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6 Claims. (CI. 60-52) 
This invention relates in general to a hydraulic 

deep well pumping jack System including a hy 
draulic jack; a balancing pressure tank, a con 
stant displacement pump and an automatic Con 
trol valve. The balancing pressure tank of the 
System is maintained at a pressure such that the 
resulting lifting force of the pressure applied in 
the hydraulic jack would be equal to the rod 
weight plus one-half of the fluid weight normally 
lifted by the jack. The operating pump and 
control valve are disposed between the jack and 
the balancing tank So that operation of the pump 
and control valve to produce flow from the tank 
to the jack Will lift the piston in the jacket While 
operation of the pump and control valve to pro 
duce flow from the jack to the tank will lower 
the piston in the jack. A special hydraulic Con 
trol mechanism is provided to reverse automati 
cally the action as the jack reaches the terminal 
point of each end of the stroke. By maintaining 
the pressure in the balancing tank as described 
above, the pump is subjected to a Substantially 
constant load during the upstroke and down 
stroke of the jack. During the upstroke the 
pump must develop sufficient pressure which 
when applied to the jack will augment the bal 
ancing tank pressure and lift the entire rod plus 
the fluid load. Conversely, during the down 
stroke, the pump must sufficiently reduce the 
pressure within the jack so as to remove fluid 
from the jack so that the load. On the jack will 
be reduced to the rod load Only. 

In addition to the normal Operating devices 
required for the hydraulic pumping jack, the 
jack is provided with a safety feature in Order 
to bring about shutdown of the jack in the event 
of rod breakage and consequent loSS of load to 
the jack. If such a device were not provided, 
the pump would be subjected to excessive Over 
drive conditions in the event of OSS of part of 
the load supported by the jack. For example, a 
rod breakage during the upstroke of the jack 
could reduce the load on the pump discharge to 
below the pump suction Supplied by the balancing 
tank. This condition could possibly set about 
destructive forces if the rod breakage control de 
vice were not incorporated. 

In general then, the object of this invention 
is the provision in a hydraulic pumping jack sys 
tem of the character described, of means for 
protecting the System from damage by reason of 
abnormal operating conditions, such as sucker 
rod breakage. 
More Specifically, the object of this invention 

is the provision in a hydraulic pumping jack 
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system of the character described, of a normally 
open Valve which will automatically close in re 
Sponse to predetermined Sub-normal pressure in 
the jack. 
The invention possesses other advantageous 

features, some of which with the foregoing will 
be set forth at length in the following de 
Scription where that form of the invention, which 
has been selected for illustration in the drawings 
accompanying and forming a part of the pres 
ent specification, is outlined in full. In Said 
drawings, one form of the invention is shown, 
but it is to be understood that it is not limited 
to such form, since the invention, as set forth 
in the claims, may be embodied in a plurality of 
forms. 

Referring to the drawings: 
Fig. 1 diagrammatically illustrates a hydraulic 

pumping jack system embodying the objects of 
my invention shown with the system in the up 
strokeportion of its cycle. 

Fig. 2 is a view similar to Fig. 1 but showing 
the System in the downstroke portion of its 
cycle. , 

Fig. 3 is an enlarged detail longitudinal sec 
tion of the automatic valve incorporated in the 
System to safeguard it due to any damage which 
might otherwise occur as a result of any abnor 
mal differential pressures to which the system 
might be subjected. 
In general, the system shown in these figures 

includes a hydraulic jack A, the piston of which 
carries a polished rod; a balanced pressure tank 
B, maintained at a pressure Sufficient to produce 
a lifting load in the jack equal to the rod load 
plus one-half of the fluid load supported by the 
jack; a constant displacement pump C, capable 
of producing a pressure above the tank pressure 
sufficient to lift the rod weight plus the fluid 
weight, and also capable of reducing the pres 
Sure in the jack below the pressure tank So as 
to permit the Sucker rod to drop; a control valve 
D, disposed between the pump and the balanced 
pressure tank for alternately delivering fluid from 
the pressure tank to the hydraulic jack on the 
upstroke of the jack and then from the jack to 
the tank on the downstroke of the jack; a pilot 
Valve E, responsive differentially and hydrauli 
cally to the terminal movements of the hydrau 
lic jack piston for operating the main control 
valve; and a shutoff valve F, for closing the cir 
cuit between the balanced pressure tank and the 
main control valve in response to any predeter 
mined abnormal differential pressure existing in 
the system. 
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As disclosed in Figs. 1 and 2, the hydraulic 
jack A includes a cylinder f, with which is opera 
tively associated a piston 2. Depending from the 
piston 2 through a suitable stufting box in the 
lower end of the cylinder , is a polished rod , 
to which is fastened the sucker rod of an oil well 
pump. The cylinder is provided on its lower 
end with a fluid operating medium inlet and 
outlet port 4 and at its upper end with a fluid 
outlet port S communicating through a check 
valve B, line T and check valve with an intake 
port provided in the lower end of the cylinder 
above the port 4. Also provided on the upper 
end of the cylinder are a pair of longitudinally 
spaced outlet drainage ports and 2, commu 
nicating (through line 3, check valve , line, 
scavenging pump f, line 7, check valve and 
line S) with an intake port 2 provided in the 
lower end of the balancing pressure tank B. 
The pump C is of the constant displacement 

type, including a pair of opposed suction cham 
bers 22 and 28 and a discharge compartment 24, 
and is adapted to be driven by any suitable power 
means. The suction chambers 22 and 2 are 
provided respectively with inlet ports 25 and 2 
and the discharge compartment with a discharge 
outlet 2 and with a relief valve outlet 2 com 
municating through a relief valve 2 with an inlet 
port associated with the suction chamber 2. 
The main control valve D is of the piston type 

including a main cylinder 2 provided with five 
longitudinally spaced annular channels , , 
3S, 3 and S. Provided on either end of the 
valve D, coaxially with the main cylinder 2, are 
smaller cylinders 8 and 39. Operatively asso 
ciated with the main cylinder 2 are a pair of 
longitudinally spaced pistons 4 and 42 mounted 
on a piston shaft 4, and carried on the ends of 
the shaft are pistons 44, and is operatively 
associated with the cylinders and ). The 
simultaneous movement of the pistons 4, 42, 
and 5 from their positions as shown in Fig. 1 to 
the positions shown in Fig. 2 is effected through 
the pilot valve in a manner which will be de 
scribed later in connection with the description 
of the valve E. Communication between the 
lower end of the balanced pressure tank B and 
the annular channel 3 is established through the 
normally open port it of the shutoff wave F. 
Fluid from the balanced pressure tank B flows 
through the valve F, line 4 and port to into 
the annular channel 6. From this channel the 
fluid passes into the channel 7, through a port 

la associated with the channel and through 
a line and the inlet port 2 into the suction 
chamber 2. The line 4 communicates through 
a line with a line which, in turn, commun 
cates with the inlet port 25 of the suction cham 
ber 22 and with a port at associated with the 
annular chamber 3. It will, therefore, be seen 
that the fluid passing through the channels 
and of the main control wave will be delivered 
to both of the suction chambers 22 and 2 of 
the pump C. The pump C then delivers this 
fluid through its outlet port 2, through a line 
52 and a port Sa associated with the channel 
5 into the channel 35. From the channel 5, the 

fluid passes through the channel 34, through a 
porta associated with this channel and through 
a line 53 and the port 4, into the lower end of the 
cylinder . In this position the pump C operates 
to pass fluid from the tank B through the main 
control valve D into the lower end of the cylinder 
, thereby to raise the piston, 2. 

4. 

O 

4. 
Any fluid which may have moved upwardly, 

past the piston 2 is delivered through ports 
and 2, line 3, check valve 4, line , scavenging 
pump S, line 7, check valve 8, and line 
through the port 2 associated with the lower 
end of the tank B into the tank B. In this con 
nection, it should be noted that the scavenging 
pump It is operated so as to maintain substan 
tially atmospheric pressure on the check valve . 
When the piston 2 rises above the port , fluid 

under the main pump pressure passes through 
port S, check valve , the upper portion of the 
line , and line 54 to the left end port asso 
ciated with the pilot valve . 

. The pilot valve E is of the same type as the 
main control valve D, including a main cylinder 
5 with which are operatively associated three 
longitudinally spaced coaxial pistons , , and 
S, fastened to a common shaft . Formed on 
the right end of the pilot valve E is a cylinder 
62 of a smaller diameter than the main cylinder 

35 

O 

45 

S and which is provided with an outlet port . 
Operatively associated with the cylinder is a 
piston S4, fastened to and forming a continua 
tion of the right end of the shaft S. Communil 
cation between the port 3 and the port basso 
ciated with the channel 8 of the main control 
valve D, is established by a line S. With the 
main valve in the position as shown in Fig. 1, 
fluid from the tank B is delivered from the chan 
nel B through the line S to the small cylinder 
62. However, since the area of the piston is 
less than the area of the piston ST, the pump dis 
charge fluid pressure in line will cause pistons 
ST, S8, S and B to move to the right to assume 
the position shown in Fig. 2. 
With the pilot valve E in the position as shown 

in Fig. 2, and the main control valve in the posi 
tion as shown in Fig. 1, fluid under tank pres 
sure passes upwardly through line 4, port b, 
line 6, valve E and line 6 into the left end 
cylinder 3 of the main valve D to force the ps 
tons 4, 2, 4 and to the right, as shown in 
Fig. 2. Due to the right hand movement of the 
piston S, fluid contained in its cylinder passes 
through line , pilot valve E, line 9, line , to 
the drain line S, from which the pressure is in 
creased by the scavenging pump suficient to 
replace the fluid in the bottom of the tank B 
through the check valve . 
With main valve D, as well as pilot valves, in 

the positions as shown in Fig. 2, the pump C op 
erates to draw liquid from the lower end of the 
hydraulic jack cylinder , through port 4, up 
wardly through line 3, through the intercom 
municating ports a and 3a of the main control 
valve D, and into the suction chambers 22 and 2 
of the pump. The pump then operates to de 
liver this fluid from its discharge compartment 
24 through the intercommunicating ports a 
and Ea of the main control valve D, line 4 and 
the normally open port S of the shutoff valve, 
back into the balancing tank B. 
When the piston 2 of the hydraulic jack passes 

the check valve on its downward stroke, no 
effect is produced on pilot valve E because check 
valve does not permit the flow of fluid back 
into the cylinder . When, however, the piston 
2 passes port 9 on its downward stroke, pilot 
valve E is placed in communication (through line 
7, check valve 8, cylinder , line 3, check valve 
4, scavenging pump and check valve B) 
with the lower end of the tank B. Concur 
rently, the right hand end of small piston 4 of 



5 
the pilot valve is subjected to tank pressure 
through the intercommunicating ports 35a and 
36b of the main control valve D and through the 
line 65. Since at this point in the cycle of opera 
on the left end of the piston 57 is only under 

the influence of substantially atmospheric pres 
sure, the pump pressure on the piston 64 moves 
it to the left, whereby the pilot valve E assumes 
its original position as shown in Fig. 1. In this 
latter position of the system, fluid under tank 
pressure passes (through line 47, the intercom 
municating ports 36a and 36b of the main valve, 
line 66, the intercommunicating ports 72 and 3 
of the pilot valve and line 68) to the right end 
cylinder 39 of the main valve. Since the left 
end piston 44 of this valve is now in communica 
tion with the drain system (through line 67, the 
intercommunicating ports 74 and 75 of the pilot 
valve, line 69 and line 7) the tank pressure on 
the piston 45 results in moving this piston and 
its associated pistons to the left to assume their 
original position as shown in Fig. 1. The System 
so far described is in condition to repeat the com 
plete cycle of operation as above disclosed. 
As already stated, the static load on the pol 

ished rod 3 may at times be as high as or greater 
than 20,000 pounds and, therefore, when due to 
a breakage in the sucker rod any appreciable 
portion of this load is lost, the main pump would 
of course be subjected to an excessive Overdrive 
condition on the upstroke. To safeguard the 
pump and its associated mechanism against such 
a contingency, the shutoff valve F is inserted 
in the line between the tank B and the main 
valve D, with its main port 46 normally open, 
The shutoff valve F, as best shown in Fig. 3, 
comprises a generally S-shaped casing 8, pro 
vided at either end with flanged ports 46 and 82, 
the port 46 being connected with the lower end 
of tank B and the port 82 with line 47, as shown 
in Figs. 1 and 2. Formed on one side of the cas 
ing 8 is a cylinder 83, the left end of which is 
closed by a cap 84, forming an internal flange 
84a having an internal diameter somewhat less 
than the diameter of the cylinder 83. The cylin 
der 83 is provided at its right end with a port 85 
communicating with lines 69 and , and the left 
end of the cylinder is connected through a port 
86 formed in the cap 84 to a pipe 87 connecting 
with line 53. In pipe 87 is inserted a three-way 
valve 88, all as shown in Figs. 1 and 2. Extend 
ing through the right end of the cylinder 83 is 
a piston rod 89, and Secured to the left end of 
this rod is a piston 9 operatively disposed within 
cylinder 83. Fastened to the right end of the 
rod 89 is a valve closure member 92 adapted to 
seal against a seat 93, formed in the outer end 
of port 46. 
The stem 89 is so proportioned with respect to 

the piston 9 that under normal conditions of 
operation, the force applied on the head end of 
the piston 9 f is greater than the combined pres 
sures acting on the rod end of the piston 9 and 
the tank pressure acting on the valve member 
92, especially on the rod portion 89 thereof, the 
resultant force being such as to hold the piston 
9 in the extreme right position. Consequently, 
the valve 92 remains in the open position. If, 
however, the sucker rod attached to the polished 
rod 3 breaks and the polished rod is relieved of 
a portion of its load, there will be a correspond 
ing decrease in the pressure within the jack cyl 
inder . Under these abnormal conditions, the 
reduced pressure under the jack piston and effec 
tive upon the head end of the piston 9 is over 
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come by the pressure in the balancing tank B 
acting first upon the rod 89 and, as the valve 92 
moves toward closed position and reduces the 
pressure in the passage around the stem 89, 
acting finally upon the tank side of the valve 
92. This is sufficient to close the shut of valve 
F during the abnormal upstroke of the jack, and 
thereby prevent the further passage of fluid 
from the tank B to the control and pilot valves 
D and E and to the main pump C. The shut 
off valve F will remain closed until the pressures 
On either side of its closure member 92 have been 
Substantially equalized. In the event of breakage 
in the sucker rod, this can only be done by dis 
mantling and repairing the deep well pumping 
equipment. 
The valve F can also be closed by turning the 

three-way valve 88 so that the left end of the 
cylinder 83 is placed in communication through 
the valve 88 with the line 7 of the drain system, 
thereby to reduce the pressure on the left end 
of the piston 9 substantially to atmospheric 
pressure. In this connection, the valve F is pro 
vided with an auxiliary normally closed by-pass 
valve 93 disposed in a line 94 connected between 
the two sides of the closure member 92. To open 
the shutoff valve F, the three-way valve 88 is 
turned to its normal position in communication 
with the jack cylinder and the by-pass valve 
93 is turned to its open position so as to equalize 
the pressure on both sides of the closure mem 
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ber 92. The shutoff valve F will then open, mak 
ing it possible to put the jack A into operation 
by starting the pump C. 
As a further safety measure, the pump C is 

provided with a relief valve 29 across its suc 
tion and discharge sides to protect the system 
in the event of any blockage therein. 

claim: 
1. A hydraulic pumping jack system compris 

ing: a hydraulic jack cylinder; a piston therein; 
a balancing pressure tank; a line between said 
jack cylinder and said tank; a pump disposed in 
Said line; valve means responsive to the opera 
tion of Said piston for periodically reversing the 
connections of said pump so as to cause a flow of 
fluid from said tank to said cylinder on the up 
stroke of said piston and then from the cylinder 
to the tank on the downstroke of said piston; 
a shutoff valve interposed in said line between 
Said tank and said pump; and means responsive 
to a predetermined pressure difference between 
Said hydraulic jack cylinder and said tank for 
closing said shutoff valve. 

2. A hydraulic pumping jack System compris 
ing: a hydraulic jack cylinder; a piston therein; 
a balancing pressure tank; a control valve; a 
line connecting said control valve to said cylinder 
and to said tank; a pump connected to said Con 
trol valve, said control valve being effective peri 
Odically to reverse the connections of said pump 
with said line so that fluid from the tank is 
pumped to the jack cylinder on the upstroke of 
said piston and on the downstroke of said piston 
fluid from the jack cylinder is pumped to the 
tank; a shutoff valve disposed in the line be 
tween said tank and said control valve; and 
means responsive to pressure in Said line between 
said hydraulic jack cylinder and said control valve 
and to preSSure in Said line between said tank and 
said control valve for operating said shutoff valve. 

3. A hydraulic pumping jack system compris 
ing: a hydraulic jack cylinder; a piston therein; 
a balancing pressure tank; a pump; a line be 
tween Said jack cylinder and Said tank; a control 
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valve for connecting alternately the low pressure 
side of said pump with said tank and the high 
pressure side of said pump with said jack cylinder 
on the upstroke of said piston and then the low 
pressure side of the pump with the jack cylinder 
and the high pressure side of the pump with the 
tank on the downstroke of said piston; means 
for actuating said control valve in response to the 
operation of said piston; a shutoff valve disposed 
in the line between the tank and the pump; means 
responsive to a predetermined pressure difference 
between said tank and said hydraulic jack cylin 
der for closing said shutoff valve; and a relief 
valve interposed between the low pressure and 
high pressure sides of said pump. 

4. A hydraulic pumping jack system compris 
ing: a hydraulic jack cylinder; a piston therein; 
a balancing pressure tank; a pump having an 
inlet and an outlet; valve means responsive to 
the operation of said piston for controlling flow 
between said pump, said cylinder, and said tank; 
conduits connecting said pump inlet and outlet 
to said valve means; a first line interconnecting 
said cylinder and said valve means; a second line 
interconnecting said tank and said valve means; 
a shutoff valve in said second line; a differential 
pressure-responsive member for operating said 
shut-of valve; means for exposing one side of 
said pressure-responsive member to pressure in 
said first line; and means for exposing the other 
side of said pressure-responsive member to pres 
sure in said second line. 

5. A hydraulic pumping jack system compris 
ing: a hydraulic jack cylinder; a piston therein; 
a balancing pressure tank; a pump having an 
inlet and an outlet; valve means responsive to 
the operation of said piston for controlling flow 
between said pump, said cylinder, and said tank; 
conduits connecting said pump inlet and outlet 
to said valve means; a first line interconnecting 
said cylinder and said valve means; a second line 
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interconnecting said tank and said valve means; 
a shut-off valve in said second line; a pressure 
responsive member having a large diameter por 
tion, an intermediate portion, and a small diam 
eter portion for operating said shutoff valve; 
means for subjecting said intermediate portion 
to substantially atmospheric pressure; means for 
subjecting said large diameter portion to pres 
sure in said first line; and means for subjecting 
said small diameter portion to pressure in said 
second line. 

6. A hydraulic pumping jack system compris 
ing: a hydraulic jack cylinder; a piston movable 
therein; a balancing pressure tank; a line between 
said cylinder and said tank; a pump having an 
inlet and an outlet; a valve responsive to the 
position of said piston in said cylinder for con 
necting said pump outlet to said cylinder and 
said pump inlet to said tank and vice versa; 
means responsive to a first pressure and to a sec 
Ond pressure for controlling flow in said line be 
tween said tank and said pump; and means for 
subjecting said controlling means to pressure be 
tween said tank and said pump as a first pressure 
and to pressure between said cylinder and said 
pump as a second pressure. 

RAMORGAN WHITE. 
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