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The present invention relates to oil well pump-
ing machinery. '
It is common in the design of oil well ma-
chinery to provide a reciprocating member and
cylinder therefor positioned directly over the
well so that the sucker rod of the well may be
connected directly to the reciprocal member.
Liquid under pressure is directed to a cylinder
to raise the member and, in many cases, during
the lowering stroke of the reciprocal member,
the liquid is directed from the pumping cylinder
to an accumulator cylinder in which a fluid is
compressed or & weight lifted so that energy is
stored as a result of the downstroke of the pump-
ing element. Later on the upstroke of the
pumping element this stored energy may be uti-
lized to aid 8 pressure forming member in direct-
ing liquid under pressure to the reciprocal pump-
ing element.
According to the present invention a pressure
forming means is located between the pumping
cylinder and the. storage cylinder, which may be
called an accumulator cylinder, and a means is
provided to control the flow of liquid from one
of the cylinders to the other in either direction,
the flow in each case being through the pressure
forming means. In this way there is a substan-
tially closed system between: the two cylinders.
However, due to inevitable leakage in the system,
it is necessary to provide a means for replenish-
ing the system at certain points in the recipro-
cal movement of the pumping element.
An object of the present invention is to pro-
vide a mechanism which is responsive to the
movement of a reciprocal member either in the
pumping cylinder or the accumulator cylinder
or both which will permit the operating liquid
to be taken by the pressure forming means from
an independent supply and injecte(i, into the
closed system to replenish the supply 'of operat-
ing liquid. This replenishing apparatus is in-
tended to operate automatically and is respon-
sive to the quantity of liquid in the system.
Because of the extremely -heavy loads which
are applied to the reciprocal pumping member
and because of the resulting high pressure which
must be used to move the member, it is neces-
sary that some means be provided to cause the
proper acceleration and deceleration of move-
ment of the pumping member,  Sudden move-
ments of the reciprocal pumping member are
- to be avoided.

© - A furiher object of the invention is to provide
" - a means for controlling this rate of accelera-
- tion or deceleration so that the strain on the

sucker rods to the pump will be at a minimum
at all times. The invention contemplates also
a novel valve arrangement adapted to effect nor-

" mal reversal of the system and to effect a delayed

reversal during a replenishing cycle, this re-
versal being delayed automatically.
Another object of the invention has to do

' with the provision of & means for changing the
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operating speed of the reciprocal pumping ele-
ment. A further object of the invention has to
do with & pressure forming means formied of a
plurality of pumps, one of which may be used
for pilot pressure and. others of whith may be
used singly or jointly to furnish pressure to the
system whereby the speed of the system may be
varied. ,

Means is also provided for cooling the operat-
ing Hquid used in the system. Other objects of .
the invention having to do with various embodi-
ments and details of construction and operation
thereof, will be further brought out in the fol-
lowing description and claims.

In the drawings:

Fig. 1 is an illustration, partially diagram-
matic and partigally in section, of one oil well eir-
cuit embodying the present invention. :

Fig. 2 is a view of a portion of Fig. 1 showing
a valve in a shifted position. '

Pigs. 3, 4 and 5 are additional views of a por-
tion of Fig. 1 showing the parts in different rela-
tive positions.

_Fig. 6 is an illustration of a second oil well
circuit in which a variable displacement pump
is used. ) '

“Fig. 7 is a section taken on the lines T—T of
Pig. 6. v .

Figs. 8, 9 and 10 are additional views of a

- portion of Fig. 6 showing the parts in different
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relative positions. » )

Fig. 11 is a sectional view of a third circuit in
which a plurality of pumps are used. .

Figs. 12, 13, 14 and 15 are additional views of
portions of Fig. 11 showing thé parts in dif-
ferent relative positions. -

Pig. 16 is an illustration of a modification of

- the circuit shown in Fig. 11.

50

Figs, 17, 18, 19 and 20 illustrate portions of
the circuit of Fig. 16 showing the relationship
of the parts in different positions. -

In Fig. 1 the simplest of the circuits embody-
ing the invention is illustrated. 'The main ele-
ments of the circuit consist of a piston-cylinder
motor 30—31, an accumulator tank 32, an air
flask 33, a pump 34 driven by & motor 35, a




directional control valve 38, and an auxillary
control valve block 31.

The - piston-cylinder motor 30—381 is an up-
right type of motor mounted on a casing 48
directly above an oil well (not shown). The top
part of the casing 40 has an outlet #1 fromy
which the oil from the well will flow. The lower
part of the cylinder 31 is sealed and @ polish
rod 42 passes upwardly from the housing 40
.through the lower part of the cylinder 3f to
the piston 80 where it is fastened. The lower
part of the cylinder 31 is provided with a main
entrance port 43. A supplementary entrance
port 44 leads from the port 43 to the bottom
of the cylinder 3f and a check valve 45 permits
passage to the cylinder only. A port 46, nor-
-mally closed by a relief check valve 41, permits
fluid to flow from the bottom of the cylinder
31 to the port 43. :

A tank 48 is provided to contain a supply of
operating liquid and to facilitate the mounting
of certain of the elements of the combination.

" The accumulator 32 consists of a vertical cylin-

der supported at the top by the tank 48. With-
in the accumulator 32 is a piston 50 which is con-
nected to a vertical piston rod 81 passing through
the top of the accumulator cylinder. A conduit
82 connects the lower part of the accumulator
32 with the lower end of the air flask 38 which
consists of a vertically positioned cylinder. The

alr flask is provided with a blow-off cock and an-

air filler valve §3. : ' _

The pump 34, which is a positive displacement
vane type pump, is mounted on the inside of a
wall of the tank 48 and the motor 35 is mounted
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to valve recess T8 by & conduit 83 which leads
from the top of the accumulator cylinder 32.
A tank conduit 84 is also connected to the valve
recess 16 and the valve 17 is provided with an
axial passageway 85 which opens to the fank
conduit 84. A conduit 87a connects the conduit
81 with the lower end of the valve recess 16 in
valve block 371. A spring 18a urges the valve 18
to an upward position, as shown in Fig. 1.

The valve 171 in the valve block 31 is to be
actuated by a bell crank 88 which is pivoted at
81. The piston rod 51 is provided with cams 88
and 89 which are adapted to shift the valve 11
to reverse the system at each end of the stroke
of the pistons 30 and §0.- An additional cam 80
is provided directly above the cam 89 to effect a
delayed reversal after the operating liquid in the
system has been replenished. Each of the valve
recesses 18 and 16 is provided with spaced en-
largel ports and these recesses are connected by
passageways, the functions of which will ap-
pear as the operation of the circuit is described.

Referring now to the operation of the circuit
just described, as the parts are shown in Fig. 1,
the bell crank 86 has just been shifted so that
piston 30 and piston rod 51 are each starting a
downward stroke. When the system is first
started, of course, the air flask 33 will be charged
with a predetermined pressure of air and the
operating lines must be fllled with oil before
operation will start. As shown by the arrows
on the drawings, pressure is being furnished from

_ the top of the accumulator 32 through conduit 83

on the outside of the tank. Pump 34 has a .

main inlet conduit 58 and an outlet conduit 56.
A supplementary inlet conduit 571 is provided
and a check valve 58 normally keeps this sup-
plementary conduit closed. i

. Also within the tank 48 is the directional con-
trol valve 38 which consists of a housing 59 pro-
vided with an axial recess 60, each end of which
is closed by caps 81 and 62, respectively. With-
in the recess 60 Is a slide valve 63 which is
adapted to be pilot operated within the recess
and which is provided with narrowed portions 64
and 65. The recess of the directional control
valve is provided with ports 66 and 66a which are
connected respectively with conduits 55 and 56,
leading to and from the pump 34. A conduit 87
connects the ports 43 and 44 in the cylinder 31
with a port 68 in the valve recess 60. A con-
duit 69 connects the top of the accumulator 32
with ports T0 and 71 formed in the recess 60.

Relief valves 12 and 18 are provided in conduits

67 and 69 to prevent excessive pressures from
developing.

Referring now to the valve block 31, this block
Is provided with two parallel cylindrical recesses
15 and 76 in which is located, respectively, a cam
actuated valve 17 and a pressure operated valve
18. The valve 63 is pilot operated and the pres-
sure for operating this valve is controlled by
the valves 11 and 78 in the valve block 31. A
conduit 79 leads from the valve recess 15 to
the end cap 61 on valve housing 59 and a con-
duit 80 leads from valve recess 16 to end cap

62. Each end cap 61 and 62 is provided with a

check valve 81 and 81a so that pressure may
flow freely into the axial recess 60. Each end
housing is also provided with g needle valve 82
and 82a arranged so that lquid passing from
the recess 60 to either conduit 19 or 80 will be
restricted in its flow. Pilot pressure is furnijshed
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and past a restricted portion of the valve 77 to
the conduit 19, This conduit 719 leads to the
bottom of directional control valve housing 59
so that the directional valve 63 is shifted up-
wardly, as shown. With valve 63 in this posi-
tion, continuously operating pump 34 receives
liquid from cylinder 31 through port 43, con-
duit 67, ports 68 and 66 in valve housing 59, and
inlet conduit §5. This liquid being received by
the pump is under pressure because of the fact
that the weight of the sucker rods on the polish

‘rod 42 is being exerted on the operating liquid

in the cylinder 31. This liquid passes through
pump 34 and to the accumulator cylinder 32
through outlet conduit.56, ports 66a and T{ in
housing 58, and conduit 63. At this time, since
there is pressure in conduit 67, there will be
pressure in conduit 67a exerted against the low-
er portion of valve 18 and there is also pres-
sure on the top of valve 18 from conduit 83
and cross passageway 92 in valve block 37.
During normal operation the valves will re-
main in the position shown in Fig. 1 until the
piston 30 has reached a lower position shown
by the dotted lines and until the piston rod 51

Jhas reached a position illustrated in Fig. 3. In

this position, it will be seen that the cam 89 has
acted on the bell crank 86 to shift the valve 11
to a new position. In this new position the con-
duit 83 is blocked from the conduit 19 but is con-
nected to the conduit 80 past restrictions in
valves 1T and 18 and through a cross passage-
way 93 in valve block 31. Pressure through con-
duit 80 will be exerted on top of the valve 63 to
shift it downwardly. Liquid from the lower por-
tion of the recess 60 will flow past the restric-
tion needle-valve 82 into the conduit 18, this con-
duit being connected to the tank at th's time
through the axial passageway 85 in valve 11
and the conduit 84. ’
The pressure on the top of valve 63 exerted
from conduit 80 will shift the valve to the posi-
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tion shown in Fig. 2. As the valve €3 is shifted,
the tapered portion above the restricted portion
64 on the valve, gradually cuts off the outlet con-
duit 56 from conduit 69 leading to the accumu-
lator. At the same time the tapered portion
below the restriction 64 gradually opens the con-
duit 56 to conduit 67. Meanwhile, the shifting
of the valve has cut off the conduit 67 from the
conduit 55 and opened the conduit 69 to the con-
duit 5. The rate of movement of this change
can be positively controlled by regulation
of needle valve 82. With the valve &3 in the
position shown in Fig. 2, the outlet of the pump

will be connected to the cylinder 31 and the ac~

cumulator cylinder 32 will be .connected to the
inlet of the pump. so that the flow of liquid is
. reversed in the system and the pressure from
the otulet of the pump is exerted on the piston
30 to raise the same. ) :
"In any hydraulic system. there is inevitable
leakage especially when the system is operating
under the !
when pumping oil from deep wells.  The present
circuit provides a means for replenishing the
operating liquid which normally circulates back
and forth between the cylinder 31 and the cyl-
inder 32 in a closed system. In the present cir-
cuit the leakage in the system would be direct-

ly evidenced by the lowermost position of piston.

30 since any decrease in the quantity of operat-
ing Hquid in the system
30 to reach a lower position than that .shown
by the dotted lines before the cam 88 could op-
érate to reverse the system. The port 43 in the
lower part of cylinder 8| is positioned in the
side wall of the cylinder so that when piston 30
reaches the port it will close it off. When this
happens a replenishing is necessary.

Normally, of course, on the downstroke of
piston 30, the pump 34 is receiving liquid under
‘pressure from cylinder 31 through conduit 67.
If the port 43 is closed, the conduit 67 will soon
be drained of liquid and there will be a deflnite
lowering of pressure in conduit 67 and in con-
necting conduit 67¢. :In view of the fact that

the top of valve 18 is always subject to pressure -

from conduit 83 through cross passageway- 92,
the valve 18 will be shifted to the position shown

in Fig. 4 when pressure in conduit 67a is low-

ered. With.the valve 18 in this position, it will :
be seen that the cross passageway 88 is blocked

from the conduit 80. Consequently, when the
pell crank 86 and the valve 11 is shifted by cam
89 to the positions shown in Figs. 3 and 4, the
pilot pressure from conduit 83 will not reach
the valve 63 to shift the same. Instead, both con-
duits 19 and 80 are conneated to the tank.
Valve 11 connects conduit 19 to the tank through
axial passage 85.° Conduit 80 connects to the
tank past valve 18, through a Cross passage 95 in
valve block 37, and through axial passage 856 in
valve 711. The pump 34, therefore, will continue
to direct liquid under pressure to the accumu-
lator 32, but this liquid will be coming from the
supplementary inlet 57 which is open to the in-
dependent supply of operatng liquid in the tank
48. Because of this action, the piston rod 54
will continue in its downward movement until
the cam 90 actuates the bell crank 86 and the
valve 11 to the position shown in Fig. 5. Wwith
the valve 11 in this position, pressure may pass
from conduit 83 past various restricted portions
in valve 11 to a cross passageway 94 which leads
to the conduit 80. There will thus be o belated

shifting of valve 63 after the liquid in the system’

high pressures which are necessary-

3

has been replenished.. As soon as the valve €3
is shifted, pressure will again, be exerted in con-
duit 61 and conduit 67a so that the valve 18 will

" pe again shifted upwardly to the position shown
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would permit the piston.”. -

in Fig. 5. During the reversal stroke, after re-
plenishment, valves 11 and 18 will maintain the
position shown in Fig. 5 until the cam 88 again
contacts the lower arm of the bell crank 86 to
shift it to the position shown in Fig. 1, At this
time pressure will be again directed from pilot
conduit 83 through conduit 19 to the lower part
of valve 63. The valve 63 will be shifted up-
wardly, the rate of shifting in this case being
controlled by the setting of restriction needle
valve 82a. , 2 »

The relief valve 47 in the lower part of cylinder
31 is provided in the event of live failure to re-
lease liquid trapped in the bottom of the cylin-

‘der after the piston 30 passes the port 43, in

other words, to provide relief for the dashpot
action of the bas¢ of the cylinder. Similarly,

‘at the beginning of the reversal, after replenish-

ing, liquid will be first furnished to the lower
part of piston 30 past the check valve 45.

In the circuit shown in Fig. 6 many of the
elements are the same as illustrated in, and de-
scribed in connection with, Fig. 1. In this cir-
cuit, however, a variable displacement pump 190
is substituted for the vane type pump in Fig. 1

“and there is no necessity for a directional con-

trol valve. The pump 100 may be any well

~known type of variable displacement pump hav-
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“ cylinders 106 and (07.
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ing a movable head 101 for varying the displace-
ment of the pump and also the direction of the
fiow of liquid through the pump. A pressure
dome (02 surrounds the pump and this dome is
adapted to receive and deliver liquid to an open-
ing 102¢ in the pump which serves alternately
as an inlet and an outlet. This pressure dome
102 is connected to the top of the accumulator

'32 by a conduit 69a. The other opening of the

pump which is adapted to serve alternately as an

‘inlet and an outlet is connected to the condu’t

61 and a supplementary inlet conduit 57 is pro-
vided as before. ]
Referring to the sectional view of the pump
shown in Fig. 7, it will be seen that the movable
head 101 is adapted to be shifted by a pilot oper-
ated rod 103. Pistons 104 and 105 at the respec-
tive .ends of the rod are located respectively in
Adjustable stops 108 are
provided at each end of the cylinders to limit the
movement of the rod 183. When the movable
head 101 is_ shifted to the right to its extreme

5 position, the pump 180 will be delivering liquid

from the cylinder 31 to the accumulator 32 as will
be described later. When the movable head is
shifted to the left to its extreme position, the

.pump will be delivering liquid under pressure
_from the accumulator

) to the cylinder 31.

Pilot pressure is directed to the respective pis-
tons 104 and 05 through conduits 80a and 19a
which lead from the valve control block 37.
Check valves 109 admit pressure directly to the
cylinders 106 and 107 from conduits 88a and 19a
and needle valves 1 10'and {11 control respectively,
the flow from cylinders 106 and 107. It will thus

. be seen that the control rod 103 is shifted by pilot

75

pressure in the same manner as the directional
control valve was shifted in Fig. 1. A spring 112
is placed in the pressure dome 102 to tend to shift
the movable head to the right, as viewed in Fig. 7,
so that, in starting, liquid will be directed to the
accumulator cylinder 32.

In the operation of the circuit shown in Fig. 6,
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assuming that the air flasgk 38 1s-charged and the -

system is normally operating with a specified
amount of operating liquid, when the parts are
in the position  shown in Fig. 6, the piston 30 is
ready to start a downward stroke. The bell
crank 88 and the valve 7T have been moved, to the
position shown, by the cam 88 thereby connecting
pilot pressure conduit 83 with control conduit 79a.
‘Pressure is thus directed to cylinder 107 to shift
‘the movable head 101 to the right and the rate of
this movement is controlled by the needle valve
118. Liquid passes from the cylinder 106 to the
. tank through the conduit 80a past valve 18,
through conduit 94 and through the axial pas-
sageway 88 in valve T1. With the pump head
thus moved to the right (Fig. 7) liquid under
pressure will be directed to the pump 100 from the
cylinder 31 through conduit 7. The pump at
this time discharges liquid under pressure from
opening 102a into the pressure dome 102 and it
passes from the dome through the conduit 69a to
the accumulator 82. This movement will con-
tinue until the top arm of bell crank 86 contacts
cam 89 to shift the bell crank and valve 17 to the

position shown in Fig. 8. If no replenishment is.

necessary there will be a norma)l reversal, pilot
pressure passing from line 83 past valve T7,
through cross passageway 93 and past valve 18 to
conduit 80a. This will shift the control rod 103 to
the left and liquid will pass out of cylinder 107
through the needle valve {11 to the tank through
conduit T9a¢ and the axial passageway 85 in valve
T1. The direction of flow of operating liquid will
_ thus be reversed.

In case the system is in need of replenishment
of operating liquid, as described in connection
with Fig. 1, the port 43 will be cut off from the

cylinder 31 by the piston 30. 'This will cause a

reduction of pressure in conduit 67a and the re-
sult will be that valve 18 is shifted downwardly by
pressure on its top surface and the pump will
start to draw liquid from the supplementary inlet
51. The shifting of the valve 18 to the position
shown in Fig. 9 will block the above described
normal reversal due to valve 18 cutting off conduit
93 from conduit 80a. Reversal will be delayed
until the accumulator is filled with enough liquid
to cause the cam 90 to contact the top arm of bell
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crank 86, as shown in Fig. 10. At this time the -

shifting of valve 77 to the position shown in Fig,
10 will permit pilot pressure to pass from conduit
83 past various restricted portions of valve 17 to
cross passageway 94 where it is connected to the
control conduit 80a. As soon as reversal fis
aflected, pressure will rise in conduit 67 so that
the valve T8 will again be shifted to its uppermost
position and the upward stroke of piston 30 after
the replenishment, will take place with valves 11
and 18 in the positions shown in Fig. 10.

" After either a normal reversal by cam 89 or a
cdelayed reversal by cam 90, the piston 30 and the
piston rod 51 will rise until the cam 88 contacts
the lower arm of the bell crank 86. At this time
the valve 77 will again be shifted to the. position
shown in Fig. 6 and the operation will cohtinue as
described. e '

In Fig. 11 is shown a third oil well circuit em-
bodying the invention, The main difference be-
tween the circuit of Fig. 11 and the circuits shown
in Figs. 1 and 6 lies in the pregsure forming
means, though there are other differences in de-
tail which will be. brought out. The pressure
forming means includes a plurality of pumps,
three in number, one of which is to be'used as a
pilot pump and the remaining two to be used as
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. power pumps for the system. The two main

pumps are designed so that they will have differ-
ent volume ranges so that two speeds can be
achieved by using one or both of them. Two

- Speeds are desirable since the operator may desire

to determine, at various times, if the well can
supply more oil than is being delivered by one
pumping unit. ’ :
Referring to Fig. 11, the piston-cylinder motor
30—31 is the same as previously described. An
accumulator 120, in Fig. 11, is formed as one cyl-
inder, a piston 21 being located therein to sepa-
rate compressed air in the top of the cylinder
and operating liquid in the lower portion. A
relief and charging valve 122 is provided at the
top of the accumulator to control the air charge.
A piston rod 123 extends downwardly from the

‘piston 121 and on the end of the rod is formed

a cam member which has three cam surfaces 88q,
89¢a and 90a. .

The-accumulator (20 is mounted on a tank 124
in which is mounted a valve block 126. This
valve block is provided with two parallel valve
recesses 18a and T6a in which are mounted, re-
spectively, a cam actuated valve 71a and a pilot
operated valve T8b. ' A bell crank 86a is operably
connected to the valve T1a. ’

Mounted on the top of the tank 124 is & motor
126 provided with a drive shaft 127 which.ex-
tends downwardly into the tank. A pump hous-
ing 128 surrounds the drive shaft 127 and in
the housing are pumps 129, 130 and 131. Di-
rectly adjacent the pump housing 128 is a valve
housing 1382 in which are housed a pump con-
tl;rol valve 133 and a directional control valve

34,

The pump control valve 133 is adapted to be
operated by pressure acting on one or both ends
and the valve Is arranged to have two lower-
most positions depending on the position of a
cam member 135 positioned directly beneath the
valve. The directional control valve 134 is simi-
lar to the directional control valve described in
connection with Fig. 1. This valve is pilot oper-
ated andis arranged to control the direction of
flow of operating liquid between the cylinder 31
and the accumulator 120. The operation of valve

134 is to be controlled by valves 11a and 18b. The

rate of movement of the directional control valve
134 is controlled by needle valves 82 and 82a,
check valves 81 and 8ia being provided to admit
pressure to the valve recess at each end, as in
Fig, 1. .

The cylinder 31 is connected to the recess of
valve 134 by a conduit 136. The lower end of
the valve 18b is connected to conduit {36 by a
conduit 187. The lower part of the accumulator
120 is connected to the recess of valve 134 by a
conduit 188. Various interconnecting passage-
ways are provided in housings 128 and 132 and
these passageways will be described in connec-
tion with the operation of the system. The pilot
pump (31 delivers pilot pressure to valve recess
15a in valve block 125 through a conduit i43.
Valve recess 15a is connected to the top of valve

134 by a conduit 141 and is connected to the lower

-end of valve 134 past valve 18b through a con-
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duit 142. Valve 71a is provided with an axial,
tank recess 85¢ and the upper end of recess 15a
is connected to the tank by a port opening 43.
A spring 144 urges the valve 18b to its downward
position.

As the parts stand in Fig. 11, the operating
liquid in the system is being replenished. Just
prior to this point in the operation, the valves
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were in the positions shown in Fig. 13, and the
piston 30 was descending. Referring to Fig. 13
it will be seen that liquid under pressure is pass-
ing from conduit (36 and the cylinder 31 to the
directional control valve 134 where a restriction
in the valve permits the liquid to enter passage-

way 145 leading to pump control valve 133. A

restriction in valve (33 permits the liqud from
cylinder 31 to pass to inlet conduits 146 and 141
of power pumps 129 and 130, respectively. This
liquid will pass through the pumps and enter the
. respective outlets 148 and 148.. These outlets
lead around the valve §33 past check valves 153
and 151 to a common conduit 152. This conduit
152 leads to the valve 134 and with the valve in
the position shown in Fig. 138, liquid from the
pumps may pass a restriction in the valve to the
accumulator conduit 138. At this time it will be
seen that pressure from conduit 136 is exerted on
the top of valve 133 through a conduit {53. The
pressure passing from conduit 152 to the ac-
cumulator conduit {38 is exerted on the lower
"~ end of valve 133 through a conduif 154, The
pressure in conduit 136 coming from the cylinder
31 is also exerted on the lower end of valve 18b
so that the valve is held in its uppermost posi-
_ tion against the action of spring (44. Bell crank
86¢ and the valve Tla had been shifted to the
position shown in Fig. 13 by cam 88a as the pis-
ton 30 reached the top of its stroke and the pis-
ton 121 reached the bottom of its stroke. "With
valve T1a in this position, pilot pressure from
conduit 140 passes a restriction in valve Tia to
conduit 18f where it is exerted against the top
of valve 134 to maintain the same in the posi-
tion shown in Fig. 13. Conduit (42, leading from

 the lower end of the recess of valve 134, is con-’

nected to the tank past valve 18b through-a cross
- passageway 158 in valve block 125. ' This pas-
sageway connects to the axial passageway 85a in
valve T1a, this passageway leading to the tank
through port 143 in the top of the valve recess.
With valve 133 in the position shown in Fig. 13,
it will be seen that both pumps 129 and 130 are

functioning to pass liquid through the system. If

cam 135 is shifted to the position shown in Fig. 15,
valve 133 would be in its lowermost position, as
shown. With the valve in this position, the outlet
passageway 149 of pump (30 is connected to the
inlet passageway (41 past a restricted portion in
the valve so-that the pump 130 is bypassing. The
_‘outlet 148 of pump 129 is, however, still connected
to the common outlet conduit 152.

If there were to be a normal reversal of the sys-
tem, as piston 30 approached a lowermost posi-
tion, just above port 43, the cam 83« would, con-
tact the upper arm of bell crank 86a to shift the
valve T1a to the position shown in Fig. 12, With
the valve in this position, pilot pressure passes
from conduit 140 past a restriction in valve 11a
to a passageway (56 leading to valve recess T6a.
Since valve 18b is in its uppermost position, the
pilpt pressure may pass around a restriction in
the valve to conduit 142 from which it will be di-
rected to the lower end of directional control
valve 134, The directional control valve will thus
be shifted to its uppermost position, as shown in
Fig. 12, the liquid from the top of the valve pass-
ing through conduit {41 to the tank via the tank
passage 85a and port 143. With reference to Fig.
12, it will be seen that the accumulator conduit
138 is now connected past valve 134 to passageway
_ 145. Due to the position of valve 133, liquid will

pass from the passage 145 to the inlets of pumps
129 and 130 and through the pumps to the com-
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mon outlet conduit 152. The conduit {52 is con-
nected past a restriction in valve 134 to conduit
136 leading to cylinder 31. With such an arrange-
ment the accumulator piston will descend and the

_ pumping piston 30 will rise,

If the quantity of operating liquid in the closed
system becomes decreased due to leakage, when -
the piston 30 descends in its lowering stroke, it
will pass the port 43 and block the same. This
will habpen- when the valves are in the position
shown in Pig. 13 and since the pumps can no
longer draw liquid from conduit 36, there will be
a decrease in pressure in this conduit and in con-
duit 153, and, consequently, a decrease in pressure
on the top of valve 133. The pressure on the bot-
tom of valve 133 is still exerted from the accumu-
lator through conduit i54. The result would be a
shifting upward of the valve 133 to the position
shown in Fig. 11. The decrease.in the pressure
in conduit 136 will also have its effect on the pres-
sure in conduit 137 so that the valve 18b will be

. urged to its lowermost-position by spring 144, as

. shown in Fig. 11.

25

With valves 133 and 780 in
these positions, when the cam 89a contacts the
upper arm of bell crank 86aq and shifts the valve
T1a to the position shown in Fig. 11, there will be

‘no reversal as would occur normally due to the

fact that pilot pressure from conduit 140 will be

. blocked from conduit {42 by valve 18b which
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closes conduit 156. A shifting of valve 133 up-
ward will connect the outlet 148 of pump 129 with
the inlet 146 so that this pump will be bypassed.
The normal inlet 147 of pump 80 is blocked by
valve 133 and the pump (30 will now receive its
inlet liquid from a supplementary inlet conduit
157 which leads to the lower part of the tank 144,
Consequently, liquid from tank {44 will be directed
from pump 130 through conduits 149 and 152 to
the accumulator 138. The operating liquid in the

system will consequéntly be increased in quantity
and the piston 121 will continue to rise until the

- cam 90z moves the bell crank 86a to the position
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shown in Fig. 14. This shifts the valve T1a to its
lowermost position and in spite of the fact that
valve 18b is still blocking passage 156, pilot pres-
sure may pass from conduit 140 past various re-
strictions in valve Tla to the cross passage 155
and around valve 18b to control conduit 142,
Valve 134 will again be shifted upward and the
system will be reversed with liquid passing from
the accumulator to the cylinder 31. * ,
A relief valve 160 is connected to conduit {38
and a relief valve 161 is connected to conduit
152 to prevent excessive pressures from developing
in the system. Pilot pump 131 is a continuously
operating pump and since its total volume is not
needed at all times in the system a check valve
162 leading to a conduit 163, takes care of the
overflow. "The conduit 163 leads toa small cham-
ber 164 which is surrounded by cooling fins 16§.

.Here the oil may be cooled and will pass again to

the tank through a conduit 166. A baffle plate 167
prevents the oil being cooled from coming into
contact with the coupling between the motor and
the shaft 121. :
Deceleration safety valves 168 and 168 are pro-

" vided at the cylinder ends of conduits 136 and (38
. respectively. These safety valves are so arranged
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that if flow from the cylinders exceeds a certain
quantity, the valves will be shifted against biasing
springs to restrict the flow. In case of power fail-
ure, for example, the system will not get out of
control to cause breakage or damage. :

In Fig. 16 is illustrated an oil well circuit which
isa modification of the oil well circuit shown in
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PFig. 11. This circuit differs from that illustrated
in Fig. 11 in that a valve {10 in a block {71 i3 pro-
vided to control the pilot pressure to and from
valve 134 and a valve 133a is substituted for valve
133 of Fig. 11, to perform the functions of valve
133 and also to serve as an interrupter valve in the
place of valve 18b found in Fig. 11. Pilot pressure
is furnished to the valve block §T{ through con-
duit 140 from pilot pump t31. This pilot pressure
will be directed to the top of valve 134 through
a conduit 141 when valve 170 has been moved by
cam 88a and bell crank 86a to the position shown
in Fig, 17. A tank passage 10a is located in valve
110, : !

When the valve 178 is shifted by the cam 88%a
to the position shown in Fig. 16, reversal of the
system will normally take place with pressure be-
ing directed from pilot conduit 140 to conduit

i42a which leads past valve 133a in the position-

shown in either Fig. 17 or Fig. 19 to conduit {42
which leads to the bottom of valve 134. Delayed
reversal is caused by valve 133a being shifted, to
the position shown in Fig. 16. 'As described in
connection with Fig. 11, this shifting will occur
when the conduit 136 is blocked by the piston 80
and the pressure beneath the valve 133a will urge

. the valve upwardly. Conduit 142a will then be

blocked and reversal cannot be effected until cam
90qa shifts the bell crank 86a and the valve 110 to
the position shown in Fig. 18. Pilot pressure from
conduit 140 may then be directed to a conduit
{42b leading to the valve 133a and when the last
named valve is in the position shown in Fig. 16,
pilot pressure may pass to conduit 142 to cause
a delayed reversal of the system. Consequently,
the replenishment of the operating liquid is ac-

‘complished during this interrupted or delayed re-

versal. - The path of pilot liquid to effect delayed
reversal is shown by the dotted arrows in Fig. 16.
In Fig. 19 the valve (33q is illustrated in its lower-
most position when the cam 135a is rotated 180
In this position, pump 130 will be by-
passed and pump (29 will be operating. In Fig.
20 the valve 134 is shown in its shifted position
to cause a lowering of piston 120 and & raising of
piston 30.

Since the operation of the circuit shown in
Fig. 16 is very similar to that of Fig. 11, except
for the differences above noted, the details of the
flow of operating liquid and the shifting of the
valves will not be repeated.

We claim:

1. In combination, a cylinder for containing an
operating liquid, a reciprocal member in said cyl-
inder, means acting on said memuer for resisting
the entrance of liquid to said cylinder, & motor
cylinder, a reciprocal member in said motor cyl-
inder adapted to be operably connected to the
sucker rod of a pump in a well, a pressure forming
means, a pilot operated shiftable means adapted
to control the direction of liquid under pressure
through said pressure forming means and to and
from said cylinders, a supply of operating liquid,
unidirectional valve means connecting said sup-
ply with the inlet of said pressure forming means,
valve means responsive to movement of one of
said reciprocal members for directing pressure to
said pilot operated means to shift the same, and

.-additional valve means responsive to abnormal
-» movement of one of said reciprocal members re-
-sulting in closure of the outlet port of one of said
‘cylinders . adapted to delay the shifting of said
- pilot- operated means, and thereby cause a re-

plenishing of liquid from said supply to said sys-

~tem "du:mg said delay.

10

15

20

30

36

40

45

55

60

65

2,867,948

2. In combination, an auxiliary cylinder for
containing an operating liquid, means for resist-
ing the entrance of liquid thereto, a motor cylin-
der, a reciprocal member in said motor cylinder
adapted to be operably connected to the sucker
rod of a pump in & well, a pressure forming means,
conduits connecting said cylinders with said pres-
sure forming means, means shiftable to direct
operating liquid from one of said cylinders to said
pressure forming means and from said pressure
forming means to the other of said cylinders al-
ternately in a closed system, a supply of operating
liquid, a source of pilot pressure, valve means re-
sponsive to the quantity of operating liquid in
said auxiliary cylinder adapted to direct pilot
pressure to said shiftable means to control the
position thereof, and an auxiliary valve normally
biased to one position, and adapted to be shifted
to a second position to block pilot pressure from
said shiftable means when said reciprocal mem-
ber has moved through a given distance whereby
reversal of movement of said reciprocal member
is delayed, and means responsive to the movement
of said reciprocal member arranged to cut-off
the inlet of said pressure forming means from
said motor cylinder and to open it to said supply
of operating liquid to permit a replenishment of
liquid in said closed system, and a passageway
permitting flow to the operating side of said re-
ciprocal member when said inlet is cut off.

3. In combination, a cylinder for containing an
operating liquid, a reciprocal member in said cyl-
inder, means acting on said member for resisting
the entrance of liquid to said cylinder, & motor
cylinder, a reciprocal member in said motor cyl-
inder adapted to be operably connected to the
sucker rod of a pump in & well, a pressure form-
ing means, conduits connecting said cylinders
with said pressure forming means, means shift-
able to direct operating liquid from one of said
cylinders to said pressure forming means and
from said pressure forming means fo the other of
said cylinders alternately in a closed system, a

- supply of operating liquid, a-source of pilot pres-

sure, valve means responsive to movement of one
of said reciprocal members adapted to direct pilot
pressure to said shiftable means to control the
position thereof, and an auxiliary valve normally
biased to one position, and adapted to be shifted
to a second position to block pilot pressure from
said shiftable means when the other of said re-
ciprocal members has moved through a given dis-
tance whereby reversal of movement of said re-
ciprocal members is delayed, and means respon-
sive to the movement of one of said reciprocal
members arranged to cut-off the inlet of said
pressure forming means from said motor cylinder
and to open it to said supply of operating liquid
to permit a replenishment of liquid in said closed
system, and a passageway permitting flow to the
operating side of said reciprocal member when
said inlet is cut off. i

4. In combination, an accumulator cylinder for
containing an operating liquid, an accumulator
reciprocal member in said cylinder, means acting
on said member for resisting the entrance of lig-
uid to said cylinder, a motor cylinder, a reciprocal

_ member in said motor cylinder adapted to be op-
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erably connected to the sucker rod of a pump in
a well, a pressure forming means, conduits con-
necting said cylinders with said pressure forming
means, means shiftable to direct operating liquid
from one of said cylinders to said pressure form-
ing means and from said pressure forming means
to the other of said cylinders alternately in a
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closed system, a supply of operating liquid, &
source of pilot pressure, valve means responsive to
movement of one of said reciprocal members
adapted to direct pilot pressure to said shiftable
means to control the position thereof, and an
auxiliary valve normally biased to one position,
and adapted to be shifted to a second position to
block pilot pressure from said shiftable means
when the other of said reciprocal members has
moved through a given distance, whereby re-
versal of said reciprocal members is delayed, and
means responsive to the movement of one of said
reciprocal members arranged to cut-off the inlet
of said pressure forming means from said motor
cylinder and to open it to said supply of operat-
ing liquid to permit a replenishment of liquid in
said closed system, said valve means being re-
sponsive to additional movement of said accumu-
lator reciprocal member to connect said shiftable
means to said pilot pressure to reverse the system
after a predetermined replenishment of the
" closed system, and a passageway permitting flow

to the operating side of said motor member when
said inlet is cut off. .
~ 5. In combination, a eylinder for containing an
operating liquid, & reciprocal member in said cyl-
inder, means acting on said member for resisting
the entrance of liquid to said cylinder, a motor
comprising a cylinder having.-an inlet, and a re-
" ciprocal member in said motor cylinder adapted
to be operably connected to the sucker rod of a
pump in a well, and & passage in said motor to
permit flow thereto when the inlet is closed, a
pressure forming means having inlet and outlet
ports, a pilot operated directional valve adapted
to direct liquid under pressure to and from said
cylinders through said pressure forming means
in a closed system, a supply of operating liquid,
a unidirectional valve means connecting the inlet
of said pressure forming means with said supply,
valve means responsive to movement of one of
. said reciprocal members for directing pressure to
said pilot operated valve to shift the same, means
to control the rate of movement of said.pilot oper-
ated valve to control the acceleration and de-
celeration of said reciprocal members, closing
means for said motor inlet operable as a conse-
quence of a reduced quantity of liquid in said
closed system, and additional valve means re-
sponsive to the closing of said closing means to
delay the shifting of said pilot operated valve, and

thereby cause a replenishing of liquid to said

closed system by reason of said pressure forming
means drawing liquid from said supply through
the unidirectional valve means during said delay.

6. In combination, a cylinder for containing an
operating liquid and means including a reciprocal
member for resisting the entrance of liquid there-
to, a motor cylinder, a reciprocal member in said
motor cylinder adapted to be operably connected
to the sucker rod of a pump in & well, a pressure
forming means comprising a variable displace-
ment pump, a movable member on said pump ar-

ranged by its movement to control the direction -

and volume of output of said pump, conduit
means connecting said pump with. said cylinders,
means including a unidirectional valve connect-
. ing said pump to a supply of replenishing fluid,
. pilot operated shiftable means operably connected
to said movable member to shift the same, a
source of pilot pressure, valve means responsive
to movement of one of said reciprocal members
for directing pilot pressure to said pilot operated
means to shift the same, valve means responsive
to movement of one of said reciprocal members

. ated means and thereby

10

25

30

35

40

7

adapted to close the inlet to sald one reciprocal
member, and additional valve means similarly re-
sponsive to delay the shifting of said pilot oper-
cause additional operat-
ing fluid to be supplied to one of said cylinders
to replenish the system.

7. In combination, an accumulator cylinder for
containing an operating liquid, & reciprocal mem-
ber adapted to be shifted by changes in quantity
of operating liquid in said cylinder, means re-

gisting the entrance of liquid into said cylinder
whereby liquid therein will be under pressure, &

motor cylinder, a motor member in said motor
cylinder adapted to be operably connected to the
sucker rod of & pump in a well, a conduit leading
to an entrance port at one end of said accumu-
lator cylinder, a conduit leading to an entrance
port at one end of said motor cylinder, a pressure
forming means having inlet and outlet ports,
means disposed in said conduits and arranged to
direct operating liquid from one of said cylinders
to the other through said pressure forming means,
and means for causing the replenishing of the
supply of operating liquid normally passing be-
tween said cylinders comprising a unidirectional
valve means connecting the inlet of said pressure
forming means with a supply of liquid, and &
shiftable valve means exposed at one end’ to .
pressure in the conduit leading to the motor cyl-
inder, said last named valve means normally per-
mitting reversal of the system but arranged to

shift to delay reversal when the supply of operat-

ing liquid in the system is diminished to the ex-

tent that said motor- member may pass and close

the conduit port leading to the motor cylinder,
said replenishment taking place automatically
during said delayed reversal by reason of said
pressure forming means drawing liquid through
said unidirectional valve from said supply, and &
passageway permitting flow to the operating side

" of said motor member when said conduit port is
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closed by said motor member.

8. In combination, an accumulator cylinder for
containing an operating liquid, & reciprocal mem-
per adapted to be shifted by changes in quantity
of operating liquid in said cylinder, means resist-
ing the entrance of liquid into said cylinder
whereby liquid therein will be under pressure, &
motor cylinder, a motor member in said motor
cylinder adapted to be operably connected to the
sucker rod of a pump in & well, a conduit leading
to an entrance port at one end of said accumulator

. cylinder, a conduit leading to an entrance port at

55

60

65

one end of said motor cylinder, a pressure forming
means having inlet and outlet ports, valve means
disposed in said conduits and arranged to direct
operating liquid from one of said cylinders to the
other through said pressure forming means,
means for replenishing the supply of operating
liquid normally passing between said cylinders
comprising a unidirectional valve means connect-

_ing the inlet of said pressure forming means with

a supply of liquid, and a shiftable valve means
exposed at one end to pressure in the conduit
leading to the motor cylinder, said last named
valve means normally permitting reversal of the
system but arranged to shift to- delay reversal

_when the supply of operating liquid in the sys-
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tem is diminished to the extent that said motor
member may pass and close the conduit port
leading to the motor cylinder, said replenishment

‘taking place automatically during said delayed

reversal by reason of said pressure forming means
drawing liquid from _said supply through said

unidirectional valve and passing it to said accu-

©
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mulator cylinder, and meang responsive to the
movement of sald reciprocal member by reason of
the flow of replenishment liquid to said accumu-
lator cylinder to effect a delayed reversal upon
the. operation of said replenishing means, includ-
ing a passage permitting flow to said motor when
its inlet is closed by the motor member. .

9. In combination, an accumulator cylinder for
containing an operating liquid, a reciprocal mem-
ber adapted to be shifted by changes in quantity
of operating liquid in said cylinder, means resist-
ing the éntrance of liquid into said cylinder
whereby liquid therein will be under pressure, a
motor cylinder, & motor member in said motor
cylinder adapted to be operably connected to the
sucker rod of & pump in a well, a conduit leading
to an entrance port at one end of said accumu-
lator cylinder, a conduit leading to an entrance
port at one end of said motor cylinder, a passage-
way permitting flow from said motor cylinder
conduit to said motor cylinder when said entrance
port is closed, a pump having inlet and outlet
ports adapted to be connected alternately to said
conduits and having an inlet port connected to
an independent supply of operating liquid, con-
necting. means operative to connect said closed

. system with said supply, a first means to effect
normal reversal of flow between said tank and
cylinder when the quantity of operating liquid
is above a predetermined volume, a second means
operative to delay the effect of said last named
.means, said second means and said connecting

means being pressure responsive members sub-

ject to pressure at the pump inlet during one
stroke of said motor member and being rendered
operative by reduction in such pressure, and
means to close said pump inlet from the motor
cylinder upon predetermined reduction in the
quantity of said body of liquid thereby causing
said reduced pressure.. -

10. In combination, an accumulator cylinder
for containing an operating liquid, a reciprocal
member adapted to be shifted by changes in
quantity of operating liquid. in said cylinder,
means resisting the entrance of liquid into said
.cylinder whereby liquid therein will be under
Dbressure, a motor cylinder, a motor member in
said motor cylinder adapted to be operably con-
nected to the sucker rod of a pump in a well, a
conduit leading to an entrance port at one end
of said accumulator cylinder, a conduit leading
to an entrance port at one end of said motor cyl-
inder, a pressure forming means having inlet and
outlet ports adapted to be connected alternately
to said conduits and having an inlet port con-
nected through an unidirectional valve to an. in-
dependent supply of operating liquid, valve means
for directing liquid to and from said conduits
through said pressure forming means, cam means
on said reciprocal member for shifting said valve
means at the end of a normal stroke to cause
reversal of the flow through said conduits, a valve
responsive to movement of said motor member for
blocking the reversal effect of said valve means
and thereby causing an amplifled stroke of the

reciprecal member by reason of liquid being

drawn from said supply and passed to said accu-
. mulator cylinder, said cam means being formed
to impart an additional movement to said valve
means when the stroke of sald reciprocal mem-
ber is amplified by reason of the delayed reversal
whereby reversal of the system may be effected.
~ 11. In combination, a cylinder for ‘containing
an operating liquid, a reciprocal member in said
~eylinder, means acting on said member for re-

@
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sisting the entrance of liquid to said cylinder, a
motor cylinder, a reciprocal member in said mo-
tor cylinder adapted to be operably connectéd to
the sucker rod of a pump in a well, a pressure
forming means comprising a plurality of pumps,
a pilot operated directional control valve, a se-
lector valve for directing the delivery of one or
more of said pumps to said control valve whereby
it may be further directed to cne of said cylinders,
& supply of operating liquid, means connecting
the inlet of one of said pumps to said supply,
valve means responsive to movement of one of
said reciprocal members for directing pressure
to said pilot operated valve to shift the same, and
additional valve means responsive to prolonged
movement, of one of said reciprocal members re-

‘sulting in the closure of the outlet port of one of

said ‘cylinders adapted to delay the shifting of

* sald pilot operated valve and thereby effect a

20

replenishing of operating lquid from said supply

. to said system during said delay.
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12. In combination, a cylinder for containing
an operating liquid, a reciprocal member in said
cylinder, means acting cn said member for re-
sisting the entrance of liquid to said cylinder, a
motor cylinder, a reciprocal member in said mo-
tor cylinder adapted to be operably connected to
the sucker rod of a pump in a well, a pressure
forming means comprising a plurality of pumps,
& pilot operated directional control valve, a se-
lector valve for directing the delivery of one or
more of said pumps to said control valve whereby
it may be further direzted to one of saig cylin-
ders, a supply of operating liquid, means con-
necting the inlet of one of said pumps to said
supply, valve means responsive to movement of
one of said reciprocal members for directing
pressure to said pilot opersted valve to shift the
same,-and additional valve means adapted to de-

40 1ay the shifting of said pilot operated valve, said

additional valve means and said selector valve
being responsive to prolonged movement of one

* of said reciprocal members resulting in the clo-
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sure of the outlet port of the respective cylinder
wiereby operating liquid in said system will be
replenished by one of said pumps from said supply
during said delay.

13. A pumping system combining a motor mem-
ber and a balancing member eash to be shifted,
a relatively high volume pumping mechanism for
imparting movement to said members, a second
pumping mechanism for imparting a different
rate of movement to said members, a shiftable
control mechanism for said pumping mechanisms
comprising an element shiftable within a casing
adapted in one shifted position to direct fluid
from said first mentioned pump to impart move-
ment to one of said members and to bypass the
other of said pumps, adapted in a second pesition
to direct fluid from both of said pumps to one
of said members, and adapted in a third position
to bypass said first mentioned pump and direct
pressure from said second pump to one of said
members, a main valve for determining the ac-
tion of said pumping mechanisms, conduits con-
necting said balancing member and motor mem-
ber through said main valve to inlets and out-
lets of said pumping mechanisms so as to permit
reversible flow between said members, a control
valve for determining the action of said main
valve, means actuated by the movement of one

‘'of sald members for mechanically shifting the

control valve, means hydraulisally actuable by
fluid passed by the control valve for operating
the main valve, and means responsive to reduc-
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tion in pressure in the motor. supply conduit for
\delaying the movement of the main valve, said
shiftable control mechanism being also respon-
 8ive to reduction in pressure in the motor supply
conduit whereby it will be shifted to its third posi-
tion to effect replenishing of operating Buid in
the system. : T

14. In combination, a cylinder for containing

an operating liquid, a reciprocal member in said
cylinder, means acting on said member for re-
sisting the entrance of liquid to said cylinder, a
motor cylinder, a reciprocal member in said mo-
tor cylinder -adapted to be operably connected
" to the sucker rod of a bump in a well, a closed

operating circuit including a.pressure forming'

means comprising :a plurality of pumps, a pilot
operated directional control valve, a selector valve

for directing the delivery of one or more of said-

pumps to said control valve whereby it.may be
further directed to one of said cylinders, a supply
of operating liquid, means connecting one of said
pumps to said supply, and valve means respon-
sive to movement of one of said reciprocal mem-
bers for directing pressure to said pilot operated
valve to shift the same, said selector valve being
normally biased to one
be shifted to a second
pressure from said shiftable means, means to cut
off the motor inlet from
forming means when said motor reciprocal
member has moved through a given distance, and
means responsive to consequent reduced pressure
at said pressure forming means inlet to open ‘said
inlet to said supply of operating liquid to permit
& replenishment of liquid in said closed system.
15. In combination, a cylinder for containing
an operating’ liquid, a Teciprocal member in said
cylinder, means acting on said member for re-
sisting the entrance of liquid to said cylinder, a
motor cylinder, a reciprocal member in said mo-
tor cylinder adapted to be operably connected
to the sucker rod of s pump in a well, a closed
‘operating circuit including a pressure forming
means comprising a plurality of bumps, ‘a pilot
operated directional control valve, g selector valve
for directing the delivery of one or more of said
pumps to said control valve whereby it may be
further directed to one of said cylinders, a sup-

ply of operating liquid, valve means responsive °

to movement of one of said reciprocal members

for directing pressure to said pilot operated valve -

to shift the same, said selector valve being nor-

mally biased to one control position but arranged -

in said closed circuit to be shifted in response to

- excessive movement of one of said reciprocal
members to a second position to by-pass one of
said pumps and block pilot Dbressure from said
control valve thereby ‘delaying reversal, means
to cut off the motor inlet from the inlet of said
pumps also responsive to the excessive movement
of said one reciprocal member, and means re-
sponsive to consequent reduced pressure at said
pump inlet to open said inlet to said supply of
operating liquid to
liquid in said closed system.

16. In combination, an auxiliary cylinder for
containing an operating liquid, means for resist-~
ing the entrance. of liquid thereto, & motor cyl-

inder, a reciprocal member in said motor cylinder
adapted to be operably connected to the sucker

rod of a pump in 2 well, a pressure forming means .

comprising a continuously operated motor and

a plurality of pumps driven thereby, one of said

bumps being adapted to serve as a pilot pump, a

selector valve for directing the output of the

position, and adapted to.
position to block pilot

the inlet of said pressure

permit a replenishment of .
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other of said pumps, conduits connecting said
cylinders with said selector valve, means shift-
able to direct operating liquid from one of said
cylinders to said pressure forming means and
6 from said pressure forming means to the other of
said cylinders in a closed system, a supply of oper-
ating liquid, means connecting one of said pumps
to said supply, valve means responsive to flow of
-operating liquid to and from said suxiliary cyl-
10 inder adapted to.direct pilot pressure from said
pilot pump to said shiftable means to control the
position thereof, an auxiliary valve normally
biased to one position, and adapted to be shifted
to & second position to block pilot pressure from
15 Said shiftable means, means to cut off the motor
inlet  from the .inlet of said pressure forming
means when said reciprocal member has moved
through 'a given distance, means responsive to
consequent ‘reduced Pressure at said pressure
g0 forming means inlet to cause shifting of said -
auxiliary valve to its second position, and means
responsive to consequent reduced pressure at said
pressure forming means inlet to open said inlet to
said supply of operating liquid to permit a re-

25 blenishment of liquid. in said, closed system.
.17. In combination, an auxiliary cylinder for
containing an operating liquid, means for resist-
“ing the entrance of liquid thereto, a motor cyl-
" inder, s reciprocal member in said motor cylin-
30 der adapted to be operably connected to the suck-
er rod of a pump in a well, a pressure forming
means comprising a continuously operated mo-
tor and a plurality of pumps driven thereby, one
.of said pumps being adapted to serve as a pilot
35 pump, a selector valve for directing the output
of the other of said pumps, conduits connecting
sald cylinders with said selector valve, means
shiftable to direct operating liquid from. one of
said cylinders to said pressure forming means
40 and from said pressure forming means to the
other of said cylinders in a closed system, a sup- -
ply of operating liquid connected to but normally
closed from the inlet of one of said pumps, valve
means responsive to flow of operating liquid to
5 and from said auxiliary cylinder adapted to di-
rect pilot pressure from said pilot pump to said
shiftable means to control the position thereof,
said selector valve being normally biased to one
position; and adapted to be shifted to 8 second
position {o block pilot pressure. from said shift<
able means when said reciprocal member has
moved through a given distance to close an inlet
of said motor cylinder and thereby reduce the
pressure in the inlet of one of said puimps by
55 cutting off supply of liquid from said motor
cylinder, and means responsive to said reduction
in pressure to open said supply of operating
liquid to said pump to permit replenishment of

liquid in said closed system.

18. In combination, an auxiliary cylinder for
containing an operating liquid, means for resist-
.ing the entrance of liquid thereto, a motor cyl-
inder, & reciprocal member in said motor cylinder
adapted to be operably connected to the sucker
rod of a pump in a well, & pressure forming
means ¢comprising a continuously operated motor
and a plurality of pumps driven thereby, one of
said pumps being adapted to serve as a pilot
bump, a selector valve for directing the output of
the other of said bumps, conduits connecting said
cylinders with said selector valve, means shift-
able to direct operating liquid from: one of said
cylinders to said pressure forming means and
from said pressure forming means to the other
-of said cylinders.in g closed system, a supply of
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responsive to flow of -operating liquid to and

" from sald auxiliary cylinder adapted to direct
pilot pressure from sald pilot pump to said shift-
able means to control the position thereof, sald
selector valve belng normally biased to one posi-
tion, and adapted to be shifted to & second posi-
tion to bypass one of said pumps and block pilot
pressure from said shiftable means when said
reciprocal member has moved through a given
distance to close an inlet of said motor cylinder
and thereby reduce the pressure in the inlet of
another of said pumps by cutting off. supply of
liquid from said motor cylinder, and means re-
sponsive to said reduction in pressure to open
said supply of operating liquid to
permit replenishment of liquid in said closed
gystem. o
19, In a well pumping system, a motor cylin-
der, an inlet thereto, & reciprocal motor member
in said cylinder arranged to close sald inlet when
positioned adjacent thereto, & passageway Der-
mitting flow to the operating side of said motor
member when ‘said inlet is closed, a balancing
tank to be connected to said cylinder, a pump
. arranged between sald tank and cylinder for
directing operating liquid from one to the other
alternately in & closed system, an independent
supply of liquid, and pressure responsive connect-
ing means operable by reduced pressure caused
by a closing of said cylinder inlet by said motor
member to open said supply to sald closed system
to effect replenishing.

20. In a well pumping system, a motor cylin-
der, an inlet thereto, 8 reciprocal motor member
in said cylinder arranged to close said inlet when

. positioned. adjacent thereto, & passageway per-
mitting flow to the operating side of sald motor
member when sald inlet is closed, a balancing
tank to be connec to said cylinder, a pump
arranged between sald tank and cylinder for
directing operating liquid from one to the other
in a closed system, & first means to effect normal
reversal of flow between said tank and cylinder
when the quantity of operating liquid in the
closed system is above & predetermined amount,

to delay the effect of said last
inlet is closed
by said. motor .member by reason ot a reduced
quantity of operating liquid, an independent sup-

said pump to -
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operating liquid connected to but normally closed the cloging of said cylinder inlet to open sald
from the inlet of one of sald pumps, valve means . supply to said closed system to effect replenish-

ing of the liquid therein during said delay.

2. In 8 well pumping system, a motor cylin-
der, an inlet thereto, & reciprocal mofor mem-
per in said cylinder arranged to close said inlet
when positioned adjacent thereto, & passageway
permitting flow to the operating side of said
motor member when said inlet is closed, a bal-
ancing tank to be connected to said cylinder,
& pump arranged between said tank and cylin-
der for directing operating liquid from one to the
other in a closed system, a first means to effect
normal reversal of flow between said tank and
the quantity of operating liquid
in the closed system is above & predetermined
amount, & second means to delay the effect of

is closed by said motor member by reason of a
reduced quantity of operating liquid, an inde-

pendent supply of liquid, and connecting means

responsive to the closing of said cylinder inlet
to open said supply to said closed system to effect
replenishing of the liquid therein during said
delay, said first means being arranged to nullify
the delay effect of said second means in response
to an increase in the quantity of liquid in said
closed system.

22. In & well pumping system, a motor cylin-
der, a balancing tank, a pump and conduits for
passing & body of liquid from said cylinder to

_said tank and vice versa in & closed system, &

reciprocal motor member in said cylinder, the
stroke of which is responsive to the quantity of
said body of liquid, & first means to effect normal
reversal of flow between said tank and cylinder
when the quantity of operating liquid is above
a predetermined volume, a second means Opera-
tive to delay the effect of said last named means,
an independent supply of lquid, connecting
means operative to connect said closed system
with said supply, gsaid second means and seid
being pressure responsive
members subject to pressure at the pump inlet
during one stroke of said motor member and be-
ing rendered operative by reduction in such pres-
sure, and means to close said pump inlet from the
motor cylinder upon predetermined reduction in

" the quantity of said body of liquid thereby caus-
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ply of liquid, and connecting means responsive to

ing said reduced pressure.



