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This invention pertains to deep well pumping apparatus,
and more particularly to a new and novel means for pro-
viding a counter-balance for hydraufically actuated
pumping units. :

The advantages of the comparatively slow moving,
long stroke, hydraulic pumping units for deep wells,
such as oil wells, have long been recognized. However,
one major disadvantage of this type of unit over the older
style mechanically operated walking beam type of unit
is the fact that heretofore the hydraulic units required a
considerably larger power source to accomplish the same
result in production units, such as barrels per day, under
like operating conditions. :

To actuate the pump, which is usually placed at or
near the bottom of the well, which may be 5,000 to 106,000
feet deep, and even more in some instances, it is neces-
sary to cennect the reciprocating pump’s driving machin-
ery on the surface with the pump itself many feet below
the earth’s surface. This is usually accomplished by
means of a slender rod, connected together in sections,
s0 as to enable the pump to be reciprocably driven by the
power plant on the surface. : -

It is, of course, obvious that a long rod such-as this
can be used omly in tension as it would buckle if any
compressive stresses were imposed on it. Therefore the
down or return stroke of the pump is effected by the force
due to the weight of the “sucker red,” as the pumping
rod is gemerally known in the trade, and the hydraulic
head due to the column of oil that is being pumped or
lifted up the well,

On most installations the sucker rod is about one inch
in diameter and has a weight of about 280 pounds per
100 feet. For an average well of 5,000 feet depth this
total rod weight of about 14,000 pounds that must be
carried by the end of the rod at the top of the well.

Furthermore, the static hydraunlic head created by a
column of oil 5,000 feet deep is about 2,000 pounds per
square inch at the pump. So with an average 2V4 inch
diameter pump the increased force necessary to bring the
oil to the surface is about 10,000 pounds. This brings
the total “polished rod load,” as the section of sucker rod
that passes through the stuffing box at the surface is
called, to about 24,000 pounds for only a moderately
deep well of 5,000 feet. It is obvious the sucker rod is
always under tension due to its own weight, and the ten-
sion is further increased on the up or pumping stroke of
the rod. This, of course, causes the steel sucker rod
to behave elastically resulting in the rod stretching an
amount that is proportional to the weight of the column
of oil that is being pumped. In the above case for a one
inch rod exerting a force of 10,000 pounds to lift the oil
the overall siretch for 5,000 feet of rod is about two feet.
This means that if the pump is to operate with, say, a six
foot stroke, the length of stroke at the top of the well
must be about eight feet. This problem is, of course,
inherent in any long slender shaft that is subjected to
varying loads, and cannot be completely eliminated.

However, a major cause of sucker rod failure is due to
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the fact that in the prior art devices this fluctuating load-
ing and resulting elastic elongation takes place in stress
ranges that often times approach the elastic limit of the
material. This causes more rapid fatigue of the metal
which results in frequent: and costly rod breakages. A
solution to this problem is, of course, to redice the ef-
fective weight of the sucker rod as it appears to the pol-
ished rod end of the well thereby allowing the stresses
to be substantially reduced. This would further enable
a larger pump to be utilized and/or a smaller power plant
at the surface resulting in substantial economic savings.

The amount of power required to operate this type of
unit could also be reduced if the hydraulic pistons at the
surface that actuate the rod were counter-balanced so
that the amount of effort required to lift the sucker rod
on the pumping stroke was about equal to the force
necessary to oppose the vieldable counter-balancing force
tending to lift the rod. This ideal situation would result
in the need of a much smaller power plant, hence lighter, -
less massive mechanism which would, of course, mean
a lower initial cost, lower maintenance costs, and sub-
stantial savings in cperating costs. '

it is therefore with the above mentioned problems and
disadvantages of the existing art in mind that this inven-
tion is proposed. i

It is a major object of this invention to provide a
method and device for reducing the effective or apparent
weight of the sucker rod of deep well pumps.,

It is a further objective of this invention to provide a
device and method for reducing the effective weight of
a sucker rod, of the type described, that can be adapted
to reduce the effective weight of said rod by any desired
percentage from zero to one hundred percent if desired,
while the pump is operating;

It is ancther object of this invention to provide a new
and novel means for reducing the amount of lifting force
necessary at the polished rod end of the well thereby
resulting in the need of less massive and powerful equip-
ment resulting in substantial economic savings to the
operator.

It is a further object of this invention to provide a
pumping device of the character described that it simple
and rugged in design, foolproof in operation, and relative-
ly inexpensive to manufacture.

Another object of this invention is to provide a fluid
operated and controlled pump actuating device that is
pneumatically and yieldably counter-balanced to further
result in smaller power requirements.

Yet another object of this invention is the provision of
means for performing said pneumatic counter-balancing
in chambers separate from the hydraulic chambers that
serve 1o actuate and reciprocate said pump thereby ob-
viating the possibility of the two separate working fluids
intermixing and contaminating one another.

Also it is an important object of this invention to pro-
vide a pneumatic counter-balancing force that is auto-
matically regulated by the amount of force necessary to
operate the pump, thereby maintaining a balance of
counter and direct rod actuating forces to result in mini-
mum power requirements and optimum operating ef-
ficiency. '

Furthermore, it is another cbject of this invention te
provide a method and means for partially supporting a
deep well sucker rod from its lower end in 2 manner which
tends to reduce its effective weight during the reciproca-
tory pumping operations.

Further objects and advantages will become evident
from the detailed specification and accompanying draw-
ings, in which:

Fig. 1 is a sectional, foreshortened view of the lower
end of a well showing the pump and a means for reducing
the effective weight of the sucker rod; ’



Fig. 2 is a sectional, foreshortened wiew similar to
Fig. 1 showing a modified form of the device of Fig. 1;

Fig. 3 is a side elevational view of apparatus for actuat-
ing the subsurface pump; ’ ’

Fig. 4 is a partly sectional, partly end elevational view
taken along line 4—4 of Fig. 3; ’

Fig. 5 is a schematic diagram illustrating the action of
the pulleys and cable that are used to reciprocate the
sucker rod; - : ’

Fig. 6 is a schematic piping diagram showing the flow
of fluids that are used to actuate this invention; and,

Fig. 7 is an enlarged fragmentary section taken from
the form illustrated in Fig. 1 to more clearly show the
construction details of the packer mechanism.

Briefly; the means for reducing the effective weight of
the sucker rod is a piston, rigidly connected to the sucker
rod-at some point spaced above the pump, say, about
thirty feet. The piston is adapted to be reciprocated with
the sucker rod in a cylinder having an open end at the
bottom, and closed at top. As the pump is started and a
column of crude oil-is built up inside the casing or well
by passing through a series of check valves, said column
exerts a static thrust due to ifs own weight against the
lower side of the piston that is attached to the sucker rod.
The amount of thrust is a function of the height of the
column of oil and the diameter of the piston. Of course
for any one installation the piston diameter remains
steady, so the upward,.tension-reducing thrust on the pis-
ton due to the column of oil is proportional to the height
of said column. In practice the ideal situation would
be to have the column of oil exert a force on the piston
that is equivalent to about 90 percent of the sucker rod
weight: when the column is the full depth of the well.
In the previously cited example this would means -the
effective weight of the sucker rod is reduced by about
12,500 pounds thereby reducing the polished rod load to
about 1500 pounds for the sucker rod alone.

As described herein the invention will be illustrated

- as being used for the pumping of crude oil from an oil
well, however this is by no means restrictive as the same
apparatus could as effectively be used for the pumping
of other liquids, such as water, from deep wells.

In detail, with reference to Fig. 1, the numeral 1 des-
ignates the outer well casing which ‘may be utilized on
some type of wells, depending on soil conditions, how-
ever, a casing is mot essential to the operation of this
present invention. As seen in the figure the pump assem-
bly, generally designated 2, is resting on a pillow-like
support 3 at the bottom of the well. Oil is sucked
through the plurality of holes 4 positioned about the
lower end of the pump housing 5 and is then forced up
through the pump 2 in the conventional manner during
the upstroke of the long, vertical, pump actuating rod 6:
This structure is conventional and is described omly for
the sake of clarity in understanding the operation of the
invention disclosed herein. As the oil is pumped upward
to the upper chamber 7 (Fig. 7) of the housing 5 it passes
through apertures 8 which are formed in a generally flat
annular plate element 9, through the center of which the
sucker rod 6 passes. The oil then is admitted to the gen-
erally cylindrical chamber 19 formed in the lower portion
of a radially expandable, stationary sealing member gen-
erally designated 11. : : .

The sealing member 11 comprises an inner perforated
cylinder 12 which is fitted with a double walled lower
member 13, in which is formed chamber 10, and with a
sincle walled upper end piece 14. ~As already stated
members 13, 14 are mounted coaxially to each end of
the perforated cylinder 12 and are adapted to Teceive
sucker rod 6 cenirally therethrough. Each end member
13, 14 is fitted with a circumferential, longitudinally ex-
tending flange 15, 16 respectively, which is adapted to
form a seat for a sleeve-like cylindrical, yieldable, outer
wall 17 that is adapted to be expanded radially outward
due to a pressure from within, Sleeve 17 is formed of

some resilient, easily deformable oil resisting material
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such as a material derived from the polymerization of
chloroprene (monochloro-butadiene) known commer-
cially as neoprene. It is to be understood that the ends
of the sleeve 17 that are adjacent to flanges 15, 16 are
securely attached thereto as by a combination of cémérits
and external wrappings or vulcanizing (not shown).

Further pumping of the oil will cause the oil that is
contained in the said cylindrical chamber 10 to pass
through the ball check valves 18 that are mounted to the
upper surface of the inner wall of the lower end member
13.

After the space within cylinder 12 is filled with oil a
slight pressure is built up within said cylinder until it is
great enough to overcome the resistance of the spring
loaded ball check valves 19 mounted atop the upper end

iece 14. The tension on the ball check valves may be
adjustably set at a predetermined amount by means of
adjustment screws 20. The oil, under pressure, within
the confines of cylinder 12 causes the outer sleeve 17 to
be forced radially outwardly to engage the surface of the
casing 1 or if the casing is not used, the bore of the well
itself. This action forms a seal or plug which separates
the portion of the well above sealing member 11 from
that below.

- Continued pumping of oil now causes the check valves
19 to intermittently open and admit the oil to the portion
of the casing above member 11. Above member 11 the
casing 1 or well is adapted to form the conduit to carry
the oil to the surface.

It is evident that after a long column of oil is above
member 11 the pressure due to said column is consider-
able, however, due to the action of the spring loaded check
valves 19, the differential of pressure within the perforated
cylinder 12 and the static pressure due to the hydraulic
head is still maintained, and it is this differential of pres-
sure that effects the sealing of the sleeve 17 to the casing
1 or well bore.

Mounted above and connected to the upper end mem-
ber 14, by means of a plurality of radially placed posts
22, is a relatively long, thick-walled, open-bottom cylin-
der 23 (Figs. 1, 7). . Cylinder 23 is closed at the top and
is adapted to receive therethrough the sucker rod 6.

Rigidly connected to the sucker rod 6 is a piston 24
which is complementarily fitted to the inner wall of cyl-
inder 23. When the sucker rod 6 is at the bottom or
lowermost position of its stroke the piston 24 is adapted
to be spaced just above the open end of the cylinder 23
within the same. The static pressure due to the weight
of the column of oil within casing 1 above sealing mem-
ber 11 acts upon the lower face of piston 24 thus tending
to force piston 24 upward. By proper dimensioning of
piston 24 and cylinder 23 with respect to the anticipated
head and suspended sucker rod weight, any desired
amount of the tension experienced by said sucker rod,
due to its weight, may be eliminated.

The space in cylinder 23 above piston 24 is at a re-
duced pressure, near atmospheric, and is vented by means
of conduit 25 (Fig. 1) to the portion of the well, below
plug element 11, that is also at atmospheric pressure.

It is, of course, undesirable to reduce the tension in
sucker rod 6 to the point where said rod is under any
substantial compression as buckling would then result.
Also it is necessary to maintain some weight en sucker
rod 6 so that it can accomplish the return stroke of the
pump 2, this being done by the force of gravity and
usually requiring a force of at least 1000 pounds.

. Tt is evident that cylinder 23 must be long encongh to
accommodate a reciprocatory travel of piston 24 that is
as long as the stroke of pump 2.

To recapitulate, the operation of the device shown in
Figs, 1, 7 is as follows: Qil from the oil bearing sands
stirrounding the well is admitted to the pump 2, pumped
therethrough into the upper portion 7 of the pump hous-
ing 5. From there the oil is forced into the cylindrical
chamber 10 formed within the double walls of the lower
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end piece 13 of the sealing plug 1i. From chamber 18
the oil is forced through the ball check valves 18 and
fills the space within the perforated cylinder 12. Pres-
sure is built up within the cylinder 12 due to the force
that is mecessary to open the adjustable spring loaded
check valves 19. After passing through the check valves
19 the oil is conducted, by the casing 1 or well bore if
no casing is provided, to the surface by continued pump-
ing. The pressure within the perforated cylindetr 12 forces
the deformable sleeve 17 against the casing thus effect-
ing a seal between the part of the casing above plug 11
from the part below. The oil within the confines of
plug 11 is always at a slightly higher pressure than the
oil above the member 11 by the amount of pressure
necessary to open the spring urged check valves 19.

The static head created by the weight of the oil exerts
an upward force on the piston 24 which is rigidly con-
nected to the portion of sucker rod 6 that is reciprecated
within the vertical, open bottom cylinder 23. The fact
that there is virtually no pressure above the piston 24
in cylinder 23 allows the piston 24 to exert an upward
force on the sucker rod 6 thereby substantially reducing
its effective polished rod weight.

In order to permit removal of the pump from the bot-
tom of the well a means must be provided for unload-
ing the o0il from within the plug 11, and also to allow all
the oil entrapped in the casing 1 above the plug 11 to
be drained through the check valves 19 and 18 and the
plug 11, as the pump 2 and cylinder 23 are being raised
to the surface. )

This is accomplished by means of an unloading mecha-
nism generally designated 27 (Fig. 7). When the sucker
rod 6 is being pulled toward the surface the top of the
reciprocating portion of the pump 2 is brought intc en-
gagement with the lower side of the annular plate ele-
ment 9 hereinbefore referred to. Plate 9 is mounted to
the lower end of a sleeve or bushing 28 that slidably re-
ceives the sucker rod 6, within sealing plug 1. Con-
tinued upward movement of the pump 2 against the
plate 9 causes the sleeve 28, plate 9 and the cross bar
29 mounted atop sleeve 28 to move upwardly against
the urgency of springs 3¢ that yieldably urge plate 9
downward to its normal operating position.

Mounted atop plate 9 and cross bar 28 so as to be in
alignment with the balls of the check valves 18, 19 are
two pairs of upwardly directed finger-like projections 31,
32, respectively.

These projections open the valves to allow the oil to
flow downward through the same and out of the seal-
ing plug 11 via apertures 33 formed in the lower wall
of bottom member 13. In the normal operating or pump-
ing condition apertures 33 are closed off by the an-
nular plate 9. With the unloading device it is possible to
pull the apparatus shown in Fig. 1 upward any desired
distance, while allowing the oil entrapped in casing 1
thereabove to drain through said apparatus.

With reference now to Fig. 2, a slightly modified form
of this invention is shown.

Here the weight of the pump 2 and cooperating mecha-
nisms is supported by an annular, horizontal shelf or
ledge 35 that is rigidly attached to the inmer surface
of the casing 1 at the desired position in the well.

The sealing and check valve mechanism in this present
illustration consists of a generally cylindrical housing 36
from which the pump housing 5 depends. The side walls
of housing 36 below the point from which pump hous-
ing 5 depends are slightly extended, and terminate in a
radially inwardly directed horizontal annular flange 37
which is adapted to seat against the upper annular sur-
face of shelf 35. Coaxial with, and spaced upwardly
from flange 37 is another horizontal, radially inwardly
directed flange 38 to which is fitted said pump housing
5. On the upper surface of housing 36 are mounted ball
type check valves 39 which allow the oil to be passed
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6
upwardly therethrough but prevent it from returning to
the portion of the well below housing 36.

Mounted atop posts 46 which are arranged radially
about the upper surface of housing 36 and extend up-
wardly therefrom is a cylinder 41, similar to cylinder
23, that is open ai the bottom and closed at the top.
Sucker rod 6 is adapied tc pass therethrough, coaxially,
as it does through housing 36 to communicate with the
plungers of punip 2.

Adapted to reciprocate with sucker rod 6 and rigidly
attached thereto is piston 42 which is complementarily
fitted to the inner cylindrical surface of cylinder 42.

The resultant action of piston 42 is the same as for
piston 24 of Fig. 1. When the oil column is built up
within casing 1 the static head created by the weight of
said column exerts an upward force against the under-
side of piston 42 within cylinder 41. This upward force
tends to reduce the tension in sucker rod 6, that is due
to its own suspended weight, in the same manner as the
tension is reduced for the sucker rod in Fig. 1.

Venting of the upper chamber of cylinder 41 is ac-
complished by conduit 43 that extends to the lower re-
duced pressure portion of housing 36.

To permit withdrawal of pump 2, housing 36, and cyl-
inder 41 from the well an unloading device in the form
of a flat annular plate 44 to which are fastened a pair
of longitudinally extending, upwardly directed fingers
45 is provided.

Annular plate 44 is adapted to normally reside against
the upper surface of the annular, radially inwardly di-
rected flange 38 of housing 38, and be yieldably urged
thereagainst by means of helical coil springs 46. Plate
44 is also provided with apertures 48, similar in construc-
tion and operation to apertures 8 in plane 9.

When sucker rod 6 is pulled upwardly to a poiat above
its normal operating stroke, the inner reciprocating mech-
anism of pump 2 is forced against the lower surface of
plate 44 thereby lifting the same against the urgency of
springs 46.

Fingers 45 which are connected to plate 44 are adapted
to engage and lift the balls of check valves 39, there-
by opening the same and allowing the oil above hous-
ing 36 to now be drained downwardly therethrough and
out apertures 47 formed in the annular flange 38. Aper-
tures 47 are normally closed off by plate 44 and are only
open to passage of oil therethrough when plate 44 is
unseated from flange 38.

It is seen that the provision of a method of supporting
the pump actuating rod from below by the application
of the force of the finid head in a full well greatly reduces
the load carried by said rod on the upsiroke of the pump
and therefore greatly redtices the stretch in the rod. Not
only is rod failure greatly reduced by lowering the tensile
stress in the rod Dy this method and apparatus, but a
greater portion of the rod stroke is available at the sub-
surface pump resulting in the possibility of use of ¢
larger pump and therefore greater production.

Figs. 3, 4 show the mechanism that is mounted on the
surface and effects the reciprocatory motion of the sucker
rod 6.

Mounted on a portable skid-type frame 58 are a pair
of cylindrical tanks 51, 52 which are utilized as air and
hydraulic fluid storage reservoirs respectively.

Sucker.rod 6 is reciprocated by means of a flexible
steel cable 53 that is attached to the upper end of the
polished steel rod as by the eye type connection 54. The
lifting of sucker rod 6 is accomplished by means of
cable 53 as now to be described.

The end of cable 53 remote from the connection 54
is securely fastened to a capstan or winch 55 (Fig. 5)
that is provided with a braking means to prevent rota-
tion and resultant unwinding of cable 53 therefrom.
Cable 53 is then passed around an idler pulley 56 which
is rotatably mounted to the frame 58 of the pumping
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rig. From pulley 56 the cable is adapted to run over a
rotatably mounted pulley 57 that is mounted securely to
the tops of the fluid operated cyhnders that will subse-
quently be described. Pulley 57 is adapted for rotation
only as it cannot move from its fixed axis. The cable
is now passed around another sheave or pulley 58 that
is rotatably mounted to the lower end of the connected
piston rods that extend from said fluid operated cylinders.
Pulley 58 is adapted for rotation about its axis and for
motion in a vertical plane, said plane motion being
caused by the reciprocation of the pistons within said
cylinders.

After passing around pulley 58 the cable 53 is directed
upward to thence pass around a large idler pulley 59
rotatably mounted to a bifurcated extension 69 of the
support frame 61 that is mounted on the top of tanks
51 and 52.

Since the remote end of cable 53 is tied to winch 55
and cannot move, the downward travel of pulley 58 causes
the sucker rod 6 to be pulled upwardly (Fig. 5) by an
amount that is twice as great as the travel of pulley 58.
Of course it is evident that more pulleys could be placed
alongside pulleys 57, 58 and an even greater multiplica-
tion of displacement could be obtained.

When the occasion arises that the sucker rod 6 is to be
pulled out of the well, or lowered deeper into the well
all that has to be done is to deactivate the fluid operated
cylinders and raise or lower the cable by means of winch
55. If desired the cable 53 can be unwound from the
differential pulleys 57, 58 and be connected directly over
pulley 59 via idler sheave 56.

The major elements of the apparatus that are mounted
on the skid frame 50 consist of the air reservoir tank 51,
oil reservoir tank 52, an operating cylinder unit 62, a
pilot valve 63, a balanced spool type master control
valve 64, hydraulic pump 65 and motor 66 (Figs. 3, 4).

As best seen in the schematic illustration of Fig. 6
the operating cylinder unit 62 consists of a pair of paral-
lel, vertically extending cylinders 67, 68 which may be
integral with each other or separated as shown. Cylinder
68 is a single acting hydraulically operated cylinder that
is used to lift the sucker rod 6 by exerting a downward
thrust on piston 69 that is reciprocally contained therein.
Attached to piston 69 is a piston rod 78 that connects
to a yoke 71. Also joined to yoke 71 is the rod 72 of
piston 73 that is contained within the double acting
cylinder 67.

Cylinder 67 is the counter-balancing cylinder and this
counter-balance is achieved by the admission of com-
pressed air from reservoir 51 to the upper chamber 74
of cylinder 67. Thus the compressed air in chamber 74
exerts a downward thrust on piston 73 ultimately tend-
ing to raise the sucker rod 6, however the pressure of
the air contained within chamber 74 is not adapted to
be sufficient to raise the rod 6 by itself and an additional
force exerted on the cooperatively acting piston 69 of
cylinder 68 is required to perform the up stroke of said
rod 6.

The operation of the schematically illustrated mecha-
nism shown in Fig. 6 will now be described starting with
the charging of the air reservoir tank 51 with compressed
air. This step of charging tank 51 is necessary before
the actual oil pumping operation can be initiated if the
advantages of the counter-balance cylinder 67 are to be
utilized.

Prior to the pumping of oil from the well the tank 51
may be charged with compressed air by an auxiliary air
compressor independent of the mechanism shown in Fig.
6. However, means utilizing an air compressor unit 75
that is mounted to the upper portion of counter-balance
cylinder 67 is shown herein. A rod 76 which is con-
nected to the piston 73 of cylinder 67, is slidably jour-
nalled for an air-tight fit through the integral cylinder
head that is common to both cylinder §7 and compressor
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8
75, and is further fitted to a piston 77 that is adapted
to reciprocate within the compressor 75 when the co-
operatively actln0 cylinders 67, 68 are actuated.

By slackening or otherwise disconnecting cable 53 from
sheaves 57, 58 the interconnected cylinders 67, 68 may
be actuated without causing reciprocation of the sucker
rod 6 thus permitting compressor 75 to charge tank 51
with compressed air.

The hydraulic fluid for activating pistons 69, 73 is
supplied from tank 52 to pump 65 via suction line 78.
From pump 65 the hydraulic fluid is pumped to the
master control balanced spool type valve 64 by line 79
and to the pilot valve 63 by means of line 80 which
branches off line 79.

Pilot valve 63 is operated by an adjustable control rod
8% (Figs. 3, 4, 6) that in turn is controlled by the recip-
rocation of the piston rods 7@, 72. Adjustment for con-
trol rod 81 is provided by means of a pair of collars 82
that are positioned on rod 81 (Fig. 4). '

Pilot valve 63 controls the admission of fluid to the
ends of the master control valve 64 which in turn acts
upon the spool 83 contained therein to alternately supply
hie hydraulic fluid from pump 65 to the cylinders 67, 68.
Lines 84, 85 run from the pilot valve 63 to opposite ends
of the spool valve 64 for this above mentioned purpose.

In the position shown in Fig. 6 the hydraulic fluid is
being admitted to valve 64 and therethrough to line 86
that conducts it to the upper end of cylinder 68 thus
forcing piston 69 and interconnected piston 73 down-
wardly.

The discharging of hydraulic fluid from the lower
chamber of cylinder 67 is now conducted through line
87 back through the other port of valve 64 through the
return feeder manifold 88 into line 89 which carried it
back to reservoir tank 52. Line 89 also accepts the
discharge from the pilot valve 63.

A scavenger line 90 to conduct the seepage that gets
past piston 69 joins the lower end of cylinder 68 with
the reservoir tank 52.

A branch line 91 from line 86 is provided with a
manually operable valve 92 for the purpose of allowing
the motor 66 and pump 65 to be operated -without
activating cylinders 67, 68. This is done when valve 92
is open and is sometimes desirable when the system is
first started for purposes of priming pump 65 and warm-
ing the engine if that is what is being used in place of
motor 66.

When piston 69 has reached the bottom of its stroke .

pilot valve 63 is reversed by rod 81 thereby reversing
the pressure on spool 83 by channeling fluid to the
right side of valve 64 in Fig. 6 through line 84. The
movement of spool 83 to the left causes the fluid under
pressure from line 79 to be ported to line 87 for push-
ing piston 73, and interconnected piston 69, upwardly.
The oil from the upper portion of cylinder 68 is ex-
hausted through line 86, valve 64, and lines 88 and 89 to
reservoir 52. The cycle again reverses as pistons 69,
73 reach the top of their stroke.

With the system thus started, and cable 53 inoperative,
the. flow of hydraulic fluid alternately from the master
valve 64 to cylinders 67, 68 places the air compressor
75 in operation.

Air at atmospheric pressure is admitted to compressor
75 by inlet valve 93 and on the up stroke of piston 77 is
forced through line 94 and check valve 95 into the air
storage tank 51.

To prevent the air from merely circulating through
tank 51 and out of the same by means of line 96 into
the upper chamber 74 of cylinder 67 a three-way valve
97 is closed to prévent the escape of the compressed air
from tank 51. The purpose of the three-way valve 97
is to allow the piston in cylinder 67 to move freely while
the compressor 75 is in operation.

After sufficient pressure is built up within tank 51 to

-
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allow the pumping of the oil from the well to begin,
the apparatus may be stopped, the cable 53 placed in
operating position, and then the pumping started.

When first starting to pump a well that has the oil
level below the sealing elements 11 or 36 hersinbefore
described, there is no bouyant effect on the sucker rod
6. This means that at first the counter-balance cylinder
must carry the full weight of the sucker rod 6, hence,
a much higher air pressure is required than later when
the cclumn of oii begins to reach the surface and the
sucker rod § is being substantially supported by the buoy-
ant effect of the column as before described. There-
fore the initial air pressure in the counter-balance chams-
ber 74 of cylinder 67 is high and is progressively re-
duced as the buoyancy effect of the piston 24 and cyl-
inder 23 in the well begin to carry more of the weight
of the sucker rod 6.

This reduction of pressure is achieved by means of
a regulator 93 (Fig. 6) placed in line §% which connects
tank 51 to said regulator 98. The other side of the
balanced diaphragm regulator 98 is connected by line
190 to the hydraulic pressure line 80.

Since the pressure in line 8% is only great enough to
perform the described operation of cylinders 67, 68 it
signals to regulator 98 that pressure, regulator 98 then
maintains a balance in pressure between the air in tank
51 and the working pressure of the hydraulic fluid in
line 188 by allowing the excess air in tank 51 to be ex-
hausted to the atmosphere.

When actually pumping the three-way valve 97 is
turned so that line 96 communicates with chamber 74
of cylinder 67 thus allowing the compressed air to be
cycled through said line during the reciprocation of pis-
tons 69, 73.

The air pressure within chamber 74 is adapted to be
sufficient to support the effective weight of the sucker
rod 6. This varies, as just described, during the build
up of the column of oil within the well, and when the
oil is at the surface the air pressure need only be great
enough to support the remaining load that is unsupported
by the bouyant effect of piston 24 and cylinder 23.

It is seen by this disclosure that the power require-
ments of motor or engine 66 are substantially reduced
from what they would be if thre was no couater-bal-
ancing of the rod weight and cylinders 67, 48.

In the previously cited example of a 5080 foot well
and a total rod load of 14,000 pounds and 10,000 pounds
pumping effort, the total force may be reduced to about
one-third this value by use of these above described
counter-balances. If the piston 24 within cylinder 23
relicves the sucker rod of 90 percent of its effective
weight then the sucker rod would appear to weigh only
about 1500 pounds.

On the pumping stroke an additional 10,000 pounds
of force are required, thus the total force that must be
exerted by cable 53 on connection 54 is 11,500 pounds.
With the counter-balance chamber 74 carrying approxi-
mately one-half this load the force exerted by the work-
ing fluid from pump 65 would only need be about 6,000
pounds.

So it is evident that a substantial savings in power re-
quirements is accomplished by means of these above
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described novel types of counter-balances that comprise
this invention.

It is obvious to those schooled in the art that many
modifications could be resorted to on this invention, yet
these modifications would not depart from the spirit of
the invention or the scope of the following claims.

Iclaim:

1. In deep weil pumping apparatus, a subsurface pump
adapted to be positioned in the bottom of a well for
pumping finid therefrom to the ground surface, a recip-
rocating rod extending from the ground surface to said
pump and connected thereto for operating said pump,
sealing means positicned above said pump including con-
duit means having one-way valve means therein com-
municating between said pump and the upper side of
said sealing means and adapted to seat with respect to
the well and to be supported thereon for sealing the
well against flow of the pumped fluid from said upper
side of said sealing means to said pump, a cylinder sup-
ported on said sealing means coaxial with seid rod and
having a closed upper end and a lower end open to the
well above said sealing means, and a piston slidably
received in sealing engagement with said cylinder be-
tween said ends and secured to said rod for applying
the force of the fluid head of the fluid filled well above
said piston to said rod in an upward direction.

2. In deep well pumping apparatus, a subsurface pump
adapted to be positioned in the bottom of a well for pump-
ing fluid therefrom to the ground surface, a reciprocat-
ing rod extending from the ground surface to said pump
and connected thereto for operating said pump, sealing
means positioned above said pump including conduit
means having one-way valve means therein communi-
cating between said pump and the upper side of said
sealing means and adapted to seat with respect to the
well and to be supported thereon for sealing the well
against flow of the pumped fluid from said upper side
of said sealing means to said pump, a cylinder supported
on said sealing means coaxial with said rod and hav-
ing a closed upper end and a lower end open to the well
above said sealing means, and a piston slidably received
in sealing engagement with said cylinder between said
ends and secured to said rod for applying the force
of the fluid head of the fiuid filled well above said piston
to said red in an upward direction, the diameter of said
piston and cylinder being related to the amount of said
fiuid head and the weight of said rod such that a major
portion of said weight is supported by said force.
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