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This invention relates to well production apparatus and 
more particularly to gas lift valve mechanism for use in 
oil wells and the like for controlling the admission of 
gas under pressure into a column of fluid in the Well to 
assist the outflow of the fluid from the well. 

In the production of oil wells it is common practice 
to provide such wells with a well casing within which a 
string of tubing or production string of Sinaller diameter 
than the casing is positioned and through which fluid is 
removed from the well. Under some conditions, the pres 
sure in the well is insufficient to cause the well to flow and 
under these conditions gas lift mechanism is often en 
ployed to produce an outflow of well fluid through the tubing. 

in the conventional gas lift system gas or air under 
pressure is introduced into the well casing and is injected 
through suitable gas-lift valves, located at spaced loca 
tions along the tubing, into the column of well fluid inside 
the tubing to lift the well fluid to the surface. The gas 
lift valves used for this purpose are constructed and pro 
vided with actuating mechanism, whereby the valves are 
caused to open and close under predetermined pressure 
conditions in the casing and tubing to control the ad 
mission of pressure from the casing into the tubing string. 
At times gas lift mechanism is used in wells in which 

the well bore penetrates oil bearing formations at dif 
ferent depths from which oil may be produced at different 
rates and under different well pressure conditions. Under 
these circumstances it is customary to make use of two 
production strings in the well casing, each of which is 
arranged to remove the oil from a different formation, 
this system being commonly known as "dual completion.” 
Gas lift valves, as heretofore commonly constructed, 

do not lend themselves well to accurate adjustment for 
response to varying well pressure conditions, so that it is 
extremely difficult to adjust the valves throughout the 
length of the tubing for most economical production. As 
ordinarily used each valve is separately adjusted before 
being inserted in the tubing string for operation under 
the particular pressure conditions which it is expected 
will be present at the location where the valve will be 
positioned when the string is inserted in the well, which 
often results in inefficient operation when the well is sub 
ject to substantial variations in well pressure conditions, 
or when it becomes necessary to vary the casing pressure 
to obtain more effective production. 

Such gas lift valves are usually constructed for opera 
tion by variation in the pressure of fluid in the casing, 
and valves of this type when used in dual completion 
operations frequently result in unsatisfactory production 
because of the wide variation in the pressure conditions 
in the well where the oil bearing formations are at sub 
staintially different depths. 
The present invention has for an important object the 

provision of a gas lift valve actuating mechanism which 
may be preset for response to widely varying pressure 
conditions to obtain efficient production in wells wherein 
the pressure conditions vary widely. 

Another object of the invention is to provide gas lift 
valve mechanism which is responsive to the pressure in 
the tubing to open the valve independently of the pres 
sure in the casing. 
A further object of the invention is the provision of 
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2 
gas lift valve mechanism embodying valve actuating 
means which is responsive to the differential of the 
pressures in the tubing and in the casing, and which may 
be adjusted for accurate response to a predetermined pres 
sure differential to open or close the valve. 
Another object of the invention is the provision of 

gas lift valve mechanism including valve means which is 
responsive to the pressure in the casing to close the valve 
and means operable by the pressure in the tubing when 
the tubing pressure reaches a predetermined value to 
cause a reduction in the pressure on the valve to permit 
the valve to open. 
A further object of the invention is to provide gas-lift 

valve mechanism embodying a valve having actuating 
means which is responsive to the pressure of fluid in the 
weil casing to hold the valve in closed position and in 
cluding means for reducing the pressure on said actuating 
means to allow the valve to open in response to certain 
predetermined pressure conditions in the well casing and 
tubing to admit pressure from the casing into the tubing 
and for reapplying casing pressure to said actuating means 
to cause the valve to close in response to other predeter 
mined pressure conditions in the casing and tubing. 
The above and other important objects of the inven 

tion may best be understood by the following detailed 
escription, constituting a specification of the same when 

considered in connection with the annexed drawings, wherein 
FIGURE i is a diagrammatic view of a portion of a 

well showing a plurality of the gas lift valves of the 
invention installed in a tubing string and illustrating the 
manner in which the invention is used; 
FIGURE 2 is a fragmentary, side elevational view, 

partly broken away and partly in cross-section, illustrating 
a preferred embodiment of the gas lift valve of the in 
vention and showing the waive in open condition; 
FIGURE 3 is a view similar to that of FIGURE 2, 

showing the valve in closed condition; 
FIGURE 4 is a fragmentary, vertical, central, cross 

Sectional view, on an enlarged scale, illustrating a pre 
ferred embodiment of the pilot valve mechanism of the 
invention, by which the opening and closing of the gas 
lift valve is controlled; 
FIGURE 5 is a cross-sectional view, taken along the 

line 5-5 of FGURE 4, looking in the direction indicated 
by the arrows; 
FiGURE 6 is a fragmentary, vertical, central, cross 

sectional view illustrating a somewhat modified form of 
the pilot valve mechanism of FIGURE 4, showing the 
Inechanism in the closed condition of the pilot valve; 
FIGURE 7 is a view similar to that of FIGURE 6, 

showing the pilot valve mechanism of FIGURE 6 with 
the pilot valve in open condition; 
FiGURE 8 is a fragmentary, vertical, central, cross 

Sectional view of a modified form of the pilot valve mech 
anism of the invention showing the pilot valve in open position; and 
FIGURE 9 is a view similar to that of FIGURE 8, 

showing the pilot valve in closed condition. 
Referring now to the drawings in greater detail, the 

invention is illustrated herein in connection with its ap 
plication to the production of oil from an oil well, such 
as that illustrated in FIGURE 1, having a bore B in which 
a well casing C is located which extends into an oil bear 
ing formation F and is provided with perforations P 
through which well fluid from the formation may enter 
the casing. The well is provided with the usual produc 
tion String or tubing T extending downwardly within the 
casing C and whose lower end is open to permit the out 
flow of well fluid from the casing through the tubing, 
and whose upper end extends upwardly through the cas 
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ing head H closing the upper end in the casing, Suitable 
packer means S is provided in the well in position to 
form a sea between the exterior of the tubing and the 
interior of the casing at a location above the lower end 
of the tubing. The casing also has a fluid pressure supply 
pipe G through which gas under pressure is supplied to 
the interior of the casing from any Suitable source Cf 
supply. 
The gas lift valves 13 of the invention are connected 

into the tubing string T at iongitudinaliy Spaced intervals 
in the tubing in the usual mainer, as illustrated in Fig 
URE 1, for the purpose of admitting iiid uilder p?cSSle 
from the casing into the tubing at desired locations to 
cause an upward ficw of well fluid in the tubing. 
As illustrated in FCURES 2 and 3 each of the gas 

lift valves of the invention comprises a tubular body 22, 
whose upper and iower ends are externaily threaded for 
connection into the tubing string, only orie such t?i readed 
end 4 being shown. Adjacent its upper end the body 
F2 is provided with a plurality of ports is extendig 
through the wall of the body and Spaced about its cir 
cumference and forming gas admission passageways to 
the tubing string. A tubular housing 13 of Sgniewhat 
larger diameter than the body a2 is concentrically air 
ranged about the exterior of the body to define an anniar 
space between the body and the housing forming a valve 
chamber 28 which enclose the 'i alve mechanism to be 
subsequently described. The ports ió constitute outlet 
ports for the valve chamber 2i. The upper end of the 
housing 33 extends somewhat above the ports 6 and 
waive chamber 2 is and is closed at its upper end by a 
tubular bushing 22, whose upper end is interially 
threaded for attachment to the externally threaded end 
14 of the body. Suitable packer means, such as the O 
ring 24, positioned in an external groove in the bushing 
2, provided for that purpose, fornis a seal between the 

inside of the housing and the exterior of the bushing. The 
body 2 is also provided with external annular grooves 
located within the bushing 22, with which suitable pack 
ing, such as the O-rings 26, are located to form a fluid 
tight seal between the inside of the bushing and the ex 
terior of the body. 
The lower end of the valve chamber 28 is closed by 

means of a closure ring 23 which may be welded or other 
wise rigidly connected to the housing 8 and whose inner 
diameter is somewhat larger than the external diameter 
of the portion of the body 22, located inside of the closure 
ring to form an annular passageway 38 in communication 
with the lower end of the valve chamber 28. A lower 
tubular sleeve 32 surrounds the body 2, which sleeve is 
connected at its upper end to the closure ring 23, as by 
means of welding, and at its lower end is similariy con 
nected to an external annular shoulder 34 formed by an 
annular enlargement 35 on the body. This joyer Steeve 
may have the same external diameter as the housing 8. 
The sleeve 32 defines the outer wall of an annular di 
aphragm chamber 36, whose lower end is formed by the 
shoulder 34 and whose upper end is formed by the closure 
ring 28. 
The lower end of the closure ring 23 has an annuliar 

skirt 38 formed with an annular, radially outwardly ex 
tending projection 49 on its lower end, about which skirt 
the upper end of an annular flexible diaphragm 42 ex 
tends, which diaphragm is formed with a thickened upper 
marginal portion 44, positioned above the projection 49 
and bonded to the external surface of the skirt 33. The 
flexible diaphragm 42 may be formed of a suitabie Ina 
terial, such as rubber or the like, and is provided at its 
lower end with an annular thickened marginal portion 
46, which fits into an external annular recess 43 in the 
body and is bonded to the body in the recess. Ti The flexible 
diaphragm 42 forms the upper portion of the inner wall 
of the chamber 33, and separates this chamber from the 
valve chamber 20. The external enlargeinent 35 of the 
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4 
body 2 has a passageway 50 in communication at its 
upper end with the chamber 36 and whose lower end leads 
to the exterior of the body, and through which pressure 
in the casing may cnter the chamber 33 to act upon the 
diaphragm 82. 
The upper end of the closure ring 28 is provided with 

an upwardly extending annular projection 52 of reduced 
external diameter forming an anilular seat 54 between the 
exterior cf the projection and the inner wall of the ad 
jacent portion of the housing 8. A main valve 56 which 
takes the for in of a tubular sleeve valve, constructed of 
flexible resilient material, such as rubber or the like, is 
coaxialiy disposed in the valve chamber 29, Surrounding a 
portion of the body 2. Sleeve valve 56 has a wall thick 
iness substantially less than the width of the chamber 20, 
and the lower end of the sleeve valve is disposed in the 
seat 54 and is tightly clamped therein between the outer 
surface of the projection 52 and the housing E8 to form 
a fluid tight seal with the housing. At its upper end the 
sleeve valve is clampingly engaged between the exterior 
of the body 22 and the inner wall of an internally thick 
ened portion 53 of the housing 3. This internally thick 
ened portion 58 of the housing 18 has one or more pas 
sageways 60, forming a part of the valve chamber 28. 
Suitable packing means, such as the O-ring 62, is posi 
tioned between the external surface of the body 2 and the 
internal surface of the thickened portion 58, to form a 
fluid tight seal therebetween. 
The housing i3 is provided with a plurality of peripher 

aily eiongated slots 64, extending therethrough opposite 
the midportion of the sleeve valve 56 through which pres 
sure in the casing may enter the housing. The slots 64 
provide communication between the exterior or the housing 
83 and valve chamber 26, being the inlet ports to the 
valve chamber. 
A tubular check valve 66 is mounted in the chamber 

29 surrounding a portion of the body 2 between the ports 
16 and the sleeve valve 56, Check valve 66 is composed 
of flexible resilient material such as rubber, and has an 
upwardly and outwardly flaring lip portion 68 positioned 
to be expanded into contact with the internally thickened 
portion 58 of the housing 8 to close the passageways 60 
when the check valve is closed, and which is out of con 
tact with said inwardly thickened portion when the valve 
is open, to permit the inward flow of fluid through the 
passageways 6) through the ports 16. The lower end of 
the valve 65 has a thickened portion 70, which is situated 
between the exterior of the body 2 and the internal wall 
of the internally thickened portion 58. 
The valve chamber 28 between the valve 56 and the 

flexible diaphragm 42 is completely filled with a suitable 
fluid, such as oil or the like, so that upon inward flexing 
of the diaphragm 42 under the influence of the pressure 
of fluid entering the chamber 36 from the casing through 
the passageway 5, the liquid between the flexible dia 
phragm and the valve S5 will be forced upwardly to move 
the valve 56 to closed position, closing the openings 64, 
as shown in FIGURE 3, to shut off the flow of gas from 
the casing into the interior of the tubing through the 
passageways 69 and ports i6. The flexible diaphragm 
42 is so designed that when the pressure in the chamber 
36 beneath the diaphragm is the same as the pressure in 
the casing exteriorly of the chamber the diaphragm will 
exert a force on the liquid above the diaphragm to hold 
the valve 56 in closed position as shown in FIGURE 3, 
or if desired some additional means, such as a spring or 
the like, not shown, may be positioned about the dia 
phragm to yieldingly urge the diaphragm toward the body 
12, to exert a force on the liquid above the diaphragm to 
hold the valve 56 closed when the pressure in the chamber 
36 is equal to the pressure in the casing exteriorly of the 
chamber, 

Upon a reduction of the pressure in the chamber 36 
below the pressure in the casing, which takes place under 
the control of pilot valve mechanism hereinafter de 
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scribed, the flexible diaphragm 42 will be expanded out 
wardly, due to the inward pressure of the gas in the casing 
on the valve S6 through the openings 64 to permit the 
casing pressure to open the valve 56 to allow fluid to flow 
from the casing through the passageways 66 and ports 6 
into the tubing. 

In the event that the pressure in the tubing should 
exceed the pressure in the casing, the back flow of fluid 
through the ports 6 will expand the check waive 66 
to close the passageways 68, to prevent such back flow 
from the tubing into the casing. 

Beneath the annular enlargement 35 of the body 12 the 
body has an annular portion 72 of reduced external 
diameter, which terminates at its lower end in an external 
annular enlargement 74 and pilot valve mechanism for 
controlling the operation of the above described valve 56 
is disposed between the annular enlargements 35 and 74, 
as best seen in FIGURES 4, 5, 8 and 9. The body 12 
has a passageway 76 in communication at its inner end 
with the interior of the tubing, and whose outer end is 
provided with a valve seat forming a part of such pilot 
valve mechanism. 
A preferred form of the pilot valve mechanism of the 

invention is illustrated in FIGURES 4 and 5 wherein the 
valve has a tubular valve casing 78, which may con 
veniently be made up of a number of tubular sections 86, 
82 and 84 which are threadably secured together. The 
upper end of the uppermost section 80 of the valve casing 
fits within a downwardly opening recess 86 of the en 
largement 35 and is provided with an externally threaded 
upper end or plug 83, threaded into an internally thread 
ed opening in the annular enlargement 35. The plug 88 is 
provided with a passageway 90 in communication with the 
passageways 76 in the body 2, and provides a valve seat 
92 within the upper section. The upper end of the upper 
section 8) is also provided with an annular outwardly 
flaring end groove 94, into which the lower end of the 
passageway 5 opens, and from which one or more pass 
ageways 96 lead to the interior of the section. The upper 
section 80 is also provided with a small port 98 in com 
munication with the interior of the section and with the 
interior of the surrounding casing. 
The intermediate section 82 of the casing 73 has an 

externally threaded upper end portion 100, which is 
threadably connected to the internally threaded lower end 
of the upper section and which substantially closes the 
same. The upper end of the intermediate section 82 has 
a central opening therethrough through which a valve 
stem 192 is slidably extended, which stem carries a valve 
64 at its upper end positioned to move into and out of 

closing engagement with the seat 92. The intermediate 
section 82 also has a side opening 106 therethrough. At 
its lower end, which is internally threaded, the intermedi 
ate section 82 is closed by the externally threaded up 
per end portion {3 of the lower section 34, and this 
upper end portion i98 has a central opening therethrough 
through which the stem 102 is slidably extended into the 
lower section 84. At its lower end the lower section 84 
is closed by a screw plug 118, which bears against the 
upper end of a retainer screw 12, which is threadably 
extended through an opening in the lower annular en 
largement 74, to hold the valve casing securely in po 
sition on the body 2 and to permit removal of the valve 
casing therefrom when desired. 
An expansible bellows 1:4 is positioned in the lower 

Section S4, which bellows is attached at its lower end to 
the plug i18, and at its upper end to a head 116 carried 
on the lower end of the valve stem 102. The lower sec 
tion 84 also has a port i8, in communication with the 
interior of the section and with the interior of the sur rounding casing. 

Within the intermediate section 82 a coil spring 120 
Surrounds the stem 62, which bears at its lower end on 
the upper end of the lower section 84 and at its upper 
end against an adjusting nut 22 threadably carried on 
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6 
the stem 62, whereby the force of the spring 120 ex 
erted on the stem 62 tending to move the valve 04 
toward closing position may be adjusted. 
The lower end plug 10 of the lower section 84 may 

be provided with an opening 24 ciosed by a screw plug 
E26, through which fluid may be introduced into the in 
terior of the bellows 24. 

In the operation of the above described pilot valve 
mechanism, as best illustrated in FIGURE 4, the bel 
Iows i4 is filled with gas at a desired pressure, to urge 
the valve i84 toward closing position. Due to the fact 
that the interior of the bellows chamber in the lower 
Section S4 is in communication with the interior of the 
Surrounding casing the bellows 14 will be subjected to 
the pressure of fluid in the casing tending to move the 
valve i84 toward open position against the pressure of 
fluid in the bellows. The valve 104 will also be urged 
toward closing position by the spring 20 and also by 
the upward force exerted on the valve by the pressure 
of fluid in the casing entering the upper section 80 through 
the port 98. When the pressure in the interior of the 
tubing exerted on the valve 104 through the passageways 
76 is Sufficiently high to coact with the pressure exerted 
by the fluid in the casing acting on the head 16 of the 
bellows i4 to overcome the force exerted by the pres 
Sure of fluid in the casing acting on the valve i04 in the 
upper section i? 8 and the force of the spring 29, then 
the valve i84 will be opened. Upon opening of the valve 
164 fluid may flow from the chamber 36 beneath the 
flexible diaphragm 42 through passageway 53 and paS 
Sageways 96 into the upper section 80, and thence through 
passageways 99 and 76 into the tubing, so that the pres 
Sure of fluid in the casing may enter the housing 18 
through openings 64 to move the valve 56 to Open po 
sition to permit casing pressure to flow into the interior 
of the tubing through passageways 60 and ports 16. 
When the pressure in the tubing falls to a point at which 
the pressure of the fluid in the bellows 14 and the pres 
Sure of the Spring 120 are sufficient to close the valve 
94, then the pressure of fluid in the casing will enter 

the chamber 36 through the port 98, passageways 96 and 
passageway 58 to act on the diaphragm 42 to exert a 
force on the liquid above the diaphragm to cause the valve 
56 to close, whereupon the inflow of fluid from the casing 
into the interior of the tubing will be cut off. 
By suitably adjusting the cross-sectional area of the 

passageway 90, the cross-sectional area of the stem 102, 
the effective cross-sectional area of the bellows 14 and of 
the force exerted by the spring 20, the pilot valve 104 
may be made to open at any desired differential between the pressure in the casing and tubing. 

In gas lift Systems of this kind the casing pressure 
is always maintained substantially higher than the pres 
Stire in the tubing, and the port 93 is preferably of very 
small diameter so that upon opening of the valve 94 the 
pressure in the chamber 36, which will be higher than 
the pressure in the tubing upon opening of the valve may 
bleed off into the tubing to permit the valve 56 to be 
opened, and upon closing of the valve 104 pressure will 
again be built up in the chamber 36 to cause the valve 56 to close. 

Should it be desired to have the pilot valve operated 
by the pressure in the tubing, independently of the pres 
sure in the casing, then the pressure in the bellows 114 
may be adjusted at or near atmospheric preSSure and the 
Cross-sectional areas of the passageway 90 and the stem 
92 may be made the same, so that the valve will be 

opened when the pressure in the tubing acting on the 
valve it 4 is sufficient to overcome the pressure of the spring 120. 

Suitable means, such as a check valve, not shown, may 
be installed in the port 98 to prevent back flow from the tubing into the casing. 
A somewhat modified form of the pilot valve actuating 
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mechanism of the invention is illustrated in FIGURES 6 
and 7, wherein means is provided, such as the leaf spring 
i23 positioned within the belows 114 in position for 
coaction with the head fis' and the plug i8 to main 
tain the belio'ws in extended condition, as shown in Fig 
URE 6 until the pressure exerted on the head 36' by 
the sten i32 is sufficient to cause bending of the spring, 
as shown in F: GURE 7, whereipon the valve 34 will 
be suddeniy moved to open positicin with a Snapping ac 
tion. By this arrangement the valve 8-5 will also be 
noved to closing position by a Snapping action when 
the pressure on the spring 1:4 is reduced to a point to 
perfait the spring to snap back to its straight position as 
Seen in FEGURE 6. Other suitable inneans, such as toggle 
mechanistin or the like, inct shown, may of course be sub 
stituted for the spring 23 to cause the quick opening 
and closing movements of the valve i84. in other re 
spects the nechanism iiiustrated in Fig URES 6 and 7 
is constructed and operates in the same manner as that 
previously described in connection with FIGURES 4 
and 5. 
The stem 32 may have a guide portion & d 

extended through the upper end of the section &2 and 
portion 263 may be of any desired cross-sectional area 
relative to the cross-sectional area of the passageway 93, 
the cross-sectional area of the valve 134 and the cross 
sectional area of the lower part 165 of the Stein, and 
these cross-sectional areas may be varied of course as 
desired to obtain variations in the operating character 
istics of the pilot valve. 

Assuining that the cross-sectional area of the stein 62 
is the same throughout its length and is the same as the 
cross-sectional area of passageway 99, the pressure within 
the section 89 does not exert any opening or closing action 
on the valve. With the waive closed tubing pressure is 
being exerted against the cross-sectional area of the Steria 
and casing pressure is being exerted against the cross 
sectional area of the bellows iii.4 minus the cross-sectional 
area of the stem. When the combination of the forces 
exerted by the tubing and casing pressures exceed the 
preloaded force of the spring and the beliews tending to 
close the valve, then the valve will be opeiied. 
When the pilot valve is opened the pressure in chamber 

36 will be reduced and valve 56 will be opened to allow 
casing pressure to enter the tubing through openings 64, 
passageways 68 and ports 16. 
When the combination of casing and tubing pressires 

falls below the closing forces exerted by the Spring and 
the bellows then the pilot valve wili close and the pres 
sure in the section 80 and in chamber 35 will be built 
up to casing pressure thereby ciosing valve 56. 
Assuming that the cross-sectional area of the stem 

portion 103 is smaller than the cross-sectional area of 
passageway 90, then the pressure in the Section 38 will 
have some effect on the operation of the pilot Valve. 
With the valve closed the forces tending to open the Vaive 
will be tubing pressure against the cross-sectional area 
of passageway 90 plus the casing pressure against tae 
rim area of head 16. When these combined forces ex 
ceed the preloaded forces of the spring and bellows the 
valve will open, thereby bleeding off pressure from chain 
ber 36 and permitting waive 55 to open. The forces 
tending to hold the valve open when the valve is open 
will be the tubing pressure against the Smaller cross-Sec 
tional area of portion 263 and the casing pressure against 
the larger rim area of the head ió and when the coal 
bination of these forces falls below the preloaded forces 
of the spring and bellows thea the valve will close aiiow 
ing pressure to again build up in the chamber 36 to close 
valve S6. 
By making the cross-sectional areas of passageway 93 

and the stem portion 133 both equal to the cross-sectional 
area of the head 36 (effective belows area), the casing 
pressure will not exert any force on the operation of the 
pilot valve, and when the tubing pressure against the cross 
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sectional area of the passageway 76 exceeds the closing 
forces exerted by the bellows and spring the valve will 
be opened to aliow the pressure in chamber 36 to bleed 
off and valve 55 to open. With the valve open when the 
tubing pressure against the cross-sectional area of the Stem 
falls below the forces of the spring and beflows the valve 
will be closed and pressure will again build up in chamber 
36 to close valve 56. 

in FiGURES 8 asid 9 there is illustrated a somewhat 
different embodiment of the pilot waive raechanism of 
the invention, in which the bellows 34 is eliminated and 
a spring 123' takes the place of the spring 23 previously 
described. In this arrangement the spring 2G' is posi 
tioned in the intermediate section 32 and bears at its 
upper end on the end porticin 33 of the Section and at 
its lower end against an adjusting nut 22' threadably 
carried on the stem 52 and which may be adjusted to 
regulate the force exerted by the spring urging the valve 
133 toward open position. By this arrasgement the pilot 
valve is actuated by the differential of the pressures of 
fluid in the casing and in the tubing. Thus by making 
the cross-sectional area of the stem iá2 equal to the 
cross-sectional area of the passageway 33 forfiing the seat 
for the valve 84 the areas acted upon by the tubig pres 
sure arid casing pressure may be equalized. 

in the form of the invention ilustrated in FiGURES 8 
and 9, with the valve 134 closed tubing pressure is ex 
erted on the valve against the cross-sectional area of 
tiae passageway 98 tending to open the valve, and the 
spring 123' is also exerting a force tending to open the 
valve. Casing pressure against the cross-sectional area 
of the passageway 53 tends to hold the valve closed. 
When the combined opening force of the tubing pressure 
and spring exceeds the ciosing force of the casing pressure 
the valve will open to permit bleeding off of the pressure 
in chamber 35 and the opening of valve 56, With the 
valve open, when the pressure in section 30 against the 
cross-sectional area of the portion i83 of stem 62 and 
the force of spring 28' fails below the force exerted by 
casing pressure against the Sten area, the valve will close 
to allow pressure to build up in chamber 36 to close 
?al?? 56. 
By suitably varying the relative cross-sectional area of 

the passageway 5i, valve ite4 and stem 62 as well as ad 
justing the force of the spring 26' the opening and clos 
ing characteristics of the pilot valve may be varied as 
desired. 
The gas lift valve mechanism of the invention has been 

disclosed herein in connection with certain specific em 
bodiments of the same, but it will be understood that this 
is intended by way of illustration only and that numerous 
changes can be made in the construction and arrange 
ment of the various parts within the spirit of the inven 
tion and the scope of the appended claims. 

Having thus clearly shown and described the inven 
tion, what is claimed as new and desired to secure by 
Letters Patent is 

1. Gas lift valve mechanism comprising a tubular body 
adapted for coaxial connection into a tubing string for 
insertion with the string into a well casing, an annular 
valve chamber concentrically surrounding said body and 
having longitudinally spaced iniet and outlet ports com 
municating respectively with the interior of said casing 
and the interior of said body, a tubular valve member 
constructed of flexible material surrounding the body, 
said valve member being annularly expansible and con 
tractible to control the passage of fluid through the valve 
chamber, a pressure chamber surrounding the body ad 
jacent said valve chamber said valve member forming a 
common wall between said chambers, an annular dia 
phragm formed of flexible material in and dividing said 
pressure chamber to form an upper chamber section be 
tween said diaphragm and said waive member and a lower 
chamber section beneath the diaphragm, a liquid com 
pletely filling said upper chamber section, and pilot valve 
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means actuated by the pressure of the fluid in the cas 
ing and pressure of the fluid in the body for controlling 
the pressure of fluid in said lower chamber section to 
cause flexing of said diaphragm to increase and decrease 
the pressure in said upper chamber section to cause open 
ing and closing movement of said valve member, said 
valve member preventing passage of fluid through said 
valve chamber when the pressure within the lower cham 
ber section and the pressure within the interior of said casing are equal. 

2. Gas lift valve mechanism comprising a tubular body 
adapted for coaxial connection into a tubing string for 
insertion with the string into a well casing, an annular 
valve chamber concentrically surrounding said body and 
having longitudinally spaced inlet and outlet ports com 
municating respectively with the interior of Said casing 
and the interior of said body, a tubular valve member 
constructed of flexible material surrounding the body, said 
valve member being annularly expansible and contract 
ible to control the passage of fluid through the valve 
chamber, a pressure channber Surrounding the body ad 
jacent said valve chamber said valve member forming a 
common wall between said chambers, an annular dia 
phragm formed of flexible material in and dividing said 
pressure chamber to form an upper chamber section be 
tween said diaphragm and said valve member and a lower 
chamber section beneath the diaphragm, a liquid com 
pletely filling said upper chamber section, means for ad 
mitting fluid under pressure from said casing into said low 
er chamber section to cause said diaphragm to move in one 
direction to increase the pressure in said upper chamber 
section to expand the valve element to a position closing 
of flow through said valve chamber, and pilot valve 
means operated by the pressure of the fluid in the casing 
and the pressure of the fluid in the body for controlling 
admission of fluid under pressure from the casing into 
said lower chamber section and for exhausting the pres 
sure from said lower chamber section to cause said dia 
phragm to be moved in the other direction by the pressure 
in said upper chamber section to allow said valve member 
to contract, said valve element being in said position clos 
ing off flow through said valve chamber when the pres 
sure within said lower chamber section equals the pres 
sure within the interior of said casing. 

3. A gas lift mechanism comprising: a tubular body 
adapted for coaxial connection into a tubing string for 
insertion with the string into a well casing; an annular 
valve chamber concentrically surrounding said body and 
having longitudinally spaced inlet and outlet ports com 
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municating respectively with the interior of said casing 
and the interior of said body; a tubular valve member 
constructed of flexible material Surrounding the body, 
said valve member being annularly expansible to close 
said inlet port and contractible to open said inlet port 
to control the passage of fluid through the valve cham 
ber; a pressure chamber Surrounding the body adjacent 
said valve chamber, said valve member forming a com 
mon wall between said chambers; an annular diaphragm 
formed of flexible material in and dividing said pressure 
chamber to form a first chamber section on one side of 
said diaphragm and between said diaphragm and said 
valve member and a second chamber section on the other 
side of said diaphragm; a liquid completely filling said 
first chamber section; means providing a second valve 
chamber, a first passage for admitting fluid under pres 
sure from said casing into said second valve chamber, a 
second passage communicating said second valve cham 
ber with said lower chamber section and a third passage 
communicating the interior of said body with said sec 
ond valve chamber; and pilot valve means operated by 
the pressure of the fluid in the casing and the pressure 
of the fluid in the body for controlling flow through said 
third passage, said diaphragm being moved in one direc 
tion when fluid under pressure from the casing is ad 
mitted into said second chamber section to increase the 
pressure in said first chamber section to expand said 
valve member to close said inlet port, said third passage 
having a larger orifice than said first passage whereby 
when said pilot valve means is in open position permit 
ting fluid flow through said third passage the pressure 
from said lower chamber section is exhausted to the 
interior of said body through said second passage, said 
second waive chamber and said third passage to cause 
said diaphragm to be moved in the other direction by the 
pressure in said first chamber section to allow said valve 
member to contract to open said inlet port, said valve 
member being expanded to close said inlet port when 
the pressure in said second chamber section is equal to 
the pressure within the interior of said casing, 
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