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1. 
This invention relates to hydraulic actuation 

of in-the-well pumps and is particularly useful 
for the actuations of pumps in relatively deep 
Wells, such as many oil. Wells, in Which a pump 
at a substantial depthin the well is reciprocated 

- from the surface through a Sucker rod which may 
i have substantial stretch because of its length. 
A broad object of the invention is to increase 

the efficiency of an in-the-well pump actuated 
through a long-sucker rod, by applying Substan 
tially constant force to the Sucker rod through 
out its stroke irrespective of variations in the 
velocity of the upper end of the sucker rod at 

is different positions within its stroke. 
Another, object is to provide a power unit for 

"reciprocating the -sucker rod of an in-the-Well 
pump, which unit is compact and Self-contained 
and can be readily moved between an Operative 

st position in which it is: connected to the sucker 
rod and an inactive position in which it is clear 

- of the well, to permit various. operations, such 
as pulling the pump out of the well and cleaning 
-thewell; etc. 

--Another object is to provide, a hydraulic actu 
iš ating i mechanism for an : in-the-well. pump, in 
"...which the sucker rod of the pump is directly 
actuated by fluid at a relatively low, Safe pres 
sure supplied by a large volume, low pressure, 
pump which, in turn, is directly actuated by a 
relatively compact hydraulic motor Supplied by 

is a relatively low-volume; high-pressure pump. 
Another. object is to provide a practicable and 

i.reliable system for applying. Substantially uni 
form force to thei;upper end, of the sucker rod 

* of an in-the-well pump throughout the pumping 35 
it. Stroke of the Sucker rod. 

Another object is to provide a practicable valve 
: mechanism for controlling flow of high preSSure 

: actuating liquid to a reciprocating hydraulic 
motor in Such a way, as to effect Smooth reversal, 
of the motor at opposite, ends of its stroke. 
Another object is to provide a hydraulic pump 

ing mechanism for reciprocating the Sucker rod 
- of an in-the-well pump which is Substantially 

... fully automatic and self-adjusting to compensate 
for unavoidable fluid leakage in the system. 

Other more specific objects and features of the 
'invention Will appear from the detailed descrip 
tion to follow of one Specific embodiment of the 
invention. 

It has been common practice: for many years 
to reciprocate the plunger or piston of an in-the 

', well pump, through a sucker rod extending from 
- the pump to the surface and connected at the 
- Surface to a rotating crank through a connectings' 

30 

45 which is directly connecte 

(Cl. 60-52) 

rod or the equivalent, so that, in response to 
rotation of the crank, the üpper end of the rod 
was reciprocated with a m as sub 
stantially. simple harmoni?, of the 

5 rod accelerating uniformly from Zero speed at 
the lower end of its stroke to a maximum speed 
at the middle of its stroke and then decelerating 

| gradually from the middle of the stroke to the 
'upper end of the stroke. The maximum rate at 

10 which the sucker rod could be reciprocated by 
these old methods was determined by the maxi 
mum stress applied to the rod at some particular 
point in the stroke, which stress was usually 
much greater than the average stress throughout 

n that W 

15the stroke. In order to obtain utmost efficiency, 
the upper end of the sucker rodshould be moved 
at such a rate throughout its stroke that the 
stress is substantially constant and of substan 
tially the same magnitude as the maximum stress 

:20 which it is safe to apply to the rod. Unfortu 
nately, it is impossible to obtain this result with 
mechanisms" which reciprocate the upper end of 
the sucker rod in accordance with some predeter 
mined rate of movement, because of factors such as the inertia and stretch, which are unavoid 
able and the effects of which are difficult to 
compute in a long sucker rod. It is essential, 
therefore, in order to attain a high pumping effi 
"ciency to employ a mechanism that will apply 
'substantially constant force to the sucker rod 
and let the acceleration and deceleration of the 
rod be determined by the resistance it offers to 
movement, which resistance varies unpredictably 
over wide limits because of the stretch and inertia 
of the rod. 

In accordance with the present invention we 
are able to apply a substantially-constant force 
to the upper end of a suckerrod by directly con 
necting the sucker rod to a hydraulic: jack of 

40 relatively-large effective "diameter; which is actu 
sated to lift the sucker ly admitting pressure 
fluid to the jack and to lower the sucker rod 
by releasing pressure fluid from the jack. The 
pressure fluid is supplied by a reciprocating pump 

the jack, and the 
si pump-in turn" is reciprocated by a reciprocating 
-hydraulic motor-directly connected thereto, and 
energized with high pressures fluid from a suit 
able pump. - - 

The high pressure pump is adapted to supply 
fluid at Substantially constant pressure which is 
applied without restriction to the reciprocal 
motor during the main portions of the strokes 
of the latter, but is throttled near the end of 

55: each stroke to rapidly, but smoothly decelerate 

3) 
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the motor. Hence, during the major portion of 
the Stroke a substantially constant force is ap 
plied to the reciprocating pump, which deliver's 
pressure liquid to the jack. To enable the jack 
to move at varying velocity in different parts of 
each stroke, according to the resistance afforded 
to its movement by the sucker rod, a relatively 
large hydraulic accumulatoris connected in par 
allel. With the jack to Supply additional pressures 
fluid to the jack when it tends to move rapidly, 
and to absorb excess fluid delivered by the recip 

10 

rocating pump when the resistance of the sucker 
rod reduces its velocity below normal. 
The accumulator must be of substantial size to 

have the desired fluid capacity without excessive 
variation in pressure and it is dangerous to have 
a systein containing a compressed gas such as 
air at extremely high pressure. On the other 
hand, it is usually more economical in a hydraulic 
power transmission system to employ fluid at 
relatively high pressure because it greatly re 
duces the dimension of the pumps, motors and 
connecting conduits necessary to handle a given 
amount of power. In accordance with the pres 
ent invention the hydraulic jack and the recip 
rocating pump, which directly supplies fluid to 
actuate the jack, are of relatively large diameter 
and are positioned close together, so that they 
can be economically interconnected by Large di 
ameter conduits, thereby enabling the use of 
fluid at relatively low operating pressures in that 
part of the system in which compressed gas is 
used (in the accumulator) to equalize the pres 
SUEC. 
which drives the reciprocating pump and the 
hydraulic pump, which Supplies it, can be made 
of relatively small capacity but adapted to operate 
at a substantially higher pressure than that used 
in the jacks. 

It is desirable in an in-the-Well pump System 
to counter-balance the weight of the Sucker rod 
in some way. A particular advantage of the 
present invention is that it permits ready con 
pensation for the weight of the Sucker rod by ap 
plying compressed air to the rear side of the 
piston of the reciprocating pump, which supplies 
preSSure fluid to the jack. By Suitably choos 
ing the air pressure applied to this piston, a force 
can be readily developed that is sufficient to 
counter-balance the weight of the Sucker rod, 
without increasing the inertia of the System. 
The jack, the reciprocating pump, and the ac 

cumulator are connected together in a normally 
closed hydraulic System from Which Some leak 
age will inevitably occur and if Such leakage is 
not compensated for, the supply of fluid will de 
crease at intervals to the point where it is in 
sufficient to lift the jack through the desired 
stroke. A feature of the present invention is an 
automatic system responsive to downward move 
ment of the jack below its normal limit to admit 
additional fluid into the closed system to re 
store the normal amount of fluid. 

For a full understanding of the invention, to 
gether With other minor objects and features 
thereof, reference is made to the detailed de 
Scription and the drawing in which: 

Fig. 1 is a perspective view of a complete pump 
driving unit in accordance With the invention, 
shown in Operative position with respect to a 
well; 

Fig. 2 is a sectional view of a four-way valve 
employed in the apparatus; - . 

Fig. 3 is an enlarged longitudinal sectional 

On the other hand, the hydraulic motor 

4. 
view of one of the poppet valve assemblies in 
four-Way valve of Fig. 2; 

Fig. 4 is a detailed sectional view illustrating 
a pressure actuated valve that is employed in 
the apparatus; and 

Fig. 5 is a Schematic diagram illustrating the 
complete system and its mode of operation. 

Referring first to Fig. 1, there is disclosed a 
conventional oil well head structure comprising 
a floor above the Well. Within which there ex 
tends the usual well casing 2, the upper end of 
which is sealed about an oil tube 13, and is pro 
vided with a pipe connection 4. The oil tube 3. 
is provided with a connection 5, through which 
the pumped oil is delivered, and is closed at its 
upper end by a stuffing box 6 through which a 
conventional polish rod f extends. The lower 
end of the polish rod 7 is connected within the 
oil tube 3 to the upper end of a Sucker rod, 
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which extends down through the Well to a con 
ventional pump located at a substantial depth, 
which may be many thousand feet. The pump 
contains a barrel or cylinder, which is anchored 
in the well, and a reciprocal plunger or piston, 
which is connected to the lower end of the sucker 
rod and is reciprocated by the Sucker rod in re 
sponse to reciprocation of the polish rod í. The 
apparatus so far described is conventional and 
constitutes no part of the present invention. 
The present invention consists of a driving 

unit f8 for reciprocating the polish rod . As 
shown, it comprises a CrOSS member 9 Which is 
clamped to the polish rod 7 and is Supported at 
its outer ends on the plungers 2 of a pair of 
identical hydraulic jack cylinders or barrels 2, 
which are positioned parallel to and on opposite 
sides of the polish rod , and are Supported at 
their lower ends on a pair of frame members 22 
which are slidably supported on a pair of track 
members 23. 
In addition to the parts described, the driving 

unit 8 contains various hydraulic elements posi 
tioned within a housing 25, and including a pump 
which may be driven by any suitable source of 

AS Shown in Fig. 1, the unit includes a 
motor housing 26 containing an internal combus 
tion motor, the shaft of which is coupled by driv 
ing belts positioned within a casing 27 to the 
shaft of a pump positioned within the casing 25. 
The unitary construction depicted in Fig. 1 has 

the advantage that it can be readily transported 
to and from a well and can be readily removed 
for repairs or adjustments. Furthermore, the 
unit can be easily shifted away from the well by 
sliding the frame members 22 along the tracks 
23 when service work is to be performed on the 
well. All that it is necessary to do prior to shift 
ing the unit 8 away from the Well along the 
tracks 23 is to disconnect cross member 9 of 
pumping jacks from the polish rod 7. 

Referring now to the schematic diagram of Fig. 
5, it Will be observed that the plungers 20 extend 
into the upper ends of the jack cylinders 2 
through Sealing upper end caps 30 of conven 
tional construction. Some seepage of the hy 
draulic liquid, hereinafter referred to as oil, oc 
curs past the seals 30, and caps 3 i may be pro 
Vided above the Seals to trap this oil and conduct 
it through tube 32 to a drain pan 33. 

Oil to actuate the jacks is supplied to the lower 
ends 34 of the jack cylinders through a conduit 
35 of relatively large diameter from the lower 
end of a pump cylinder 36 containing a piston 37. 
The diameter of the cylinder 36 and the piston 
37, and the stroke of the piston are such as to 



5 
displace a volume of oil equal što the volume of 
oil displaced by the jack; plungers' 20" during a 
full working stroke of the polish rodi T, and the 
jack plungers 20 reciprocate in unison with the 
piston 37 of the pump. 
The piston 37 is reciprocated by a piston rod 38 

which extends through the lower end of the 
pump cylinder 36 and through a motor cylinder 
39 positioned immediately therebelow, and a 
motor piston 40 is secured to the rod 38 within 
the cylinder 39. The motor piston-40 is recipro 
cated by application of high pressure oil to the 
“motor cylinder-39. Thus, the upper end of the 
motor cylinder is connected by a conduit 4 and 
the lower end of the motor cylinder is connected 
-by a conduit 42 to a four-way valve 43, which 
valve is connected by a conduit 44 to the output 
of a high pressure pump45, and through a con 

1 duit': 46 containing a check valve 87, and a fillter 
48, to an oil-reservoir 49. The pump 45 is sup- - 
plied with oil through a conduit 45? from the 
*reservoir 49. The-four-way valve 43 hasan actu 
ating lever 50, which is actuated by a pair of 
"stops 5? and 52 on a rod-53, which is connected 
by a cross member 54 to the lower end of the 
piston rod 38, for actuation thereby. The con 
struction and operation of the four-way valve'43 
will be described in detail later with reference to 
Fig. 2. It will suffice at this time to state that 
when the motor piston 40 reaches the lower 
limit of its stroke, the stop-5t carries the lever 50 
past its center-position, whereupon it 'snaps into 
a lower position, in which the valve 43 connects 

: 3.0 

25 

30 

the pressure line 44 to the conduit 42 leading to . 
the lower end of the motor cylinder 39-and con 
nects the conduit 4 ft leading from the upper end 
of the motor cylinder 39 to the exhaust line 46, 
so that the piston 40 is moved upwardly. Like 
wise, when the piston 40 reaches the upper end 
of its stroke, the stop 52 carries the lever 50 up 
wardly-to its center position, whereupon it snaps 
into its upper position, in which the valve 43 
connects the conduit 4 to the pressure line'44, 
and connects the conduit 42 to the exhaust line 
46," so that the piston 40-is-then moved down 
wardly. 
The flow of pressure fluid through the pressure 

- line 44 from the pump. 45 to the four-way valve 
43 is momentarily interrupted or reduced each 
time the valve- is reversed, and to reduce pres 
sure fluctuations-in-the-line'44 it is connected by 
a branch line 56 to an accumulator 57 which is 
shown as of the type containing a flexible bladder 
58, containing air under pressure, the air pres 
sure being maintained through a connection 59 . 
containing a check valve 60 to an air line 6, 
..which is supplied from any suitable source of 
compressed air, which is not shown in Fig. 5. 
A relief valve 62 is also connected to the pres 

sure line-44 for releasing excess pressure oil-back 
to the reservoir 49 through a conduit 63 and pre 
vent the pressure exceeding a predetermined 
limit. It will be observed that the weight of the 
sucker rod is at all times applied through the 
polish rod 7 and the cross member 9 to the 
jack, plungers 20, and is therefore applied to the 
oil in the jack cylinders to maintain a corre 

"sponding pressure therein, which pressure is 
transmitted through the conduit 35 to the oil in 
the pump cylinder 36, where it is applied to the 
under-side of the piston 37. In accordance with 
the presenti invention this approximately con 
stant upward force on the piston 37 is counter 
balanced by maintaining compressed air in the 
upper end of the cylinder 36. For this purpose, 

35 

6 
the upper end of cylinder 36 is connected to a 
conduit 67, which in turnis connected to the air 
Supply line-6, through, a check valve 68, so that 

: the pressure in the conduit 67 and the upperiend 
of cylinder 36 is never less than the pressure in 
the air supply line 6l. The latter pressure is so 
I chosen as to exert a downward force on the piston 
"31 approximately equal to the force developed 
3 against... the under-side. Of... the piston by the 
... Weight of the Sucker rod plus, half the weight of 
...the fluid column being lifted. Of course, as the 
piston 37 is moved upwardly in response to 
down Ward movement of the -sucker rod and the 
jack plungers. 20, the air is compressed in - the 

, upper end of the cylinder 36 so that the force 
exerted by the air against the upper side of the 
-piston increases. However, this increase can be 
kept Within desirable limits by making the cylin 
der 36 relatively long, so as to provide a large 
total volume in the upper part of the cylinder as 
compared to the displacement volume of the pis 
tOn 3. It is to be understood that the cylinder 
36 may be much longer in proportion to its 
diameter than is shown in-the schematic draw 
ing - of Fig. - 5. 

Fairly constant pressure is maintained on the 
preSSure Side of the motor piston 40 during the 
major part of its stroke, so that the velocity of 
this piston, the velocity of the piston 3, and the 
Velocity of the jack plungers 29 can vary accord 
ing- to the resistance to movement of the polish 
rod i, which resistance is in large measure de 
termined not only by the resistance of the pump 
in the Well, but also by the inertia and stretch of 
the Sucker rod. However, it is highly desirable 
in a System of this type that the jack plungers 2) 
apply as constant a force as possible to the polish 

’ rod ? IT and this may necessitate relatively rapid 
changes in the velocity of the jack plungers 20, 

40? at different points in their stroke, and to increase 
the ability of the System to maintain relatively 
constant pressure in the jack cylinders 2. We 
provide an accumulator 7 of relatively large 
capacity, directly connected to the conduit 35 by 
a Short, large diameter branch conduit 7. 
This accumulator 10 is shown as consisting of 

a cylinder 12 connected at its lower end to the 
branch conduit 7 and containing a floating 
piston 3. The lower portion of the cylinder 72, 
below the piston 73, is filled with oil and the 
upper portion, above the piston 73, is filled with 
compreSSed air, at a preSSure equal to the maxi 
mum preSSure existent in the upper end of the 
pump cylinder 36. This is accomplished by con 
necting the upper end of cylinder 72 through a 
check valve 74 to the conduit 67. A relief valve 
75 may be connected to the conduit 67 to prevent 
the pressure from rising to a dangerous value, 
but it will remain closed during normal opera 

otion of the System. 
The accumulator TO is of relatively large capa 

in city SO aS to permit relatively great variations 
in the velocity of the jack plungers 20, as com 
pared to the velocity of the pump piston 3, 

of the pump cylinder 36. 

Without-materially changing the pressure in the 
jack cylinders 2, conduit 35, and the lower end 

This not only facili 
tates rapid changes in the velocity of the jack 
plungers 20 in response to changes in the load 
applied to the jack plungers by the Sucker rod, 
but makes the demands on the high pressure 
pump 45 relatively uniform, thereby reducing the 
size of the pump 45 and the motive means that 
drives it. 

75 - During the operation of the system, a certain 
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amount of oil is lost by leakage, such as leakage 
between the jack plungers 20 and the Seals 30, 
and provision is made for automatically replen 
ishing the supply of oil before...it drops to a value 
where it would interfere with the proper Opera 
tion of the system. Loss of fluid from that por 
tion of the system including the jack cylinders 
2, the conduit 35, the conduit 7, the accumu 
lator 70, and the pump cylinder 36, resultS in 
lowering of the jack plungers 20 below their 
normal mean position, and movement of the 
polish rod 7 through only a fraction of its nor 
mal stroke. Hence, we provide means responsive 
to movement of the jack plungers 20 below pre 
determined lower limits for admitting additional 
fluid to the conduit 35. This means includes a 
pair of spring valves 77 in the lower ends of the 
jack plungers 20, which Seal against the oil paS 
sages 78 in the lower ends of the jack cylinders 
whenever the plungers drop below their normal 
lower limits of movement. These valves 7 are 
mounted in recesses 79 in the lower ends of the 
jack plungerS 20, and each Valve is urged out 
Wardly by a helical compression Spring 89 SO 
that after spring valves 7 seat against their as 
Sociated passages i8, the plungers can continue 
to move a limited distance. Normally, when 
ever the plungers 2) are moving downwardly, the 
oil they displace in the jack cylinders 2 escapes 
through the opening 78 into the conduit 35. 
However, after the passages 78 have been closed 
by the spring valves 77, normal escape of the oil 
from the jack cylinders is prevented, and the 
pressure rapidly rises and is applied through 
conduits 8 to a pressure actuated valve 82, which 
connects the conduit. 35 to a conduit 86 extend 
ing to the conduitS 44. 
A Suitable construction of the pressure re 

sponsive valve 82 is shown in Fig. 4. It will be 
observed that it comprises a poppet Valve 84, 
normally seated against a seat 85 to interrupt 
communication between the conduit 35 and the 
conduit 86 extending to the high pressure oil 
line 44. The stem 87 of the poppet extends into 
a separate cylinder 88 and is Secured to a piston 
89 therein. A helical compression spring 99 nor 
mally maintains the piston 89 in its lowermost 
position, in which the poppet 84 is seated. The 
poppet is also urged into closed position by the 
high pressure applied to it. Normally the pres 
Sure in the conduit 8 is never Sufficient to over 
come the force of the spring 90 and the force 
exerted on the poppet 84 by the pressure oil in 
the conduit 86, but when the jack plungers 20 
drop below their normal lower limits of nove 
ment as a result of loss of oil from the system 
and the Spring valve 77 closes the passages 78 
the pressure in the jack cylinders 2 is Suddenly 
increased to a very high value and this pressure 
is transmitted through the conduit 8 to the 
under side of the piston 89 in valve 82 opening 
the poppet 84 to permit high pressure oil from 
the conduit 86 to flow into the conduit 35. The 
poppet 84 is relatively small so as to permit only 
a limited flow of oil and it remains open only 
for the short period of time during which the 
jack plungers 2 are at the bottom of their stroke. 
However, if the poppet 84 did not remain open 
long enough to admit Sufficient makeup oil on 
the first Stroke, the valves 77 on the jack plungers 
will again close the passages 78 on Succeeding 
strokes and again actuate the valve 82 until the 
lost oil has been fully replaced. 
A check Valve 92 is preferably provided in the 
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valve 43 to prevent return flow from the motor 
cylinder 39 when the pump 45 is shut down, and 
thereby lock the motor piston 40 against reverse 
movement. - • - 

When starting up the system it is sometimes 
necessary to replenish the supply of oil in the 
closed circuit including the jack cylinder 2, con 
duit 35, accumulator 70, and pump cylinder 36, 
and this can be done by opening a valve 96 which 
connects the conduit 35 with the conduit 86 
leading to the pressure conduit 44. 
A valve 98 is provided to by-pass oil from the 

pressure conduit 44 back to the reservoir and 
thereby reduce the pressure in conduit 44. When 
it is desired to move the motor piston 4 slowly 
into a desired position, as when adjusting the 
position of the cross head 9 with respect to the 
polish rod T. The pumping Speed can also be 
controlled by adjusting the valve 98, although it is 
preferable to do this by varying the Speed of the 
pump 45. 

Referring now to Fig. 2, the four-way valve 
43 comprises four separate poppet valve assen 
blies : 00, 0, 102, and [ 03, all mounted om a 
common frame 104 and adapted to be actuated 
by the control lever 50, which as previously point 
ed out, is tripped by stops 5f and 52 on the rod 
53 connected to the piston of the hydraulic motor 
which is controlled by the valve 43. 
Each of the valve assemblies. 00 to fo3 in 

clusive comprises a poppet 05 (Fig. 3) which 
seats against a seat 06 and is urged against 
its seat by a helical compression Spring 0. The 
seat 06 is defined by the orifice of a bore 108, 
and the poppet 05 is provided with a downwardly 
depending skirt 09, which may be slotted Or Con 
toured to provide a gradually increasing opening 
for the flow of liquid as the poppet is lifted off 
its seat. The poppet (5 is also provided with an 
actuating stem ff0, which is guided in a Suit 
able aperture in the frame C4 (Fig. 2). The 
lever 50 is connected to a shaft which is ro 
tatably supported and carries a cam 2 which 
is adapted to bear against the stems 0 of the 
poppets. It will be observed that when the lever 
50 is in one end position as shown in Fig. 2, 
the cam 2 opens the poppets in the valve a S 
semblies of and fo3. When the lever 50 is in 
its other extreme position, as shown in dotted 
lines, the cam 2 closes the poppets in the valves 
Of and 103 and opens the poppets in the Valves 

f00 and 02. When the lever is in the posi 
tion shown in Fig. 2, pressure oil flows from the 
conduit 44 through a branch conduit f 5 through 
the open Valve 10, and through a branch con 
duit I 16 to the conduit ti. I leading to the top of 
the motor cylinder 39. At the same time, the 
conduit 42 leading from the lower end of the 
motor cylinder 39 is connected, through a branch 
conduit T and the open valve 63 and a branch 
conduit 8, to the conduit 46 which returns to 
the reservoir. When the lever 50 is in the oppo 
site (dotted line) position, valves 8 and 103 
are closed, valve foe is open, to admit pressure 
oil from conduit 44 through a branch conduit 9 
and a branch conduit 20, to the conduit 42 lead 
ing to the lower end of motor cylinder 39, and 
oil is exhausted from the upper end of the cylin 
der, through the conduit 41, a branch conduit 
12, Valve O2 and a branch conduit 22, to the 
conduit 46 leading back to the reservoir. 
AS has been previously mentioned, valve 43 is 

So constructed that following movement of the 
lever 50 to its center position by one of the stops 

high pressure oil line 44 leading to the four-way. 75 51 or 52, the lever snaps into its other extreme 
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position. The mechanism for accomplishing this, 
as shown in Fig.2, comprises a cam 25 on the 
shaft fli, which moves past a detent 26: which 
is urged to the left into the path of the cam 25 
by the helical compression spring 27. As the 
lever 50 moves from either end position to its 
center position, the cam 25 depresses the detent 
26, thereby loading the Spring. 27, and aS Soon 

as the lever is moved past center position, the 
reaction of the detent 26 on the cam 25, SnapS 
the lever into the other end position, 
In order to obtain high pumping efficiency in 

a system of the general type described, the jack 
plungers. 20 should have substantially constant 
force applied to them throughout the major por 
tion of their stroke, their speed being determined 
Solely by the resistance to movement afforded by 
the 'Sucker rod. However, it is desirable to stop 
the plungers Smoothly, but rapidly at the ends 
of their stroke. The rate at which the jack 
plunger's are reversed is in part dependent upon 
the rate at which the pump piston 37 is reversed, 
which in turn is dependent upon the flow of fluid 
to the motor cylinder 39, which, of course, is 
controlled by the four-way valve 43. 

It is desirable to decelerate the motor piston 
49 rapidly but uniformly at the end of its stroke, 
and then accelerate it as rapidly as possible at 
the beginning, of the next stroke in the oppo 
site direction. This is accomplished by closing 
One pair of poppet valves gradually as the pis 
ton 4 approaches the end of its stroke and open 
ing the other pair of poppet valves suddenly 
as the piston reaches the end of its; stroke. 
This desired valve action is obtained by means. 
of Springs 32 (Fig. 2) and 33 associated with 
the stops. 5 and 52; which stops are slidable 
on the rod 53 and contact a trunnion collar 
34, which is slidable on the rod 53 and has 
trunnions 35 engaging slots 36 in a bi-fur 
cate end portion of the lever 5. The helical 
compression Spring 32 is . compressed between 
the slidable stop 5 and a fixed stop 37 secured 
to the rod 53. The helical compression spring 
33 is positioned between the slidable stop 52 
and the cross member 54 which actuates the 
rod 53. It will be observed: that each of the 
slidable stops 5 and 52 has a stem 38 adapted 
to limit compression of the associated spring 
i 32 or i 33 by i contact with the fixed stop í 37 
Or the cross member 54. 
As shown in Fig. 2, the rod 53 is: in its up 

per end position * corresponding to upper, end 
position of the motor piston 48 (Fig. 5) and 
the poppet valves í 8 í and 133 | are wide open 
to deliver pressure fluid from the pump con 
duit 44, to the top i end of cylinder i 39: through 
the cylinder conduit 4 , and exhaust fiuid from 
the lower end of cylinder. 39 through the cyl 
inder conduit 42, and the valve 63 to the con 
duit 46 leading back to the reservoir. . The mo 
tor piston will therefore move downwardly at 
accelerating speed in response to . full pump 
preSSure applied thereabove, its rate of accelera 
tion being limited only by the resistance pre 
sented by the pump piston 37 until the motor 
piston closely approaches the lower end of its 
Stroke. During this major portion of the down 
Ward movement of the motor piston and the 
rod 53, the valve lever 50 is maintained in its 
Upper position by the detent í26, and the spring 
32 compresses without moving the slidable 

stop 5f. However, slightly before the rod 53 
reaches the lower limit of its stroke, the Stop 
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the slidable stop 5? and begins to move it, to 
gether with the collar 34 and the lever 50, to 
gradually close the valves iO and C3, and in 
creasingly throttle fluid flow to and from the 
motor cylinder, 39. The adjustment is such that 
the lever 50 is carried into its mid or neutral 
position, in which all the valves. 30 to 03 in 
clusive are closed, just as the rod 53 reaches 
the lower limit of its stroke. In this position 
the compressed spring 32 is able to overcome 
the resistance of the detent 26, and it carries 
the lever 50 past neutral position, Whereupon 
the detent spiring 27, instead of opposing the 
spring .32, as it did during the first half of 
the movement of lever 50 aids the spring 32, 
and the combined forces of the two springs sud 
denly snap the lever 50' into full lower posi 
tion. This suddenly opens the valves. OO and 
a 32 to apply pressure fluid from the pump to 
the under side of the inotor piston 40, and ex 
haust fluid from the upper side of the piston 
back to the reservoir. The rod 53 thereupon 
begins its return movement (with the motor 
piston 40) and the Spring 33 is compressed 
by the cross" member 54 until the rod 53 ap 
proaches its upper stroke limit and the cross 
member 54 contacts the stem : 38 on the slid 
able stop 52, whereupon the lever 50 is moved 
back to neutral position in unison with the rod 
53, to gradually close valves "C. and O2 and 
throttle the fluid flow to and from the motor 
cylinder 39, to decelerate the piston 49. When 
the lever reaches its mid position, the spring 
i 33 carries it pasti mid position, and the spring 
27 becomes effective to aid the spring 33 and 
Snap the lever 50 into full upper position, there 
by completing a cycle of , operation. 

It will be noted from the foregoing descrip 
tion of . operation, with reference to Fig. 2 that 
the lever .50 is moved positively, With the rod 
53 and with the motor piston 40, out of end 
position. The initial movement of the lever 
begins to close the valves that are controlling 
flow of fluid to and from the cylinder so that 
the piston begins to decelerate, and movement 
of the lever 50 decelerates with the motor pis 
ton to decelerate the movement of the valves as 
they approach closed position. The supply of 
pressure fluid to and the exhausting of fluid 
from the motor cylinder is thereby automati 
cally increasingly throttled to produce a desired 
Smooth deceleration. The rate of deceleration 
can be further controlled by the shape of the 
skirts fo9 of the poppet valves, and/or the 
shape of the can f2, to obtain the most de 
sirable rate of deceleration of the motor piston. 
The rate of movement of the motor piston 40 

and the pump piston: 3 at the end of each 
stroke is largely determined by the character 
istics of the four-way valve 43 and the mech 
anism coupling it to the motor piston 4). How 
ever, the jackplungers 20are not directly con 
nected to the motor piston 40, and their move 
ment will differ from the movement of the motor 
piston. Thus, as the pump piston 37 moves down 
rapidly in response to full application of high 
pressure oil to the upper end of the motor cylin 
der 39 from the pump , 45; the jack plungers 20 
will lag behind the pump piston 37, because of 
the inertia of the sucker rod, and fluid will flow 
from the conduit .357 into the accumulator Oto 
prevent the pressure in the jack cylinders 2 
from rising above the maximum value the sucker 
rod is designed to withstand. However, the oil 

37 contacts the upper end of the stem 38 on 75 stored in the accumulator 70 during that portion 



1. 
of the cycle when peak pressure is produced, Will 
return to the conduit 35 and maintain the pres 
sure therein during the last portion of the up 
wardstroke of the jack plungers, when the pump 
piston 37 is decelerating. This enables the 
maintenance of substantially constant oil pres 
sure in the jack cylinders 2 throughout the 
major portion of the upward stroke of the jack 
pl'UngerS. 
Downward movement of the jack plungers 2 

is produced solely by the weight of the Sucker 
rod and the oil column, but the rate of move 
ment is limited by the rate at , which oil can 
escape from the jack cylinders 2 into the pump 
cylinder 36 during upward movement of the 
pump piston 37. Initially at the beginning of 
each upward stroke, the pump piston 3 will 
move more rapidly than the jack plungers 2), 
and oil will escape from the accumulator 70 into 
the conduit 35. However, as the pump piston 
37 is rapidly decelerated at the upper end of 
its stroke, the jack plungers 20 will continue to 
move at a relatively rapid rate because of the 
inertia of the Sucker rod and oil column, and 
excess oil from the jack cylinders will be forced 
into the accumulator 70 and limit the increase 
in pressure. However, there will be some in 
crease in pressure in the conduit 35 at the time 
the pump piston 37 reverses and starts its down 
Ward movement, so that maximum pressure is 
available to start the jack plungers 20 on their 
next upward stroke. 
The stroke of the jack plungers 20 Will vary 

with different wells and with variations in the 
fiuid level and gas pressure in a given well. In 
the present system the stroke can be readily ad 
justed to any desired value by adjusting the 
position, on the rod 53, of the collar 37, which 
controls the position in the upward travel of 
the jack plungers 20 at which the valve 43 is 
reversed. w 
Various departures from the particular con 

struction disclosed and described can be made 
without departing from the invention, which is 
to be limited only to the extent Set forth in the 
appended claims. 
We claim: 
1. Apparatus for reciprocating the Sucker rod 

of an in-the-well pump comprising: hydraulic 
jack means adapted to be mechanically con 
nected to the sucker rod for directly reciprocat 
ing it in response to supply to and release from 
the jack means of pressure liquid; a liquid con 
duit - connected to said jack means through 
which said liquid is supplied and released; re 
ciprocating pump means connected to Said con 
duit for successively supplying liquid thereto and 
withdrawing liquid therefrom during successive 
strokes of said pump means, and comprising a 
cylinder containing a reciprocal piston, one end 
of said cylinder being in direct liquid connection 
with said conduit and filled with pressure liquid 
and the other end of the cylinder being filled 
with a gas under pressure, and means for re 
ciprocating said pump piston; an accumulator 
comprising a container directly connected to 
said conduit and containing a gas under pres 
sure; a gas supply line containing a check Valve 
connected to said other end of Said pump cylin 
der for supplying gas thereto, while preventing 
return flow; and means including a check valve 
connecting said accumulator with Said other end 
of said pump cylinder for permitting gas flow 
from said pump cylinder to said accumulator 
while preventing reverse flow, whereby gas flows 
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from the other end of said pump cylinder in the 
said accumulator whenever the gas pressure in 
said accumulator is less than the gas pressure in 
said other end of said pump cylinder, said ac 
cumulator container containing a movable wall 
separating the gas and liquid therein and pre 
venting escape of gas into said conduit. 

2. Apparatus as described in claim 1 including 
a source of gas under predetermined pressure. 
and check valve means connecting it to Said 
other end of said pump cylinder. - 

3. Apparatus for reciprocating the sucker rod 
of an in-the-well pump comprising: hydraulic 
jack means adapted to be mechanically con 
nected to the Sucker rod for elevating it in re 
sponse to supply of pressure liquid to the jack 
means and lowering it in response to release of 
liquid from the jack means; a liquid conduit 
connected to Said jack means through which 
liquid is supplied to and exhausted from said 
jack means; reciprocating pump means con 
nected to Said conduit for successively supply 
ing liquid to and Withdrawing liquid from Said 
jack means during successive strokes of the 
pump means, for reciprocating said jack means; 
said hydraulic jack means including a cylinder 
and means therein reciprocal with said sucker 
rod for displacing liquid from said cylinder dur 
ing downward movement of said sucker rod, 
Said cylinder having a paSSage in . One end 
through which liquid displaced from said cylin 
der normally escapes; valve means for closing 
said passage and preventing escape of displaced 
liquid when the sucker rod exceeds its normal 
downward movement; a source of pressure liquid 
of higher pressure than the maximum pressure 
in said liquid conduit; and pressure-actuated 
valve means for admitting liquid from Said 
Source to said conduit in response to pressure 
created in said cylinder by downward movement 
Of the Sucker Irod following clOSU’re Of Said paS 
Sage in Said cylinder. - 

4. Apparatus for reciprocating the Sucker rod 
of an in-the-well pump comprising: hydraulic 
jack means adapted to be mechanically con 
nected to the Sucker rod for directly reciprocat 
ing it in response to supply to and release from . 
the jack means of pressure liquid; a liquid con 
duit connected to Said jack means through which 
said liquid is supplied and released; reciprocat 
ing pump means connected to said conduit for 
successively supplying liquid thereto and With 
drawing liquid therefrom during successive 
strokes of Said pump means, and comprising a 
cylinder containing a reciprocal piston, one end 
of said cylinder being in direct liquid connec 
tion with said conduit and filled with pressure 
liquid, and the other end of the cylinder being 
filled with a gas under pressure, and means for 
reciprocating said pump piston; an accumulator 
comprising a container directly connected to 
said conduit and containing a gas under pres 
sure; said means for reciprocating Said pump 
piston comprising: a hydraulic motor having 
a cylinder, and a piston therein directly con 
nected to said pump piston; a source of pres 
sure liquid; and valve means for - Successively 
admitting pressure liquid from Said. Source to 
opposite ends of said motor cylinder while ex 
hausting liquid from the other end, in which 
said valve means comprises four poppet valves, 

75 

one pair of which are connected between one 
end of said motor cylinder and exhaust, and bes 
tween the other end of said motor cylinder and 
said pressure source, respectively, and the other 
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pair of which are connected between said one 
end of said motor cylinder and said pressure 
Source and between the other end of Said motor 
cylinder and exhaust, respectively, and a mech 
anism responsive to movement of Said motor 
piston for slowly closing one pair of Said poppets 
aS Said motor piston approaches one end of its 
Stroke, and Suddenly opening Said other pair 
of poppets as Said piston reaches said end of 
its Stroke. 

5. Apparatus for reciprocating the Sucker rod 
of an in-the-well pump comprising: hydraulic 
jack means adapted to be mechanically con 
nected to the sucker rod for directly reciprocat 
ing it in response to Supply to and release from 
the jack means of pressure liquid; a liquid con 
duit connected to Said jack means through 
which said liquid is Supplied and released; re 
ciprocating pump means connected to Said con 
duit for Successively Supplying liquid thereto 
and withdrawing liquid therefrom during suc 
cessive strokes of Said pump means, and Com 
prising a cylinder containing a reciprocal pis 
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ton, one end of said cylinder being in direct 
liquid connection. With Said conduit and filled 
with pressure liquid, and the other end of the 
cylinder being filled with a gas under pressure, 
and means for reciprocating said pump piston; 
an accumulator comprising a container directly 
connected to said conduit and containing a gas 
under pressure; said means for reciprocating 
said pump piston comprising: a hydraulic motor 
having a cylinder, and a piston therein directly 
connected to said pump piston; a Source of pres 
Sure liquid; and Valve meanS for Successively 
admitting pressure liquid from said Source to 
opposite ends of said motor cylinder while ex 
hausting liquid from the other end, in which 
Said valve means comprises four poppet Valves, 
a first pair of which are connected between one 
end of said motor cylinder and exhaust, and 
between the other of said motor cylinder and 
said pressure source, respectively, and the other 
pair of which are connected between Said One 
end of Said motor cylinder and Said Source and 
between the other end of Said motor cylinder 
and exhaust, respectively, and a mechanism re 
sponsive to movement of said motor piston for 
slowly closing one pair of Said poppets as Said 
motor piston approaches one end of its Stroke, 
and opening said other pair of poppets as Said 
piston reaches the end of its stroke; the two 
poppet valves connected to said liquid pressure 
source, each comprising a Seat and a poppet 
reciprocal toward and away from the seat, the 
poppet having an inwardly extending skirt slid 
able within the Seat, and the skirt having such 
contour as to increasingly throttle fluid flow 
through the seat as the poppet approaches the 
Seat. 
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6. Apparatus for reciprocating the sucker rod 

of an in-the-Well pump comprising: hydraulic 
jack means adapted to be mechanically con 
nected to the sucker rod for directly reciprocat 
ing it in response to supply to and release from 
the jack means of pressure liquid; a liquid con 
duit connected to said jack means through 
Which Said liquid is supplied and released; 
means connected to said conduit for successively 
Supplying liquid thereto and withdrawing liquid 
therefrom for reciprocating said jack and com 
prising a counterbalancing chamber partially 
filled With liquid and partially filled with gas 
Ander pressure, said chamber being so connected 
to Said jack that the pressure therein opposes 
downward movement of the sucker rod; an ac 
cumulator comprising a container having a mov 
able wall therein separating the interior of the 
container into a gas compartment, and a liquid 
compartment; means connecting said liquid 
compartment directly to Said conduit; a gas 
Supply line containing a check valve connected 
to said counterbalancing chamber for supplying 
gas thereto while preventing return flow; and 
means including a check valve connecting the 
gas compartment of said accumulator with the 
gas-containing part of said counterbalancing 
chamber for permitting gas flow from said coun 
terbalancing chamber to said accumulator while 
greventing reverse flow, whereby gas flows from 
Said counterbalancing chamber into said ac 
cumulator whenever the pressure in said coun 
terbalancing chamber eXceeds that in Said ac 
cumulator. 

WATER. C. TRAUTMAN, 
EZRA HOLLISTER. 
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