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This invention relates to that type of fluid 

preSSure displacement pump wherein a fluid Which 
is to be pumped, hereinafter sometimes referred 
to as product in fluid, and a cooperating displac 
ing pressure fluid are alternately admitted to a 
conduit, so that at each cycle of operation a 
volume of the fluid which is to be pumped is 
forced through the conduit by a fluid piston of 
the pressure fluid; and it is the object of the in 
vention to positively control this alternate admis 
sion of fluids, independently of their pressure dif 
ferential. V 

More particularly the invention relates to that 
type of pump wherein a valve, generally desig 
nated a foot valve, controls admission to a con 
duit of the fluid to be pumped, and a valve, gen 
erally designated a head valve, controls admission 
of pressure fluid to the conduit. When the foot 
valve is open the head valve is closed, thereby 
shuttirig off the pressure fluid from the conduit 
and permitting the fluid which is to be pumped, 
to enter the conduit to its static or working level. 
This is the filling period. The foot valve is then 
closed and the head valve is opened. Pressure 
fluid supplied to the conduit, via the open head 
valve thus displaces the volume of fluid to be 
pumped, which has been trapped in the conduit 
above the closed foot valve; and this trapped 
volume of fluid is thus forced through the con 
duit. This is the discharge period. The head 
valves is then again closed and the foot -valve 
opened, so that the cycle of operation is repeated. 

Heretofore there have been pumps of this type 
wherein the head and foot valves have been con 
nected for dependent operation by pressure dif 
ferential between the displacing fluid and the 
fluid to be pumped. In such constructions the 
fluid to be pumped, seeking its static level, opens 
the foot valve and thereby closes the dependently 
operated head valve. The fluid to be pumped, 
thus enters the conduit during this filling period, 
and when the pressure of this fluid against the 
foot valve is balanced, the pressure fluid opens 
the head valve and thereby closes the dependently 
operated foot valve. During the discharge period 
which is thus inaugurated, the trapped volume of 
fluid to be pumped, is forced through the conduit 
to a predetermined point where the load is re 
lieved, as for example by discharging the fluid 
into a suitable reservoir or container, and when 
the load is thus relieved the pressure fluid, con 
stituting the fluid piston, is free to expand, and 
its pressure against the foot valve is thereby re 
duced so that the pressure of the main body of 

mission of energy via the conductor, with this last fluid to be pumped, again seeking its static level, 

reopens the foot valve and thereby again closes 
the dependently operated head valve. The filling 
period is thus again inaugurated and the cycle of 
operation is repeated. 
In the present invention, while in Order to proa 

duce the falling period the displacing fluid must 
have a pressure less tham that of the fiuid to be 
pumped, the head and foot valves are not depend 
ently and automatically operated merely by this 
pressure differential as in pumps of this type 
heretofore employed. On the contrary, the head 
Valve is controlled by Operating means which is 
preferably in the conduit through which fluid is 
to be pumped, and which operating meansils pref 
erably adjacent the head valve. The operating 
means may include a driven element connected 
to the stem of the head valve, with actuation of 
the operating means preferably controlled, not 
by mechanical connections such as links or rods, 
but by energy of a type which may be trans 
mitted via a stationary conductor, e. g., electrical 
or fluid pressure energy, and if fluid pressure is 
employed it is other than merely the aforemen 
tioned pressure differential. In similar anner 
the foot valve, if so desired, may be controlled by 
operating means which may be in the conduit 
through which fluid is to be pumped, and which 
Operating means may be adjacent the foot valve. 
Actuation of this operating means is preferably 
controlled by energy such as electrical or fluid 
pressure energy, other than merely the pressure 
differential between the displacing fluid and the 
fluid which is to be pumped. Consequently, while 
it is essential that the diplacing fluid be regulated 
so that its pressure is not in excess of that of the 
fluid to be pumped, seeking its static, level during 
the filling period, still the cycle of operation is 
in no way dependent upon accurate adjustment 
of this pressure differential as is required when 
the head and foot valves are dependently and 
automatically operated merely by this pressure 
differential. In the present invention the cycle 
of 'operation may be regulated for any desired 
filling period and any desired discharge period, 
irrespective of such variations in the static pres 
sure of the fluid to be pumped and/or the pres 
sure of the displacing fluid, as are liable to occur 
in practical operation of a pump of this type. . 
More particularly it is an object of the inven 

tion to preferably control actuation of the valve 
operating means by that type of energy which 
may be transmitted via a stationary conductor, 
with said conductor leading from the valve oper 
ating means to a means which controls trans 



mentioned control preferably remote from the 
Valve Operating means. W 

It is a still further object of the invention to 
preferably employ a control which automatically 
functions to provide the alternating filling and 
discharge periods, and to preferably adapt the 
automatic control for adjustment to produce a 
filling period and a discharge period, each of 
which is of desired interval. 
The invention, while of general application, is 

particularly adapted to lift pumps, since the 
valvular means for controlling admission of fluid 
to the conduit through which fluid is to be 
pumped, and the operating means for said Wal 
vular means may be conveniently submerged in 
the fluid which is to be pumped, by suspending 
these parts from a string of pipe which is lowered 
into the fluid, preferably with a conductor for 
transmitting the energy which controls the op 
erating means, leading to a control at such level 
higher than the submerged parts of the pump, as 
Will make it conveniently accessible for adjust 
ing the cycle of operation. 
By way of illustration, the invention is shown 

embodied in a pump for an oil well, in which 
case the fluid to be pumped is the flow from a 
production stratum in the bore of the well, with 
Said flow including both gas and liquid consti 
tuents, and the displacing pressure fluid may be 
compressed gas, preferably from a suitable source 
at the earth's surface. For brevity in distinguish 
ing these fluids they will be hereinafter referred 
? ? production fluid and pressure fiuid, respec 
Wey. 
The conduit through which production fluid is 

elevated by the pump is preferably a usual pro 
duction string of well tubing extending through 
usual well casing, and the pressure fluid is sup 
plied to the pump either via a separate tubing 
located inside or outside the well tubing but in 
side the well casing, or may be stored in the an . 
nular Space between the well tubing and the 
well casing, above a suitable packer, from whence 
it is supplied to the pump. f 

Further objects of the invention will be read ily understood from the following description, 
of the accompanying drawings, in which: 

Fig. I is a diagrammatic, ilustration of the 
invention, showing the pump and a remote con 
trol. 

Fig. 2 is a detail axial section through the 
p.m.p. m 

Fig. 3 is a transverse section on the line 3-3 
of Fig. 2. m 

Fig. 4 is a view similar to Fig. 2, showing a 
modified construction. m 

Fig. 5 is a similar view, showing a still fur 
ther modification. . . - . 

Fig. 6 is a similar, view, showing a different 
type of operating means for the head valve. 

Fig. 7 is a view similar to Fig. 1, showing a 
still different type of operating means for the 
head valve. 

Fig. 8 is a similar viev, showing a still dif 
ferent type of valve operating means. 
Throughout the drawings, and as an instance 

of the construction when the pump is employed 
in an oil well, usual well casing is, shown at , 
having a string of usual production tubing 2 sus 
pended therein so as to form an annular space 
3 between the tubing and the casing. Production 
fluid from the well is admitted through the low 
er end of the casing into the lower end of the 
tubing string in usual manner (not shown), and 
rises thence through a tail-piece 4 at the lower 

2,145,402 
end of the tubing string. The production fluid 
rises in the production string preferably into 
a tubular housing which is included in the tub 
ing string above the tail-piece, and which is 
run preferably in with the tubing to a level 
where a foot valve in the production string, 
preferably in the tubular housing, is Submerged 
in the production fluid when the latter rises to 
its static or working level in the tubing string. 

In the illustrated embodiment of the inven 
tion, the production fluid is pumped through the 
tubing 2 to the earth's surface, and the pressure 
fluid which operates the pump is preferably sup 
plied to and stored in the annular space 3, from 
whence it is admitted to the production string, 
preferably at the tubular housing of the pump, 
via a suitable intake. A packer shown diagram 
matically at T, is placed between the tubing 2 
and the casing below this intake, to prevent 
the stored volume of highly compressed pressure 
fluid from leaking into the production stratum 
of the formation. 
At the top of the well the tubing 2 is connected 

O 

5 

20 

to a usual head 8 having a discharge conduit 9 
for the production fluid which is lifted from the 
well, with the conduit 9 leading to a container 
(not shown), e. g., a gas trap, wherein the pro 
duction fluid is collected and the load is re 
lieved. The head 8 also caps the casing , and 
has a connection O whereby pressure fluid, e.g., 
compressed gas from a suitable source of supply, 
may be directed into the annular space 3. 
The tubular housing and the tubing 2 above 

the housing form the expansion chamber 6 of 
the pump, with this expansion chamber Com- 35 
municating at its lower end with the tail piece 
4 via a foot valve; and a head valve is mounted 
in the production string, preferably at the upper 

25 

SO 

portion of the tubular housing and controls ad-, 
mission of pressure fluid from the annular Space to 
3 to the lower portion of the expansion cham 
ber. Operating means for the head valve is pref 
erably also mounted in the production string, 
preferably in the tubular housing and its actua 
tion preferably is controlled by energy transmitted 
via a stationary conductor which may extend up 
wardly through the annular space 3 to the top of 
the well and thence to suitable control mecha 
niSm. w 

Referring to Figs. 1 and 2, the tubular housing 
which is incorporated in the tubing string 2, is 
shown at 5, and the head valve is shown at 4, 
mounted in a valve housing 5. The housing 
5 may be suspended in the tubular housing 5 
by means of a nipple 8 at the upper end of the 
housing 5, connected to a conduit 9 which is 
preferably integral with that length of the tub 

... ing 2 which is next above the housing 5. The 
upper end of the conduit 9 extends laterally 
to the wall of tubing 2 and opens therethrough, 
preferably at a plurality of screen slots 20, so 
as to form the intake for the pressure fluid which 
has been stored in the annular space 3. The 
conduit 19 thus supplies pressure fluid to the 
nipple 8 which communicates via the head valve 
4 with an annular discharge port 22, opening 
through the wall of the valve housing 5 into the 
expansion chamber 6. A valve stem 23 depends 
from the head valve 4, and operating means, 
suspended from the valve housing 5, cooperates 
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with the valve stem for opening the head valve. 
The foot valve is shown at 3, mounted in the 
lower end of the housing 5. 
The operating means opens the head valve 

and holds it open for a predetermined discharge s 



0 

15 

20. 

25 

30 

40 

45 

50 

55 

60 

65 

2,145,402 
period, actuation of the Operating means bea 
ing independent of pressure differential between 
the pressure fluid and the production fluid, and 
at the end of the discharge period the operat 
ing means is rendered inoperative to hold the 
head valve open, this operation being also inde 
pendent of pressure differential between the pres 
sure fluid and the production fluid. The head 
valve is then closed, either by the operating 
means being actuated in the reverse direction, 
Or simply by a force Such as spring tension, suf 
ficient to close the head valve when the operat 
ing means has been rendered inoperative to hold 
it open. The head valve then remains closed 
for a predetermined filling period, being held 
against opening, irrespective of pressure differene 
tial between the pressure fluid and the produc 
tion fluid, until the operating means is again 
actuated to open the head valve. 
The foot valve closes just prior to or at the 

time when the head valve is opened by its oper 
ating means, and opens at the time or prefer 
ably just after the head valve closes, so that the 
pressure fluid which is admitted to the produc 
tion string when the head valve is opened, does 
not force the production fluid back into the for 
nation. For this purpose operating means may 
close the foot valve at the proper time, or it may 
Simply close responsive to pressure differential 
between the pressure fluid and the production 
fluid; and the foot valve may be opened by a 
Spring or other suitable means, or it may simply 
Open responsive to the production fluid again 
seeking its static level after the force of the 
pressure fluid has been relieved. 
The operation of the pump is as follows 
The housing 5 is run into the well casing until 

the foot valve 3 is submerged below the static 
or working level of the production fluid, and with 
the packer shutting of the production fluid 
from the annular space 3, pressure fluid is sup 
plied to and stored in this annular space. At 
the start of the filling period the operating means 
for holding the head valve open has been ren 
dered inoperative so that the head valve is closed 
and the foot valve opens. Pressure fuid ad-' 
mitted through slots 20 to the nipple 8 is thus 
shut off from discharge via port 22 into the ex 
pansion chamber 6, and production fluid flows 
into the production string, i. e. enters, the ex 
pansion chamber 6, via the open foot valve. 
The housing 5 is at such level that the produc 
tion fluid which thus enters the expansion cham 
ber will rise in the tubing 2 to a level above the 
port 22. After a predetermined filling, period, 
sufficient to fill the production string with pro 
duction fluid to a level which may be several 
hundred feet up the tubing 2, and without relying 
upon pressure differential between the pressure 
fluid above the closed head valve and the pro 
duction fluid in the expansion chamber, the op 
erating means for the head valve is actuated to 
open the head valve, just prior to or at the time 
at which the foot valve is moved to its closed 
position, either by a separate operating means 
or by the increased pressure above the foot valve. 

Pressure fiuid is thus supplied to the produc 
tion string via the port 22, and production fluid 
having been trapped in the production string 
above the closed foot valve, the pressure fluid 
iforms a fluid piston beneath that volume of pro 
duction fluid which stands in the tubing 2 above 
the port 22, and thereby lifts said volume of pro 
duction fluid through the tubing string 2, for dis 
charge at the conduit 9. During this discharge 

3 
period the operating means holds the head valve 
open for a predetermined interval determined by 
a control means which renders the operating 
means inoperative at the end of the desired period 
so that the head valve then closes, but with said 
closing of the head valve in no way dependent 
upon pressure in the tubing string being reduced 
as a result of the load being relieved when the 
production fluid has been elevated and discharged. 
The control means thus terminates the discharge 
period after a predetermined interval sufficient 
to elevate and discharge the production fluid 
through conduit 9, e.g., into a gas separator, and 
with the head valve then again closed and the 
foot valve open, the filling, period restarts and 
the cycle of operation is repeated. 

In that form of the invention shown at Figs. 
1 and 2, the operating means for the head valve 
4 is electrically actuated. As an instance of 

this arrangement the valve stem 23 may termi 
nate in a plunger 26 of a solenoid, the coil of 
which is shown at 27, suspended from the valve 
housing 5. The valve housing has a passage 
way 28 at its intake side whereby the pressure of 
the displacing fluid which is supplied via nipple 
8 is balanced against the head valve, and an 
annular passageway 29 at the outlet side of the 
valve housing extends downwardly to the annu 
lar port 22 so as to position said port below the 
head valve in order to prevent production fluid 
coming in contact with the head valve, there being 
sufficient leakage of pressure fluid past the head 
valve to keep the annular space 29 full of pres 
sure fluid at all times. A spring 30 may yield 
ingly close the balanced head valve. 
The solenoid 26-27 is preferably an iron clad 

Solenoid, i.e., one in which the coil windings are 
completely surrounded by magnetic material; 
and in order to conserve space the housing 5 
preferably forms a part of the magnetic circuit. 
The coil winding is preferably hermetically 
sealed, with an annular space between its outer 
sealing means and the surrounding housing 5, so 
that this annular space is a part of the expan 
sion chamber 6, permitting passage of the pro 
duction fluid. 
As an instance of this arrangement the core 

of the Solenoid includes ends 32-33 of magnetic 
material such as mild steel, connected by inner 
and outer tubes 34-35 having the coil 2, there 
between. The bore of the inner tube 36 receives 
the solenoid plunger 26, and the outer tube 35 
encloses the coil 27 and is radially spaced from 
the surrounding wall of the housing 5. The tubes 
34-35 are welded or otherwise secured to the 
core-ends 32-33; and the coil assembly as pref 
erably suspended from the valve housing 5, as 
for example by a threaded coupling 36 having 
right and left hand threads, with a pin 37 alin 
ing the parts. "The tubes 34-35 are of non-mag 
netic material, preferably stainless steel, and lugs. 
38 of magnetic material project from the core 
ends 32-33 for sliding contact with the hous 
ing 5 which is of magnietic_material. It is thus 
the housing 5 and not the outer tube 35, which 
completes the closed path of magnetic material 
for the magnetic circuit. '. 
By their pressure tight connections with the 

core-ends the tubes 34-35 seal the coil winding 
2 against external or internal pressure, and 
consequently there is no need to pack off around 
the valve stem 23, the pressure from the pas 
sageway 28 being free to enter the bore of the 
tube 34 via a screen 39. By utilizing the hous 

... ing 5, rather than the outer tube 35, for the mag 7. 



in the expansion chamber above the foot valve, 
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netic circuit, the tube 35 may be of slight thick 
ness occupying but little space, and magnetic 
leakage from the plunger of the solenoid adjacent 
the working air gap is appreciably reduced, there 
by increasing the pull exerted by the Solenoid. 
Furthermore the tubes 34 and 35 being of the 
same material, their expansion and contraction 
will be equal so as not to break their connections 
with the core ends 32-33; and expansion and 
contraction is provided for by the lugs 38 freely 
sliding in the housing 5. 
The foot valve 3 of the pump is mounted in 

the housing 5 below the solenoid 26-27. A 
Spring 40 shown as abutting the lower core-end 
33 may yieldingly seat the foot valve, permitting 
the foot, valve to open responsive to pressure 
of the production fluid seeking its static or work 
ing level while the head valve is closed during the 
filling period, and the spring closes the foot valve 
when the tension of the spring combined with the 
static pressure of the column of production fluid 

exceeds the pressure exerted upwardly against 
the foot valve by the production fluid rising 
through the tail piece 4. A spring is prefer 
ably employed which will close the foot valve 
when the production fluid has risen to approxi 

... mately its static level, and the operating means 
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for the head valve f4 is preferably timed to not 
Open the head valve until just after the spring 
40 has closed the foot valve, so that by the time 
the pressure fluid is admitted to the production 
String the foot, valve is already closed, thereby 
avoiding excessive shock as might result if the 
foot valve did not close until downward pressure 
of the pressure fluid were exerted thereon, and 
also preventing the pressure fluid exerting back 
pressure, against the production stratum of the 
Well. ??? 

A control is provided for the solenoid 26-27, 
preferably a remote control at the top of the well; 
and for this purpose a cable 42 may provide the 
Conductor for transmitting electrical energy to 
the coil winding 2 and may extend through the 
core-end 32 and the valve housing , and thence 
through the passageway 2 and the conduit 9, 
into the annular space 3 and thence upwardly 
along the tubing string 2. 
The control may be any desired means for 

completing an electrical circuit and thereby ener 
gizing the solenoid for opening the head valve 
and holding it open throughout the discharge 
period, and then breaking the electrical circuit 
so as to deemergize the solenoid and thus per 
mit the spring 0 to close the balanced head 
valve throughout the filling period.: The con 
trol means is preferably automatically operated 
to provide these alternating filling and dis 
charge periods, and is preferably adjustable to 
wary said periods, with the adjustments for the 
respective periods preferably independent of one 
another. 
A preferred type of control means is shown 

diagrammatically at Fig. 1. Wires 4-4 lead 
from a source of electrical energy 45-48, the 
electrical energy being D. C. and suitable means 
(not shown) being employed to convert A. C. to 
D. C. in those cases where only A. C. is avail 
able. Wires 47-48 provide a circuit for the coil 
27, the wire 47 leading from one side of the source 
of electrical energy to the wire 42 which is con 
nected to the coil 27, and the wire 48 being con 
nected to the tubing 2 on which the other side of 
the coil 27 is grounded. The vire 48 is con 
nected to the wires via a switch, and when, 

the Switch is closed a circuit is completed for en 
ergizing the coil 27 and opening the head valve 
14 for the discharge period, and when the switch 
49 is open this circuit is broken, thereby deen 
ergizing the coll 27 so that the head valve then 
closes for the filling period. Opening and clos 
ing the switch 49 may be controlled by timers 
A and B. 
The timer A may be adjusted to provide a dis 

charge period of any desired time interval, and 
the tinner B may be separately adjusted to pro 
vide a filling period of any desired time inter 
val. As an instance of this arrangement the 
timers may each include a switch 5 and a co 
operating swinging arm 52. The arm 52 is 
adapted for rotation clockwise by a shaft 53 
which is continuously driven at constant speed 
by suitable means such as an electric motor (not 
shown) and clockwise rotation of the arm 52 is 
started and stopped by an electro-magnetic 
clutch 54. When the arm 52 has been rotated 
clock-wise a predetermined distance as shown at 
timer B, it engages and opens its cooperating 
Switch 5, and the circuit for its electro-mag 
netic clutch is thereby broken so that the clutch 
disengages and thus stops rotation of the arm 
52. The arm is then returned to its inoperative 
position as shown at timer A, as for example by 
a spring (not shown). A knob 55 may provide for 
manually circumferentially adjusting the inOp 
erative position of the arm 52 with relation to 
the operating shaft, upon which it is mounted, 
with the knob then locking the arm relative to its 
Operating shaft in desired adjusted position. The 
distance traveled by the arm 52 while swinging 
from its inoperative position to the point where 
it opens its cooperating switch is thus varied at 
will, for regulating the time interval during 
which the timer functions, and the knobS 55 of 
the respective timers A and B, thus provide for 
independently adjusting the timers. 
The timers are alternately operated, i. e., their 

electro-magnetic clutches 54 are alternately en 
gaged, as for example by an automatic means, 
which is shown as including contractors C and 
D; and during the time intervals when the timers 
A and B are respectively operating, these con 
tactors keep the switch 49 closed and open re 
spectively, so as to provide the discharge period 
and the filling period. As an instance of this 
arrangement each contactor has a contact 56, 
with the contactor C also controlling the switch 
49; and each contactor is operated by a coll 57. 
When the coil of contactor C is energized it opens 
its contact 56 and closes the switch 49, and when 
deenergized it closes its contact 56 and opens the 
switch 49. When the coil of contactor D is en 

- ergized it opens its contact 56, and when deen 
ergized it closes its contact. The contactors and 
the timers are electrically connected so that 
when the coil of one contactor is energized the 
coil of the other is deemergized, and the coils of 
the contactors are respectively energized 
throughout the filling period and the discharge 
period. ? 

For this purpose the wires 4-44 lead to the 

B respectively, and at their opposite sides the 
clutches of the timers A and B are respectively 
connected to the contacts 56 of the contactors ID 
and C as shown at 60-61. Wires 62-63 re 
spectively connect the wires 43-44 to the con 
tactors C and D, so that the contactor C con 
trols the main operating circuit for the coil 27 
via the switch 49, and via its contact 56 con 
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electro-magnetic clutches 54 of the timers A and 

70 
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trols the circuit for the electro-magnetic clutch 
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of the timer B, while the contactor D, via its con 
tact 56, controls the circuit for the electro-mag 
netic clutch of the timer A. The coil 5 of con 
tactor C is connected to the wires 43-60, via a 
Wire 64 and the switch 5 of the timer A, and 
in similar manner the coil 57 of contactor D is 
Connected to wires 44-6, via a wire 65 and 
the Switch 5 of the timer B. 
The wiring diagram shows the position of the 

parts just as the end of the filling period is 
approached, the coil 57 of contactor C being de 
'energized as a result of the contactor 56 of the 

40 5 
ture wherein it may be desired to position the 
foot. valve an appreciable distance below the 
packer 7. This packer must be placed above the 
level at which the well casing is open to the 
surrounding formation, in Order to prevent es 
cape of pressure fluid from the annular space 2, 
and the intake whereby this pressure fluid is 
directed into the valve chamber of the head valve 

contactor D being open, thereby opening the , 
switch 49 so that coil 27 is deemergized and the 
head valve 4 is closed for the filling period. 
The coil 5 of the contactor C being deenergized, 
its contact 56 is closed, thereby energizing the 
coil 5 of the contactor D to open its contact 66. 
The circuit for the electro-magnetic clutch 54 
of the timer A is thus broken, so that, its arm 
52 remains stationary in its retracted position 
as shown, and at the same time the circuit for 
the electro-magnetic clutch 54 of the timer B 
is closed. The arrin 52 of the timer B is thus 
rotated clockwise to the position shown in the 
diagram, and the time which it takes for the 
arm to rotate to a position where it finally opens 
its cooperating Switch 5 determines the filling 
period. . When the switch of timer B is thus 
opened after a predetermined time interval, the 
coil 57 of the contactor D is deenergized so that 
its contact 56 closes. This energizes the coil 57 
of the contactor C, closing the switch 49. The 
coil. 2 is thus energized, opening- the head valve 
f4 and starting the discharge period; and the 
closed contact 56 of the contactor D also ener 
gizes the electro-magnetic clutch 54 of the timer 
A, thereby causing clockwise rotation of the arm 
5 of the timer A. The contact 56 of the con 
tactor C is also opened as a result of its coil 5, 

... positioned at a level far below that of the 

being energized, thereby breaking the circuit for 
the electro-magnetic clutch of the timer. B so 
that its arm 52 is returned to its retracted posi 
tion by its spring (not shown), with its cooper 
ating switch 5, then reclosing, and the retracted 
arm of the timer B then remaining stationary 
during the discharge period. The rotating arm 
52 of the timer A finally engages and opens its 
cooperating switch 5, the time interval before 
this occurs determining the discharge period, 
and as a result of the switch 5 of the timer. A 
being thus opened, the coil 57 of contactor C 
is deenergized, reclosing its contact 56 and open 
ing the switch 49. The coil 27 is thus deener 
gized so that the head valve 4 closes to again 
start the filling period, and the electro-magnetic 
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clutch 54 of the timer B is reengaged to again 
cause clockwise rotation of the arm 52 of the 
timer B. The coil 5 of the contactor D is also 
energized as a result of the contact 56 of the 
contactor C closing, thereby opening the contact 
56 of the contactor D. The electro-magnetic 
clutch 54 of the timer A is thus disengaged so 
that the arm 52 of this timer is retracted by, its 
spring, and the switch 5 of the timer A thus 
recloses and the cooperating arm 52 then re 
mains stationary in its retracted position during. 
the filling period. The parts are then again in 
the position originally described, so that rotation 
of the arm 52 of the timer. B again controls 
the filling period. ? . ' ' ? * 

At Fig. 4 a modification of the invention is 
shown, particularly applicable to a Well, struce 

must be above the packer. If then it is desired 
to position the foot valve at a much lower level 
but at the same time admit the pressure fluid to 
the production string at a level which is only a 
comparatively short distance above the foot valve, 
it is necessary, with the structure, shown at 
Figs. 1 and 2, to suspend the head valve housing 
and its operating means an appreciable distance 
below the conduit 9, as for example by elongat 
ing the connecting nipple which is provided at 
the upper end of the valve housing. This neces 
sitates the cable 42 being threaded through this 
elongated nipple in order that it may be con 
nected to the coil 27. But with the structure 
shown at Fig. 4. Only a short length of the cable 
need be threaded through the housing fer the 
head valve, even though the foot valve is to be 

packer 7. 
As an instance of this arrangement, the con 

duit !9a, provided with the screen slots 20la, 
opens upwardly into the valve housing 15a, which 
may be an integral part of the conduit 9a, and 
the actuating solenoid 26a-2a, which may be 
similar to that previously described except that 
it is inverted, and which has its parts indicated 
by reference numerals 32a, 33a, etc., is mounted 
in the housing 5a above the valve housing 5a, 
and is connected to the valve housing by a coul 
pling 36a. The head valve dia, is a balanced 
valve, closed by a spring 30a and opened by its 
cooperating solenoid when the latter is energized, 
and the cable 42d for the coll of the solenoid 
extends through the valve housing Sa and the 
conduit 9a, and thence into the annular space 
3 and upwardly along the tubing 2 so that it 
may be connected to a control means such as 
previously explained in connection with Figs. 
and 2. The outlet side of the head valve has 
a depending passageway, 29a terminating in a 
nipple 70, from which a conduit 7 of any de 
sired length may be suspended so as to form a 
discharge 22a through which pressure fluid may 
be directed into the production string, prefer 
ably at the expansion chamber 6d. The foot 
valve fla is mounted in an extension 2 of the 
housing 5a, and this extension may be of any 
desired length so as to position the foot valve 
at any desired level. The foot-valve is shown 
as closing by gravity, when the production fluid 
rising in the production string balances the pres 
sure against the valve; and as previously des 
scribed the control means is preferably timed to 
open the head valve and thus inaugurate the 
discharge period, just after the foot valve has 
closed. 

In the modification of the invention shown at 
Fig. 5, the head valve and the solenoid for actu 
atting the same, are mounted in housing 5b and 
comprise an assembly the same as illustrated at 
Figs. and 2 and denoted by reference numeras 
f4b, 26b, 27b, etc., but the foot valve, which is 
shown at ?ic, has a positive operating means for 
closing the foot valve at any desired time. As an 
instance of this arrangement the foot wave may 
be electrically operated, as for example by a 
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solenoid which is energized to close the foot valve 
throughout the discharge period, and which is 
deenergized to permit the foot valve to open 
throughout the filling period. The foot valve is 
mounted in a valve housing 74 at the lower end 
of the housing 5b, and the valve housing 74 has 
an intake 75 communicating with the foot piece 
4 and providing a balanced valve, with the outlet 
of the valve housing communicating with the ex 
pansion chamber 6b as shown at 76. The stem 
7 of the foot valve projects upwardly through 

a screen 18 and terminates in the plunger of 
a Solenoid; and a spring 8 yieldingly opens the 
foot valve for the filling period, and the solenoid 
when energized closes the foot valve for the dis 
charge period. 
The Solenoid for the foot valve. is preferably a 

structure similar to that of the solenoid assembly 
for the head valve which is shown at Figs. 2 and 
3, except that it is inverted. Its core-ends 
32c-33c are connected by inner and outer tubes 
34c-35c of non-magnetic material, enclosing the 
coil winding 27c which actuates the plunger 26c; 
and the solenoid assembly is supported upon the 
valve housing 74 by a coupling 36c, and has lugs 
38c slidably engaging the wall of housing 5b so 
that the latter forms a part of the magnetic cir 
cuit. The solenoid for the foot Valve maybe con 
trolled by the same type of control, means as 
employed with the solenoid for the head valve; 
and for this purpose a cable 42C may be con 

• . nected to the coil 27c and may extend to the 

O 

exterior of the housing 5b. The cable 42c, and 
the cable 42b for the solenoid of the head valve, 
may extend upwardly along the tubing 2 and at 
the earth's surface may be connected to separate 
control means each of which may be of the type 
shown at Fig. 1. 
When the control means for the head valve 

causes the coil 27b of its solenoid to be energized; 
the head valve is opened to initiate the discharge 
period as previously described; and the control 
means for the foot valve is timed, so that simul 
taneously or just prior thereto, the coil 2c is 
energized to close the foot valve. At the end of 
the discharge period, the control means for the 
head valve deemergizes its coil 27b so that the 
balanced head valve is closed by its spring, and 
the control means for the foot valve also deener 
gizes the coil 27c so that the spring 8 opens 
the balanced foot valve in properly timed rela 
tion to the closing of the head valve, thereby 
inaugurating the filling period. The timing is 
preferably such that the foot valve is opened just 
after the head valve has been closed. If the pressure fluid is under extremely high 
pressure, the construction as thus far described 
might require the use of such a strong spring 
for the head valve, in order to avoid excessive 
head valve leakage, as would require a more pow 
erful solenold than might be practical for the 
restricted space available. In order to avoid an 
excessively large solenoid and at the same time 
insure operation of the head valve without ex 
cessive leakage, the construction shown at Fig. 
6 may be employed. With this arrangement the 
operating means for the head valve includes a 
solenoid such as previously described and a pis 

O 
ton which is actuated by the pressure fluid which 
is utilised for operating the pump. The solenoid 
controls admission of the pressure fluid for actu 

S 

ating the piston which is connected to the stem 
of the head valve, and the electrical energy 
which is supplied to the solenoid is remotely con 
trolled as previously described. ?? 

9,145,402. 
As an instance of this arrangement, a hous 

ing 5d for the head valve is suspended in hous 
ing 5d, from an intake conduit 19d as previously 
described, and a solenoid assembly such as previ 
ously described and including plunger 26d and 
coil 2d, is suspended from the head valve housing 
by a coupling 36d. The head valve 4d closes 
downwardly and pressure against the valve is 
not balanced, the valve housing having an inlet 
space 28d above the head valve and an outlet 
passageway 29d below the head valve, with the 
outlet passageway leading downwardly to a dis 
charge port 22d which communicates with the 
expansion chamber 6d. The head valve is yield 
ingly seated by a spring 30d, and its depending 
stem 23d terminates in a piston 85 which is adapt 
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15 
ed for reciprocation in a cylinder 86 formed in 

' the housing 5d. below the head valve. The 
stem 23d is loosely packed as shown at 87, so as 
to prevent Sand entering the cylinder 86 while 
permitting flow of pressure fluid between the 
upper end of the cylinder and the outlet passage 
Way, 29d; and a bore 88 opens into the lower end 
of the cylinder 86, and is preferably provided 
with a check valve 89 which closes against es 
cape of pressure from the lower end of the cylin 
der. The bore 88 forms a valve seat 90 and com 
municates with a bore 9 which in turn opens into 
the inlet space 28d, and a needle type of pilot 
valve 92 cooperates, with the valve seat 90 and 
has a depending valve stem 93 which terminates 
in the plunger 26d of the solenoid. A spring 94 
yieldingly closes the needle type pilot valve 92, 
which is opened against the tension of its spring 
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when the coil 27d of the solenoid is ener- 85 
gized, and a cable 42d provides a connection for 
the coil of the solenoid, and may lead to a control 

w means such as shown at Fig. 1. The foot valve 
3d may be of the type shown at Fig. 2. 
At the beginning of the filling period the Coil 

2d. is deemergized by the control means as ex 
plained in connection with Fig. 1. The needle 
valve 92 is thus closed by its spring for shutting 
of the supply of pressure fluid to the lower end 
of the cylinder 86, and the pressure fluid Sup 
plied to the lower end of the cylinder during the 
preceding discharge period soon leaks past the 
piston 5 and thence into the Outlet passageway 
29d, so that the spring 30d closes the head valve 
4d and then keeps the head valve closed 
throughout the filling period. At the end of the 
filling period the control means causes the coil 
2d to be energized in the same manner as ex 
plained in connection with Fig. 1, thereby open 
ing the valve 92 and admitting pressure fluid to 

- the lower end of the cylinder 86. The piston 85 
is of greater area than that of the head valve 
4d, whereby this upward pressure against the 
piston opens the head valve to inaugurate the 
discharge period. Pressare fluid being thus ad 
mitted to the expansion chamber Ed for lifting 
the production fluid, back pressure builds up in the 
passageway 28d and tends to balance the head 
valve so that its spring 3d starts to close the 
head valve. But this closing movement throttles 
the pressure fluid, producing a pressure drop 
through the head valve resulting in a pressure 
differential above and below the piston 85; . The 
piston thus exerts an upward thrust, sufficient to 
balance the spring Ed, and the head valve is 
balanced and floats in its partially open posi tion, thereby cintinuing the discharge period. 
To prevent vibration when the head valve is in 
this open balanced position, the check valve 8 
is preferably employed to insure stability. At the 
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end of the discharge period the coil. 2d. is again 
deenergized by the control' means, thereby again 
starting the filling period. 

In the modification of the invention shown at 
Fig. 7 the head valve is operated by means which 
positively opens the head valve during the dis 
charge period and which then positively closes 
the head valve during the filling period. For 
this purpose the arrangement may be similar to 
that shown at Fig. 2, except that the spring for 
the head valve is omitted and the operating 

5 
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Exéans for the head valve is an electric motor 
in lieu of the solenoid previously described. 
As an instance of this arrangement the head 

valve 4e is mounted in a valve housing 5e 
which is suspended in housing 5e from an intake 
conduit 19e as previously described, the con 
struction providing a balanced valve adapted for 
discharge of pressure fluid into the expansion 
chamber 6e via the discharge port 22e, when 
the head valve is open. The depending stem 23e 
of the head valve has a thread OO of coarse pitch, 
threaded through a hut of which is fixed against 
rotation or vertical movement in the lower por 
tion of the valve housing 5e; and the lower 
end of the valve stem is splined to a shaft O2 as 
shown at 03, so that the valve stem is rotated 
by the shaft but is free for axial movement rela 
tive thereto. A housing 04 is suspended from 
the valve housing 5e by a coupling 36e, and 
preferably has lugs 38e slidably engaging the 
wall of the housing 5e. An electric motor f05 
is mounted in the housing 04 and rotates the 
shaft O2 through speed reducing gearing O6. A 
cable 42e may supply electrical energy to the 
motor 05, and preferably extends into the an 
nular space 3 and thence upwardly along the 
tubing string 2 to a suitable control. 
At the beginning of the filling period the con 

trol means closes a circuit which causes rotation 
of the motor in one direction for rotating the 
shaft 02 in the direction for threading the stem 
23e through the nut Of so as to close the head 
valve 4e. The motor is preferably a torque mo 
tor which will stop when the head valve has been 
closed, and the head valve then remains closed 
throughout the remainder of the filling period. . 
At the start of the discharge period the control 
means closes a circuit which causes reverse ro 
tation of the motor, thereby rotating the shaft 
f02 in the opposite direction and thus thread 
ing the stem 23e through the nut 0f in the di 
rection to open the head valve. The torque mo 
tor will stop when the head valve has been 
opened, and the head valve then remains open 
throughout the discharge period, at the end of 
which the control means again inaugurates the 
filling period. The foot valve 3e employed in 
this construction may be of the same type as 
shown at Fig. 2. 
The motor is preferably a three-phase mo 

tor having motor leads - -2 connected 
via the control means to a sorce of electrica, 
energy 3-f 14-1 5; and the control means is 
adapted to reverse, a pair of these leads at the 
start of the filling period and at the start of the 
discharge period, for rotating the motor in oppo 

70 

site directions. The contro neans preferaby 
also includes time relay relays, respectively open 
ing the main circuit after the torque motor has 
been rotated in each of its opposite directions 
and then stopped, and whereby overheating is 
avoideui. 
As an instance of this arrangement the con 

trol means may include timers A-B” and con 

F is in circuit with wires 44-65'. 

27 
tactors C-D' which are in general similar to 
corresponding parts of the control shown at 
Fig. 1, the similar elements being indicated at 
Fig. 7, by primed reference numerals. Wires 
43-44 lead from the terminals 3-4, and 
the contactors C'-D' with their contacts 56', 
and the timers A-B'' with their electro-mag 
netic clutches 54 and their swinging arms 52 
and their cooperating switches 5', are connect 
ed to these wires as previously described. In 
lieu of the switch 49 employed in the construc 
tion shown at Fig. 1, each of the contactors 
C-D' preferably has a second contact 6, and 
when the coli of either of the contactors is en 
ergized, its contact 56' is open and its contact 
f6 is closed, and when deemergized its contact 
56' is closed and its contact f6 is open. Time 
delay relays E and F are preferably employed 
with the contactors, and each includes a coil. 
f, which when energized opens a switch. 8 
after a time interval, which may preferably be 
adjusted by suitable means (not shown), and 
which when deenergized permits its switch 8 
to close. The coil of time delay relay E is 
in circuit with wires 43'-64, and the coil of relay 

The SWitch 
8 of relay E is between the contact 6 of con 

tactor C and a wire 9 which leads to a coil 22, 
the other side of which is connected to wire 44; 
and the switch 8 of relay F is between the 
contact. f6 of contactor D and a wire 20 which 
leads to a coil 12, the other side of which is con 
nected to the wire 43’. The coil 12 when ener 
gized closes switches 23-24, and the coil 22 
when energized closes switches 25-26. The 
switch 23 connects the wire 43’ to the lead do, 
and the switch 24 connects the wire 44 to the 
lead . The switch 25 connects the wire 43' 
to the lead , and the switch 26 connects the 
wire 44' to the lead O. The lead 2 is con 
nected to the terminal 5. 
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The wiring diagram (Fig. 7) shows the posi 
tion of the parts just at the start of the filling 
period, with the timer B' operating to determine 
the length of the filling period by finally opening 
its Switch 5, and with the coil of contactor D 
energized so that its contact 6 is closed, there 
by energizing the Col. 2 so that electrical sen 
ergy is supplied to the motor 05, with the 
leads ff0-fl-2 connected to terminals 
If 3-4-ft 5 in the order mentioned. By this 
arrangement the motor is rotated in the direc 
tion to close the head valve 4e and thus in 
augurate the filling period, and after a time 
interval determined by the adjustment of relay 
F, and by which time the head valve will have 
been closed and the torque motor will have 
stopped rotating, the switch ifs of relay F opens 
(the coil of Said relay having been energized at 
the same time as that of the coil of contactor 
D), thereby breaking the circuit for the Coi 12? 
so that the switches 23-2 are opened, thus 
breaking the main power circuit for the motor. 
The head valve then remains closed for the re 
mainder of the filling period, with the motor 0.5 
idie. 
At the end of the filling period the arm 52'. 

of timer B opens its cooperating switch 5, there 
by deemergizing the coll of contactor D and en 
ergizing the coil of contactor C as previously 
explained in connection with Fig. 1. The timer 
A then starts to operate to determine the length 
of the discharge period, which is inaugurated 
by the closed contact 6 of contactor C, closing 
the circuit for the coil 22. This coli when en 
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ergized closes the switches 25-26, thus con 
necting the terminals 3-4-5 to the leads 
- 0-2 in that order, and thereby supply 

current to the motor 05 for driving it in the 
reverse direction. The motor thus opens the 
head valve to start the discharge period, and 
at the time when the torque motor is stopped 
by the valve having reached its full open posi 
tion, the time delay relay E operates to open 
its switch f8, thereby breaking the circuit for 
coil 22 and thus opening the switches 25-26 
So as to break the main operating circuit for 
the motor. The head valve then remains open 
for the remainder of the discharge period, with 
the motor 05 idle, and until the filling period is 
again inaugurated by the arm 52' of the timer 
A' engaging and opening its cooperating switch 
5. When this occurs and as previously ex 
plained in connection with Fig. 1, the coil of 
contactor Cis deenergized and the coil of con 
tactor D is again energized, so that the parts 
are again in the position shown in the diagram 
(Fig. 7), ready for the filling period. 
In the modification of the invention shown 

at Fig. 8 the head valve is opened by operating 
means, actuation of which is controlled by fluid 
pressure other-than the displacing fluid which 
Operates the pump, and this fluid pressure is 
transmitted to the operating means through a 
tube extending to the top of the well, and is 
controlled at the top of the well so that the 
operating means opens the head valve through 
out the discharge period and then permit the 
head valve to close during the filing period. 
As an instance of this arrangement the head 

valve 4f is mounted in a valve housing Sf 
which is suspended in housing Sf from an in 
take conduit 9f. A spring 30f tends to seat 
the head valve so as to shut of the intake cham 
ber 28f to the outlet passageway 29f, and the 
outlet passageway leads downwardly to a dis-, 
charge port 22f which opens into the expansion 
chamber 6f. The depending valve stem 23f ter 
minates in a piston f3 which is adapted for 
reciprocation in a cylinder 3, and this cylinder 
may be formed in the lower part of the valve 
housing ff. Fluid pressure may be supplied to 
the lower end of the cylinder 13 via a tube 
33, with this tube extending to the exterior of 

the housing 5f and thence upwardly along the 
tubing string. 2 to a remote control. A suitable 
fluid may be stored in the tube 33, with its 
static pressure which is directed upwardly against 
the piston 30 tending to open the head valve, 
but the spring 30f seats the head valve against 
this static pressure when no additional operating 
pressure is exerted on the fluid in the tube 83, 
thereby keeping the head valve closed during 
the filling period. At the start of the discharge 
period operating pressure is exerted on the fluid 
in the tube 33, thereby increasing its pressure 
against the piston so that. the head valve 
is opened against the tension of its spring, and 
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this operating pressure is then maintained so as 
to keep the head valve open for the duration 
of the discharge period. At the end of the dis 
charge period the operating pressure is relieved 
so that the spring f again seats the head valve 
against the static pressure in the tube 33, there 
by again inaugurating the filling period. 
The operating pressure may be supplied by 

any suitable, means, and as an instance of this 
arrangement the tube 3 may communicate with 
a cylinder 4 in which a piston 135 is adapted . 
for reciprocation to alternately relieve and exert 

2,145,402 
pressure on the fluid in the tube. In order to 
keep the tube full of fluid against any leakage 
losses, a reservoir 36 may communicate with 
the cylinder 34 via a port 37, the port being 
open when the -piston 35 is retracted to relieve 
the Operating pressure, and being closed by the 
piston when the latter is projected to exert pres. 
sure On the fluid in the tube. The piston 35 
may be reciprocated by any suitable actuating 
means, and the actuating means has a suitable 
control whereby it projects the piston 35 for a 
discharge period of any desired time interval, and 
then permits retraction of the piston for any 
desired filling period. 
By way of illustration the actuating means is 

shown as fluid pressure, and for this purpose a 
piston 38 may be connected to the piston 35 
with the piston 38 adapted for reciprocation 
in a cylinder 39, and fluid pressure may be 
supplied to or relieved from the cylinder 39 so 
as to project the piston 35 or permit its retrac 
tion. As an instance of this arrangement a 
three-way valve 40 may have an intake f4 
connected to a source of fluid pressure, with a 
conduit 42 connecting the valve and the cylin 
der 138, and with an exhaust 43 leading from 
the valve. A reciprocating valve head 44, when 
moved in one direction closes the exhaust 43 
and opens the intake f4 to the conduit 42 
whereby fluid pressure actuates the piston 38 
so as to exert pressure in the tube 33 for opening 
the head valve 4f, and when moved in the op 
posite direction closes the intake 4 and opens 
the conduit (42 to the exhaust 143 whereby fluid 
pressure is exhausted from the cylinder 39 so 
that the operating pressure in tube 33 is re 
lieved, thereby permitting the head valve 4f to 
close. - 

Means are provided for shifting the valve head 
44 in opposite directions at predetermined time 
intervals, and for this purpose a solenoid 45, 
when energized, may shift the valve head 44 
so as to supply fluid pressure to the cylinder 39 
and thereby open the head valve 4f to provide 
the discharge period, and when deemergized per 
mits movement of the valve head 44 to shut off 
the supply of fluid pressure and exhaust the 
cylinder-139, whereby the head valve 4f is closed 
to provide the filling period. The solenoid 45 
may be controlled by means similar to that shown 
at Fig. 1, such a control means being indicated 
generally at G and showing the knobs 55' for its 
tinners A' and B' whereby the time interval of 
the filling period and the discharge period may 
be independently adjusted as previously ex 
plained, and showing the wires 47-48' which 
lead to the solenoid 4 for controlling the same. 

In this form of the invention the foot. valve 
lf may be of the type shown at Fig. 4. 
The various embodiments of the invention as 

thus described provide for controlling the filling 
and discharge periods of a displacement pump 
wherein a fluid which is to be pumped is ad 
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mitted to a production string during the filling . . 
period and is then displaced by a pressure fluid 
during the discharge period, and the invention 
provides for alternately inaugurating the filling 
and discharge periods independently of pressure 
differential between the displacing fluid and the 
fluid which is to be pumped. Consequently it is 
not necessary to accurately regulate the pressure 
of the displacing fluid with relation to the static 
pressure of the fluid which is to be pumped, in 
order to produce the alternating filling and dis 
charge periods, and therefore the time intervals 
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of these alternating periods are not restricted to 
exactly those intervals at which the proper pres 
Sure differentials may be automatically obtained. 
The alternating filling and discharge periods may 
each consume any desired time interval, and may 
be independently adjusted at will. 
The invention is particularly applicable to a 

production String for a well, with the filling and 
discharge periods controlled by valvular means 
which is preferably in the production string, ad 
jacent the expansion chamber of the production 
string, with Operating means for the valvular 
means preferably in the production string and 
adjacent the valvular means, and with actuation 
of the operating means preferably controlled by 
energy of a type which may be transmitted via a 
Stationary conductor, e.g. a wire conducting elec 
trical energy to the operating means or a tube 
conducting fluid pressure energy to said operat 
ing means, and with the conductor preferably 
leading to a remote means for controlling the 
energy which is supplied to the conductor. 

I claim: 
1. In a fluid pressure displacement pump, an 

expansion chamber, means for alternately sup 
plying the expansion chamber with a pressure 
fiuid and With a fluid which is to be pumped, 
means adjacent the -expansion chamber for op 
erating the fluid supplying means so as to inde 
pendently control the time intervals during 
which the respective fluids are admitted, said 
operating means being adapted for control by 
energy of a type which may be transmitted via 
a stationary conductor, and means transmitting 
energy of Said type to the operating means. 

2. In a fluid pressure displacement pump, an 
expansion chamber, means for alternately sup 
plying the expansion chamber with a pressure 
fluid and with a fluid which is to be pumped, 
means adjacent the expansion chamber for op 
erating the fluid Supplying means so as to control 
the time intervais during which the respective 
fluids are admitted, said operating means being 
adapted for control by energy of a type which 
may be transmitted via a stationary conductor, 
means for transmitting energy of said type to 
the operating means, and means for controlling 
the transmission of energy so as to independently 
Vary Said time intervals for admission of the 
respective fluids. 

3. In a fluid pressure displacement pump, a 
housing forming an expansion chamber, a valve 
controlling admission of fiuid to the expansion 
chamber, a Solenoid for operating the valve, the 
Solenoid being mounted in the housing in spaced 
relation from the wall thereof, the solenoid being 
iron clad and hermetically sealed, the wall of 
the housing being of magnetic material, and 
bridges of magnetic material between the 
Solenoid and the Wall of the housing whereby 
said wall forms a part of the magnetic circuit. 

4. In a fluid pressure displacement, pump, an 
expansion chamber having an inlet and an outlet 
and adapted for incorporation in a Well produc 
tion string with its inlet providing for admission 
of production fluid from the Well and with its 
outlet communicating with the production string 
and providing for flow of production fluid from 
the expansion chamber through the production . 
string to the top of the Well, a valvular control 
preventing discharge of production fluid from 
the expansion chamber via the inlet, a valve 
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controlling admission of pressure fluid to the 
expansion chamber, means for operating the 
valve, the valve and its operating means being 

9 
mounted in the expansion chamber for flow of 
production fluid therethrough..past the operating 
means and thence to the outlet of the expansion. 
chamber, a stationary conductor transmitting 
energy to the operating means for controlling 
its actuation, means at the top of the Well for 
automatically controlling transmission of Said 
energy so as to independently control the time 
intervals during Which the operating means 
maintains the valve open and closed respectively, 
the automatic control operating independently of 
fluid admitted to the expansion chamber, and 
means for adjusting the automatic control for 
independently varying said respective time inter 
WalS. 

5. In a fluid pressure displacement pump, an 
expansion chamber having an inlet and an Outlet 
and adapted för incorporation in a well produc 
tion string with its inlet providing for admission 
of production fluid from the Well and With its 
outlet communicating with the production string 
and providing for flow of production fluid from 
the expansion chamber through the production 
string to the top of the well, a valvular control 
preventing discharge of production fluid from the 
expansion chamber via the inlet, a Valve con 
trolling admission of pressure fluid to the expan 
Sion chamber, means for Operating the valve, the 
valve and its operating means being mgunted in 
the expansion chamber for flow of production 
fluid therethrough past the operating means and 
thence to the outlet of the expansion chamber, 
and a stationary conductor transmitting energy 
to the operating means for controlling its actua 
tion, the transmission of energy Via the sta 
tionary conductor being independent of pressure 
of fluid Supplied to the expansion chamber. Via 
the Valve. 

6. In a fluid pressure displacement pump, an 
expansion chamber having an inlet and an outlet 
and adapted for incorporation in a well produc 
tion string with its inlet providing for admission 
of production fluid from the well and with its 
outlet communicating with the production string 
and providing for fow of production fluid from 
the expansion chamber through the production 
string to the top of the Well, a valvular control 
preventing discharge of production fluid from the 
expansion chamber via the inlet, a valve con 
trolling admission of pressure fluid to the ex 
pansion chamber, means for operating the valve, 
the valve and its operating means being mounted 
in the expansion chamber for flow of production 
fluid therethrough past the operating means and 
thence to the Outlet of the expansion chamber, 
a stationary conductor transmitting energy to 
the operating means for controlling its actuation, 
and means at the top of the well for controlling 
transmission of said energy, the last mentioned 
means operating independently of fluid admitted 
to the expansion chamber. 

7. In a fluid pressure displacement pump, an 
expansion chamber having an inlet and an out 
let providing respectively for admission and dis 
charge of a fuid which is to be pumped, a valve 
adjacent the expansion chamber for controlling 
admission of pressure fluid thereto, means adja 
cent the valve for operating the same, a sta 
tionary conductor transmitting energy to the 
operating means for controlling its actuation and 
means for automatically controlling transmission 
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of said energy so as to independently control the 
time intervals during which the operating means 
maintains the Valve open and closed respectively. 

8. In a fluid pressure displacement pump, an 
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expansion chamber having an inlet and an outlet 
providing respectively for admission and dis 
charge of a fluid which is to be pumped, a valve 
adjacent the expansion chamber for controlling 
admission of preSSure fluid thereto, means adja 
cent the valve for operating the Same, a sta 
tionary conductor transmitting energy to the 
Operating means for controlling its actuation, the 
transmission of energy via the stationary con 
ductor being independent of pressure of fluid 
supplied to the expansion chamber via the valve, 
means for automatically controlling transmission 
of Said energy so as to control the time intervals 
during which the operating means maintains the 
Valve open and closed, and means for adjusting 
the automatic control for varying said time in 
tervals. 

9. In a fluid pressure displacement pump, an 
eXpansion chamber having an inlet and an Out 
let providing respectively for admission and dis 
charge of a fluid which is to be pumped, a valve 
adjacent the expansion chamber for controlling 
admission of pressure fluid thereto, means adja 
cent the valve for operating the same, a sta 
tionary conductor transmitting energy to the 
operating means. for controlling its actuation, 
means for automatically controlling transmission 
of Said energy so as to independently control the 
time intervals during which the operating means 
maintains the valve open and closed respectively, 
and means for adjusting the automatic control 
for independently varying said respective tim 
intervals. 

10. In a fluid pressure displacement pump, an 
expansion chamber having an inlet and an out 
let providing respectively for admission and dis 
charge of a fluid which is to be pumped, a valve 
adjacent the expansion chamber, means for op 
erating the valve, said valve when open ad 
mitting pressure fluid to the expansion chamber 
and When closed preventing pressure fluid enter 
ing or escaping from the expansion chamber 
via Said valve, a stationary conductor transmit 
ting energy to the operating means for con 
trolling its actuation, and means for controlling 
transmission of said energy so as to independ 
ently control the time intervals during which the 
operating means maintains the valve open and 
Closed respectively. 

11. In a fluid pressure displacement pump, an 
expansion chamber, a valve controlling admission 
of fluid to the expansion chamber, and a solenoid 
for operating the valve, the solenoid being 
mounted in the expansion chamber in spaced 
relation from the wall thereof. 

12. In a fluid pressure displacement pump, an 
expansion chamber, a valve controlling admission 
of fluid to the expansion chamber, a solenoid for 
operating the valve, the solenoid being mounted 
in the expansion chamber in spaced relation from 
the Wall thereof, the solenoid being iron clad, 
the wall of the expansion chamber being of 
magnetic material, and bridges of magnetic 
material between the solenoid and the wall of . 
the expansion chamber Whereby said Wall forms 
a part of the magnetic circuit. 

13. In a fluid pressure displacement pump, a 
conduit having an intake for production fluid 
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and an intake for pressure fluid, a valve for at 
least one of said intakes, means for operating the 
valve, and means for automatically controlling 
the operating means so as to independently con 
trol the time intervals during which the valve 
is Open and closed respectively. in shiree disticement pump for 

2,145,402 
a well, a production string in the Well having an 
intake for production fluid and an intake for 
pressure fluid, a valve for at least One of Said 
intakes, means in the well for operating the waive, 
and means for automatically controlling the op 
erating means so as to independently control the 
time intervals during which the valve is open 
and closed respectively. 

15. In a fluid pressure displacement pump, a 
conduit for fluid which is to be pumped, a valve 
for admitting pressure fluid to the conduit when 
said valve is open, and preventing pressure fluid 
entering, or escaping from the conduit via said 
valve when the valve is closed, means for Operat 
ing the valve, and means for independently con 
trolling the time intervals during which the valve 
is open and closed respectively. 

i6. In a fluid pressure displacement pump, a 
conduit having an intake for production fluid 
and an intake for pressure fluid, a valve for at . 
least one of said intakes, means for operating the 
valve, means for automatically controlling the 
operating means so as to independently control 
the time intervals during which the valve is open 
and closed respectively, and means for adjusting 
the automatic control for independently varying 
said respective time intervals. 

17. In a fluid pressure displacement pump, a 
conduit having an intake for production fluid and 
an intake for pressure fluid, a valve for at least 
one of said intakes, means for Operating the 
valve, a stationary conductor transmitting energy 
to the operating means for controlling its actua 
tion, the transmission of energy Via the sta 
tionary conductor being independent of pressure 
of fluid supplied to the conduit via the Valve, 
means for automatically controlling transmission 
of said energy so as to control the time intervals 
during which the valve is open and closed re 
spectively, and means for adjusting the auto 
matic control for varying Said time intervals. 

18. In a fluid pressure displacement pump for 
a well, a production string in the well having an 
intake for production fluid and an intake for 
pressure fluid, a valve for at least one of said in 
takes, means in the well for operating the valve, 
a stationary conductor transmitting energy to 
the operating means for controlling its actuation, 
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the transmission of energy via the stationary 
conductor being independent of pressure of fiuid 
admitted to the production string, means for 50 
automatically controlling transmission of said 
energy so as to control the time intervals during 
which the valve is open and closed respectively, 
and means for adjusting the automatic control 
for varying said time intervals. 

19. In a fluid pressure displacement pump, a 
conduit having. an intake for production fuid 
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and an intake for pressure fluid, a valve for at . 
least one of said intakes, means for operating 
the valve, the valve and its operating means be 
ing mounted in the conduit, and a stationary 

: conductor transmitting energy to the operating 
means for controlling its actuation, the trans 
mission of energy via the stationary Conductor 
being independent of pressure of fluid admitted 
to the conduit. 

20. In a fluid pressure displacement pump for. 
a Well, a production string in the Well having an 
intake for production fluid and an intake for 
pressure fluid, a valve for at least one of said 

60 

65 

O 

intakes, means in the well for operating the 
valve, a stationary conductor transmitting energy 
to the operating means for controlling its actua 
tion, the transmission of energy via the sta 
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tionary conductor being independent of pressure 
of fluid admitted to the production string, and 
means for controlling transmission of energy via 
the stationary conductor, said last mentioned 
means operating independently of fluid admitted 
to the production string. 

2i. In a fluid pressure displacement pump, a 
conduit having an intake for production fluid 
and an intake for pressure fluid, a valve for at 
least one of said intakes, a solenoid for operating 
the valve, the solenoid being mounted in the 
conduit in spaced relation from the wall thereof, 
the wall of the conduit being of magnetic mate 
rial, and bridges of magnetic material between 
the solenoid and the wall of the conduit whereby 
said wall forms a part of the magnetic circuit. 

22. In a fluid pressure displacement pump, a 
conduit for fluid which is to be pumped, a valve 
controlling admission to the conduit of fluid 
which is to be pumped, a valve controlling ad 
mission of pressure fluid to the conduit, and 
means for operating the valves So as to alter 
nately admit the respective fluids, said Operating 
sneans providing for independently controlling 
the time intervals during which the respective 
fluids are admitted. 

23. In a fluid pressure displacement pump, a 
conduit for fluid which is to be pumped, a valve 
controlling admission to the conduit of fluid 
which is to be pumped, a valve controlling ad 
mission of pressure fluid to the conduit, means 
for operating the valves so as to alternately ad 
mit the respective fluids, Said operating means 
providing for independently controlling the time 
intervals during which the respective fluids are 
admitted, and means for independently varying 
said respective time intervals. 

24. In a fluid pressure displacement pump for 
a well, a production string in the well, a valve in 

the well for admitting pressure fluid to the pro 
duction string when the valve is open and pre 
wenting pressure fluid entering or escaping from 
the production string via said valve when the 
valve is closed, means in the well for operating 
the valve, and a stationary conductor transmit 
ting energy to the operating means for con 
trolling its actuation, the transmission of energy 
via the Stationary conductor being independent 
of pressure of fluid admitted to the production string. 

25. In a fluid pressure displacement pump for 
a well, a production string in the well, a valve 
in the Well controlling admission of pressure fluid 

... to the production string, means in the Well for 
operating the valve by fluid pressure, a valve in 
the Well for controlling admission of said fluid 
pressure to the operating means, and means for 
actuating the last mentioned valve independ 
ently of fluid in the production string and by. 
energy of a type which may be transmitted via 
a stationary conduisitor, and means for trans 
mitting energy of said type to the actuating 
eaS. 

26. In a fluid pressure displacement pump for 
a Well, a production string in the well, a conduit 
for supplying pressure fluid to the production 
string, a valve in the well controlling admission 
of pressure fluid from the conduit to the pro 
duction string, means in the well for operating 
the valve by fluid pressure, a second conduit con 
taining a fluid and communicating with said 
Operating means, and means for controlling the 
pressure of the fluid in the second conduit, said 
controlling means being operable independently 
of fluid in the production string and independ 
ently of movement of the operating means. 

TROBERT P. Mm.LER. 
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