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My invention relates to a prccess for operating

deep well reciprocating pumps. »

It is an object of the invention to provide a

process of pumping deep wells whereby the en-
 ergy employed in operating the devices therefor
may be conserved and economized.

It is & further object to provide a device of
maximum flexibility whereby the variation of
the length of stroke may be changed by varying
the relative gas pressures used in the system.

It is a further object to provide a process

whereby a pump unit may be operated by hydro-.
preumatic means and the force of the falling

pump rod and plunger may be employed in gen-
- erating and storing pressure to be réturned to
- the operating system. o
It is another object to provide a flexible means
of operating the pump rod whereby the moving
parts are pressure controlled at all times and
thereby the wear and tear on the rod string be
reduced to & minimum, .
In the drawing herewith, Fig. 1 is a side view
" partly in elevation and partly .in central longi-
tudinal section illustrating & preferred form of
my invention. : .
Fig. 2 is a top plan view partly in section,
In carrying out my invention I desire to oper-
ate the pump rod or other load reciprocating
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means through the use of hydraulic means, sup- -

plemented by pneumatic pressure employed
therewith. In accomplishing this inventive idea
X have provided & pump rod | which reciprocates
within the well casing 2 and may be understood

* as having connected to it at the lower end thereof
the usual oil pump plunger and valve equipment.
The pump rod which is connected to the piston
rod carries at its upper end projecting above the
platform 8 of the power unit a piston 4. Said

piston is formed with an outer cup shaped rim.

§ projecting upwardly above the body of the pis-
ton. -On the lower end of said piston is a down-
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" wardly extending hub 6 spaced somewhat from

the walls of
cates. o

The power unit cylinder 1 is mounted within a
base member 8 which is mounted upon a support-
ing post or pedestal 9. Said base has a central
opening as a continuation of the power unit cyl-

the cylinder 7 in which it recipro-
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is an upwardly extending rim or cup 8. The
interior of said cup provides a space 15 about the
rod into which fits the hub 6 upon the plunger.

The upper end of the cylinder has a closed

_extension (6 thereon which forms a compression

chamber closing the upper end of the cylinder
Said extension is connected with the cylinder by
& special coupling member {7 which has a central
passage 18 therethrough, the lower end of which
has & downwardly extending flange {9 which is
shaped and formed to fit within the upper cup
shaped end § of the piston. I have further pro-
vided in connection with the coupling {7 and ex-

. tension 16, & laterally extending pipe 20 through .

which the charge of gas under pressure and also

“0il may be injected into the cylinder and which v

may have thereon a pressure gauge 2i. A quan-
tity of oil B3 is injected into the cylinder through _
extending pipe 20 to ride above the piston to act
as & lubricant also to facilitate the seal sbout
the piston, but specifically to provide fiuid for a
retarding action when the piston extension 5
enters the space between the extending flange
19 of the stop member {7 and the cylinder wall
to provide an hydraulic cushion and stop at the
upward extremity of the piston travel.

The piston is adapted to be forced upwardly to
operate the power unit and further compress the
air volume above the piston through liquid forced
into the cylinder below the piston through a pipe
22. Said pipe is connected to the side of the base
member at 23, »

I have also shown an upwardly extending vent
member, having therein a hand operated valve
24, this vent to be used when the conductor pipes
are being initially filled with oil. ‘

My apparatus includes a pair of tanks or con-
talners 25 and 26. The tank 25 may be called
& power reservoir and the tank 26 a recovery
reservoir. Each of said tanks has its interior
partly filled with liquid such as oil, said liquid
being indicated as 27 in Fig. 1. - The upper por-
tion of each container is filled with gas or air
under & determined individual pressure. Each
tank has a laterally extending pipe théreon con-

".. trolled by means of a hand valve 28 to be used
- when charging the tanks with air or gas under

inder which is threaded at 10 to receive a thread-

ed bushing {f. This bushing has an axial open-
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ing therein through  which the piston rod may -

~reelprocate. - A stiffing box comprising packing
12 and & gland {3 thereon forms a seal around

the moving rod. At the upper end of the bushing -

and spaced slightly from the walls of the cylinder 55

pressure. From the power reservoir 25 a pipe 29 -
is extended toward the power unit for connec-’

_tion beyond the valve units at 30 with the pipe

22. A similar pipe 34 conhects the. reservoir 26
with said pipe 22, This pipe 22 may be only a8
few feet as when the installation is at the derrick
side or it may be at any economic distance as in
the case of central control. = - .
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In the two pipes 29 and 31 I have placed a
valve unit including a housing 32 with a passage
33 connected with the pipe 31 and a similar pas-
sage 34 connected with the pipe 29. A valve
member 35 of the rotating type extends across

the housing 32 and has an opening 36 to be.

brought into registration with the passage 33
. and an opening 37 to be brought into registration
with the passage 34. These two openings 36 and
37 form two valves at right angles to each other
so that when one valve is open the other will be
closed. Said valve member 35 is shown with ex-
tended rod 38 which may be operated by a motor
* 39 through a gear reduction means 40. Through
this operating means the valve member is caused
to rotate with a predetermined, uniform, con-
tinuous and slow speed which times and controls
the number of strokes per minute of the power
‘unit. : .

The valve unit control of the power unit oper-
ation, its timing per stroke and number of strokes
per minute is actuated independently of any
other function of the process.

The valve unit is so operated that one valve
opens and closes at a uniform speed with or
without a closed interval of determined length
before the other valve opens and then closes with
the same uniformity followed by an optional
closed interval. The uniform speed of the valves
in opening and closing causes the gradual en-
largement from & small beginning to full orifice
and then with gradually decreasing orifice to
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complete closure prevents the sudden jerk and

jar due {o an instantly applied and cut-off force,
as is the case when quick opening and closing
valves are used, and forms an important feature
of control in conjunction with the gas pressure

operation of my invention. These closed. inter- -

vals may be of the same length or the intervals.

may be varied by design of the valve opening so
that at the top of the stroke the interval may be
short and at the bottom of the stroke it may have
a longer interval. This closed interval or dwell
in the stroke allows time for the stretch in the
rods to be taken up at the end of the up-stroke
before the down stroke begins, and also allows for
the stretch of the rod as the upstroke begins.
The valve design may be of the slide valve, pis-
ton valve, rotary valve or other variation and
the valves may be actuated in many ways and by
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varied power means without departing from the .

principles of my invention.

The recovery reservoir and the power reservoir
are connected to each other through a pump 4f.
An outlet pipe 42 from the recovery reservoir-26
is connected to the inlet side or suction of said
pump. In the pipe 42 is placed a check valve 43
allowing the passage of liquid in the direction
of the arrow. Between the pump 41 and the
power reservoir 25 is the pump discharge pipe [1)

having therein a check valve 45 openir;g in the -

direction of the reservoir .

The pump #1 is shown operated from the power
shaft 46 of the electric motor 41. Said motor is
governed through a rheostat and control switch
48 operated by pressure from the power reservoir
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25 through a connecting pipe 49. It will be under-

stood that changing pressure in the reservoir 2%
will regulate the motor speed within set limits
and will further actuate a switch in the éontrol
chamber 48 to start and stop the motor when the
pressure rises above or falls below established
limits. In this manner the amount of liquid
pumped can be controlled and the determined gas
pressure maintained. This type of regulator is
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.operating the vent 24.
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part of the motor equipment and can be pur-
chased in the market. If gas, gasoline or Diesel
type engine be used as motive power the regu-
lation thereof will be controlled by changing’
pressures in power reservoir 2§ through means
of diaphragm regulators. _

Supply of oil for the circuit is introduced and
adjusted through the inlet pipe 50 having thereon
a hand operated valve 51.  The introduction of
oil into the pipes, tank system and the motor
driven pump is completed without air pockets by
The oil circuit is self
contained and complete. There should be no
loss therefrom except by accident when adjust-
ments can be made through valve 51.

A pressure gauge 52 is shown connected to both
the recovery reservoir and the power reservoir
and may be used to indicate the pressure in ejther
of said reservoirs by the proper manipulation of
valves in the pressure line in which the gauge
is set. )

To introduce the various air pressures the
valve units are closed and through valve 28 air
is injected into the power reservoir 25 of a deter-
mined initial pressure P{. This pressure will be

"exerted from check valve 45, tank 25, pipe 29, to

the closed valve 31 in the valve unit. In the
power unit cylinder with the piston in down po-
sition an initial pressure CI is introduced
through pipe 20. This pressure extends through
pipe 22 to the closed valves 36 and 37 in the valve
unit. In like manner an initial pressure Ri is
introduced into the recovery tank and extends
from closed valve 36 in the valve unit, the re-
covery reservoir and thence through pump 4f to,
check valve 45. These three determined.indi-
vidual air pressures are of such relation and dif-
ference that by operating the valve unit which
puts them, 4n motion and the power driven pump
which restores the pressure in the power reser-
voir the system functions as designed.

With the initial air pressures as described, the
detail of a complete cycle will be as follows:

A part revolution of valve member 35 would
open valve 31 (with valve 36 closed). The pres-
sure Pl of the power reservoir would then extend
to the power unit, forcing the piston therein to
its up position, lifting the load on the piston rod
and compressing the initial air pressure. Cl into
the chamber 18 with a resulting increased pres-
sure C2. During this upstroke a volume of oil
VI has been forced by the expanding pressure
Pt into and filling the power unit cylinder from
the base to the piston in the up position. The
expansion by the transfer of this volume VI from
power reservoir to power unit cylinder has re-
duced the pressure of Pl to P2 and increased
the pressure of Ci to C2. The up position is
therefore reached at the point of equilibrium of
the resultant of pressure Pz and Ca. It is obvious
that this point of equilibrium and stop may be .

-varied by adjusting initial pressures P1 and/or Ci

and determined for any desired point of stop be-
low the hydraulic stop at top of the cylinder.
The pressure P2 is now extended from power
reservoir through valve unit, pipe 22, to the piston
in the power unit cylinder. The valve unit 37
then closes and the pressure P2 is separated by
the closed valve. A further movement of the
valve member 35 opens valve 36 (valve 37 re-
mains closed) and permits the down stroke actu-
ated by the down pull of the weight of the pump
rod and the expanding pressure of C2 above the

_ piston, forcing the oil volume Vi below the pis-

ton through pipe 22, valve 36, pipe 31 into the
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acovery reservoir 26 and compressing its pres-
sure Ri by the amount of oil VI to an increased
pressure R2.
to R2 during the down progress of the piston
tends to retard the down velocity of the piston
and back pressure R2 which is so determined that

This increasing compression of R

it equalizes the gravity load on the piston plus -

the expanding pressure Cz2 increasingly retard-
ing the piston travel until brought to a stop at
some determined point above the lower hydraulic
stop provided in the base member. At the end
of the down stroke the pressure R2 extends from

the piston through the valve unit into the re--
covery tank until valve 36 is closed when this .
‘15.

pressure R2 is separated by the closing of said
valve. We then have the cylinder pressure C2

reduced to ClI and recovery reservoir with pres-

sure R2 and a power reservoir with pressure P2."
It is now the function of the power driven
pump 41 to pump oil volume VI at pressure R2

from recovery reservoir into the power reservoir, -

returning to it oil volume V1 to recompress this

pressure P2 back to the initial pressure Pf, thus

completing one cycle. This detail with the modi-

fication that the power driven pump action is

continuous describes one complete cycle.

~ In the operation of my power unit equipped
with fluid under determined initial pressure with-

in the power reservoir 25 which will be sufficient

to raise the rod load attached to the piston &,
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the pump plunger and the load of liquid above -

it are raised against the initial pressure of air
compressed in the cylinder above the piston.
When the back pressure, exerted by the air com-
pressed in the cylinder and extension reaches an
equilibrium with the upward,pressure the up-
ward movement of the piston is stopped and the
piston will remain in that position until the valve
35 is rotated sufficiently to close the passage 38
and then open the passage 33. The weight of
the piston and its load plus the expanding pres-
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sure of the gas in the upper end of the cylinder

and extension 16 will cause the piston to move
downwardly, and the oil below the piston will be
forced out through the pipe 22 and through the
valve member 35 into the recovery cylinder 26.
It will there build up a back pressure sufficient
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.determined thereby.

“probably beyond pressure control.

3
individual values are so fixed and utilized in re- -
lation to the determined initial pressure in the
cylinder in the power unit that the length of
both the up and down stroke is controlled and
. Under normal operative
conditions the speed of piston travel is adjusted
to coincide with the opening and closing of the
valves. When, however, the normal adjustments
are thrown out of balance the valves may close
and stop -the piston travel before the. normal
stroke is ended, or the piston may have com-
pleted its stroke to await the closing of its valve.
It is also obvious that a change in the gravity
load on the piston will change an established
equilibrium thereby affecting the Ilength of
stroke. The well gassing or starting to flow, or

& break in the rod string will all lighten the

load and extend the length of stroke upward
On the other
hand an undue loss of pressure in the recovery
reservoir will lengthen the down stroke. It is

.to take care of such abnormal changes, sudden

or otherwise, that the hydraulic stops at the

-upper and lower end -of the cylinder are pro-
25

vided to decrease shock and bring th
ing or descending piston to a safe aulically
emergency cushioned stop. By variation of the
speed of rotation of the valve member 35 the
time between the upward and downward stroke
may also be controlled to accomplish the speed
of operation which is adapted to any particular
pumping installation. The operation cf the power
driven pump is continuous at almost fixed load
snd uniform speed with consequent high effi- .
ciency for both pump and motive power and with
minimum wear. Further advantages of the in-
vention will be obvious to those skilled in the art.

What T claim is new is:

1. A reciprocating motor including a cylinder a
piston therein, a tubular stop member in said
cylinder to positively limit the upward move-
ment of said piston therein, a cup shaped upper
end on said piston adapted to contain a liquid,
a sleeve-like projection extending downwardly
from said stop member adapted to engage in

ascend-

- said piston when said piston exceeds its normal -

to slow down the dropping of the piston until -

equilibrium and stop is reached at some deter-
mined point, where it will remain until the valve
" member 35 is rotated sufficiently to close passage
33 and open passage 34. The force of the falling
piston and its load will compress the gas or air
within the recovery cylinder- and thus store up
pressure. The energy of this stored up pressure
is conserved by assisting the pump 41 to move
the liquid therein back to the power reservoir
25 to maintain the pressure in said reservoir at
the predetermined amount,

Another advantage of my process which is now
obvious is that the stroke of the plunger may be
lengthened or shortened as desired by the in-

" crease. or decrease of the coordinated gas pres-
sures. An increase in the initial pressure in the
power unit cylinder will decrease the length of
the upstroke. An increase in the initial pres-
sure of the power reservoir would increase the
length of the upstroke. An increase in the in-
itial pressure of the recovery reservoir will
shorten the downstroke while a decrease in this
pressure would permit a longer downstroke be-
‘fore an equilibrium and stop is reached. It is
also obvious that the determined initial pressures
in power and recovery reservmrs are more than
g lifting gnd counter compressxon means, as their
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upward travel and thus act as a shock absorber,
a chamber for air under pressure above said stop
member, means alternately to introduce into and
exhaust pressure fluid from said cylinder below

. said piston, and means whereby the pressure of
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fiuid in said chamber may be varied to oppose
and stop the upward movement of said piston in
said cylinder.

2. In a power unit of the character described
for wells, a power reservoir, a recovery reservoir,
said reservoirs having gas and liquid under in-
dividual pressures therein, a pump to transfer
liguid from said recovery reservoir to said power
reservoir to maintain the desired pressure in
said power reservoir, & pipe connection between
said reservoirs and a pressure fluid operated mo- .
tor device, and a valve unit constantly operating
at a determined speed in said pipe connections to
periodically open and close one valve in the con-
nection from the power reservoir to said device
and after a determined time interval to open and
close the other valve in the connection between
said device and said recovery reservoir with &
determined time interval thereafter, before re-
peating the cycle.

3. In & power unit of the character described
for wells, a power reservoir, 8 recovery reservoir,
sald reservoirs having gas and liquid under in- -
dividual pressures therein, & pump to transfer s
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suficient amount of liquid from said recovery
reservoir to sald power reservoir to maintain the
desired pressure in said power reservoir, means
to.operate said pump in response to a fluid. pres-
sure in said power reservoir, a pipe connection be-

tween said reservoirs and a pump operating de- -

vice, and means to operate a valve in each of said.

pipe connections to control the flow of fluid pres-
sure to said device to periodically open and close
one valve from said power reservoir to said de-
vice'and after a determined time interval to open
and close the other with a determined time in-
terval thereafter before repeating the cycle.

4. In a power unit of the character described, a
hydraulically operated motor for a well pump, a
fluld pressure power reservoir, a recovery reser-
voir, said reservoirs having gas and liquid under
individual pressures therein, a pump to transfer
liquid from said recovery reservoir to said power
reservoir to maintain a predetermined pressure
in said power reservoir, pipe connections between
said reservoirs and the intake of said pump mo-
tor, a valve member in said pipe connections, a
power means to continuously operate said valve
member to periodically open and close one valve
in the line from said power reservoir to said mo-
tor and then open and close the other in the ex-
haust from said motor with a time interval be-
- tween the opening and closing of each valve.

5. In combination, & motor cylinder, a load
engaging piston therein, a reservoir for liguid
- under a determined gas pressure to raise said
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piston and its load, a recovery reservoir to re-
ceive the exhaust liquid from said cylinder, said
recovery reservoir having gas under determined
pressure therein to oppose and finally stop the

" descent of said piston at a determined point in

said cylinder, a gas containing extension on said
cylinder having gas under pressure therein suffi-
cient to oppose and finally stop the power stroke
at a determined point in said cylinder, and means
to control the passage of fluid to and from said
cylinder. :

6. In a hydro-pneumatic power unit, a cylinder,
a piston therein adapted to reciprocate an at-
tached gravity load, said cylinder having a gas
volume under determined initial pressure above
said piston, means to admit liquid under a deter-
mined expanding gas pressure below said piston
to force the piston upward thereby compressing
the said gas volume above said piston to increas-
ingly retard the upward travel of said piston to
a point of balance and stop at a determined point *
in said cylinder, means in turn to discharge the
liquid under said piston with its descending load

~and expanding pressure, said discharge liquid

compressing a gas volume under initial deter-
mined pressure to increasingly retard the down-
ward piston travel to a determined point of bal-
ance and stop, and means to maintain the said
individual gas volumes and pressure at their de-
termined relative values.

WARREN B. REED.




