, it is desirable for the relay valve to
be constructed such that it remains in the fired or closed
position until it is manually reset. Thus, & resumption of
pilot pressure following cut-off does not open the relay,
and the problem which caused the relay to fire can be
corrected before the flowline is again open to flow. The
arrangements that have been used in the past to achieve
such a lockout of the relay have been less than satisfac-
tory in a number of respects. For example, the relay
shown in U.S. Pat. No. 3,877,484 requires an unduly
complex valve body and slide valve, while the arrange-
ments of U.S. Pat. Nos. 4,094,340 and 4,145,025 suffer
from the same problems as well as relying on close
tolerances and the integrity of O-ring seals to establish a
necessary pressure condition in the valve.

It has also been proposed to provide relay valves with
visual indicators, as disclosed in U.S. Pat. Nos.
4,137,942 and 4,121,615. However, only pull type relays
are disclosed in these patents, and push type relay
valves such as those shown in U.S. Pat. Nos. 4,004,610
and 4,145,025 are not equipped with visual indicators.
The indicators which have been proposed for relay
valves have not included a positive means for limiting
the movement of the indicator mechanism. Therefore,
high fluid pressure applied to the indicator can damage
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the indicator linkage by moving it beyond its intended
operating range.

Relay valves most often have one port for receiving
ptlot fluid to hold the slide valve open and another
separate supply or inlet port for receiving actuator fluid
which 1s directed to the valve actuator in order to hold
the gate valve open under normal conditions. The ptlot
fluid and actuator fluid are at different pressures in most
situations and are thus isolated from one another. An-
other type of relay has a single inlet port and uses the
same fluid to maintain the slide valve open and to sup-
ply the actuator. An example of this latter type of relay
can be found in U.S. Pat. No. 4,004,610.

SUMMARY OF THE INVENTION

The present invention is directed to a push type relay
valve having an improved lockout arrangement and a
visual indicator. In a first embodiment of the invention,
the relay has a slide valve with a knob on its outer end
which may be pushed inwardly to set the valve in the
open position. A single inlet port in the valve body
receives incoming fluid which is used to supply the
valve actuator and which is also applied to a piston
chamber in the valve body in order to hold the slide
valve open. A passage in the slide valve is sealed from
the inlet port when the relay is closed and provides a
fluid path between the inlet port and piston chamber
when the relay is open. A vent port in the valve body
prevents passage of fluid from the inlet port toward the
piston chamber when the relay is closed, thereby
achieving automatic lockout of the slide valve and re-
quiring it to be manually reset in the open or operating
position of the relay.

A visual indicator mounted on the knob of the slide
valve responds to fluid pressure in the passage to pro-
vide a visual indication of the position of the slide valve.
A pressure responsive piston which operates the indica-
tor mechanism is limited to movement between a pair of
stops 1n order to prevent over travel which could dam-
age the indicator.

In an alternative embodiment of the invention, the
valve body has a pilot port for receiving pilot fluid and
a separate supply port for the actuator fluid. When the
relay is closed, a vent port communicates directly with
the pilot port through an annular chamber formed about
a reduced diameter portion of the slide valve. The pilot
pressure 1s thus vented if it should resume after having
been cut off due to an unusual pressure condition in the
flowline. The pilot fluid is isolated at all times from the
actuator fluid by O-rings carried on the slide valve.

DETAILED DESCRIPTION OF THE
INVENTION

In the accompanying drawings which form a part of
the specification and are to be read in conjunction there-
with:

FIG. 1 is a diagrammatic view showing a fluid con-
trolled safety system which includes a pilot operated
relay valve constructed in accordance with a first em-
bodiment of the present invention:

FIG. 2 s a sectional view showing the relay valve of
FIG. 1 in the closed or seated position:

FIG. 3 is a sectional view similar to FIG. 2, but show-
ing the relay valve in its open or unseated position:

FIG. 4 is a fragmentary sectional view showing a
visual indicator mechanism which may be included in
the relay valve, with the indicator mechanism in a posi-
tion indicating that the relay valve is closed:
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FIG. 5 is a fragmentary sectional view similar to
FIG. 4, but with the indicator mechanism in a position
indicating that the relay valve 1s open;

FIG. 6 is a diagrammatic view showing a fluid con-
trolled safety system which includes a pilot operated 5
relay valve constructed in accordance with a second
embodiment of the invention;

FIG. 7 is a sectional view showing the relay valve of
FIG. 6 in its closed or seated position; and

FIG. 8 is a sectional view similar to FIG. 7, but show- 10
ing the relay valve in its open or unseated position.

FIG. 1 illustrates a safety system for controlling fluid
flow through a main flowline 10 which is typically the
production line of an oil or gas well. A conventional
gate valve 12 forms a surface safety valve which s 15
opened and closed by a hydraulic or pneumatic actuator
14 in order to open and close flowline 10. Actuator 14
maintains gate valve 12 in the open position when pres-
surized fluid is applied to the actuator, while bleeding of
fluid from actuator 14 permits a spring or the like (not 20
shown) to move valve 12 to the closed position.

The pressure in line 10 is sensed by pressure sensitive
pilots in the form of a high pressure pilot 16 and a low
pressure pilot 18. Pilots 16 and 18 are mounted on a
manifold 20 which receives fluid from a short conduit 25
22 connected with flowline 10. A fluid source 24, such
as a pressurized cylinder of gas or hydraulic fluid, ap-
plies pilot fluid to pilot 16 through a conduit 26. Extend-
ing between pilots 16 and 18 is a short conduit 28, while
another conduit 30 extends from low ptlot 18 to connec- 30
tion with a relay valve 32 which forms the first embodi-
ment of the present invention. A conduit 34 extends
from valve 32 to actuator 14. Bypassing pilots 16 and 18
is 2 conduit 36 which extends between conduits 26 and
30 and which is provided with a bypass valve 38. 35

High pressure pilot 16 is set to fire to the closed posi-
tion if the pressure in flowline 10 exceeds a predeter-
mined high pressure level corresponding to the setting
of the high pilot. Conversely, low pilot 18 is set to fire
to the closed position when the pressure in line 10 1s 40
below a predetermined low pressure level correspond-
ing to the setting of the low pilot. Thus, an operating
pressure range of the safety system is defined between
the low pressure setting of pilot 18 and the high pres-
sure setting of pilot 16. When the flowline pressure 15 45
within the operating range, fluid is delivered from
source 24 through conduit 26, pilot 16, conduit 28, pilot
18, conduit 30, relay valve 32, and conduit 34 to actua-
tor 14 in order to maintain valve 12 in the open position.
Valve 38 is normally closed. If the flowline pressure 50
drops below the setting of pilot 18, the flow from con-
duit 28 to conduit 30 is interrupted by pilot 18 and relay
valve 32 fires to the closed position in order to bleed
fluid from actuator 14 such that valve 12 is closed. If the
pressure in line 10 rises above the setting of high pilot 55
16, flow is interrupted by pilot 16 between conduits 26
and 28 to cause firing of relay 32 to the closed position
wherein fluid is bled from actuator 14 for closing of gate
valve 12. Valve 38 may be temporarily opened in order
to bypass pilots 16 and 18 when the safety system s 60
initially set in the operating condition.

Referring now to the details of relay valve 32, FIGS.

2 and 3 show the relay in its respective closed and
opened positions. Relay 32 includes a cylindrical vaive
body 40 having a longitudinal bore 42 of cylindrical 65
shape. Bore 42 extends from the outer end of valve
body 40 and terminates at its inner end in an enlarged
bore portion which forms a cylindrical piston chamber

4

44 located within valve body 40 near the inner end
thereof. A flat, annular shoulder 46 is presented at the
intersection of bore 32 with piston chamber 44. An
inner end cap 48 is threaded onto the inner end of body
40 and has a spring chamber 50 adjacent to piston cham-
ber 44. A vent 52 is formed through the inner end of cap
48 to vent chamber 50 to the atmosphere.

Valve body 40 has a single inlet port 54 for receiving
fluid which is used to supply actuator 14 and also to
maintain relay valve 32 in its open position. Port 54 is
internally threaded and is connected with conduit 30 to
receive fluid therefrom. Port 54 extends into a side
portion of body 40, and its inner end is reduced in size
and connects with bore 42. An outlet port 56 1s formed
in a side portion of body 40 at a location outwardly of
port 54. Port 56 is internally threaded for connection
with conduit 34 in order to deliver fluid to actuator 14.
Port 56 is likewise reduced in size at its inner portion
and connects with bore 42. A bleed port 38 connects
with bore 42 in order to exhaust fluid from actuator 14
when valve 32 is in the closed position. Port 58 1s lo-
cated outwardly of port 56 in a side portion of valve
body 40.

Bore 42 receives an elongate cylindrical slide valve
which is generally designated by reference numeral 60
and which is mounted for longitudinal shiding move-
ment in bore 42. At its inner end, slide valve 60 carries
a piston 62 which is located within piston chamber 44
and sealed to the wall thereof by an O-ring 64 carried in
an annular groove of piston 62. A compression spring
66 located in spring chamber 50 acts against the inner
end of piston 62 to continuously urge slide valve 60
outwardly to the closed position thereof. Piston 62 has
a flat pressure face 68 which faces outwardly and which
seats against shoulder 46 when slide valve 60 is in the
closed or seated position.

Outwardly of piston 62, slide valve 60 has a reduced
diameter portion 70 which is somewhat smaller in diam-
eter than bore 42 such that an annular chamber 72 is
formed in bore 42 about reduced diameter portion 70.
Chamber 72 leads to piston chamber 44. A pair of
spaced apart O-rings 74 and 76 are carried on slide
valve 60 in a pair of annular grooves located outwardly
of reduced diameter portion 70. Another reduced diam-
eter portion 78 is formed on slide valve 60 intermediate
the length thereof to form another annular chamber 79
located in bore 42 about portion 78. Reduced diameter
portion 78 is located between O-ring 76 and another
O-ring 80 carried in an annular groove on slide valve 60.
In the open or unseated position of slide valve 60 shown
in FIG. 3, O-rings 74 and 76 are located on opposite
sides of a vent port 82 formed in valve body 60 at a
location between port 54 and piston chamber 44. Vent
port 82 leads to bore 42 and communications with the
atmosphere at its outer end. Port 82 connects with
chamber 72 when slide vaive 60 1s in the closed or
seated postion of FIG. 2.

A detent mechanism for temporarily holding shde
valve 60 in theopen position includes a hollow sleeve
fitting 84 which is threaded into the side of valve body
40 ait a location near the outer end thereof. Sleeve 84
receives a sliding plunger 86 having an end projecting
out of the sleeve. A compression spring 88 continuously
urges plunger 86 outwardly. An annular groove formed
in slide valve 60 provides a shoulder 90 which under the
influence of spring 66 frictionally contacts the inner end
of plunger 86 when slide valve 60 1s pushed inwardly to
the open position and plunger 86 is pushed inwardly
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into contact with shoulder 90, as shown in F1G. 3. Slide
valve 60 1s thus held in the open position while the fluid
pressure builds up in chamber 44. When the fluid pres-
sure has built up sufficiently in chamber 44 to overcome
the force of spring 66, the frictional engagement be-
tween plunger 86 and shoulder 90 is released, and spring
88 pushes plunger 86 outwardly to the released position
shown in FIG. 2.

A nut 92 1s threaded onto valve body 40 in order to
mount relay 32 to a panel or the like (not shown). The
panel 1s received between nut 92 and a shoulder 94
formed on body 40.

Shide valve 60 is provided with a fluid passage 96
extending longitudinally therein. A cross port 98 is
formed in reduced diameter portion 78 in order to pro-
vide an inlet to passage 96 which directs fluid from port
3 mto passage 96 when slide valve 60 is in the open
position. Port 98 1s located between O-rings 76 and 80.
Another cross port 100 1s formed in reduced diameter
portion 70 1n order to provide an outlet for passage 96
which delivers fluid from passage 96 into annular cham-
ber 72 and then to piston chamber 44. Port 100 is lo-
cated between O-ring 74 and piston 62.

A knob 102 mounted on the outer end of slide valve
60 houses a visual indicator mechanism which is best
shown in FIGS. 4 and §. The indicator mechanism
includes a small piston 104 which is mounted for recip-
rocating movement in a cylindrical piston chamber 106
formed in the outer end of slide valve 60 in fluid com-
munication with passage 96. Piston 104 has an annular
groove which carries an O-ring 108 forming a seal with
the wall of piston chamber 106. An annular shoulder
110 defining the inner end of chamber 106 is defined by
another annular shoulder 112 formed on a knob retainer
114. Shoulder 112 provides a stop which engages piston
104 in order to limit outward movement of the piston.
Retainer 114 1s threaded onto the outer end of slide
valve 60.

Knob 102 1s threaded onto retainer 114. Piston 104
has a stem 116 which extends outwardly into a chamber
118 formed partially in retainer 114 and partially in
knob 102. A flexible diaphragm 120 has a circumferen-
tial ring portion 122 which is engaged between knob
102 and retainer 134 in order to mount the diaphragm.
The outer end of stem 116 engages the center of dia-
phragm 120. A compression spring 128 is mounted in
cavity 124 to continuously urge retainer 126 inwardly
toward the position shown in FIG. 4, thereby urging
piston 104 inwardly into contact with shoulder 110.

A connecting rod 130 has a ball joint connection with
retainer 126 as indicated at 132 near the inner end of the
connecting rod. The outer end of rod 130 is connected
with a ball 134 which forms an indicator member pro-
viding a visual indication of the position of slide valve
60. The outer end of rod 130 has a cross pin 136 which
1s connected to a pair of arms 138 of ball 134 to provide
an eccentric connection of rod 130 with the indicator
ball. Ball 134 is mounted in knob 102 for pivotal move-
ment about a central axis defined by a pair of stub axles
140 extending from opposite sides of ball 134.

‘The outer end of knob 102 carries a transparent lens
142 through which ball 134 is visible. The outer surface
of ball 134 is colored in contrasting fashion in order to
display different colors through lens 142 in the positions
of FIGS. 4 and 5. For example, the surface portion 144
of ball 134 which is visible when the indicator mecha-
nism is in the FIG. 4 position is preferably a color such
as red which indicates the closed position of the relay
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valve 32. When the indicator mechanism is in the posi-
tion of FIG. §, the visible surface portion 146 of ball 134
1s preferably a contrasting color, such as green which
indicates the open or normal operating position of the
relay valve.

The safety system shown in FIG. 1 is placed in ser-
vice by setting relay valve 32 in the open position. This
1s accomplished by pushing inwardly on knob 102 to
push shde valve 60 inwardly to the position shown in
FIG. 3. Plunger 86 is then pressed inwardly to tempo-
rarily maintain the shide valve in the open position while
the pressure builds up to a sufficient level. With relay
valve 32 set in the open position, valve 38 is opened to
permit fluid to flow through conduits 26, 36 and 30 and
mto valve 32 through port 54. The incoming fluid
passes from port 54 to port 56 through the annular
chamber 79 formed about reduced diameter portion 78
of shde valve 60. O-ring 76 seals port 54 and chamber 78
from vent port 82, while O-ring 80 seals port 56 from
bleed port 58. O-ring 74 provides a seal between port 8
and chamber 72. Pressurized fluid is thus delivered to
valve actuator 14 in order to open gate valve 12.

The fluid entering port 54 also passes into fluid pas-
sage 96 through cross port 98. The fluid in passage 96
flows through port 100 and annular chamber 72 into
piston chamber 44 where it is applied to pressure face 68
of piston 62 in order to maintain slide valve 60 in the
open postion. Once the fluid pressure in piston chamber
44 has built up sufficiently, the pressure shifts slide
valve shghtly inwardly such that the frictional engage-
ment between plunger 86 and shoulder 90 is automati-
cally released to permit spring 88 to release the detent
mechanism. The fluid pressure applied to piston 62
thereafter maintains slide valve 60 in the open position.

When the pressure in flowline 10 builds up suffi-
ciently to exceed the setting of low pressure pilot 18,
pilots 16 and 18 both open to permit fluid flow to valve
32 along conduits 26, 28 and 30. Valve 38 is then closed
such that the fluid path through pilots 16 and 18 pro-
vides the only fluid path to relay 32. Relay 32 thus
remains open to maintain valve 12 open so long as the
pressure in flowline 10 i1s within the operating range of
the safety system as determined by the settings of pilots
16 and 18.

If the pressure in line 10 rises above the setting of
high pilot 16 or drops below the setting of low pilot 18,
the appropriate pilot valve 16 or 18 closes to interrupt
fluid flow to relay 32 and bleed the fluid from actuator
14 through conduit 30. The resulting pressure drop at
port 54 permits spring 66 to push slide valve 60 out-
wardly from the open postion to the closed position of
FIG. 2. In this position, O-ring 76 provides a seal be-
tween ports 34 and 56, while annular chamber 79 pro-
vides fluid communication between ports 56 and 58.
Actuator 14 is thus bled of fluid to effect closing of gate
valve 12,

If the pressure at port 54 should resume for any rea-
son, O-rings 74 and 76 are effective to prevent applica-
tion of the fluid to piston chamber 44. O-rings 74 pro-
vides a seal between ports 54 and 82, while O-ring 76
provides a seal between port 54 and chamber 79. Conse-
quently, relay valve 32 is automatically locked in the
closed position and can be reset to the open position
only by manual pushing of slide valve 60 inwardly.
Even if O-ring 74 or another seal should leak, the leak-
ing fluid is unable to reach chamber 44 since vent port
82 1s in fluid communication therewith through annular
chamber 72. An additional safety feature is thus pro-
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vided to assure that valve 32 1s locked in the closed
position even if there is seal leakage. It is also pointed
out that bleed port 58 is in fluid communication with
chamber 72 through ports 98 and 100 and passage 96
when slide valve 60 is closed. Vent port 82 and O-ring
74 can thus be eliminated if desired, although it 1s pre-
ferred that they be included in the relay valve.

When slide valve 60 is in the open position shown 1n
FIG. 3, the pressure in fluid passage 96 is applied to
piston chamber 106 of the visual indicator mechanism.
This pressure is applied against the inwardly facing
pressure face of piston 104 to force piston 104 out-
wardly from the position of FIG. 4 to the position of
FIG. 5, thereby pivoting ball 134 to the position
wherein green surface 146 is visible through lens 142.
Display of green surface 146 provides a visual indica-
tion that relay valve 32 is in the normal operating posi-
tion to maintain valve 12 in the open position.

When slide valve 68 is in the closed position of FIG.
2 and the fluid pressure in passage 96 is relieved, spring
128 moves the indicator mechanism to the position of
FIG. 4 wherein red surface 144 is visible through lens
142. This provides a visual indication that an unusual
pressure condition in line 10 has occurred and that gate
valve 12 is in the closed position.

[t is pointed out that the travel of piston 104 is limited
in both directions by the stationary abutments or shoul-
ders 110 and 112 located at opposite ends of piston
chamber 106. Consequently, piston 104 cannot travel
excessively in etther direction to possibly cause damage
to connecting rod 130 or another part of the indicator
mechanism. In addition, O-ring 108 provides an effec-
tive seal which shields the remainder of the indicator
mechanism, including diaphragm 120, from high pres-
sure conditions that may develop in fluid passage 96.

Referring now to FIG. 6, another type of safety sys-
tem includes a relay valve 150 constructed in accor-
dance with a second embodiment of the present inven-
tion. The safety system shown in FIG. 6 includes a main
flowline 152 which 1s controlled by a conventional gate
valve 154. A pneumatic or hydraulic actuator 156
serves to move gate valve 154 between the open and
closed positions to respectively open and close line 152
to fluid flow. Again, line 152 1s typically the production
line of an otl or gas well, although the safety system may
be used with other types of flowlines. A high pilot 158
and a low pilot 168 are mounted on a mamfold 162
which receives fluid from line 152 through a connecting
conduit 164. Pilots 158 and 160 are 1dentical to pilots 16
and 18 discussed previously 1n connection with the first
embodiment of the invention. A fluid source 166
supplies pressurized fluid to a conduit 168 which con-
nects with a pair of conduits 170 and 172 having respec-
tive pressure regulators 174 and 176. The pressure regu-
lators permit conduits 170 and 172 to be maintained at
different pressures. Conduit 172 leads to high pilot 158,
while conduit 170 leads to relay 150. Conduit 178 ex-
tends between pilots 158 and 160, while conduit 180
leads from pilot 160 to relay valve 150. Conduit 182
leads from relay 150 to valve actuator 156 in order to
apply fluid to the actuator for maintaining valve 154 in
the open position.

Referring now more particularly to FIGS. 7 and 8,
relay valve 1350 1s illustrated in detail. A cylindrical
valve body 184 has a longitudinal bore 186 which termi-
nates at i1ts inner end in an enlarged cylindrical piston
chamber 188 located near the mner end of body 184. A
cap 190 s threaded onto the inner end of body 184 and

10

15

20

25

30

35

45

30

55

65

8

presents a chamber 192 in fluid communication with
piston chamber 188. A vent 194 is formed through the
inner end of cap 190. Piston chamber 188 terminates at
its outer end in a flat annular shoulder 196.

Valve body 184 has a pilot port 198 in its side which
is internally threaded and connected with line 180. Port
198 is located outwardly of piston chamber 188. An
inlet or supply port 200 1s formed in the side of body 184
at a location outwardly of port 198. Port 200 is likewise
threaded and is connected with line 170 in order to
deliver actuator fluid to valve 150. An outlet or actua-
tor port 202 is connected with line 182 in order to direct
fluid to actuator 156. Port 202 is formed in the side of
body 184 at a location outwardly of port 200. Valve
body 184 has a bleed port 204 in its side at a location
outwardly of port 202. Ports 198-204 are all reduced in
size at their inner ends and all of the ports lead to con-
nection with bore 186. A vent port 206 is formed in the
side of valve body 184 at a location between pilot port
198 and supply port 2(M).

Valve body 184 receives a slide valve 208 which is
mounted for longitudinal sliding movement in bore 186.
The inner end of slide valve 208 extends into piston
chamber 188 and carnes an enlarged piston 210 on the
end of a small diameter main stem. Piston 210 1s sealed to
the wall of chamber 188 by an O-ring 212 carried in an
annular groove formed in the piston. Piston 210 has a
flat outwardly facing pressure face 214 for receiving the
pilot fluid delivered to port 198 when slide valve 208 is
in the open position of FIG. 8. A compression spring
216 is received in chamber 192 and acts against piston
210 to continuously urge slide valve 208 outwardly
toward the closed position shown in FIG. 7 wherein
face 214 seals against shoulder 196.

Outwardly of piston 210, slide valve 208 has a re-
duced diameter portion 218 which is smaller in diameter
than bore 186. An annular chamber 220 1s thus pres-
ented within bore 208 about reduced diameter portion
218. Chamber 220 connects with piston chamber 188. A
pair of spaced apart O-rings 222 and 224 are carried in
annular grooves formed in slide valve 208 at locations
outwardly of reduced diameter portion 218. Another
reduced diameter portion 226 1s formed on shde valve
208 outwardly of portion 218 to present another annular
chamber 228 in bore 186 about portion 226. An O-ring
230 is carried on slide valve 208 in an annular groove
located outwardly of portion 226.

A sleeve fitting 232 is threaded into the side of valve
body 184 and receives a plunger 234 which is continu-
ously urged outwardly by a compression spring 236. An
annular groove is formed in slide valve 208 to provide a
shoulder 238 which frictionally contacts the inner end
of plunger 234 in order to temporarily hold slide valve
208 in the set or open position in the same manner as
described 1n connection with the first embodiment of
the invention. A nut 240 1s threaded onto valve body
184 to cooperate with a shoulder 242 1n order to mount
relay valve 150 to a panel or the like (not shown).

A fluid passage 244 is formed in slide valve 208 in
extension longitudinally therein. A cross port 246 con-
nects with passage 244 and is located in reduced diame-
ter portion 218 of slide valve 208. The outer end of slide
valve 208 has a knob 248 mounted thereon which ts
identical to the knob 102 described previously in con-
nection with the first embodiment of the invention.
Knob 248 is provided with a visual indicator mechanism
identical to that illustrated in FIGS. 4 and 5.
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The safety system illustrated in FIG. 6 1s initally set
in service by manually pushing in on knob 248 to push
slide valve 208 inwardly to the open position shown 1n
FIG. 8. The slide valve may be temporarily held in the
open position by depressing plunger 234. With shde
valve 208 in the open position, the actuator fluid sup-
plied to conduit 170 is directed through port 200, annu-
lar chamber 228, port 202, and conduit 182 to actuator
156 in order to open valve 154. After valve 154 has
opened, the pressure in flowline 152 begins to build up
until it rises within the operating range of the safety
system, as determined by the settings of pilots 158 and
160. When the pressure in flowline 152 has built up
above the setting of low pilot 160, pilots 158 and 160 are
both open to direct pressure to pilot port 198 through
conduit 180. The fiuid pressure at port 198 is applied to
piston chamber 188 and against pressure face 214 of
piston 210 in order to hold the slide valve 208 in the
open position. Plunger 234 releases automatically when
sufficient pressure is applied to chamber 188. The pres-
sure at pilot port 198 in also applied to port 246 and
through passage 244 to the visual indicator mechanism
housed within knob 248. When chamber 106 is exposed
to sufficient fluid pressure, a green color 1s visible
through lens 142 to provide a visual indication that shde
valve 208 is in the open position to maintain gate valve
154 in the open position.

So long as the pressure in flowline 152 remains within
the operating range of the safety system, pilots 158 and
160 remain open to maintain relay valve 150 in the open
position. However, if the pressure in line 152 drops
below the setting of low pilot 160 or rises above the
setting of high pilot 158, the appropriate pilot closes to
exhaust fluid from line 180. This relieves the pressure at
pilot port 198 and permits spring 216 to move slide
valve 208 to the closed position shown in FIG. 7. In this
position, ports 202 and 204 are in fluid communication
through chamber 228 such that actuator 156 1s bled of
fluid and gate valve 154 is closed. Fluid passage 244 1s in
fluid communication with vent port 206 through port
246 and annular chamber 220 in order to exhaust fluid
from chamber 106 and permit spring 128 to force piston
104 inwardly to the position shown in F1G. 4. A red
color is then visible through lens 142 to provide a visual
indication that slide valve 208 is in the closed position to
effect closing of gate valve 154.

When slide valve 208 is in the closed position of FIG.
7. a resumption of pilot pressure at port 198 cannot
effect movement of the slide valve to the open position
since port 198 is in direct fluid communication with
vent port 206 through annular chamber 220. Conse-
quently, slide valve 208 must be manually reset to the
open position wherein vent port 206 is blanked off be-
tween O-rings 222 and 224. In the open position of shde
valve 208, O-ring 224 seals ports 200 and 202 from vent
port 206, while O-ring 230 seals ports 200 and 202 from
bleed port 204. O-ring 222 seals pilot port 198 from vent
port 206 in the open position of the slide valve to permit
the relay valve 150 to function properly when the shde
valve is manually set in its open position.

What is claimed 1s:

1. A valve for controlling fluid flow to and from an
actuator in response to pressure changes in a pilot line,
said valve comprising:

a valve body presenting a longitudinal bore therein,

said bore having an enlarged inner end portion
defining a piston chamber in the valve body;
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a slide valve mounted in the bore for longitudinal
movement between an open position for directing
fluid to the actuator and a closed position for bleed-
ing fluid from the actuator, said shde valve having
an outer end extending outwardly of the valve
body and adapted to be manually pushed to push
the slide valve inwardly from the closed position to
the open position for manual setting of the slide
valve;

means biasing the slide valve to the closed position;

a pilot port in the valve body for connection with the
pilot line to sense the fluid pressure therein;

a piston carried in said piston chamber on an mner
end portion of said slide valve opposite said outer
end thereof, siad piston presenting an outwardly
facing pressure face for receiving pressurized fluid
from said pilot port to hold the slide valve 1n the
open posttion;

a reduced diameter portion of said valve providing an
annular chamber in said bore about the shide valve,
said annular chamber communicating with said
pilot port and said piston chamber in the open
position of the slide valve to direct flud against
said pressure face of the piston for holding of the
slide valve in the open position when manually set
therein;

a vent port in said valve body communicating with
said annular chamber in the closed position of the
slide valve to vent fluid from the annular chamber
under all conditions of operation when the shde
valve is in the closed position; and

means for sealing said annular chamber from sad
vent port in the open position of the slide valve to
prevent said annular chamber from being vented.

2. A valve as set forth in claim 1, including:

a passage in said slide valve communicating with said
annular chamber to receive fluid therefrom in the
open position of the slide valve, said passage lead-
ing to said outer end of the slide valve to deliver
flid thereto;

visual indicator means mounted on said outer end of
the slide valve and having a first condition indicat-
ing the open position of the slide valve and a sec-
ond condition indicating the closed position of the
slide valve; and;

means for effecting the first condition of the indicator
means when said passage is exposed to fluid pres-
sure above & predetermined level and the second
condition of the indicator means when the pressure
in said passage is below said predetermined level.

3. A valve as set forth in claim 1, said annular cham-
ber being in fluid communication with said piston cham-
ber in both the open and closed positions of the shde
valve.

4. A valve as set forth in claim 1, including:

a releasable detent means for temporarily holding
said slide valve in its open position when manually
set therein.

[5. In a pilot operated relay valve having a valve
body, a slide valve mounted in the body for longitudinal
movement between an open position to direct pressur-
ized fluid to an actuator and a closed position to bleed
fluid from the actuator, means biasing said slide valve to
the closed position, manually accessible means on the
slide valve adapted to be manually manipulated to effect
longitudinal movement of the slide valve from the
closed position to the open position for manual setting
of the slide valve, a piston carried on the slide valve,
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and a pilot port in the valve body in fluid communica-
tion with said piston in the open position of the slide

valve to apply the fluid pressure of said pilot port to the

piston for holding of the slide valve in the open position,
the improvement comprising:

a vent port tn the valve body in fluid communication
with the pilot port in the closed position of the slide
valve to vent fluid pressure applied to the pilot port
when the slide valve is in the closed position,
thereby preventing fluid pressure at the pilot port
from moving the slide valve from the closed posi-
tion to the open position; and

means for sealing said vent port from said pilot port in
the open position of the slide valve to permit appli-

cation of pilot pressure to the piston for holding of 15

the slide valve in the open position. ]

[6. The improvement set forth in claim 5, wherein:

said slide valve includes a reduced diameter portion
about which an annular fluid chamber is defined,
said fluid chamber providing a fluid flow path from
said port to said piston in the open position of the
slide valve;

said vent port is in communication with said annular
chamber in the closed position of the slide valve;
and

said sealing means is effective to seal said annular
chamber from said vent port in the open position of
the slide valve to permit application of fluid pres-
sure from said pilot port to said piston.]

7. A pilot operated relay valve for controlling flow
from a fluid source to a valve actuator in response to
pressure changes in a pilot line, said relay valve com-
prising:

a valve body presenting a longitudinal bore having an
enlarged portion defining a piston chamber in the
valve body;

a slide valve mounted in said bore for longitudinal
movement between an open position wherein fluid
is directed from said source to said valve actuator
and a closed position wherein fluid is bled from the
actuator, said slide valve carrying a piston thereon
tin the piston chamber and having an outer end
portion located outwardly of the valve body:

means biasing said slide valve outwardly toward the
closed position thereof:

a knob on said outer end portion Lf] of the slide
valve adapted to be manually pushed to push the
slide valve inwardly from the closed position to the
open position for manual setting of the slide valve;

a pilot port in said valve body adapted for connection
with the pilot line to sense the pressure therein, said
pilot port communicating with said piston chamber
in the open position of the slide valve to apply the
pilot line pressure to said piston for holding of the
slide valve in the open position when the pilot line
pressure is sufficient to overcome the force of said
biasing means:;

a reduced size portion of said slide valve providing an
annular chamber in said bore about said reduced
portion, said pilot port communicating with said
annular chamber in the open position of the slide
valve;

a fluid passage in said slide valve having a port in said
reduced size portion in fluid communication with

visual indicator means on said knob having a first
condition indicating the open position of the slide
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valve and a second condition indicating the closed
position of the slide vaive: and
means effecting the first condition of said indicator
means when said passage is exposed to fluid pres-
3 sure above a predetermined level and the second
condttion of said indicator means when the pres-
sure in said passage is below said predetermined
level.
8. A relay valve as set forth in claim 7. including
!0 means for venting said annular chamber in the closed
posttion of the slide valve to vent said passage through
satd port thereof.

9. A relay valve as set forth in claim 7, including:

a vent port in said valve body in fluid communication
with said annular chamber in the closed position of
the slide valve; and

a seal element in said bore forming a seal therein
between said vent port and annular chamber in the
open position of the slide valve.

10. A pilot operated relay vaive for controlling flow from

a first fluid pressure source to a valve actuator in response
to fluid pressure changes in a pilot line in Sluid communi-
cation with a second fluid pressure source, said rela y valve
comprising.

an elongate valve body presenting a longitudinal bore
having a small diameter portion and a connected
enlarged diameter portion defining a piston chamber
in the vaive body, said valve body having an inlet port
in fluid communication with said first fluid pressure
source, an outlet port in fluid communication with the
valve actuator, and a bleed port for bleeding fluid
Jfrom the actuator;

an elongate slide valve mounted in said bore Jfor longitu-
dinal movement between an open position wherein
fluid is directed from said first fluid source through
sard inlet and outlet ports to said valve actuator and a
closed position wherein fluid is bled from the actuator
through said bore and said bleed port, said slide valve
including a small diameter stem having an enlarged
diameter piston on an end thereof in the piston cham-
ber adjacent one end of said body and an outer end
portion located outside of the opposed end of said valve
body,

means biasing said slide valve and outer end portion
outwardly away from said valve body toward said
closed position;

a knob on said outer end portion of the slide valve
adapted to be manually pushed toward said valve
body to move the slide valve inwardly from the
closed position to the open position against the bias
of said biasing means, said piston having a fluid
pressure face facing said knob and said opposed
end of the valve body;

a pilot port extending through a side of said elongate
vaive body between the knob and piston adapted for
connection with the pilot line to receive and sense the

fluid pressure therein, said slide valve and said bod 'y
defining in the small diameter bore portion therebe-
tween an annular pilot fluid chamber adjacent the
prlot port positioned in the closed position of the slide
vaive about and generally along the length of the slide
valve between the fluid pressure face of said piston and
said pilot port, said pilot port and annular pilot fluid
chamber being in fluid communication with the piston
chamber and pressure face of said piston in the open
position of the slide valve 10 apply the pilot line pres-
sure to said piston for holding the slide valve in open
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position when the pilot line pressure is sufficient to
overcome the force of said biasing means;

first sealing means about said small dieameter stem posi-
tioned longitudinally thereof between the knob and
pressure face of the piston to block fluid pressure
outwardly of said pilot fluid chamber, second sealing
means about the piston to seal between the piston and
valve body in at least the open position of the slide
valve, said first and second sealing means defining
said annular pilot fluid chamber and said piston
chamber therebetween in the open position of the slide
valve and permitting fluid 1o be vented from the pilo!
Sfluid chamber upon movement of the slide valve from
open position to closed position;

fluid passage means in said slide valve in fluid commu-
nication with said annular pilot fluid chamber under
all conditions of operation in said open position, said
fluid passage means including a fluid passage extend-
ing longitudinally of said stem along the length

10

15

20

25

30

35

43

50

35

65

14

thereof generally between the knob and piston, and a
cross port extending from and generally transversely
of said longitudinally extending fluid passage through
said small diameter stem at a position between lhe
fluid pressure face of said piston and said first sealing
means to provide fluid communication between the
pilor port and fluid passage means;

visual indicator means on said knob responsive to fluid
pressure in said fluid passage means having a first
condition Indicating the open position of the stide valve
and a second condition indicating the closed position
of the slide valve; and

means effecting the first condition of said indicator
means when said fluid passage means is exposed 1o
Sfluid pressure above a predetermined level and the
second condition of said indicator means when the
fluid pressure in said fluid passage means is below

said predetermined level.
% L % * x
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