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closed as by means of steel plugs 17, while their upper 
ends are internally threaded for receiving cylinder heads 
18 projecting above the ground level 16. The top sur 
faces of the heads serve to stop downward travel of 
enlarged piston rods 19, the lower and relatively smaller 
end portions 20 of which are secured within tubular 
balance pistons 21 and jacking pistons 22, these latter 
being guided for up and down reciprocation by the 
cylinder heads 18. Suitable packing material 23 seals 
of between the pistons 21 and 22 and the cylinder heads 
so as to maintain hydraulic pressure within the spaces 
between the pistons and the cylinders during their re 
ciprocation. 
The extensions 19 of the jacking and balance pistons 

projecting above ground surface level 16 are intercon 
nected by a cross head structure 25 shown in Figs. 1 
and 2 and including transversely extending arms 26 inter 
connecting the opposite extensions 19 and extending over 
the Wel head 27 and supporting a central pump rod 28, 
which is received downward within the casing 12. A 
Suitable interconnection between the cross head 25 and 
Tod 28 may be a conventional keeper indicated at 29 into 
which a locking bolt 30 is threaded for securing the 
keeper to the rod 28. 

Speaking generally with respect to flow of fluid and 
liquid to and from the jacking and balance cylinders, 
Figs. 1 and 2 show that hydraulic fluid is conducted to 
and fron jacking cylinders 13 via lines 33 branching 
from common line 34, while liquid under pressure is 
conducted to and from the balance cylinders via conduits 
35 branching from a common conduit 36, both the lines 
and the conduits described opening into the cylinders 
underground. While reference in diferent portions of 
this description will be made to hydraulic fluid and also 
to hydraulic liquid, it will be understood that these terms 
refer to a common hydraulic liquid or fluid, the distinc 
tion in terminology being merely for purposes of clari 
fication as regards association of “liquid” with pressure 
communication to the balance pistons, and “fluid” as 
concerns pressure communication to the jacking pistons. 

Further in this respect, the common source of the 
hydraulic liquid or fluid is in the bottom portion 37 of 
a reservoir tank 38, and its upper level upon which gas 
pressure in the reservoir is exerted fluctuates between 
the broken lines indicated at 39 and 40 in Fig, 1, as 
sociated with the extreme downstroke and upstroke po 
sitions of the pistons respectively. Gas pressure in the 
reservoir is constantly communicated to the balance 
pistons via the liquid in the bottom portion 37 of the 
reservoir, and the liquid in the conduits 41, 36 and 35, 
conduit 41 shown in broken lines in Fig. 1 opening into 
the bottom portion of the reservoir. It will be under 
Stood that this balance pressure exerted on the pistons 
11 and tending to raise them together with the pumping 
rod is insuficient to accomplish such lifting to adegree 
which may be overcome by the application of hydraulic 
fluid pressure to the jacking pistons 13, as wil be de 
scribed, the total pressure then being suficient to lift the 
pump rod and the string attached thereto in the well. 
However, upon interruption of hydraulic fluid pressure 
communication to the jacking pistons, the pump rod 28 
and the Supporting pistons will drop, such lowering being 
interrupted before the piston extensions 19 strike the 
cylinder heads 18. 
The above described rather small pressure diferential 

needed to effect raising of the well pump rod and sup 
porting pistons is supplied by the pump 42 shown in 
Pigs. 1 and 2 having its pressure fluid discharge 43 con 
nected through a master valve 44 with lines 33 leading 
to the jacking pistons during the upstroke, and having 
its inlet 45 influid pressure receiving communication with 
jacking cylinders via lines 33, 34 and the master valve 
44 during the downstroke movement of the pistons and 
pump rod. Briefly, in regard to the latter condition and 
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4 
before a description of the master valve is undertaken, 
it will be observed that, according to Fig. 2, during down 
stroke of the jacking pistons, hydraulic fluid flows under 
pressure exerted by the pump rod load to the pump il 
take at 45, through the pump and then through line 46 
and T 47 into the conduit 36 communicating with 
balance pressure in the reservoir 38. A gear type pump 
42 is preferably used to meter fluid backflow from the 
jacking cylinders to the reservoir during the piston down 
stroke, the constant speed pump regulating the down 
stroke speed so that the latter is constant regardless of 
pressure or vacuum conditions of fluid under the jack 
pistons and hence at the pump inlet. 
Coming now to a description of the master valve 44 

referred to in connection with Figs. 1 and 2, it is shown 
in detail in Fig. 4 to comprise an elongated housing 48 
having a bore 49. The latter receives a pair of like plugs 
59, preferably cast iron, received endwise oppositely in 
the bore, the plugs having flanges 51 connected with 
housing flanges 52 by means of bolts 53. The plugs in 
turn contain axially aligned bores 54 receiving an elon 
gated valve spool assembly 55 which includes an axial 
shaft 56 mounting spools or pistons 57 at opposite ends 
of the shafts, and intermediate spools or pistons 58, the 
entire spool assembly being shown in its extreme left 
ward position in Fig. 4. Leftward and rightward travei 
of the assembly is effected by the alternate introduction 
of fluid under pressure from ducts 59 and 60. 

In the position of the valve spool shown in Fig. 4 
hydraulic fluid from the pump 42 flows via pump dis 
charge 43 into the master valve and between the spaced 
ends of the plugs 50. From there the fluid flows out 
ward through line 34 connected into the master valve 
housing, the spools 58 confining the flow within the 
housing to have this described direction during applica 
ton or communication of fluid pressure to the jacking 
pistons for lifting the pump rod. At this time, hydraulic 
liquid from the reservoir enters the master valve through 
line 46 connected into the housing 48 and discharges 
at 61, as indicated by the broken lines in Fig. 4, for cir 
culation to the pump intake 45. Therefore, the pres 
sure exerted on the pump intake during the upstroke 
of the pistons is the pressure existent in the balance 
cylinders, and may be conveniently referred to as the 
balance pressure. As a result, the pump adds to the 
balance pressure its characteristic pressure diferential 
for communication to the jacking pistons for lifting 
purposes. During this time, the exhaust outlet 62 from 
the master valve is plugged of from communication 
with either line 34 or 46. 
On the other hand, when the valve spool assembly is at 

its extreme rightward position as indicated by the broken 
lines in Fig. 4, hydraulic fluid from the jacking cylinders 
backflows through line 34 into the master valve unit 
and discharges at 62 to the pump intake at 45, while 
the pump discharge 43 is then placed in communication 
with line 46 and fluid from the pump then flows to the 
reservoir 38. Under these conditions, the discharge 61 
is plugged of from communication with lines 34 and 46. 

Further in connection with the construction of the 
plugs 50, their outside diameters are annularly reduced 
opposite lines 34 and 46, in the discharges 61 and 62, and 
the thus formed thin walls of the cylindrical plugs are 
perforated as shown in Fig. 4, to pass hydraulic fluid 
back and forth. 
Another pair of lines 63 and 64 are connected into 

the master valve housing 48 opposite lines 34 and 46 
to receive hydraulic pressure from the jacking cylinders 
and from the reservoir respectively. These lines are 
shown in Fig. 5 as extending to a pressure comparing 
mechanism generally indicated at 65, which is enlarged in 
Fig. 6 and shown in detail. The mechanism includes 
tubular housing 66 receiving end plugs 67 between which 
a piston 68 is slidable in the housing bore 69. An op 
positely endwise extending pair of rods 70 and 71 con 
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fiected with the piston 68 are guided with endwise re 
ciprocation by plugs 67, rightward travel of the rods 
being opposed by exertion of hydraulic fluid pressure 
entering the mechanism from line 63, and leftward travel 
being opposed by hydraulic pressure from the reservoir 
conducted via line 64 to the leftward face of the piston 
68. Since the balance pressure communicated to the 
balance pistons is in general less than the hydraulic fluid 
pressure associated with the jacking pistons during down 
stroke of the pump rod, resultant pressure diferential 
exerted on piston 68 would tend to move it leftward, 
were it not for the provision of a suitable compression 
spring, not shown, within the regulating valve generally 
indicated at 72. However, when the pressure diferential 
rises beyond a predetermined amount, as for example 
where the load exerted by the pump rod-carried equip 
ment increases above a certain amount, piston 68 travels 
to the left and the stepped rod 70 actuates the regulating 
valve lever 73 to the broken line position shown in Fig. 
5. Under these conditions, compressed gas supplied 
from the tank via line 74 to the regulating valve 72, and 
then normally via line 75 to a clutch indicated at 76, is 
bled of at 77 allowing the clutch to engage. Conse 
guently, the motor 78 which is always running then 
drives the compressor 79 through a V-belt 80 engaged 
by the clutch, and additional gas is compressed into the 
tank. Clutch 76 may normally have a spring acting 
to urge a movable sheave toward the V-belt 80 for en 
gaging same, and a movable piston urging the sheave 
away from the V-belt under the influence of compressed 
gas from line 75. 
On the other hand, should the hydraulic fluid pressure 

from the jacking cylinders and communicated to the 
mechanism 65 via line 63 drop below a predetermined 
level, the pressure from the tank exerted against the left 
face of piston 68 plus the action of the spring in the 
regulating valve 72 will displace the piston 68 and rod 
71 to the right, and the latter wil actuate a bleeder 
valve 81, for bleeding excess gas pressure in the tank or 
reservoir from the valve 81 via line 82. Therefore, the 
desired pressure diferential will tend to be maintained as 
respects the relationship between the balance pressure 
and the hydraulic fluid pressure associated with the bal 
ance and jacking pistons respectively. 

Turning back to Fig. 4, leftward and rightward travel 
of the valve spool 55 is under the control of a pilot 
valve indicated generally at 83, and including elongated 
housing 84 containing a bore 85 in which another valve 
spool assembly 86 is axially endwise reciprocable, The 
latter includes a pair of pistons 87 at opposite ends of 
the spool shaft 88 and a pair of intermediate and spaced 
pistons 89 which are axially endwise movable between 
bores 90 in which they are shown as received, and bores 
91. In the position shown, hydraulic fluid pressure 
from the pump discharge at 43 enters the housing 84 
via line 92 and flows between the spools 89 and out 
ward via line 59 to the master valve for urging its 
spool assembly 55 leftwardly to the position in whichit 
is shown. During such leftward travel, hydraulic fluid 
from line 60 flows back to the pilot valve and then out 
discharge 93 as shown by the broken lines, through a 
hand operated valve 94 and to discharge line 95 com 
municating with the pump discharge. Valve 94 may be 
opened or closed to the degree as desired for restricting 
backward flow of fluid through the pilot valve and there 
by controlling the rate at which the valve spool 55 travels 
in the master valve assembly, in turn controlling the 
stroke of the pump rod 28. 

In like manner, when the pilot valve spools 89 are 
in their alternate position received within bores 91, fluid 
from the pump discharge at 43 flows into the pilot valve 
through line 92 and out through line 60 to the master 
valve for urging valve spool 55 rightwardly. At this 
time, fluid backflows through line 59 to the pilot valve 

S 
valve 97 and to the discharge 95. As above, valve 97 

10 

15 

may be adjusted in relation to valve 94 to control the 
upward travel limit of the pump rod. - 

Shifting of the pilot valve spool 86 in response to 
reciprocation of the balance piston 21 shown in Fig 3 
is accomplished by operation of the actuating mech 
anism generally shown at 98 to include a vertically ex 
tending rod 99 reciprocable up and down by the piston 
extension 19 to which the rod is connected by link 100. 
The upper end of the rod extends through asleeve 101 
carried by the transverse link 100, and a set screw 102 
threaded in the sleeve and engaging the rod, is adjustable 
to permit control of the rod position relative to the piston 
extension 19 forchanging the stroke length of the pistons 
and the pump rod 28. 

Actuating rod 99 is movable in a vertically extending 
protective underground tube 103 extending downward 
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108 and f99 projecting through the plugs. 

from connecting ring 15 supporting cylinder 104 through 
which the rod 99 projects upward and above ground 
surface level 16. As better shown in Fig. 4, housing 134 
contains a cylinder 116 and a piston 105 reciprocable up 
and down in the cylinder bore 106, with cylinder end 
plugs 107 guiding the upper and lower piston extensions 

Both the 
piston and its extensions are tubular so that the rod 99 
may reciprocate axially therethrough, suitable O-ring 
seals 110 and if being provided to seal of between the 
piston 105 and bore 106, and between the piston exten 
sions and the end plugs 107, all for the purposes of retain 
ing hydraulic fluid within the bore spaces 12 and 13 
above and below the piston itself The fluid in spaces 112 
and 113 communicates respectively with the pilot valve 
end spools 87 via lines 114 and 15, so that the pilot 
valve spool assembly is displaced endwise in accordance 
with a change in the direction of travel of piston 105. 
Housing 104 contains hydraulic fluid standing at a level 

above check valve intakes 117 to extensions 118 and 19 
of ines 114 and 115 respectively within the housing 
104, it being understood that liquid may be drawn into 
those extensions and into the bore spaces 112 and 13 
-when suction pressures exist therein. Also, suitable bali 
check pressure relief valves 120 are connected into the 
fittings 121 and 122 joined to the cylinder 16 and 
through which fluid in lines 114 and 115 communicates 
with the bore spaces 112 and 113 respectively. Thus, 
should the pressure developed by displacement of piston 
105 exceed a predetermined level, hydraulic fluid wil 
escape into the fluid chamber 123 in housing 194. 

Referring to the operation of the actuating mechanism 
indicated at 98 in Fig. 3, it will be seen that upward 
displacement of the actuating rod 99 by the balance piston 
extension 19 will bring a shoulder 124 at the lower end 
of rod 99 into engagement with lower end of piston 
extension 199, and further upward travel of rod 99 wil 
displace piston 105 upwardly in bore 106, effecting a 
shifting of the pilot valve spool assembly 86 from the 
position shown in Fig. 4 to its alternate position. Con 
Versely, downward travel of the balance piston extension 
19 will cause link 100 to engage the upper end of the 
piston extension 108, thereby displacing piston 195 
downwardlyin bore 106 and effecting shifting of the pilot 
valve spool assembly 86 to the position shown in Fig. 4. 

Operation 
A complete cycle of operation of the pump jacking 

apparatus will now be described. At the completion of 
the pump rod downstroke and at the beginning of its 
upstroke, the pilot valve and master valve spools 86 
and 55 are in the position shown in Fig. 4 facilitating 
direct communication of hydraulic fluid pressure from the 
pump discharge 43 to the jacking pistons 22, via lines 
33 and 34, the spaces between the jacking cylinders 13 
and the pistons 21, and the clearances between the cylin 
ders of the jacking piston heads 32. At this time, fluid 

and Out-through discharge 96, through a hand operated 's stands at level 39 in the reservoir tank 38 as shown in 
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diferential relative to said fluid at said first pressure 
moving in a direction to cause one of said piston rods 
to actuate said bleed-off valve to assume an open posi 
tion until suficient of said gas in said reservoir has 
escaped through said bleed-off valve to permit said 
piston in said body to move out of said position in which 
said bleed-off valve is actuated. 

7. An apparatus as defined in claim 6 in which a valve 
is provided that controls the air supply to said clutch, 
and said piston in said body when said gas pressure in 
said reservoir fals below said diferential relative to said 
pressure on said fluid in said first portion of cylinders, 
moving in a direction to cause one of said rods project 
ing from said piston to actuate said air control valve 
until said air pressure in said reservoir has built up to 
said predetermined diferential relative to said pressure 
of said fluid in said first portion of cylinders. 

8. In a hydraulically operated unit to reciprocate a 
substantially vertically disposed loaded rod of the type 
of unit which includes a first cylinder with a first piston 
movably disposed therein that raises said rod when a 
hydraulic fluid under pressure is discharged into said 
first cylinder, a second cylinder and second piston moy 
ably disposed therein, which second piston partially sup 
ports said load on said rod on each upstroke and down 
stroke thereof when hydraulic fluid under pressure is 
maintained in said second cylinder, said first and second 
pistons being rigidly connected to said rod, the improve 
ment in which the downward movement of said rod is 
maintained at a desired uniform rate irrespective of varia 
tion in the load on said rod comprising: a positive dis 
placement pump capable of discharging hydraulic fluid 
under pressure when actuated; a prime mover that actu 
ates said pump at a constant pumping rate; a reservoir 
of suficient volume to hold a quantity of said hydraulic 
fluid greater than that required to be discharged into 
said first cylinder to raise said piston and rod on said 
upstroke a predetermined distance and to cause said 
second piston at all times to partially support said load 
on said rod, first valve means that includes a body having 
first, second, third, fourth, fifth and sixth fluid passages 
formed therein, and a valve member movably mounted 
in said body, said valve member capable of occupying 
a first position in which said first and fourth passages are 
in communication as are said second and third passages, 
and a second position in which said fourth and fifth pas 
sages are in communication as are said first and sixth 
passages; a first conduit connected to the discharge of 
said pump and said first passage; a second conduit con 
nected to the interior of said reservoir and said second 
passage; a third conduit connected to said third passage 
and the suction of said pump; a fourth conduit connected 
to said fourth passage and the interior of said first cyl 
inder; a fifth conduit connected to said fifth passage and 
said suction of said pump; a sixth conduit connected 

- to said sixth passage and the interior of said reservoir; 
a seventh conduit connected to the interior of said reser 
voir and said second piston; means that ataltimes main 
tain at least a predetermined minimum pressure on Said 
fluid in said reservoir to exert an upward force on said 
second piston at ali times to partially support said load 
on said rod; means responsive to the movement of said 
rod that moves said valve member to said first position 
as said first piston approaches the completion of its down 
stroke and to said second position upon said rod being 
raised on the upstroke thereof to a predetermined eleya 
tion, said valve member in said first position permitting 

10 

i0 
said pump to draw said fluid from said reservoir through 
said second and third conduits from said reservoir under 
a head of at least said minimum pressure and discharge 
said hydraulic fluid through said first and fourth conduits 
to said first cylinder to raise said rod to said predeter 
mined elewation, with said walve member in said second 
position permitting the portion of said load on said rod 
not supported by said second piston to move said rod 
downwardly with concurrent discharge of said fluid from 
said first cylinder through said fourth and fifth conduits 
to the suction of said pump to be discharged therefrom 
through said first and sixth conduits to the interior of said 
reservoir, and said pump when discharging said fluid 
through said first and sixth conduits acting as a regulator 
to control the rate at which said rod moves on said down 
stroke thereof. 
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9. In a hydraulically operated unit as defined in claim 
8 in whicli said means to maintain said substantially con 
stant head on said fluid in said reservoir is a quantity of 
a gas disposed therein that is at all times maintained 
above the predetermined pressure required for said second 
piston to support said desired portion of said load on 
said rod on both the upstroke and downstroke thereof. 

10. In a hydraulic pumping unit as defined in claim 9 
in which a diesired diferential is automatically main 
tained between the pressure on said fluid in said first 
cylinder and said pressure on said gas in said reservoir 
by providing a source of said gas at a pressure substan 
tially greater than said minimum pressure, a normally 
closed gas bleed of valve on said reservoir, means which 
when actuated result in the flow of said gas from said 
source to said reservoir, and a pressure-comparing mecha 
mism including a movable member, said mechanism at 
ali times in communication with said gas in said reser 
voir and said fluid in said first cylinder, said member 
responsive to a predetermined diferential in pressure be 
tween the pressure on said fluid in said first cylinder and 
the pressure on said gas in said reservoir, said member 
being moved to a first position when the pressure on said 
fluid in said first cylinder exceeds said predetermined dif 
ferential relative to said gas in said reservoir, said mem 
ber in said first position actuating said means to permit 
flow of said gas to said reservoir, said member being 
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66 

moved to a second position when the pressure on said 
5 gas in said reservoir exceeds said predetermined diferen 

tial relative to said pressure of said fluid in said first 
cylinder, said member when in said second position main 
taining said bleed-off valve in an open position to permit 
discharge of said gas to the ambient atmosphere until the 
diference in pressures between said gas in said reservoir 
and said fluid in said first cylinderis at said predetermined 
diferential. 
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