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8 Claims,

This invention relates to & method and means
of opersting a fluid lift pump and particularly
pertains to a method and means of operating,
controlling, and counterbalancing the sucker rods
and mechanism of a deep well reciprocating
pump.

The present invention contemplates provision

<

fire, well blow-outs falling derricks and the like
inevitably existing in the vicinity of oil wells.
Other important objects of the present inven-
tion are to provide 8 means and medium adapt-
ed for reciprocating, controlling and counterbal-

. ancing the sucker rods and mechanism of deep

of pumping jack structure comprising & cylinder .

mounted upon a well and having a vertical re~
ciprocating plunger therein, from which plunger
-sucker rods are suspended and extend down to
the well pump. In modern deep oil wells for
which this pumping system is particularly adapt-
ed, the sucker rods required frequently weigh
many tons, and in this invention the rods are
elevated by application of actuating fluid under
pressure to the lower end of the pump jack plung-
er, sald actuating fluid being stored in a pressure
retentive fluid storage tank comprising an im-
portant element of this invention. -

On each up or working stroke of such pump it
is necessary to apply power to the pumping
equipment in sufficient magnitude to simultane-
ously elevate the weight of the rods ‘and pumping
mechanism, together with the entire column of
fluid being pumped, while on the down stroke
no power is required as the weight of the rods
suspended in the well causes their descent by

. gravitation alone.
downstroke of sucker rods and pumping mecha-
nism, develops such destructive force that their
too rapid descent must be retarded -and con-
trolled by application of opposing weights or
other counterbalancing means.

The intermittent high peak load and no load
demand upon well pumping equipment and the
great difference between the up and down stroke
rod and fluid loads and momentive forces result
in such a variable and unbalanced operating con-
dition as to ordinarily require the installation
within, or immediately adjacent to, the well der-
rick of exiremely heavy cumbersome and costly
pumping equipment to withstand the shocks and
stresses incident to this work.

Important objects of this invention are: To-

provide a power transmission and control medium
and means for automatically, safely and flexibly
reciprocating, controlling, and counterbalancing
the sucker rods and mechanism of deep oil well
pumps, which said means may be, and preferably
is installed and positioned remote from a well,
thereby leaving the derrick floor space clear for
other needed operations and at the same time
safeguarding the equipment from the hazards of

In fact, the gravitational
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well pumps. Said means and medium, without
any disturbance to continuous pumping opera-
tions, may be manually manipulated at its loca-
tion either near or remote from the well without
need of skilled labor or use of tools, in a manner
quickly and accurately to control and/or change
the length of the pump stroke and to control
and/or reverse the direction of the pump stroke
and to regulate and/or adjust either upwardly or
downwardly the vertical position of the pump
jack plunger relative to its coacting cylinder and
by so doing in like manner vertically regulate the
interconnected well pump plunger relative to the
well pump barrel within which it reciprocates.

- It is well known to those skilled in well pump-
ing that not only must counterbalancing equip-
ment be provided for deep wells, but that the
counterbalance should as effectively as possible -

‘tend to assist the power plant in elevating the
‘weight of the rods and pumped fluid on the up

stroke.  Other important objects of this inven-
tion are: To automatically recover and store up
for future use & material proportion of the en-
ergy and power developed by the weight of the -
gravitationally descending rods during each
down stroke, and to apply this stored power to-
wards assisting the motor in élevating the rods
and pumped fluid on each upstroke. It is a fur-
ther object to recover and store up and apply in
a like manner the power output generated by the
continuously running motor during the non-pow-
er consuming downstroke half of the pumping
cycle, thereby attaining efficient, economical op-

_eration and insuring that the pumping operation

will require only a relatively small continuously
operating motive unit, consuming a minimum
and substantially constant amount of horsepow-"
er. The energy and power so saved and con-
served from said two forces during each down

. stroke is retained in the tank in the form of com-

50
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pressed actuating fluid, compressed air, for. in-

stance, and the expansive force of the compressed j

air is utilized and applied to assist the motor in
elevating. the rods and fluid load on each up-
stroke.

Other important objects of the invention are:
To provide a unitized power driven well pumping -
plant which, while adapted for the operation
conirol and counterbalancing of the reciprocable
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elements of any single or individual well, is at
the same time adaplted for the like operation,
control and counterbalancing of any number or
" multiple of wells from a centralized Jocation. No
changes or additions are required to said plant
for the pumping of additional wells, except to
regulate the pressure of the compressed fiuid for
counterbalancing purposes and to. adjust the
speed of the motor and the length of the pump
strokes of the various wells to keep the aggregate
power demand within the output capacity of the
motor and plant. Means are also provided where-
by the stroke lengths of the various wells may be

controlled, that iz made either longer or shorter,
each independent of the other. .

A still further object of the invention is: To
provide economically constructed well pumping
equipment embodying all of the elements of mo-
tivation, conitrol and coubhierbalancing In one
compact, lightweight, poriable, centralized unit
which is easily loaded and transported upon a
fruck, or which may be dragged from place to

place upon the ground intact withott injury. The .

complete pumping unit being assembled and
ready at all times for instant use at any desired
location, as no cement, sziils, or other founda-
tions are required for its installation and opera-
tion.

Another object of the invention is to proyide in
a8 vertically reciprocating fluid sactuated well
pump jack, means whereby the application of
compressed fluid, such as compressed air, for In-
stance, is automatically applied to check or re-
tard the gravitational downstroke of the well

10
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longitudinal section illustrating the control valves
employed in the operation of the fluid flow re-
versing valve employed in directing the fiuid from
the power pump to the jacks and from the power
pump to the tank.

¥ig. 6 is a longitudinal section through an alr
compressor which may be employed with the
invention.

Fig. 7 is a perspective view partly in ssction
{llustrating the confruction of my fluid flow re-
"versing valve.

Figs. 8 and 9 are vertical sections taken on the
planes 83—$ and $—8, respectively, of Fig. 11.

Fig. 10 is & view similar to that shown in Fig. 7
but with the reversing valve in a different posi-

E. 11 is & top plan view of the reversing valve
in horizontal section.

Fig. 12 is a longitudinal section through my

and showing the ‘valve at one end

13 is a sectional detail {llustrating the
movement of the bypass valve toward one end of

Fig. 16 is a sectiona] detall showing the pump
Jack ram in its lowermost position.

pumping mechanisn and sucker rods, thereby 35 cal section showing a portion of the ram taken

providing a flexible, compressible, cushioning me-
dium to check the gravitational descent of said
pumping elements. '

I also sim to provide in a vertically recipro-

aporoximately on the plane I8—I8 of PFig. 17.
¥ig. 19 is a transverse section through the cas-
ing bhead on the plane 18—18 of Pig. 15. -
Fig. 20 is a central vertical section through a

cating fluid actuated well pump jack, means 40 combined power valve and bypass valve, which

whereby the application of substantially non-

compressible fluid, oil for instance, is automat-
ically applied to effect 2 stoppage of the down
stroke travel of the well pump sucker rods and
mechanism.

To provide in a vertically reciprocating fluid
actuated well pump jack, means whereby the
application of substantially non-compressible

Fig. 1 is a side elevation of the power installa-
tion together with the walves and ‘counter bal-

&

- ancing devices employed with my invention, cer-

tain paris being broken away.
Fig. 2 is a diagrammatical plan view illustrat-
ingmydeviceaseqmectedvimnplmmyo!

is 2 modification of the structure shown in Fig_ 5.
The hydraulically operated ram which I em-
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interior of the well casing to the outlet 3 from
the casing. , L .

~ The upper end of the casing head is closed by
a plug 12 having & stuffing box i3 therein to fit
about the pump rod {4, which is adapted to re-
_ ciprocate therethrough. The packing within the

stufing box may be compressed through a cap

{5, which is screwed over the upper end of the

stufing hox and adapted to be adjusted through

a wrench engaging within radial openings 16 in
the cap. ' , _

The tubing hanger which has been described
has certain advantages which will be obvious’
When it is desired to move the tubing up and
down as may be necessary in releasing the tubing
from sand packed around the lower end, this may
be done by engaging a lift nipple within the

10

15

threaded upper end {0 and exerting an upward

pull sufficient to bring the hanger above the cas-
ing head so that access may be had to the pack-
ing installation. This packing assembly will then
be removed and thereafter the hanger may be
moved up or down through the opening in the

casing head through the seat 5. When it is de-
sired to again hang the tubing the packing will be -

inserted and the tubing lowered again into posi-
tion.

The sucker rod §4 has its upper end threaded
at {7 to engage within the lower end {8 of the
adjusting sleeve 19, which forms a portion of the
ram member of the pump jack. Above the lower
end {8 of the adjusting sleeve through which the
threaded upper end of the pump rod engages,
the pump rod is formed with a head 20 which is
polygonal to engage within a polygonal sleeve 21
secured at its upper end to the adjusting sleeve.
To form s connection between the two sleeves
opposite notches 22 are formed in the upper end
of the adjusting sleeve and a transverse pin 23
is engaged through openings in the polygonal
sleeve 2¢ thereby fixing the two sleeves against
relative rotation. :

As the polyzonal sleeve is nonrotatable rela-
tive to the sucker rod through the engagement’
of the sleeve with the head 20 on the rod the
adjusting sleeve is also ordinarily non-rotatable
relative to the sucker rod. The upper end of the
adjusting sleeve is formed with a laterally ex-
tending flange which engages above the upper
end of the body 24 of the ram. A cap member
2§ is fitted over the upper end of the ram together
with the adjusting sléeve, serving to close the
ram at the upper end and to furnish attachment
to a lfting device by means of the eyelet 26 in
the cap. :

The adjusting sleeve may
the upper end of the ram body 24 hy a set screw
27, as shown in Fig, 18. Said set screw may be
threaded through the flange at the upper end of
the adjusting sleeve and into a threaded recess
‘28 in the ram body, thereby fixing the two parts
against relative movement.

The outer surface of the ram body is cylindrical
and fits slidably within a cylinder 29. Said cylin-
der has an internal diameter considerably larger
than the outer diameter of the ram body 24. At
the upper end of the cylinder, however, I provide
a stuffing box which forms a fluid tight fif around
the ram. Thig stuffing box is preferably formed
by a plurality of packing rings or cups 30 fitting
between the upper end of the cylinder and the
ram and held rigidly in position by means of a cap
member 31. This stuffing box serves to close the

20
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be connected with

60
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70

upper end of the cylinder around the ram and .

form & tight seal between the two.

15
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Near the lower end of the ram I provide a ro-
tatable ring or collar 32, which normally rests
upon & flange 33 upon the ram. Spaced rigidly
above the ring on the body of the ram is a stop
flange 34, which has thereon one or more down-
wardly extending lugs 34’ adapted to engage
within recesses 38 in the upper end of the ring
32. On the outer surface of the ring I provide in-
clined or spiral blades 36 positioned in-such man-
ner as to rotate the same in a right-hand direc-
tion on the downward stroke of the ram. It will
thus be seen that on the upward stroke of the ram
the rotating sleeve 32 rests upon the flange 33
and has no effect whatever upon theram, On the
downward stroke, however, the lugs 34’ will en-

. gage within recesses 35 and the rotation of the
ring 32 will tend to rotate the ram in & righthand
direction and thus tend to rotate the sucker.rod
also and tighten the joints in the rod during the
down stroke. The ring or collar 32 could obvious-
ly be formed with spiral grooves therein, which
serve the same function as the blades previously
maintained. : .

" The cylinder 29 is connected at its lower end
within a sub or cage member 31. Said cage mem-
ber has openings 38 therein adjacent the cap (5
previously referred to and to & similar cap 39 on
a plug 40, which closes the lower end of the said
cylinder 29. The cage member 37 fits closely at
its lower end around the reduced upper end 41
of the casing head. It bears upon the shoulder 42
on the casing head and is rigidly maintained in
that position by the weight of the cylinder and
the ram, and its load.

The plug 40 which closes the lower end of the
cylinder 29 has a stuffing box 43 which forms &
sealing fit about the sucker rod. The cap 39 pre-
viously mentioned tends to hold the packing in
such stuffing box tightly compressed about the
rod. The upper end of the plug 40 is recessed
around the stuffing box to provide an inner wall
. 48 which engages close against the outer surface
_of a ring 45 fixed upon the lower end of the ram.
Thus when the ring 45 engages therein the escape
of fluid below the ram from the cylinder is sub-
stantially cut off. 'There is a further recess or
undercut chamber #6 in the plug 40 below the
surface 44 into which the ring 45 may descend

.as shown in Fig. 16. n
- The pressure fluid which raises. the ram may
enter the cylinder through a pipe 41 coming from
a source of pressure fluid which will be later de-
seribed. It may enter the cylinder through an
opening 48 therein by way of a check valve 48,
Said check valve is of ordinary-construction and
includes a fiap valve 50, or any other adjustable
valve, which opens inwardly toward the cylinder.
My valve has, however, an adjusting screw BI,
which is threaded through the lower wall of the
valve body and .engages the valve member 50. .
This screw may be adjusted to prevent the com-
plete closing of the valve and may hold the valve
open to the desired extent to limit the outward
flow of fluid on the down stroke of the ram.
There ig & bypass 52 from the cylinder and around
the valve 49 to the pipe 41 through which fluid
freely passes from the cylinder during the down
stroke of theram. =~ ‘

I also provide a connection with the cylinder
from the pipe 41 through a branch pipe 54, Said
branch leads from the pipe 47 to connect with the

_cylinder at a level slightly below the opening 48.
There is a check valve 55 in this line, whicp is
normally adjusted to close completely against the
escape of fluid outwardly from the cylinder, but




discharged towards the cylinder through the pipe

47 it may enter the cylinder through any of the 5

three pipes which have been shown. It will gain
" entrance below the ram even at its lowest level
by way of the pipe 54 s0 as to start the ram on
its upward movement. I{ may also find en
through either of the other pipes during
ing of the lJoad. When the upward
been completed and the pressure
" the ram, the weight of the rods,
pump plunger causes the ram to drop and as
lower end of the ram passes the opening §3
lateral escape of fluid from below the ram
be checked as gradually or as suddenly as desired
by regulation of the valves 48 and §§. No fluid
may escape thru the valve 8§ when normally ad-

;
THY
Beeeiesh

justedandtheamountwplnzmndlywlthm 99 to

the cylinder past the ring 48 is so small as to pre-

hew charge of pressure fluid can be forced g5 ment

through the pipes into the cylinder to further re-
sist the falling of the ram at the lower end of the
stroke. While the check valve §§ is normally
adapted to close completely, conditions arise, par-

ticularly with high speed or heavy rod loads, sg body of the plunger

where it is desirable to slightly open check valve

It will also be noted that if the ring 45 at the

Jower end of the ram pesces the port 48 it willen- g5

gage automatically within the opening 44 in the
Jower plug 40 and encounter the liguid normally -
trapped within the lower end of the cylinder and
more positively check the descent of the ram.

projection thereon. 8aid projection
flanged at 87 to seat upon the upper surface
of the pump case. There are two downwardly
presented openings 88 and 89 adapted to register
with openings of the pump A and through which
fluid flows to and from the pump. At the upper
end of the housing there are {wo laterally extend-
ing openings 98 and 81 through which fluid may
from the fiuid-Sow reversing valve to and
the pumping jacks and tank. The flow into
the rotary pump past the reversing valve

é

of
of the valve

R

plunger
the slots are substantially closed by portions of
the plunger body at 39°,
curved downwardly from s central lir
fluid in either direction from the upper sice as
will be obyious from these figures.

It will also be noted that the passages 98 and

The threaded adjusting sleeve {8 is employed “'ll'uebnnchedonﬂ:elnddeofthehmm:so

in adjusting the vertical position of the well pump
plunger. In pumping operations, the length of
the pump rods must be adjusted with a fair de-
gree of accuracy so that the pump plunger will

rel.  The rods stretch a.materia]l amount due to
- the load thereon, and allowance must be made
for such change in the length. To adjust the rod,
for example, the cap 2§ is removed, the pin 23

and the squared sleeve 21 are then removed. This 50 Side of the dividing piate the

that the flow may be directed in either of two
directions by means of dividing plates 23, form-
ing & portion of the wall of the housing snd fit-

- ting on their inner surfaces closely against the
reciprocate at the proper place in the pump bar- 45 body of the plunger.

when the plunger

jacent dividing piate 99 the fluid may flow in
mediteeﬂmandwbenlthmovedtotheoppodte
fiuid may flow in

allows rotation of the sleeve I8 together with the  the oppasite direction.

interconnected ram relative to the sucker rod,
which rod 14 is supported by engaging a rod clamp
about the said rod below the stuffing pox cap 39

Talsed to the desired height. V o
Rotation of the adjusting sleeve and ram in

theproperdirecﬂonwmacmwitupwardlyor

downwardly on the rod until the desired setting

In the position of the valve shown in Fig. 10
- fluid passing the dividing i

be closed and
8 and 9. When, however, the plunger is moved

1s obtained. The parts which were removed may g9 loD&itudinally to bring the siots §7 or 88 to the

bethmusembledubefore,therodchmpsre-
moved, and the pumping may proceed. .

The fiuid under pressure which tends to raiee
tbenmnndltslondofuqm(lispmvjdedimthuy j

through a power pump which may be driven from 65

any desired source of power. In Fig. 1 this pump,
Which may be shown generally st A, is of the ro-_
ta.t'ytmemdadaptedtobeachmtedthmuxhn
belt or chain connection §8 with & motor §1, which

may be an internal combustion motor, if desired. 70

To direct the flow of fluid from the storage tank
to the pumping jack and from the pumping jack
to the fluid storage tank at the proper time, a
fluid-flow reversing valve is placed immediately

above the pump. In Figs, 7 to 11, inclusive, the

—~

m&eddeofﬂiedivldiumemberuﬂ;eﬂm
may flow in the opposite direction. It wil] be

_ therefore, that when the plunger
member B is moved toward the end plate 33 the
filuid entering through the opening 88
rected downwardly to the inlet opening 8 of the
ptnnpmdtheﬂotuwmbebrouzhtlnmm

'+ to allow the passage from the discharge gide of the

pump upwardly and out through the opening 81
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automatically in the operation of the system.
This control means will now be described.
Referring to Fig. 5, it will be noted that the
housing 86 of the fluid-flow reversing valve is
formed with a plurality of ports therein. At one
end of the housing are two ports 160 and 10},
Near the opposite end of the housing are two ports
{02 and (03. Fluid. passing to and from the
housing of the reversing valve passes in and out

through these ports -in & manner which will

- be described. .

Adjacent the housing of the fluid-flow revers-
ing valve is & power valve shown generally at C.
I have shown this valve spaced directly above the
reversing valve although it may be placed in any
convenient position. Said power valve comprises
a cylindrical shaped body 104. Within the bedy
is placed a plunger 105. 'This body is closed at
one end by the end plate {06 and the body of the
plunger movable therein is open on the side away
from the said closed end. Projecting outwardly

from the end of the plunger is a stem {07 which
projects beyond the end of the stuffing box 108
formed in the end plate 106 and leaves the end
of the said stem exposed to atmesphere. The end
plate {08 of the valve body 104 is closed about

the stem by the stuffing box including the cap 108

and the packing §08,

There are lateral ports in the wall of the valve
body £04; one port (10 is at the lower side adja-
cent the end of the plunger member 105. Oppo-

5

held in its seat by gravity. The sald plate 124
is held in position by a fitting i26, which is
screwed within the port 122 and serves as an
attachment with the pipe 121, which may be con-
nected with a container 128, the upper end of
which is closed by a cap 128. This cap shields

" minute lateral openings {30 in the upper portion -

10

15

20

30

site this port and on the upper side of ithe

body is a port §l4. The valve is so formed
that fluid passing into the valve body through
the port §(80 may pass between the end of the
plunger and the end wall of the body and flow
through the port {1{. The port 1{8 is con-
nected with the port 182 in the reversing valve
housing by the pipe 112, said pipe having therein
a check valve {13 opening in the direction of the
arrow adjacent thereto. Said pipe 12 intercom-
municates with the pipe 9¢ connecting the re-
verse valve to the jack and at all times the fluid
pressures in pipes 112, 894 are therefore equal.
Also, it will be noted that the pipe {70 intercom-
municates with the pipe 80. Therefore, the fluid
pressures in pipe 170 and pipe 90 are likewise
equal. .

At the left end of the valve body a pipe 114
connected with the port 103 in the reversing valve
is extended through the wall of the body 104 at
§5, - There is an upper outlet from the housing
184 at 146 in which is secured the pipe {{7. This
end of the valve is also so formed that irrespec-
tive of the position of the plunger {05 a free flow

of fluid is possible in either diréction through the

pipes {18, 117. o

In connection with this power valve I may in-
clude an air compressor or pump shown generally
at D. This compressor, which is adapted for the
pumping of liquid as well as for the compression
of air, includes g body {18, which is screwed with-
in an opening in the end of the valve body 1064.
Said compressor body projects into the interior
of the power valve body.and has an extension 119
formed with an axial bore {20 within which the
compressor plunger {2{ upon the valve member
is adapted to reciprocate. The outer end of the
body {18 of the compressor has a lower port 122
and an upper port {23, said ports being connected
with the end of the bore or cylinder 120 of the
compressor. ‘The lower port 122 is the inlet port.
It has a disc 124 therein with a central passage
therethrough, the upper portion of which forms
a seat for the ball valve 125. Said ball valve is

40

45

.50

80

of the container wall which, while allowing ad-
mission of air, serves to prevent the entrance of
insects or other foreign matter. There is a lat~
eral pipe 131 formed in the container which is
connected with the liquid tank, as will be later
described. .

_'The upper port 123 has a valve 133 fitting upon
a seat 134 in the same manner as the lower valve.
There is a perforated disc {35 above the valve
133 which limits its movement upwardly. A
fitting 136 screwed within the port 123 retains
the seat plate 134 in position.. Said fitting forms
a connection with a pipe {37 which conveys
pumped fluid from the compressor to the fluid
storage tank which will be later described.

Movement of the power valve plunger 105 to the
left is caused by application through pipes 91,

(12, through port i10 to the right end of the
plunger, of fluid from the power pump at pres-
sure sufficient to overcome friction between the
plunger and its cylinder, and to overcome the
resistance offered by the fiuid at tank pressure
on the left end of said plunger. The desired
power-applying function of plunger 105, which
occurs during its movement back to the right,
forces fluid out of port 1)1 and on through pipes
147, 149, at pressure sufficient to ald or complete
the leftward stroke of the reversing plunger B,
which moves leftward because the force of the
fluid at tank pressure, which always exists at
the left end of plunger B, is much less than the
force exerted on the left end of the power plunger
105. Therefore, when proper fluid communica-
tion is provided the plunger 105 moves rapidly
to the right and performs its power applying
function of moving the plunger B to the left.

Adjacent the power valve body [04 in any con-
venient position I provide a fluid bypass valve
shown generally at E which could as well be
designated as a pilot or timing valve. Said valve
comprises a cylindrical case 138, said case be-
ing closed at one end by the plug 139 and at the
other end is formed a stuffing box (40 through
which projects a stem (4! extending from a com-

‘pound plunger member 142.. There is a stuffing

box 143, which forms & seal about the stem 141,

“and allows the reciprocating of the stem there-

through. The end of the stem {41 is exposed to
atmosphere. )

The valve case {38 is formed with fluid ports
therein through which connections are made with
other portions of the apparatus previously de-
scribed or to be described. At the end of the
housing adjacent the plug 139 the pipe 11T is

connected to a port 144, thus allowing the pas- -
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sage of fluid throush said port into a slight recess
{45 in the valve case {38. ‘Spaced from the port
{44 is another port 146 into which is connected
a pipe 147 which leads to the port {1l in the
power valve previously noted. Between the ports
144 and 146 and preferably on the opposite side
of the valve case is the port 148, from which pipe
149 leads to the port 100 in-the reversing valve
housing 88. . .

Connected in the pipe 1i2, which has been
previously described, is a pipe {50, which leads
from below the check valve in the pipe 112 up-
wardly adjacent the bypass valve E and is con-
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nected to said bypass valve by a plurality of pipe
connections which msy now be noted.

‘There is a branch of said pipe 158 at (5] lead-
ing by way of a hand oberated valve (52 and an
inlet check 183 to a pipe 188 connected through
the wall of the case 138 adjacent the righthand
cage. The pive (54 also has an
outlet branch therefrom, said outlet including a
therein an outlet check wvalve

3

188 has a check valve {62. The valve 181 allows
an exit of fluid from the case 138 while the valve
(62 allows the entrance of fiuid thereinto.
The bypass plunger is constructed as best seen
in Pigs. 12 to 14, inclusive. Said phunger in-
cludes s piston-like member 183, which is formed
on the stem {41 and is initially positioned to-
ward the end of the case 138 adjacent the stuff-
box f43. This piston is slightly elongated
has fluid passages 184 longitudinally there-

of, as will be noted from Figs. 13 and 14. Spaced -

from the piston 163 by the annular groove
{88 is & shorter piston 188 and beyond this pis-

stem is extended to connect with the
piston {671 adjacent the left-hand end of the
housing near the plug 139,

The inner wall of the bypass case 138 is pro-
vided with an annular recess adjacent each of the
ports with which the pipes 184, (89, 168, 147
and T are connected. This will be clear from

§
B

Fig. 12. These recesses prevent Iateral hydraulic

thrust upon the body of the plunger by equaliz-
ing same on opposite sides of the plunger, there-
by leaving only friction to be overcome in mov-
ing the plunger. It will be understood from the

is always existent and the pioe {70 has connec-
tion at its other end at 118 to the pipe {14,
which thereby necessarily is lkewise always at
. tank pressure, which said tank pressure extends
upwardly and downwardly through the pipe {14
to the lefthand end of the plunger in the revers-
ing valve as well as to the plungers in the power
valve and in the bypass valve.

2,390,134

‘Normally the valve I"mmainscheddurﬁw
operations, and furtber, during operations, the
plunger {85 of the power valve C normally per-
forms its power applying function and ceases
movement when it has traveled but a limited pro-
portion of its possibie lateral movement, and in
the event sald limited travel of the plunger (8§
fails to provide the air compressor interconnected
to said plunger with the required length of com-
pressor -stroke said valve (16 is then left slightly
opened fo permit fluld leakage through the valve
116 out from behind the righthand end of the
plunger into pipe 158 to cause & longer stroke of
same, and thereby increase the compressor stroke.
The regulation of the vertical position of the ram
and the well pump plunger suspended therefrom,
relative to their respective cylinders, by opera-
tion of the hand valve 114 is illustrated as fol-
lows: Assuming for instance that the maximum
ram or well pump plunger travel is seven feet,
and assuming further that the pumping of a
given well requires only a two foot stroke, and
that the timing valves 1§52, 1§71, permitting travel
of the bypass plunger 142 to cause reversal of

. the pump jack strokes are timed for a two-foot

stroke, and that said two foot stroke is occurring
adjacent the extreme lower end of the pump jack
cylinder and of the interconnected well pump cyl-
inder and that because of wearing of the well
pump cylinder, or elongating of the sucker rods,
or for other reasons it is desired to have said

5 plunger perform its said two foot stroke in any

upper or higher portion of said cylinder, then
and in that event, during the up-stroke of the

" ram said valve {74 is manuslly closed during

70

which closure stroke reversal is impossible as fluid
must pass through said valve 174 during the oc-
currence of both the up and the down stroke,
after closure of valve {74 and when the ram has
reached the maximum height of its new or desired
up-stroke position, which may be at any point
desired, the valve 114 is quickly reopened. where-
upon sutomatic reverse now immediately occurs
and the ram descends its original two-frot stroke
distance for which the timing valve (57 had all
the time been set, upon the compietion of sald
two foot downstroke the upstroke reverse again
automatically occurs, and we now have the well
pump plunger performing its desired two fool
stroke In & new place in the well pump barrel.
It will thus be seen that by maninulation of valve
174 the well pump plunger may, without any dis-
turbance to continuous pumping, be raised or low-
eredwlthmmeo-acﬂncwundertnmydesired
position.

The pressure of tbe hnk fluid in the system
which is alwavs exerted against the plungers B,
105 and (42 will move the pluneers in a right-
hand direction so that in upstroke-starting psi-
tion they will stand in the position shown in Pie.
5 and Fig. 10. This is due to the fact that the

Ih&veintheoonnecﬂnznipe 178 & hand-op- 75 mexpoaedtoﬂuidpremmisgmuronthe
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lefthand ends of these valve plungers because of
the greater area exposed to the pressure on that
end.

With the valves in this position the pump is
started. The position of the reversing valve B
will then be as shown in Fig. 10. The port 80
will be the inlet port in the reversing valve and
pump and will be connected with the storage
tank. The discharge port 91 is connected through
the slot or passage 98 with the outlet or dis-
charge end of the pump. ) T

The pressure of the fluid in the discharge pipe
.90 of the reversing valve will be exerted outward-
ly through the pipe 112 but will be prevented

from entering into the bypass valve at 146 by the :

position of the plunger {87 therein. Tank pres-
sures will, meanwhile, be exerted through the pipe
{8 through the power valve member 104 and the
pipe {7 to the lefthand end of the bypass valve,
thence outwardly therefrom through the pipe 149
to the port (09 in‘the reversing valve. Although
. the pressure of the pumped fluid cannot pass
through pipe §i2 into the housing E of the by-
pass valve, the pressure entering the power valve
through the port 118 will move the power valve
plunger §05 to the left of its position shown in
Fig. 5 and in doing so will force the plunger 121
to drive the air in the compressor cylinder 20
outwardly past the valve §33. During all the up-
stroke of the pumping jack the power valve plung-
er 105 will rerain in an extreme lefthand posi-
tion where its further progress is limited by im-
pingement of the compressor piston 12{ against
the Jefthand end of the compressor cylinder (20
in which position all fluid or liquid, as the case
may be, has been forced out of the compressor
cylinder 120 past the discharge valve 133 into
pipe {87, With the reversing valve in the afore-
said uo-stroke position the pressure of the pumoed
actuating fluild will pass through the port 81 to
enter the cylinder 29 of the jack under the ram
24 and vperform the up-stroke of the jack. Sald

pumped fluid pressure at the same time passes -
from vort 81 into the pipes {i2, i50 and on to

the fluid inlets i8¢, (80 for the purposes herein-
after fully described. Tank pressure meanwhile
is maintained at both ends of the reversing valve

plunger by fluld communication with the tank.

throush ports {00, 101, 103 and pipes 149, 170,
118 and {47, respectively.

The tank pressures upon opposite ends of the
valve plunger B within the reversing valve hous-
ing will therefore be such as to hold the plunger
in the position shown in Fig. 10 due to the
greater area exposed to pressure on the end of
the plunger remote from the-stem 92. In this
connection it may be noted that the plunger B
of the reversing valve is hydraulically balanced
laterally by the provision through the body of’
the plunger of passages {77, which allows the

passage of pressure fluid transversely through

the body of the plunger and allows the balancing
of pressure on both sides thereof. To further
assist in balancing the pressure at the periphery
of the valve plunger the inner wall of the hous-

ing may be recessed as shown at 118 where it is"

necessary that the pressure be balanced. These
provisions for preventing lateral hydraulic thrust
upon the body of the valve plunger B leaves only
the ordinary friction as resisting the movement cf
the valve plunger. To provide against rotation
of the plunger B in its housing, a pin 212, one

end of which is rigidly fixed in the head 96 of the -

reverse valve, is employed. .Said pin fits & lon-

L. : 7
gitudinal bore through the lefthand head of the
plunger as shown in Fig. 10.

It is to be noted that the pipe 81 of the re-
versing valve 88 is open through the port 102
and pumped pressure fluid may pass therefrom
through the pipe 150 around to the pipe (81 and

" into the port 160 in the bypass valve, but the’
fluid entering port 160 between the opposing pls- -
tons 166, 167 has no effect on same, as being
of equal area they are thus hydraulically bal-
anced. By regulating the position of the inlet
valve 152 the amount of fluid which may enter
the bypass cylinder may be limited to the desired
amount to time the movement of the bypass
plunger, so as to control the movement of the re-
versing plunger, B, to coincide with any desired
jack stroke length, Fluid passing the valve 182
and the check valve 153 will enter the housing
38 at the end thereof, as indicated particularly
in Fig. 12, i v B o

When the bypass plunger reaches the left end

of its throw and the piston 167 has passed to the
left of port 148, pumped pressure fluid will pass
from™ pipe. 81 through pipes 112, (4T and {48
whence it will enter the reversing valve housing
88 through the port 100 in the housing and en-
gage behind the right hand end of the reversing
valve plunger B. As the pressure of this fluid
_from the pressure side of the pump is suf-
ficlently great to overbalance the tank pressure
at the other end of the valve plunger B, sald
plunger will start movement toward its opposite

_ positioh. As it is moved longitudinally in the

valve housing the slot 87 and the slot 98 will reach,
an intermediate or neutral position where the
pressure in the entire system, except in the right-

hand end of the power valve 106 and the pipe .
147, casing E, pipe 149 and the right hand end

of the reversing valve, will be equal and the re-
verse plunger will tend to stop. Purther fluid,
however, is discharged into the end of the hous-
ing 86 against the stem end ‘of the reversing
plunger at pressure sufficient to complete its
movement to the lefthand end of the reverse

45 yalve housing. . ‘This further préssure fluid is ob-
' tained from the righthand end of the plunger
105 of the power valve C, the only outlet there-

from being through pipe (41 as the pipe 112 is

closed by the check valve 113, also the hand

operated valve 176 is normally closed though at

times it may be partially opened to increase

the length of the air compressor plunger stroke
as herein more fully described. . - :

- Tt will. be seen that the pressure fluid entering

55 through the pipe 184 will' engage against the

end of the piston {83 and through the longi-
tudinal fluid passages therein impinge againsi
the surface of the piston 166, The pressure of
the fluid on the piston 166 will move the entire

60 plunger slowly, depending upon the rate sald fluid

may pass through the valve 162, At the proper
time the piston 166 will approach the opening

160, as shown in Fig. 13, and continuing will

open said port. ‘As will be noted, the pipe 160

65 has s full open passage and as soon as the pis-
ton 168 slishtly uncovers the port 160 the ﬂuid
pressure therefrom will be exerted against the
plunger in full force and will immediately throw.
the piston portion 167 of the plunger assembly

70 to the extreme left end of the cylinder 138 and
fully open port 148 to- provide free fluld com-
munication between ports 148 and (48. Where-

upon, high pressure pumped fluid from pipe 81 .

will pass to the righthand end of the reverse

75 yalve housing 86 and start leftward movement
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of its plunger B, as heretofore described, the bal-
ance of the leftward travel of the plunger B being
performed by the automatic action of the power
valve mechanism as immediately hereaffer ex-

In order to note this fact it will be- understood
that when the bypass wvalve has moved to its
ultimate lefthand position and opens the pas-
sage between and through the pipes 147 and (48
the fluid in the cylinder (04 between the power
valve plunger {08 and the righthand end 108.of

the valve housing 184 will be forced out through -
the pipe (47, thence through the bypass valve

body and through the pipe {48 down into the
housing 86 of -the reversing valve at the right-
hand end of the plunger B and exert sufficient
force to cause said plunger to complete its move-
ment to the left.

The reversing plurger will be moved back-
wardly to the original position by an action of
the bypass valve which is practically the reverse
of the original movement. It will be observed
from the drawings that when the bypass plunger
187 is at the lefthand end of its stroke the pumped
pressure fluid may pass through the valve hous-
ing E, through the pipes 147 and {49, but will not
affect the movement of the bypass plunger due
to the fact that the pressure is equal in both di-
rections between the two pistons 166 and 1871,
Hence the pressure entering through the pipe {17
against the left end 188 of the valve plunger will
move it to the right toward the position shown in
‘Fig. 12. This movement in the opposite direc-
tion will be regulated by adjustment of the hand
valve (§1. This fluid may escape only through

will pass the same at a predetermined rate which

will serve to time the movement and opening of -

the bypass valve. The bypass plunger will, there-
fore, be moved slowly to the right, due to

small outlet of the fluid through the valve {
at the righthand-end of the plunger. There
be a time, however, when the left end of the
ton 163 of the plunger member will approach
and finally uncover the pipe 188, which position
of the approaching piston (83 is shown in Pig. 14
where the pipe [§$ is just about to open, permit-

LELE

ting a rapid flow of fluld from front of the
piston 88 through the outlet {8$9. - This sudden
relief of pressure will allow the entire plunger
assembly {0 move sbruptly to its right end posi-
tion, as shown in Pig. 12. The full entry of
fluid through port (68 into the bypass plunger
case 138, and the full fiow outlet of through

fluid
port (§8 from the bypass plunger case are
portant and are especially provided to induce rap-
id movement of the bypass plunger, whereby
momentum thus attained will fully open
ports. When the bypass plunger assumes
original righthand

{11, 114 for the fluid to pass. from the stem end
of the reversing valve on into ports {8{ |
which latter ports are always maintained at tank
pressure through their connection to. the main
tank line M. i

The tank pressure which is normally exerted
on the lefthand end of the reversing plunger B
through openings 18{, pipe 170 and open valve
174, and on down through pipe 114 is thus exerted
upon the left end of the reversing plunger which,

being of larger area than the righthand- end,
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which iz now subjected to equal pressure, sald
greater lefthand area causes the plunger to move
abruptly to the right into its original position,
as shown in Plg. 10, at which time the power
and bypass valve plungers will also be in the orig-
inal position, as shown in Fig. 5, which conipletes
8 pumping cycle,

It is here explaired that the hand valve 174
auto-

rarily discontinue existing automatic operations
for the purpose of re-adjustirg same as is herein
more fully explained. ) .

The construction and varying positions of my
reversing valve plunger B, relative to the ports
in the reversing valve housing within which the
plunger reciprocates, comprises an Important
feature of this invention, which will now be ex-
plained. During the movement of said plunger in
either direction and before completion of either
of its fluid flow reversing functions said plunger

Jeft-hand movement if power were not derived

65 ohd applied to the right hand end of said plunger

from another source to continue the _

stroke of the reverse plunger to the left. However,
as elsewhere herein explaired. when the reverse
plunger reaches this intermediate position my

70 power valve performs its duty, which is to supply

suficient hydraulic pressure or power to complete
the left-hand stroke of the plunger B wit.hqxt any
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the ram 24 before the ring 45 on the bottom of
the ram has descended to or below the fluid out-
lets from under the ram. In such cases the de-
scent of the ram will be checked by the timed
operation of the fluid-flow reversing valve. The
initial checking of the ram’s descent will occur
when the reversing plunger reaches the aforesaid
intermediate position at which time fluid from
under the ram has an obstructed passage from
pipe 8, through the reversing valve and pipe 80
to the air tank. The compressed air in the tank
is thereby initially applied to check the descent
of the ram and offers a flexible cushioning me-
dium for so doing.

‘The fluid forced out from the power pump into

5
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. bipe 8! of the fluid flow reversing valve passes -

to the pumping jack previously described and acts
to engage below the ram therein and elevate the
ram and its load of rods and liquid. In actual
practice a plurality of wells may be pumped si-
multaneously and in Fig. 2 is illustrated an in-
stallation for this purpose. The pipe 81 is shown
as extending out to conduct the pressure fluid
{rom the pump to a plurality of jacks. Branch
lines 47, 47a and 47b conduct the lifting fluid to
Jacks 180, {181 and 182, respectively. Hand oper-
ated valves {83 are provided in each of the branch
pipes to regulate the rate of flow of the lifting
fuid through the same. It will:-be understood
that each well has its own characteristics as to
depth, volume of production, and the like, and
each jack may therefore differ in the length of
its stroke. The valves 182 may, therefore, be
adjusted for each well, to pass the required vol-
ume of lifting fluid to elevate the jack on that
well to its required stroke length.

I employ in connection with the pumping sys-
tem g fluid pressure storage tank having a com-
pressible expansible fluid such as air therein, the
pressure of which serves to counterbalance the

- weight of the ram, sucker rods and pump mecha-
nism on the down stroke thereof, and also stores
up. energy and power derived from the falling
loads of ram, rods, and pump plunger, to assist
the motor-driven pump in elevating said elements
together with the load of pumped liquid on the
next upstroke. :

In constructing my tank I provide an air stor-
age chamber {84, which as shown particularly in
Fig. 2 is rectangular in shape. The body of the
air tank comprises a tubular member, the two side
members being connected to the end members
i85 and (85, by welding or other equivalent
means. There is thus provided a continuous in-
ternal tubular chamber for the air which cham-
ber is of large volume and yet is adapted to lie
low upon the ground and form a base upon which
the motor, power pump and its control mecha-
nism may be mounted. This therefore provides
a support for the complete pumping unit which
‘with the tank is easily portable from place to
place when the location thereof is to be changed.

This base member 184 is one closed chamber
but it has connection with the liquid containing
tanks which are mounted thereon, as shown in
Fig. 3. At one end i85 of the base member I
mount two liquid tanks 186 and (87 respectively,
which are spaced apart upon the end member.
They have no connection whatever with the air

 tank except as will be presently described.

The lquid-containing tank 186 has a direct
connection through the fluid flow reversing valve
with the power pump and may hence be called
the liquid supply tank. It is closed at its lower
end, where it is mounted upon the air tank, ex-
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cept for a central opening 187 therein to allow
the passage therethrough of a connecting pipe
188. Said pipe 188, which is welded or otherwise
sealed off from communication with the air cham-
ber 184, extends upwardly into the liquid supply
tank to a point adjacent the upper end thereof.
The upper end of the tank 186 is reduced in di-
ameter and closed by means of a plug 189 screwed -
therein, said plug having a central passage 190
which is normaily closed by a screw threaded
plug 181,

There is a lateral pipe 192 connected with the
upper end of the liquid tank which has a hand-
operated valve 183 thereon which may be opened
to provide connection with the pipe (31 previ-
ously mentioned as leading to the container. 128,
shown in Fig. 5 at the inlet to the compressor D.

The tank {87 is likewise sealed off at its base
from the air chamber but a downwardly extend-
ing pipe 194, which is also sealed off from the air
chamber, is open to the tank {87 at its upper end
and connects to pipe (88 at its lower end. It
will therefore be seen that the pipe 188 connects
the two tanks 186 and {87 so that the pressure
of the fluid therein is equal. Said downwardly

. extending pipe 194 has the effect of further ex-
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tending the depth or length of the head of liquid
in the tank in actual practice for an additional
foot or more and this is of importance as will be
hereafter explained.

The tank assembly is normally charged with
air or other suitable gas and with oil or other
suitable substantially non-compressible liquid in
proper volume and pressure at its point of manu-
facture and the required volume and pressure of
the fluids used is maintained.and any loss due to
leakage is replenished by means of the aforemen-

" tioned compressor or pump D, which is designed
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to pump any kind of desired flu'd from the con-
tainer 128 through pipe 127 and discharge same
through pipe 131 into the upper end of the tank
{87. There is normally an air space 195 in the
upper end of the tank (81. The upper end 196 .
of the tank 187 is reduced in dlameter and has
an opening which is normally closed by the hand
operated valve 199, There is also a laterally ex-
tending pipe 200 leading from the upper air stor- -
age portion of the tank {87 which is connected

‘with an upright air conductor pipe 201. I pro-

vide in pipe 200 a hand-operated valve 202 by

" means of which the air pressure from the cham-
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ber 184 may be cut off from the liquid tanks. and
T may also connect therein a pressure gauge 203
by means of which the fluid pressure in the sys-
tem may be noted.

The pipe 201 extends downwardly through the
upper wall of the air storage tank {84 and may
be understood as being welded in position to rpake
a fluid tight connection where it passes there-
through. The lower end of this pipe extends to -
2 point closely adjacent the lower end of the air
storage chamber and is adapted to convey ‘and
apply the sir pressure from the chamber 184 to
the top of the liquid in the air oil storage tank -
187 whence said pressure extends throughout the
entire closed system. I provide at the upper end
of the pipe 201 a relief valve 208 which acts as a
safety valve to relieve excess pressure beyond & -
predetermined amount.

The pressure fluid storage installation thus pro-
vided  has several advantageous characteristics.
Tanks heretofore used for this work are relatively
bulky to accommodate the volume of fluid required
and are ordinarily constructed in the form of a
cylinder approximately sixteen or eighteen inches
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in diameter and from fifteen to twenty feet in .

length. Such tanks must be stood on end in

order to attain a considerable head or depth of

‘the oil which is essential in order to maintain the

separate identity of the two fluids, air and oil,
for instance, which in this work are stored in di-
rect contact "with each other in the tank. There-
fore, previous tanks had to be erected and main-
tained in an upright position which requires use
of foundations and guy wires or other supports to
prevent their falling. Furthermore, if such tanks
are to be charged or filled with the two fluids at
the factory they become intermized in fransit and
rendered unfit for their required function.

The operation of this installation may now beé
noted. Referring to Fig. 2, oil from tank 186 is
pumped by the power-operated pump and dis-
charged past the fluid flow—reversing valve and
outwardly through the pipe 91 to the pumping

jacks where it serves to elevate the rams therein 2

together with their loads. The valves (83 in the
branch line leading to the separate jacks will be
adjusted by tests so that during the time of the
fluid discharge thereto the rams in the jacks indi-
cated diagrammatically at 205 will be raised the
desired amount to operate the particular well on
which it is installed. Each valve 183 may be thus
adjusted so that during the working stroke of
the pump each jack cylinder will receive the
amount of liquid under pressure to elevate the
ram therein to the desired height necessary in the
particular well upon which the jack is placed. In
Fig. 2 the jack 182 is indicated as requiring a
shorter stroke than are the other two jacks. This
may readily be accomplished by the adjustment
of the valve (83 leading thereto. Thus each of
the rams in each of the jacks will be elevated the
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proper amount required for the particular Well .

upon which the jack is placed.

When sufficient liquid under pressure from the
power pump has been delivered to elevate the
jacks as required the fluid flow reversing valve
will be reversed in the manner which has been
described so that the liquid can pass back from
under the rams in the jack through-pipe 81, thence
through the rever-ing valve down into the pump
which applies sufficient additional power to force
said liquid outwardly through-pipe 80 on into the
liquid storage tank f86. It must be understood
that the fluid in said tanks is always maintained
at such pressure that during the up-stroke of the
jacks the pressure in the tank bears substantially
the same relation to the pressure required to ele-
vate the rams as the pressure created under the
rams by their gravitational down stroke bears to
the pressure in the tank. This equalization of
pressures during the entire up and down pump-
ing strokes results in a substantially uniform and
continuous power demand from the motive unit.
There is no variation between the up-strcke and
down-stroke power demand upon the motor ex-
cept that created by the insignificant slight drop

and raise in the tank pressure as liguid is.

taken from and forced back into said tank. Thus,
when the rams in the separate jacks are falling
under their separate loads, the pressure exerted
thereby upon the liquid under the rams will be

- applied to aid the power plant in forcing said

liquid back into the fanks, thus further com-
pressing the compressad air stored therein and
storing up the gravitational power thus conserved
as well as at the same time storing up in the form
of compressed air the power of the continuously
running motor which otherwise would be idle dur-
ing the down-stroke of the rams.
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" When the reversing valve is again shifted to
discharge the fluid through the pipe 81 to again
elevate the jacks the H. P. of the motor will be
aided by the fiow of liquid from the tanks into
the intake side of the pump through the pipe 90,
and this is so because the power stored up in the
tanks in the form of compressed fluid will exert
its expansive force against the oil which it con-
tacts at the top of the tank 187 and force the
liquid out of the tank 186 into the power pump
and thus aid the motor in performing its up-
stroke.

During the normal operation of the system air
and/or liquid will! be discharged from the small
pump or compressor through the pipe 137 into
the upper end of the tank 181, I have found that
when s8ir under pressure, as is required in this
system, is in contact with and about the oil, as
shown in tank i87, said pressure causes the air
to pass or be absorbed into the oil and I have
found further that increasing the depth of the
oil lessens this mixing of the two fluids. By ar-
ranging the zir tank 184 as shown and mounting
the liquid tanks thereon and further by down-
wardly extending the pipe 154 below the tank 187
I attain {in 2 low compact type of tank a maxi-
mum depth or head of oil into which less air will
enter. The amount of air which enters the oil
increases substaniially relative to any increase
in pressure, or to any decrease in depth or head
of the oil.

Air entering the oil will pass down through the
oil in the tank 87 and pipe 194 thence across
and up through pipe 188 to the upper end of the
where it will accumulate and whence
it can, either steadily or at intervals, through
valve 193, be drawn off before it mixes with the
oil in the lower portion of tank 187 from which
the oil supply to the power pumps is drawn.
When said undesired air is drawn off the top
of tank 186 a small amount of more or less foamy
or air-impregnated oil may also pass with the
undesired air and such oil if any passes into and
through pipe (31 to the container (28 which is
connected with the compressor D in the manner
described. I am thus enabled to substantially
prevent the leakage of air through the oil to the
outlet pipe 90, which leads to the power pump.
This, as may be well understood, prevents access
of air to said pump in such quantity as to de-
crease the efficient operation thereof and further
by my deep oil sealing means in tank (87 which
minimizes entry of air into the oil, pressure drop
in the tank is insignificant even over a long period
of time.

1 employ oil as the actuatlng medium between
the power pump and the jack because of its su-
perior lubricating qualities and its non-oxidizing
characteristics. I find, however, that water re-
sists the passage of air therethrough under pres-
sure tora much greater extent than does the oil.
In Fig, 4 I have illustrated an installation where-
by I may provide & volume of water between the
air pressure chamber and the oil discharge sys-
tem which leads to the power pump and the jack.
The tank 187 and its connection with the pipe
20f is in this case identical with the previous
installation. I provide however between the tank
186 and the connecting pipe (88a a separate lig-
uid containing tank 206. The U-shaped pipe (88a
connects between the lower part of this third
tank 206 and the original tank (87 which is pro-
vided with the same equipment as was disclosed
in Fig. 3. The pipe 188¢ in this modification how-
ever does not extend to the upper end of either
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tank and Is shown as extending to a point slight-
ly above the bottoms of the tanks 206—i87. The
upper end of this third tank 206 is closed by a
small screw plug 208. A pipe 209 connects the up-
per end of the two tanks 206 and 186. Said tank
188 is provided with equipment as is disclosed in
Fig. 4.

With the installation thus constructed I fill
tank 186 and a large proportion of the tank 206
with oil. .The tank 187, however, is filled with
water, said water filling also the pipe 188a and
the lower part of the tank 206 up to a level indi-
cated at 210. It will thus be seen that the oil
and water will be separated by gravity so that the

oil will lie above the water in the tank 206. How-

ever, the air pressure entering tank 187 through
the pipe 201 will be exerted against g water me-
dium. Thus if bubbles of air tend to pass through
the liquid toward the discharge pipe 90 leading
to the power pump it will have to first pass
through the water in tank 187 and the pipe 188a
and also through the water in the lower part of
the tank 206 before.it may reach the oil in the
remaining portion of the system. This installa-
tion is somewhat heavier and expensive but where
high counterbalancing pressures are required in
the air chamber as is necessary in pumping from
wells of extreme depths I find that such high
pressures when applied directly to the oil as is
shown in tank {81, Fig. 3, cause such a mixture
of the fluids as to lower the mechanical efficiency
of the power pump, therefore the introduction of
my water sealing means between the air and the
oil provides a more economical and efficient
method of pumping deep wells,

Referring to Fig. 4, it will be seen that near
the top of the third tank 206 T have provided a
pipe (92’, a valve §83’, and a pipe (3{’ through
which air may be drawn off in the same manner
as through pipe 182, valve {93, and pipe (3, in
the top of tank {88. Also in Fig. 4, near the top
of tank 186, I have provided a pipe 137’ through
.which fluid may be supplied to said tank from the
compressor D or any other source.

I have previously described my air compressor
D as operated in connection with the power valve.
This positioning and operation of the compressor
has the advantage of placing the compressor
where the barrel may be cooled by liquid within
the body of the power valve case 104, In this way
the compressor may be kept from overheating
without difficulty.

I may, however, place an air compressor in po-
sition adjacent the pipes running to and from
the reversing valve so that the said compressor
may be operated by fluid connections with these
two pipes. This is illustrated in Fig. 2. With
reference also to Fig. 6, the construction of this
compressor may be seen. The power cylinder 24§
is shown as connected at one end 216 to a fitting
27 which closes that end of the cylinder except
for the lateral pipe 2{8. Said pipe is connected
through the pipe 2¢9 with the pipe 91 as shown in
Fig. 2. The opposite end of the cylinder 215 is
provided with an integral head 220 within which
a smaller cylinder or barrei 221 is provided to
serve as the compressor or pump cylinder. Con-
nected with the compressor end of the cylinder
2185 is a pipe 222 which makes connection with the
pipe 90, as will be seen in Fig. 2. Within the cyl-
inder 215 is the plunger 223 which fits slidably
within the cylinder and is adapted to be recipro-
cated by pressure fluid entering through the ports
219 and 222. Upon the plunger 223 is a longitu-
dinally extending stem 224 which has a head 225
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thereon adapted to engage at one end of the

- stroke of the piston within g recess 226 in the

10

head 211. The entry of said head 225 into said re--
cess 226 provides a gradual hydraulic stop or ter-
mination of the travel of plunger 223 at its ex-
treme righthand position.

On the opposite end of the plunger 223 is an ax-

ially extending plunger 227 of smaller diameter

adapted to fit within the cylinder or barrel 221
and act to pump air or liquid to the pressure
fluid tanks, .

There is an outlet pipe 228 from the end of the
cylinder 221 leading to the pipe 137 at the upper
end of the fluid tank (81. Connected with the
outlet port 229 from the cylinder 221 is the valve
housing and valve retaining means which is iden-
tical with that disclosed in Fig. 5. At the intake

- side 230 of the cylinder 221 is a fitting and valve
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5 228 to the fluid pressure tank 87,

connected therewith also the same as those shown
in Fig. 5 in connection with the compressor there
disclosed.

The operation of this compressor will be read-
ily understood. When the liquid pumped from
the power pump flows outwardly through pipe
81 to the pump jacks there will be liquid pressure
exerted through the pipe 219 into the power cyl-
inder 215 of the compressor. The areas of the
opposite ends of the piston 223 are so propor-
tioned that pressure exerted by this liquid against
the righthand end of the piston will be sufficient
to move the compressor piston 227 in the cylin-
der 221 to the left to compress any fluid which

‘has entered said cylinder through the inlet 230

and force said fluid outwardly through the pipe
When the di-
rection of flow of liquid from the power pump is
reversed and the jacks are moving downwardly
the pressure of the fluid through the inlet pipe
219 will be 'decreased below the pressure in the
pipes 90 and 222 to such an extent as to cause
the power piston 223 to again move to its right-

~hand position, during which righthand move-
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"ment fluid enters the compressor cylinder 221

through the inlet pipe 230 whereupon the mecha-
nism is ready for the next stroke.

It will be obvious that the suction stroke of the
compressor will require but small consumption
of power to move the piston and the amount nec-
essary for this purpose is supplied through the
pipes 90, 222. The movement of the power piston
223 on its suction stroke will bring the head 22%
on the stem 224 within the recess in the cylinder
head 217, and thus limit the movement of the
piston in that direction, It will be understood
that this form of compressor may be substituted
for that shown in Fig. 11 whenever desired and
particularly when the type of power valve shown
in that figure is not empioyed. The use of one
or the other forms of the compressor member
will be optional and the use of one or the other
will depend upon the other elements of strucfure -
employed therewith.

I have shown in Fig, 5 a power valve and
bypass valve which may be employed in control-
ling the movement of the plunger in the fluid flow
reversing valve. It will be understood that the
particular structure shown in Fig. 5 may be modi-
fled in many ways without departing from the in-
ventive ides therein disclosed. In Fig. 20 a sub-
stitute structure is illustrated. Instead of the
power valve and bypass valve being separately
formed and mounted I combine the two in one
connected structure.

In this embodiment of the power and bypass
valve I provide a base member 231 which is .
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adapted to seat upon the upper end of the fluid-
flow reversing valve and have connection at 232,

233, 234 and 235 with ports 100, 18(, 102 and 103,

respectively, in the reversing valve housing. The
base member 231 may be understood as forming
8 support upon the reversing valve housing and
also to form passages therethrough for fluid pass-
ing to or from the ports in said fuid fow revers-
ing valve housing.

The upper end of the base member 231 has
connection with the cylinder 238 of the combina-
tioll power and bypass vaive. Said cylinder has
a head 237 at the lefthand end, as shown in Fig.
20, said head having an opening therein {o re-
ceive a threaded plug 238 by means of which
said opening is normally closed. Af the opposite
end of the cylinder 23§ is a head 239 which is
screwed within the end of the housing and closes
that end except for an opening 248 therein to
allow the reciprocation through said head of a
hollow stem 241. In the outer end of the opening
in said head is a tubular cap member 242, the
inner end of which forms & gland to compress
packing 243 around the stem 244. The outer end
of the cap member is provided with a closure plug
244 having an opening 245 therein through which
air may pass in the operation of the valve. The

- stem 241 is hollowed out toward its outer end for
purposes of lightness and its inner end is pro-
vided with a radial lange 246 which bears against
the inner surface of the head 239 to limit the out-
ward travel of the stem.

Within the cylinder 236 is a plunger member
241. Said plunger is in the form of a hollow
plunger, the left-hand end of which is open for
purposes of lightness while the righthand end
thereof is closed, as shown at 248. The closed
end of the plunger has g longitudinally extending
collar 249 thereon which furnishes connection
with an intermediate stem 258 which is connected
at its other end with the stem 24f{. In this man-
ner the plunger and the stem 24{ are rigidly con-
nected to the intermediate stem 250 so that all
three parts are moved together as one member,
 Between the flange 246 of the stem 24{ and the
plunger 248 I provide a floating valve member
25{. This member fits closely within the cylinder
and has a central opening 252 therein which is
.spaced outwardly from the intermediate stem
250 but is of smaller diameter than is the flange
246 on the stem 24i. 'Thus when the plunger 248
is moved to the left of its position shown in Fig.
20 the flange 246 upon the stem 24§ will engage
against the floating valve 251 and move the same
toward the left. It will be seen, however, that
when the plunger is moved in the opposite di-

. rection the end of the plunger 248 will cause the
movement of the floating valve member 251 in
the opposite direction. .

In the body of the cylinder and base member
which has been described I form a U-shaped
passage 253. This passage is connected through
one arm 254 thereof with the interior of the cyl-
inder 236 at & point spaced somewhat from the
head 239. The other arm 258 of said U-shaped
passage extends through the wall of the cylinder.
at & point spaced a predetermined distance rela-
tive to the position and travel of the plunger 2417.

Between the port 232 in the base member and
the U-shaped passage just described ¥ provide

‘fluid connection through the pipe 256 as shown
in dotted lines. In this pipe I place a hand-oper-
ated valve 287 for control of the fluid passing
therethrough. . :

The port 234 in the base member is connected
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by a pipe 258 with the cylinder 238 at 288, the
port being formed through the wall of the cylin-
der 236 at a point intermediate the ends thereof
so as to supply fluid to said cylinder at a prede-
termined time, as will be later noted. There is
in the pipe 258 a check valve 280 allowing the
passage of liquid therethrough in the direction of
the arrow shown in dotted lines adjacent said
valve. .

I also provide connection between the pipe 258
and a pipe 261, which extends parallel with the
longitudinal axis of the cylinder 236. The outer
end of said pipe 261 is closed by a plug 262 and
adjacent this closed end a branch pipe 263 is con-
nected. Spaced from the end of the pipe 261 is a
second branch pipe 264. Both branches 263 and
264 are joined with a pipe 265 which in turn is
connected through the side wall of the cylinder
286. In the pipe 263 is a check valve 266 and a
hand-operated valve 267. The check valve 266
allows the passage of liquid therethrough toward
the cylinder. In the pipe 264 is a check valve 268
which allows the passage of fluid away from the
cylinder and into the pipe 261. The hand-op-
erated valves 267, 269 are employed to restrict
the flow of fluid therethrough o the amount de-
sired.

There is also a branch pipe 270 connected with
the pipe 26! and extending through the wall of
the cylinder 238, at 271. In this pipe 270 is a
check valve 272 through which fluid may flow
from the cylinder to the pipe 26{. '

The operation of the device shown in Fig. 20
performs all of the functions of the separate
power valve and by-pass valve disclosed in the
Fig. 5 embodiment except that the air compressor
D is not shown in Fig. 20, but same could be in-
stalled in place of the plug 238, if desired. Before
the pump is started the power valve plunger as-
sembly assumes the position shown in Fig. 26 as
the fluid pressure from the tanks is always ap-
plied to the larger or left end of said plunger,
which, except when high pressure pumped fluid
is applied to the right end of said plunger moves,
and maintains said plunger towards the right end
of the cylinder 236. .

Tank pressure passes from pipe 80 through the
port 101 of Fig. 5, which port interfits with pas-
sage 233 of Fig. 20. whence said tank pressure is
led through 233’ to the left end of the power
plunger 247. When the pump is started the high
pressure pumped fluid from pipe 91 passes
through port 102 of Fig. 5, which interfits with
port 234 of Fig. 20, and thence info pipe 258, and
will pass through the pipes 261, 263, and 265 into
the righthand end of the valve cvlinder. The
passage of fluid through the pipe 263 will be re-
stricted or choked through the setting of the valve
267 so that the movement of the valve plunger
247 may be properly timed as desired. Fluid en-
tering through the pipe 265 into the cylinder 236
will engage against the valve plunger 247 and

. move the same gradually toward the left against
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the pressure of the tank fluid always existing at
the opposite end of the cylinder.

As the plunger is moved the floating valve 251
will remain stationary:until a flange 248 on the
stem engages therewith after which the valve 281
will also be moved toward the left. This move-
ment will be slow until the closed end of the
plunger has passed the opening 258. When the
righthand end of the power valve plunger 247 has
moved to the left sufficiently to open the port 258
in the eylinder wall fluid under pressure from the

power pump will enter in full volume behind the
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plunger and move it abruptly toward the cylinder
head 231. With the valve in this position fluid
under pressure from the pump may pass from the
power pump through the opening 234 and pipe 258
into the power cylinder to eventually pass down-

wards out of the cylinder through passage 258 -

and the pipe 256 and on into the righthand end
of the reverse valve and said pressure will be
sufficient to start movement of and force the
plunger B part way to the left. Completion of

the lefthand movement of the reverse valve.

" plunger B will be performed in this instance by
the action of this power plunger 247 in the same
manner as has been previously described in ex-
plaining the operation of the power plunger 105
in the first described power valve C.

With the power applying function of the fluid-
flow reversing valve fully completed the direction
of the flow of fluid will be reversed and further
return of the plunger 247 towards its original
righthand position may then be permitted as fast
or slowly as desired, the liquid within the right-
hand end of the power valve cylinder being hand
regulated to exit through the pipe 265, the valve
269, the pipes 264, 264, and 258 to the port 234
which is now the low pressure side of the pump.

‘When the power plunger has forced the revers-
ing plunger B to the left, further righthand
movement of the power plunger will be slow due
to the restricted outflow of fluid from the cylin-
der until the floating valve member 25{ has passed
the opening 271 whereby liquid may escape to the
annular opening 273 and the port 27f in full vol-
ume, thus allowing the plunger to move abruptly
to the righthand end of its stroke, thus complet-
ing the cycle of operations. The plug 215, shown
with its inner end extending through the wall of
the power cylinder, acts as ‘a stop to prevent the
floating piston from passing too far towards the
right due to momentative forces.

It will be seen that this structure accomphshes
the same results, with the exception of the opera-
tion of the compressor, as is accomplished
through the structure of the power valve and by-
pass valve disclosed in Fig. 5. It is obvious that
other and different jack stroke control and re-
versing apparatus may be employed without de-
parting materially from the scope of the inven-
tion.

What is claimed is:

1. In combination, a hydraulically operated
pump jack, a power pump %o supply pressure fluid
to said jack, a fluid conduit from said pump to
said jack, a fiuid flow differential reversing valve
in said conduit operable to direct flow to and
from the pump and jack, and timing means con-
nected with said valve and operable by the pres-
sure of fluid flowing through said valve to suc-
cessively apply equal and differential pressures
to the valve to move said valve first in one di-
rection and then in the other to direct the flow
of fluid from said pump to said Jack and back
therefrom.

2. A pump jack, a fluid pressure storage tank,
& power pump having inlet and outlet ports, a
fluid flow reversing valve. connected with said
ports and arranged to direct fluid from said out-
let port alternately through one conduit to said
jack and then through another conduit to said
tank, and back through the inlet port to said
pump again, said reversing valve including a hous-
ing, a plunger slidable therein, passages there-

through, a stem at one end of said plunger pro-

jeeting through the end of said housing, means to
expose the ends of said plunger to tank pressure,
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and intermittent means responsive to fluid pres-
sure from sala pump to cut ol pressure Irom
the tank and to aenver pump pressure luid to
tne end of said plunger aqjacent said stem.
3. In a hydrauLcally operated pumping system,
& pump jack, & nud sturage reservoir, a power
_pump, conduits from said pwmp to said jack and
said reservowr, & fluid now reversing vaive con-
trouing tne now of nquid to and irum said pump,
sald Jack and said reservolr, & timing uevice -
cludmg a cy:.inder, & piuuger valve reciprocanle
therein, a stem on said vaive, projecting tarough
one end of said cyiinder to e atmiuspuere, uwud
connections between said reservoir conauit and
tne end of said cylinder remote from said stem,
means to admit fluid rom the pressure side of
said pump to the stem end of said cyunder at a
predetermined rate, a port in said cylinder un-
covered by said plunger at a desired interval to .
admit ful pump pressure behind said plunger,
said plunger then opening & passage for fiuid un-
der pressure to said reversing valve to move the
same to reverse tne direction of flow in said con-
duits, and means including said timing device to
return said reversing valve to its original posi-
tion after a predetermined interval.
4, In a hydraulically operated pumping system,
& pump jack, & power pump, & fluid storage res-
ervoir, a timing device, conduits from said power
pump to said jack and said reservoir, a tluid flow
reversing valve in said conduits including & hous-
ing, a reversing valve plunger movable longitu-
dinally in said housing, a stem at one end of said
plunger projecting through the end of said hous-
ing to the atmosphere, ports in said housing at
the ends thereof to admit pressure fluid from said
reservoir to both ends of said plunger, the port
at the end of said housing adjacent said stem
being connected to receive higher pressure fluid
40 through said timing device, and a by-pass vaive
in said timing device controlling the higher pres-
sure flow to said pressure inlet port at predeter-
mined intervals to move said plunger against said
reservoir pressure, said timing device acting, after
46 5 second predetermined interval, to reestablish
said tank pressure at both ends of said plunger.
5. In a well pumping system, & hydraulic lift-
ing jack, a power pump to supply pressure liquid
thereto, & conduit from said pump to said jack,
50 g pressure fluid storage tank, a conduit from said
pump to said tank, a reversing valve in said con-.
duit adjacent said pump, including a valve plung-
er therein, one end of said valve plunger having
a Smaller area than the other exposed to fluid
66 pressure, both ends of said valve plunger being
subjected to tank pressure, except when the
smaller area is subjected to higher pressure, and
means operating at predetermined intervals to
subject said end of smaller area to pressure to’
60 move said valve plunger and again to cut off said
higher pressure, said valve bemg then moved by
tank pressure. )
6. In a well pumping system, & hydraulic lift-
ing jack, & power pump to supply pressure liquid
85 thereto, a conduit from said pump to said jack, &~
pressure fluid storage tank, a conduit from said
pump to said tank, a reversing valve in said con- .
duit adjacent said pump including a valve plung-
" er therein, one end of said valve plunger having
70 a smaller area exposed to fluid pressure, both ends
of said valve plunger being subjected to tank
pressure while said plunger is in one position, and
‘means operating in response to fluid pressure in
said conduits, to subject said end of smaller area
75 to pressure higher than the tank pressure to move
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said valve plunger to its other position, and again
to cut off said higher pressure, said valve being
then moved by tank pressure. -

7. In s well pumping system the combination
of a lifting jack including a cylinder, a ram there-
in for reciprocation of a load, a fluid storage tank,
pressure fluid therein, a power pump, fluid con-
duits between said pump, said jack and said tank,
a Aluid flow reversing valve connected in said con-
duits, means operating in response to the pres-
sure of ﬂuig from the pump to move said revers-
ing valve at predetermined intervals, and addi-
tional means operable by the pressure in said
tank to supplement the effort exerted by saild

first mentioned means whereby the reversing valve 15

moves to terminsl position.
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8. In a well pumping system for control of hy-
draulic pump jacks, a hydraulically operable re-
versing valve connected to said jacks to control
the inlet and outlet of the actuating liquid so as
to regulate the up and down strokes of the pump
jack, a hydraulically operable pilot valve con-
nected to said reversing valve to control & flow
of liquid to actuate said reversing valve, & hy-
draulically operable power plunger supplying sup-
plemental liquid to be controlled by said pilot
valve to actuate said reversing valve, and valve
means operable to in turn control the flow of liq-
uid from a source to actuate said pilot valve.

JAMES F. ROSS.



