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2,950,794
PUMP JACKS AND THE LIKE

Albert Andrews, deceased, late of Larimer County, Colo.,
by Helen Andrews, heir, Loveland, Colo., assignor to
Horace B. Van Valkenburgk, Denver, Colo.

Filed Dee, 1, 1958, Ser. No. 777,475
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This invention relates to hydraulic apparatus for pro-
ducing reciprocatory motion, such as a pump jack, the
term pump jack being used for brevity to refer to appa-
ratus for producing upward and downward reciprocatory
movement of a pump rod in an oil or water well, or any
other type of apparatus in which such type of movement
is desired. This invention is an improvement on the sub-
ject matter of copending application Ser. No. 466,898,
filed November 4, 1954, entitled “Pump Jack”, now U.S.
Patent No. 2,852,001, issued Sept. 16, 1958.

In pumping cil from oil wells, a reciprocating pump is
placed in the well at a depth such that the oil will fdow
into the pump and the pump is reciprocated by means of a
pump rod which extends upwardly through the pumping
tube to the collar or top of the well. Due to the depth
of oil wells, such as from several hundred to several
thousand feet, the weight of the pump rod itself, in ad-
dition to the weight of the oil in the pumping tube, is often
considerable, such as several tons, and this weight must be
lifted at each stroke of the pump. The stroke of the
pump normally used for pumping oil wells may vary be-
ween one foot and five feet, depending upoen the Iift re-
quired at each stroke to produce the desired rate of flow,
and the number of strokes per minute are reiatively small,
such as from five to fifteen per minute. Previously, ex-
tremely heavy and cumbersome gear driven apparatus has
been used to reciprocate oil well pump rods. Such ap-
paratus conventionally includes a large heavy walking
beam, moved upwardly and downwardly by a crank actu-
ated from a motor or engine through a gear train. In ad-
dition, the crank is formed as part c¢f or attached to a
heavy counterweight which tends to balance the weight
of the pump rod and the ¢il in the well. Even with
use of a counterweight, the force required to lift the pump

)

cd at each stroke of the pump is considerable, and such
apparatus is therefore usually guite expemsive, each such
a2pparatus or pump jack often costing several thousands of
doilars. In addition, the problems of adeguate lubrication
and wear require constant attention and considerable sums
for upkeep.

In the pump jack of aforesaid application Ser. No.
466,898, a cylinder is provided with an inlet at one end
and two spaced connected outlets adjacent the opposite
end, with hydraulic fluid continucusly supplied to the inlef.
A valve, conveniently connected to ancther cutlet at the
same end as the inlet, permits the fiuid to flow into the
cylinder and then cut cf the cylinder, during the down
siroke of the piston when the weight of the pump rod
pulls the cylinder downwardly. The piston is adapted to
uncover the lower port or cutlet at the upper end so that
the position of the valve may be changed by fluid pressure,
the vzlve being closed to cause the full pressure of hy-
dreulic fluid io be exerted against the piston for the up-
sircke. In the present invention, the valve is located
within the piston itself and the apparatus is thus consider-
ably simplified, while the fluid, during the down or return
stroke, flows through the piston itself and the piping
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arrangement is thus considerably simplified. Also, the
operating parts, being within the piston, are more ade-
quately protected against rough usage.

Among the objects of the present invention are to pro-
vide a novel and improved apparatus for producing recip-
rocating movement, as in a pump jack for an cil well; to
provide such apparatus which is hydraulically operated
and thereby permits use of a small driving unit of nominal
horsepower which, in an oil well pump jack, cperates
against the heavy but slow moving load imposed upon the
pumping rod in operation; to provide such apparatus which
may be adjusted to a desired rate of stroke and is thereby
adapted to control the rate of reciprocation of the well
pump rod for any desired optimum period of time; to
provide an improvement upon the pump jack of applica-
tion Ser. No. 466,898; to provide such an improvement in
which the coperating parts are simplified; to provide such
an improvement in which the operating parts are protected
from rough usage; to provide such apparatus which is easy
to set up and readily adjusted for cperation; to provide
such apparatus which is effective, dependable and eco-
nomical to operate and requires a minimum of main-
tenance; and to provide such apparatus which is compact,
light in weight and constructed simply of relatively few
paris so that it may be easily disassembled for maintenance
and repair.

Additional objects of this invention and the novel fea-
tures thereof will become apparent from the description
which follows, taken in connection with the accompanying
drawings, in which:

Fig. 1 is a condensed vertical section taken through the
longitudinal vertical axis of a pump jack constructed in
accordance with this invention, with the cperating parts
in a lower position, at the end of a down stroke;-

Fig. 2 is 2 similar vertical section, but of the upper
porticn only, with the operating parts in an upper position,
at the end of an up stroke;

Fig. 3 is a horizental section, taken along line 3—3 of

Fig. 1;
Fig. 4 is a condensed vertical section of a modified form
of pump jack, also constructed in accordance with this
invention, showing the operating parts in an upper posi-
tion, at the beginning of a down stroke;

Fig. 5 is a similar vertical section, showing the opsrating
parts in a lower position, at the beginning of an up stroke;

Fig. 6 is a horizontal section, looking upwardly from
line 6—6 of Fig. 4;

Fig. 7 is a horizontal section,-looking upwardly from
line 7—7 of Fig. 4;
~ Fig. 8 is a partly diagrammatic, side elevation of a pair
of pump jacks of Fig. 4 and associated parts at the top of
an oil well being pumped;

Fig. 9 is an end elevation of the same;

Fig. 10 is a side elevation of a pump jack of Fig. 1
mounted in a horizontal position and associated parts at
the top of an oil well being pumped;

Fig. 11 is a vertical section of another modified form of
pump jack, also comstructed in accordance with this in-
venticn;

Fig. 12 is a cross section taken along line 12—12 of
Fig. 11;

Fig. 13 is a side elevation, on a reduced scale, of an in-
stallation which includes two pump jacks constructed as in
il;and
Fig. 14 is an enlarged plan view of a guide shown in
o 1

Referring to the drawings, a pump jack coastructed in
accordance with this invention, as in Figs. 1 and 2, may
include a cylinder C, a piston P within the cylinder and

‘a piston rod R attached to the piston and extending

through the upper end of cylinder C. The piston rod
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R may be a tubular sleeve, connected at its lower end

to the piston P, as by threads 18, and surrounding a
tube 11 which extends upwardly and preferably coaxi-
ally with the cylinder C, from a base 12 for the cylinder
C.- A central rod 13, which may be part of or connected
to the pump rod, is dlsposed centrally within the tube
11 and connected at its upper end to the upper end of
the piston rod R, as by a cap 4. The cylmder C may
be provided at ifs lower end with a pair of vertically
spaced inlet fittings 15 and 16, which are connected to a

source: of hydraulic fluid under pressure, such as a

pump, and adapted to supply fiuid to a pair of vertically
spaced ports 17 and 18, which may be drilled or other-
wise formed in-the wall of cyhnde‘r C, which may be con-
venienily formed from tubing. = The inner eands of the
inlet fittings 15 and 16 convemently extend through an
annular flange 19 of base 12, in which cylinder C is
mounted, as by a threaded connection 28. A vertically
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spaced pair of outlet fittings 21 and 22 are connected -

to a tank or other receptacle, from which the pump re-
ceives its supply of fluid, and may be connected to the
upper end of cylinder C in positions to provide vertically
spaced outlet ports. An upper cap 23, which closes
the upper end of cylinder C, may be provided with a
central hole which accommodates the piston rod R and in
which a sealing ring 24 may be installed. - Sealing rings
25 may also be installed on tube 11 adjacent its upper
end, and a sealing ring 26 at the lower end of the
cylinder and against base 12, for sealing purposes. The
piston P may also be provided with an annular groove
adjacent the lower end to receive a packing ring 27 and
anmular grooves spaced therefrom to receive spaced pack-
ing rings 28, for sealing purposes both above and below
an annular groove 29 in the piston. .

Piston P is provided with an interior valve, such as a
piston valve V movable upwardly and downwardly with-
in a cylindrical chamber 30, which conveniently extends
axially of piston P and the lower end of which may be
closed by a plug 31. The piston valve V-may be gen-
erally cup-shaped and the lower flange thereof provided
with a sealing ring 32, which engages the tube i1, while
the piston valve V may also be provided with sealing
rings, if desired, in the event that the fit between valve
V- and chamber 30 is not sufficiently tight to prevent
undue leakage of fluid around the valve. The plug 31
may also be provided with an upstanding annular flange
33, adapted to act as a stop for the lower end of the
valve V. A series of spaced radial holes 34 in piston
P, as shown also in Fig. 3, provide communication be-
tween greove 29 and chamber 30 and, as will be evident,
stop 33 of plug 31 prevents the valve V from closing
the inner ends of holes 34. The valve V controls the
flow of fluid through the piston from a series.of lower
passages 35 to a serles of upper passages 36, which
communicate with the chamber 39 at respective spaced
positions adjacent the center of the latter and lead
respectively from the lower and upper ends of the piston.
Chamber 3¢ may be provided with a shoulder 37 which
acts as a stop to restrict upward movement of the valve V.

When valve V' is in the position of Fig. 1, the upper
end of the valve will be below the point of connection
of passages 35 with the chamber 38, so that flow cof
fluid from the lower portion of cylinder C, through
passages 35 to passages 36 and thence to the upper end
of cylinder. C, is permitted. Valve V is normally held
in the open position of Fig. 1 by a coil spring 38, the
lower end of the spring 38 conveniently being received
in the well formed in valve V. The upper end of spring
38 conveniently abuts against an inwardly extending
flange 39 at the lower end of an upwardly extending
flange 40, the upper edge of flange 39 acting as a stop
for piston rod R when threaded into the piston and the
threads for piston rod R being tapped in flange 40.

The valve V may be moved upwardly agadinst the pres-
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sure of spring 38 by fluid pressure supplied to the lower
end of chamber 38 through the lateral holes 34, as when
groove 29 registers with inlet port 17 after piston P
has moved downwardly to the position of Fig. 1. The
vertical spacing between inlet ports 17 and 18 is equiva-
lent to or greater than the distance between groove 29
and the lower end of piston P, so that fluid pressure will
always be supplied through inlet port 18 to the lower
end of cylinder C and beneath piston P, particularly
when the latter has moved to the position of Fig. 1.
Thus, when port 17 is uncovered by groove 29, valve
V will then be moved upwardly to closed position and
the piston P will be started upwardly by pressure of
fluid supplied through port 18 and sh@rtly thereafter,

“also throngh port 17. -

During the up stroke, or time that the piston P is
moved upwardly by the pressure of fiuid supplied through
the ports 17 and 18, valve V will be in the closed posi-
tion shown in Fig. 2, being maintained in that position
by the pressure of fluid maintaited in the lower portion
of chamber 30 by the closed valve V and the rings 27
and 28. During upward movement of the piston P,
with the valve V in closed position, any fluid in the upper
portion of the chamber will be expelled through the out-
let fitting 21 and also through the outlet fitting 22 until
the piston rings 28 close the same. When groove 29
reaches the posmon of outlet fitting 22, the fluid pres-
sure beneath the valve 'V will be relieved, i.e., through
holes 34 and groove 29, for discharge through outlet
fitting 22. Then, spring 38 will move valve V down-
wardly to the position shown in Fig. 1, which will be
the beginning of the return stroke.

The weight of the pump rod, and other weight as-
sociated therewith, provides a force acting downwardly
on piston rod R, through the rod 13, thus tending to
force the piston P downwardly within cylinder C. Thus,
when valve V is open, as in the position shown in Fig. 1,
the fluid pressure which previously moved piston P up-
wardly will be relieved through the piston passages 25
and 36, so that the fluid supplied through inlet port i8
or also port 17 will merely circulate through the cylinder
and piston, for discharge through outlet fitting 21 and
also outlet fitting 22, while the piston is being moved
downwardly by the force normally exerted on the piston
rod. As soon as the piston P has moved downwardly to a
position in which groove 29 is in alignment with inlet
port 17, the pressure of fluid supplied to the lower end
of chamber 30 through holes 34 will again move valve
V to the position of Fig. 2, against the pressure cf spring

'38. Valve V will thus close chamber 39 betwesn pas-

sages 35 and 36, so that fluid pressure supplied to the
lower end of cylinder C through the inlet port 1% will
move piston P upwardly against the force at rod 13,
thereby moving the pump rod upwardly, so that the
reciprocatory movement of piston P and rod R will con-
tinue automatically. The rate of upward movement of
the piston P may be regulated by varying the pressure
of finid supplied to inlets 15 and 16, as by pump control
or by placing a flow adjusting valve in the inlet line from
the pump, while the rate of downward movement may
be regulated by varying the rate of flow of fluid dis-
charged through outlets 21 and 22, conveniently by plac-
ing an adjustable flow restricting .valve in the discharge
line from outlets 21 and 22 to the fluid supply tank or
the like.

A modified form of pump jack constructed in ac-
cordance with this invention, as in Figs. 4 and 5, may io-
clude a cylinder C’, a piston P’ within the cylinder and
a piston rod R’ attached to the piston and extending from
the upper end of cylinder C’.. The upper énd of the
piston rod R’ may be provided with a bearing 43 adapted
ito engage a shaft or pin 44, indicated in dotted lines,
while a lower cap 45, which closes the lower end of
cylinder C’, may be provided with a bearing 46, simi-
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to engage a shaft or pin 44’, also indicated
5. The cylinder C’ may be provided with
g 47 adapted to supply fluid to a pair of
ced inlet ports 17 and 18, which may be
£,

formed in the wall of cylinder C,
which may be conveniently formed from tubing. The
inner end of the inlet fitting 47 may be shaped to con-
to the outside of cylinder C and welded thereto
around its edges. An outlet fitting 48 may be similarly
welded to C_}ﬂ"’]dvx C in g position to communicate with
an outiet port 49, elso conveniently drilled in the cylinder
wail. A iransfer passage may be provided by a sub-
stantially semi-cylindrical pipe section 58, conveniently
closed at each end and welded to the outside of the cyl-
inder around its edges, so as to provide communication
between a lower transfer port 51 and an upper transfer
port 52, each conveniently drilled through the cylinder
wall,  An upper cap 83, which closes the upper end of

Z i Drowded with an upstanding sleeve

form

cylinder C, may be 1

54 to accommodate the p piston rod R, while packing rings
55 mey be ElaC’;‘d in annular grooves suitably formed on
the inside of sleeve 54, for sealing purposes. The piston
P may also be provided with annular grooves adjacent the

upper end io rece ive packing rings 28" and annular
grooves a,“cew the Iower end to receive spaced packing
rings 27, for sealing purposes.

Dictppm T

Piston T 5 cnd with an interior valve, such as a
piston valve vab;e up ,vardly and downwardly with-
in a ¢ mber 55, which convemently extends

and the lower end of which may be
closed by The piston valve V' may also be
provided with packing rings, if desired, in the event that
the fit between valve ¥V’ and chamber 56 i is not sufficiently
tight to prevent undue leakage of fluid around the valve.
The vaive ¥’ controls the flow of fluid through the pis-
ton from a lower passage 58 to an upper passage 59, each
of which communicates with the chamber 56 at opposed
positions adjacent the center of the latter, valve V’ being
provv'd ed with an annuler groove &9 which, at certain
times, provides communication between passages 58 and
52 through the mamoer 56, as with valve V’ in the
position of Tig. 4. However, when valve V’ is moved
to the position of “'b 5, the groove 60 will be above the
point of connesction of passages 58 and 59 with the
hamber 5§, so that the flow through passage 58 to pas-
sage 52 and thence to the upper end of cylinder C’ is
p*evette’i Valve V' is ncumdly held in the open posi-
tion of Fig. 4 by a coil spring 38’ which surrcunds a valve
stem €2, the lower end of the spring 38’ conveniently be-
ix,g recelved in a well 62 in the valve V’ adjacent the
lower end of the stem 6% and the upper end of spring 38’
conveniently abutting against a shoulder 63 surrounding
a guide weil 64 in the rod R for the valve stem 61. An
air passage 63 may extend upwardly within the piston
red R, from well 64 to a pomt near bearmg 43, to main-
tain sabstantially au‘nospnenc pressure in the upper por-
tion of chamber 56, ie., above valve V’, for a purpose
described late
The wvalve V’ may be moved upwardly against the
pressure of spring 38" by fluid pressure supplied to the
jower end of chamber 56 through a series of lateral holes
34/, which extend inwardly from an annular groove 297,
as in Fig. 6, as when groove 29’ registers with inlet port
17, as in Fig. 5, after piston P’ has moved downwardly
irom the position of Fig. 4 to the position of Fig. 5.
Preferably, the vertical spacing between imlet ports 17’
and 18’ is eguivalent to or slightly greater than the dis-
tance between greove 29 and the lower end of piston
P’, so that fuid pressure will always be supplied to the
lower end of cyiinder C’ and beneath piston P’, par-
ticularly when the latter has moved to the position of
Fig. 5. Thus, as scon as port 17’ is uncovered by groove
29", valve V' will be moved upwardly to closed position
and the piston P’ will be started upwardly by pressure
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of fluid supplied through port 18’ and, shortly thereafter,
also through port 17'.

During the up stroke, or time that the pistcn P’ is
moved upwardly by the pressure of fluid supplied through
the ports 18" and 17’, valve V' will be in the closed posi-
tion of Fig. 5, but when groove 29’ reaches the position
of transfer port 51, the fluid pressure beneath the valve
V’ will be relieved, i.e., through port 51 and transfer
pipe 58 to tranmsfer port 52 and into the upper end of the
cylinder, above the piston P’, for discharge through out-
let port 48, Then, spring 38" will move valve V’ down-
wardly to the position of Fig. 4, which is at the beginning
of the return stroke. Normally, the pressure at transfer
port 52 will be in excess of atmospheric pressure, so
that there will normally be a pressure differential be-
tween the upper and lower portions of chamber 5§, ie.,
above and below valve V', but the residual pressure in
the lower portion of chamber 56 will balance the force
exerted by spring 38’, when in the extended position of
Fig. 4. If desired, plug 57 may be provided with an up-
wardly extending stop to limit downward movement of
valve V’. Normally, of course, a weight or force is act-
ing through the shaft or pin 44, on piston rod R, and
tends to force piston P’ downwardly within cylinder C'.
Thus, when valve V’ opens, as in the pesition of Fig. 4,
the fluid pressure which previously moved piston P up-
wardly will be relieved through the piston passages 58
and 59, so that the fluid supplied through inlet ports
17’ and 18" will merely circulate through the cylinder
and piston, for discharge through outlet p 49, while
the piston is being moved downwardly by the force ex-
erted on the piston rod at shaft or pin 44. As soen as
the piston P’ has moved dowawardly to a posiiion in
which groove 28 is in alignment with inlet pont 7, the
pressure of flui d supplied to the lower end of chamber
536 through passages 34" will again move valve V' to the
position of Fig. 5, against the pressure of spring 38,
Valve V' will thus close chamber 5§ between passages 5°
and 59, so t’lat fluid pressure supplied to the lower en
of cylinder through the inlet port 18 will move pis-
ton P upwardly against the force at shaft or pin 44, there-
by moving the pump and rod upwardly, and the u.mpreca-
tory movement oi piston P’ and rod R’ will continue
antomatically.

During the downward movement of piston P’ the
groove 29’ and lower end of chamber 56 will remain at
the fluid pressure of transfer port 5% until the lower seal
ring 27’ moves across the port 17’. Also, as piston P’
begins to move upwardly from the lower position, as the
lower seal ring 27’ passes inlet port 17’, the fiuid under
pressure in chamber 56 will be trapped against ingress
or egress, until piston P’ has moved upwardly to a posi-
tion at which the upper seal ring 27" uncovers the transfer
port 51 and the pressure within chamber 56 bslow valve
V’ will be relieved so that valve V’ can be moved down-
wardly and to open positicn by spring 38’. In order to
prevent an accumulation of air above valve V', which
might produce a compression force against the upward
movement of the valve, air pressure is relieved through
hole 65 in rod R.  Air traveling up hole 65 may be vented
through a hole in the side of pisten rod R communicating
with passage 65 just below bearing 43.

The pump jack of Figs. 1-3 may be used in a manner
similar to that disclosed in aforssaid application Serial
No. 466,898, while the pump jack of Figs. 5-7 may be
used in the pumping apparatus of Figs. 8 and 9, for pump-
ing oil from a well 67, for instance, through a casing 63
having a casing head 69 from which oil pumped out of
the well is discharged, and through which a pump rod 79
extends. The pump rod 7€ may be provided at its upper
end with a cable attached to the upper end of an arcuate
guide 71, in turn attached to one end of a beam 72 pivoted
on a standard 73 and provided with a counterweight 74
on the opposite end. The standard 73 may be mounted
on a foundation 75, while a pair of pump jacks, con-
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structed -as. described above, may each be-mounted be-
tween a bracket 76 on the foundation 75 and a yoke 77,
extending to each side of-the beam 72, as in Fig.-9, and
attached to the beam between standard 73 and guide 71.
As in Fig. 8, the inlet fitting 47 of each cylinder C’ may
be connected by a reinforced hose 78 with a pump 79
which may be driven by an electric motor 8@, or by an in-
ternal combustion engine or the like, if desired. Each
outlet fitting 48 of a cylinder C’ may be connected by a
reinforced hose 81 with a tank 82, in which a supply -of
fiuid for pump 8@ may be stored and connected with pump
P by a pipe 83. As will be evident, pump rod 79 is
moved upwardly during each upward stroke of the piston
and piston rod R’ of each pump jack through the beam
72, while the downward pressure exerted by the pump
rod 70 on the beam 72 will force each piston and piston
rod R’ downwardly within the respective cylinder C’ dur-
ing each downward- stroke. The rate of upward move-
ment 'of the pistons and piston rods R’ may be adjusted
by increasing or decreasing  the pressure produced by
pump 79. Thus, an adjustable pressure pump may be
used, or the pump may be driven by an adjustable speed
electric motor or by a gas or oil engine. Also, the down-
ward rate of movement of the pistons and piston rods R’
may be adjusted by regulating the rate of discharge from
exhaust ports 49, as by a valve 84 in the exhaust line 81.
In general, an increase in pump pressure will increase the
rate of upward movement, and vice versa, while an in-

crease in the rate of discharge from the cylinder exhaust -

port will increase the rate of downward movement, and
vice versa. Thus, the number of strokes per unit of
time is readily adjusted.

The pump jack of Figs. 1-3 may also be used in the
manner illustrated in Fig. 10, for pumping oil from a
well 67, while the pump jack of Figs. 47 may be similar-
Iy utilized. Thus, the cylinder C of the pump jack of
Figs. 1-3 may be mounted in horizontal position on a
platform 86, which also supports sheaves 87 and 88 at
the opposite ends thereof. A cable 89 runs over sheave
87 and is connected to rod 13 of the pump jack, as by a
connector 98, the rod i3 being extended, if desired, so
that the outer end thereof and particularly the connector
9% will not enter the cylinder C when the piston rod R
is moved to its fullest extent to the right. Also, a guide
or bearing 91 for the rod 13 may be mounted on the base
12 for cylinder C. The outer end of the piston rod R
may be attached to a cable 89, as by a connector 9¢’,
with cable. 89" running over sheave 87 to a weight 92
adapted to move upwardly and downwardly in a shallow
hole 93 drilled for that purpose.. As will be evident,
the weight 92 tends to counterbalance the weight of the
pump rod and the oil being lifted in the well 67, although
some weight should be left uncounterbalanced, so that
the piston rod R will be moved. to the left by such weight
when the valve V is shifted to the position of Fig. 1, at
the beginning of the return stroke, which corresponds
to -the downstroke described in connection with Figs. 1
and 2. ° A motor 89 for driving a pump 79, as well as
a sump tank 82’, may be installed beneath platform 86,
or in.any other convenient position, while piping or rein-
forced hoses may connect the various parts, such as hoses
78’ from the pump to the inlets of cylinder C, hoses 81’
from the outlets of cylinder C to the sump tank 82’ and
a hose 83’ from the sump tank to the pump. -

In a further modified form of pump jack 111ustrated
in Figs. 11 and 12, a piston P” is movable  upwardly
and downwardly within a cylinder C”, while a piston
rod R” is attached to the piston P’ and extends upwardly
through an upper cap 23’ for the cylinder, which may be
provided with ‘annular grooves in which seél rings 24" for
the piston rod are disposed.” The pump rod 7¢ may
extend through a casing head 69’ of casing 68’ and may
be connected at its upper end to a yoke ©5 in turn con-
nected at its outer ends to a pair of pull rods 96 which
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extend upwardly-and alongside the cylinder C” for con-
nection to a transverse bar 97, in turn connected: to the
piston rod R’’, -which may also be considered a push rod.
That is, when the piston P’ is moved upwardly -in the
cylinder C”, the push rod R’ meoves upwardly with it
and the pull rods 96 pull the pump rod 73’ upwardly.
However, the weight of the pump tod will be exerted
through the- pull rods 96 and push piston rod R’ down-
wardly to move the piston P’ back down in cylinder C”,
during the down or return stroke. A base 12’, which
also provides-a lower cap-for the cylinder C”, may be
provided with an interiorly threaded, upwardly extend-
ing circular flange 19’ engaged by the lower threaded
end of cylinder C”, as well-as a downwardly extending
circular flange 98, conveniently 'of a larger diameter.than
flange 19’ and interiorly threaded so as to be attached
to the upper end of a cylindrical support 92. The pull
rods 96 extend through appropriate holes in base 12/,
while the support 99 may be mounted on a foundation
and may also be provided with an aperture for the pipe
(not shown) from which fluid being pumped from -the
well is discharged at the upper end of casing €8’, as well
as additional apertures, as desired, for access to the parts
within the support 99.

The cylinder C’” may be provided Whh an inlet connec-
tion 47’, which may be welded to the cylinder C’ so as to
cover spaced inlet ports 17”7 and 18"/, while cylinder C”
may also be provided with an outlet connection. 48’ con-
veniently welded to cylinder C”” around an exhaust port
49’. A transfer pipe 58’ may also be closed at each end,
except for openings which overlie a lower transfer port
51" and an upper transfer port 527, respectively, transfer
pipe 5¢’ being conveniently welded to cylinder C”. As
before, piston P”’ may be provided with sealing rings 28"
and 27 disposed in annular grooves above and below
an annular groove 29" connected by a series of radial
passages 34", as in Fig. 12, with a ceniral chamber 16§
which extends axially through the piston P” and to
which a series of passages 35 lead from the lower end of
the piston. The cylinder C’* may further be provided
with a semi-cylindrical, lower transfer pipe 181 which
may be closed at the ends and welded to cylinder C’* on
the outside, conveniently. opposite the inlet comnection
47’, so.as to connect vertically spaced iniet transfer ports
102 and 163. )

A valve V", which may be cup-shaped, as shown, is
movable upwardly within chamber 106 by fluid pressure
in the lower portion of the chamber and downwardly by
a spring 38", the lower end of chamber 169 being con-
veniently closed by a plug 57 having an upwardly ex-
tending stop 104, adapted to limit downward movenient
of valve V. At its upper end, piston P’ may be provided .
with an upwardly extending annular flange 185, which is
interiorly threaded above outlet passages 186 which com-
municate with the upper end of chamber 188 above valve
V", while the lower end of piston rod R”’ may be threaded
below a shoulder 107 adapted to abut against the upper
end of flange 105 when the pistoni rod is attached to the
piston. A stem 188 may extend downwarcly from piston
rod R”, so as to form a guide for spring 38", while, if
desu"ed the piston rod stem 188 may be hoHow and the
valve V" provided with a central upstanding stem 169
received in and guided by the stem 168, which also re-
duces the cross-sectional area against W__Ach the pressure
of fluid in the upper portion of the chamber 168 is exerted,
so as to permit inlet fluid pressure, when introduced into
the lower portion of chamber 180 to move valve V”’ up-
wardly more guickly. -

As will be evident, the pump jack of Fig. 11 may oper-
ate in a manner similar-to-the pump jack of Figs.-4-7.
Thus, in the lower position shown in Fig. 11, the piston
P’ is at the start of an up stroke, valve V' having just
previously been moved upwardly by inlet fluid pressure
introduced into the lower portion of chamber 188 through
passages 34" when groove 29" registered with inlet port’
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17" and transfer port 183. With the valve V" closing off
passages 35', as shown, the piston P will be moved up-
wardiy by inlet fluid pressure, thereby moving the piston
and push rod R” upwardly and pulling pump rod 76" up-
wardly through pulling rods 95. When piston P’ reaches
an upper position, in which groove 29" registers with out-
1t transfer port §’, the fiuid pressure beneath valve V”,
in the lower portion of chamber 189, will be relieved
through transfer pipe 9’ and port 82’, thereby permitting
spring 38" to move valve V'’ downwardly against stop
104, Due to the flow of fiuid through piston passages 35
and thence through passages 106 for ultimate discharge
through outlet port 49’, the weight of the pnmp rod 7%,
transmitted through pull rods $6 to piston rod R”, will
move piston P downwardly in the cylinder until the
iower position is reached, ie., with groove 28" again
registering with ports 17”7 and 103. The valve V" will
then be moved upwardly and piston P’ thus also again
moved upwardly, so that the upward and downward move-
ment of piston P’ takes place automatically.

In the installation illustrated in Figs. 13 and 14, a pair
of pump jacks, each including a cylinder C”” and a piston
or push rod R’ may be mounted in side by side relation
on a base 115 formed with a pair of rotatable heads 116
adapted to be threaded onto the lower end of the respec-
tive cylinder C””. The upper ends of cylinders C” may
be connected to an upper head 117 provided with in-
teriorly threaded wells 118, into which the upper ends of
the cylinders may be threaded prior to attachment to
lower heads 116. Upper head 117 is provided with seal-
ing rings 119 for piston rods R”, while base 115 is con-
veniently provided with a hole disposed centrally between
cylinders C” to accommedate the pump rod 76'. The
piston rods R may be connected at their upper ends to
a transverse bar 97/, which is connected at its center to
a pull rod 86, in turn connected at its lower end to pump
rod 79’. The downward force of the pump rod 79" is
transmitted through pull rod €6’ to the piston rods R”
for moving the pistons downwardly within the cylinders
C”, while the upward force produced by upward move-
ent of the pistons is transmitted through pull rod 9§’ to

pump rod 7&. If desired, a guide 128 may be at-
ched 10 the lower end of the pull rod 96" and provided
each end with an arcuate half ring 121, as in Fig. 14,
ich move upwardly and downwardly along the cylin-
i {7, Each of the cylinders C” is provided with an
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inlet conmection 47" and an outlet connection 48, the
former receiving fluid under pressure through an inlet
line from & hydraulic pump and the latter discharging
through an ontlet line to a fluid storage tank, in a man-
ner similar to Figs. 8 and 9. If desired, a valve may be
placed in the discharge line for regulating the rate of
discharge from the outlet cornection 48’ and thereby ad-
justing the time of the downward stroke, while the pump
may be a variable pressure pump or be driven by a vari-
able speed prime mover to permit adjustment of the rate
of the upward stroke of the pistons within the respective
cvlinders C”, as before.

As will be evident, a pump jack or the like construct-
ed in accordance with this invention fulfills to a marked
degree the requirements and objects hereinbefore set
forth. The pump jack is adapted to reciprocate auto-
matically when o downward force is exerted thereon and
also may be used in connection with a walking beam, as
in Figs. 8 and 9, or to act substantially directly on the
pump red, as in Figs. 10, 13 and 14. By placing the
control valve within the piston, numerous exterior parts
are eliminated and the comstruction of the apparatus is
considerably simplified. Also, the valve within the piston
may be controlled readily by regisiry of a groove or the
like communicating with the chamber in which the valve
is disposed, through registry with properly placed ports
in the cylinder. Also, all of the interior parts are ac-
cessible merely by removal of the piston and without
disturbing the cvlinder itself. The adjustment of the
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rate of the upward and downward strokes is readily ac-
complished, as in the manner previously described, while
the’ weight of the pump rod in the well is used to ad-
vantage in moving the piston downwardly. Such pump

" jacks may also be readily incorporated in other types of

hydraulic apparatus.

While several embodiments of this invention have been
illustrated and described, including pump jacks for oil
wells and the like, it will be understood that other em-
bodiments may exist and various changes may be made,
all without departing from the spirit and scope of this
invention.

What is claimed is:

1. Apparatus for producing reciprocatory movement
of a member such as a pump rod in an oil well, said
member being subject to a force tending to move said
member in one direction, comprising a cylinder having
adjacent a first end an inlet adapted to be connected with
a source of fluid under pressure and adjacent the opposite
end an outlet adapted to be connected to a receiver for
said fluid; a reciprocable piston within said cylinder and
having a generally axial passage therethrough; a valve
within said piston for controlling the flow of fluid through
said passage, said cylinder being provided with a con-
trol port intermediate said inlet and outlet, said control
port being adapted to be connected in fuid communica-
tion with said receiver; and said piston being provided
with means for closing said valve when said piston moves
to a predetermined position of registry with said control
port; a piston rod extending through said opposite end
of said cylinder and connected to said piston; means for
connecting said piston rod with said member; and means
operable in response to the movement of said piston for
controlling said valve and comstructed and arranged to
close said valve when said piston nears said first end of
said cylinder and thereby permit fluid flowing into said
cylinder to move said piston away from said end and move
said member in a direction opposite to said force, and to
open said valve when said piston moves a selected distance
within said cylinder to permit such force on said member
to move said piston back to a position near said first end
of said cylinder.

2. Apparatus as defined in claim 1, wherein said cylin-
der is provided with a transfer port adjacent said opposite
end and means connecting said control port with said
transfer port.

3. Apparatus as defined in claim 1, wherein said con-
trol port is adapted to be connected to said receiver.

4. Apparatus as defined in claim 1, wherein said piston
is provided with an axial chamber, at least a portion of
said chamber forming a portion of said passage through
said piston, said valve being movable axially in said cham-
ber; resilient means tending to move said valve in a di-
rection to close said passage; and said piston is provided
with a general lateral, separate passage for supplying
fluid under pressure to said chamber and against said
valve in opposition to said resilient means, said lateral
passage being constructed and arranged to communicate
with said inlet when said piston nears said first end of
said cylinder and to communicate with said control port
when said piston approaches said opposite end of said
cylinder, said lateral passage thereby supplying fluid un-
der pressure to move said valve to close said axial
passage when said lateral passage is in communication
with said inlet and such fluid pressure being relieved when
said lateral passage is in communication with said con-
trol port.

5. Apparatus as defined in claim 4, wherein said inlet
includes at least two ports spaced axially of said cylinder.

6. Apparatus as defined in claim 4, wherein said pis-
ton is provided with a circumferential groove and a series
of spaced passages leading radially from said groove to
said chamber.

7. Apparatus as defined in claim 4, wherein said gen-
erally axial passage through said piston includes a first
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series -of radially spaced, axially extending passages-lead-
ing from the end-of said piston facing said one end of
said cylinder and comnecting with: said chamber generally
centrally - of said piston; and a second series of radially
spaced, axially extending passages comnecting with said
chambeér at a position spaced axially from said first series
of passages and leading to the cpposite end of said piston.

8. Apparatus as defined in claim 4, wherein said gen-
erally axial passage through said piston includes a- first
axial passage extending from the end of said piston facing
said one end of said cylinder and connecting with ‘said
chamber generally centrally of said piston; and a second
axial passage connecting with said ‘chamber opposite
the connection point of said first passage and extending to

the opposite end of said piston. -

9. Apparatus as defined in claim 4, wherein said gen-
erally axial passage through said piston includes a series
of radially spaced, axially extending passages  leading
from the end of said piston facing said one end of said
cylinder to a point of connection with said chamber spaced
from the opposite end of said piston, said -opposite end
of said piston being reduced in diameter; and a series of
spaced passages extending outwardly from said chamber
through the reduced end of said piston.” V

10. Apparatus as defined in claim 4, wherein said cham-
ber is formed by a well extending axially into said piston
from the end of said piston facing said one end of said
cylinder; and a plug closing the outer end of sajd well,
sajd plug being provided with a stop extending axially into
said chamber and said stop having a lateral extent less
than said well. . -

11. Apparatus for producing reciprocatory movement
of a member such as a pump rod in an oil well, said
member being subject to a force tending to move said
member in one direction, comprising a cylinder having
adjacent a first end a pair of inlet ports disposed in axial-
ly spaced relation and adjacent the opposite end an out-
let, said cylinder having a control port disposed in axial-
ly spaced relation to said outlet, said inlet: ports being
adapted to be connected with a source of fluid under
pressure and said outlet port and control port being
adapted to be comnected to a receiver for said fluid; a
base closing said first end of said cylinder; a cap closing
the opposite end of said cylinder; a reciprocable piston
within said cylinder and having therein a central, axially
disposed chamber formed by a well closed at. its cuter end
by a tubular plug having an axially extending flange,
a first series of spaced passages extending axially from
the end of said piston facing said base, a second series
of spaced passages extending axially from the opposite
end of said piston, said first and second series of passages
connecting with said chamber at axially spaced points, a
series of radially extending passages interspaced  with
said first series of axial passages and communicating with
said chamber opposite said plung flange, and a circum-
ferential groove in which said radial passages terminate;
a tubular piston rod connected to said opposite end of
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said piston. and extending through said cap; a central _

tube mounted on said base and extending through said
piston and into said piston rod; a pull rod connected to
the outer end of said piston rod and extending through
said tube; a valve within said piston chamber and adapted
to control the flow of fluid between said first and second
series 'of passages; and a spring surrounding said tube
and engaging said valve, said spring tending to move said
va_Ive to open position, whereby-fluid -under pressure ad-
mitted to said chamber when said piston groove.registers
with said inlet port farther from said base moves said
valve to-closed position to terminate flow of fluid between
said first and second series of passages and thereby permits
fluid -flowing into said cylinder through said inlet” port
closer- to said base and subsequently through' Both inlet
.poz:ts, to move said piston away from said base, and said
spring moves said-valve to.open-position when said groove
registers with said control port and relieves the pressure of
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said first and second passages and intc said cylinder be-
yond said piston and thence through said outlet, thereby
permitting such force to move said- piston back-to a posi-
tion near said first end of said cylinder. ... - ...~ .- -
12 Apparatus for producing reciprocatory movement
of a-member-such as a pump rod in-an oil well, said
member being subject-to a force tending to move -said
member in one direction, -comprising -a -cylinder having
adjacent a first end a pair of inlet ports disposed in axially
spaced relation and -adjacent the opposite end an out-
let, said cylinder having a control port disposed in. axially
spaced relation-to ‘said" outlet, a -transfer port adjacent
said opposite end and means connecting said control port
with said transfer port, said inlet ports being adapted to
be connected with a source of fluid under pressure and
said ocutlet being adapted to-be connected to a.receiver
for -said fluid; a first cap closing said first end of said
cylinder, said-first-cap being-provided with a trunnion; a
second cap closing the opposite end of said cylinder; a
reciprocable- piston within said cylinder and ‘having a
central, circular, axial passage closed at the end facing
said first-cap by a plug, a first offset axial passage lead-
ing from the end of said piston facing said first cap and
connecting with said central passage adjacent the. axial
center thereof, a second offset axial passage leading from
the opposite end- of said- piston and comnnecting with
said central passage opposite the point of connection of
said first axial passage, said first and second axial pass-
ages being offset radially from said central axial passage,
a series of spaced radial passages extending laterally to
said central passage adjacent said plug, and a circum-
ferential groove in which said radial passages termi-
nate; a piston rod extending through said-second cap
and connected at its inner end to the corresponding end
of said piston, said piston rod being provided at its outer
end with a trunnion and having a passage therethrough
terminating adjacent its outer end; means constructed and
arranged to connect cne of said trunnions with said mem-
ber; a valve within said central passage -of said piston and
provided with a cylindrical body having an axially ex-
tending stem and an- annular groove adapted to register
with the point of connection of said first and second axial
passages with said central passage to permit flow of fluid
through said piston. in an axial direction; -a spring sur-
rounding said stem and bearing against said valve body
and fending to move said valve in a direction to termi-
nate flow of fluid through-said piston,-said circumfer-
ential groove of said piston being adapted to register-with
said inlet port farther from said first cap when said-pis-
ton moves toward and near said first end of said cylinder,
so that fluid under pressure supplied through said radial
passages tO said central passage between said plug and
said valve will move said valve against the pressure of
said ‘spring, to terminate flow -generally axially-through
said piston and thereby permit the pressure of fluid sup-
plied through said inlet port closer to said first cap and
subsequently through both inlet ports; to. move said pis- -
ton away from said first” cap, and said-spring ‘moving
said valve to-open position when said groove registers
with said control port and relieves the pressure of fluid
against said valve, thereby permitting fluid to flow axially
through said piston and into said cylinder- beyond said
valve and thence through said outlet to permit such force
to move said piston back to a position near said first end
of said cylinder. . ° T T :
.13, Apparatus for producinig reciprocatory movement
of ‘a member such as a pump rod in-an oil' well, said
member being subject to a-force tending to thove said
member in one direction, "comprising a:cylinder -having
adjacent afirst end a pair of inlet ports disposed in-axially
spaced relation and adjacent the cpposite end an outlet,
said ‘cylinder having a control -port™ disposed in- axially
spaced relation to'said outlet and a transfer port adjacent
said epposite end and-means connecting said control port
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with said transfer port, said inlet ports being adapted to
be connected with a source of fluid under pressure and
said outlet being adapted to be connected to a receiver
for sajd fluid; a piston reciprocable within said cylinder
and having a central axial passage closed at the end
facing said first end of said cylinder by a plug having
an axially extending stop within said central passage,
said stop having a lateral dimension less than said cen-
tral passage, a series of axial passages surrounding said
central passage and extending from the end of said pis-
ton facing said first end of said cylinder and connected
with said central passage at points spaced from the op-
posite end of said piston, said opposite end of said pis-
ton having a substantially smaller lateral dimension than
the remainder of said piston, a first series of radial pass-
ages interspersed with said series of axial passages and
connected with said central passage adjacent said plug, a
circumferential groove in which the outer end of said first
radial passages terminate, and a second series of radial
passages extending outwardly from said central passage
through the reduced opposite end of said piston; a pisten
rod connected to said opposite end of said piston and
closing the corresponding end of said central passage, the
inner end of said piston rod being provided with a hol-
low stem extending axially into said central passage of
said piston; a cup-shaped valve having a central stem ex-
tending into the hollow stem of said piston rod and
adapted in open position to permit flow of fiuid through
said piston passages and in closed position to terminate
flow of fluid through said piston passages; a coil spring
surrounding said piston rod stem and bearing against
said valve, said spring tending to move said valve to open
position; and means connecting said piston rod with said
member.

14. Apparatus for producing upward and downward
reciprocatory movement of a pump rod in an oil well,
said pump rod being subject to a force tending to move
said pump rod downwardly, including a pivoted walking
beam connected to said pump rod and provided with a
weight at the opposite end, means for supplying fluid
under pressure and means for receiving fluid, the improve-
ment comprising a generally upright cylinder having a
closed lower end provided with a truanion, said cylinder
having an inlet adjacent its lower end and an outlet ad-
jacent its upper end; means connecting said means sup-
plying fluid under pressure with said inlet; means con-
necting said means for receiving fluid with said outlet;
bearing means for said trunnion; a reciprocable piston
with said cylinder, said piston having a passage there-
through; a piston rod connected to said piston and ex-
tending through the upper end of said cylinder, the up-
per end of said piston rod being provided with a trunnion
pivotally connected to said walking beam; a valve within
said piston for controlling the flow of fluid through said
passage; and means operable in response to the move-
ment of said piston for controlling said valve and con-
structed and arranged to close said valve when said pis-
ton nears the lower end of said cylinder and thereby per-
mits fluid flowing into said cylinder to move said piston
upwardly, and to open said valve when said piston moves
a predetermined distance upwardly in said cylinder to
permit the fluid supplied to said inlet to flow through said
piston and thence out said outlet, the force on said pump
rod thereby moving said walking beam in a corresponding
direction and moving said piston downwardly to a posi-
tion near the lower end of said cylinder.

15. In apparatus for producing upward and downward
reciprocatory movement of a pump rod in an oil well,
said pump rod being subject to a force tending to move
said pump rod downwardly, including means for supply-
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ing fluid under pressure and a receiver for said fluid, the
improvement comprising a cylinder mounted in horizontal
position and having adjacent one end an inlet connected
to said fluid pressure means and adjacent its opposite end
an outlet connected to said receiver; a reciprocable piston
within said cylinder having a passage therethrough; a
hollow piston rod connected to said piston and extend-
ing through one end of said cylinder; a tube extending
centrally of said cylinder within said hollow piston rod;
a pull rod connected to the outer end of said hollow
piston rod and extending centrally through said tube and
outwardly from the opposite end of said cylinder; means
connecting said pull rod with said pump rod; means
connecting said piston rod with a counterbalancing mov-
able weight; a valve within said piston for controlling the
flow of fluid through said passage; and means operable
in response to the movement of said piston for controlling
said valve and constructed and arranged to close said
valve when said piston nears said one end of said cylinder
and thereby permit fluid supplied to said cylinder through
said inlet to move said piston away from said end and
move said pump rod upwardly, and to open said valve
when said pistcn approaches the opposite end of said
cylinder to permit fluid to flow through said piston and
said cylinder and to be discharged through said outlet,
thereby permitting the force on said pump rod to move
said piston back to a position near said end of said
cylinder.

16. in apparatus for producing upward and downward
reciprocatory movement of a pump rod in an oil well,
said pump rod being subject to a force tending to move
said pump rod downwardly, including a pump for supply-
ing fluid under pressure and a receiver for said fluid, the
improvement comprising a pair of cylinders mounted in
laterally spaced, upright relation, each said cylinder hav-
ing an inlet adjacent the bottom thereof and an outlet
adjacent the top thereof, each said inlet being connected
to said pump and each said outlet being connected to
said receiver; a base closing the lower end of each said
cylinder; a head closing the upper ends of both said
cylinders and provided with a hole between said cylinders;
a pull rod extending through the central hole in said
head and connected to said pump rod; a guide for the
lower end of said pull rod and provided with a pair of
oppositely disposed, arcuate sections engaging said cylin-
ders; a yoke connected to the upper end of said pull rod
and extending outwardly to each side therefrom; a pair
of spaced piston rods connected at their upper ends to
said yoke and extending through said head and into the
respective cylinder; a reciprocable piston within each
said cylinder and connected to the corresponding piston
rod, each said piston having a passage therethrough; a
valve in each said piston for controlling the flow of fluid
through the respective passage; and means operable in
response to the concurrent movement of said pistons for
controlling the respective valve and constructed and ar-
ranged to close said valve as said piston nears the lower
end of said cylinder to permit fluid supplied to said inlet
to move said piston upwardly and thereby move said
pump rod upwardly, and to open said valve when said
piston approaches the upper end of said cylinder so that
fluid supplied through said inlet will flow through said
cylinder and piston and out of said outlet, thereby per-
mitting the force on said pump rod to move said piston
downwardly to a position near the lower end of said
cylinder.
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