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MECHANISM FOR, WELLS 

Joseph F. Joy, Pittsburgh, Pa., assignor to Joy 
Manufacturing Company, Pittsburgh, Pa., a 
corporation of Pennsylvania 

Application February 28, 1950, Serial No. 146,882 
10 Claims. (CI. 60-51) 

1. 
This invention relates to a pump, and more 

especially to a pumping head and operating 
mechanism of the type used on oil wells. 
Modern oil wells often penetrate to very great 

depths, sometimes as far as ten or fifteen thou 
sand feet. Pumping oil or other liquid from 
such great depths necessarily takes an enor 
mous amount of power. Inasmuch as the Sucker 
rod drops due to its own weight, power need be 
applied only to raise it. In order to avoid the it) 
large capacity power sources which would be 
required if the power were applied only half of 
the time (i. e., to raise the Sucker rod), efforts 
have been made to balance the System. These 
efforts have not been wholly successful in pro- .5 
ducing the results desired, and a much improved 
balanced System is needed. 

It is, accordingly, an object of this invention 
to provide an improved pumping head and oper 
ating mechanism for wells in which the pump 20 
drive delivers power continuously through a dis 
tribution and control means which provides 
power to lift the sucker rod when necessary 
and stores power while the rod is being lowered. 
This and other objects are accomplished in a 
pump drive having a power distributing and 
control means consisting of an automatic con 
trol valve connected to the power utilizer (the 
pump head) and to an accumulator. Hydraulic 
power is supplied constantly to the control valve, 30 
which alternately provides power to the pump 
head cylinder and to the accumulator. When 
not receiving fluid under pressure from the hy 
draulic fluid pump, the cylinder and accumulator 
are connected to discharge fluid under preSSure 
to the pump, thus serving in effect to Super 
charge the pump. In the preferred embodiment 
of the invention, a second accumulator is con 
nected to the pump head cylinder and a safety 
cutoff valve is positioned in the conduits be- 40 
tween the hydraulic fluid pump and the control 
Valve. 
In the drawings: 
Fig. 1 is a side elevation view of a pump head 

embodying the invention. 45 
Fig. 2 is a detailed longitudinal Section, on a 

larger scale, through the pump head. 
Fig. 3 is a view in section on the same Scale 

as Fig. 2, but showing the lower end of the con 
necting rod and the lower end of the pilot valve 50 
iod. 

Fig. 4 is a longitudinal sectional view on 
line 4-4 of Fig. 1, showing on an enlarged Scale 
the details of the automatic control valve. 

Fig. 5 is a view with parts broken away and in 55 

s 

2 5 

3. 5 

2 
Section of the automatic cutoff valve and its con 
nection in the hydraulic System. 

Fig. 6 is another Sectional view of the cutoff 
valve, but showing it in its operating position in 
which communication is cut off between the hy 
draulic pump and the control valve, and the pres 
Sure fluid from the pump is merely by-passed 
from the pump discharge to the pump intake 
through the valve. 

Fig. 7 is a side elevation view, with parts broken 
away and in Section, of the cutoff valve shown in 
Fig. 5, and shows a signal Switch attached to the 
cutoff valve. 

Fig. 8 is a schematic diagram of the hydraulic 
and electric circuits of the invention. 

Fig. 9 is a view in section Substantially on line 
8-9 of Fig. 1, but on a substantially reduced 
Scale. 

Fig. 10 is a diagrammatic view of the control 
valve showing it in position to direct hydraulic 
fiuid under pressure from the hydraulic pump 
to the pump head, and to conduct hydraulic fluid 
from the accumulator to the hydraulic pump. 

Fig. 11 is a diagrammatic view showing the 
control valve in a position in which the pilot Valve 
has been moved from the position shown in Fig. 
10 to a position in which hydraulic fluid under 
pressure is admitted to the upper end of the 
valve for the purpose of moving the control Valve 
to the position shown in Fig. 12. 

Fig. 12 is a diagrammatic view of the control 
valve showing the valve in position to direct fluid 
from the hydraulic pump to the accumulator and 
to receive fluid from the pump head to the hy 
draulic pump; and 

Fig. 13 is a diagrammatic view showing the 
pilot valve moved from its position of Fig. 12 
into position to admit fluid under pressure to the 
lower end of the valve in order to move the valve 
to the operating position shown in Fig. 10. 

Figs. 1 and 2 show an oil Well pump head 
having a hydraulic lift cylinder 2 in Which a 
piston 4 is mounted for reciprocation. Piston 4 
is secured to a piston rod 6. Piston rod 6 is 
connected at its lower end by any suitable means 
as by a polished rod grip 8 and polished rod 9 to 
the sucker rod and carries a pilot Valve a C 
tulator 2. 

Lift cylinder 2 of the oil well pump head is 
preferably a single acting hydraulic cylinder 
having a fluid connection 4 at its lower end to 
supply hydraulic fluid under pressure, and hav 
ing restricted communication With the atmos 
phere at its upper end by means of one or more 
ports 6. A protective cap 8 is preferably pro 
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vided to keep dirt out of the ports 6. An ac 
Cumulator 2 of the enclosed bladder type, such 
as is shown in U. S. Patent No. 2,256,835 to 
Mercier, is preferably mounted to communicate 
With the lower end of cylinder 2 by way of a one 
Way restriction connection 2 in order to provide 
capacity to receive the discharge of hydraulic 
fiuid froin the cylinder 2 and the hydraulic pump 
after the control valve reverses near the end of 
the downward stroke of piston 4. The consider 
able kinetic energy of the pumping mechanism, 
in motion during the down Ward Stroke, must be 
absorbed by some means. Such means are pro 
vided by the accumulator 20. 
The connection 4 preferably consists of a con 

duit connected at its one end to the lower end of 
the aforesaid cylinder 2, and at its other end to 
an automatic control valve 22. Connection 4 is 
preferably provided with a charge connection 23 
(Fig. 8), to permit a fluid charging unit to be 
CCInnected for the purpose of charging the System 
with hydraulic fiuid in the desired amount and to 
the desired pressure. A purge tank 24 is prefer 
ably provided in the conduit 4 in order to allow 
the purging or escape of entrained air by way of 
a manually operable valve 26. 
The automatic control valve 22 is provided 

With a pilot Valve which will be described in 
greater detail below. The pilot valve is recipro 
cated by means of actuating rods 2 at its upper 
end and 28 at its lower end. . Rods 27 and 28 
carry collars 29 and 3 respectively, to be en 
gaged by pivotally mounted arms 3 and 32 re 
Spectively. The arms 3 and 32 are pivotally 
mounted to project through slots in a Substan 
tially cylindrical casing 33. In the preferred 
form of the invention, the casing 33 is provided 
with a plurality of slots 34 and 35. A bracket 36 
is preferably mounted adjacent the slots 34, and 
a bracket 3 adjacent the slots 35. The brackets 
have openings 38 to receive the hinge pins 39 of 
the pivoted arins 3 and 32. As will be under 
stood by those skilled in the art, the slots 34 and 
35 admit of a certain amount of choice in the 
location of arms 3 and 32 to permit variation in 
the length of operating stroke of the pump 
which is actuated by rod 6. 
As is best seen in Figs, 2 and 3, arm 3 carries 

an extension 49, with a roller 42 at the end of the 
extension and another roller 44 at the angle 
formed by the extension 49 with its arm. Simi 
larly, arm 32 carries an extension 46, with a 
roller 48 at the end of the extension and another 
roller 50 at the angle formed by the extension 46 
With its arm 32. 
32, their extensions, and the rollers, are so pro 
portioned as to permit a considerable amount of 
Overtravel by the piston 4 and actuator 2 after 
reversal of the pilot valve. Moreover, the angle 
formed by the eXtensions with their respective 
arms is Such as to hold the end rollers 42 and 49 
in the path of the actuator 2 when the latter 
moves toward a roller to reverse the position of 
the pilot valve. 
As is best seen in Fig. 3, polished rods 8 are 

connected by means of a boss 5A to the lower end 
of actuator 2. The boss 5 and arm 32 with its 
asSociated extension and rollers are so propor 
tioned that arm 32 is not engaged by the boss 5, 
but holds its extreme counterclockwise position 
until tripped by the actuator 2. 
In order to hold actuator 2 against excessive 

lateral movement, guides 52 (one of which is 
shown in Fig. 3) may be provided at opposite 

The actuator 2, the arms 31, 5 

O 

30 

5 5 

30 

5 

4. 
sides of actuator 2 to engage in slots or, prefer 
ably, enclosed guideWays 53 in the casing 33. 
A Second accumulator 54, of the enclosed blad 

der type referred to above, is connected to the 
Control valve 22 by means of a conduit 56. Hy 
draulic fluid under pressure is supplied to the 
control valve 22 by means which include a con 
duit 58 and a conduit 60, and fluid is returned 
from the Valve to the hydraulic fluid pump by 
means Which include a conduit 62 and a conduit 
64. The fluid pump referred to is shown at 66 in 
Figs. 5 and 8, and, in order to permit variation 
of the output of the Well, is preferably a man 
ually controllable, variable displacement pump. 
Pump 66 is provided With discharge and intake 
connections 66a and 66b respectively. 

- The means to conduct fluid under pressure 
from the fluid pump 66 to the control valve 22, 
and the means to conduct fluid from the valve 22, 
to the pump. 66, also includes the body 68 of a 
cutoff Valve indicated generally at 79. The hous 
ing or body 68 is provided with a central bore 
having a relatively large diameter at its lower 
end, hereinafter referred to as bore 2, and a 
Smaller diameter at its upper end, hereinafter 
referred to as bore 74. As is readily seen in Fig. 
5, portions of both bores are included in the 
means to conduct fluid under pressure from the 
fluid pump 66 to the control valve 22, and a por 
tion of bore T2 is included in the means to con 
duct fluid from the valve 22 to the pump 66. To 
that end, conduit 58 communicates with the cen 
tral bore of the valve body by means of a 
threaded bore 6 intersecting the bore 74 of the 
Valve body; conduit 60 communicates With the 
Central bore by means of a threaded bore 78 
Which intersects bore 72; conduit 62 communi 
cates with the central bore by means of a 
threaded bore 80 which intersects bore 72; and 
conduit 64 communicates with the central bore 
by means of a threaded bore 82, which also inter 
sects bore 2. 

Reference will now be had to Fig. 4 for a de 
tailed consideration of the automatic control 
valve 22. A valve body or housing 86 is provided 
with a central bore in which is fitted a sleeve 88. 
The housing 86 is provided with annular grooves 
39, 92, 94, 96, and 98. Sleeve 88 is provided with 
five sets of ports fel, O2, C4, 96, and (8 
aligned with annular grooves 90, 32, 94, 96, and 
98 respectively. 
A valve meinber indicated generally at f is 

provided with end pistons 2 and 4, and with 
lands or plugs 6 and 8 between the pistons 

2 and 4. The Smaller diameter of the valve 
nenbei' 9 between the pistons and the lands 
forms, with the pistons and the lands, a plurality 
of grooves 29, 22 and 24. As Will be under 
stood by those skilled in the art, the pistons 2 
and 4 and the lands f 16 and 8 preferably 
provide a smooth sliding fit. 
The valve member 9 is provided with a cen 

tral bore 26 between the pistons 2 and 4. 
The pistons are hollow, providing larger bores 
than the bore 26 in communication with that 
bore. A set of ports 28 is arranged in the valve 
member between piston f2 and land f S; a sec 
ond set of ports 30 is provided in the valve mem 
ber O between the lands 6 and 8; and a 
third Set of ports f32 is provided between the 
land 8 and the piston i? 4. The lands 6 and 
8 are so spaced as to completely plug or cover 

the ports O2 and 66 respectively, with the valve 
member ff0 located midway between its two ex 
treilles of movement, as seen in Fig. 4. 
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A pilot valve indicated generally at 34 is car 
ried on the actuating rods 27 and 28 and is 
mounted for movement in the bore 26. Pilot 
Valve 34 is provided with a central bore which 
is blocked off or plugged by a plug 36 substan 
tially midway between its ends, thus dividing 
the central bore into two parts 37 and 38. The 
pilot waive carries end lands 40 and 42 which 
fit in the central bore 25 of the valve member 
i . As can be seen in Fig. 4, land 40 is disposed 
in that end of bore f 26 which is associated with 
piston 2, and land 42 is disposed in that end 
of bore 26 which is associated with piston 4. 
Actuating rod 2 is Secured to the pilot, valve by 
means of a head 44, which is provided with 
radial ports 46 to cominunicate the bore half 
37 with the hollow of piston 2 and thereby 

the interior of sleeve 88. Actuating rod 28 is 
connected to the pilot valve by means of a head 
48 which is provided with radial ports 50 to 
communicate the bore half 38 with the hollow 
of piston A and thereby the interior of sleeve 
88. 

Pilot, valve 34 is provided midway between its 
ends With a land 52. A land 54 is provided 
between the lands 46 and 52. A land 56 is 
provided between the lands 42 and 52. The 
lands 40, 42, 52, 54 and 56 are of such a 
diameter as to provide a Smooth sliding fit of the 
pilot valve 34 in the bore 26. Under some cir 
cumstances, it may be found desirable to make 
one or more of the lands Small enough to pro 
wide a little clearance between the Outer pe 
riphery of the land and the bore 28, as is shown 
in Fig. 10 of my copending application Ser. No. 
73,625, filed January 29, 1949. 

Pilot valve 34 is of a Smaller diameter be 
tween the lands to provide a groove 58 between 
lands 40 and 54; a groove 6) between the 
lands 54 and 52; a groove S2 between the 
lands 52 and 56; and a groove 64 between the 
lands 56 and 42. A set of ports 66 communi 
cates the bore 3. With the groove 69, and an 
other set of ports 68 communicates the bore 38 
with the groove 62. 
The valve is provided with suitable end caps 
which will not be described in detail herein, 

inasmuch as the details thereof form no part of 
this invention and are, furthermore, set forth in 
iny above-identified patent application. 
Reference is now made to Figs. 5, 6 and 7 for 

a detailed consideration of the cutoff valve 0. 
It was pointed out above that conduits 58 and 60 
communicate through the bore 4 and the upper 
end of bore 12, and that conduits 62 and 54 con 
municate through the lower end of bore 2. A 
spool-type valve member T2 is mounted for re 
ciprocation in the two bores 72 and 74. Valve 
member 72 consists of a large diameter piston. 
it 4 reciprocable in the bore 72 and a Smaller 
piston is reciprocable in the smaller bore 74. 
In its operating position in which fluid is allowed 
to pass from pump 66 to the valve 22 by way of 
valve (, piston 4 occupies a position in the 
bore 2 between the two connections 78 and 82, 
as is seen in Fig. 5. With the valve in this Op 
erating position, piston 76 is at the upper end of 
bore 4. Piston 6 is provided with bleed pas 
sages TT to prevent the pocketing of fluid in the 
hollow of valve member 72 and below piston 
(4 when member T2 is moved downward into 
cutoff position. 
At its upper end, valve member 2 is provided 

with an extension in the form of a rod 18. Rod 
78 carries near its upper end a pair of ears 80 

0. 

15 

20 

30 
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70 
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and 82. Outward and upward extending arms 
84 and 86 are mounted on the upper end of the 

valve body 68, preferably integral therewith. 
Arms 84 and 86 carry mounting ears 88 and 
f 90 which cooperate with the ears 80 and 82 
respectively, to mount a pair of SpringS 92 and 
94 respectively. 
The two mounting units are identical, So it will 

Suffice to describe one of them in detail. The ear 
82 pivotally carries a plunger 96, which co 

operates with a Socket 98, which is in turn piv 
otally carried on the ear 9. The Spring 94 is 
compressed between Spring pads 20 and 202 on 
the plunger and socket respectively. Thus, the 
rod 78, arms 84 and 85, springs 92 and 94, 
and their associated mounting means form a tog 
gle mechanism having a Spring bias which Op 
poses the downward movement of the valve 
member 2. 

It will be noted that the pistons A and 76 
differ in diameter by only a very Small amount, 
with the result that the annular areas of these 
pistons which are exposed to the pressure in bore 
4 are not greatly different. This smail differ 

ence in areas makes it possible to use relatively 
light or “soft' springs 92 and f4 to oppose 
downward movement of valve member 22 from 
the operating position shown in Fig. 5 to the Op 
erating position shown in Fig. 6. 
Referring now to Fig. 7, it will be seen that 

rod 78 also carries at its upper end, On the link to 
which ears 89 and 82 are attached, a Substan 
tially horizontally extending arm 284. The outer 
end of arm 238 carries an adjustable, downward 
extending abutment 206 in the form of a set 
screw. Valve body 68 carries a Switch 228 ha V 
ing an actuating plunger 29 positioned and 
aligned to be engaged by the abutment 206. The 
switch 208 is disposed in the circuit of any Suit 
able signal device, such as a light or a bell 22, 
by means of electrical conduit 24. The circuit 
includes any suitable power source 26. 
As will be understood by those skilled in the 

art, the signal means may if desired comprise 
mechanism for shutting down the fluid pump 
drive. To that end, the switch 288 could be 
used to operate a relay to interrupt the power 
supply to the hydraulic pump drive motor, such 
as shown at 2:8, where the latter is electrically 
driven. Inasmuch as many oil field Operations 
are performed with Small internal combustion 
engines, the switch 28 could be disposed in the 
ignition circuit of such engine, to the end that 
opening of switch 28 would open the ignition 
circuit and stop the engine. In that case, of 
course, Switch 208 would be a, normally-closed 
switch instead of the normally-open Switch 
shown in Fig. 8. 

Reference is now made especially to FigS. i 
and 9, showing the improved base of the oil well 
pump head. As can be seen in these two fig 
ures, the pump head is supported on an open ring 
228 and legs 222, the assembly forming a tripod 
type of support for the pump head. The ring is 
Secured in place by being fastened as by means 
of bolts 223, 224, and 225 to a base plate 226 

OUInted on any suitable ground Support men 
bers 22. A fourth ground support member 228 
is provided for engagement by the ring 220 when 
it is swung out of pumping position into the 
dotted line position shown in Fig. 9 to provide 
better access to the Well. To enable the easy 
swinging of the pump head about the bolt 223 
as a pivot, a handle 23) is provided. Handle 230 
is removably engageable in a socket 232 suitably 
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secured to the ring 220. The ground support 
member 226 is provided with an opening .234 to 
receive the bolt 224 to hold the ring 220 in the 
position shown in dotted lines in Fig. 9. 

Operation 
Before describing the operation of the pump 

ing head as such, the steps required to prepare 
the system for such operation will be set forth 
here. To prepare the system for operation, it is 
referable to start by “weighing the Well.' By 

reason gi the weight of the sucker rods, those 
rods will normally be at the botton of their 
stroke; what is neant by “weighing the Well' is 
deterraining the approximate Weight of the rods, 
or the force required to balance the reciprocat 
ing parts of the entire pump. 
This is accomplished by filling the System. With 

oil (or other suitable liquid) under preSSure un 
til the sucker rods and other reciprocating partS 
are cauSei to thove upward. As Will be under 
stood by those skilled in the art, the charging 
apparatus will be connected to the connection 
23 (Figs. 1 and 8), and the charging apparatus 
will normally be provided with a gage to indicate 
gressure. The gage pressure in pounds per 
square inch on the oil, when upward movement 
takes place, should be noted as “weight of Well’; 
that is the pressure required to balance the mov 
ing parts. When this pressure is known, the air 
end of the accumulators 23 and 54 should be 
gharged with air or other gas to preSSure slightly 
in excess of the pressure indicated by the gage 
indicating the weight of the Well. Oil is then 
added in Such aimount as Will move the rods up- - 
ward to approximately the center of the Working 
stroke, whereupon the working or moving parts 
may be considered as being "in balance' and 
ready for trial operation. 

isy trial operation is meant that period during 
Which entrapped air is purged from the oil in 
the systein by way of purge tank 24 and valve 26, 
and nake-up oil is introduced; during this Stage, 
gas is added to or bled from the accumulators to 
obtain the proper balance of the Working parts 
and to achieve Smoother operation. When the 
systein is properly balanced, a pressure gage in 
the discharge line of the hydraulic fluid pump 
should indicate approximately the Sale preS 
sure on the down-stroke as it shows On the up 
Stroke of the Sucker rod. 

Reference is now made to Fig. 8, in particu 
lar, for a detailed discussion of the normal op 
eration of a pump head made according to this 
invention. The normal operating position of 
cutoff Valve is that shown in Fig. 5, in Which 
position the hydraulic fluid pump 56 delivers fluid 
under pressure to the automatic control valve 22 
by means consisting of conduit 69, a part of the 
central bore of valve is including portions of 
bores 2 and g, and conduit 53. Let it be as 
Surned that valve 23 is in the operating position 
shown in Fig. 10. Wave 22 always receives fluid 
under pressure by Way of coinduit 58. With valve 
22 in the position shown in Fig. 10, and as shown 
in the dotted line in that figure, fluid flows un 
der pressure from conduit 58 into the annular 
groove 9A, through portS 94, into groove 22, 
through ports 2, into groove 92, to the pump 
head cylinder 2 by way of conduit 4. Fluid un 
der pressure is thereby admitted to the under 
side or face of piston , and raises it to lift piston 
rod S and the connected Sucker rod . 
Meanwhile, accumulator 54, which has been 

charged with fiuid under pressure during the 
previous doWinWard Stroke of pistOn 4, discharges 
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8 
its fluid under pressure by Way of conduit 56 into 
annular groove 96 of valve 22, through portS 06 
into groove 24, out through portS 08, into grOOve 
98 as shown by the dot-dash line in Fig. 10, 
and back to the fluid pump 66 by way of conduit 
62, a part of the central bore of valve 70 includ 
ing a portion of bore 72, and conduit 64. Thus, the 
illuid under pressure from accumulator 54 Super 
charges fluid pump 66 by providing hydraulic 
fluid under pressure to the pump intake. 
A piston. A nears the Upper init of its move 

ment, the actuator 2 (Fig. 3) engages the pivot 
ed arm 3 (Fig. 2) and moves it counter-clock 
Wise about its pivot 39. This counter-clockwise 
movement causes arm 3 to engage collar 29 on 
actuator rod 2 and moves the rod downward, 
moving the pilot valve 34 from the position it 
occupies in Fig. 0 to the position ShoWn in Fig. 
11. In the latter position, fluid under pressure 
is delivered from pump 6 to conduit 58, into 
groove 94, through ports 4 into groove 22, 
through ports 38 into groove 60, through ports 
66 into ore 37, out through radial portS 46 
and into the Space above head 4, as shown in 
dotted lines in Fig. 11. The head is and piston 
f 2 are thus Subjected at their upper faces to 
pump discharge pressure, and the Valve parts 
thereupon rove to the position shown in Fig. 12. 
With the parts of valve 22 in the operating posi 

tion shown in Eig. 12, fluid under pressure is ad 
Initted from conduit 58 into the annular groove 
94, through the ports 04, into the groove 22, out 
through portS 6, into annular groove 96 and 
out through conduit 56 to the accumulator 54. 
Thus, during the return or downward stroke of 
piston 4, accumulator 54 is connected with fluid 
pump 66 and is charged with hydraulic fluid 
under pressure. 

Meanwhile, because of the downward move 
ment of piston 4, occasioned by the tremendous 
Weight of the sucker rods, piston 4 moves down 
ward and forces hydraulic fluid out of cylinder 
2 by Way of conduit 4 to valve 22, where the 
fluid enters groove 92, passes through ports O2 
into groove 20, out through ports CO, and to 
the pump intake by way of conduits 62 and 64, 
and a portion of bore 2 of valve 70. Thus the 
pump is also Supercharged during this phase of 
the cycle of Operation. 
As the piston 4 nears the OWer end of its 

stroke, the actuator 2 engages the arm 32 (Fig. 
3) and moves it clockwise about its pivot 39. 
This movement causes the outer end of arm 32 
to engage collar 3 and noves actuator rod 28 
upward, moving the pilot valve from the posi 
tion it occupies in Fig. 12 to the position shown 
in Fig. 13. In the latter operating position, fluid 
is admitted under pressure from conduit 58 into 
groove 94, whence it passes through ports 04 into 
groove 22, into ports 3, into groove 62, 
through ports 68, through the bore 38, and 
Outward through the radial ports 59. Here fluid 
is admitted under pressure to the entire lower 
end of piston 4 and head 48, moving the valve 
into the operating position shown in Fig. 10, 
whereupon the cycle begins all over. 
By reference to my above-identified patent 

application, it will be well understood by those 
skilled in the art that fluid pressure Will normal 
ly move the valve member 9 and the pilot valve 
34 from the position ShoWn in Fig. 11 to the 

position shown in Fig. 12. However, if the main 
valve member O should stick for some reason or 
other, the mechanical actuation of the pilot valve 
f34 will loosen the main valve member 0, be 
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cause of the abutment of the inner face of the 
head against the end of the inside of the piston 
in Which the head is located. 

It will further be understood by reference to 
the above-identified patent application that the 
pilot valve will normally reach the end of its 
movement first, and that the clearance provided 
between the Outer periphery of the end land. On 
the pilot valve and the bore 26 of the main valve 
will provide a metering effect of the fluid which is 
being expelled from that end of the valve to 
which the main valve member and the pilot Valve 
are moving. This metering effect will serve to 
cushion the stop of the main valve member 9. 

Reference will now be made in detail to the 
operation of the cut-off valve E. Let it be a S 
Surned to begin. With that the Sucker rod breaks 
as the piston 4 moves downward. If failure Oc 
curs during this part of the cycle, it is evident 
that the pressure in the bore 72 below piston T4 
will drop to substantially nothing, because dur 
ing this part of the cycle the cylinder 2 is dis 
charging fluid to the pump intake. When a 
Sucker rod breaks, the weight on the piston rod 
6 will be substantially reduced, thus diminish 
ing the pressure under Which cylinder 2 dis 
charges its fluid through the Valve 22, through 
conduit 62, bore T2 and conduit 64. The pres 
Sure, nevertheless, in bore A above piston is 
will still be very high, because the pump is dis 
charging through bore T4 into the accumulator 
54. There will thus be a substantial pressure dif 
ferential exerting a downward force on the pis 
tOn 4 sufficient to overcome the bias of Springs 
92 and 94, moving the spring-toggle-operated 
mechanism past its dead center, and into the 
position shown in Fig. 6. 
With the parts as shown in Fig. 6, piston 4 

completely cuts off communication between con 
duits 62 and 64, and piston i. 6 completely cuts 
off communication between conduits 58 and 60. 
However, with the parts in this position, flow is 
readily permitted between conduits 60 and 64. 
Thus, the automatic control valve is by-passed 
by the new operating position of the cutoff 
wave). 
When the toggle mechanism moves into the 

position shown in Fig. 6, the abutment 26 en 
gages the plunger 210, and closes the circuit 
for the signaling device 22. The signaling 
device is located where the signal will be brought 
to the attention of the operator Who Will be 
apprised of the fact that something is Wi'Ong 
and will then shut down the machine and take 
Steps to correct the difficulty. 

Alternatively, a normally-closed switch instead 
of the normally-open switch shown at 228, in 
terposed in the ignition circuit of an internal 
combustion engine or in the relay circuit of an 
electric drive motor, would shut down the drive 
means and thus stop the fluid pump. Other 
variations on the control means Will occur to 
those skilled in the art. 

Let it now be assumed that the Sucker rod 
breaks on the upstroke of piston . During 
this phase of the cycle, cylinder 2 is connected 
to receive fluid under pressure. Therefore, When 
the break occurs in this phase of the cycle, the 
pressure in the conduits 58 and 66 and, there 
fore, the pressure above piston T4, will fall to 
substantially zero. The pressure below piston 

will continue high, because during this phase 
of the cycle the accumulator 54 is discharging 
oil under pressure to the pump intake. Walve 
member 72 will, therefore, remain in the posi 
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tion shown in Fig. 5 until pistOn 4 has 31OWed 
to its upper limit of movement, whereupon ac 
tuator 2 will reverse the pilot valve 34. With 
the Valve reversed, the accumulator is again con 
nected to receive fluid under pressure from the 
pump, Whereupon the conduits 58 and GC, and 
the upper face of piston it are Subjected to 
preSSure. The Valve is then operating under the 
Sane Circumstances as When the Sucker rod 
breaks on the downward Stroke. That operation 
WaS described above and need not be repeated 
here. 

It may be noted that, if a. Sucker rod should 
break on the up-stroke, piston nevertheless 
does not move upward fast enough to damage 
the upper end of cylinder 2, for the reason that 
oil cannot be supplied fast enough to cylinder 
2. The capacity of pump 66 is such that, even 
in the absence of a back pressure on the dis 
charge, it will not discharge oil in Sufficient 
Volume to move piston 3 at an injurious speed. 
Moreover, accumulator 2 discharges oil through 
the connection 2, which is designed to limit the 
discharge of oil to a safe rate. Accordingly, 
although the rate of discharge of oil from pump 
66 and accumulator 20 into cylinder 2 will under 
these circumstances be greater than under nor 
mal operating Conditions, it will still not be SO 
great as to move pistOn 4 upward fast enough 
to damage the pump cylinder. It will of course 
be understood by those skilled in the art that 
the connection 2 restricts oil fioW in only one 
direction, and that oil may be forced into ac 
Cumulator 2. Without hindrance on the part of 
COnnection 2. 

Reference will now be had to Fig. 9 for a 
understanding of the operation of the SWingable 
base of my improved pumping head. With the 
pump head disconnected, bolts 224 and 225 are 
removed. Handle 23 is inserted in Socket 232, 
and the pump head is Swung about bolt 223 into 
the dotted line position shown in Fig. 9. Solt 
224 is then Screwed into threaded opening 234 
to hold the pumping head in place. After Work 
On the well has been completed, the pumping 
head is restored to its normal operating posi 
tion, 

It Will be evident to those skilled in the at 
that the oil Well pumping head set forth here 
in provides a nicely balanced System in Which 
the fluid pump Works full time instead of a 
hydraulic pump tWice as large Working half 
of the time. Furthermore, an improved pump 
ing head made according to this invention is 
readily swung out of the Way to permit work 
On the Well to take place, and is aS readily Swung 
back into place following the completion of Such 
Work. Other advantages Will be apparent to 
those skilled in the art. 
While there is in this application Specifically 

described One form which the invention. Inay 
a SSume in practice, it will be understood that 
this form of the Same is shown for purposes of 
illustration, and that the invention may be 
modified aind embodied in Various other forms 
Without departing from its Spirit or the scope 
Of the appended claims. 

I claim: 
1. In a balanced system of deep-well pump 

ing, a pump head cylinder having a working 
Stroke and a return stroke, a hydraulic fluid 
pump having discharge and intake connections, 
an accumulator, and means including a valve to 
Connect the discharge connection with the pump 
head cylinder during the working stroke and 
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with the accumulator during the return stroke 
and to connect the intake connection with the 
accumulator during the working stroke and With 
the pump head cylinder during the return 
Stroke, and including also a cutoff valve adapted, 
upon the occurrence of a condition relieving 
Said cylinder of its working Stroke load, to in 
terrupt fluid flow to the pump head cylinder 
and to connect the pump discharge with the 
pump intake. 

2. In a balanced pump head, in combination, 
a pump head cylinder, a piston reciprocable in 
the Cylinder, a hydraulic fluid pump having a 
discharge Connection and an intake connection, 
a control Wave, an accumulator, means to Con 
duct fluid under pressure from the pump to the 
valve, means to conduct fluid under pressure 
from the valve to the pump, said two conducting 
means including a cutoff valve adapted, upon the 
occurrence of a predetermined change in the 
pressure difference between pump discharge and 
pump intake, to interrupt fluid flow to the control 
valve and to connect the pump discharge with 
the pump intake, conduit means connecting the 
control valve With the cylinder, and conduit 
means connecting the control valve with the ac 
Cumulator. 

3. A balanced pumping head comprising, in 
combination, a pump head cylinder, a pistOn re 
ciprocable in the cylinder, a hydraulic fluid pump 
having discharge and intake Connections, a Con 
trol valve, an accumulator, conduit means to 
conduct fluid under pressure from the fluid pump 
to the valve, conduit means to conduct fluid under 
pressure from the valve to said pump, a valve 
body having a central bore, connections con 
municating said bore with the first-named Con 
duit means such that said conduit means includes 
at least a portion of the bore, connections Con 
municating said bore with the Second-named 
conduit means such that said conduit means in 
cludes at least a portion of the bore, a valve men 
ber reciprocable in the bore, the valve member 
having one operating position in which fluid flow 
is permitted from the pump to the control valve 
and from the control valve to the pump and an 
other operating position connecting the pump 
discharge and intake connections and in which 
flow between the pump and the control valve is 
cut off, conduit means connecting the control 
valve with the cylinder, and conduit means con 
necting the control valve with the accumulator. 

4. A combination according to claim 3, in which 
the valve member is biased toward one operating 
position by pressure in the conduit means from 
the pump to the control valve and toward its 
other operating position by pressure in the Con 
duit means from the control valve to the pump, 
and means to prevent valve member movement 
from its first-named operating position to its 
second until the existence of a predetermined 
differential between the pressure in the conduit 
means from the pump to the control valve and 
the pressure in the conduit means from the con 
trol waive to the pump. 

5. A combination according to clain 3, in 
which the valve member is biased toward its cut 
off position by pressure in the conduit means 
from the pump to the control valve and toward 
its other operating position by pressure in the 
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conduit means from the control valve to the 
pump, and means to prevent valve member nove 
ment from its first-named operating position to 
its Second until the pressure in the conduit means 
from the pump to the control valve is greater by 
a predetermined amount than the preSSure in 
the Conduit means from the control Wave to the 
pUInp. 

6. A combination according to claim 3, in 
Which the valve member is biased toward One Op 
erating position by pressure in the conduit means 
from the pump to the control valve and toward 
its other operating position by pressure in the 
conduit means from the Control valve to the 
pump, and spring-toggle-operated means to pre 
vent valve member movement from its first 
named operating position to its Second until the 
pressure in the conduit means from the pump to 
the control valve is greater by a predetermined 
amount than the pressure in the conduit means 
from the control wave to the pump. 

7. A balanced pumping head Comprising, in 
combination, a hydraulic cylinder, a piston re 
ciprocable in the cylinder, a hydraulic fluid pump, 
a control valve, an accumulator, means to Con 
duct fluid under pressure from the pump to the 
valve, means to conduct fuid under pressure 
from the valve to the pump, the last tWO means 
including a cutoff valve mechanism adapted to 
interrupt fluid flow upon the occurrence of a 
predetermined change in load on the piston, Con 
duit means connecting the control Valve. With the 
cylinder, conduit means connecting the Control 
waive With the accumulator, and Signal Ileans 
connected to be actuated to give a signal upon 
movement of said cutoff valve to its Cutoff po 
sition. 

8. A combination according to claim 7, in 
which the signal means is electrically operated. 

9. A combination according to claim 8, in which 
the signal means comprises an abutment mount 
ed for movement upon movement of the cutoff 
valve into fluid-interrupting position, and a 
switch positioned to be engaged by said abut 
ment and connected in the circuit of the Signal 
eaS 
10. A combination according to claim 7, and 

means to drive said fluid pump; Said signal means 
comprising means to stop the operation of Said 
drive mean S. 

JOSEPH F JOY. 
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