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GAS CARTRIDGE ACTUATED ISOLATION VALVE 

RELATED APPLICATIONS 

This application is a continuation-in-part of U.S. Patent Application No. 

S 09/133,573 filed July 2, 1999, which is a continuation prosecution application of Serial 

No. 09/133,573 filed August 13, 1998, both of which are entitled GAS CARTRIDGE 

ACTUATED ISOLATION VALVE. 

BACKGROUND OF 1llE INVENTION 

10 Field of the Invention 

15 

This invention relates to improved gate valve apparatus of the type commonly 

used in association with chemical processes or the like which may eXperience a hazard 

condition or upset requiring rapid valve actuation to prevent a catastrophic failure. 

More particularly, the invention relates to. a gate valve apparatus provided with an 

actuator which generates a gas discharge at a subsonic flow rate in order to rapidly and 

smoothly shift ·a valve member for actuation of the gate valve appara~. Sttu- is 

also provided in association with the valve member to control the rate of deceleration 

of the gate valve; 

20 Description of the Prior Art 

Isolation-type gate valves have long been provided with chemical reactor 

apparatus for the ·purpose of allowing rapid shutdown of ·the reactor in the event of 

generation of hazardous conditions. In general, such gate valves include a valve body 

which presents a passageway theretbrough, with a shiftable, apertured valve member 

25 within the body and normally located in a valve open position allowing flow through the 

valve. The valve member is shiftable to a flo"t"-blocldng valve closed position when a 

hazardous condition is sensed. 

The actuators associated with prior gate valves have included mechanical 

linkages operated by motors or solenoids for example. However, in some instances prior 

30 actuators are- unable to ·actuate a gate valve with sufficient rapidity to prevent flame 

propagation, actual passage of a flame through the gate, explosion; or some other 
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significant failure. Additionally, in some contexts, it is desirable to avoid generation of 

electrical sparks which may occur with motor driven pte valve assemblies 

U.S. Patent No. 3,358,961 ofDecember 19, 1967, represents another type of 

gate valve for releasing pressure in a fluid flow system. In this instance, a sliding valve 

.. S . is operated by an explosive charge producing a supersonic· shock wave for extreme 

accelerated shifting of the valve body tram a nonnally closed position to a tWly opened 

location. The shutter-type valve is useful only for relatively small orifice applications 

· involving a similarly limited size valve assembly. The valve body and associated shutter 

plate and piston assembly must be small enough that no clainase is caused to the valve 

10 components by shock waves generated upon actuation of the explosive device, or as a 

result of inertia upon impact of the shutter plate with the housing assembly during valve 

closing. 

Accordinaly. there is a need in the art for an improved isolation gate valve 

assembly, and a corresponding method of gate valve· operation; which avoids the 

15 problems of prior valve actuators. 

SUMMAllY OF THE INVENTION 

Gate valves of the type in which the present invention is most usefhl are generally 

employed to either close off' a tubular passage upon ac_tuation. or to open that 

20 passageway. Generally, theapenureofthegatevalve, whichiseitherclosedbythegate, 

. or is opened upon shifting or the ~ is essentially or the same cross-sectional 

dimensions as the passageway. For example, if the passage is defined by an 8-inch pipe, 

the aperture in the gate valve should also ha\re a diameter of 8 inches. 

The present invention provides an improved isolation gate valve assembly which 

2S is especially useful in a wide variety of sizes of gate Valves, in which the aperture 

therethrough can be anywhere ftom about 2 inches up to as much as 24 inches or more. 

The isolation valve has panicularutility in larger size applications involving pipes having 

a diameter of 6 inches or more. 
In common with prior gate valves, those of the invention include a valve body 

30 presenting a passageway therethrough, a gate unit including a shiftable, apenured gate 

member proximai to the passageway and shiftable from a valve open position wherein 
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the Valve member aperture is in registry with the valve passageway, and a valve dosed 

position wherein the gate member aperture is out of registry with the passageway. The 

improved actuator of the invention has components which function to rapidly shift the 

gate valve at a predetermined, controlled acceleration between the positionsthereot: i.e.. 

S from the valve open to the valve closed position, or from the valve closed to the valve 

open position, and to control the deceleration of the gate member in a predetermined 

manner as it approaches it open or closed position. A gas-generating cartridge unit is 

provided to generate a subsonic charge of pressurized gas to selectively open or close 

the gate member as the case may be. The gate member is responsive to such pressurized 

10 gas for shifting thereof at a velocity of ftom about 0.2 in. to about .33 inlmsec. 

depending upon the size of the gate valve with the time of actuation within the preferred 

range being a function of and longer in time for larger pipe diameters. Significantly 

faster closing times can cause ·damage to valve. components as a result of impact of the . . 

gate valve with the housing for .the gate valve, and slower closmg can cause the valve 

15 to tail in its function of preventing flame ftonts or gaseous produCtion of combusti~n 

from the source of the deflagration to an 'linprotected area. 
In preferred forms, the actuator includes a tubular housing. a piston shiftable 

within the housing and having an elongated piston rod coupled between the piston and 

the gas member. A gas-generating cartridge is coMected to the tubular housing in 

20 disposition defining anexpandablepressurizedgu.receivingch.amberbetween the piston 

and the gas discharge end of the cartridge. The gas-generating cartridge unit is located 

for directing a charge of subsonic pressurized gas into the housing and against the &ce 

of the piston remote ftom the rod to thereby shift the piston within the housing and 

correspondingly shift the gate member. 

25 The preferred gas-generating cartridge unit is in the form of an elongated 

cartridge body oriented in either a transverse or aligned relationship with the housing and 

having an outlet; the canridge bas a quantity of solid. ignitable propellant within the 

chamber which upon ignition bums at a controlled rate producing a tlow of pressurized 

gaseous products· of combustion which flow into the chamber at a rate that does not 

30 exceed a velocity of about mach 1. An appropriate ignitor and electri~ lead structure 

extend from the chamber and are operably coupled with the propellant for ignition 
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thereof. Either single or multiple gas-generating cartridge units may be used as required 

for a particular application. 

Adampener unit is associated with the gate valve in a location to be engaged by 

s the vaJve as it reaches its closed position to provide controlled deceleration of the sate 
valve, thereby preventing bouncing of the valve and also guard against untoward impact 

force$ being directed to the housing for the valve by the gate valve body itself. In the 

case of gate valve apparatus of this invention intended for use in piping which is 8 in. in 

...... 
10 

diameter or less, the dampener unit may be an elastomeric member of predetermined 

' dampening characteristics.' Where the gate valve apparatus is to. be used in piping of 10 

in. or greater in diameter, a prefen-ed dampener unit comprises honeycomb cellular 

structure where the force is received axially of the cells thereby resulting in controlled 

coDapsing of the force dampening structure. 

It has been found that isolation gate valves in accordance with the invention 

. 15. provide safe, rapid valve actuation without the expensive and sometimes dangerous 

features of prior art actuators. 

BRIEF DESCRIPTION:OF THE DRAWINGS 

· Figure l is a iiagmentmy view in partial vertical section illustrating one fonn of 

20 an isolation gate valw assembly in· accordance with the invention, with the valve open 

and valve closed positions of the gate member shown in_ :full line and phanto~ 

respectively; 

Fig. 2 is an enlarged sectional \liew depicting in detail. the preferred gas­

generating cartridge unit forming a part of the valve assembly of Pig. 1; 

Fig. 3 is a vertical sectional view taken along Jine 3-3 of Fig. l and illustrating 

the valve pte member in the valve open position thereof; 

Fig. 4 is a vertical sectional view similllf tO that ofFig. 3, but depicting the valve 

gate member in the valve closed position thereof; 

Fig. 5 is a fragmentary view in partial section with pans broken away illustrating 

30 another embodiment in accordance with the invention, wherein the gas-generating 

cartridge unit is oriented in axial alignment with the valve assembly gate member; 
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·Fig. 6 is a fragmentary view in partial section with pans broken away illustrating 

another embodunent of the invention, wherein a pair of gas-generating cartridge units 

are empioyed; 

· 'Fig. 7 is a fragmentary view in partial section depicting another embodiment of 

S the invention, using a housing-type enclosure disposed about the ignition leads for the 

gas-generating cartridge unit; 

10 

· Fig. 8 is a fragmentary view in partial section depicting another embodiment of 

the invention, employing a pair of gas-generating cartridge units with a housing-type 

enclosure around the ignition leads thereof; 

Fig. 9 is a front elevational view of a preferred fonn of the isolation ~te valve 

assembly in accordance with the invention; 

Fig. 10 is a vertical, cross-sectional view taken substantially along the line 10-10 

ofFig. 9 and looking in the direction of the arrows; 

Fig. 11 is a fragmentary· side elevational view or one type of dampener unit 

15 usable with ·18rger size gate valve apparatus and comprising a collapsible ceJhWar 
dampener element; and 

Fig. 12 is a fi'agmemaiy plan view of the dampener unit shown in Fig. 11. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 Turning now to the drawings and particuJarly Figs~ 1-4, one form of an isolation 

gate valve assembly in accordance with the ptesent invention and designated by the 

numeral IO is illustrated in these figures. The valve assembly 1 O broadly includes a valve 

body 12 presenting a flow passageway 14 therethrough and a gate unit 16 within the 

housing 12, the unit 16 having a shiftable, apertured, plate-type gate member 18. An 

2S actuator 20 also forms a part of the assembly 10, and comprises a gas-generating 

c8rtridge or unit 22. 

In more detail, the valve body 12 includes a pair of upright, spaced apart, 

rectangular body stud interference plates 24, 26 cooperatively defining an upright 

internal chamber 28 and each having a relatively large circular opening 29 therethrough. 

30 Each of the plates 24, 26 has a steel liner 30, 32 {preferably 10 gauge steel) secured to 

the inner face thereof. The plates 24, 26 are interconnected by means of marginal 
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couplers 34 extending into sidewalls 37. In addition, sidewalls37, top and bottom plates 

36, 38 are attached to the upper and lower~ of the plates 24, 26 and sidewalls 37 via 

connectors 40. A pair of annular tlanges 42, 44 are mounted to the plates 24, 26 about 

the openings 29 in order to define ~be p~eway 14. These flanges 42, 44 are adapted 

to mate with pipe flanges 42a, 44a illustrated in phantom in Figs. 3-4. Threaded studs 

46 on each side serve to connect the flanges 42, 428. 44, 44a in place on the valve body 

12. It will be observed that ~ch of the flanges 42, 44 is provided with mi innermost 

circular sealing ring 48, SO (Figs. 3 and 4). 

The gate unit 16 includes the elongii,ted, upright, metallic gate member 18 which 

10 · is ·situated· within the chamber ~8. and is designed for up and down shifting movement 

therein. As shown, the plate m~ber 18 has a circular apenure S2 therethrough which 

is of the :same size as plate openings 29 and p._geway 14. As those skilled in the art 

will appreciate the gate member 18 is shiftable between, a valve open position (Fig. 3). 

is 
'' whereUl ·the aperture S2 is in registry with the passageway 14• and a valve dosed 

position (Fig. 4), wherein the gate~ 18is .sbifted downwardlywithin passageway 

28 so that theapenure S2 is fully out of register with passageway 14, thus blocking flow .. 

· ·. therethrough. 

The actuator 20 includes an upright, tubular piston cylinder 56 having a base SS 

having a vertical through-bore 59, as well as an annular top fixture 60. The base SS is 

20 secured to plate 36 via screws. 6~. whereas the top. fixture 60, surmounting the upper end 

of cylinder 56, is attached to the b.ase 58 by means of long shank connectors 64. The 

base SB is equipped with a pair of conventio1J81, threadably secured venting muftlers 66 

which communicate with through-bore 59. The top fixture 60 has threaded bore 68 

designed to receive the cartridge unit 22 as will be described. The cylinder 56, base SS 

25 and top fixture 60 cooperativ~y define an internal piston chambec 70. An elongated 

piston rod 71 is secured·~ the upper end of gate member 18 and extends through the 

bore 59 into chamber 70. A circular piston 72 is secured to the uppermost end of rod 71 

as shown, and is slidable within th.e chamber 70. 

The gas-generating cartridge or unit 22 is threadably received within bore 68 of 

30 fitting 60, and is illustrated in detail in Fig. 2. Specifically, the canridge unit 22 has a 

tubular outlet section 74 which is externally threaded for receipt within the bore 68 and 
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has internal threading 75 as well, an annular, ·threaded transition piece 76, an intermedi­

ate, annular body part· 78, and a reannost terminal part 80. As shown, the transition 

piece 76 is threadably coupled to the rearward end of section 74 and presents a shoulder 

·82; the forward end of body part 78 has a complemental shoulder 84 abutting the 

S shoulder 82. A threaded annular clamp 86 is employed to clamp the body part 78 

against transition piece 76. The rearward end of intermediate part 78 is threaded as 

shown, and receives the forward end oftenninal part80. It will thus be seen that the 

components 74-80 cooperatively define an elongated, tubular cartridge-like body. 

defining an internal chamber 88. 

10 A tubular propellant body 90 having an elongated, externally threaded extension 

92 is received within chamber 88 and is coupled to threading 75 of outlet section 74. 

The body contains solid propellant 94 preferably in the fonn of granules of smokeless 

powder. Advantageously, the powder is a conventional formulation comprising a 

mixture of potassium perchlorat~ nitroglycerin, nitrocellulose and lead thiocyanate 

IS having minimum auto-ignition temperature of about 325°F and a DOT classification of 

1.4s and a UN classification of0323. The smokeless powder should be adequate to 

generate gaseous products of combustion to operate the valve assembly 10 as described ..... 

below. The forward end of the extension 92 is fitted with a consumable closure disc 96;. 

the.disc 96 preferably comprises a thin circular plastic or resin element which protects 

20 the smokeless powder charge from exposure to the atmosphere during distribution and 

storage of the cartridge unit 22. 

An ignition disc 98 is positioned within the body 90 in contact with the 

propellant 94. The disc is preferably made up of an ignition composition comprising 

primarily potassium perchlorate. Two pairs of electrical ignition leads 100, 102 are 

2S operably coupled with the disc 98 ·and extend rearwardly out of the cartridge body as 

·shown. A tubular lead guide 104, having an internal liner 106, is threaded into the 

rearward· end of body 90. Each such pair comprises two metallic bridge wire elements 

in contact with the rearward face of the disc 98. This preferred embodiment is a design 

for a retrofit. Alternatively, a design for a new installation may differ slightly. 

30 Viewing Figs. 1, 3 and 4 of the drawings, a dampener unit broadly designated 99 

is supported by bottom plate 38 in direct alignment with the slidable gate member 18 and 
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in disposition to be engaged dir~ly by the Jower edge of the gate member. The 

dampener unit embodiment ill~ted in Fig. 1 and shown in greater detail in Figs. 11 

and 12, comprises a honeycomb ~ular element 101 having a number ofhexagonal cells 

103 arranged with the longitudinal,~es ~ereof extending in parallel relationship to the 

S path of sliding movement of the gate member 18. In a preferred embodiment, the cells 

103 are formed of 0.010 in. ~cJc 304 ~ess steel, with the tlat-to-opposed flat 

dimension of the individual ce~ being approximately 1/8 in. The height and width of 

the cellular elen)ent 101 is pref~ly about 1" x 1 ",with length thereofbeing dependent 

upon the transverse width of the gate member 18 of a specific size of pte valve 

10 apparatus. The dampener unit 99 i$ preferably used in gate valve apparatus for piping 

having a diameter of 10 in. or greater. 

An alternative dampener unit 299 is illustrated in Fig. 10 of the drawings, and 

. comprises an elastomeric element 301 comprising a strip ()f elastomer that is desirably 
. . . ·•.· .. 

about 1" x l 11 in height and, width, and also of• .length approximately equal to the . . . '· ~ . . . . . 

1~ . . . transverse dimension of the gat~ member .18 of a partiClllar gate valve.apparatus. A 

20 

. .· . . . 

preferred element 301 is ofneoJ>rene ~a, Sh~e A hardness of about 60 to about 

70. ,, 

Further details of the preferred. type of gas-generating cartri~ge or unit can be 
.. 

found in U.S. PatenfNo. S,718,2,94 incorporated by reference herein. 

In the use ofvalve.assem,bly 10, the gate member 18 is normally in the valve 

.open position shown in Fig. 3 where the valve member is m·its elevated position with 

aperture S2 thereof in registry with passageway 14, and with piston 72 in its uppermost 

position slightly below the top fixture 60. Ip such orientation, the seals 48, SO prevent 

passage of fluid into the chamber 28 of the valve. In the event that a hazard is detected 

25 by a sensor (not shown), an appropriate current is introduced into the ignition leads 100. 

102 so as to actuate the .disc 98. This causes rapid ignition of the propellant 94, 

resulting in generation of hot products of c9mbustion. This serves to initially generate 

pressure within fining 60 above piston 72. Consequently, the piston 72 is.driven rapidly 

downwardly within the cylinder 56 as vieWed in Fig. 4 ~d the plate member IS is 

30 likewise shifted downwardly until the aperture 52 is .fully out of communication with 
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passageway 14, thereby closing the latter and preventing any additional fluid flow 

therethrough. 

The cartridge or unit 22 has a gas generating propellant in which the formulation. 

bum rate, and quantity are correlated to produce a sufficient volume of subsonic gas at 

a velocity which causes the gate valve 18 to be shifted toWard its closed position at a 

· velocity of from about 0.2 to about 0.33 in./msec. Stated another way, the propellant 

charge is of characteristics such that the velocity profile for each size of gate valve 

during shifting meets the criteria ·of moving ftom its fully opened position to its tblly 

•closed :position in about 3 to about 5 msec for each inch ofpipe diameter in which the 

10 gate valve assembly is to be mounted. Thus, for example, in the case of gate valve 

apparatus intended for use in piping having a diameter of 10 iil., the closing time of the 

gate valve member 18 should be no slower than about SO msec, and no faster than about 

30msec. 

·' Controlled acceleration of the gate valve member 18 during.opening thereof 

15 pments the gate valve member from impacting against components of the housing·. 

thereof with sufficient force to cause damage to the components, and .from 'bouncing to. 

an extent that the valve aperture 14 could reopen. Avoidance of reopening of the valve. 

member 18 is especially important in those instances where the gate valve apparatus of 

this invention is used in an explosion isolation system.· If the piping in which the gate 

20 valve apparatus is mounted leads to an area where an explosion can occur, adverse 

events that must be avoided include failure of the valve to close rapidly enough to 

prevent a flame front or deflagration products from advancing through the valve before 

closure thereof takes place, and reopening of the valve to any extent that would permit 

the flame ordeflagration products from escaping through the valve that should otherwise 

2S be tUJly closed. 

The dampener unit 99 or 299 in a particular size of gate valve apparatus, 

depending upon the diameter of' the piping in which the apparatus is mounted, 

contributes to avoidance of deleterious impact forces being imparted to the housing of 

the gate valve apparatus when the gate valve member 18 reaches its fully closed position. 

30 Engagement of the gate valve with the dampener unit 99 or 299 decelerates shifting of 

the gate valve member in a predetermined, controlled manner thus preventing transfer 
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of damaging impact forces to the housilagfrom the gate valve member 18 during closure, 

and at the same time precluding bouncing of the gate valve element to an extent that 1he 

aperture 14 could reopen. 

In the case of elastomeric dampener unit 299, the characteristics of that unit are 

5 such that deceleration of the s•te member. 18 is fully and rapidly accomplished, but the 

unit 299 is not so elastic that it ~ends to cause the gate valve member 18 to bounce, 

either once or repeatedly, an4 thus move away from its tu1I closed position. The 

preferred neoprene material used in fabricating dampener unit 299 has a Shore A 

hardness of about 60 to about 70, whic:h has been found to provide smooth and 

10 · essentially bounce-free dampening of the gate valve member 18 as it is shifted toward 

its closed position. 

Gate valve apparatus or assemblies 10 designed for use in piping having a 

diameter of 10 in. or greater preferably employ the honeycomb cellular structure 101 

illustrated in Figs. 1, 11 and .12, whefeinthe structure 101 ls orientechuch that the -=s 

· :15 ·, · of the individual ceQ~ I 03 are parallel to the path of travel of the gate valve member 18 

as it closes. Engqement of tl1e ,ate valve member 18 with the adjacent fiace of the 

honeycomb structure causes the cells to progressively collapse in a controlled manner, 

thus providing controlled and progre~ve deceleration of the gate valve member 18. 

Fig. S illustrates a moctitied valve 8$5eJnbJy l Oa which is identical with assembly 

20 l 0, except that the top fitting 60a is designed to receive and position the cartridge unit 

22a in an upright orientation in substantial axial alignment with piston rod 7la and the 

underlying valve gate member (not shown). Thus, the fitting 60a includes a lower most 

threaded plug section 104 sunnounting ~cylinder S6a. The plug l 04 bas anintemally 

threaded bore 106 receiving the threaded extension 92a of the cartridge unit 22a. A 

2S metallic, cup-like co-.ier 108 is secured t? the section 104 and bas small openings 110 

through the upper wall thereof for passage of the ignition leads I OOa. 102a. As will be 

readily appreciated, the operation of the ~bly lOa is in all respects identical with that 

described with reference to valve assembly 10. 

Fig. 6 illustrates yet another ~dµnent in the form of valve assembly 1 Ob. In 

30 this case. a tubular top fitting 112 is operatively attached to the upper en~ of the housing 

S6b. A yoke coupler I 14 having an externally threaded tubular mounting section 116 
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is reeeived within the threaded bore 118 of the fitting 112. As shown, the coupler 114 

includes a pair of diverging tubular anns 120, 122 which are e8ch the equivalent of the 

outlet section 74 described previously. The remaining components of the cartridge body 

are operatively secured to each of the anns 120, 122, namely the transition piece 76b, 

the intermediate piece 78b and terminal part 80b. forming respective propellant-receiving 

chambers 88b. Identical propellant bodies 90b are located within each of the chambers 

88b, with the extensions 92b thereof threadably received within the bores of the legs 

120, 122. 

In the use of assembly 1 Ob, the propellant charges within each ·of the bodies 90b 

1 O are simultaneously ignited, thereby causing gaseous products of combustion tram both 

of these charges to pass downwardJy through yoke coupler 114b so as to drive the 

piston 72b downwardly within the housing S6b. This of course moves the associated 

gate member as described. 

F.ag. 7 depicts anothet embodiment 124 of the invention which is similar in many 

15 respects to that illustrated in Fig. 1. That is, the valve 124 includes a valve body 126 and· 
' 

gate unit 128 identical to the valve body 12 and gate unit 16 previously described! ·In 

this case, the actuator 130 is very similar to the actuator 20, butis oriented in axial· 

alignment with the gate valve 128. In addition, the actuator 128 is equipped wid.J an . . . 

outboard, threaded adapter 132 received withiiia correspondingly threaded boss 134. 

20 An elongated, tubular, threaded extension 136 is received within the adapter 132 as 

shown, and supports a hollow metallic housing 138, the latter having tubular end fittings 

140, 142. The ignition wiresi 144 associated with the actuator 130 eXtend through the 

adapter 132 and extension 136 into the confines of housing 138. These wires then 

extend through the fittings 140, 142 for appropriate connection to a sensor and power 

2S source as required. As will be readily apparent from a study of Fig. 7, the remaining 

structure of the actuator 130, arid the overall valve 124, are identical with the 

corresponding structure of Fig. 1, and ~e operation of the valve is essentially identical 

as well. However, the provision of the bowing 138 and its assaciated support structure 

adds a measure of safety to the operation of the valve~ by encasing the ignition wires 144 

30 so as to prevent environmental contamination and/or degradation th~£ 
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Fig. 8 illustrates a valve 146 which is identical with valve 126 ofFig. 7, except 

that a pair of juxtaposed actuators 130 are employed in lieµ of the single actuator ofFia-

7. Here again. use is made of~e bosses 134, adapters 132 and extensions 136, in order 

to support a appropriately s~ housing 148 which receives the ignition wire sets 144 

S from each of the actuators 130. As shown, the housing 148 has tubular end fittings ISO, 

152 so that the ignition wires may be connected as indicated previously. In all other 

respects, the valve 140 correspo~ds to the valve 126. 

A preferred form of~ gate valve assembly as shown in Figs. 9 ·and 10 is 

designated by the numeral 210. The valve assembly 210 has many components which 

· 10 are the same or similar to elements of valve assembly 10 as depicted in Figs. land S. 

lS 

. '· . 

Specifically, the gate valve 212 bas e<>mponents which are the same, function the same, 

and operate the same as the compo~ of valve body 12 previously described in 

connection with valve assembly 10 Figs. 1-4. 

An actuator 220 includes ·a~ houSing made up of a cylinder 256 which 

houses a reciprocable piston 272 attaehed to a pision rod 271 that is connected clireGtly 

to the plate 224 that serve's as the .gate valve. Plate 224· has a chw1ar opening 214 · 

therein of the same diameter as the_aligned passages 228 and 229 in flanges 242 and 244, 

respectively, of the gate valve ~12~ 

As best shown in Fig. 10, the actuator 216 has a top fixture 260 connected 

20 directly to the upper circular edge of cylinder 256. Faxture 260 has an irregularly 

configured passage 262 therethrough communicating with the interior of cylinder 256 

and which mounts a gas cartridge actuator unit 222 that is of the same construction as 

cartridge unit 22 previously described. The propellant formulation of cartridge unit222 

is a combination of potassi~ perchlorate. nitroglycerin, nitrocellulose and lead 

2S thiocyanate, as previously descnoed and has the same properties and specification 

referred to with respect to cartridge unit 22. 

The proponion of constmaents of the propellant formulation, the quantities 

thereof; and the bum rate are cor,reJated such that upon burning, of the propellant, when 

the hot products of combustion of the propellant burning are directed into a test vessel 

30 having a volume of32 cc's, a measured pressure of from 4,500 to ~out S,400 psis 

results. Furthermore, the composition of the propellant and the rate of bum of that 
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propellant are coordinated such that the flow rate of products of combustion directed 

into ·housing 2S6 from the canridgeunit upon ignition of the propellant remains subsonic 

and therefore does not exceed mach 1. A suitable gas carttidge actuator is supplied by 

Fike Corporation, Blue Springs, Missouri, as part No. 02-4134. 

s It is also to be obserled ftom Fig. 9 that the. piston 272 in its initial location in 

closest proximity to the fixture 260 is in direct facing relationship to the discharge end 

263 of cartridge unit 222. Furthermore, the fkce 272a of piston 272 which faces fixture 

260, and the surtace 260a of fixture 260 cooperate to define a pressurized gas-receiving, 

· expandable chamber 280. 

·10 A housing 282 for electrical control components is mounted on the outer end of 

· the canridge unit 222 which preferably contains an electrical release module that is 

electrically connected to the :initiator forming a part of the unit 222. When an electrical 

signal is received for triggering of the gate valve to either open or close the passage 

therethrough, the electrical resistance· initiator wires are caused to conduct electrical . 

lS current, thus creating sufficient beat to ignite the initiator charge which in tum ignites. 

the propellant mixture in the cartridge unit; 

In preferred embodiments of the isolation valve of this invention, the piston and 

cylinder assembly made up of tubular housing 256 and piston 272 preferably employ a 

piston having a diameter of 3 inches for use in piping having a diameter of 2 inches, 3 

20 inches, 4 inches, 6 inches, ·8 inches, and 10 inches, while isolation vaJves for use in piping 

systemS in which the pipes have a diameter 12 inches, 14 inches, 16 inches, 18 inches, 

20 inches, and 24 inches, .for example, desirably employ a piston and enclosing housing 

wherein the piston has a diameter of 4 inches. Essentially the same relationship should 

be maintained in gate valve apparatus for use in respective equivalent diameter piping 

2S in metric dimensions. It is to be appreciated in this respect that the gate valve apparatus 

is consttucted and dimensioned such that the gate valve 24 or 224 is shifted through a 

displacement adequate to effect opening or closing of the orifice in the pipeline as the 

case may be. Thus, in the instance of a 2 in. valve, the valve plate must moved through 

a displacement of at least 2 ins., while the valve plate must be moved through a 

30 displacement of at least 24 ins. for a 24 in. pipe. Proportional displacem~ of the valve 

plate is required for other pipe ·sizes. 
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As observed in Figs. 1 and 1 O; for example, each gate valve apparatus of this 

invention regardless of its size depending upon the diameter of the piping in which the 

gate valve apparatus is to be used, is constructed such that there is space between the 

face of the piston and the adjacent gas discharge end of the canridge 22 or 222. This 

S spacing, which at a minimum should be at least about 1/4 in. in the embodiment of the 

invention illustrated in Fig. 10, ensures that the gas discharged from the outlet orifice of 

the gas producing cartridge 22 or 222 spreads unifonnly over the adjacent fiu:e of the 

piston to thereby initiate movement of the piston and consequent shifting of the ·gate 

valve member or plate 18 or 224. If for example piston 272 in its initial home position 

10 directly engaged the outlet onfice of the cartridge 222, the gaseous products of 

combustion discharged from the latter would not be ~ormly dispersed over the face 

of the piston 272 and shifting of the gate member or plate 224 would not be of required 

progressive, controlled accelel'.Btion. It can be therefore seen that in all embodiments of 

the invention, a space ·is provided betWeen the canridge 22 or 222 and the piston 72 or 

· 1s 272. 

The spaee that is provided behveen the face ·of the piston 72 or 272 and an 

associated cartridge 22 or 222 serves to inodulate the pressurized gas exiting from the 

gas generating cartridge against the adjacent face of the piston and thereby prevent 

untoward initial forees being bnposed·on the piston immediately after.actuation of the 

20 . cartridge. It has been found·• by varying the volUllle of that space between the 

cartridge and the piston ·depending upon the size. of the sate valve apparatus, required 

control over acceleration of the piston and, the gate valve member connected thereto can 

be closely and advantageously controlled to assure that the speed of operation is 

maintained within the required parameters as noted above. Thus, if a particular 

2S application requires a larger initial' space between the cartridge and the adjacent face of 

the piston, that can readily be. accomplished by· providing a cylinder of longer overall 

length, thus allowing the piston to be positioned in greater spaced relationship ftom the 

cartridge in the non-actuated location of the piston to increase the initial spacing 

betWeen the piston face and the gas generating cartridge .. 

30 For example, in the case of gate valve apparatus sized for a 2 in. pjpe, it has been 

found that it is desirable to use a 3 in. diameter piston as noted in a cylinder of a length 
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-such that although it has a piston displacement of only 2 in., there is an approximately 

4 in. initial space between the piston and the housing for the cartridge, thus providing 

a pressurized gas modulating zone above the piston. An additional approximately 2 in. · 

initial space beyond the minimum 114 in. space between the piston and gas cartridge has 

S been found to be adequate in gas cartridge actuated isolation valve apparatus sized for 

3 in., 4 in., 6 in. and 8 in. piping. The minimum l/4 in. initial space between the piston 

and the gas cartridge in the initial position of the piston has proved to be sufficient for 

gas cartridge actuated valve apparatus sized to be used in 10 in, 12 in., 14 in. and 16 in. 

valves. An additional approximately 2 in.· ·initial ~pace has been determined to· be 

10 adequate for valve apparatus for 20 in. piping. 

1S 

20 

Best results have been obtained by using two gas generating cartridges22 or 222 

as depicted for example in Fig. 6 or Fig. 8, in gate valve apparatus of this invention sized 

for 12 in. or greater diameter piping. 

In an exemplary isolation valve .for use in· a six inch pipeline, the propellant 

charge should preferably be formulated to ·produce gaseous products of combustion· · 

directed into a 3 inch diameter actuator 220 that cause the gate valve plate 224 to moVe ·· 

to its fully actuated position ·in a time interval of about 18 msec, with the pressure· 

reJativelyuniformly declining during that timeftom a pressure of about 600 psigto about 

0. 



W000/09920 
PCT/US99/18478 

-16-

We claim: 

1 ... In. an isolation gate valve assembly ·having a valve body presenting a 

passageway therethrough, agate unit including a shiftable gate member proximal to said 

passageway and shiftable between a valve open position permitting flow through the 

S passageway ~ a valve closed position wherein the gate member is located in flow­

blocking orientation relative to said •passageway, an improved actuator ior shifting the 

gate member between said positions, said.actuator comprising: 

.10 

JS.· 

20 

2S 

an elongated tubular housing; 

a piston shiftable longitudinally of the housing; 

a piston rod connected to the piston and to the gate member for shifting the gate 

member between said valve open position and ·said valve closed position 

in response to ·movement of the piston,··· 

a gas generating cartridge unit having a gas discharge end, 

the cartridge being·connectecho the tubular housing in diSposition defining an 

expandable pressurized gas-receiving chamber between the piston and 

the gas dischmp eJlCI of the cartridge. 

said cartridg~ being provided with an ignitable gas generating charge which Upon 

ignition buru at a controlled tate producing a·. flow of presiurized 

gaseous products of combustion which tlow into the chamber at a rate 

that does not exceed a velocity of about mach 1, 

the piston being positioned ·for movement from an initial location adjacent to 

but spaced from the discharge end of the cartridge to an actuated 

location, by pressurized gas directed into said chamber from the gas 

cartridge to effect shifting of the gate member from one position thereof 

to the other position of the same. 
the piston in said initial position thereof being spaced ftom the discharge end of 

the cartridge a distance sufficient to prevent pressurized gas first entering 

the chamber upon ignition of the charge from imparting damaging shodc 

forces to the piston, said rod connected thereto, or the gate valve, 

;;.: 
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the gas generating charge being operable to move the piston and thereby the 

. gate member from the initial location ·of the piston to said actuated 

location thereof at a velocity of from about 0.2 to about 0.33 in./msec. 

2. An assembly as set forth in claim l, wherein is provided a dampener unit 

positioned to be engaged by the gate member when the piston approaches its actuated 

location to eft'ect controlled. predetermined deceleration of the gate member. 

3. An assembly as set forth in claim 2, wherein said dampener unit is an 

10 elastomeric element having a Shore A hardness offtom about 60 to about 70. 

4. An assembly as set forth in claim 2, wherein said dampener unit is a 

honeycomb cellular member oriented in disposition with the axes of the cells thereof in 

generally -parallel relationship to the path of travel of the· gate member causing'·,tbe 

15 cellular member to be crushed and decelerate the gate member as it moves·to its actuated 

position. 

S. An assembly as set forth- in claim 1, said cartridge unit comprising an 

elongated cartridge body, said cartridge body oriented in transverse relationship to said 

20 housing. 

25 

6. An assembly as set forth in claim I. said cartridge unit comprising an 

elongated cartridge body, said cartridge body oriented in substantial alignment with said 

housing. 

7. An assembly as set forth in claim 1, wherein is included a plurality of said 

gas-generating cartridge units. all of said units being in direct, facing communication 

with the chamber. 

, .111111~ 1111~ llljl lllll 11 If II 
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8. An assembly as set fort& in claim 1. said cartridge unit comprising an 

elongated cartridge body, said cartridge body oriented in transverse relationship to said 

housing. 

9. An assembly as set forth in claim 1, wherein is provided a control device 

forthe cartridge unit, said control device being mounted ori the tubular housing in direct 

. association with the cartridge unit. 

10. Amethod of selectively actuating an isolation gate valve assembly having 

10 a valve body presenting a passagewaytherethrougb, a gate unit including a sbiftable gate 

member proximal to said passageway and shiftable between a valve open position 

permitting flow through the passageWay·and a vilve closed position wherein the gate 

member is located in flow-blocking orientation relative to said passageway, animproved 

"actuator for shifting the gate member between said positions, said method comprisinj' 

15 

20 

2S 

30 

the steps of 

generating a charge of pressurized gas which has a velocity that does not exceed 

about mach l; and· 

causing said charge of p~ed gas ta effect shifting of the gate member at 

a velocity of about 0.2 to about 0.33 in./msec. 

. I 


