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Claims. 

The invention is particularly applicable to wells 
which are pumped by fluid pressure pumps, als 
though applicable under certain conditions to 
other pumping systems. It is particularly appli 

5 Cable to the pumping of deep oil wells by means 
of fluid pressure pumps. 
The standard method of pumping an oil well at 

the present time is by means of a pump placed at 
or near the bottom of the well, this pump being 
actuated through pump rods which are connected 
to this pump and which extend up inside the 
tubing of the well, being actuated by suitable 
pumping mechanism placed in the derrick above 
the surface of the ground. Such pumps while 
quite satisfactory for wells of moderate depth, 

O 

5 
have proved quite unsatisfactory in very deep 
Wells, i. e., wells having a depth of 5,000 feet Or 
more. In these deep wells the stretching of the 
pump rods and the tubing is excessive, thus cutting 

20 down the effective stroke of the pump, and in 
these deep wells the factor of safety in the pump 
rods is necessarily small due to the weight of the 
rods and the column of fluid which it is neces 
sary to sustain thereon. / 
To overcome these difficulties various inventors 

have devised fluid-operated pumps in which oil 
under pressure is used as a motive power for a 
fluid motor placed just above and connected to 
the pump proper which is situated near the bot 

25 

30 tom of the well. Such fluid-operated pumps may 
be of the rotary or reciprocating type, and the 
particular form of the pump or motor has no 
bearing on the present invention. 
Our invention is particularly applicable and is 

35 described herein as applied to Such a fluid-Operat 
ed pump, although not necessarily limited thereto. 

For the purpose of providing oil under pressure 
for such fluid-actuated pumps it is necessary to 
provide an actuating pump - preferably situated 

40 in the derrick above the surface of the ground, 
this actuating pump being driven by a suitable 
source of power and being used to supply oil under 
pressure to an oil supply pipe leading to the fluid 
motor in the Well. 

It is difficult to determine exactly how much 
oil a well will produce, and although the produc 
tive capacity of the well does not ordinarily sud 
denly change, there is usually a slow decrease in 
productive capacity due to the exhaustion of the 

50 oil sands around the well. Since the fluid motor 
is linked to the actuating pump at the surface of 
the ground by means of a column of oil, the 
capacity of the apparatus to pump oil from the 
well is governed by the speed of the actuating 

55 pump. The speed of the actuating pump can, 

45. 

(C. 103-22) 
of course, be regulated by a suitable speed regu 
lator applied to the driving means therefor, but 
since these pumps operate for long periods with 
out an attendant, frequent changes in the speed 
of the actuating pump may be necessary if the 60 
well is to be kept “pumped down' (that is, with 
its fluid at its lowest depth at which the pump 
in the well with operate), and the operation of 
the pump in the well at low efficiencies is to be 
avoided, since if the pump is operated at a higher 65 
capacity than the well will produce, it will eventu 
ally exhaust the oil in the well and start to pump 
gas. It is highly desirable that the well be kept 
“pumped down' if the well is to produce a maxi 
mum amount of oil, since by keeping the fluid C. 
level of the oil in the well very low, there is no 
counter pressure set up in the well due to a 
head of oil therein to counteract the rock pressure 
which forces the oil into the well. - It is an object of our invention to provide a 
method of and apparatus for pumping wells. 
which will keep the well pumped down and in 
which the pump will operate at a high efficiency. 

Further objects and advantages will be made 
evident hereinafter. 

Referring to the drawings, which are for illus 
trative purposes only: . 

Fig. 1 shows in diagrammatic form the appa 
ratus required when our invention is applied to a 
fluid-operated pump applied to an oil well. 

Fig. 2 is a diagram of the electrical connections 

80 

by which the pump is controlled. 
Fig. 3 is a diagram showing an alternate method 

of connection. 
Fig. 4 is a diagram showing another alternate 90 

method of connection. - - 
Fig. 5 is a general assembly of the apparatus 

shown in Fig. 4. 
In the form of the invention illustrated, an oil 

well is shown having a bore 11 which extends 95 
down from the surface of the ground 12 any de 
sired distance. It is practical by using our in 
vention to efficiently and positively pump wells 
which are 6,000 feet deep or deeper. Our inven 
tion can, of course, be applied to shallow wells 100 
and is quite efficient when so applied, but it has a 
peculiar utility when applied to very deep wells 
in which the present methods of pumping are 
not satisfactory. 
The bore 11 of the well may be cased with a 105 

steel casing which may be perforated at the bot 
tom in accordance with standard practice. This 
casing is not shown since it forms no part of our 
present invention. 
Suspended in the well is tubing 13. This tubing 10 



2 

10 

15 

is suitably supported at its upper end by means, 
not shown, and has an outlet which is connected 
to a delivery pipe 14. Extending downwardly in 
side the tubing 13 is a pressure pipe 15. This 
pressure pipe delivers oil under pressure to a fluid 
motor 16 which is connected by means of a shaft 
or piston rod 17 with a pump 18. As previously 
explained, the particular types of fluid motor 16 
and pump 18 are not important, and the pump 
may be either of the rotary or reciprocating type. 
In the apparatus shown, the oil is passed 

through the fluid motor 16 to actuate same, and 
after the pressure of the oil has been reduced by 
the operation of the motor 16, it passes through 
Openings 19 into a space 20 between the pressure 
pipe 15 and the interior of the tubing 13. 
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The pump 18 shown in the drawings draws oil 
through an opening 21 which communicates with 
the Space 22 in the well outside the tubing 13 and 
delivers this oil through openings 23 into the 
space 20. A standing valve 48 may be provided 
in the opening 21 for holding the oil in the space 
20 when the apparatus is not operating. Oil from 
the space 20 flows through the delivery pipe 14 to 
tankage or through an auxiliary tank 25 from 
which it is conducted through a pipe 26 to suit 
able storage. f 
The motor 16 operates the pump 18 at a defi 

nite rate which is determined by the rate at which 
oil is delivered to the motor 16 through the pres 
sure pipe 15. Oil is delivered to the pressure pipe 
15 through a pipe 27 which is connected to the 
pressure side of an actuating pump 28. This 
actuating pump may be of any desired form, 
many pumps being now available which may be 
used for this service. The pump shown is there 
fore diagrammatic and consists of a pump cylin 
der 30 having a plunger 31 which is connected 
through a connecting rod 32 with a cross-head 33. 
The cross-head 33 is reciprocated through a COn 
necting rod 34 driven by a crank 35 carried on a 
shaft 36. The shaft 36 is driven by any suitable 

45 
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means such as a pulley 37, a belt 38, and a pulley 
39 from a shaft 40 of an electric motor 41. A 
pressure valve 45 and an exhaust valve 46-are 
provided, the pressure valve 45 preventing oil 
from passing from the pipe 27 into the interior 
of the cylinder 30, and the exhaust valve 46 being 
so placed as to prevent oil, from passing back 

- wardly from the cylinder 30 into a suction pipe 
47 which draws oil from the tank 25. 
As the piston 28 moves upwardly, it draws oil 

through the suction pipe 47 past the valve 46, fill 
ing the cylinder, the valve 45 being in its closed 
position. On the down stroke of the piston 31, 
the valve 46 seats, and oil from the cylinder passes 
the valve 45 into the pipe 27. The actuating 
pump therefore periodically delivers oil under 
pressure to the pipe. 27. In actual practice the 
actuating pump 28 will be provided with Several 
cylinders so that substantially continuous deliv 
ery of oil to the pipe 27 is provided for. 

All of the above apparatus is old in the art and 
no claim is made thereto except in combination 
with certain methods of and apparatus for con 
trolling its operation. In practice the various 
parts are made of sufficient size so that by their 
combined operation oil may be pumped from the 
well at a considerably faster rate than the well 
will naturally produce oil. In other words, if the 
apparatus were allowed to run continuously, it 
would pump the fluid in the well down to a point 
where only gas would be drawn in through the 
opening 21. For example, in a well which will pro 
duce a maximum of 100 barrels a day, the capaci 

1,957,820 
ty of the apparatus previously described operating 
continuously should be in excess of 100 barrels a 
day and might be as high as 200 barrels per day. 

It is highly desirable that the oil in the well be 
maintained at as low an average level as possible 
so that there will be no back pressure on the oil 
sands surrounding the well due to a column of oil 
standing in the well. This condition can be as 

80 

sured by using our invention in which one form 
of electrical control shown in Fig. 2 may be used. 
This electrical control is applied to the motor 41. 
This motor is shown in the diagram Fig.2 as a 
direct current motor having an armature 50 and 
a field 51. The type of motor is not important, and 
any electrical engineer can readily modify the 
apparatus shown to make it suitable for the con 
trol of an alternating current motor. 
The apparatus shown consists of a contactor 61, 

an instantaneous underload relay 62, a reclosing 
relay 63 and a time limit relay 64. All of this 
apparatus is shown diagrammatically, and stand 
ard apparatus is available on the market which 
will perform the functions thereof. This stand 
ard apparatus may have a different form from 
that shown. The contactor 61 is shown in the 
form of a solenoid 70 having a core 71, this core 
being pulled upwardly as the solenoid 70 is actu 
ated. The core 71 lifts a member 72, which bridges 
main contacts 73 when the core 71 is in its lower 
position. A member 74 is also attached to the 

85 

90 

95 

100 

core 71 which connects setting contacts 75 when 
the core 71 is pulled up. A member 76 attached 
to the core 71 connects locking contacts 77 when 
the core is pulled up. The contactor 61 is prefer 
ably of the instantaneous type, that is, it is not 
provided with any means for retarding its opera 
tion. The instantaneous underload relay 62 con 
sists of a solenoid 80 which pulls a core 81 up 
wardly when the solenoid is energized, the core 
81 being attached to a member 82 which closes 
underload contacts 83 when the core is down. A 
stop 84 is provided for limiting the upward move 
ment of the member 82, and the relay 62 is so 
constructed that the position of the stop 84 may 
be regulated, or the weight of the moving parts 
may be regulated so that the core 81 will drop 
whenever the current in the Solenoid 80 falls 
below a predetermined value. This value may be 
approximately eighty per cent or less of the cur 
rent taken by the motor when pumping at full 
capacity. 
The time reclosing relay consists of a solenoid 

85 which pulls upwardly on a core 86 and which 
carries a member 87 which closes reclosing Con 
tacts 88 when the core is down. A dash-pot 89 
or other adjustable retarding mechanism is pro 
vided for preventing the core 86 from moving up 
wardly for a definite time after the solenoid 85 is 
energized. This time may be assumed to be ten 
minutes, although it may be a longer or shorter 
period, if desired. In other words, the circuit 

( 

11 

2 

12. 

13 

13 

through the contacts 88 is opened about ten min- . 
utes after the Solenoid 85 is energized. 
The time limit relay 64 consists of a Solenoid 

90 which pulls upwardly on a core 91 when the 
solenoid is energized, causing a member 92 to 
close time relay contacts 93. A dash-pot 94 is 
also attached to the core, this dash-pot providing 
a time element which may be about ten seconds. 
In other words, the circuit through the contacts 
93 is closed by the member 92 about ten seconds 
after the solenoid 90 is energized. A starting 
switch 95 is provided which may be closed or 
opened manually to start or stop the pump. 

14 

14 
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drops, closing a circuit through the contacts 83. Current is supplied from a suitable source of 

supply through wires 100 and 101. . . . 
The wire 100 is connected to one terminal of 

the armature 50 and the field 51 of the motor, 
and is also connected to a control wire 102 lead 
ing to one terminal of the solenoid 70 and to one 
of the setting contacts 75. The other terminals 
of the armature 50 and field 51 are connected 
through a wire 103 with One side of the solenoid 80. 
of the instantaneous underload relay 62, the other 
side of this solenoid 80 being connected through 
a wire 104 with one of the contacts 73. The other 
side of the solenoid 70 is connected through a 
wire 105 with one of the locking contacts 77 and 
with one of the contacts 93. . The other contact 
93 is connected through a wire 106 with One of 
the contacts 83, the other contact 83 being con 
nected to a wire 107 which connects with one 
of the contacts 77 and one of the contacts 88. 
The other side of the solenoid 90 is connected to 
the wire 104. The wire 101 is connected to the: 
starter 95, the other side of which is connected . 
to one of the contacts 73, to one side of the solenoid 
85 and to one of the contacts 88. The other side 
of the solenoid 85 is connected to one of the 
contacts 75. 
The method of operation is as follows: 
Prior to starting operations, all the parts are 

in the position shown in Fig. 2, and no current 
flows in any circuit shown therein. The Operator 
starts operations by closing the starter 95 which 
energizes the motor through the contacts 73 and 
the solenoid 80 of the instantaneous overload re 
lay. This starts the motor which operates the 
actuating pump 28 and pumps oil under pressure 
through the pipe 27 to the fluid motor 16. Ordi 
narily, the starting current of the motor is con 
siderably more... than its normal full load current, 
and this heavy starting current causes the solenoid 
80 of the instantaneous relay 62 to pull the core 
81 upwardly, thus opening the circuit through the 
underload contacts 83. 
For the purpose of preventing premature op 

... eration of the other control parts prior to the 
time the motor builds up its full load we use 
the time limit relay 64. It will be noted that 
the circuit through the contacts 93 is normally 
opened and is not closed until ten seconds after 
the solenoid 90 is energized. This time element of 
ten seconds is arbitrarily chosen for purposes 
of description, and under certain conditions of 
operation it may be advisable to make it longer 
or shorter. The Solenoid 90 is energized when 
ever the motor 41 is energized, since the Solenoid 
90 is in parallel with the motor. 
The time limit chosen for the relay 64 must 

be such that the motor. 4i can build up its full 
load before circuit is closed through the contacts 
93. As long as this circuit is open the position 
of the member 82 of the relay 62 is of no im 
portance, since the contacts 93 and the contacts 
83 are in series. As soon as the motor has built 
up its full load current the solenoid 80 will have 
opened the circuit through the contacts 83 and 
will be held in its upper position as long as the 
motor 41 draws its full load current. 
The motor now operates the actuating pump 

until the, well “pumps down', that is, until the 
level of fluid in the well falls below the intake 
opening 21 of the pump 18. As soon as this oc 
curs, the pump 18 ceases to take oil and the 
current on the motor falls due to a decrease in 
the load thereon. . 
The current in the Solenoid 80 (which is in Se 

iries with the motor 41) falls and the core 81 

shorter, depending upon conditions. 

The relay 64 having previously operated the cir 

3 

cuit is also closed through the contacts 93. This 
circuit is fed through he wire 101 and the con 
tacts 83 and 93 to the solenoid 70 of the Con 
tactor 61 and completed through the wire 102 
to the wire 100. 

80 

This causes the core 71 to be pulled upwardly, . 
breaking the main circuit at the contacts 73 
through the solenoid 80 and the motor 41 and 
opening the circuit through the solenoid 90. The 
motor then stops and pumping ceases. y 
Due to the member 76 closing a circuit through 

the contacts 77 the solenoid 70 of the contactor 
61 is locked closed through the contacts 88 of 
the reclosing relay 63. The contactor remains 

90 

in its open position until its solenoid circuit is 
opened at the contacts 88. 
As the core 71 moves into its upper, position it 

closes a circuit through the setting contact 75, 
this circuit including the solenoid 85 of the re 
closing relay 63. This relay operates to open 
the circuit through the contacts 88 when a defl 
nite time has elapsed after the solenoid 85 is en 
ergized. We may assume this time to be ten 
minutes, although this time may be longer or 

Whatever 
the time may be, it remains definite and constant 
unless the relay 63 is readjusted by the oper 
ator. When this definite time interval has 
elapsed, the circuit through the contacts 88 and 
the solenoid 70 is opened at the contacts 88 and 
current being cut off from the solenoid 70, the 
core 71 drops. , 
This restores the apparatus to the condition 

shown in Fig. 2, except that the core 86 of the 
relay 63 is in its upper position. The relay 63 
is so constructed that the core: 86 drops imme 
diately after the circuit is cut off through the 
Solenoid 85. 
The closing of the main circuit through the 

contacts 73 causes the motor to start, and the 
time limit relay 64 to be energized, and the cycle 
to be repeated, 

In Fig. 3 we show an alternate method of con- . 
trol. In this figure we show a motor 201 fed With 
a three-phase alternating current from the wires 
202 through a three-pole main contactor 203 
having an operating coil 204. The contactor 
shown is of the gravity release type; that is, the 
moving element drops into the position shown 
in Fig. 3 whenever the circuit of the coil 204 is 
opened. A time limit relay 205 is provided, this 
relay having a coil 206 and being adapted to close 
a circuit between stationary contacts 207 a defl 
nite time after the coil 206 is energized. This 
time may, for example, be ten minutes. The re 
lay 205 is preferably of the quick return type; that 
is, it drops freely to the lower position shown 
in Fig. 3 whenever the circuit to the coil 206 
is opened, although requiring ten minutes to rise 

95 

100 

105 
110 

15 

125 

from its inactive position shown in Fig. 3 to its 
closed position in which the contacts 207 are 
connected together by the movable element 208. 
The relay shown is, of course, entirely diagram 
matic and in practice we use a relay of a motor 
driven type which, however, accomplishes the 
same result. 
We also provide a change-over relay 210 hav 

ing a coil 211 and two pairs of stationary COIl 
tacts 212 and 213. The relay 210 is also of the 
gravity release type, the moving parts dropping 
into the position shown in Fig. 3 whenever cur 
rent is cut off from the coil 211. The relay 210 
may be provided with two movable bridging 
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members 214 and 215. Both of the members 214 
and 215 are free to slide on a rod 219 from which 
they are electrically insulated, being, of course, 
insulated from each other. A compression spring 
216 is placed between the members 214 and 215, 
and collars 217 and 28 are secured to the rod 
219. The collar 217 is placed in such a position 
that with the coil 211 de-energized and the relay 
in its open position as shown in Fig. 3, the bridg 
ing member 214 is held away from the contacts 
212, the bridging member 215 being held against 
the contacts 213. 
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When the coil 211 is energized and the relay 
is moved to closed position, the collar 218 strikes 
against the bridging member 215, lifting it away 
from the contacts 213. Before the circuit is broken 
at the contacts 213 the spring 216 will have forced 
the bridging member 214 into contact With the 
contacts 212 so that during the transition from 
open to closed position the circuit between the 
contacts 212 and the circuit between the contacts 
213 are both closed for a short interval. 
The purpose of this arrangement is to prevent 

either circuit being broken until after the other 
is established, this purpose being, of course, ca 
pable of accomplishment by various devices which 
might be substituted for the relay 210. 
We also provide a pressure switch 220 which in 

the form shown consists of a block 221 having a 
cylindrical opening therein, the lower end of this 
opening being connected through a pipe 222 with 
the pipe 27 of Fig. 1. A piston 223 slides freely 
in the opening, being held in the position shown 
in Fig. 3 by a compression spring 224 which presses 
against a stationary abutment 225. A piston rod 
226 carries a bridging member 228 which is in 
sulated from the rod 226 and which in its lower 
position as shown in Fig. 3 closes a circuit between 
stationary contacts 227. The purpose of the 
pressure switch is to open the circuit between 
the contacts 227 whenever the pressure on the 
bottom of the piston 223 rises above a certain value 
fixed by the spring 224, and it will be obvious that . 
any of many well-known types of pressure switches 
could be substituted therefor. 
We also provide a manually operable switch 230 

having a movable arm 231 which is shown in its 
“off' position indicated at 233. One end of this 
arm may be moved into its "automatic' position 
in contact with a contact 232, as shown in dotted 
lines, Fig. 3, or into its “hand” position in contact 
with a contact 234. 
The various apparatus above described is con 

nected as follows: 
Power for operating the control devices 203,205, 

and 210 is taken from two of the wires 202. If 
desired a separate source of electrical energy may 
be used. The top wire 202 may be designated as 
202-1 and the bottom wire aS 202-2. 
One terminal of the coil 204 is permanently 

connected through a wire 301 with the wire 202-1, 
and the other terminal is connected through a 

65 
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a contact 212. 

wire 302 with the contact 234, through a wire 303 
with a contact. 207, and through a wire 304 with 

The other contact 22 is con 
nected through a wire 309 With the contact 232 
and the other contact 207 is connected through 
a wire 315 with the contact 232. The arm 231 is 
permanently connected through a wire 305 with 
the wire 202-2. 
One terminal of the coil 206 is connected 

through a wire 306 with the contact 232, and the 
other terminal of the coil 206 is connected through 
a wire 307 with a contact 213, the other contact 
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213 being connected through a wire 308 with the 
Wire 202-1. 
One terminal of the coil 211 is connected 

through a wire 310 with the wire 202-1, and 
through a wire 311 with a contact 227. The other 
terminal of the coil 211 is connected through a 
wire 312 with one terminal of the resistance 240, 
and through a Wire 313 with a contact 227. The 
other terminal of the resistance 240 is connected 
through a wire 34 with the contact .232. 

t will be obvious from the above, description 
and Fig. 3 that the coil 204 of the main contactor 
203 may be energized either by moving the arm 
231 of the manually operable switch 230 to the 
contact 232, or by a closure of the circuit be 
tween the contacts 207 of the time relay 205, or by 
a closure of the circuit between the contacts 212. 
of the change-over relay 210. In the position 
shown in the drawings none of these circuits is 
established, the main contactor is Open, and the 
motor is at rest. The coil 206 of the time relay 

80 
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205 is energized, however, when the movable 
arm. 231 is on the contact 232 and the circuit is 
completed between the contacts 213, as shown in 
Fig. 3. 
The coil 211 of the change-over relay 210 can 

only be energized win circuit is broken between 
the contacts 227, these contacts short-circuiting 
the coil 211. The resistance 240 is provided in 
series with the coil 21 so that when the coil 211 
is, short-circuited, an excessive current will not 
flow. 
In the drawings the moving arm. 231 is shown 

in the off position and all of the apparatus is in 
the position it assumes prior to starting opera 
tions. When it is desired to start, the pump in 
operation, the moving arm 23 is moved into con 
tact with the contact 234 and the coil 204 of the 

100 

15 

110 

main contactor 203 is energized, closing the main 
contactor circuit and starting the motor. This 
motor will then run until the arm 231 is moved 
off the contact 234. 
The starting of the motor causes the pump 

28 to build up a pressure in the pipe 27, which 
pressure is communicated to the piston 223, this 
pressure being sufficient to move the piston, 223 
upwardly against the pressure of the spring 224 
and to open the circuit at the contacts 227. If 
after the pump is started it is desired to put it 
in condition to operate automatically, the arm 
231 is moved to the automatic position in con 
tact with the contact 232. The coil 206 is there 
by energized and the time relay 205 starts to move. 
upward slowly. It will be remembered that it 
takes ten minutes for this relay to complete its 
Operation. - • 

At the time the arm 231 is moved to the auto 
matic position, Current flows through the wire 
314, resistance 240, the coil 2il, and the wire 310 
so that the coil 211 is energized, it being under 
stood that the circuit between the contacts 227. 
is then open due to the pump being in operation 
and oil pressure being exerted on the piston 223. 
The moving of the arm 231 from the contact 

234 opens the circuit to the coil 204, and the main 
contactor 203 opens the circuit to the motor, 
which would eventually stop if the main contac 
tor 203 were not immediately closed. Owing to 
the fact that there is considerable inertia in the 
oil moving in the pipe. 27, although the current 
is interrupted from the motor, the pressure on 
the piston 223 does not immediately fall and be 
fore this pressure can fall sufficiently to close 
the circuit between the contacts 227, the change 
over relay, which is of the "quick acting' type, 
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operates, first closing the circuit between the con 
tacts 212, and then opening the circuit between 
the contacts 23. As soon as the circuit be 
tween the contacts 212 is closed, the main con 
tactor 203 is immediately thrown in so that cur 
rent is again supplied to the motor and the ap 
paratus continues to operate. It will be noted 
that by the operation of the change-over relay 
210, the circuit through the coil 206 has been 
opened at the contacts 213 and the time relay 205 
quickly returns to its initial position as shown 
in Fig. 3, . 
The pump then operates until such a time as 

the well is pumped down; in other words, until 
there is no oil to be lifted from the well, at which 
time the oil pressure in the pipe 27 falls due to 
the fact that it has no work to do except to Over 
come the frictional head. The spring 224 is of 
such strength that just before the Well is en 
tirely pumped down, the spring 224 forces the 
piston 223 downwardly and closes the circuit be 
tween the contacts 227. This short-circuits the 
cot 21 and the change-over relay 210 drops, thus 
disconnecting the circuit through the coil 204 of 
the main contactor at the contacts 212. The 
main contactor 203 then opens and the pump 
stops. At the same time the change-over relay 
20 closes the circuit to the coil 206 of the time 
relay and the time limit relay starts to operate. 
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After a definite time interval, which, for illus 
tration, we have selected as ten minutes, during 
which the pump is not operating, the time relay 
completes its operation and closes the circuit be 
tween the contacts 20. This energizes the coil 
204 and the main contactor 203 closes, thus again 
starting the notor. Since oil has collected in the 
well during the time the apparatus is shut down, 
the pump immediately builds up sufficient pres 
sure to open the circuit between the contacts 227, 
which again energizes the coil 211 of the change 
over relay 210. The relay 210 then closes the 
circuit to the coil 204 by completing the circuit 
between the contacts 212 and opens the circuit 
through the coil 206 by opening the circuit be 
tween the contacts 213. The closing of the cir 
cuit through the coil 204 insures the main cons 
tector 203 remaining closed after the time limit 
relay. 205 drops due to the circuit through the 
coil 206 having been opened at the contacts 213. 
The apparatus then repeats the cycle. The 

pump continues to operate for a sufficient period 
to pump down the well, at which time the main 
contactor opens and the motor shuts down. After 
an interval of say ten minutes the pump is 
again started. . 

In Fig. 4 we show another method of control. 
In this figure we show the pump 28, the pressure 
pipe 27 leading from the pump down to the well 
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age tank. 

to supply a motive fluid to the motor 16, the cas 
ing 13, and the pipe 14 bringing fluid from the cas 
ing head. We then provide a closed tank 401, the 
pipe 14 being connected in gas-tight relation 
ship in the top thereof. We also provide a pipe 
402 passing in gas-tight relationship through the 
top of the tank 401 and leading from the bottom 
of this tank to the suction pipe 47 of the pump 
28. We also provide a pipe 403 connected through 
a check valve 404 with a pipe 405 leading to a 
low pressure source of oil supply such as a stor 

the check valve 404 is provided with a ball 406 
which is so placed that it will allow oil to flow 
freely from the pipe 405 into the pipe 403 but 
will close and check any reverse flow from the 
pipe 403 to the pipe 405, / 

w - 5 

Connected into the tank 401 near the top there 
of is a pipe 410 which is connected to a constricted 
orifice 411, the other end of which is connected 
into a pipe 414. The pipe 414 is in turn Con? 
nected to a pressure regulating valve 42. A pipe 
413 leads from the regulating valve to storage. 

... We may use as the pressure regulating valve 
412 any of the well-known valves of this type 
‘which have the characteristic of remaining closed. 
until the pressure in the pipe 414 is in excess 
of the pressure in the pipe 413. This difference 
in pressure is commonly known as the Operating 
pressure of the valve. The valve 412 is set so 
that it requires an operating pressure slightly in 
excess of the available pressure in the pipe 405. 90 

In this method of connection. We use the appa- . 
ratus shown in Fig. 3 except that we substitute 
for the pressure Switch 220 a diaphragm switch 
420, Substituting for the contacts 22 contacts 
421, these contacts being connected to the wires 
311 and 313 of the diagram shown in Fig. 3. 
We may use as a diaphragm, switch 420 any of 

several well-known forms, that shown consisting 
of a diaphragm 422 carried in a casing 423, the 
Space inside the casing to the left of the dia 
phragm, 422 being connected to the pipe 410 by 
a small pipe 424, and the space inside the casing 
423 to the right of the diaphragm 422 being con 
nected to the pipe 414 by a small pipe 425. A 
compression spring 426, the tension of which may 105 
be adjusted by a hand-wheel 427, is provided, 
this Spring tending to force the diaphragm to 
the left as shown in Fig. 4. An operating rod 428 
carries a bridging member 429 which closes the 
circuit between the contacts 421 at all times unless i0 
there is an excess of pressure in the pipe 424. Over 
the pressure in the pipe 425. Whenever this, 
excess pressure reaches a certain value, which is 
determined by adjusting the tension of the spring 
426, the diaphragm 422 is moved to the right and 15 
the bridging member 429 is pulled away from the 
contacts 421, thus opening the circuit there 
between. 

- The method of Operation of the apparatus, 
when the method of control shown in Fig. 4 is 
used, is as follows. It is, of course, understood 
that all of the apparatus shown in Fig. 3 is used 
except the switch 220 and its associated parts, 

diaphragm Switch 420 being substituted there 
O 
If it is desired to operate the pump continu 
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ously, the arm 231 is thrown into the hand posi 
tion in which it makes contact with the con 
tact 234, thus, energizing the coil 204 of the main 
contactor 203, and starting the pump in opera 
tion. The pump creates a suction on the pipe 47 
and oil under pressure from the pipe 405 will 
flow freely through the check valve 404 and the 

30 

pipe 403. The pump then delivers oil to the well 
until such time as all of the piping, including the 135 
casing 13, is filled with oil and return oil starts . . 
to be delivered through the pipe 14 to the tank 
401. As soon as oil starts to fill the tank 401 
pressure starts to build up therein and as soon as 
the pressure in the tank 401 is in excess of the 140 
pressure in the pipe 405, the check valve 406 
closes and no more oil is delivered to the system, the pump 28 taking oil through the pipe. 402 from 
the bottom of the tank and recirculating it. 

Since the pump 16 in the bottom of the well is 145 
now in operation, more oil will be delivered to the 
tank 401 through the pipe 14 than is taken from 
this tank through the pipe 402. The pressure in 
the tank 401 continues to rise until it is sufficient 
to open the regulating valve 412 so that oil may 150 
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6 
be delivered through the pipes 410, 411, 414, and 
413 to storage. Whenever the pressure built up 
in the constricted pipe 411 exceeds the pressure 
of the spring 426, this pressure moves the 
diaphragm 422 and opens the circuit between 
the contacts 421. These contacts are con 
nected to the coil 211 in exactly the same 
manner as the contacts 227 shown in Fig. 3 and as 
long as the bridging member 429 is in contact 
With the contacts 421, the coil 211 is short-cir 
cuited and inoperative. As soon as the bridging 
member 429 is pulled away from the contacts 421, 
the coil 211 is in a condition to be energized. In 
other words, the pump operates with the member 
231 in the hand position until oil starts to be de 
livered to storage through the pipe 413. If now 
the arm 231 is moved to the contact 232 or auto 
matic position, the coil 206 of the time relay is, 
of course, energized, but Since this relay moves 
very slowly, the contacts 207 are not immediately 
closed. The coil 211 of the change-over relay 
210 is, however, energized and circuit is imme 
diately made to the coil 204 of the main con 
tactor through the contacts 212. If the arm 231 
is moved slowly the main contactor may drop 
Out during the transition period of the movable 
arm 231 from the contact 234 to the contact 232, 
but as Soon as it reaches the contact 232 the 
main contactor is immediately thrown in and the 
pumping continues. 

It Will be understood that due to the inertia, 
of the oil, the diaphragm switch 420 will not 
have time to act during this transition period. 
The pump therefore continues to operate and 
the moving oil in the constriction 411 holds the 
diaphragm Switch 420 in its open position. 
AS SOOn as the Well pumps down or the flow 

of oil in the constriction 411 ceases for any rea 
Son, there will be no difference in pressure in 
the pipes 424 and 425 and the spring 426 pushes 
the bridging member 429 into the position shown 
in Fig. 4, thus closing the circuit between the 
contacts 421. This short-circuits the coil 211 
of the change-over relay 210 and the bridging 
members 214 and 215 drop into the position 
shown in Fig. 3, thus opening the circuit of 
the coil 204 of the main contactor 203 at the 
contacts 212 and closing the circuit of the coil 
206 of the time relay 205 at the contacts 213. 
The motor stops due to the main contactor open 
ing and the time relay starts to operate. 
During the time the time relay is operating, 

which we have assumed to be ten minutes, the 
pump will be shut down and no oil will flow, 
At the expiration of this ten minute period the 
bridging member 208 of the time relay will close 
the circuit between the contacts 207, thus ener 
gizing the coil 204 of the main contactor 203 
and closing the main circuit and starting the 
motor. Due to the fact that the pump has been 
shut down for ten minutes, it may require some 
time for the flow of oil to be reestablished through 
the constriction 411. Whatever this time may 
be, the apparatus will continue to operate with 
out any change in the position of any part there 
of until sufficient pressure is established between 
the pipes 424 and 425 due to the constriction 
411 to operate the diaphragm switch. 

Ordinarily the period required to reestablish 
the flow of oil through the constriction 411 will 
be short. The pump will, however, operate until 
this flow of oil is reestablished and if necessary 
during this period it will pump oil from the 
pipe 405. As soon as oil starts to flow through 
the constriction 411 at a sufficient rate to oper 
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ate the diaphragm switch 420, the circuit be 
tween the contacts 421 is opened, thus operating 
the change-over switch 210 and opening the cir 
cuit to the coil 206 of the time relay 205 and 
simultaneously closing the circuit through the 
coil 204 of the main contactor. The main con 
tactor is, of course, closed at the time this occurs, 
the purpose of closing the circuit to the contacts 
212 being to insure the main contactor remain 
ing closed as the time relay drops to its open 
position. 
The pump will now continue to operate with 

the change-over switch closed until such a time 
as oil ceases to flow through the constriction 
411 in Sufficient annount to hold the diaphragm 
Switch open. If the well pumps down or for 
any other reason the flow in the constriction 
411 ceases, the diaphragm SWitch will close and 
the circuit to the coil 211 of the change-over 
SWitch 210 will be interrupted and this switch 
Will drop. This will open the circuit to the coil 
204 of the main contactor 203, thus shutting 
down the motor, and will start the time relay 
in operation so that the motor will be started 
again in ten minutes. 

It will be noted that the above-described 
method of control has several advantages. 
the first place, the pump will operate, taking 
oil from the pipe 405 if necessary, until such 
a time as an adequate flow of oil is established 
in the constriction 411. The pump will further 
continue to operate as long as this flow in the 
Constriction 411 continues at a rate sufficient 
to hold the diaphragm switch open. As soon as 
the flow ceases the pump is shut down and re 
mains shut down for a period of say ten minutes. 
At the end of this time the pump again starts 
and then pumps for a sufficient period to re 
establish the flow regardless of conditions. 
A very convenient arrangement of the appa 

ratus is that shown in Fig. 5 in which a pressure 
regulating Switch 420 is used as above described 
and in which the pressure regulating valve 412 
is dispensed with and the pipe. 414 is carried up 
and delivers oil into the top of a tank 500, the 
pipe 405 in this case being connected to the 
bottom of this tank and an overflow pipe 501 
being provided for taking excess oil from the 
top of the tank 500. The tank 500 should be of 
Sufficient size to fill the piping of the entire sys 
tem in the event the pump is shut down for any 
reaSOn and the piping is allowed to drain. 

It may take a few minutes or a much longer 
time for the cycle of operation to be completed. 
As soon as the fluid in the well is pumped down 
the motor stops and remains stopped for a defl 
nite time (assumed for illustrative purposes to 
be ten minutes). During the time the pump is 
inactive (that is, for ten minutes) fluid enters 
the well from the surrounding sands. At the end 
of said period of ten minutes the pump is again 
started and operates for whatever period is nec 
essary to again pump the Well down. When this 
Condition is reached the pump is again shut down 
for ten minutes. 

It will be seen that the pumping cycle is divided 
into two periods; that is, a definite and constant 
time period assumed to be ten minutes, and an 
indefinite time period which depends on how 
much fluid runs into the well during the entire . 
cycle. For example, if the well produces one 
hundred barrels of fluid a day and the pump 
pumps fluid at the rate of two hundred barrels 
a day, the pump will operate ten minutes and re 
main shut down ten minutes, operating upon this 
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cycle as long as fluid flows into the Well at the 
rate of One hundred barrels per day. 
As the fluid is exhausted in the sands Surround 

ing the well, the rate of flow into the well will 
decrease. The pumping intervals will then be 
come shorter. . . For example, when the rate of 
flow falls to twenty barrels per day the well will 
pump two and one-half minutes and remain shut 
down for ten minutes. Or, in the event the rate 
of flow of oil into the well increases for any real 
son, the pumping intervals will automatically be 
come longer. For example, with a pump having 
a capacity of two hundred barrels a day and ad 
justed for a ten minute idle period, if the oil 
flows into the well at the rate of one hundred 
fifty barrels per day, the pump will operate 
thirty minutes and remain shut down for ten 
minutes. W 

It will be seen that the pumping period will 
vary to suit the capacity of the well without the 
necessity for any change or adjustment in the 
apparatus, the shut-down period remaining con 
stant. 
Among the advantages of this arrangement are 

the following: 
(a) The same apparatus may be used in all 

wells having a productive capacity less than the 
capacity of the apparatus. In other Words, an 
apparatus having a capacity of two hundred 
barrels per day will pump all, wells having a 
lesser capacity. w 

(b) The apparatus when operating will run 
at its full rated capacity and at high efficiency. 

(c) The apparatus will keep the well pumped 
down so that at no time will there be in the 
well more oil than will run in during the defl 
nite period for which the relay 63 is set. 

(d) A constant speed motor 41 may be used 
to operate the actuating pump and no resistance' 
or other speed regulator is needed in connection 
therewith. 

(e) When the apparatus is once installed it 
will operate over a long period without varying 
the adjustments thereof even though the amount 
of fluid running into the well may vary consider 
ably. 
While we have described in the above descrip 

tion three methods of insuring the desired result 
of intermittent pumping, it should be understood 
that we do not wish to limit ourselves to anyone 
of these three methods. In other words, our in 
vention broadly contemplates pumping the well 
for a sufficient period to pump it down, then 
allowing it to stand for a definite time interval, 
during which the well refills itself, and then re 
peating the cycle. While we illustrate ini. Fig. 1 
a method in which we accomplish this result by 
utilizing the current flowing to the motor as an . of the fluid delivered fron said pump falls below actuating force for determining the time of 
shut-down, we show in Fig. 3 a method of utiliz 
ing the pressure in the pipe 27 for determining 
the time of shut-down, and we show in Fig. 4 
a method of utilizing the rate of flow of the oil 
in the pipe 410 for determining the time of shut 
down, we recognize that there may be other 
methods by, which this result may be accom 
plished and we do not wish to limit ourselves to 
any of the illustrated methods, all of which come 
within the scope of the following claims. What 
ever system of control is used, the general result 
is the same when the apparatus is operating 
automatically. The motor operates the pump for 
a sufficient period to pump down the fluid in the 

We claim as our invention: 
1. A method of pumping a fluid from a Well, 

which comprises: pumping said fluid from said 
well at a rate faster than said well will normally 
produce; stopping said pumping as soon as the 
power required to pump said well falls below a 
certain predetermined value due to the exhaus- - 
tion of fluid in said well; allowing the fluid to 
flow into the well without pumping for a defi 
nite time interval; resuming said pumping at 
the end of said time interval; and continuously 
repeating the cycle, 

2. In a well pumping outfit adapted to repeat 
edly pump a well sufficiently to reduce the fluid 
level therein to a definite low point regardless of 
variations in rate of flow of fluid into said well, 
the combination of: a pump adapted to reduce 
said level when in operation by removing fluid 
from said well at a rate greater than the maxi 
mum rate of flow of fluid into said well; means 
for preventing the fluid in said well from being 
pumped below said low point by stopping said 
pump automatically whenever, said fluid is 
pumped down to said low point; and means for 
insuring that the pump will eventually remove 
all the fluid which flows into said well by start 
ing said pump whenever a definite time inter 
val has elapsed after each stopping of said pump., 

3. In a well pumping outfit adapted to repeat 
edly pump a well sufficiently to reduce the fluid 
level therein to a definite low point regardless of 
variations in rate of flow of fluid into said well, 
the combination of: a pump adapted to reduce. 
said level when in operation by removing fluid 
from Said well at a rate greater than the maxi- . 
mum rate of flow of fluid into said well; means for 
preventing the fluid in said well from being 
pumped below said low point by stopping said 
pump automatically whenever, said fluid is 
pumped down to said low point; means adapted 
to re-start said pump after each stoppage thereof 
by again supplying power thereto; and a definite 
time element means for insuring that the pump 
shall be inactive for a period of definite dura 
tion by actuating said re-starting means when 
-ever said period has elapsed after any stoppage. 
of the pump. 

4. In a well pumping outfit adapted to repeat 
edly pump a well sufficiently to reduce the fluid 
level therein to a definite low point regardless of 
variations in rate of flow of fluid into said well, 
the combination of: a pump adapted to reduce 
said level when in operation by removing fluid 
from said well at a rate greater than the maxi 
mum rate of flow of fluid into said well; means 
for preventing the fluid in said well from being 

80 

8. 

90 

95 

i00 

05 

20 

i25 

i30 
pumped below said low point by stopping said 
pump automatically whenever the rate of flow 

a predetermined minimum; and means for in 
suring that the pump will eventually remove all 
the fluid which flows into said well by starting 
said pump whenever a definite time interval has 
elapsed after each stopping of said pump. . 

5. In a well pumping outfit adapted to repeat 
edly pump a well sufficiently to reduce the fluid 
level therein to a definite low point regardless of 
variations in rate of flow of fluid-into said well, 
the combination of: a pump' adapted to reduce 
said level when in operation by removing fluid 
from said well at a rate greater than the maxi 
mum rate of flow of fluid into said well; means for preventing theid in said well from being 
pumped below said low point by stopping said 
pump automatically whenever the rate of flow of 
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the fluid delivered from said pump falls below a. 
predetermined minimum; means adapted to re 
start said pump after each stoppage thereof by 
again Supplying power thereto; and a definite 
time element means for insuring that the pump 
shall be inactive for a period of definite duration 
by actuating said re-starting means whenever 
Said period has elapsed after any stoppage of the 
pimp. - - - -- - 

6. In a well pumping outfit adapted to repeat 
edly pump a well sufficiently to reduce the fluid 
level therein to a definite low point regardless of 
variations in rate of flow of fluid into said well, 
the combination of: a pump adapted to reduce .. 

termined minimum whenever said fluid is pumped Said level when in operation by: removing fluid 
from said well at a rate greater than the maxi 
mum rate of flow of fluid into said well; means 
for stopping Said pump by discontinuing the ap 
plication of power thereto; means for actuating 
said stopping means whenever the power required 
to drive the pump falls below a predetermined 
minimum whenever said fluid is pumped down 
to said low point; and means for insuring that 
the pump will eventually remove all the fluid 
which flows into said well by starting said pump 

1,957,820 
whenever a definite time interval has elapsed 
after each stopping of said pump. 

7. In a well pumping outfit adapted to repeat 
edly pump a well sufficiently to reduce the fluid 
level therein to a definite low point regardless of 
variations in rate of flow of fluid into said well, 
the combination of: a pump adapted to reduce 

80 

said level when in operation by removing fluid 
from said well at a rate greater than the maxi 
mum rate of flow of fluid into said well; means for 
stopping said pump by-discontinuing the appli 
cation of power thereto; means for actuating 
Said stopping means whenever the power re 
quired to drive the pump falls below a prede 

down to said low point; means adapted to re 
start said pump after each stoppage thereof by 
again supplying power thereto; and a definite 
time element means for insuring that the pump 
shall be inactive for a period of definite duration 
by actuating said re-starting means whenever 
said period has elapsed after any stoppage of the 
pump. - 

CARENCE J. COBERLY. 
FORD W. HARRIS. 
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