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UNITED STATES PATENT OFFICE 
2,658,460 

ELECTRICALLY OPERATED GAS LIFT WALVE 
Louis F. Davis, Dallas, Tex., assignor to The 
Atlantic Refining Company, Philadelphia, Pa., 
a corporation of Pennsylvania 

Application February 9, 1950, Serial No. 143,328 
(Cl. 103-233) 1 Claims. 

1. 
This invention relates to improvements in flow 

devices for oil wells and the like, and more partic 
ularly to an electrically operated Valve for con 
trolling admission of fluid into a tubing String 
through which reservoir liquids flow to the sur 
face of the earth. 

In producing liquids from oil reservoirs, fre 
quently the pressure within the reservoir initially, 
or after production of some of the oil, is below 
that required to cause the reservoir liquids to flow 
through a production tubing to the well head, 
and it becomes necessary to augment the natural 
reservoir pressure in order to recover the reser 
voir liquid. This is frequently accomplished by 
means of a fluid under high pressure which is ill 
jected into the liquid in the production tubing 
whereby the liquid above the point of admission 
is lifted to the well head under the force of the 
expanding fluid. The admission of fluid into the 
production tubing is controlled by means of a 
Wellflow device or valve. 
Warious types of valves have been proposed and 

used for this purpose, including an electrically 
operated valve, the operation of which is con 
trolled entirely at the surface of the earth and 
is independent of conditions in the well. The 
valve is opened simply by the application thereto 
of an electrica potential and remains. Open until 
such potential is removed. Such valve is not en 
tirely satisfactory for the reason that well condi 
tions vary from time to time and since operation 
of the valve is independent of Such conditions, 
inefficient operation results. For example, if the 
operation time cycle is too short, an excessive 
amount of lifting fluid Will be employed to lift, a 
given amount of well liquid. On the other hand, 
if the operation time cycle is too long, the lifting 
fluid may be insufficient to raise the reservoir 
liquid standing in the tubing to the well head, 

Accordingly, it is one object of the present in 
vention to provide an improved valve for con 
trolling admission of fluid into a Well tubing 
string and which will obviate the foregoing diffi 
Culties. 
Another object is to provide such a valve where 

in the operation of the Valve is controlled elec 
trically. 
A further object is to provide an electrically 

operated Well flow device adapted to be connected 
in the tubing string for controlling the admission 
of fluid thereinto and wherein the valve will be 
opened only when the hydrostatic head of well 
liquid within the tubing string has reached a pre 
determined amount. 
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2 
A further object is to provide an electrical well 

flow device wherein a pressure responsive ele 
ment eXposed to the pressure within the tubing 
String operates a switch for controlling the appli 
cation of electrical energy to a valve actuating 
leaS. 
A still further object of the invention is to 

provide an electrically operated well flow device 
adapted to be connected in the tubing string for 
Controlling the admission of fluid thereinto and 
wherein the valve will be opened only when the 
hydroStatic head of the well liquid within the 
tubing has reached a predetermined amount and 
Will remain open until the well liquid above the 
valve has been lifted to the surface of the earth 
and the pressure Within the tubing string has 
fallen below Said predetermined amount. 
An additional object is to provide an electrically 

operated well flow device adapted to be connected 
in the tubing string for controlling the admission 
of fluid thereinto and wherein the valve will be 
opened only when the hydrostatic head of well 
liquid Within the tubing string has reached a pre 
determined amount and will remain open only 
until the well liquid in the tubing string above 
the valve has been lifted to the well head. 
Other objects and features of the invention 

Will be apparent from the description and draw 
ings which follow. 

Figure 1 is an elevational view, partially in 
Section, showing improved well flowing apparatus 
constructed in accordance with the invention. 
Figure 2 is an elevational view, partially in sec 

tion, showing the electrically controlled valve in 
its closed position and connected within the tub 
ing string. 

Figure 3 is a view similar to Figure 2 showing 
the valve in its open position. 

Figure 4 is an elevational view, partially in 
Section, showing another embodiment of the in 
Vention wherein a pressure responsive switch is 
connected in the tubing string at the upper end 
thereof and exposed to the pressure therein for 
interrupting the flow of electrical energy in the 
valve actuating means thereby to cause the valve 
to close when liquid within the tubing string 
above the valve has been lifted to the well head. 

Broadly, this invention is concerned with a well 
flow device including a well tubing having flow 
paSSages for establishing communication between 
the exterior and interior thereof and through 
which reservoir fluid is conducted to the well 
head. A plurality of electrically operated valves 
are positioned at intervals along the length of the 
tubing for controlling flow through the paSSages. 
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Each of the Walves is adapted to be opened when 
the pressure Within the tubing at the valve reaches 
a predeterrinied value and includes a Wave ele 
ment nowable to open and closed positions, resil 
ient means for continuously urging the valve ele 
ment to One of the positions, actuating leans 
adapted. When energized to move the valve element 
to the other position against the force of the 
resilient means, and an electric circuit for ener 
gizing the actuating means. The electric circuit 
includes a, Source of electrical energy and SWitch 
means arranged to be operated When the preSSLe 
Within the tubing at the valve reaches a predeter 
mined point whereby the application of electrical 
energy to the actuating means is controlled. 

Referring to the drawings, and at this time 
particularly to Figure 1, numeral denotes gen 
erally a well bore having a well casing 2 therein 
With perforations 3 providing communication be 
tween the interior of casing 2 and the producing 
reservoir ?. A tubing stiring 5 is arranged within 
casing 2 So as to provide annular Space 6 there 
between, which is closed adjacent the lower end 
of the tubing string by a Suitable well packer , 
which packs off between the tubing string and the 
casing. Reservoir liquids entering casing 2 
through perforations 3 are directed into tubing 
string 5. 
A plurality of Well flow devices or valves 8, 

constructed in accordance With the invention, are 
connected in tubing String 5 and are located at 
various elevations or levels therein. Each Wave 
8 is adapted to control the admission of a lifting 
fluid into tubing string 5 from annular space 6 
and Such fluid is utilized to lift the reservoir 
liquids upwardly through the tubing string to the 
surface. The invention Will be herein described 
as operating with an auxiliary lifting fluid but 
it is to be understood that the lifting fluid may be 
obtained from a subsurface formation Wich is 
connected into the well casing. When auxiliary 
lifting fluid is employed, it is conducted to an 
nular space 6 through valve controlled pipe 9, the 
admission of the fluid being controlled by a Suit 
able regulator 0. The regulator, as is Well 
known, controls the admission of fluid to admit 
sufficient fluid to maintain the pressure within the 
annular space 6 with desired limitS. 
The valves 8 are all of identical Construction 

and referring particularly to Figures 2 and 3, 
which are similar views showing a valve 8 con 
nected in tubing string 5, except that the valve is 
shown in its closed position in Figure 2 and in its 
open position in Figure 3, each valve includes a 
tubular housing which is constructed of two Sec 
tions, a lower section and an upper Section 2, 
the two sections being connected, as at 3, by 
threading, welding, or in any other Suitable inail 
ner. Section is formed with an axial bore 4 
communicating at One end 5 with annular Space 
6 and in which is provided a valve for Controlling 
the flow of fiuid in bore 3. The valve includes 
valve seat 6 formed integrally within Section 
and closure member 2 adapted to Seat Oi Valve 
seat 6, the closure member being provided on One 
end of Walve stem 8 which extends upWardly 
through axial opening 9 in valve Seat 6 and a 
corresponding opening in lateral partition 28 
thereby to provide a guide for the valve Stein. 
Partition 20 substantially seals the upper end of 
bore A against the fow of fluid. The iower por 
tion 2 of valve stem 8 preferably is poiygCYal 
providing clearance between the valve sten and 
the wall of opening 9 for the passage of fluid 
When closure member it is unseated. Interine 
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4. 
diately of Valve seat 6 and partition 2 axial 
bore COrninunicates With nig.ple 22 which is 
connected to section of the housing by Welding 
or other Suitable means. The nipple is similarly 
connected at its other end with tubing string 5 
and obviously bore and nipple 22 form a fluid 
flow passage between ailina, Space Said tubing 
String 5, fioW through which is controlled by the 
valve provided in bore A and above described. 
COSure member is norinally maintained in a 
seated position by the force of helical Spring 23 
provided about valve stem 3 above partition 29 
and compressed between the latter and a nut 24 
threaded on the Valve Stein. 

Lateral partitions 25, 26, 27, and 28, together 
with cap 29 threaded or otherwise connected to 
the upper end of Section 2 of the valve housing, 
divide that Section into for Separate compart 
ments 3, 3, 32, and 33. Fartition 25, which 
abuts the Upper end of Section of the Valve 
housing, is provided With a Suitable axial Open 
ing through which valve Stein 8 extends into 
compartment 3. The Valve Stein terriniinates in 
compartment 32 and an eniarged 8ind portion 34 
functions as a plunger for a Solenoid adapted to 
actuate the valve against the force of helical 
Spring 23. The Solenoid consists of plunger 34 
and coil 35 disposed about the plunger and rail 
tained in position in compartinent 30 between 
partition 25 and partition 26, the latter having 
formed therein a circular groove to receive the 
end of the coil, as shown. The Solenoid is ar 
ranged so that plunger 35, formed of a magnetiz 
able material, such as iron, will be caused to move 
downwardly against the force of Spring 23 upon 
energization of the Solenoid by flow of electrical 
energy through coil 35, as described hereinafter, 
thereby to open the valve permitting lifting fluid 
to pass through axial bore i and nipple 22 into 
tubing string 5. The valve remains open until 
Said fiOW of electrical energy is interrupted in the 
manner below pointed out. When Such energy 
flow is terminated the force of Spring 23 Will cause 
closure member to seat on Valve Seat f6 to cut 
off further flow of lifting fluid into tubing string 
5 through nipple 22. 
As explained, valve 8 is electrically operated 

and is caused to open When the Solenoid is ener 
gized by the fow of electrical energy there 
through. For Supplying electrical energy to the 
valves 8 connected with tubing string 5, there is 
provided, in accordance with the invention, an 
electrical circuit including preferably a direct 
current Source. The invention will be herein de 
Scribed as operating With a single energy source 
36 (Figure 1) located at the Surface, but it is to 
be understood that Said Source may take the form. 
of a Series of batteries, each of which is disposed 
in the well adjacent one of the valves 8, the 
Operation of which it controls. When the single 
energy Source 36, located at the Surface, is en 
ployed, Such source is connected with each of the 
Valves 8 by means of electrically insulated con 
ductorS 3f and 38. One of the conductors 37 is 
clamped by any suitable means to the outside of 
tubing string and extends downwardly to a point 
approximately adjacent the lowermost valve 8. 
Connected at Suitable points along conductor 37 
are a Series of connecting conductors 39 to each 
of Which, in turn, is connected one terminal of 
the Solenoid coil 35 of one of the valves 8, as 
shown in Figures 2 and 3. Conductor 39 extends 
through a rubber insulator £0 in the wall of upper 
Section 2 of the valve housing into compartment 
3 and thence through a suitable opening in par 
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tition 26 Where it connects with coil 35. The other 
conductor 38 is directly attached to tubing String 
5 to provide a return path to the energy source 36 
for the energy flowing through the Solenoid, aS 
described below in detail. 

It is one purpose of the invention to provide 
an electrically operated well flow device or Valve 
which will be opened only when the hydrostatic 
head of well liquid within the tubing string above 
the valve has reached a predetermined amount. 
To this end there is included in the electrical cir 
cuit, above mentioned, for supplying electrical 
energy to the solenoid a pressure actuated Switch 
arranged to be actuated by the pressure within 
tubing string 5. The switch, denoted generally by 
numeral 4 , is maintained in compartment 32 
of the valve housing and preferably is a knife 
type switch including a pair of stationary con 
tacts 42 attached in an upright position to parti 
tion 2 from which they are electrically insulated 
by any suitable means, not shown, such, for ex 
ample, by providing rubber gaskets therebetween. 
Contacts 22 are connected to the other terminal 
of coil 35 of the solenoid by means of insulated 
conductor 43 which extends through suitable 
openings 443 and 45, respectively, in partitions 26 
and 2, as shown in Figures 2 and 3. A movable 
contact 46 of switch 4 is connected by welding 
or in any other suitable manner to floating head 
4 of a pressure responsive element or bellows 
48 enclosing contacts 42 and 3. Rellows 48 is 
sealed at one end 69 to partition 27 and is nor 
mally urged to a distended position by a coil 
spring 5 disposed in compartment, 33 about the 
portion of bellows head 4 extending through a 
suitable axial bore in partition 28. Spring 5 is 
compressed, as shown, between partition 28 and 
adjustment nut threaded on the end of bellows 
head 4 and maintained in place by lock nut 52. 
It is obvious that spring 5 continuously exerts 4 
a predetermined force on bellows head 47 through 
nut 5 which pressure may be controlled by proper 
adjustment of the latter. This force normally 
maintains bellows 48 in a distended position with 
contacts 2 and 46 apart, that is, with the Switch 
open. The contacts are arranged, however, to be 
engaged closing the switch when sufficient pres 
sure is exerted on the exterior of the bellows to 
compress the latter against the force of Spring 
59. When the switch is closed, a return path is 
completed from solenoid coil 35 to the energy 
source 36 through conductor 43, contacts 42 and 
A6, bellows head 43 formed of a Suitable conduct 
ing material, such as iron, partition 28 with which 
bellows head A is in contact at all times, the 
valve housing, tubing string 5 and conductor 38. 
A suitable bore 53 may be formed in partition 28 
to permit equalization of pressure in compart 
rents 32 and 33. 

Nipple 53 is welded or otherwise secured in the 
Wall of upper section 2 of the valve housing and 
in the wall of tubing string 5 so as to establish 
communication between compartment 4 and the 
interior of the tubing string, thereby exposing bel 
lows 48 to the pressure within the latter. When 
the pressure within the tubing string due to the 
hydrostatic head of liquid above the valve 8 
reaches a, predetermined pressure controlled by 
adjustment nut 5i, as explained, bellows 8 will 
be compressed closing switch 4 to cause: elec 
trical energy to flow through the solenoid and 
thereby unseat closure member 7. Lifting fluid 
then will flow past valve seat f6, through axial 
bore 4 and nipple 22 into the tubing string where 
it will expand and lift reservoir fluid above the 
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6. 
valve to the surface. The valve will remain open 
until the pressure in tubing string 5 falls below 
that necessary to maintain bellows. 48 in com 
pressed position, at which time the knife. Switch 
4 will open interrupting the flow of electrical 
energy in the solenoid, at. Which time closure 
member 7 will be caused to be seated under 
the force of helical spring 23, and the cycle re 
peated. 
In Operation, a plurality of valves 8 are con 

nected in the tubing string 5 and are disposed at 
various elevations therein. Each valve has its 
spring 50 properly adjusted So as to exert a pre 
determined pressure upon bellows: 48: tending to 
maintain the latter in a distended position. 
Although it is normally contemplated to set all 

Valves to operate at the same pressure, they may 
be set with the uppermost valve at the highest 
operating pressure, the next valve at a lower 
pressure and SO on progressively to the OWernost 
valve which would be set at the lowest pressure, 
or the uppermost valve may be set at the lowest 
pressure, the next succeeding waive at a higher 
pressure, and so on progressively to the lower 
most valve which would be set at the highest 
pressure. For example, the uppermost valve in 
the tubing string may be set to open when the 
pressure within the tubing string acting on its 
bellows reaches 450 p.s. i., the next set to oper at 
425 p.s. i., the third at 400 p.s. i., and so on pro 
gressively to the lowermost Valve in the tubing 
which would, of course, be operated at the lowest 
pressure, all of the valves, may be set to operate 
at 450 p. S. i. 
Normally each valve has its parts in the posi 

tion shown in Figure. 2. With bellOWS 48 distended 
and closure member 1 seated on Valve seat. S. 
After the reservoir liquid within annular space 
6 and above packer has been replaced by the 
lifting fluid, the pressure of the lifting fluid is 
maintained at a point considerably above that 
required to lift the reservoir fluid standing in the 
tubing String to the Surface. At this time the 
apparatus is ready for operation to control the 
admission of lifting fluid from annular space 6 
into the tubing string through the lowermost 
valve. It is to be noted that the pressure within 
the tubing string is at all times acting through 
nipple 53 on the exterior of bellows 48. 
The liquid column in the tubing string is then 

permitted to build up to a level. Such that the hy 
drostatic pressure thereof is sufficient to com 
press the bellows and close Switch 4, thereby 
energizing the Solenoid and unseating closure 
menber . At this time the Valve has its parts 
in the position shown in Figure 3 and lifting fluid 
is permitted to pass through axial bore 4 and 
nipple. 22 into the tubing string Wherein it serves 
to lift reservoir liquid above the valve to the Sur 
face. As the lifting fluid expands, the pressure 
thereof, which initially is of the order of 100 
p. S. i. greater than the hydrostatic pressure 
necessary to operate the valve, descreases until 
it is no longer Sufficient to maintain bellows 48 
in a contracted position. At this time Switch 4 
Will open interrupting the flow of electrical en 
ergy through the Solenoid whereby closure men 
ber 7 will again be seated by the force of helical 
spring 23, and the cycle repeated. 
In another embodiment of the invention a 

pressure actuated Switch, inserted in tubing 
String 5 at the upper end thereof and exposed 
to the pressure therein, is connected in the elec 
tric circuit of the valve actuating means or 
Solenoid of valve 8 in a manner so that the elec 
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trical energy actuating the Solenoid will be in 
terrupted and the valve closed as Soon as the 
well liquid in the tubing standing thereabove has 
reached the well head, regardless of the pressure 
remaining in tubing string 5. Referring to 
Figure 4, there is shown an enlarged view of the 
well head wherein a tubular housing 55 for a 
pressure actuated Switch is connected in tubing 
string 5 adjacent its upper end, the housing 
communicating at one end 56 with the interior 
of the tubing string and being closed at its other 
end by cap 57. On the inner wall of cap 57 is 
mounted a pair of Stationary contactS 58 of the 
pressure actuated Switch and the contacts are 
connected in conductor 37 which extends through 
Suitable insulators in the end of cap 57, as shown. 
An elongated contact 59 is mounted Within hous 
ing 55 for longitudinal movement into and out 
of contact. With Stationary contacts 58. Aper 
tured partition 60 in housing 55 serves as a guide 
for moving contact 59, which extends there 
through. A coil spring 6 is provided about one 
end 62 of movable contact 59 and is compressed 
between partition 60 and adjustment nut 63 
whereby movable contact 59 is continuously urged 
into engagement with stationary contacts 58 by 
the force of spring 6. It is to be understood that 
this force may be adjusted by manipulation of 
nut 63 which may be retained in a fixed position 
On contact 59 by means of lock nut 64. End 62 
of movable contact 59 abuts floating head 65 of 
a pressure responsive member or bellows 66, the 
other end of the bellows being secured by any 
suitable means, Such as by Welding, to lateral 
partition 67 formed in housing 55. A pair of ports 
68 in partition 67 provides communication be 
tween the interior of tubing String 5 and the in 
terior of bellows 66. 

In operation, normally the pressure within 
tubing string 5 is relatively low and therefore 
bellows 66 will be maintained in its compressed 
position by the force of contact 59 on floating 
head 65. Under Such conditions it will be seen 
that electrical energy may low from source 38 to 
valves 3 When knife Switch 4 of valve 8 is closed. 
When electrical energy is flowing in the Solenoid, 
Valve 8 will open to admit lifting fluid into tubing 
String 5 wherein the fluid will cause well liquid 
Standing above the valve to pass through the 
tubing string to the well head. When the liquid 
reaches the well head it will pass through valve 
controlled pipe 69 to a suitable storage tank, not 
shown. However, as the liquid passes from the 
tubing string into valve controlled pipe 69 it 
will exert pressure on the interior of bellows 66 
through ports 68 in partition 67. Adjustment nut 
63 is So manipulated that this pressure Will cause 
the bellows to expand causing movable contact 
59 to move out of engagement With contacts 58 
under the force of spring 62 thereby to open 
the electrical circuit between energy Source 36 
and valves 8 resulting in deemergization of the 
Solenoids and the closing of valves 3 notwith 
Standing that the pressure within tubing String 
5 is still Sufficient to maintain bellows 48 of valve 
8 in a contracted position and knife SWitch if 
closed. Stud 9 Secured to bellows head 65 limits 
the amount of contraction of bellows 66 by con 
tact with partition 67 to prevent damage to the 
latter. 
From the foregoing, it is seen that in this em 

bodiment of the invention any one of the valves 
8 will be opened when the hydrostatic head of 
well liquid within the tubing string at that par 
ticular valve has reached a predetermined value 
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8 l 
and will close when the well liquid above the 
valve has been lifted to the well head and bellows 
66 expanded under the pressure thereof to open 
contacts 58 and 59. 

It is to be understood that while it is preferable 
to employ natural gas as the lifting fluid, any 
other suitable gas may be employed for this pur 
pOSe. 
While in the foregoing there has been shown 

and described the preferred embodiment of this 
invention, it is to be understood that minor 
changes in the details of construction, combina 
tion, and arrangement of parts may be resorted 
to without departing from the Spirit and Scope 
of the invention as claimed. 

I claim: 
1. In a Well flow device including a well tubing 

having a flow paSSage for establishing communi 
cation between the exterior and interior thereof, 
a valve element positioned in Said flow passage 
movable to open and closed positions for control 
ling flow through the passage, resilient means 
for continuously urging the valve element to one 
of the positions, a magnetizable plunger con 
nected. With Said valve element, and actuating 
means comprising an electromagnetic coil adapt 
ed, when energized, to move Said plunger where 
by to shift the valve element to the other posi 
tion against the force of the resilient means; the 
combination thereWith of means for automati 
cally energizing the actuating means when the 
pressure within the tubing at the valve reaches 
a predetermined value comprising an electric 
circuit including a Source of electrical energy 
connected with the actuating means, pressure re 
Sponsive SWitch means connected in the electric 
circuit and adapted to be operated upon the ap 
plication thereto of a pressure equal to the pre 
determined value, a housing enclosing the pres 
Sure responsive Switch means, and passage means 
providing communication between the housing 
and the Well tubing. 

2. In a well flow device including a well tubing 
having a fiOW passage for establishing communi 
cation between the exterior and interior thereof, 
a Valve element positioned in Said flow passage 
movable to Open and closed positions for control 
ling flow through the passage, resilient means 
for continuously urging the valve element to one 
of the positions, a magnetizable plunger connect 
ed. With Said valve element, and actuating means 
Comprising an electromagnetic coil adapted, 
When energized, to move said plunger whereby to 
shift the valve element to the other position 
against the force of the resilient means; the 
combination therewith of means for automati 
cally energizing the actuating means when the 
preSSure Within the tubing at the valve reaches 
a predetermined value comprising an electric cir 
cuit including a Source of electrical energy con 
nected With the actuating means, normally open 
preSSule responsive Switch means connected in 
the electric circuit and adapted to be closed 
upon the application thereto of a pressure equal 
to the predetermined value, a housing enclosing 
the pressure responsive Switch means, and pas 
Sage means pl’OWiding communication between 
the housing and the well tubing. 

3. In a Well flow device including a well tubing 
having a flow passage for establishing come 
munication between the exterior and interior 
thereof, a valve element positioned in said flow 
paSSage movable to open and closed positions for 
controlling flow through the passage, resilient 
means for continuously urging the valve ele 
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ment to One of the positions, a magnetizable 
plunger connected with said valve element, and 
actuating means comprising an electromagnetic 
coil adapted, When energized, to move Said 
plunger Whereby to Shift the valve element to 
the other position against the force of the resil 
ient means; the combination therewith of means 
for automatically energizing the actuating means 
when the pressure within the tubing at the valve 
reaches a predetermined value comprising an 
electric circuit including a source of electrical 
energy connected with the actuating means, pres 
Sure responsive SWitch means connected in the 
electric circuit and adapted to be operated upon 
the application thereto of a pressure equal to 
the predetermined value, said Switch means hav 
ing a pressure responsive operating element, a 
housing enclosing the pressure responsive switch 
means, and paSSage means providing communi 
cation between the housing and the well tubing 
for eXposing Said pressure responsive element to 
the pressure within the tubing. 

4. In a Well flow device including a well tubing 
having a flow passage for establishing communi 
cation between the exterior and interior thereof, 
a valve element positioned in said flow passage 
movable to open and closed positions for con 
trolling flow through the passage, resilient means 
for COntinuously urging the Valve element to one 
Of the positions, a magnetizable plunger con 
nected with said valve element, and actuat 
ing means comprising an electromagnetic coil 
adapted, when energized, to move said plunger 
whereby to shift the valve element to the other 
position against the force of the resilient means; 
the combination thereWith of means for auto 
natically energizing the actuating means when 
the pressure within the tubing at the valve 
reaches a predetermined value comprising an 
electric circuit including a source of electrical 
energy connected with the actuating means, pres 
sure responsive switch means connected in the 
electric circuit and adapted to be operated upon 
the application thereto of a pressure equal to the 
predetermined value, said switch means compris 
ing a switch having a fixed member, a movable 
member, and a pressure responsive element con 
nected to said nowable member, a housing en 
closing the pressure responsive switch means, and 
passage means providing communication between 
the housing and the Well tubing for exposing said 
pressure responsive element to the pressure with 
in the tubing. 

5. In a well flow device including a well tubing 
having a flow paSSage for establishing communi- 5: 
cation between the exterior and interior thereof, 
a valve element positioned in Said flow paSSage 
movable to open and closed positions for con 
trolling flow through the passage, resilient means 
for continuously urging the valve element to one 
of the positions, a magnetizable plunger con 
nected with said Valve element, and actuat 
ing means comprising an electromagnetic coil 
adapted, when energized, to move said plunger 
Whereby to shift the valve element to the other 
position against the force of the resilient means; 
the combination therewith of means for auto 
matically energizing the actuating means when 
the pressure Within the tubing at the valve 
reaches a predetermined value comprising an 
electric circuit including a source of electrical 
energy Connected with the actuating means, pres 
sure responsive Switch means connected in the 
electric circuit and adapted to be operated upon 
the application thereto of a pressure equal to the 

O 

15 

20 

40 

50 

5 5 

60 

70 

75 

10 
predetermined value, said switch means compris 
ing a SWitch having a fixed member, a movable 
member, and a bellows connected to said movable 
member, a housing enclosing the pressure respon 
Sive SWitch means, and passage means providing 
communication between the housing and the Well 
tubing for exposing said bellows to the pressure 
Within the tubing. 

6. In a well flow device including a well tubing, 
a housing adapted to be connected in the tubing, 
said housing having a Valve compartment and a 
SWitch compartment, a flow passage comprising 
interconnecting openings in said tubing and said 
Valve Compartinent for establishing communica 
tion between the interior and exterior of said 
tubing, a valve element mounted within the valve 
Compartment and movable to open and closed 
positions for controlling flow through the pas 
sage, resilient means connected with the valve 
element for moving the valve element to one of 
the positions, a magnetizable plunger connected 
With said valve element, and actuating means 
comprising an electromagnetic coil adapted, 
When energized, to move said plunger whereby 
to shift the valve element to the other posi 
tion against the force of the resilient means; 
the combination therewith of means for auto 
imatically energizing the actuating means When 
the preSSure Within the tubing at the valve 
reaches a predetermined value comprising an 
electric circuit including a source of electrical 
energy connected with a actuating means, pres 
Sure responsive Switch means connected in the 
electric circuit and adapted to be operated upon 
the application thereto of a pressure equal to the 
predetermined Value, Said switch means being 
mounted in said SWitch compartment and having 
a pressure responsive element, and passage means 
providing Communication between the switch 
compartment and the well tubing for exposing 
said pressure responsive element to the pressure 
Within the tubing. 

7. In a well flow device including a well tubing, 
a housing adapted to be connected in the tubing, 
Said housing having a valve compartment and a 
switch compartment, a flow passage comprising 
interconnecting openings in said tubing and said 
Valve compartment for establishing communica 
tion between the interior and exterior of said 
tubing, a Valve element mounted within the valve 
compartment and movable to open and closed 
positions for controlling flow through the pas 
Sage, resilient means connected with the valve 
element for moving the valve element to one of 
the positions, a magnetizable plunger connected 
with said valve element, and actuating means 
comprising an electromagnetic coil adapted, 
when energized, to move said plunger whereby 
to shift the valve element to the other position 
against the force of the resilient means; the com 
bination therewith of means for automatically 
energizing the actuating means when the pres 
Sure within the tubing at the valve reaches a pre 
determined value comprising an electric circuit 
including a source of electrical energy connected 
With the actuating means, pressure responsive 
Switch means connected in the electric circuit 
and adapted to be operated upon the application 
thereto of a pressure equal to the predetermined 
Value, said Switch means being mounted in said 
SWitch compartnent and comprising a fixed 
member, a movable member, and a pressure re 
Sponsive element connected to said movable mem 
ber, and passage means providing communication 
between the SWitch compartment and the Well 
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tubing for exposing said pressure responsive ele 
ment to the pressure within the tubing. 

8. In a well flow device including a well tub 
ing, a housing adapted to be connected in the 
tubing, said housing having a valve compart 
ment and a switch compartment, a flow passage 
comprising interconnecting openings in said tub 
ing and said valve compartment for establish 
ing communication between the interior and ex 
terior of said tubing, a valve element mounted 
within the valve compartment and movable to 
open and closed positions for controlling flow 
through the passage, resilient means connected 
with the valve element for moving the valve ele 
ment to one of the positions, a magnetizable 
plunger connected with said valve element, and 
actuating means comprising an electromagnetic 
coil adapted, when energized, to move said 
plunger whereby to shift the valve element to 
the other position against the force of the re 
silient means; the combination therewith of 
means for automatically energizing the actuating 
means when the pressure within the tubing at 
the valve reaches a predetermined value Com 
prising an electric circuit including a source of 
electrical energy connected with the actuating 
means, pressure responsive SWitch means con 
nected in the electric circuit and adapted to be 
operated upon the application thereto of a pres 
sure equal to the predetermined value, said 
Switch means being mounted in Said Switch com 
partment and comprising a fixed member, a mov 
able member, and a bellows connected to Said 
movable member, and passage means providing 
communication between the Switch compartment 
and the well tubing for eXposing said bellows to 
the pressure within the tubing. 

9. In a well flow device including a well tubing 
having a flow passage for establishing commu 
nication between the exterior and interior there 
of, a valve element positioned in said flow pas 
sage movable to open and closed positions for 
controlling flow through the passage, resilient 
means for continuously urging the valve element 
to one of the positions, a magnetizable plunger 
connected with said valve element, and actuat 
ing means comprising an electromagnetic coil 
adapted, when energized, to move said plunger 
whereby to shift the valve element to the other 
position against the force of the resilient means; 
the combination therewith of means for auto 
matically energizing and deenergizing the actu 
ating means comprising an electric circuit in 
cluding a source of electrical energy for the ac 
tuating means, a first housing mounted on said 
tubing at the approximate level of said flow paS 
sage, a first switch means connected in said cir 
cuit and arranged to be operated when the pres 
Sure within the tubing at the valve reaches a 
predetermined point for controlling the appli 
cation of electrical energy to the actuating 
means, said first switch means being mounted 
in Said first housing and having a pressure re 
sponsive operating element, passage means pro 
viding communication between said first hous 
ing and said tubing for exposing the pressure 
responsive element of Said first switch means to 
the pressure within the tubing at the level of 
said first housing, a second housing mounted on 
said tubing at the upper end thereof, second 
Switch means mounted in said Second housing 
and adapted to interrupt the application of elec 
trical energy to the actuating means when the 
pressure within the tubing at said upper end 
reaches a predetermined value, said Second 
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12 
switch means having a pressure responsive oper 
ating element, and passage means providing com 
munication between said second housing and the 
upper end of said tubing for exposing the pres 
Sure responsive element of said second Switch 
means to the pressure within the upper end of 
Said tubing. 

10. In a well flow device including a well tubing 
having a flow passage for establishing commu 
nication between the exterior and interior there 
of, a Valve element positioned in said flow pas 
Sage movable to open and closed positions for 
controlling flow through the passage, resilient 
means for continuously urging the valve element 
to one of the positions, a magnetizable plunger 
connected with said valve element, and actuat 
ing means comprising an electromagnetic coil 
adapted, Wher energized, to move said plunger 
Whereby to shift the Valve element to the other 
position against the force of the resilient means; 
the combination therewith of means for auto 
matically energizing and deenergizing the actu 
ating means comprising an electric circuit in 
cluding a source of electrical energy for the ac 
tuating means, a first housing mounted on said 
tubing at the approximate level of said flow pas 
Sage, first Switch means connected in said cir 
cuit and arranged to be actuated when the pres 
Sure Within the tubing at the valve reaches a pre 
determined point for controlling the applica 
tion of electrical energy to the actuating means, 
Said first Switch means being mounted in said 
housing and comprising a switch having a fixed 
member, a movable member, and a pressure re 
Sponsive element connected to said movable 
member, paSSage means providing communica 
tion between said first housing and said tubing 
for exposing the pressure responsive element of 
Said first Switch means to the pressure within 
the tubing at the level of said first housing, a 
Second housing mounted on said tubing at the 
upper end thereof, second switch means mounted 
in Said Second housing and adapted to interrupt 
the application of electrical energy to the ac 
tuating means when the pressure within the 
tubing at Said upper end reaches a predetermined 
value, Said second switch means having a pres 
Sure responsive operating element, and passage 
means providing communication between said 
Second housing and the upper end of said tubing 
for eXposing the pressure responsive element of 
said Second Switch means to the pressure within 
the upper end of said tubing. 

11. In a well flow device including a well tubing 
having a flow passage for establishing communi 
cation between the exterior and interior thereof, 
a valve element positioned in said flow passage 
movable to open and closed positions for control 
ling flow through the passage, resilient means for 
continuously urging the valve element to one of 
the positions, a magnetizable plunger connected 
With Said valve element, and actuating means 
comprising an electromagnetic coil adapted, when 
energized, to move said plunger whereby to shift 
the valve element to the other position against 
the force of the resilient means; the combination 
thereWith of means for automatically energiz 
ing and deemergizing the actuating means com 
prising an electric circuit including a source of 
electrical energy for the actuating means, a first 
housing mounted on said tubing at the approxi 
mate level of said flow passage, first switch means 
connected in Said circuit and arranged to be 
actuated when the pressure within the tubing at 
the Valve reaches a predetermined point for con 
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trolling the application of electrical energy to the 
actuating means, said first switch means being 
mounted in said housing and comprising a SWitch 
having a fixed member, a movable member, and 
a bellows connected to said movable member, 
passage means providing communication between 
said first housing and Said tubing for exposing 
fhe bellows of said first SWitch means to the pres 
sure within the tubing at the level of said first 
housing, a second housing mounted on said tubing 
at the upper end thereof, second Switch means 
mounted in Said second housing and adapted to 
interrupt the application of electrical energy to 
the actuating means when the pressure within 
the tubing at said upper end reaches a predeter 
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mined Value, said second switch means having a 
preSSure responsive operating element, and pas 
Sage means providing communication between 
Said second housing and the upper end of said 
tubing for exposing the pressure responsive ele 
ment of said Second switch means to the pressure 
Within the upper end of said tubing. 

LOUIS F. DAVIS. 
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