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PATENT OFFICE 
WILLIAM E. HUBBARD, OF LOS ANGELES, CALFORNIA, ASSIGNOR TO THE GUIBERSON 

CORPORATION, OF DALLAS, TEXAS, A CORPORATION OF DEIAWARE, 

HYDRAULIC PUMPING SYSTEM 
Application filed July 30, 1929. Serial No. 382,138. 

This invention relates to a hydraulic pump 
ing system, and more particularly to a re 
ciprocating pump for deep wells, such as 
shown in my Patents 1465,671 dated Au 

5 gust 21, 1923; 1619,474 and 1,619,475 dated 
March 1, 1927 upon which the present inven 
tion is an improvement. 
In the development of such a system it has 

been found important to compensate for the 
variations of piston travel which are trans 
mitted to the reciprocated pumping member, 
and to counterbalance a portion of the weight 
of the operating parts carried by the work 
ing head so as to secure a substantially equal 
stress upon the pump and its motor during 
both the up and down strokes of the power 
plunger directly connected to the well pump. 
In all crank driven pumps the speed of 

the piston varies throughout each stroke, 
coming to a full stop at both ends of the 
stroke and reaching a maximum velocity in 
termediate thereof. Since the load on the piston is proportioned to its speed, it follows 
that with uneven loads the speed is not con: 

5 stant. The well pump must move the liquid 
through a long line of tubing, the frictional 
resistance of which varies approximately as 
to the square of the velocity, so that varying 
velocities result. - 
In this class of pumping the load plunger 

is connected with the plunger of a working 
barrel pump at the lower end of the tubing, such as shown in my copending application 
filed July 31, 1929, Serial No. 382,405. The 
head of the barrel plunger is provided with 
a traveling valve disposed to lift the liquid 
load on an upstroke of the plunger and to 

lo 
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2 
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permit the passage thereof through the liquid 
in the barrel during a downstroke. The bar 
rel is provided with a cooperating standing 
valve at its intake disposed to open on the 
upstroke of the plunger to fill the barrel, but 
to close upon the downstroke of the plunger 
to support the liquid load extending to the 
surface level. This being the usual opera 
tion of a working barrel pump it is not more 
specifically described, but is referred to for 
explanation of the conditions which arise 
from the presence of gas in deep oil wells. 

In such case the fluid to be raised is no 
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longer a simple liquid, but a gaseous mixture 
in which any free gas is compressible and 
affects the operations of the traveling and 
standing valves. This presence of gas com 
prises the greatest obstacle to the constant 55 
Speed of a crank drivenpowerhead as a prime 
mover for the working barrel plunger. In 
a well which has not been in operation for 
Some time the liquid is at the level of sur 
rounding strata, determined by either the 60 
Weight of the liquid itself or by the gas pres 
Sure in the dome or source. The gas being 
lighter than the liquid, rises to its surface 
and escapes at the surface of the well, so that 
Only liquid enters the well pump. The work 65 
of the barrel plunger at this time consists of 
the liquid weight and its friction against the 
Well of the tubing, and in the initial move 
ment of the liquid to the surface an accelera 
tion load is developed on the power pump to 
which is much greater than the load subse 
quently developed in constant operation, but 
the volumetric efficiency is also higher be 
cause more liquid is raised with less pump 
strokes. 
As the pumping conditions continue the 

liquid level in the well is lowered and gases 
liberated due to reduction of pressure enter 
the pump barrel with the liquid during the 
up-stroke of its plunger. Upon the down- 80 
stroke of the plunger the traveling valve 
should open and transfer the liquid load to 
the standing valve, but if there is a body of 
gas beneath the traveling valve it becomes 
compressed and does not develop a pressure 85 
greater than the liquid above the valve so that 
it cannot open, unless balanced as disclosed 
in my beforementioned application. - 
In the usual traveling valve it requires 

more pressure on its under face to open than 90 
the pressure upon its upper face, because the 
exposed area of the under face is less than the 
exposed area of the upper face of the valve. 
The pressure per square inch on the lower 
face must be great enough to overcome the 95 
difference in area of the faces before the valve 
will open. Further the gaseous mixture in 
the barrel between the valves is compressible 
and owing to the large clearance necessary 
for practical pumping and the absence of 100 
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any substantial force to move the plunger 
downward, the added pressure needed to open 
the traveling valve is not obtainable. 
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The space in the barrel is sufficient to per 
mit considerable downward travel of the 
plunger without raising the pressure to a 
point which will open the traveling valve, 
and in this movement the plunger has been 
relieved of the friction and acceleration loads 
of its upstroke but still carries the liquid 
load which causes a rapid downward move 
ment only restrained by the dead center posi 
tion of the working head. w 
The plunger is slowed down as the com 

pression in the barrel increases, but the crank speed of the rotating parts is increasing as 
the head passes dead center which causes a 
conflict of the forces between the working 
head and barrel plunger, resulting in buck 
ling of the rods and wear of the tubing. This 
non-opening valve period cannot be regulated 
so that it is impossible to compensate there 
for by counter balancing. 
When further downward travel of the 

plunger is impossible, owing to the pressure 
in the barrel, the working head in its con 
tinued movement causes the rods to yield 
until the upstroke is begun without an open 
ing of the traveling valve. During this up 
stroke the working head takes up slack and 
stretch of the rods and the gases in the barrel 
expand and partially force the plunger up 
ward. Since neither the traveling valve nor 
the standing valve has opened during a com 
lete revolution of the driving unit, there 
E. been no flow of liquid from the well into 
the pump barrel. 

E. condition continues until the liquid 
from the strata rises in the well and balances 
the gas bound pressure in the barrel between 
the valves. The traveling valve then opens permitting a rapid heading” discharge 
without relation to the barrel plunger move 
ment, which only becomes effective after this 
period ceases. 
the liquid level in the well and the gas bound 
condition again occurs, which results in an 
intermittent discharge at the surface and a 
varying load upon the working head and its 
actuating means. 
In order to remove the objections before 

explained, I have provided a system in which 
the weight of the rods and moving parts are 
balanced by a pressure of air on water in a 
storage tank. One-half of the weight of the 
liquid load, one-half the weight of the fric 
tion of the liquid against the wall of the tub 
ing, and one-half the weight of the accelera 
tion forces for starting the liquid flow up 
the tubing, are also balanced in the storage 
tank. The remaining load, consisting of 
one-half the liquid load, one-half the friction 
load and one-half the acceleration load, is 
supplied by a pumping machine located inter 

Continued pumping lowers 
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mediate the tank and the power cylinder for the working head. 
All these forces from the pressure tank 

and pumping machine combine to lift the 
power piston to the top of its stroke, and on 
its downward movement the liquid, friction 
and acceleration loads are relieved. The 
pump then returns the water from the cylin 
der to the storage tank and in so doing exerts 
a force equal to the loads which have been 
balanced by the pressure in this tank. The 
weight of the parts carried by the piston now 
exert a gravitational effort which is trans 
ferred to the suction side of the pump. 
The rapid downward movement of the bar 

rel plunger, due to the failure of its travel 
ing valve to open, as before explained, in 
creases the pressure on the suction side of 
the pump, and in fact passes through the 
Water pump valves without entering the 
pump cylinders. The effective forces are 

where in turn they can be utilized to transfer 
their energy back to the cylinders of the 
driving unit and the power plunger actuated 
therefrom. 
The invention has for an object, to provide 

a new and improved hydraulic pumping sys 
tem including a cylinder provided with a load 
plunger, a balancing chamber under fluid 
pressure, conduits connecting the cylinder 
and chamber, a pumping unit communicating 
with said conduits intermediate the cylinder 
and chamber, and means for reversing the di 
rection of discharge from said pumping unit 
to feed to either the cylinder or said chamber. 
A further object of the invention is to 

O 
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thus transferred directly to the storage tank . 

90 

l) 

present a system such as just described in 
which means are provided to by-pass liquid 
from the cylinder of the pumping unit when 
the pressure of liquid from the power cylin 
der exceeds that in the balancing chamber. 
Another object of the invention is to pro 

vide in the aforesaid system a pilot valve 
adapted to be actuated in the plunger move 
ment to control a portion of the pressure liq 
uid acting upon a main valve arranged to re 
verse the direction of discharge from the 
pumping unit. . 
The invention also provides a multiple 

pump including a plurality of cylinders and 
pistons having a common driving shaft with 
the cranks thereof set relative to the flow de livered by the separate pistons in their core 
lation to the total delivery capacity of the 
pump. w 

The invention further provides for the use 
of a relief valve upon the pump responsive 
to excess pressure from either the power cyl 
inder or the storage chamber. 
The invention also has for an object to con 

trol the speed of travel of the plunger in the 
power cylinder relative to the velocity of the 
liquid movement therein and to permit the 
continued movement of such plunger to com 
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Flee its stroke after the reduction of its speed 
y control of the feed of the main body of 

liquid thereto. 
he invention further combines with the 

variable pressures in the power cylinder and 
storage chamber a compressor for introduc 
ing either gas or E. into the system and 

(). 

30 
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4. 

C) 

actuated by such differences in pressure. 
Other and further objects and advantages. 

of the invention will be hereinafter set forth 
and the novel features thereof defined by the 
appended claims. 

in the drawings Figure 1 is an elevation 
of the system applied, 

Figure 2 is a top plan thereof, 
Figure 3 is a side elevation of power unit 

with parts broken away, 
Figure 4 is a front elevation thereof, with 

parts in section, 
Figure 5 is an enlarged section of the base 

of the valve leg on line 5-5 of Figure 9, 
Figure 6 is a section of the lower portion 

of Figure 5 with the valves in different posi 
tion 

Figure 7 is a section on line 7-7 of Figure 
5, 

Figure 8 is a similar view on the line 8-8 
of Figure 5. 

Figure 9 is an enlarged section on the line 
9-9 of Figure 1, ' - 

Figure 10 is a longitudinal section of the 
pumping unit, 

Figure 11 is a section on substantially the 
line 11-11 of Figure 10, 

Figure 12 is a like view on the line 12-12 
of Figure 10, 

Figure 13 is an elevation of the crankshaft, 
Figure 14 is an end view thereof, 
Figure 15 is an enlarged section of the re 

43 lief valve, 
Figure 16 is a similar view of the speed con 

trol, n 
Figure 17 is a vertical section of the feeding 

compressor, 
Figure 18 is a diagram of the system with 

the units in upstroke relation, and 
Figure 19 is a similar diagram of the down 

stroke relation on the units. . . . 
Like numerals of reference indicate simi 

lar parts in the several figures of the draw 
OS. 

fe system includes four major units in 
communicating cooperative relation, to-wit: 
First, the power head disposed over a well 
and carrying the loads; Second, the hydrau 
lic head pump and its controlling attach 
ments; Third, the pressure balancing cham 
ber; and Fourth, the feeding compressor for 
either gas or liquid to be introduced into the 
system. 
One form of apparatus for effecting the 

functions of the invention has been shown 
and in the description of its structure the 
units will be considered in the order just 
mentioned. 

3 

The power head is provided with a tubular 
pressure column 20 and a similar valve col 
umn 21 disposed at opposite sides of a well 
casing 22 and connected at their upper ends 
by a pressure header 23 which supports a 
power cylinder 24 in communication with 
the pressure column 20. The valve column 
is closed at its upper end by a wall 25 in 
the header 23 and the lower ends of the two 
columns are connected by a pipe 26 having a check valve 27 so that the liquid pressure in 
the column 20 passes into EE column 
and is retained therein, see Figure 4. 
The cylinder 24 is enclosed at its top by a 

cap 28 from which an overflow pipe 29 ex 
tends downwardly to an extension header 23 
having an escape 29' which leads to the foot 
of the column and permits the escape of any 
liquid which may pass the packed pressure 
piston or plunger 30. 

. . From this piston a rod 31 extends through 
a packing box 32 on the header to a cross head 

70 
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33 which carries the pump or polish rod 34 
extending to the plunger of the working bar 
rel pump within the well, and not herein 
shown. 
This crosshead is 

tions by the slides 35 and 36 upon the oppo 
site columns, and the head supports a coiled 
spring 37 disposed to engage the base of the 
header 23 and cushion the upstroke of the 
piston and crosshead. For the purpose of 
similarly cushioning the downstroke a spring 
38 is supported within the header and sur. 
rounds the piston rod to be engaged by the 
piston at the limit of its downward travel. 
As shown in Figures 1 and 4, the pressure 

90 

guided in its reciproca 

00 

column 20 is connected at its base to a foot 
plate 39 having a suitable coupling for a 
conduit 40 from a pumping unit to be herein 
after described, and also a coupling 41 for 
the pipe 26 connecting the columns. 
The valve column 21 is supported by a foot 

plate 42 carrying a casing 43 for the check 
valve 2 and also a pilot valve sleeve 44 inter 
posed between the column and foot plate. 
These foot plates are suitably secured to the 
base 45 of a derrick 46 in proper alignment 
with the center of the well casing. The col. 
umns and cylinder are supported at the up 
per portion of the derrick by any suitable 
braces, such as the rods 47 having swivelled 
connections 47 with the header 23 and ex 
tending to the uprights 48 of the derrick. 
The structure so far described provides 

means for applying a pressure liquid to raise 
the power piston and its load and also store 
in the valve column a pressure of liquid to 
actuate the reversing valve of a pumping 
unit. 

For the purpose of controlling this stored 
pressure the casing 44 is provided with a pilot 
valve 50 operating within a ported sleeve 51 
mounted in the casing and having at one end 
a guide rod 52 sliding in a packing 53 and at 

05 

0. 

5 

2) 

25 

30 



. 

. 

0 

i. 5 

C) 

4 

its opposite end an operating rod 54 extend 
ing through a packing 55 and carrying a yoke 
56 in engagement with an arm 57 at the lower 
end of a valve rod 58 disposed vertically par 
allel to the valve column 21. 
The lower end of the rod 58 is seated in a 

step 59 while its upright alignment is re 
tained by guides 60. The rod has adjustably 
mounted thereon oppositely extending curved 
striker arms 61, disposed within the area of 
the crosshead guide 35 on the valve column, 
and provided at their free ends with contact 
rollers 62 aligned to be engaged by the cams 
63 projected at opposite sides of the cross 
head, as shown in Figs. 3 and 9. This pro 
vides for actuation of the pilot valve at the 
up and down limits of travel of the cross 
head, and such actuation can be varied by an 
adjustment of the striker arms on the valve 
rod so that the pilot valve may be shifted 
before the crosshead reaches its limit of 
travel. 

Referring to Figures 5 to 8 it will be seen 
that the interior of the valve sleeve is sub 
ject to the pressure within the casing or hous 
ing 49 from the column and the ports 64 and 
65 at opposite ends thereof communicating 
with passages 66 and 67 respectively, having 
pipe connections 68 and 68 to either side of 
a reversing valve upon the pumping unit to 
be later described. The intermediate port 69 
communicates with a passage 70 connected 
by pipes 71 and 71 with the balancing cham 
ber and the suction manifold 115. 
The foot plate 42 is formed with chambers 

72 communicating with the passages €3 and 
67 and provided with spring closed check 
valves 3 and adjustable throttle valves 74 
by which the flow may be determined. The 
foot plate is also formed with a chamber 75 
open to the column 21 and having a conductor 
77 extending to a compressor unit to be fur 
ther described, and a drain connection 76. 
The head pumping unit comprises a plu 

rality of similar cylinders 80 and pistons 81 
therein connected to a common crank shaft 
82 mounted in the usual manner at base 83 of 
the engine. An improved connection for 
these pistons is shown in Figures 10. and 12 
and comprises a rod 84 extending upward 
through a packing 85 at the upper head of 
the cylinder 80 and carrying a yoke 86 from 
which depending connectors 86 engage lugs 
87 from a cross piston 88 operating in a cyl 
inder 89 having radial ways 90 to receive the 
lugs. The pitman 91 from this cross head 
piston is of the usual construction and mount 
ed upon a crank 92 on the shaft 82. 

In the practice of driving a plurality of 
pump pistons from a single shaft these cranks 
have been previously spaced at equal distances 
around the axis of the shaft, but it was found 
that the effort on the cranks was not uniform 
ly distributed and an air chamber was usually 

i,879,262 

necessary to secure an even flow of liquid 
from the pump. w 
I have found that a uniform rate of dis 

charge can be secured without an air cham 
ber by spacing the crankpins around the 
shaft axis so that the piston to which each 
crank is connected delivers an amount of 
liquid which when added to the amounts de 
livered by the other pistons makes an equal 
volume of liquid for any point in the crank 

70 

75 shaft revolution. The vertical arrangement 
of the liquid cylinders and the piston driving 
connections causes any leakage to becaught at the top packing which prevents flooding 
of the oil at the base and permits an upright 
pump to be combined with a self-oiling de 
WICe, 

thru the oil bath 94 and meshing with a pin 
ion 95 on the shaft 96 carrying the fly wheel 
97 driven by a belt 98 from a suitable motor 
99 as indicated in Figure 2. Within the bath 
or pan 94 rotating oil pump 100 is disposed 
and driven by a gear 101 meshing with the 
gear,93 to supply oil at any required point g 
in the pumping unit. This oil pump is 
mounted upon a cover plate 102 secured at 
the base, Figure 11, so as to be readily re 
movable when desired. 
Each of the cylinders 80 is double acting, 

that is, provided with a top port 103 and a 
bottom port 104 and each port is provided 
with a suction and a discharge valve. The 
suction valve for the top port is shown at 105 
and its discharge valve at 106, while the 
suction for the lower port is through valve 
107 and passage 108 provided with a rib 109 
to prevent swirling of the liquid in its rapid 
flow, and a discharge valve 112. The flow 
from this valve 112 and valve 106 is by a duct 
113 communicating with a discharge mani 
fold 114 common to all the pump cylinders. 
The suction valves 105 and 107 likewise re 
ceive liquid from a manifold 115 and passage 116. This valve arrangement permits liquid 

The shaft 82 carries a gear 93 traveling 

8) 

C3) 

105 

O 
to by-pass the pump cylinders when the pres 
sure at the suction side exceeds that at the 
discharge. - 

A special construction of the suction and 
discharge valves is shown in Figure 12, by 
which the valves are guided in alignment 
with their seats and their opening retarded in 
speed by suitable springs. For this purpose 
the covers 127 for the several valve seats are 
formed with a depending stud 128 upon 
which the sleeve 129 from the valve is slid 
ingly mounted, and each valve is retained 
upon its seat by a spring 130 disposed between 
the cover and valve. 
For the purpose of reversing the flow from 

the pump to deliver liquid pressure to either 
the power cylinder or a pressure chamber, to 
be described, a main valve 120 is mounted on 
the pump intermediate the groups of cylin 
ders and communicates with the manifolds 

15 
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just described. The valve 120 has its heads 
121 operating in ported sleeves 122 communi 
cating with the manifolds. This valve has 
a control piston 123 upon its stem 124 and 
disposed in a cylinder 125 having pressure 
connections with the pipes 68 and 68 from 
the ports of the pilot valve and so controls 

0. 
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the liquid pressure from the valve column as 
to actuate the main valve in either direction 
and thereby change the direction of discharge 
from the pump manifolds. The heads of the 
main valve are subject to the pressure in the 
chamber 126 and thus balanced so as to be 
easily operated by differentials in pressure. 

Since the reversal of pump discharge is 
for the purpose of cooperating with a bal 
ancing chamber and the power piston, the 
construction of such a chamber will now be 
described. 
As shown in Figures 1 and 18, this chamber 

comprises a tank 131 adapted to retain a body 
of liquid at its lower portion and a super 
posed body of gas under pressure. The tank 
communicates with the main valve of the 
pumping unit by a conduit 132 having a valve 
132 and extending beneath the liquid level 
therein and acting alternately to discharge 
and restore liquid from the tank. The pilot 
valve is also connected with the lower portion 
of the tank by a branch pipe 71a connected to 
the pipe 71 to effect a reduced pressure there 
in and to the suction manifold 115 by a branch 
pipe 71 for the purpose of shifting the main 
valve by pipe 68 for feeding pressure to the 
power piston or balance chamber as shown by 
the diagram in Figure 18. 

In the pumping operation there is an inter 
val during valve reversal when the liquid 
has no outlet and damage would result were 
not this condition relieved, because the heavy 
loads carried by the plunger head and the 
kinetic forces of moving parts must be grad 
ually dissipated. This relief is accomplished 
to some extent by the lead or advance opening 
given by the ports of the main reversing 
valve, in which when its faces are in the mid 
dle of the ports, a passage for the liquid is 
provided around the ends of the valve to by 
pass from the balance chamber to the power 
head, or vice versa. 

it is desirable to further provided a relief 
valve for this purpose which besides cushion 

60 
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ing also functions to relieve the pump from 
hydraulic strains due to excessive pressure 

5 caused by rod breakage, failure to reverse, or other stoppages incident to faulty operation. 
This relief valve comprises a body 135 hav 

ing a connection 136 with the suction mani 
fold of the pumping unit and a connection 137 
with the discharge manifold thereof, as shown 
in Figure 15. The body is provided with a 
valve seat 138 and cooperating valve 139 
formed with a chamber 140, discharging 
through anorifice 141 into the upper cylin 
der body 142 of the valve. The inlet to this 

chamber 140 is protected by a screen 143 and 
the upward travel of the valve limited by a 
stud 44 engaging the pilot valve plate 145 
carrying the valve seat 146 of greater area, 
than the orifice 141. A spring 147 is seated 
on this plate and the valve to normally close 
the same. Above the valve plate a cover 
plate 148 is mounted to provide the chamber 
149 communicating by a passage 150 with the 
suction connection 136. 
A valve cover 151 is supported upon the 

plate 148 and forms a pressure chamber 152 
having a passage 153 communicating with the 
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discharge connection 137. The plate 148 also 
carries an upright cylinder 154 in which a 
valve plunger 155 has a limited reciproca 
tion, its upward travel being limited by a 
stop nut 156 and the downward travel by a 
shoulder of an enlarged portion 157, which 
has a flange 158 at its upper end resting upon 
the balancing spring 159, the lower end of 
which spring is supported by a cage 160. 
This cage is suspended by an open cover 161 
having a swivelled connection with the ad 
justing screw 162 threaded through the valve 
cover 151 and provided with a holding nut 
163 enclosed by a cap 164. An air vent 164 
is provided at the upper portion of the cham 
ber 152 and a pressure gage may be applied 
at the opening 165. 
A valve 166 cooperates with the seat 146 

and is yieldingly suspended by a stem 167 
from the portion 157 of the cylinder. For 
this purpose a spring 168 is interposed be 
tween the head 169 on the stem and a support 
170 on the cylinder, all the parts being en 
closed by a cover nut 171. 
When in the operation of the pump the 

pressure thereon becomes greater than de 
sired, the excess pressure upon the face of the 
relief valve plunger forces it with the pilot 
valve downwardly, permitting liquid above 
the relief valve to flow to the suction side of 
the pump, this flow is greater than can come 
through the relief valve orifice and this valve 
becomes unbalanced so that the greater pres 
sure upon its under face can raise the relief 
valve, thus allowing a free flow from the dis 
charge to the suction side of the pump, and 
relieves the strain on the entire mechanism. 
The action is reversed when the pressure 

upon the discharge side falls, as the balance 
spring relieved of pressure raises the plung 
er to close the relief pilot valve which cuts off 
the flow to the suction side of the pump. The 
liquid then passes through the unobstructed 
valve orifice filling the space above the piston 
end of the relief valve and balances the pres 
sure above and below the same. 
The weight of the relief valve and its 

spring then forces it to its seat to permit the 
pump to operate as before being relieved. 
The balance spring equalizes the pressure dif 
ference between the upper part of the plung 
er exposed to discharge pressure and the low 
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er side of the plunger exposed to suction head 
ressure, and this difference can be adjusted by the threaded stud supporting the Spring 

cage. The relief valve thus provides means for automatically releasing pressures which 
is an important feature in pumping mecha 
nism subjected to varying loads. 
Under certain conditions, such as lighten 

ing the load by the breakage of the sucker 
rods of a well, some means are necessary to 
revent the pressure from the balance cham E. and pump from driving the power 

plunger upwardly at a dangerous speed. For 
this purpose and for controlling the speed at 
which the pump operates, a speed control 
valve is installed in the pipe leading from 
the main valve of the pumping unit to the 
power head. This valve is designed to re 
duce the speed at which the plunger can safely work by taking advantage of the fric 
tional resistance occurring when there is a 
change in velocity of a moving column of liquid. 
'E novel structure of this speed control 

valve, as shown in Figure 16, comprises a 
pipe section 172 having an annular valve 
seat 173 cooperating with a valve 174 slid 
ingly mounted upon a stem 15 and having 
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a conical pressure face 16 disposed in the 
direction of fluid flow. This face is formed 
with vent openings 177 to permit a continu 
ous limited flow therethrough when seated, 
and is normally held away from its seat by a 
spring 178 engaging a shoulder 19 on the 
stem and the inner face of the valve. The 
inner end of the stem is supported by a 
spider 180 and its outer end adjustably 
threaded through a head 181, whereby the 
tension of the spring may be adjusted to 
determine the velocity required to close the 
valve. 
The spring and stem are enclosed within a 

casing 182 carried by the head and extend 
ing into the valve with a clearance therefrom to permit passage of liquid entering the 
valve through the vent openings. In case of 
spring breakage this casing prevents entry 
of broken parts into the rest of the appara 
tus. 
When set for a predetermined velocity of 

liquid flow the speed control valve is not dis 
turbed in position, but an increase in such 
velocity produces a resistance at the pres 
sure face of the valve which overcomes the 
spring and closes the valve which slows down 
the movement of the power plunger to pre 
vent damage. A sudden stoppage of this 
flow would prove injurious to the mech 
anism, so that the vent holes permit suffi 
cient flow of liquid to carry the plunger to 
the top of its stroke at a slow speed, and the 
movement of the plunger is then reversed by 
a change in the direction of flow. Upon 
such reversal the spring retracts the valve 
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from its seat and the parts operate in the usual manner. 
The system also includes an improved 

compressor actuated by differencer in fluid 
pressure under operating conditions for the pressure cylinder and 
and designed to introduce either liquid or 
E. into the system, and also to compensate 
or losses thereof incident to operation. 
The construction shown in Figure 17 com prises a pressure cylinder 185 having a con 

nection 186 at its base with the line 40 from 
the pumping unit, and a head 187 at its top 
with a connection 188 communicating with 
line 71 and the balancing chamber 131. This 
head supports a feeding cylinder 189, of 
substantially one-half the diameter of the 
cylinder 185, and within these cylinders a 

balancing chamber, 70 

75 

80 

large packed piston 190 and a smaller packed 
piston 191 operate and are connected by a 
common rod 192. The cylinder 189 is pro 
vided at its upper end with a valved liquid 
feed pipe 193 and a valved air feed line 194, 
both controlled by a suction valve 195, in the 
head 196. At the opposite side of the head 
a discharge valve 197 is disposed and delivers 
to the liquid pipe 198 extending to the bal 
ancing tank, or to the airline 199 leading to 
the valve column connection 77 and the tank 
at 200, Figure 1, 

In the operation of the compressor, con 
sider the power plunger at the well head on the beginning of its upstroke, both of the com 
pressor pistons down and a load of fluid above 
the Small piston 191. The pressure from the 
balance tank is upon the top of the large pis 
ton and the bottom of the smaller piston, but 
the large piston is also subject to the dis 
charge pressure on the lower side generated 
by the pumping unit to lift the load and this 
pressure is greater than that on the upper side 
of the large piston received from the balance 
tank. This pressure difference carries the compressor pistons upward to discharge 
either liquid or air above the small piston 
into the balance tank or valve column as de 
sired. 
The reversal of travel of the power plunger 

involves discharging from the pumping unit 
into the balancing tank which increases the 
pressure therein transmitted to the compres 
sor pistons which move downward on a suc 
tion stroke as the pressure from the power 
plunger is reduced. The weight of the pis 
tons and rod, plus the pressure from the bal 
ance tank, thus effects a positive reciprocation 
of the compressor pistons controlled by the 
pressure variations incident to the reversal of 
the discharge from the pumping unit. 

It is believed that the general operation will 
be obvious from the foregoing description, and in Figures 18 and 19 diagrams are given 
of the essential parts, omitting the attach 
ments such as the relief valve, speed control, 
and compressor, These diagrams give the 1: 
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relative valve positions, those in Figure 18be 
ing for the up or working stroke of the power 
head when the pump unit is discharging 
thereto, and in Figure 19 the valves are shown 
for the reversed pump discharge to the bal 
ancing chamber. s 
Under starting conditions it is desirable to 

allow the exhaust water from the pilot valve 
to pass through pipe 71 into the suction mani 

10 fold, and the feed of such water to the ball 
ance chamber only begins after starting and 
when the plunger head is in full operation, 
The pipe lines for this purpose are provided 
with suitable valves for properly directing 

16 the exhaust water from the pilot valve under 
different conditions of use. 
An important feature of the invention is 

the arrangement of check valves 73 and the 
throttle valves 74 to reverse the motion of the 

20 head plunger slowly or quickly as load con 
ditions may require. This is accomplished by 
regulating the amount of water flowing from 
the column leg 21 and to the control piston 
123, and allows the liquid to flow in one 
direction uninterrupted by the throttle valve 
of one pipe and in the other pipe un 
interrupted by the throttle valve of the 
first mentioned pipe. Both of these valve 
groups are affected by the movement of the 
control piston 123 and if the water were not 
by-passed around the throttle valves by the 
check valves individual regulation of the re 
versal intervals of the plunger head could not 
be secured. Since the load conditions are dif 
ferent at the top and bottom of the stroke 
it is necessary to provide such means for in 
dependently regulating the reversal at either 
end of the stroke. 

it will be seen that the balancing cham 
ber, pumping unit and power head are placed 
in series connected by piping and in begin 
ning operations about three feet of liquid is 
placed in the balancing chamber, while air or 
gas is also forced therein until the pressure 
will sustain the weight of the sucker rods, all 
moving parts of the head, and the working 
barrel plunger in the well. An added pres 
sure of air or gas is then forced into the cham 
ber until there is an energizing force therein 
equal to one-half the weight of the oil head 
to be lifted, one-half of the resistance head 
due to the friction of the oil pumped through 
and against the walls of the tubing leading 
to the surface and the friction of moving 

50 

accelerate the dead weight of the oil and keep 
it flowing up the tubing. . 
To complete the pumping it remains to 

generate with the hydraulic pump sufficient 
energy to lift the remainder of the oil, fric 
tion and acceleration loads. The liquid in 
the balance chamber under the pressure ex 
istent therein can flow freely, through the 
valves of the hydraulic pump to the under 

- side of the plunger in the head above the 

parts, and one-half of the force necessary to 

7 

well. The motor being started the pump 
draws liquid from the balance chamber to 
fill the piston cylinders which force the 
liquid through the discharge and control 
valves to the plunger head. The combined 
energy of the balance chamber and that de 
veloped by the pump is sufficient to lift the 
plunger with its attendant moving parts and 
the oil, friction and acceleration loads. The 
plunger is thus moved upwardly and at the 3. 
same time liquid under the same pressure is 
forced into the valve column and retained 
by the check valve to supply energy to operate 
the main or control valve. 
At a suitable point in the upstroke the cam to 

on the cross head shifts the pilot valve to ad 
mit a quantity of liquid against the lower 
side of the control piston of the main valve, 
while at the same time ports permit the liquid 
above the control piston to return either to S5, 
the suction side of the pump or to the balance 
chamber. The main valve moves upwardly 
under these influences and thus reverses the 
direction of flow of the liquid discharged by 
the pump pistons to feed the balance cham 
ber and restore the pressure therein. 
The pressure required in the balance cham 

ber to sustain all the loads before mentioned 
amounts in practice for a 5000 foot pump 
setting and a two and one-half inch plunger, C. 
to approximately 300 pounds per square inch. 
The additional pressure to lift the balance of 
the load and which must be developed by the 
pump amounts to approximately 120 pounds 
per square inch, making a total of 420 pounds 09 
per square inch. 
As the flow is reversed, all the oil load, fric 

tion and acceleration loads are automatically 
removed, but this is in theory only as in prac 
tice the gas between the traveling and stand 
ing valves of the working barrel in the well, 
prevents the traveling valve opening so that 
its plunger still has all the oil load on its 
upper side. This causes a very rapid down 
ward movement of the plunger and parts car 
ried thereby until a point is reached where 
the traveling valve will open. This down 
ward force is greater than the pressure in the 
balancing chamber and the liquir under 
pressure from the plunger of the head passes 
through the valves of the pump without pro 
pulsion by the pistons thereof. 

Varying conditions of pressure are thus 
cared for and this attribute remedies the con 
flict between the working barrel plunger and 
the driving mechanism or pump before de 
scribed. The downward movement of the 
head plunger continues until either the 
traveling valve opens or the momentum is 
overcome by the rising pressure in the balance 
chamber. 
When the traveling valve has opened there 

remains only the weight of the rods and 
moving parts upon the head plunger and this 
amounts to approximately 176 pounds per i) 
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square inch. The balance chamber has a pressure of 300 pounds per square inch exist 
ing therein and before it can receive liquid 
from the head plunger the pump must gener 
ate the difference of approximately 124 
pounds per square inch. The pump with 
draws from the cylinder of the head the 
liquid which is forced to that point on the upstroke. 
It will be seen that the pump must gener 

ate substantially the same energy for both 
the up and down strokes and insures an even 
and continuous operation and flow. The 
pump always works against a constant pres 
sure and the demand on the driving motor 
or engine is a constant factor. In the func tioning of the system the pressure per square 
inch on the plunger head side of the pump 
varies from 176 to 420 pounds, while the pres 
sure per square inch in the balancing cham 
ber varies approximately 20 pounds. When 
the plunger reaches the downward limit of 
its stroke the main valve is reversed by the 
cam and pilot valve connections and the head 
plunger again starts its upward stroke. 
The method involved consists in withdraw 

ing liquid from the balancing chamber, 
forcing it into the plunger of the head, re 
versing the flow, and forcing the liquid from 
the head to the balancing chamber. The 
varying of the load due to greater depth of 
oil, sand or excess gas is quickly compensated 
for by the arrangement of the units and the 
attachments provided for relieving the pres 
sure, controlling the speed of flow, and oper 
ation of a compressor by the different pres 
sures to feed either gas or liquid to the sys 
tem. There are no large moving mechanisms of great weight to generate kinetic energies 
at variance with the rest of the moving parts, 
and consequently no shocks in operation, but 
a smooth, powerful and noiseless pumping to 
raise the liquid from greater depths with a 
minimum of operating expense and trouble. 
Certain units have been described as parts 

of the system but they may be varied to suit 
different conditions of use, and while the 
specific construction of these units has been 
shown and described the invention is not 
confined thereto as changes and alterations 
may be made therein without departing from 
the spirit of the invention as recited in the following claims. 
What I claim, is: 
1. In a hydraulic pumping system, a load 

lifting unit comprising parallel pressure 
columns connected at their upper ends by a 
head, a cylinder mounted upon said head and 
communicating with one column, a pumping 
unit for supplying fluid to the column con 
nected to said cylinder, a conduit connecting 
said columns, whereby a portion of the fluid 
supplied by said unit flows into the other 
column, a fluid system connected to said 
other column, a valve controlled by said 

1,879,262 

system for affecting the operation of said 
pumping unit, and a working plunger dis 
posed in said cylinder and having a rod 
depending parallel to said columns. 

2. The hydraulic pumping system defined 
by claim 1, and a cross head upon said roden 
gaging slides on the opposite columns, and 
cushioning means between the head and the 
plunger and cross head. . 

3. The hydraulic pumping system defined 
by claim 1 in which is provided a reversing 
valve associated there with having a control 
piston, a pilot valve for controlling the flow 
of fluid from said other column to opposite 
faces of the control piston, and means on 
said rod for actuating the pilot valve adjacent 
the end of each plunger stroke. 

4. In a hydraulic pumping system, a load 
lifting unit, a pumping unit communicating 
therewith, a balancing chamber communi 
cating with the pumping unit, a feeding com 
pressor for supplying fluid and air to the 
system, said compressor including superposed 
cylinders of different capacity, connected 
pistons operating in said cylinders, suction 
and discharge connections at the top of the 
upper cylinder, a conduit connecting the top 
of the lower cylinder with the balance cham 
ber, and a conduit connecting the bottom of 
the lower cylinder with said lifting unit 
whereby the variations in pressure at the 
lifting unit and pressure chamber cause re ciprocation of the compressor pistons. 

5. In a hydraulic pumping system, a cylin 
der provided with a load plunger, a pressure 
balancing chamber containing fluid under 
pressure, conduits connecting the chamber 
and cylinder, a pumping unit connected in 
said conduits between the chamber and cyl 
inder, liquid operated means for reversing 
the direction of discharge from said unit to 
deliver liquid under pressure to either said 
chamber or cylinder whereby fluid flows from 
said chamber and to said cylinder or from 
said cylinder and to said chamber, and a feed 
compressor connected to the chamber for sup 
plying fluid under pressure thereto, and hav 
ing a piston arranged to be actuated by dif 
ferences in fluid pressure in said chamber and 
cylinder during continued operation. 
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6. In a hydraulic pumping system, a cylin 
der provided with a load plunger, a pressure 
column communicating with said cylinder, a 
fluid column communicating with the pres 
sure column, a pilot valve connected with the 
fluid column and controlled by the displace 
ment of liquid by the plunger, a pumping unit 
connected to the pressure column, a pressure 
balancing chamber connected to said pump 
ing unit and a reversing valve for controlling 
the flow of liquid and caused to actuate by the 
pilot valve, said reversing valve being ar 
ranged to establish the flow of liquid between 
the pumping unit and the balancing chamber 
or between said unit and the pressure column. 
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7. A hydraulic pumping system as defined 
by claim 6, and valves for the cylinders of 
said pumping unit arranged to by-pass an 
excess of liquid pressure from the load 
plunger to the balance chamber. 

8. A hydraulic pumping system as defined 
by claim 6, in which a valve rod is arranged 
parallel the fluid column and provided with 
striker arms and an arm engaging the pilot 
valve, and a cross head carried by said plung 
er and provided with cams to contact with 
said striker arms. . 
In testimony whereof I affix my signature. 

WLLIAM E. HUBBARD. 

  


