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‘This invention relates to an improved control system 
for gas lift valves. ln another aspect, it relates to an 
improved tloat switch for operating gas lift valves. In 
still another aspect, it relates to an improved valve con 
struction. In still another aspect, it relates to an im 
proved diaphragm-actuated switch. 

lngas lift operations, a well having a string of tubing 
and a casing has a plurality of valves spaced along the 
tubing to admit gas under pressure which is pumped 
into the annulus between the tubing and casing to the 
tubing, thereby to aerate the oil in the tubing and cause 
it to rise to the surface. 

In such a system, it is desirable that the valve be open 
which is immediately above the liquid level, and all 
valves above this valve to be closed. In the present 
system, I accomplished this automatically without the 
necessity of manually controlling each valve from the 
surface. This purpose is accomplished by a combina 
tion of novel elements including tne gas lir't valves, mag 
netically-operable float switches, and magnetically-oper 
able diaphragm switches. 

It is an object of the invention to provide an improved 
gas lift control system. 

It is a further object to provide an improved gas lift 
valve. 

-It is a still further object to provide improved mag 
netically-operable ñoat switches and diaphragmactuated 
switches. 

Various other objects, advantages and features of the 
invention will become apparent from the following de 
tailed description taken in conjunction with the accom 
panying drawings, in which: 

Figure l is a vertical sectional view of a'well incorpo 
rating the gas lift system of this invention; 

Figure 2 is a schematic circuit diagram of the control 
circuits of the invention; 

Figure 3 is a schematic circuit diagram of a modiñed 
control circuit; 
`Figure 4 is a vertical sectional view, partially in eleva~ 

tion, of an improved gas lift valve; 
'Figure 5 is a vertical sectional view, partially in eleva- ¿ 

tion, of an improved magnetically-operable ñoat switch; 
Figure 6 is a vertical sectional view, partially in eleva 

tion, of a modiñed float switch; and 
Figure 7 is a vertical sectional view, partially in eleva 

tion, of a magnetically-actuated differential-pressure 
.diaphragm switch. 

Referring now to Figure l, I have shown a well having 
a casing 10 with a string 11 of tubing mounted concen 
trically therein. Gas under pressure is fed through a 
conduit 12 to the interspace or annulus 13 between the 
tubing and casing, this region being sealed from the 
atmosphere by a casing head 14. The tubing 11 has a 
check valve 16 opening into the annulus 13, the tubing 
receiving oil from a producing formation 15, a packer 
17 being provided, as an optional feature, to seal the 
annulus 13 from the producing formation. Oil entering 
the tubing v__11 is aerated by gas ̀ admitted from the _an 
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nulus 13 to the interior of tubing 11 through one of a 
series of gas lift valves 18a to 18d, inclusive, which are 
spaced vertically along the tubing 11. Associated with 
the valves 18 are respective control mechanisms 19a to 
19d, inclusive, which will be more fully described here 
inafter. Eachsuch control mechanism may incorporate 
a current-actuated relay, a magnetically-actuated iioat 
switch, a magnetically-actuated diaphragm switch or a 
subcombination of these parts. The electrically-actuated 
devices are supplied with current .by a generator 20 which 
impresses an alternating voltage between ground and a 
conductoror line 21 extending from the surface to the 
lowermost control mechanism. A source of direct cur 
rent can lne-substituted for the generator, if desired. 

Referring _now to Figure 2, in which parts already de 
scribed are indicated by like referencecharacters, it will 
be noted that the control mechanism ,associated with each 
valve includes a current-actuated relay 24 having an 
operating winding 25 connected in series with the line 
21, each relaybeing provided with a set 26 of normally 
closed contacts. Connected-in series between line 21 
and ground at each valve station are the actuating wind 
ings of the valve, the normally closed contacts 26, a float 
actuated switch 28, and a diaphragm operated switch 29. 
Each switch 28 is constructed in accordance with Fig 

ure 5 and is controlled by a ñoat which is positioned 
within the annulus 13, Figure l. The diaphragm-operatml 
switch 29 can be ofthe construction shown by Figure 7 
and is responsive to the pressure diíferential between the 
interspace 13 andthe interior of the tubing 11. 

ln operation, assuming that the interspace 13 and trib 
ing are both tilled with oil or water, or a combination of 
the two, to the level A, Figure l, and that no check valve 
i6 nor packer 17 is utilized, each diaphragm switch 29 

j is closed, the pressure in the interspace opposite each 
valve being equal to or exceeding that within the tubing 
at that point, and each of the switches 28 is open. There 
fore, no current is supplied to the operating winding of 
any valve, and all of such valves are, therefore, in closed 
position. The gas pressure forces a portion of the oil 
upwardly ‘in the tubing and depresses the level of the 
fluid within the interspace 13. When this level drops to 
the point B, the float switch 28 of control mechanism 
19a is actuated, thereby closing the switch and opening 
valve 18a to admit gas under pressure to the tubing. This 
aerates the fluid in the tubing and causes it to rise toward 
the surface with a resultant additional lowering of the 
liuid level within the interspace 13. When this llid falls 
to the level C, either from drop in bottom hole pressure 
due to llow which is initiated by gas injection through 
valve 18A, or from continued depression due to gas pres 
sure applied to the interspace, the switch 28 of control 
mechanism 19h is closed and, accordingly, valve 18b 
is opened. The valve-operating current of unit 1821 
passes through the winding 25 of control mechanism 
19a thereby energizing this relay and causing contacts 
26 to open. This interrupts the supply of current to the 
associated valve and causes valve 18a t0 close. The 
ñuid within the tubing is, accordingly, aerated only by 
gas under pressure passing therein through valve lSb. 
Due to flow which is now controlled by gas injection, 
the liquid level in the annulus will continue to drop until 
an equilibrium is reached where all pressure and flow 
conditions concerned are satisfied. lf equilibrium is not 
attained with stabilized flow, the liquid leyel in the an 
nulus will drop successively to the positions D and E 
with successive opening of valves 18C and 18d. When 
valve 18e is energized, the energizing current passes 
through the relay windings of control mechanisms 19a, 
19h thereby breaking the valve-actuating circuits and 
causing valves 18a and 18b to close. Similarly, when 
valve 18d is open the relays of control mechanisms li‘íla, 
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19h and 19e` are energized and, accordingly, valves 18a, 
18h and 18e are closed. 

In summary, therefore, the system operates to main 
tain the first valve above the liquid level in the inter 
space 13 in open position, all valves above this open 
valve being closed through operation of the current re 
lays 25. The diaphragm-actuated switches 29 associated 
with each control mechanism is an important feature. 
Its function is to open any valve-actuating circuit when 
the pressure in the tubing at a valve station is greater 
than the pressure in interspace 13. This elfectively pre 
vents any flow of liquid from the tubing into the 
interspace. 
Where the pressure gradient in the tubing is steeper 

than that in the annulus 13, the differential switches 29 
can be eliminated. Thus, since the annulus pressure and 
tubing pressure are equal at the bottom of the well, at 
the first valve station above the liquid level in the annulus, 
the annulus pressure will be greater than the tubing pres 
sure, so that gas will enter the tubing at this point. 

Conversely, if the pressure gradient in the annulus 13 
is steeper than that in thetubing, the float-actuated 
vswitches 19 can be eliminated for, in this case, the pres 
sure in the casing will exceed the pressure in the tubing 
at the top valve before this condition prevails at any 
lower valve. Similarly, as the operation continues, the 
lower valves are sequentially operated because the tubing 
pressure at successively lower valves becomes greater than 
the annulus pressure. 

It is preferred, in most cases, however, to use the ñoat 
switches in combination with the differential switches. 
Where a packer 17 is utilized, all liquid in the casing is 

displaced with salt water before the packer is set. The 
liquid level in the casing cannot rise again when it has been 
once displaced through check valve 16 by the gas, since all 
other means of entry from the tubing into the casing are 
prevented. In this case the operation can be carried 
out by the differential switches alone by raising the an 
nulus pressure to a sufficient level to operate the de 
sired valve, all valves above this being closed by the 
current relays. 

In Figure 3, I have shown a modified form of opera 
tion which is particularly adapted for use in wells not 
provided with a packer 17, Figure 1. In this modification, 
each control mechanism 19 includes a lioat-actuated. 
switch 31 of the type shown by Figure 6 and, optionally, a 
diaphragm-actuated switch 29, both sets of switch con 
tacts being connected in series with the valve-operating 
winding. In this case, each switch 31 is actuated by a 
float which is responsive to the density of the ñuid in 
the tubing 11, Figure l, below the associated valve. The 
ñoat is lowered and the switch is opened when the oil 
within the tubing is reduced in density by aeration there 
of with gas passed through one of the valves, the float 
being raised, and the switch closed when the oil is not 
so aerated. Assuming the level of dense non-aerated oil 
in the tubing to be at A, Figure 1, each of the switches 
31 is closed and accordingly, each of the valves 1S is 
opened. Gas under pressure is admitted to annulus 13 
and the operation proceeds in the normal manner until 
the valve 13b begins to admit gas to the tubing, When 
this occurs, the fluid flowing past control mechanism 19a 
is aerated with the result that the switch 31 of this con 
trol mechanism is opened and valve 18a is closed. When 
gas is admitted through valves 18e or 18d, the column 
of ñuid in the tubing above these valves is aerated with 
the result that the ñoat-actuated switches of each valve 
above the lowermost actuated valve are open and the 
correspondingl valves are closed. In this embodiment, 
the diaphragm-actuated switches 29 are utilized to cause 
their associated valves to close should the tubing pressure 
exceed the pressure in the interspace 13. It will be noted 
that the current relays can be eliminated in this embodi 
ment of the invention. 
The valves 13 are of novel construction, as shown by 
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Figure 4. In this tigure, it will be noted that each valve 
has an elongated generally cylindrical casing 33, an ex 
tension 34 or” which is provided with a valve seat 35 
having a passage 36 therein communicating with the 
interior of the tubing 11 through a conduit 37. Cooper 
ating with the seat 3S is a valve head 38 which is urged 
into engagement with the seat by a spring 39. The region 
just above the valve head is provided with openings com 
municating with the annulus or interspace 13. The valve 
head is carried by a rod 40 which extends longitudinally 
within the casing 33. A sealing gasket d1 is provided 
to prevent well liuids from entering the interior of cas 
ing 33. Rod Aitl carries an enlarged armature 42 which 
is encircled by a solenoid winding 43 of relatively low 
power. At the end thereof remote from the head 38, 
the rod ¿si? has an enlarged portion 4d. Slidably mounted 
upon the rod 46 just below the enlarged portion 44 is a 
fitting 45 which cannot slide past the enlarged portion 44. 
Fitting 45 is secured to a second armature 46 which is 
encircled by a solenoid winding 47 of relatively high 
power mounted in an extension 48 of the casing 33. 

' Mounted within the casing is a limit switch 49 having 
an actuating member Sti which is engaged by armature 42 
when the valve head moves to open position. This limit 
switch is normally closed and is connected in series with 
winding 47. The operating circuit for winding <27 in 
cludes terminal S3, lead 52, winding 47, lead 51, limit 
switch 49 and terminal 54. Winding 43 is connected di 
rectly to terminals 53 and 54. Thus, winding 43 is inde 
pendent of limit switch 49. Terminals 53 and S4 are 
used to connect the value in the circuit as shown in 
Figure 2 or 3. 
When operating eurent is supplied to the valve, winding 

47 is energized with the result that fitting 4S moves 
sharply into engagement with enlarged portion 44, there 
by giving the enlarged portion a jarring blow which causes 
the valve head to be lifted from seat 3S. Winding 43 
is also energized, and maintains the valve in open position 
through attraction of armature 42 after the valve has 
been opened in the manner described. As the valve moves 
into open position, armature 42 engages the actuating 
arm 50 of limit switch 49, thereby opening the switch 
contacts and opening the operating circuit of winding 47. 
Thus, after the valve is open, it is maintained in open 
position by a relatively light current passing through the 
winding 43, it being understood that the more powerful 
Winding 47 draws Substantially more current. When the 
current is interrupted, the valve is, of course, moved to 
closed position under the inñuence of spring .39. 

Referring now to Figure 5, I have shown a float switch 
of novel construction, as denoted by reference numeral 28 
in Figure 2. This switch includes a fluid tight hous 
ing 64 which is provided with threads 5S tor attach 
ment to the rest of the control mechanism. Mounted 
within the housing 64 is a switch 56, preferably of the 
snap action type, this switch having an actuating pin 57. 
A control lever S8 is pivoted at 59 to the switch casing, 
this lever having a stop 60 adapted for engagement with 
Contact pin 57. Mounted at the respective ends of lever 
58 are a pair of magnetic members 61 and 62 which arc 
both positioned close to one wall 63 of the housing 64. 
A ñoat assembly 65 includes a casing 66 which is slid 

ably mounted relative to housing 64 and has a magnetic 
segment 6’/ positioned adjacent the housing wall 63. The 
float assembly 65 further comprises a float 68 which is 
attached to the casing 66 by a rod 69. 
When the float is in a fluid of high density, it rises 

and the casing 66 moves upwardly to a position where 
there is a magnetic attraction between segment 67 and 
magnetic member 61, thereby causing lever 58 to swing 
in a counterclockwise direction, Figure 5, with resultant 
opening of switch 56. When the float is positioned in a 
fluid of low density, it moves downwardly with the re 
sult that magnetic segment 67 moves to a position ad 
jacent magnetic member 62, the resultant magnetic at` 
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lraötión‘bet'we’enftheseïparts cau'sirì'g‘lever 58 to swing 
inf-a»clockwisedirection, Figure 5, with resultant engage 
ment of stop 60 with pin 57 and closure of the switch; 
Itwillbe observed-that, when-thevswitch is positioned 
in the anuulus 13, Figure l, as illustrated, 1the float is 
immersedl in the »fluid within the annulus. 

l' The modified float‘switch of Figure 6 is of generally 
similar construction as regards the housing, operating 
lever, and switch, so that these parts will not be described 
rn detail. In this modification, a float 71 is positioned 
within a casing 72~which vcommunicates with the interior 
of the tubing 11 through openings 73. Attached to the 
float- 71'is a-rod 74 which extends through a partition 
member 75 of non-magnetic material into the housing 
54’. The rod carries a magnetic member 76 which co 
operates with the magnetic members 61, 62 in the same 
manner as described in connection with Figure 5. The 
partitionfmember 75,~in effect, forms a wall of the hous 
lng -54’ and it will be _noted that both magnetic mem 
bers'ól, 62 cooperate with lthe magnetic member 76 
throughv this wall. 
"The operation of- the iioat switch of Figure 6 is similar 

to that of Figure 5 except that the position of the float is 
determined by the _density of the Huid within the tubing 
rather than by the-density of the fluid within interspace 
lf3, Figure l. Thus, when the tubing il, and rence the 
casing '721 is ñlled with non-aerated oil of comparatively 
high density, the iioat and Vmagnetic member ’76 rise, 
thereby causing switch 56 to close. When the fluid in the 
tubing 11 in casing '72 is aerated, its density decreases 
thereby causing -the'ñoat 71~ and magnetic member 7o' to 
drop with resultant actuation or" switch 56. 

' *In Figure 7, i have illustrated a diaphragm switch, such 
asïthat indicated by-'re'ference numeral 29 in Figures 2 
and 3'. ‘This switch includes a casing member S6 which 
is secured by Ybolts 81 to the tubing il. The bolts Si 
also secure a diaphragm 82v between suitable flanges on 
the tubing 11 and casing 80, the diaphragm dividing the 
interior of the casing into a chamber 83 communicating 
with the interior-of the tubing il through openings 84 
and a chamber 85 communicating with the interspace E73, 
Figure l, through openings 86. A rod S7 secured to 
the diaphragm 82 is pivotcd to an operating lever 88 
which, in turn is pivoted at 89 to Casing Sii, the rod carry 
ing a control member 9i) of magnetic material. Member 
90|' is positioned adjacent a fluid tight housing 9i within 

ïwhich is mounted a switch 92 having an actuating pin A lever 94 is pivoted at 95 to the switch casing and car 

ries,` at one end,` an abutment 96 which is engageable v'i i 
pin 93 and, at its other end, a lmagnetic member it? posi 
tioned-adjacent'a wall 93 of the housing El in proximity 
to the magnetic member 99. 
ï-When the pressure in the interspace i3 is greater than 
the tubing pressure, the parts are in the position shown 
andthe switch 92 is closed. Should the tubing pressure 
become greater than the pressure in the interspace, the 
ldiaphragm-82 moves rightwardly, Figure '7, thereby caus 
inglever 8S to `pivot in a counterclockwise direction, E c 
‘ure 7. ' As -a result of the magnetic attraction between 
members 9u, 97, this lcauses lever 94 to pivot in a clock 
wisei'direction, Figure 7, with ̀ the result that abutment d6 
moves o_ut of engagement with contact pin 553, thereby 
openingthe switch 92.- As explained in connection with 
Figures 2 and 3, this causes vthe valve associated with the 
diaphragm switch'to close. When the tubing pressure be 
comes less than'the pressure in-interspace 13, the parts 
are 'restored to the positions's'hown by Figure 7. 
¿.1 '.lt will befapparent that I have achieved the objects of 
Imy'invention in providing an automatic gas lift system 
of: improved character which does vnot require any manipiu 
lation >of controls at the surface of the well to eh‘ect its 
operation; Further, in this_gas'lift system, i. have pro 
vided-gas liftivalves, haat-actuated magnetic switches, and 
diaphragm Vl'magnetic actuated' switches. .of improved con:~ 
struction. Finally; ZK«tlstei'.systzexn; :completely automatic; 
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and utilizes only a single wire extending from the surface 
to the valves. ' ' ' , ‘ ' 

While the invention hasbeen described in connectioxi 
with present, preferred'embodiments thereof, it is to be 
understood that this description is illustrative only and 
is not intended to limit the invention. 

I claim: 
1. in combination, a well having a casing and tubing 

mounted therein, a metal housing secured to said tubing, 
a diaphragm mounted in said housing and dividing it 
into two diaphragm chambers, means for effecting com 
munication between one chamber and the interior of said 
tubing, means for effecting communication between said 
other chamber and the interspace between said tubing 
and said casing, a member of magnetic material, linkage 
connecting said member to diaphragm sothat said mem 
ber moves in response to movement of said diaphragm, 
a liuid tight housing secured to said tubing, a switch 
mounted therein, an actuating member for said switch 
pivotally mounted in said last-mentioned housing, and 
a magnetic element carried by said actuating member ar 
ranged to follow the movement of said magnetic member 
and thereby open or close said switch responsive to move' 
ment of said diaphragm. 

2. in combination, a well having casing and tubing 
mounted therein, a metal housing secured to said tubing, 
a diaphragm mounted in said housing and dividing it into 
two diaphragm chambers, means for etîecting'comrnuni 
cation between one chamber and the interior of said tub 
ing, means for etiïecting communication between said other 
chamber and the interspace between said tubing and said 
casing, a pivoted control rod connected at one end thereof 
to said diaphragm, a magnetic member carried at the 
other end of said control rod, a fluid tight housing secured 
to said tubing and having one wall thereof positioned 
adjacent said magnetic member, a pivoted control lever 
in huid tight housing, an clement of magnetic matc 
rial carried by sai-d control lever adjacent said wall of 
said fluid tight housing and in the lield established by 

said ymagnetic member, and a switch mounted within liuid tight housing and actuated by said control lever. 

' 3. A valve comprising, in combination, a valve seat, a 
valve head, means for urging said head into engagement 
with said seat, an elongated armature of magnetic mate-` 
rial secured to said valve head, a solenoid winding of low 
power encircling said armature, a second solenoid winding 
of high power, a control member movable within said 
second winding in response to energization thereof, a rod 
protrudine from said armature having an enlarged head 
portion, and a fitting carried by said Vcontrol member and 
slidably mounted upon said rod, said iitting engaging said 
enlarged head upon energization of said second _winding 
to move said valve head to open position. 

4. A gas lift valve comprising, in combination, an elon 
gated generally cylindrical easing, a valve seat in said 
casing, a rod positioned axialiy within said casingLa 
valve hea-d carried by said rod and adapted for engage 
ment with sai seat, a spring urging said valve head into 
engagement with said seat, a gasket sealing the region 
between said casing and said rod, an armature carried 
by said rod, a solenoid winding of relatively low power 
encircling said armature, and an enlarged portion formed 

said rod at the end thereof remote from said valve 
head, a gripping device encircling said rod and engage 
able with said enlarged portion, a second armature se 
cured to said gripping member, and a second solenoid 
winding of relatively high power encircling said second 
armature, a limit switch, an actuating member carried by 
said rod to move said limit switch> to open position when 
said valve is open, means for connecting said solenoid 
windings in parallel, and'means connecting said limit 
switch in series with Said seco-nd solenoid winding. 

5. In a gas lift system, in combination, avvell including 
a tubing, a series of gaszliftvalves spaced along said .tub~‘ 
ing, Cach .controllingtheatlowßof iluid-betweenïth'e exterior 
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and interior of said tubing, control means operatively 
connected to each valve, and sensing means disposed with 
in the well and operatively connected to the control means 
of each valve and responsive to a variable of the gas lift 
system within the well to operate the control means of 
each valve above the lowermost open valve so as to close 
each such valve. 

6. In a gas lift system, in combination, a well including 
a tubing, a series of gas lift valves spaced along said tub 
ing, each controlling the ñow of ñuid between the exterior 
and interior of said tubing, an electrical switch connected 
to and controlling the operation of each such valve, and a 
ñoat-actuated device connected to each switch and re 
sponsive to the density of a liquid adjacent each valve 
to open and close said switch. 

7. In a gas lift system, in combination, a well including 
tubing and casing, a series of gas lift valves spaced along 
said tubing, each controlling the ñow of iluid between the 
exterior and interior of said tubing, a circuit including an 
electrical switch controlling the operation of each such 
valve, a Boat-actuated device connected to each switch and 
responsive to the density of a liquid adjacent each valve 
to open and close said switch, a current-sensitive relay 
operatively connected to each valve, each relay having an 
operating winding and a set of normally closed contacts, 
and ymeans connecting the operating windings of said re~ 
lays in series whereby, when current -is drawn by a current 
relay at a selected valve station, the current relays above 
such station are energized, one set of said normally closed 
contacts being connected in each valve-operating circuit. 

8. In a gas lift system, in combination, a well includ 
ing tubing and casing, a series of gas lift valves, each 
having an operating winding actuatable by passing cur 
rent therethrough, spaced along said tubing at one of a 
plurality of valve stations, each valve controlling flow 
of ñuid between the exterior and interior of the well 
tubing, a conductor extending from the surface to the 
lowermost valve of said series, an operating circuit at 
each valve station including said conductor, the operat 
ing winding of the valve at said valve station and a 
switch, a float-controlled magnetic means responsive to 
the density of a liquid adjacent each valve, and means 
connecting said magnetic means to said switch to actu 
ate same. 

9. In a gas lift system, in combination, a well includ 
ing concentrically disposed tubing and casing in spaced 
relationship, a series of solenoid-actuated gas lift valves 
spaced along said tubing, each valve controlling flow of 
fluid between the exterior and interior of the well tub 
ing at one of a plurality of valve stations, a conductor :_ 
extending from the surface to the lowermost valve of 
said series,'an operating circuit at each valve station 
including said conductor, the solenoid winding of the 
valve at said station and a switch having a magnetic 
actuating member, a ñoat located adjacent each valve A.. 
and responsive to the density of liquid in the interspace 
between the tubing and casing, and magnetic means con» 
nected to and actuated by said float and magnetically 
coupled to said member to open said switch when liq 
uid is present in said interspace and to close said switch 
when no liquid is present in said interspace. 

10. In a gas lift system, in combination, a well includ 
ing concentrically mounted tubing and casing in spaced 
relationship, a series of gas lift valves spaced along said 
tubing, each having an operating winding and actuat~ 
able by energization of said operating winding, each 
valve controlling ñow of fluid between the exterior and 
interior of the well tubing at one of a plurality of valve 
stations, a conductor extending from the surface to the 
lowermost valve of said series, an operating circuit at 
each valve station including said conductor, the operatv 
ing winding of the valve at said station, and a switch 
having a magnetic actuating member, a tioat located ad 
jacent each valve and responsive to the density of liq 
uid in the interspace between the tubing and casing, and 
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magnetic means connected to and actuated by said fioat 
and magnetically coupled to said member to open said 
switch when liquid is present in said interspace and to 
close said switch when no liquid is present in said inter 
space, a current-sensitive relay at each valve station 
having its operating winding connected in series with 
said conductor below such valve station, each relay hav~ 
ing a set of normally closed contacts connected in the 
operating circuit of the associated valve. 

ll. In a gas lift system, in combination, a well includ 
ing concentrically mounted tubing and casing in spaced 
relationship, a series of electromagnetically operated gas 
lift valves spaced along said tubing, each having an op 
erating winding, each valve controlling flow of ñuid be 
tween the exterior and interior of the well tubing at 
one of a plurality of valve stations, a line extending from 
the surface tothe lowermost valve of said series, an 
operating circuit at each valve station including said 
line, the operating winding of the valve at said station, 
and a switch having a magnetic actuating member, a 
iloat located adjacent each valve and responsive to the 
density of liquid in the interspacel between the tubing 
and casing, and magnetic means connected to and actu 
ated by said iloat and magnetically coupled to said mem 
ber to open said switch when liquid is present in said 
interspace and to close said switch when no liquid is 
present in said interspace, a current-sensitive relay at 
each valve station having its operating winding connected 
in series~with said line below such valve station, each 
relay having a set of normally closed contacts connected 
in the operating circuit of the associated valve, a sec 
ond normally closed switch connected in the operating 
circuit of each valve, a diaphragm member connected 
to the tubing and disposed in the interspace between the 
tubing and casing, said diaphragm member being re 
sponsive to the difference in pressure between the tub 
ing and the interspace between the tubing and casing,l 
and magnetic control linkage connecting said dia 
phragm with said switch so as to open said switch when 
the tubing pressure is greater than the pressure in said 
interspace. . 

l2. In a gas lift system, in combination, 'a well includ 
ing concentrically disposed tubing and casing in spaced 
relationship, a series of electrically-actuated gas lift 
valves, each having an operating winding, spaced along 
said tubing, each controlling the ñow of fluid between 
the exterior and interior of said tubing, aline extending 
from the surface to the lowermost valve of said series, 
means for supplying current to said line, and an operat» 
ing circuit for each valve including its operating wind 
ing, said line and a normally closed switch, a diaphragm 
actuated switch having a diaphragm connected to the 
tubing and disposed in the interspace between the tub 
ing and casing, said diaphragm being responsive to dif 
ference in pressure between said tubing and the inter 
space between said tubing and casing, and magnetic con 
trol linkage connecting said diaphragm with said nor 
mally-closed switch so as to open said normally-closed 
switch when the tubing pressure becomes greater than 
the pressure in said interspace. 

13. In a gas lift system in combination, a well includf 
.ing concentrically mounted tubing and casing in spaced 
relationship, a series of gas lift valves spaced along said 
tubing, each valve having an operating winding and 

‘ controlling the ñow of fiuid between the exterior and in 
terior of said tubing, a conductor extending from the 
surface to the lowermost valve of said series, means 
for supplying current to said conductor, an operating 
circuit for each valve including the operating winding of 
said valve, a switch and said conductor, said switch hav 
ing a magnetic actuating-member, ñoat-actuated mag 
netic means having a tloat magnetically coupled to said 
member for operating said switch, said float being re 
sponsive to the density of the fluid in said tubing to 
close said valve by means of said switch when thek den@ 
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sity of said float is that of the oil to be produced and 2,278,532 Crickmer ____________ __ Apr. 7, 1942 
to open said valve through operation of said switch when 2,292,648 Moore ____________ __ Aug. 11, 1942 
the density of said ñuid decre ïses due to aeration thereof. 2,307,171 Tutton ______________ __ Jan. 5, 1943 

14. A gas lift system in accordance with claim 13 in 2,391,068 Nye ________________ __ Dec. 18, 1945 
which each float is mounted within a protective cham- 5 2,407,184 Sparrow ______________ __ Sept. 3, 1946 
ber in the interspace between said tubing and said cas- 2,440,987 Thompson __________ __ May 4, 1948 
ing, said chamber communicating With the interim' Of 2,444,163 Kocmich ___________ __ June 29, 1948 
said tubing. 2,457,739 Sherrill _____________ __ Dec. 28, 1948 
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