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FIELD OF THE INVENTION

The field of this invention relates to valve actuators such as, for exam-

ple, those that can move a gate in a gate valve between an open and a closed
position and which have features which allow emergency shutdown for a
variety of conditions.

BACKGROUND OF THE INVENTION
Control valves and chokes, as well as other types of valves, are fre-

quently used in the oil and gas industry. There are numerous designs of
actuators which have been applied to such valves for remote operation.
Some actuator designs also incorporate an emergency shutdown feature.
The shutdown components can be actuated electrically or hydraulically.
Some applications do not have an adjacent available electrical supply or an
auxiliary hydraulic system for actuation of the shutdown sequence for the
valve. Shutdown systems in such environments have relied on line pressure
changes for the shutdown trigger.

U.S. Patents 1,466,945; 1,784,094; 2,327,980; 2,930,571; 3,168,841;
3,512,421; 3,518,891; 3,640,140; 3,889,924; 3,921,264, 3,955,792,
4,082,247, 4,090,589; 4,130,030; 4,189,950; 4,256,065, 4,273,307;
4,323,221;4,436,278; 4,651,969; 4,741,508, 4,749,004; 4,771,643; 4,920,811;
4,920,816; 5,195,721; 5,497,672; EP 0 512 133 A1; WO 80/00483; WO




3,512, 421; 3,518, 891; 3,640, 140; 3,889, 924; 3,921, 264; 3,955, 792;

- 4,082, 247; 4,090,589; 4,130,030; 4,189, 950; 4, 256, 065; 4,273, 307;
4,323, 221; 4, 436, 278; 4,651, 969; 4,741,508; 4,749,004; 4,771, 643; 4,920, 811,
4,920, 816; 5,195, 721; 5,497,672, EP 0 512 139 Al; WO 80/00483;, WO 2

"96/ 04494; 785,188; 1,141,082; 1,340,570Q; 1,186,767, GB 2 243 669 A, GB 2
283 061 A, literature on Dresser Model 2 SRM' Safety Rel ease Manual Actua-
tor; Baker G| Tools Mintenance and Operating Instructions for Mdel
"CSWC' Coil Spring, H gh Thrust Wre-Cutting Actuator; and Baker G| Tools
literature on Pneumatic "Pi'ston"” Actuator, show generally the variety of
types of actuators that have been enployed in the past and sone executions
of shutdown sequences incorporated in those designs. U S. Patent
5,261,446, issued to the inventor of the present invention, Cerald S.
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set point or becane |ess an"a | owpressure Setpoint. One of the problens
with the itesaturei on Prieumatic fRistorB. A¢taatort, shove gonédally the varietyhehtypes
setpoints for tripping upon sensed high or low pressure were set fairly
cl ose togef l@styatars that have: beensemployediie the pasti and soree exesutions ohe
B R oo R it Sl ot o g Rl « S P et . 581 ase,
issued to the inventor of the present invention, Gerald S. Baker, illustrated a
shutdown system involving actuation of a torsion spring which worked with the
main closure spring in the actuator to accomplish emergency shutdown. The
tripping system for the shutdown modes is illustrated in Figures 8-10 of this
patent. This system empioyed a piston-sensing line pressure and a series
of complex linkages upon which various spring-loaded plungers would act so
as to allow actuation of the tripping mechanism if the sensed line pressure
exceeded a high—pressure setpoint or became less than a low-pressure
setpoint. One of the problems with the design illustrated in U.S. Patent
5,261,446 is that when the setpoints for tripping upon sensed high or low
pressure were set fairly close together, the mechanism was incapable of
being reset. As the line pressure rose in an attempt to reset the mechanism
in U.S. Patent 5,261,446, the high pressure setpoint trip would also be actu-
ated, precluding resetting of the device. This generally became a problem if
the difference between the high- and low-pressure trip points was less than
about 400 psi. This problem occurred due to the linkages employed, which
had interdependent movements, thus making the reset procedure difficult, if

not impossible, for low-differential setpoints for high— and low-pressure trips.




ated, precluding resetting of the device. This generally becane a probl em
-if the difference between the high- and | owpressure trip points was |ess
than about 400 psi. This problemoccurred due to the |inkages enpl oyed,

whi ch had interdependent novenents, thus making the reset procedure
“dikfficult, if not inpossible, for lowdifferential setpoints for high- and
| ow- pressure trips. 3 Accordingly, whag is needed is an actuator for a

val ve which can be easily reset and which can be tripped w thout the need
for auxiliary electrical or hydraulic systens. Additionally, an objective
of the present invention is to provide independently operating high- and

| ow- pressure trip assenblies where the operation of one trip assenbly is

i ndependent of the operation of the other. Another objective is to provide
alternative shutdown techniques such as, for exanple, in the event of a
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al ternative enbodi nent descri bed bel ow. SUMVARY THE | NVENTI ON A val ve

act uat or wihere the eperation vf ong tiipvassentbly és independentesf thehapemtionbft he
val ve when a sensed |line pressure is outside of high- and |ow pressure

trip poi ¥ othgs. Anethesokigstive isdarnovda altemativearsbuldewnt techniques e

tripped in the event of fire or, ingorporatjng a solkenoid, a trj an be
PPE slic as,efor examplae, in the ¥vent 0t & fire in the’area o avalve mountéd f6

the actuator. Another objective is to provide a compact design to accommo-
date installations where space is at a premium. Yet another objective is to
provide a variety of wayé for manually tripping the valve to the closed position.
Yet another objective is to retain the valve in the trip position until manually
reset. Those and other features of the invention will become more apparent
to those skilled in the art from a review of the preferred embodiment and an

alternative embodiment described below.

SUMMARY OF THE INVENTION
A valve actuator with an emergency shutdown feature incorporates

shutdown of the valve when a sensed line pressure is outside of high- and
low-pressure trip points. The actuator can be manually tripped. The actuator
can be tripped in the event of a fire or, incorporating a solenoid, a trip can be
accomplished with an appropriate signal. Once tripped, the actuator requires
manual reset. The normal open and closed operation of the valve cooperates
with a clutching mechanism which is part of the trip system. The preferred

embodiment of the clutching system is a torsion spring or springs which



acconplished wth an appropriate signal. Once tripped, the actuator
-requires manual reset. The normal open and cl osed operation of the valve
cooperates wth a clutching mechanismwhich is part of the trip system
The preferred enbodi nent of the clutching systemis a torsion spring or
"springs which 4 nornmally allow novenent in one direction but not in the

ot her unl ess acted upon by the trippinag system BRI EF DESCRI PTI ON OF THE
DRAWNGS Figure 1 is a sectional elevational view which shows a split view
of both the open and cl osed positions of the valve. Figure 2 shows the
actuator stemin the up position, corresponding to the closed position of
the valve. Figure 3 shows the actuator stemin the down position
corresponding to the open position of the valve. Figure 4 shows the
tripping systemwhich ultimtely engages the torsion spring in its nornma
position. Figure 5 shows the systemof Figure 4 in the condition where a

| ow- pr esnonrpally ialomasmovementdn) ere dikgalian butnohin the ethemdnless actad
spring. Figure is.the view of Figure 4, showing a high-pressure trip
just befdd mtyt?tﬁ)trmeg Sy§de®Mbr si on spring. Figure 7 is the view of
Figure 4, indicating the reset technique of push- ing in a button on a
manual plunger. Figure 8 is the view of Figure 4, show ng how the system

ibs . res h A Figure 9 is the view of
Figure 4, FSGRIBTION OF THEE DRAWINGS

Figure 1 is a sectional elevational view which shows a split view of both

the open and closed positions of the valve.

Figure 2 shows the actuator stem in the up position, corresponding to
the closed position of the valve.

Figure 3 shows the actuator stem in the down position, corresponding
to the open position oi; the valve.

Figure 4 shows the tripping system which ultimately engages the torsion
spring in its normal position.

Figure 5 shows the system of Figure 4 in the condition where a low-
pressure trip has occurred just before the tab moves the torsion spring.

Figure 6 is the view of Figure 4, showing a high-pressure trip just
before the tab moves the torsion spring.

Figure 7 is the view of Figure 4, indicating the reset technique of push-
ing in a button on a manual plunger.

Figure 8 is the view of Figure 4, showing how the system trips respon-
sive to a fire in the vicinity.

Figure 9 is the view of Figure 4, showing how a solenoid-powered
plunger can be used to remotely trip the valve attached to the actuator as
shown in Figure 1.

Figure 10 illustrates an alternative embodiment for a normal actuation
of the valve from the open to the closed position.



pl unger can be used to renotely trip the valve attached to the actuator as

-shown in Figure 1. Figure 10 illustrates an alternative enbodi ment for a
normal actuation of the valve fromthe open to the closed position. 5
Figure 11 is a detailed view of Figure 10, illustrating the stemcorre-

“sponding to the valve-closed position and showing the tripping system en-
gaged to the | ower of two torsion sprigg/clutch devices enployed in this
enbodi ment. Figure 12 is an alternative enbodinment, illustrating in section
view the conbining of the nechanisns for shutdown with a sol enoid and
shutdown in response to a fire, using eutectic material, where both
mechani sns direct the actuator to the failsafe position using the sane
rod. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Referring to Figure
1, a valve body 10 has a passage 12 and a recipro cally nmounted gate 14
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POt | O Sp8ndiig 184Re Walveloldidd beStidtead dowin the ekt t‘gysiém .ggt e 14

is all novi ng t pas- “sage

12, theregaged (%] the lzfvtrep@efsme téi‘sloﬁaéﬁrlﬁé‘/cltﬁcﬁt@éﬁbéﬁ &fh éﬂb?éu]ﬁ this cup

20 is secured to stem 18 and biased by spring 22. housi ng 24 sur- rounds
spring 2Z2mbbdimentiati on assenbly 26 is nounted to the housi ng 24. The
actuation assenbly 26 in its two positions is shown in Figures 2 and 3. A
| oner head 28 higurgd2ds agr atemate embodimentpillustratingan, sedtiarhview the turn
connected to, a,sha ada 34. The threaded screw 36 .is pinned

combmmg of ﬁ*\ cthamsms for shutdown with a solenoid and shutdown in

response to a fire, using eutectic material, where both mechanisms direct the
actuator to the failsafe position using the same rod.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Figure 1, a valve body 10 has a passage 12 and a recipro-
cally mounted gate 14 shown in the split view in two positions. On the left
side of the figure, the gate 14 is extended all the way down, corresponding to
the open position for passage 12. On the right-hand half of the figure, the
gate 14 is all the way up, moving the passage 16 out of alignment with pas-
sage 12, thereby closing off passage 12. Gate 14 is attached to stem 18. A
cup 20 is secured to stem 18 and biased by spring 22. A housing 24 sur-
rounds spring 22. The actuation assembly 26 is mounted to the housing 24.

The actuation assembly 26 in its two positions is shown in Figures 2
and 3. A lower head 28 has guide grooves 30 which accept a key 32, which
is in turn connected to a shaft adapter 34. The threaded screw 36 is pinned
to the shaft adapter 34 by pin 38. Screw 36 is thus confined to longitudinal
movements only due to keys 32 extending in grooves 30.

Ball nut 40 interacts with threaded screw 36 through a series of balls
(not shown). Those skilled in the art will understand that rotation of the ball



to the shaft adapter 34 by pin 38. Screw 36 is thus confined to

| ongi tudi nal novenents only due to keys 32 extending in grooves 30. Bal
nut 40 interacts with threaded screw 36 through a series of balls (not
shown). Those skilled in the art will understand that rotation of the bal

"6.nut 40 will result in translation of the threaded screw 36. In the

position showmn in Figure 2, the passage 12 in the valve body 10 is cl osed.
In order to open the passage 12, drive cap 42 nust be rotated after
depressing pin 44 against the force of spring 46. Once the pin 44 is
depressed and drive cap 42 is turned counterclockw se, adapter stem 48
Wil turn in tandemw th drive cap 42. Adapter stem 48 is nounted on

beari ngs 50 and 52 above and bel ow, respectively. Adapter stem 48 is al so
connected to drive sten154 whi ch has a key 56 connecting it to rotor 58

for tandem rotation. Lock sl eeve 60 holds the rqotqor 58 to, the drive
stem 54. Bl 40 will resutbintr att@nﬁéheélarqaﬂeﬂmr@w e 436 ROSHIRE, ShRWNe4.
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spring 80| crut 74.  The upper end 84 of coil ed
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part of the shutdown systen190 he shutdown system 90 will be descri bed

in nore d4pai Adaptemstetn 8 issmountedeon tearings §0rand 52 above anidobeldvie
noted at this tine that unless tab 88 has contacted tab 86 _and displaced

it, the crespactively.nAdaptaristemodB js plsoriconnected & dsiver stesn 59gwhieh has
a key 56 connecting it to rotor 58 for tandem rotation. Locking sleeve 60
holds the rotor 58 to the drive stem 54. Ball nut adapter 62 is secured to drive
stem 54 at fastener 64.' Ball nut adapter 62 rotates on radial bearings 66 and
is held from above and below, respectively, by thrust bearings 68 and 70.
Radial bearing 72 facilitates rotation of drive stem 54.

Clutch stator 74 is secured to body 76 by fasteners 78,. Mounted over
clutch stator 74 and rotor 58 is coiled spring 80, which Is wound counter-
clockwise. The lower end 82 of coiled spring 80 is fixed to the clutch stator
74. The upper end 84 of coiled spring 80 has a protruding tab 86. Tab 86 is
engaged by tab 88, which is part of the shutdown system 80. The shutdown
system 90 will be described in more detail in the discussion relating to Figures
4-9, It should be noted at this time that unless tab 88 has contacted tab 86
and displaced it, the coiled spring 80 will only permit rotation of rotor 58 and
along with it, drive stem 54 and adapter stem 48 in a counterclockwise rota—
tion. Counterclockwise rotation beginning at drive cap 42 with pin 44 de-
pressed, ultimately results in counterclockwise rotation of ball nut 40, which
causes threaded screw 36 to translate downwardly to the position shown in
Figure 3, where the passage 12 in valve body 10 will be wide open. Reverse




along with it, drive stem 54 and adapter stem 48 in a countercl ockw se
*rota- tion. Counterclockw se rotation beginning at drive cap 42 with pin 44
de- pressed, ultimately results in counterclockw se rotation of ball nut

40, which causes threaded screw 36 to translate dowwardly to the position
"shown in Figure 3, where the passage 12 in valve body 10 will be w de
open. Reverse 7 rotation of the assenbly begi nning with drive cap 42 and
ending at ball nut 40, is prevented by coiled spring 80. However, as wll
be explained with regard to Figures 4-9, novenent of tab 88 against tab
86, in effect, increases the dianmeter of coiled spring 80 in order to
permt clockw se rotation of rotor 58 and all the conponents which nove in
tandemwith it. Coiled spring 80 has a slight interference fit over the
rotor 58, and counterclockw se rotation tends to increase its dianeter,
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However, in attempts to tumn the rotor 58 clockwise, the coiled spring 80 binds
tightly onto the rotor 58, locking it to the stator 74. Those skilled in the art will
appreciate that in order to close the valve, tab 86 will have to be pushed in a
direction to increase the diameter of coiled spring 80, whereupon the return
spring 22 (see Figure 1) pushes on cup 20, translating up stem 18 which
abuts threaded screw 36. Threaded screw 36 can then translate, which
results in a clockwise rotation of ball nut 40 and all the components connected
to it up to and including adapter stem 48. Since the pin 44 is not depressed
during the clockwise rotation of ball nut 40, the drive cap 42 does not rotate
as the gate 14 moves to the position where passage 12 is closed.

Threaded screw 36 has a bore 92 through which extends a dampener
rod 94. Bore 92 is sealed by seal 96 near the lower end of rod 94. A cap 98
with seals 100 and 102 seals off the upper end of bore 92. Rod 94 has a
circumferential projection 104 which defines a narrow bypass passage 106
about its outer periphery or, alternatively, directly through projection 104.
Thus, movement of the threaded screw 36 is regulated by the size of the
opening past projection 104 as the threaded screw 36 moves in either direc-
tion. Normally, when opening the valve by turning drive cap 42 counterclock-



with seals 100 and 102 seals off the upper end of bore 92. Rod 94 has a
*circunferential projection 104 which defines a narrow bypass passage 106
about its outer periphery or, alternatively, directly through projection
104. Thus, novenent of the threaded screw 36 is regulated by the size of
"the opening past projection 104 as the threaded screw 36 noves in either
direc- tion. Normally, when opening thg valve by turning drive cap 42
counterclock 8 wise, the novenent is sufficiently slow so that the
danpening effect of rod 94 in bore 92 is not noticed. However, on closure
to prevent slamm ng of the parts, the novenent of threaded screw 36 is
controll ed by the passage or passages 106 around or through the
circunferential projection 104 such that the rate of novenent of threaded
screw 36, upon urging by closure spring 22, is regulated. The primary
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Figures 4-9 for clarity. However, it should be understood that novenent of
tab 88 topasbagésiOéaroundoorthroaghftheatiraimfarential prdjefon n0dhsuchithat i on
that increases the dianeter of coiled spring 80 to initiate the shutdown
sequence phetatewfimovementiafdhireadad sereme 36, ppon iusgingrby closure gpsing:22, 108.
Balls 110, are qis sed in openings 112 in tripping sleeve 108. dutch

rel ease sF%@@-’@l&iﬂts inside a bore 116 which extends partway into one
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for normal operation of the illustrated valve
having been described, including motion from open to closed during normal

operations, the emergency shutdown system 90 will now be described using
Figures 4-9. '

Referring first to Figure 4, the tab 88 is illustrated in order to orient the
reader. The components of the actuation assembly 26 are omitted in Figures
4-9 for clarity. However, it should be understood that movement of tab 88 to
the left will have the effect of moving tab 86 in the direction that increases the
diameter of coiled spring 80 to initiate the shutdown sequence previously
described. Tab 88 is a portion of tripping sleeve 108. Balls 110 are disposed
in openings 112 in tripping sleeve 108. Clutch release sleeve 114 fits inside
a bore 116 which extends partway into one end of tripping sleeve 108. Clutch
release sleeve 114 has an outer surface 118 and a groove 120. Head 122 fits
over tripping sleeve 108 and has an internal shoulder 124. When surface 118
of clutch release sleeve 114 is in contact with balls 110, as shown in Figure
4, balls 110 extend sufficiently outwardly to engage shoulder 124, thus pre-
venting movement of tripping sleeve 108 to the left. A spring 126 biases the
tripping sleeve 108 to the left, thus holding the balls 110 against shoulder 124
in the view of Figure 4. Extending completely through clutch release sleeve



rel ease sleeve 114 has an outer surface 118 and a groove 120. Head 122 fits
“over tripping sleeve 108 and has an internal shoul der 124. \Wen surface 118
of clutch release sleeve 114 is in contact with balls 110, as shown in
Figure 4, balls 110 extend sufficiently outwardly to engage shoul der 124,
"thus pre- venting novenent of tripping sleeve 108 to the left. A spring 126
bi ases the tripping sleeve 108 to the9left, thus holding the balls 110
agai nst shoulder 124 in the view of Figure 4. Extending conpletely through
clutch release sleeve 9 114 and tripping sleeve 108 is ball lock pin 128.
Ball lock pin 128 has a series of openings 130, each of which contains a
ball 132. A plunger 134 fits through ball |ock pin 128 and supports balls
132 in an outwardly extending position shown in Figure 4 such that they
engage low trip release pin 136. Balls 132 can be retracted for reasons
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a closed lower end 140 which is disposed in a bore 142 of low trip release pin

136. High trip release pin 148 extends through bore 142 of low trip release

pin 136 and into contact with lower end 140 of ball lock pin 128. Low trip

release pin 136 extends through a bore 150 in body 162. Spring 126 bears

on one end against body 152 and on the other end against tripping sleeve

108.

Clutch release sleeve 114 moves in tandem with ball lock pin 128 due

to the pin connection 154. A spring 156 is held in a compressed state by a

eutectic material 158. As will be described below, in the event of a fire in the

locality of the shutdown system 90, the eutectic material 158 will release its

hold on spring 156, forcing clutch release sleeve 114 to be biased to the left,

bringing groove 120 into alignment with balls 110, whereupon spring 130 can

bias the tripping sleeve 108 for a shutdown.

High trip release pin 148 has a bore 160 through which extends trip rod
162. A solenoid or some other actuating mechanism 164 abuts to trip rod 162
to selectively actuate it into ball lock pin 128, which in turn forces clutch

release sleeve 114 to move, placing groove 120 adjacent balls 110, thus




hol d on spring 156, forcing clutch rel ease sl eeve 114 to be biased to the
“left, bringing groove 120 into alignnent with balls 110, whereupon spring
130 can bias the tripping sleeve 108 for a shutdown. Hi gh trip rel ease pin
148 has a bore 160 through which extends trip rod 162. A solenoid or sone
"ot her actuating mechani sm 164 abuts to trip rod 162 to selectively actuate
It into ball lock pin 128, which in turgh forces clutch release sleeve 114
to nmove, placing groove 120 adjacent balls 110, thus 10 allow ng tri pping
sl eeve 108 to be biased by spring 126 for closure of passage 12.

Low pressure trip assenbly 166 conprises a body 168, having a piston 170
nmounted in bore 172, with a peripheral seal 174. An internal shoulder 176
in body 168 represents the travel limt of piston 170 when exposed to |ine
pressure connected to passage 12, generally on the downstream side. Such
line pressure is connected to bore 172. Acting, against |ine pressure on

pi ston 13eWiagtHpping sleeye 108 toe biased by aPtng 12P %rs:.lomrehe? passage
mechani s 80 allows the preload on spring 178 to be changed to alter the
| ow pressifr'e trip point of the system Connected to piston 170 is flat
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trip release pin 136 by virtue of the connection provided by rod 184. The

hi gh- pr espn@ssure cpnaectadiiopassmge 12, generally ondhetdovinstreanpside. i Such
line pressure is connected to bore 172. Acting against line pressure on piston
170 is the force of spring bias from spring 178. An adjuster mechanism 180
allows the preload on spring 178 to be changed to alter the low-pressure trip
point of the system. Connected to piston 170 is flat disc 182 which has
extending through it a rod 184, one end of which extends into low trip release
pin 136. Comparing Figure 4 with Figure 5, it can be seen that if the line
pressure acting on piston 170 falls below the force of spring 178 acting on flat
disc 182, which abuts piston 170, then disc 182 and piston 170 move to the
left, taking with them the low trip release pin 136 by virtue of the connection
provided by rod 184.

The high—pressure trip assembly 186 is preferably identical in operation
to the low-pressure trip assembly 166. Thus, its individual components will
not be described again. The only difference is that the orientation of high—
pressure trip assembly 186 is in a reverse direction from the orientation of the
low-pressure trip assembly 166. Both assemblies 166 and 186 sense line
pressure downstream of the valve. However, a buildup in that pressure
results in movement to the left or toward body 152 by high trip release pin
148. This is because rod 188 translates to the left when line pressure ex-

ceeds the force of the calibration spring 178’, thus moving high trip release



to the lowpressure trip assenbly 166. Thus, its individual conponents wl|
*not be described again. The only difference is that the orientation of

hi gh- pressure trip assenbly 186 is in a reverse direction fromthe
orientation of the |owpressure trip assenbly 166. Both assenblies 166 and
"186 sense line pressure downstream of the valve. However, a buildup in
that pressure results in novenent to lthe left or toward body 152 by high
trip release pin 148. This is because rod 188 translates to the |eft when
| ine pressure ex- ceeds the force of the calibration spring 178, thus
nmoving high trip release 11 pin 148 without affecting the position of |ow
trip release pin 136. This occurs because the high trip rel ease pin 148
extends through a bore 142 in low pressure release pin 136. The
significant conponents of the emergency shutdown system 90 now having been
descri bedp; WiPlolt hl N ha- sed in nore
detail . Ap|nf)‘i\/\]ﬁ)ressbjrt ﬂ‘ﬁigb@q ﬁ?ﬁgpbgﬁ\(‘a@ﬁltﬁbﬁbwg @ﬁ" ?’aér eﬁ“gt feYne
pressure ' bS ith 7 '
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Figures pressurd. reldase pire1@6ston 170 is pushed to the left, the lowtrip
rel ease pin 136 also noves to the left, taking with it the clutch rel ease

sl eeve 114. WhEhe sigrifiganbeempotenis oftheremerdendyssutdowrsystePo0now! eeve
108 is no, | onge | ocked against internal shoul der 124, and the spring 126
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spring 178 can push the piston 170 to the left, as shown by comparing Figures
4 and 5. When the piston 170 is pushed to the left, the low-trip release pin
136 also moves to the left, taking with it the clutch release sleeve 114. When
the grooves 120 align with balls 110, the tripping sleeve 108 is no longer
locked against internal shoulder 124, and the spring 126 biases the tripping
sleeve 108 to the left. This takes tab 88 against tab 86 on coiled spring 80.
Movement of tab 86 increases the diameter of coiled spring 80, thus allowing
the return spring 22 to push the threaded screw 36 upwardly as ball nut 40
and the components connected to it rotate clockwise.
A high—pressure trip is illustrated in Figure 6. When pressure in bore
172’ exceeds the force provided by spring 178’, rod 188 moves to the left

toward lower end 140 of ball lock pin 128. Ultimately, the ball lock pin 128 is

displaced by high trip release pin 148 in response to movement of rod 188.
Movement of the ball lock pin 128 takes with it clutch release sleeve 114 to
eventually put groove 120 into alignment with balls 110, allowing them to
retract away from shoulder 124. When that occurs, the spring 126 can bias
the tripping sleeve 108, thus forcing tab 88 to engage tab 86 on coiled spring
80 for a release of rotor 58. Thereafter, the return spring 22 drives the



A high-pressure trip is illustrated in Figure 6. When pressure in bore

-+ 172' exceeds the force provided by spring 178, rod 188 noves to the left
toward | ower end 140 of ball lock pin 128. Utimately, the ball |ock pin
128 is displaced by high trip release pin 148 in response to novenent of
“rod 188. Mvenent of the ball lock pin 128 takes with it clutch rel ease
sleeve 114 to eventually put groove 1120 into alignnment with balls 110,
allowing themto retract away from shoul der 124. When that occurs, the
spring 126 can bias the tripping sleeve 108, thus forcing tab 88 to engage
tab 86 on coiled spring 80 for a release of rotor 58. Thereafter, the
return spring 22 drives the 12 threaded screw 36 upwardly as the ball nut
40 and those conponents at- tached to it rotate clockwi se. In both the high
and low trips, the passage 12 in the valve remains closed, and the
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even if a high trip occurs, moving rod 188 to the left, the passage 12 and

t he val ve oxder telaliow thehpassagaciatp beaeopanaet pressure to a point bel ow
the setpoint faqr, the lowtrip. Thus, as line _ pressure adjacent the passage

12 i s reduced aT em@sgbpmcmwaals ﬂlUSUam;%(f |9U|EQ13 rRigUre 7s|;UHBHQtQS’i§hew Il
nove the rod. ack to it 5?? 0Si tion shown

sane ti e RASITGR WIAR qrtursa e PlRUIcUSl: dedgrbdd Bich rhslfts
CL9=1 e, nfRVRHGAEIe TN of o 54 ok T OH VAR B "o

- Those skilled in the art will appreciate that even if a high trip occurs, moving

rod 188 to the left, the passage 12 and the valve will close, thus reducing the

sensed pressure to a point below the setpoint for the low trip. Thus, as line

pressure adjacent the passage 12 is reduced at the point where it is sensed,

the return spring 178’ will move the rod 188 back to its normal position shown

in Figure 4. At the same time as the line pressure is reduced, where sensed,

due to the closure of passage 12, a low trip occurs, allowing spring 178 to

move rod 184 to the left. Accordingly, when it is time to reset, Figure 7 indi-

cates the positions of rods 184 and 188. In order to reset, the plunger 134 is

depressed, thus allowing balls 132 to retract within ball lock pin 128. Figure

7 shows the ball lock pin advanced fully until it has come in contact with high

trip release pin 148. However, when a trip occurs, the position initially of the

ball lock pin 128 is further out. Pushing in ball lock pin 128 moves with it

clutch release sleeve 114, as well as tripping sleeve 108. Referring to Figure

5, it can be seen that until the balls 110 clear the internal shoulder 124,

movement of clutch release sleeve 114 will also result in movement of the

tripping sleeve 108. Eventually, balls 110 clear shoulder 124, thus allowing

outer surface 118 to come in contact with balls 110, effectively pushing them




~cates the positions of rods 184 and 188. In order to reset, the plunger 134
"is depressed, thus allowing balls 132 to retract within ball |ock pin 128.
Figure 7 shows the ball |ock pin advanced fully until it has cone in
.contact with high trip release pin 148. However, when a trip occurs, the
position initially of the ball lock pin 128 is further out. Pushing in
ball lock pin 128 noves with it clutch3rel ease sleeve 114, as well as
tripping sleeve 108. Referring to Figure 5, it can be seen that until the
balls 110 clear the internal shoul der 124, novenent of clutch rel ease
sleeve 114 wll also result in novenent of the tripping sleeve 108.
Eventual ly, balls 110 cl ear shoul der 124, thus allowng outer surface 118
to come in contact with balls 110, effectively pushing them 13 radially
outwardly so that they now can engage the shoul der 124 by virtue of the
fact of hi Bera! 18w | [
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shoul der 124. It should be nofled that as these npVenents are

the | ow tplupgeet84xdows thelBall ibeRpim d28ovadvahee WItHiG ¢OWtriprelsaye piystem
90 is now reset. Wen line pressure resunes and clears the | ow pressure

set poi nt , 136G sufficiently sa tgat thedallscd@ecary bebeniereleckediontoshwiulded 124. t hus
moving rod 184 to the right to the position again shown in Figure 4.
Ref er r i ndt sBowidgee aoted ag these movements are ogeurring: dhe lowitriprrelease: fire

in the vi.ci 'é: of the energepncy shut down ﬁ em 90, the eutectic materi al
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bal s 11017814 6vétddine by the force behind piston 170, thus moving rod 184 to the
right to the position again shown in Figure 4.

Referring to Fighre 8, the eutectic trip is illustrated. If there is a fire in
the vicinity of the emergency shutdown system 90, the eutectic material 158
shown in Figure 4 liberates the spring 156 to act on clutch release sleeve 114.
Bracing off body 152, the spring 156 pushes the clutch release sleeve 114 to
the left, thus bringing grooves 120 into alignment with balls 110. This allows
balls 110 to retract away from shoulder 124. When this occurs, the spring 126
is able to bias the no longer locked tripping sleeve 108 to the left, thus moving
tab 88 against tab 86 for a shutdown in the manner previously described.

Referring to Figure 12, spring 156’ acts on sleeve 165 which, in turn,
bears on snap ring 159 to move trip rod 162’. The eutectic material 158’
holds back a spring force on sleeve 165 from spring 156’ until sufficient heat
in the area due to a fire removes the eutectic material 158, thereby allowing
spring 156’ to move sleeve 165 against snap ring 159 on plunger 162’. It
should be noted that the solenoid rod 167 abuts the plunger 162’ so that the
solenoid 164 can independently actuate the emergency shutdown to the

failsafe position.




balls 110 to retract away from shoul der 124. Wen this occurs, the spring
- 126 is able to bias the no |longer |ocked tripping sleeve 108 to the left,
thus noving tab 88 against tab 86 for a shutdown in the manner previously
described. Referring to Figure 12, spring 156" acts on sleeve 165 which, in
“turn, bears on snap ring 159 to nove trip rod 162'. The eutectic materi al
158" hol ds back a spring force on sl eb¥e 165 from spring 156" until
sufficient heat in the area due to a fire renoves the eutectic materi al
158", thereby allowing spring 156" to nove sl eeve 165 against snap ring
159 on plunger 162'. It should be noted that the solenoid rod 167 abuts
the plunger 162' so that the solenoid 164 can independently actuate the
energency shutdown to the failsafe position. 14 Yet another way to shut
down the passage 12 in the valve illustrated is shown in Figure 9. The
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descri bed previolsly. The return spring can nove t
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of the preferred enbodinent illustrated in Figures 1-9. A torsion spring

80 is at theetractawayffromeshoulderi 124 stharseallowing thevifippingesiesveoposi tog of
t he val ve Qy a ountercl ockwi se rotation of drive cap 42. C ockw se
novenment BYOMEN® %@Hﬁﬂpmm}(%m againstiabi8efar arelease invthe pwanmerss

the tab 88eLSHlRY Bfevidusly. The return spring 22 now can move the gate 14 to the
closed position.
~ Those skilled in the art can now appreciate the advantages of the
preferred embodiment illustrated in Figures 1-9. A torsion spring 80 is at the
heart of the clutching system to allow for manual opening of the valve by a
counterclockwise rotation of drive cap 42. Clockwise movement of the com-
ponents connected to ball nut 40 is prevented unless the tab 86 is moved by
tab 88. The emergency shutdown system 90, which is responsible for moving
tab 86, puts the valve in a closed position. The dampener rod 94 acts to
regulate the closure rate of passage 12 with gate 14. Closure occurs without
rotation of drive cap 42 because pin 44 is not in engagement with adapter
stem 48 when the clockwise rotation of ball nut 40 occurs at the urging of
closure spring 22. This is a safety feature which prevents injury to those
standing near the handwheel that would normally be secured to drive cap 42.
The advantages of the emergency shutdown system 90 are clearly seen from
Figures 4-9. Independently operating high and low trips are provided. Auxil-
iary trips, such as by solenoid 164 or eutectic material 158, are also available.
The emergency shutdown system 90 can be reset independently of the
setpoints for the high and low trips. The amount of force required to move the




tab 88. The energency shutdown system 90, which is responsible for noving
~tab 86, puts the valve in a closed position. The danpener rod 94 acts to
regul ate the closure rate of passage 12 with gate 14. C osure occurs

wi thout rotation of drive cap 42 because pin 44 is not in engagenent with
"adapter stem 48 when the clockw se rotation of ball nut 40 occurs at the
urging of <closure spring 22. This is hsafety feature which prevents
injury to those standing near the handwheel that would nornmally be secured
to drive cap 42. The advantages of the energency shutdown system 90 are
clearly seen from Figures 4-9. Independently operating high and |l ow trips
are provided. Auxil- iary trips, such as by solenoid 164 or eutectic
material 158, are al so available. The energency shutdown system 90 can be
reset independently of the setpoints for the high and low trips. The
amount of i ' t \j 1iRA} ashi ft
fab 86 i sITREOL SRR 38| fo E SR thb 86 1BHNOBEhGENF of the JheSSulS i
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shut down system 90 i s possible, regardless of the closeneSs of the high-
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all ows for easy adjustnent of the high- and | ow pres- sure setpoints.
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mount ed agimiple, assuring a long period of maintenance-free operation. A manual trip
option is available by simply providing a pull to the left on ball lock pin 128.

Referring now to Figures 10 and 11, an alternative embodiment is
illustrated. In Figure 10, there is a partial illustration of the valve body 190 to
provide a frame of reference. An actuator assembly 192 is mounted above
it. A stem 194 extends through body 190 and into the actuator assembly 192,
A return spring 196 acts on plate 198 to bias the stem 194 upwardly to close
the valve. An emergency shutdown system 200 is illustrated, and for all
intents and purposes, functions identically to the shutdown system 90 previ-
ously described. The actuation system 202 is mounted adjacent the emer—
gency shutdown system 200 and operates in a slightly different manner than
described in the preferred embodiment. The detailed operation of the actua-
tion system 202 can be better seen from a review of Figure 11. A drive cap
assembly 204 is secured to rotor 206 by key 208. Drive cap assembly 204
supports the ball nut 210. Radial bearings 212 support the drive cap assem-
bly 204 when rotated. Thrust bearings 214 and 216 also support the drive cap
assembly 204 against longitudinal movement in both directions. A screw shaft
218 engages the ball nut 210. A key 220 extends into groove 222 to ensure



It. A stem 194 extends through body 190 and into the actuator assenbly 192.
“Areturn spring 196 acts on plate 198 to bias the stem 194 upwardly to
close the valve. An energency shutdown system 200 is illustrated, and for
all intents and purposes, functions identically to the shutdown system 90
“previ- ously described. The actuation system 202 is nount ed adj acent the
ener- gency shutdown system 200 and opggates in a slightly different manner
than described in the preferred enbodiment. The detailed operation of the
actua- tion system 202 can be better seen froma review of Figure 11. A
drive cap assenbly 204 is secured to rotor 206 by key 208. Drive cap
assenbly 204 supports the ball nut 210. Radial bearings 212 support the
drive cap assem bly 204 when rotated. Thrust bearings 214 and 216 al so
support the drive cap assenbly 204 agai nst |ongitudinal novenent in both
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remains fixed. Key 220 is se- cured to shutdown sl eeve orsion spring

226 is suppred taishutdown Zl8eve224. eFoesidBsprife 226 idJuppottediat enef 228 as
it is part of the body of the actuator system 202 and is secured by
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226 to increase its dianeter, thus permtting shutdown

of shutdown sleeve 224. In order to allow the shutdown sleeve 224 to rotate

in a counterclockwise direction, the emergency shutdown system 200 needs

to be actuated in a manner described before so that tab 234 can push tab 236

on torsion spring 226 to increase its diameter, thus permitting shutdown

sleeve 224 to rotate in a counterclockwise direction.

Torsion spring 238 is disposed over rotor 206 as well as sleeve 240,
which is stationary. The lower end 242 of torsion spring 238 is connected to
sleeve 240. The upper end of torsion spring 238 covers the rotor 206. The
torsion spring 238 permits counterclockwise rotation of drive cap assembly
204, which turns with rotor 206 but precludes clockwise rotation. Counter-
clockwise rotation of drive cap assembly 204 turns the ball nut 210 counter—
clockwise and translates the screw shaft 218 downwardly to open the valve.
As previously suggested, rotation in a clockwise direction of drive cap assem-
bly 204 is precluded by torsion spring 238. However, torsion spring 226
retains shutdown sleeve 224 against counterclockwise rotation. Accordingly,
the screw shaft 218 can translate under the guidance of key 220 extending
into groove 222 on the screw shaft 218. Referring back to Figure 10, down-

ward movement of the screw shaft 218 eventually results in a contact with




sl eeve 224 to rotate In a counterclockw se direction. Torsion spring 238 is
* di sposed over rotor 206 as well as sleeve 240, which is stationary. The

| ower end 242 of torsion spring 238 is connected to sleeve 240. The upper
end of torsion spring 238 covers the rotor 206. The torsion spring 238
"permts counterclockw se rotation of drlve cap assenbly 204, which turns
with rotor 206 but precludes clockw selfotation. Counter- clockw se
rotation of drive cap assenbly 204 turns the ball nut 210 counter-

cl ockwi se and translates the screw shaft 218 downwardly to open the val ve.
As previously suggested, rotation in a clockw se direction of drive cap
assem bly 204 is precluded by torsion spring 238. However, torsion spring
226 retains shutdown sl eeve 224 agai nst countercl ockw se rotation.
Accordingly, the screw shaft 218 can transl ate under the gui dance of key

220 ext endterm 194 abits Upper eRd244) PMeWWsﬂp@bﬂe@ﬂ%ammi plagt
Figure 10, down- ward novenent of the screw shaft 21 eventuallyrggsults I n

a cont act atithe lawes ench2B0iotscrewsshafb21 8¢ iRetdrvsprihg 1964 @lways wxertingd by
a thrust bearing 248 at the | ower end 250 of screw shaft 218. Return

spring 19@n gpmanﬂjgrtaagamsg sceewughaft 21Bor ce agai nst screw shaft 218.
dowemar d- movendiiiiswheh be valieds in the Bl dren oston eseninéﬁ?m‘iﬁp 8o ©
Wl ow & Re%ﬁﬁ‘@f‘a*ﬁ?x@ﬁﬁfﬁ%‘g nehafl SR FERRITS 1 EBufis qnﬁééﬁgﬁ.cir”m
D55 5o as TR ORAHS Bop BRSLHIMY 204N 1Y s.#ﬁiaréﬁé*%@%%ﬁm% e

gigpegs allow dhervaiveaoecidgéd naprulyptﬁzémam@nnéfetrfé vakivLisarip échanfymshaf t
previously described for shutdown system 90 will result in movement of tab
236 so as to increase the diameter of torsion spring 226. When this happens,
shutdown sleeve 224 can rotate counterclockwise with screw shaft 218. A
closure spring 196 puts an upward force on stem 194, which in turn puts an
upward force on screw shaft 218. At this time, torsion spring 238 holds the
drive cap assembly 204 as well as the ball nut 210 against clockwise rotation.
This is because torsion spring 238 only permits counterclockwise rotation and
always precludes clockwise rotation. Accordingly, with the ball nut 210 held
against clockwise rotation and an upward force being applied to screw shaft
218, screw shaft 218 will turn counterclockwise with shutdown sleeve 224,
which is now released for counterclockwise rotation due to the actuation of the
shutdown system 200. With the ball nut 210 retained against clockwise
rotation, counterclockwise rotation of the screw shaft 218 will cause it to rise
with respect to the ball nut 210, thus closing the valve.

The rate of such closure is controlled by an orifice 252 in plate 254
which is sealed in bore 256 by a seal 258. The opening of the valve by

counterclockwise rotation of drive cap assembly 204 occurs at a slow enough



closure spring 196 puts an upward force on stem 194, which in turn puts an
~upward force on screw shaft 218. At this tinme, torsion spring 238 holds the
drive cap assenbly 204 as well as the ball nut 210 agai nst cl ockw se
rotation. This is because torsion spring 238 only permts counterclockw se
‘rotation and always precludes clockw se rotation. Accordingly, wth the
ball nut 210 held against clockw se regation and an upward force being
applied to screw shaft 218, screw shaft 218 will turn counterclockw se

wi th shutdown sl eeve 224, which is now rel eased for countercl ockw se
rotation due to the actuation of the shutdown system 200. Wth the bal

nut 210 retai ned agai nst clockwi se rotation, counterclockw se rotation of
the screw shaft 218 will cause it to rise wth respect to the ball nut

210, thus closing the valve. The rate of such closure is controlled by an
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204 occur wihichahel vawe tabe bbaridgg Where the size of the orifice 252 does
not materially inpede the rate at which the valve can be opened. It should
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stationary as the valve is being closed so as to preclude injury to pérson-
nel in thd204 stativnanoas e valvedathsing Closedssoas)topreclndedinjury tot persiond- t o

t he drive‘§8$ assel 204. Thus, the difference in the enbodi ment shown
in Fi gur eDelin hevienityof amshandwheel frot shawehwdich 6gs baattacheito thee
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bracing the baltpiithg H¥&ehcBh the embodiment shown in Figures 10 and 11 is
that a pair of torsion springs 238 and 226 are used. The upper torsion spring
238 merely ensures that the drive cap assembly 204 can only be turned
counterclockwise and serves the purpose of bracing the ball nut 210 against
clockwise rotation. The lower torsion spring 226 secures the shutdown sleeve
224 against counterclockwise rotation to facilitate the translation of the screw
shaft 218 guided by key 220. When it comes time for shutdown, tab 236 is
displaced and return spring 196 provides an upward force on screw shaft 218.
Screw shatft 218 can then rotate with shutdown sleeve 224 in a counterclock-
wise direction due to an increase in the diameter of torsion spring 226 as a
result of movement of tab 236. With the ball nut 210 braced against clockwise
rotation, counterclockwise rotation of screw shaft 218 allows it to translate
upwardly with respect to ball nut 210 as a result of its counterclockwise rota-
tion to allow the valve to close.

The foregoing disclosure and description of the invention are illustrative
and explanatory thereof, and various changes in the size, shape and materi-
als, as well as in the details of the illustrated construction, may be made
without departing from the spirit of the invention.
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cl ockwi se rotation. The |lower torsion spring 226 secures the shutdown

sl eeve 224 against counterclockwi se rotation to facilitate the translation
of the screw shaft 218 guided by key 220. Wen it comes tinme for shutdown,
tab 236 is displaced and return spring 196 provides an upward force on
"screw shaft 218. Screw shaft 218 can then rotate with shutdown sl eeve 224
in a counterclock- wise direction due 18 an increase in the dianeter of
torsion spring 226 as a result of novenent of tab 236. Wth the ball nut
210 braced agai nst clockw se rotation, counterclockw se rotation of screw
shaft 218 allows it to translate upwardly with respect to ball nut 210 as
a result of its counterclockw se rota- tion to allow the valve to cl ose.
The foregoing disclosure and description of the invention are illustrative
and expl anatory thereof, and various changes in the size, shape and materi -
al s, as VWAHatds dlairhéq: details of the illustrated construction, nmay be nade
W t hout departing fromthe spirit of the invention. oooper\13 valve

actuator w enedgency vavbdactaatardfora Valveinta linectempriding:1. A val ve

actuator for a valve in a line, conprising: a housing; a shaft nounted to
sai d housing for no@dm@usinggt ween an open and cl osed position
corresponding to the open and cl osed positions of a valve to which the
actuator can be roufthaft mqmtefét%a@ﬁbwsmg fabmovementdetinearcanaperai d

ppel 632?@@# %fcfﬁded)%isftibﬂ Womspdndind't HB86n And A8ssd p?)ggti%nssho avave ' ¢
to which the actuator can be mounted;

a drive assembly to move said shaft between said open and
closed positions;

a biasing member acting on said shatft to urge it toward one of
said open or closed positions known as the failsafe position;

a shutdown system to selectively release said shaft from the
position in which it was placed by said drive assembly to allow said biasing
member to urge said shaft toward said failsafe position, said shutdown system
comprising:

a shutdown housing;

a tripping member movably mounted in said shutdown housing
and operably connected to said drive assembly;

independently operating high- and low-pressure trip assemblies,
each operably connected to said tripping member for actuation of said tripping
member when pressure in the line is outside a predetermined pressure range.

2. The actuator of claim 1, wherein:

said high-pressure trip assembly comprises a first release mem-
ber movably mounted in said shutdown housing for selective tandem move-



said open or closed positions known as the failsafe position; a shutdown
systemto selectively release said shaft fromthe position in which it was
pl aced by said drive assenbly to allow said biasing nenber to urge said
shaft toward said failsafe position, said shutdown system conprising: a
“shut down housing; a tripping nenber novably mounted in said shutdown
housi ng and operably connected to said0drive assenbly; independently
operating high- and | owpressure trip assenblies, each operably connected
to said tripping nenber for actuation of said tripping nmenber when
pressure in the line is outside a predeterm ned pressure range. 2. The
-actuator of claiml, wherein: said high-pressure trip assenbly conprises a
first rel ease mem ber novably nmounted in said shutdown housing for

sel ective tandem nove 20 nent with said tripping nenber when |ine pressure
exceeds a predetermned |evel; said |lowpressure trip assenbly conprises a
second r emenavitheakdrippingaitiembeuwhen line pressush exdeedsha psedgtdranined

sel ective, tandem novenment with said tripping menber when |ine pressure is
bel ow a pk%@%&er- m ned | evel. 3. The actuator of claim?2, wherein: said

first and second releg nmenbers are.in a nested rel.ation ship., 4. The
s%ﬁiqxgl-messure ?np assem%?y comprises a second release

actuator of claim 3]
member movably mounted in said shutdown housing for selective tandem
movement with said tripping member when line pressure is below a predeter—

mined level.

3. The actuator of claim 2, wherein:

said first and second release members are in a nested relation-
ship.

4.  The actuator of claim 3, wherein:
said tripping member comprises a projection in contact with one
of said first and second release members, while the other of said first and
second release members abuts an end of said tripping member.

5. The actuator of claim 4, further comprising:
a trip rod extending through said release member which is in
contact with said end of said tripping member, said trip rod selectively actu-

able to move said tripping member independently of operation of said high-
and low-pressure trip assemblies.

6. The actuator of claim 5, wherein;

said trip rod is actuated by a solenoid.



said tripping nenber conprises a projection in contact with one of said
“first and second rel ease nenbers, while the other of said first and second
rel ease nmenbers abuts an end of said tripping nenber. 5. The actuator of
claim4, further conprising: a trip rod extending through said rel ease
"menber which is in contact with said end of said tripping nenber, said
trip rod selectively actu- able to novalsaid tripping nenber independently
of operation of said high- and | ow pressure trip assenblies. 6. The
actuator of claimb5, wherein: said trip rod is actuated by a solenoid. 21
7. The actuator of claim1l, wherein: said tripping nenber extends outside
sai d shutdown housi ng; and an energency bi asing nenber, nounted to said
housing and in contact with said tripping nmenber outside said shutdown
housi ng, said energency biasing nenber providing a biasing force which is

contai ned by azmat ey a&{yaqa,éb'fgﬁ&iﬁ{fswﬁ%t ncont ai ned biasing force in

response to | ocal- ized heat. e ach uat of claim?7, wherein: said

material is a eutect saidigping meémbeép exteh i 4 fur .
conprising: a biased tri ppfp'!rjlz@sl eeve nount eddBanfss'gléﬁé@gmwﬁoﬁéﬁ%@gand
oper abl y candected to said drive assenbly; said tripping nenber connected

to a rel ease sleeve novable L.
an emergency biasing member, mounted to said housing and in

contact with said tripping member outside said shutdown housing, said
emergency biasing member providing a biasing force which is contained by
a material which liberates said contained biasing force in response to local-
ized heat.

8. The actuator of claim 7, wherein:
said material is a eutectic material.

9. The actuator of claim 1, further comprising:

a biased tripping sleeve mounted to said shutdown housing and
operably connected to said drive assembly;

said tripping member connected to a release sleeve movable
from a set position, where said tripping sleeve is prevented by said release
sleeve from movement in response to said bias, to a tripped position, where
said_ bias can move said tripping sleeve to allow said shatft, in turn, to move to
said failsafe position.

10.  The actuator of claim 9, wherein:
said tripping sleeve comprises at least one ball extending out-
wardly through a lateral opening in said tripping sleeve, said release sleeve
comprises a support surface and a groove, whereupon said support surface



froma set position, where said tripping sleeve is prevented by said

"rel ease sleeve fromnovenent in response to said bias, to a tripped
position, where said bias can nove said tripping sleeve to allow said
_shaft, in turn, to nove to said failsafe position. 10. The actuator of
claim9, wherein: said tripping sleeve conprises at |east one bal
extending out- wardly through a | aterak2opening in said tripping sleeve,
said rel ease sleeve conprises a support surface and a groove, whereupon
sai d support surface 22 |ocks said ball to said shutdown housing while said
groove, when aligned with said ball, allows novenent of said tripping

sl eeve responsive to said bias. 11. The actuator of claim4, further
conprising: a biased tripping sleeve nounted to said shutdown housi ng and
operably connected to said drive assenbly; said tripping nenber connected

to a rel epprs Hand vall 1@ sai shutdoWhn Ros§ihghsiid $488.grabosewhdirCalighed wWith

sl eeve is prevented by:ymfprelease srgeve from-movenent I n r%sponse to

sai d bi assaidoball,tallaws thavesrbnt of saitktrippingistedvartesponsive @o sid Bias.ppi ng
sleeve to allow said shaft, in turn, to nove to said failsafe position
12. The actuator of claim 11, wherein: said tripping sleeve conprises at

| east one ball extending out- wardly through a lateral opening in said
trippi ng sl eevd]. saifheragtuater ef dair 4,durtber cemprisiogport surface and a

roove, whereupon sai.d support, surface |ocks.said,ball  to said shutdown
Douc my whtl o bar'a” Bidlasel Biiping SedimmanTind 18 Jald SRurdOuN LSRG AT, of

said tri pghBfasly Eohdcted 18 3a1E drveisbbRs -
said tripping member connected to a release sleeve movable
from a set position, where said tripping sleeve is prevented by said release
sleeve from movement in response to said bias, to a tripped position, where

said bias can move said tripping sleeve to allow said shatt, in turn, to move to
said failsafe positioh.

12. The actuator of claim 11, wherein:
said tripping sleeve comprises at least one ball extending out—
wardly through a lateral opening in said tripping sleeve, said release sleeve
comprises a support surface and a groove, whereupon said support surface
locks said ball to said shutdown housing while said groove, when aligned with

said ball, allows movement of said tripping sleeve responsive to said bias.

13. The actuator of claim 11, wherein:
said first release member abuts said end of said tripping member;
said second release member is mounted over said first release
member and in contact with said projection on said tripping member;
said tripping member comprises an internal passage with a
movable plunger therein;



13. The actuator of claim 11, wherein: said first rel ease nenber abuts said
“end of said tripping nenber; said second release nenber is nounted over
said first release nenber and in contact with said projection on said
tripping nmenber; said tripping menber conprises an internal passage with a
novabl e pl unger therein; 23 said projection conprises at |east one bal
supported in a lateral opening by said3plunger. 14. The actuator of claim
13, wherein: said plunger conprising a groove which can be selectively
posi- tioned in alignment with said ball on said tripping nenber to allow
reset of said shutdown system by allow ng said tripping nmenber to nove
wWth respect to said second release nenber sufficiently to allow said
tripping sleeve to be relocked to said shutdown housing while pressure is
built up in the line. 15. A valve actuator for a valve in a |ine,

comprising: a housisaid projedtivh carmprised dtesst @Hé‘ﬁaﬂ ?@ﬁ%&%eﬁgw &MaRral

bet ween an open and closed position corresponding t

posi t i onsOpeniagvby said plungerch the actuator can be nounted; a drive
assenbly to nove said shaft between said open and closed positions; a

bi asi ng nenber acting on said shaft to urge it toward one of said open or

cl osed positiori kn9£n as the failsafe position; a shutdown systemto
sel ectively rel®ase I 98iactyatarofi¢laimi@& wherein:

said plunger comprising a groove which can be selectively posi-
tioned in alignment with said ball on said tripping member to allow reset of
said shutdown system by allowing said tripping member to move with respect
to said second release member sufficiently to allow said tripping. sleeve to be

relocked to said shutdown housing while pressure is built up in the line.

15. A valve actuator for a valve in a line, comprising:

a housing; .

a shaft mounted to said housing for movement between an open
and closed position corresponding to the open and closed positions of a valve
to which the actuator can be mounted:;

a drive assembly to move said shaft between said open and
closed positions;

a biasing member acting on said shaft to urge it toward one of
said open or closed positions known as the failsafe position;

a shutdown system to selectively release said shaft from the
position in which it was placed by said drive assembly to allow said biasing
member to urge said shaft toward said failsafe position; and

a velocity control system to regulate the speed of movement of
said shaft toward its failsafe position.



position in which it was placed by said drive assenbly to allow said
“biasing nenber to urge said shaft toward said failsafe position; and a
velocity control systemto regulate the speed of novenent of said shaft
.toward its failsafe position. 24 16. The actuator of claim 15, wherein:
said velocity control systemconprises_a fluid danpener. 17. The actuator
of claim 16, wherein: said danpener co%ﬁrises a fluid chanber divided by an
orifice novably mounted with said shaft, whereupon novenent of said shaft
is regulated by displacenment of fluid through said noving orifice. 18. A
val ve actuator for a valve in a line, conprising: a housing; a shaft
nmounted to said housing for novenent between an open and cl osed position
corresponding to the open and cl osed positions of a valve to which the
actuator can be nounted; a drive assenbly to nove said shaft between said

open and cl oselB,posThé Aetuafdrvfd: Wé ting on said shaft to urge
it toward one of said open or Jﬁ§22§1g§5|tﬂgﬂg known as the failsafe

posi tion; a shutdowsaigstetotity cﬁﬁhﬁ%&&férﬁ_do%ﬁﬁﬁsnéﬁl}ﬁ%’%bg&kgm t he

position in which it was placed by said drive ‘asse ai d

bi asing nenber to urge said shaft toward said fail safe position; and said
drive assenbly further conprises: a drive cap rotatably nounted to said
housi ng for na[:' al (;rpb!ﬁactuator of claim 16, wherein: '

said dampener comprises a fluid chamber divided by an orifice
movably mounted with said shatft, whereupon movement of said shaft is
regulated by displacement of fiuid through said moving orifice.

18. A valve actuator for a valve in a line, comprising:
a housing;
a shaft mounted to said housing for movement between an open

and closed position corresponding to the open and closed positions of a valve
to which the actuator can be mounted:

a drive assembly to move said shaft between said open and
closed positions;

a biasing member acting on said shatft to urge it toward one of
said open or closed positions known as the failsafe position;

a shutdown system to selectively release said shaft from the
position in which it was placed by said drive assembly to allow said biasing
member to urge said shaft toward said failsafe position; and

said drive assembly further comprises:

a drive cap rotatably mounted to said housing for manual opera-
tion of said shaft in a direction opposite said failsafe position:



_tion of said shaft in a direction opposite said failsafe position; 25 a
clutch mechani smfor selective di sengagenent of said drive cap so that
upon actuation of said shutdown systemresulting in novenent of said shaft
.to said failsafe position, said drive cap does not rotate. 19. The actuator
of claim 18, wherein: said shaft conprises a ball screw, said drive
assenbly conprises a ball nut assenbl y22xtending into said drive cap; said
cl utch mechani sm conpri ses a biased pin selectively insert- able through
said cap into said ball nut assenbly for tandemrotation of said cap and
said ball nut assenbly as long as a rotational force is applied to said
cap, whereupon when rotational force on said cap stops, said biased pin
rel eases said ball nut assenbly fromsaid cap. 20. A valve actuator for a
valve in a line, conprising: a housing; a shaft nmounted to sai d housing

for nmovenent betwe I I i correspopding . to the open
and cl osed positi o?é] cbﬂglclgﬂ'@%c\?gﬁ%@ &?{%lgeﬁ%é 9@?%{59%9%%%&&%&@1;@ a
drive as¢apisothat uppreactaation btisaid ShiRfdwg & ' cl osed posjtjons;
a biasing penber acting on sa%%ﬁg?b to u'?gggﬁmt%%gﬁ@go'ﬁem@’erﬁ%mﬁo pen
or cl osefiaikbshaftdessaiddailsate positibaj said drivesddp 8Bes Hotdofdty! down systemto
sel ectively rel ease said shaft fromthe

19.  The actuator of claim 18, wherein:

said shaft comprises a ball screw:

said drive assembly comprises a ball nut assembly extending into
said drive cap;

said clutch mechanism comprises a biased pin selectively insert-
able through said cap into said ball nut assembly for tandem rotation of said
cap and said ball nut assembly as long as a rotational force is applied to said
cap, whereupon when rotational force on said cap stops, said biased pin
releases said ball nut assembly from said cap.

20. A valve actuator for a valve in a line, comprising:
a housing;
a shaft mounted to said housing for movement between an open

and closed position corresponding to the open and closed positions of a valve
to which the actuator can be mounted;

a drive assembly to move said shaft between said open and
closed positions;

a biasing member acting on said shaft to urge it toward one of
said open or closed positions known as the failsafe position;



position in which it was placed by said drive assenbly to allow said
“biasing nenber to urge said shaft toward said failsafe position; and said
drive assenbly further conprises: a drive cap rotatably nounted to said
housi ng for manual opera- tion of said shaft in a direction opposite said
“failsafe position; said drive cap is connected to a ball nut assenbly; said
shaft conprises a ball shaft selective?§ guided for |ongitudi- nal
novenent; said drive cap is retained against rotation in one direction;
sai d shutdown systemrel easing said screw shaft to rotate so that it can
nove toward said failsafe position without rotation of said ball nut and
said drive cap. 21. Thejactuator of claimb5, further conprising: an
ener gency bi asi ng nenbel acting on said trip rod selectively when freed by
a containing material responsive to heat; said trip rod independently
actuable in two sepadahutdeyen systemite selectively réleakei saidishaftdreimnthesai d
containing)na%erLal hs a _eutectic material; said trip rod also actuable by
a sol enoi dPOSttion in which it was placed by said drive assembly to allow said biasing

member to urge said shaft toward said failsafe position; and

said drive assembly further comprises:

a drive cap rotatably mounted to said housing for manual opera-
tion of said shaft in a direction opposite said failsafe position;

said drive cap is connected to a ball nut assembly;

said shaft comprises a ball shaft selectively guided for longitudi-
nal movement;

said drive cap is retained against rotation in one direction;
said shutdown system releasing said screw shatt to rotate so that

it can move toward said failsafe position without rotation of said ball nut and
said drive cap.

21.  The actuator of claim 5, further comprising:

an emergency biasing member acting on said trip rod selectively
when freed by a containing material responsive to heat;

said trip rod independently actuable in two separate ways.

22. The actuator of claim 21, wherein:
said containing material is a eutectic material:
said trip rod also actuable by a solenoid.



