gy e Ve

May 17, 1655 W. C. RICHARDSON 2,708,411
CONTROL MECHANISMS - :

Filed May 5, 195C

4 Sheets-Sheet 1

=

B i : |
\ l Vlllll lll Il irlavu. l
= e =) ) |
pu— = -~ b= =/ |k & }
- /14117111114 'm I8 197y zo'llllo ’
) ) ! T )
- A \&z=zs
Y A— 4 Y, A N /

5 -3; 9 5'4 . —] H e -
= 1% |7 lk i llg!, l- ”Aill.!, g. 13€-17
|
\

\\
oSS

Y3 09 (40 ] 5 42. 8 't e 930 29 27 Y
130 ‘
» INVENTOR.

T/l[z./[zam E’Ea]zam?sbzz

(‘ ’5 HIS HEE/V T




May 17, 1955 W. C. RICHARDSON 2,708,411

CONTROL MECHANISMS
Filed May 5, 1950

\ 4 Sheets-Sheet 2

)

. 44

INVENTOR.

Willinzm L[] Firkordson
BY

e



May 17, 1955 'W. C. RICHARDSON 2,708,411

CONTROL MECHANISMS

Filed May 5, 1950

4 Sheets-Sheet 3

T_I_Ej.s

INVENTOR.

Wil am £ 2ok ardson
BY

Orey lansf 24225

HI5 ROENT



W. C. RICHARDSON 2,708,411

May 17, 1955

CONTROL MECHANISMS

Filed May 5, 1950

4 Sheets-~Sheet 4

- o0 o
5 03 | a,o . n_a | m
of <+ < 2T 7TTTIZTITZ X7 ©
<+ Mo 8 N\ ..m
> .
P SN /7/////// 3
, — 1} \, |..|_ - A _ ow
[— — ——— % e
nl' = ////// .
3 - ld«n'".llllrulli .\.‘\.m H 3 _ c
I 4 N
SC o I Bl
i 7 i =% ALTZZZZIREA o
| © ® m ® 3 © EE _ W,
| NS
_ ¥oge |\
, © 77X
W\\\\\\ 22777777777 707 s g &) _
i “ "y
o8]
s S :
m\ \w\\\\\ .. A4 L L Ll Z / \\\—\ VA4 2L L L-
6 m //7 . Iz Z 77277777777 o
_ = D
) E
F —t\\ L Ll L \ \\\\\N\\\\ \— ” /////{M\\\\\\\b—\\'\\\\\\ \\\M
! _ S N
! _ = )
_ _
_ : _ |
777 Z 7 774

INVENTOR,

HIS AGENT,



United States Patent Offi

2,708,411
Patented May 17, 1955

1CC

2,708,411
CONTROL MECHANISMS
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This invention relates to improvements in fluid actuat-
ing and control mechanisms and more particularly to the
mechanism used for directing the flow of fluid medium,
such as oil, to a hydraulic motor element within a well
to actuate a reciprocating pump therein.

The present invention is an improvement over my
prior Patent No. 2,245,501, Reciprocating Pumps, issued
June 10, 1941, and over my prior application Ser. No.
696,483, Reciprocating Pumps, filed September 12, 1946,
now Patent No. 2,628,565,

In the pumping of deep wells with a reciprocating pump,
difficulty has been experienced because of the stretching
of the rods, which prevents a full stroke of the pump
and therefore impairs the efficiency thereof. The use
of hydraulically operated pumps within the well has
been practiced heretofore, but due to the complexity of
the motor and valve arrangement of such mechanisms
and the delicacy thereof such pumps readily get out of
order and have been unsatisfactory under general work-
ing conditions.

In the present pump, operating factors have been taken
into consideration and the pump control mechanism has
been designed to operate on the oil or water that is being
pumped from the well without having to use a special
fluid or to filter out the foreign particles that may be
present therein.

The primary object of this invention is to provide a
simple, efficient hydraulic finid control mechanism for
reciprocating pumps that is positive in action and the
valves of which will not clog, stick, or get on-center
under normal operating conditions.

Another object of this invention is to provide a hy-
draulic fluid control mechanism which may be located
above the ground so as to direct hydraulic actuating fluid
to a hydraulic motor apparatus to operate either a single
or double acting fluid pump positioned within a deep
well.

Another object of the invention is to provide a hy-
draulic fluid control mechanism which does not require
catch mechanisms to hold or to release the valves and
which operates on a predetermined setting of a spring
pressed valve.

Another object of this invention is to provide a unitary
compact structure which may be easily installed and
which will operate trouble free over a long period of
time,

An embodiment of this invention is illustrated in the
accompanying drawings in which:

Fig. 1 is a diagrammatic view, partly in elevation and
partly in section of a fluid conmtrol unit, pump, storage
tank, and a vertical section through a well showing the
hydraulic motor and pump installed therein;

Fig. 2 is an enlarged view of the control mechanism
shown in a different position from that shown in Fig. 1;

Fig. 3 is a sectional view taken on the line 3—3 of
Fig. 2, looking in the direction indicated by the arrows;

Fig. 4 is a sectional view taken on the 4—4 of Fig. 2,
looking in the direction indicated by the arrows;
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Fig. 5 is a sectional view taken on the line 5—5 of
Fig. 2, looking in the direction indicated by the arrows.

Fig. 6 is a fragmentary longitudinal sectional view of a
portion of the reciprocating motor and the upper portion
of the double acting reciprocating pump shown in a well
casing; and

Fig. 7 is a longitudinal sectional view through the
lower portion of the double acting reciprocating pump
showing the pump resting on a packer within the well
casing.

With more detailed reference to the drawing, the nu-
meral 1 designates a deep well in which a hydraulically
actuated reciprocating motor 2 is positioned. The hy-
draulic motor is designed to operate either a single or
double acting pump 3, which may be attached to the
lower end of the tubing in a well or it may be seated
on a packer 4 so as to withdraw oil from the well 1.
The system is supplied with a storage tank 5 which
serves both to store the hydraulic fluid used in pumping
the oil or water, and the oil or water that is being
pumped from the well. A pump 6 is provided for with-
drawing oil or hydraulic fluid from tank 5 through con-
duit 7 for discharging it through conduit 8 into manifold
9, which manifold has branch conduits or outlets 10, 10aq,
10, and 16c. Conduits 11, 11a, 11b, and 11c¢ in the
cylinders 14 and 15, connect with the respective branch
conduit outlet openings 19, 10a, 10b, and 10c. Direc-
tional control slide valve member 16 and pilot slide valve
member 17 each serve the double purpose of functioning
as both pistons and valves, and are positioned within the
respective cylinders 14 and15. These slide valve mem-
bers are so positioned as to shift when a predetermined
amount of pressure is applied in the pump system by
the pump 6. The hydraulic fluid is withdrawn from
tank 5 through conduit 7 into pump 6 and is discharged
through conduit 8 into manifold 9 with the slide valves
16 and 17 positioned as shown in Fig. 1, the fluid will
be directed through conduit 195, passage 18, in slide valve
17, into passage 115 and conduit 19 to react upon the end
of piston 20 to hold the slide valve 16, as indicated in
Fig. 1.

Simultaneously, with the above set forth action, fluid
will be directed under pressure through conduit 10, an-
nular passage 21, into conduit 11 and simultaneously into
conduits 22 and 23. The fluid directed into conduit 23
will react on top of piston 24 in the hydraulic pump motor
2 to force the piston downward to the end of the stroke.
In so doing the hollow connecting rod 25 will react on,
pump plunger 26 to move the plunger and valve down-
ward. When the piston 24 reaches the end of the stroke,
pressure will be built up in conduits 22 and 23 and when
the fluid within conduit 22 reaches a predetermined amount
of pressure, spring pressed valve 27 will be opened
against tension of spring 28 to allow hydraulic fluid to
react on piston face 29 which will move slide valve 17
to the opposite end of cylinder 15, as shown in Fig. 2.
In so doing the slide valve 17 will close passage connect-
ing conduits 105 and 115 and open passages between
conduits 10c and 11c. This will direct fluid under pres-
sure through manifold 9, through conduit i8¢, passage
30 and into conduit 1lc¢ into conduit 31 to direct fluid
pressure to the face of piston 32 which will move slide
valve 16 to the position as shown in Fig. 2. In so doing
the annular groove 21 will move out of register with
openings in conduits 10 and 11 and move into register
with conduit openings 12 and 13 and also cause annular
groove 33, in slide valve 16, to move out of register
with conduit openings 12z and 13¢ and into register with
conduit openings 104 and 114,

With slide valves 16 and 17 in the position as shown
in Fig. 2, and with the annular grooves 18 in register
with conduit openings 126 and 134 and with annular
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groove 30 out of register with conduit openings 12¢
and 13c, the mechanism is positioned for the reverse cycle
operation of the pump. With the valve mechanism po-
sitioned as shown in Fig. 2, oil or other cperating fluid
will be withdrawn from tank 5 through conduit 7 by
pump & and directed out through conduit 8 into manifold
9 through conduit outlet 16« into conduit 11a and thence
simultaneously into conduits 34 and 35 into casing 1a
of the well 1, which will direct fluid into openings 36
in the lower end of cylinder 24 of the hydraulic motor
2. This will cause piston 24 to move upward, which in
turn moves the pump plunger 26 upward. The oil that
is entrapped above the pump plunger 26 within the
cylinder 3z of the pump 3 will be forced through opening
37 into hollow connecting rod 25 and outward through
the upper end of piston 24 and through check valve 38
into conduit 23, conduit 13, annular groove 21 in slide
valve 16 and into conduit 12 that connects with conduit
39 that leads to the storage tank 5.

Simultaneously with the application of pressure to con-
duits 34 and 35, fluid pressure will be directed through
conduit 34 to the lower side of valve 4¢ and whea the
piston 24 reaches the upper-most point of its stroke the
fluid pressure will be built up within conduits 34 and 35
to a predetermined amount, which will cause spring 41
to yield and react on the face of piston 42 to move slide
valve 17 to the opposite end of cylinder 15. In so doing
the fluid entrapped within the right hand end of cylinder
15 will be expelled outward past ball check valve 43 into
conduit 22 and into conduits 13 and 39 leading to storage
tank 5. After the slide valve 17 has moved into reg-
ister with conduits 10b and 11d and %12c¢ and 13c, the
cycle is repeated.

A ball check valve 44 is provided to permit outward
flow of fluid when slide valve 17 moves to the left in
the repetition of the above mentioned cycles.

It is to be understood that the invention is directed
primarily to the fluid conirol mechanism, as shown in
Fig. 2 and in the schematic diagram shown in Fig. 1,
and is indicated for use either with a single or double
acting pump within a well. Both single and doubls
acting pumps are disclosed in detail in Figs. 4 to 8, and 20
and 21 of my prior application Ser. No. 696,483, filed
September 12, 1946, for Reciprocating Pumps, now Pat-
ent No. 2,628,565.

With the hydraulic pump control mechanism as shown
in Fig. 2, any type of liguid medium may be used to pump
any kind of liquid medium from a well fo actuate and
operate the pump within the well. In this manner the

exhausted liquid medium is exhausted directly into the 7

floid system and be pumped either outward through the
casing and conduit 35 through conduits 13a, groove 33
conduit 12a and into conduit 39 and into tank 5 or out
through conduit 23, conduit 13, groove 21, conduit 12
into conduit 39 and into tank 5 when a double acting
pump is used. By having the entire hydraulic control
mechanism positioned above the ground, the valves
27—40, springs 28 and 41 and the ball check valves 43
and 44 are available for repair and adjustment in a very
short time, without disturbing the pump or the hydrau-
lically actuated motor in the well.

In order to change the actuation pressure of the hy-
draulic motor in the well, it is necessary only to replace
the springs 28 and 41 with stronger or weaker springs
to give a higher or lower actuation pressure on the hy-
draulic motor 2 in the well. The valves 27 and 49 may
be made sufficiently large so they will not readily clog
with small particles of foreign matter such as sand and
the like.

A modified form of pump for use with the control
mechanism as shown in Figs. 1 and 2, is shown in Figs. 6
and 7, which pump is of the double acting type, that is,
the pump, when reciprocated, will pump fluid from the
well on its down stroke, as well as on the up stroke.
The numeral 81 designates a well casing which may be
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substituted for the lower portion of the casing la as
shown below the upper break in Fig. 1, and the tubular
portion 82 substituted for the lower portion of tubular
conduit 23. This will enable pressure fluid forced down
through tubular conduit 23 into cylinder 82 to react on
reciprocating piston 87 of the hydraulic motor to force
plunger rod 86 downward, which plunger rod intercon-
nects piston 87 within the motor with piston 85 within
the reciprocating pump. A check valve 85a prevents the
hydraulic fluid passing downward through conduit 23
and pump cylinder 82 from entering the working barrel
84 of the fluid pump. Upon the hydraulic fluid forcing
pistons 87 and 85 downward, the hydraulic fluid entrapped
in cylinder 82 below piston 87 will be forced outward
through openings 110 into casing 81 to flow upward
through casing 1a and out through conduit 35. At the
same time, fluid entrapped in cylinder 84 below piston
85 will be forced outward through passage 84q and upward
past check valve 84b into casing 81 to flow upward there-
through and out into conduit 35 with the hydraulic fluid
exhausted from the lower portion of cylinder 82. As
the piston 85 travels downward in cylinder 84, a suction
is created above piston 85 to draw fluid upward through
passage 84c past check valve 84d through conduit 84e
and into cylinder 84 above piston 85. When the pistons
84 and 85 reach the end of the down stroke, the hydraulic
pressure built up within cylinder 82 will cause the pump
6, upon continued operation, to increase pressure in con-
duits 8 and 22, which will cause relief valve 27 to open
and permit the entrance of hydraulic fluid inio the end.
of cylinder 15 adjacent said valve. The spring 28 is so
regulated as not to yield until the pistons 85 and 87 have
reached the end of the down stroke, after which, the
hydraulic pressure will move slide valve member 17 to
the position indicated in Fig. 2 to cause passages 18 and
30 to become aligned with passages 12h and 13b; and 10c
and 11c¢ respectively. However, before doing so the
hydraulic fluid and the fluid being pumped will exhaust
through conduit 13a, through passage 33, conduit 12«
into conduit 39 leading to reservoir 5.

After the valve 17 is switched, pump pressure is ap-
plied to the right hand end of valve 16 to switch the
valve into the position as shown in Fig, 2, whereupon
the pressure from pump 6 will be directed through con-

3 duits 8 and 10a, through passage 33 into conduit 35 to

exert a pressure upon the annular space within casing
1a—81 and with the openings 118 in communication
with the annular space in the casing, the piston 87, con-
necting rod 86 and piston 85 will be moved upward and
the fluid being pumped entrapped above piston 85 within
cylinder 84 will be forced into tubular connecting rod 86
through openings 85k and upward past-check valve 834
through the upper end of cylinder 82 into conduit 23 and
exhaust with the hydraulic fluid being discharged from

: cylinder 82 through conduit 13, passage 21, conduit 12,

into conduit 39 leading to the reservoir 5. The discharge
will continue until the pistons 85 and 87 are forced to
the upper end of the stroke. As the piston 8% moves
upward, suction is exerted in the lower portion of cyl-
inder 84, passage 84a to cause fluid in the well below
packer 83 to be drawn upward through opening 84e,
through passage 84f, past check valve 84g to fill the
lower portion of cylinder 84. Whereupon the pump
exerting continuous pressure upon the conduit will cause
a tise in pressure to open relief valve 40 so that the
hydraulic pressure will react on the left hand end of slide
valve member 17 to move it from the position as shown in
Fig. 2 to the position as shown in Fig. 1, causing the fluid
entrapped within the right hand end of cylinder 15 to be

} discharged past check valve 43 into conduit 22 that is

in communication with conduit 39 leading to the storage
reservoir 5. After the valve 17 has moved into the
position as shown in Fig. 1 passages 18 and 39 will register
with the passages 10b and 11b; and I8¢ and 1ic respec-
tively, so as to direct hydraulic fluid under pressure -from
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pump 6 to the left hand end of cylinder 14 to move slide
valve member 16 to the right to cause passages 21 and
33 to register with passages 10, 11; and 124 and 13«
respectively. In so doing the hydraulic fiuid emrapped
in the right hand end of cylinder 14 will be forced out-
ward through conduit 31 and into conduit 39 leading to
the storage reservoir 5.

It will be readily appreciated that the hydraulic fluid
withdrawn from the reservoir 5 and used by pump 6 in
applying pressure to conduits 23 and 35 is the fluid pumped
from the well, once the pumping operation is established.
However, before establishing pumping operations, con-
duits 23 and 35, casing 1a—81, and cylinder 82 are filled
with fluid, after this has been done only the reaction
pressure of the pump will be exerted on the fluid in the
well, alternately to opposite sides of the piston 87 and
the motivating fluid plus the fluid being pumped from
the well will be discharged from the conduit opposiie
that to which the pressure is applied and once the opera-
tion is established, no additional fluid other than that
being pumped will enter the well, therefore the gravity
of the oil or other fluid being pumped will be uniformly
maintained. Both motivating and pumped fluids dis-
charge through the control mechanism,

While the invention has been described in one em-
bodiment thereof, it is to be understood that changes
may be made in the minor details of constructions and
adaptations made to different operating conditions with-
out departing from the spirit of the invention as claimed.

Having thus clearly shown and described the invention
what is claimed as new and desired to secure by Letters
Patent is:

1. A control mechanism for controlling the admission
of motivating fluid to a double acting, fluid actuated re-
ciprocating motor mechanically connected to a reciprocat-
ing pump and controlling the discharge of said fluid from
said reciprocating motor and said reciprocating pump,
comprising a valve mechanism, a fluid pressure generat-
ing means adapted to be connected by a conduit to said
valve mechanism for directing fluid thereto, which valve
mechanism comprises a fluid directional movable control
valve and a separately movable pilot valve connected
together by conduits for directing fluid to said fluid di-
rectional, movable control valve for moving said fluid
directional control valve to an alternate position, a pair
of conduits connecting said valve mechanism with said
reciprocating motor, conduit means interconnecting said
reciprocating pump with said reciprocating motor for
directing the flow of pumped fluid to said reciprocating
motor, pressure responsive means within said conduits
connecting said fluid directional, movable control valve
and said separately movable pilot valve for causing said
valve mechanism to alternately direct motivating fluid
from said pressure generating means under pressure into
alternate conduits connected to said valve mechanism and
to said reciprocating motor, and to simultaneously direct
the fluid being pumped and the motivating fluid being
discharged from said motor alternately out, in reverse
order, through said alternate conduits connected to said
valve mechanism and said reciprocating motor, and con-
duit means for directing fluid being pumped and said dis-
charged motivating fluid from said valve mechanism.

2. In a control mechanism for controlling the admission
of motivating fluid to a double acting, fluid actuated re-
ciprocating motor mechanically connected to a reciprocat-
ing pump and controlling the discharge of said fluid from
said reciprocating motor and said reciprocating pump at
a point remote from said motor and said pump, a valve
mechanism, which valve mechanism comprises a fluid
directional, movable control valve and a separate mov-
able pilot valve for directing fluid to said fuid directional,
movable control valve for moving said fluid directional
control valve, a pair of conduits connecting said valve
mechanism with said motor, conduit means intercon-
necting said reciprocating pump with said reciprocating
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motor for directing the flow of pumped fluid through said
reciprocating motor, a fluid pressure generating means
adapted to be connected to said valve mechanism for
directing fluid thereto, pressure responsive means within
said valve mechanism to direct fluid under pressure al-
ternately to said conduits leading to said motor, and to
direct fluid being pumped and the motivating fluid being
discharged from said motor simultaneously out through
the other of said conduits connecting said reciprocating
motor and said valve mechanism, said pressure responsive
means having a valve comnected thereto and being so
formed as to give a uniform increase or decrease in
volume of motivating fluid to said pilot valve upon open-
ing or closing of said pressure responsive valve, and con-
duit means for directing said fluid being pumped and
discharged motivating fluid from said valve mechanism.

3. In a mechanism for controlling a hydraulically op-
erated reciprocating motor and a reciprocating fluid pump
connected together in hydraulic relation by a conduit in
a well, a piston in said motor, a plunger in said pump,
a connecting member interconnecting said piston and said
plunger for unitary movement, a TESErvoir, a pressure
supply pump, a conduit leading from said pressure supply
pump to a pair of valve cylinders each having a slide
valve member positioned therein, each of said slide valve
members having a pair of passages formed therein for
passing fluid therethrough, four conduits positioned along
a side of each of said cylinders and in communication
therewith, one of each two of said conduits connected
to each cylinder and registering with one of said passages
in each of said slide valve members when in one posi-
tion, four other conduits positioned along the opposite side
of each of said cylinders and in communication therewith,
a pair of conduits interconnecting with certain of said
conduits on said slide valve cylinders, with said recip-
rocating motor and said reciprocating pump, one of each
two of said last mentioned conduits connected to each
cylinder and registering with each of said passages re-
spectively in each of said slide valves when in said po-
sition to form passages between two of said first ‘men-
tioned conduits and two of said last mentioned conduits
to direct fluid through each of said respective valve cyl-
inders to said hydraulically operated motor to operate
said piston therein in one direction and from said hy-
draulic motor, means for shifting said slide valves S0
said passages will close communication between said
pairs of the aforesaid conduits and open other pairs of
passages between pairs of other conduits in the respective
valve cylinders for directing fluid through said slide valves
to reverse the movement of said hydraulically operated
reciprocating motor and the discharge therefrom to com-
plete the cycle of operation, said reciprocating pump
having the fluid outlet thereof commected to a conduit
leading to and through said valve cylinders, and an outlet
conduit connected to certain of said conduits on said
cylinders for discharging fluid therefrom.

4. In a coatrol mechanism for controlling a hydrau-
lically operated motor and a reciprocating fluid pump
connected together in hydraulic relation by conduits in
a well, a piston in said motor, a plunger in said pump,
a connecting member interconnecting said piston and said
plunger for unitary movement, a TEServoir, a pressure
supply pump, a conduit leading from said pressure supply
pump to a pair of valve cylinders each having a slide
valve member positioned therein, each of said slide valve
members having a pair of annular grooves formed there-
around for passing fluid therethrough, four conduits posi-
tioned along a side of each of said valve cylinders and
in communication therewith, each of two of said conduits
connected to each cylinder and registering with ‘one of
said annular grooves in each of said slide valve members
when in one position, four other conduits positioned
along the opposite side of each of said cylinders and in
communication therewith, a pair of conduits interconnect-
ing with certain of said conduits on said slide valve cyl-
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inders, with said reciprocating motor and said reciprocat-
ing pump, each of two of said last mentioned conduits
connected to each cylinder and registering with each of
said respective grooves in each of said slide valve mem-
bers when in said position to form passages between
two of said first mentioned conduits and two of said last
mentioned conduits to direct hydraualic fluid through each
of the respective valve cylinders to said motor to move
said piston therein in one direction and from said hy-

draulic motor, resiliently restrained pressure means for 10

shifting one of said slide valves so pressure will be di-
rected to the other of said slide valves to move said slide
valve member so said annular grooves will close com-
munication between said pairs of aforesaid conduits and
open other pairs of annular grooves for directing fluid
through said slide valves to reverse the movement of said
hydraulically operated motor which has discharge con-
duits leading therefrom to and through said slide vaive
members, which motor operates a reciprocating pump
piston in said reciprocating fluid pump, a discharge lead-
ing from each side of said piston in said reciprocating
pump into the conduits discharging from said hydrauli-
cally operated motor for discharging fluid pumped by said
pump through said slide valve members with the fiuid

that is actuating said hydraulic motor, and an outlet con- £

duit connected to certain of said conduits on said cylinders
for discharging fluid therefrom.

5. In a mechanism for controlling a hydraulically op-
erated reciprocating motor and a reciprocating pump

connected together in hydraulic relation by a conduit 3

in a well, a piston in said motor, a plunger in said pump,
a connecting member interconnecting said piston and said
plunger for unitary movement, a reservoir, a pressure
supply pump, a conduit leading from said pressure supply
pump to a pair of valve cylinders each having a slide
valve member positioned therein, each of said slide valve
members having a pair of annular grooves formed there-
around for passing fluid therethrough, two conduits, each
of said two conduits having a two-branched conduit con-

nected thereto and positioned along a side of each of ¢

said cylinders and in communication therewith, one
branch of each branched conduit connected to each cyl-
inder and registering with one of said: grooves in each
of said slide valve members when in one position, two
conduits each having two branches positioned along the
opposite side of each of said cylinders and in com-
munication therewith, a pair of conduits interconnecting
certain of said branch conduits on said slide valve cyl-
inders, with said reciprocating motor and said reciprocat-
ing pump, one branch of each of said last mentioned
branched conduits connected to each cylinder and reg-
istering with onme of said grooves in each of said slide
valve members when in said position so as to form pas-
sages between two of said first mentioned branches of

the conduits and said last mentioned branches of the %

conduits to direct hydraulic fluid to said motor to move
the piston of said motor in one direction, pressure means
for shifting said slide valve members so said annular
grooves will close communication between two pairs of

aforesaid branches of said conduits and open two other 62

pairs of said branch conduits for directing fluid through
each of said slide valve members to obtain a reverse
movement of said hydraulically operated reciprocating

motor and reciprocating piston within said reciprocating
pump so as to direct fluid being pumped from said &

reciprocating pump into one of the conduits leading from
said reciprocating motor to and threugh said slide valve
members.

6. In a mechanism for controlling the flow of hydraulic
motivating fluid generated by a hydraulic pump for op-
erating a reciprocating motor and a reciprocating fluid
pump connected together in hydraulic relation by a con-
duit in a well, a piston in said motor, a plunger in said
pump, a connecting member interconnecting said piston
and said plunger for unitary movement, a reservoir, a pres-
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sure supply pump, a conduit leading from said pressure
supply pump to a pair of valve cylinders each having a
slide valve member positioned therein, one of said valve
cylinders having a spring pressed, pressure responsive
valved inlet at each end thereof for controlling the shift-
ing of said slide valve member therein, a check valve
outlet at each end of said cylinder for discharging fluid
therefrom, each of said slide valve members having 2
pair of annular grooves formed therearound for passing
fluid therethrough, two conduits, each of said two con-
duits having a two-branched conduit connected thereto
and positioned along a side of each of said cylinders and
in communication therewith, one branch of each branched
conduit connected to each cylinder and registering with
one of said annular grooves in each of said slide valve
members when in one position, two conduits each hav-
ing two branches positioned along the opposite side of
each of said cylinders and in communication therewith,
a pair of conduits interconnecting certain of said branch
conduits on said slide valve cylinders, with said recipro-
cating motor and said reciprocating pump, one branch of
each of said last mentioned branched conduits connected
to each cylinder and registering with one of said grooves
in each of said slide valve members when in said posi-
tion so as to form passages between two of said first men-
tioned branches of the conduits and said last mentioned
branches of the conduits to direct hydraulic fluid to said
motor to move said piston of said motor in one direc-
tion, conduits connected to each end of each of said
slide valve cylinders and to certain of said pressure re-
sponsive valved inlets of said cylinder so as to admit
pressure for shifting said slide valve members so said
annular grooves will close communication between two
pairs of aforesaid branches of said conduits and open two
other pairs of said branch conduits for directing fluid
through each of said slide valves to obtain a reverse move-
ment of said hydraulically operated reciprocating motor
and reciprocating pump piston within said reciprocating
pump so as to direct fluid being pumped from said re-
ciprocating pump into a conduit leading from said re-
ciprocating motor to and through said slide valve mem-
bers.

7. In a mechanism for controlling a hydraulically op-
erated, double acting, reciprocating motor and a re-
ciprocating fluid pump connected together in hydraulic
relation by a conduit within a well, a piston in said motor,
a plunger in said pump, a connecting member intercon-
necting said piston and said plunger for umitary move-
ment, a reservoir, a pressure supply pump, a conduit lead-
ing from said pressure supply pump to a pair of valve
cylinders each having a slide valve member positioned
therein, each of said slide valve members having a piston
at each end thereof, each of said slide valve members
having two annular grooves formed therearound inter-
mediate the ends thereof for passing fluid therethrough,
two conduits, each of said two conduits having a two-
branched conduit connected thereto and positioned along
a side of each of said cylinders and in communication
therewith, one branch of each branched conduit con-
nected to each cylinder and registering with one of said
grooves in each of said slide valve members when in
one position, two conduits each having two branches posi-
tioned along the opposite side of each of said cylinders
and in communication therewith, a pair of conduits in-
terconnecting with certain of the conduits on said slide
valve cylinders and said reciprccating motor and said
reciprocating pump, one branch of each of said last men-
tioned conduits connected to each cylinder and register-
ing with one of said grooves in each of said slide valve
members when in said position so as to form passages
between two of said first mentioned branches of the con-
duits and said last mentioned branches of conduits to di-
rect hydraulic fluid to said motor to move said piston of
said motor in one direction, pressure means for shifting
said slide valve members so said antular grooves will close
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communication between two pairs of aforesaid branches
of said conduits and open other pairs of said branch con-
duits for directing fluid through each of said slide valve
members to obtain a reverse movement of said hydrauli-
cally operated motor and reciprocating pump piston with-
in said pump so as to direct fiuid being pumped from
said reciprocating pump into one of the conduits leading
from said reciprocating motor to and through said slide
valve members.

8. In a mechanism for controlling the flow of hy-
draulic motivating fluid generated by a hydraulic pump
for operating a double acting, reciprocating motor and a
double acting reciprocating fluid pump connected to-
gether in hydraulic relation by conduits in a well, a piston
in said motor, a plunger in said pump, a connecting mem-
ber interconnecting said piston and said plunger for
unitary movement, a reservoir, a pressure supply pump,
a conduit leading from said pressure supply pump to a
directional control valve cylinder and a pilot valve cyl-
inder each having a cylindrical slide valve member posi-
tioned therein, a piston formed on each end of each of said
cylindrical slide valve members, a two-branch conduit,
said pilot valve cylinder having an opening formed in each
end thereof and a conduit leading therefrom and connect-
ing to said two-branched conduit, one branch of each of
said branched conduits having a spring pressed pressure
restraining valve forming an inlet therethrough into each
end of said pilot valve cylinder for controlling the shift-
ing of said slide valve member therein, the other branch
of each of said branched conduits having a check valve
therein and forming an outlet therethrough from each
end of said pilot valve cylinder, the outer ends of each
pair of branched conduits connecting to a conduit for
applying pressure and permitting exhaust of hydraulic
fluid alternately from each end of said pilot valve cyl-
inder having said spring pressed valved inlets, each of
said cylindrical slide valve members having a pair of
annular grooves formed therearound for passing fluid
therethrough, two conduits each having a two-branched
conduit connected thereto and positioned along a side of
each of said cylinders and in communication therewith,
one branch of each branched conduit connected to each
cylinder and registering with one of said grooves in
each of said slide valve members when in one position,
two conduits each having two branches positioned along
the opposite side of each of said cylinders and in com-
munication therewith, a pair of conduits interconnecting
with certain of the conduits on said slide valve cylinders,
said reciprocating motor and said reciprocating pump,
one branch of each of said last mentioned branch con-
duits connected to each cylinder and registering with one
of said grooves in each of said slide valve members when
in said position so as to form passages between two of
said first mentioned branches of the conduits and said
last mentioned branches of the conduits to direct hydraulic
fluid to said motor to move the piston thereof in one
direction, said pressure restraining. valved inlets of said
pilot valve cylinder admitting pressure for shifting said
slide valve members so said annular grooves will close
communication between two pairs of aforesaid branches
of said conduits and open two other pairs of said branch
conduits for directing fluid through each of said slide
valve members to obtain a reverse movement of said
piston in said reciprocating motor and said reciprocating
plunger of said pump so as to direct fluid being pumped
from said reciprocating pump into the conduits leading
from said reciprocating motor to and through said slide
valve members.

9. In a mechanism for controlling a hydraulically op-
erated reciprocating motor located within a well, a hy-
draulic pressure generating means which hydraulically
operated reciprocating motor is connected with said pres-
sure generating means for supplying hydraulic pressure,
said hydraulic motor being connected by conduits to a
well pump having a discharge pipe discharging into one
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of the conduits leading from said motor, a pair of cyl-
inders each having longitudinally spaced ports formed in
a side thereof, longitudinally spaced ports formed in
another side of each of said cylinders and being trans-
versely aligned with respect to said first mentioned longi-
tudinally spaced ports, each of said cylinders having a
slide valve member positioned therein, each of said slide
valve members having a pair of annular passages formed
therein for the flow of fluid therethrough, one of said
passages in each of said slide members connected. to
each cylinder and registering with a pair of said ports in
each of said cylinders to permit the flow of fluid there-
through from said pressure generating means, a pair of
conduits leading from opposite ends of said reciprocating
motor and said reciprocating pump interconnected with
certain of the conduits on the said slide valve cylinders,
the other of said passages in each of said slide valve
members being adapted to register with a pair of said
ports in each of said cylinders to permit the flow of
fluid therethrough exhausting from said hydraulic motor
and said well pump, each of said cylinders having a port
formed in each end thereof, a two-branch conduit, the
first of said cylinders having said two-branch conduit
connected to each of said end ports, one of said branches
of each of said branched conduits having a pressure actu-
ated relief valve therein which permits restrained flow
of hydraulic fluid selectively to the ends of said cylinder,
and the other branch of each of said branched conduits
having a check valve therein in parallel to said relief
valve to permit ready flow of fluid outward therefrom,
a pair of conduits each connecting with the respective
outer ends of said branched conduits on the respective
ends of said cylinder, each of said pair of said first men-
tioned conduits connecting with said respective conduits
leading from opposite ends of said hydraulic reciprocating
motor, said pair of said first mentioned conduits also comn.
necting with longitudinally spaced passages formed in
the second of said cylinders so as to alternately connect
opposite ends of said first cylinder with said conduits
leading from said pump so as to alternately exert pres-
sure greater than the predetermined setting of said relief
valves at the ends of the respective power strokes of
said hydraulic motor so as to shift the slide valve mem-
ber of said first cylinder longitudinally so the passage in
register with said first mentioned ports will be shifted
to register with a pair of ports so as to direct pressurs
from said hydraulic pressure generating means to the
opposite ends of said second cylinder to shift the slide
valve member of said second cylinder so said valve mem-
ber will close said first mentioned ports and register with
another pair of said ports so as to direct hydraulic fluid
from said hydraulic pressure generating means in reverse
direction to the opposite ends of said hydraulically actu-
ated reciprocating motor, a discharge conduit connected
with said slide valve cylinders, with the other of said con-
duits exhausting the hydraulic fluid and the fluid being
pumped from the well into the other of said conduits and
through said passage of said slide valves of said first and
second cylinders into a conduit for directing said hy-
draulic fluid and the fluid being pumped from the well
into said discharge storage reservoir.

10. In a mechanism for controlling a fluid operated re-
ciprocating motor, a fluid supply, a pressure supply pump
having an inlet opening formed therein for admission of
fluid thereinto and connected with said fluid supply, a
discharged opening formed therein for discharge of fluid
under pressure, a conduit leading from said discharge
opening and having branch outlet conduits within the
length thereof, a piston fitted in said reciprocating motor
and adapted to reciprocate therein, a pair of valve cham-
bers each having a slide valve member positioned there-
in, one of said slide valve members being a pilot valve,
the other of said slide valve members being a directional
control valve for fluid being pumped, each of said slide
valve members having a pair of passages formed therein
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for passing fluid therethrough, four conduits positioned
along a side of each of said valve chambers and in com-
munication therewith, a pair of each of said branch out-
let conduits adapted to connect with two of each four of
said conduits connected to each chamber and being
adapted to register with one of said passages in ecach of
said slide valve members when the respective slide valve
members are in one position, four other conduits posi-
tioned along another side of each of said chambers and in
communication therewith, a pair of conduits leading
from said reciprocating motor and each conduit having
three conduits branching therefrom within the length of
said conduits leading from said reciprocating motor, a
pair of said last mentioned branch conduits on each con-
duit being connected with the four conduits on a side
of the chamber having the directional slide ‘valve posi-
tioned therein and in communication therewith, the other
of each of said branch conduits leading from said motor
being connected with the respective fluid ends of the
chamber of said pilot slide valve, a conduit leading from
each of the respective fluid ends of said directional slide
valve control chamber and connected to a side of the
pilot control valve chamber and transversely positioned
from the first four mentioned conduits thereon, a dis-
charge conduit leading from the valve chamber and hav-
ing two pairs of branch conduits within the length there-
of, which branch conduits connect with two of each four
of said first mentioned conduits on each of said chambers
and means for directing fluid pressure alternately to
opposite ends of the respective slide valve members.

il. Tn a mechanism for controlling a hydraulically
operated reciprocating motor and a réeciprocating fluid
pump, conduits for hydraulically connecting said recip-
rocating motor and said reciprocating fluid pump to-
gether in a well, a reservoir, a pressure supply pump, a
conduit connecting said reservoir with an inlet opening
formed in said pressure supply pump, a discharge open-
ing formed in said pressure supply pump, a conduit
leading from said discharge opening and having a pair
of branch outlet conduits within the length thereof, a
piston fitted in said reciprocating motor, a plunger fitted
in said reciprocating fluid pump, a member intercon-
necting said piston and said plunger in aligned relation
for unitary movement, a pair of valve cylinders each
having a slide valve member positioned therein, one of
said slide valve members being a pilot slide valve, the
other of said slide valve members being a directional
controi valve for hydraulic fluid, each of said slide valve
members having a pair of passages formed therein for
passing fluid therethrough, four conduits positioned along
a side of each of said cylinders and in communication
therewith, a pair of each of said branch conduits adapted
to connect with two of each four of said conduits con-
nected to each cylinder and being adapted to register
with one of said passages in each of said slide valve
members when the respective valve members are in one
position, four other conduits positioned along another
side of each of said cylinders and in communication
therewith, a pair of conduits leading from said recipro-
cating motor and each conduit having three conduits
branching therefrom within the length of each of said
conduits leading from said reciprocating motor, a pair
of said branch conduits on each conduit connecting with
the four conduits cn a side of the cylinder having the
directional slide valve positioned therein and in com-
rmunication therewith, the other of each of said branch
conduits leading from said motor connecting with the
respective fluid ends of the cylinder of said pilot slide
vaive, a conduit leading from each of the respective
fluid ends of said directional slide valve control cylinder
and connecting with the other of said four conduits
connected to a side of the pilot control valve cylinder
and iransversely disposed with respect to said first four
mentioned conduits thereon, a discharge conduit leading
from said valve cylinders having two pairs of branch
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conduits within the length thereof which branch con-
duits connect with twe of each four of said first men-
tioned conduits on each of said cylinders, and means
for directing pressure alternately to opposite ends of
the respective slide valve members.

12. In a mechanism for controlling a hydraulically op-
erated reciprocating’ motor and a reciprocating pump,
conduits for hydraulically connecting said reciprocating
motor and said reciprocating fluid pump together in a
well, a reservoir, a pressure supply pump, a conduit
connecting said reservoir with an inlet opening formed
in said pressure supply pump, a discharge opening formed
in said pressure supply pump, a conduit leading from
said discharge opening and having a pair of branch out-
let conduits within the length thereof, a piston fitted
in said reciprocating motor, a plunger fitted in said te-
ciprocating fluid pump, a member interconnecting said
piston and said plunger in aligned relation for unitary
movement, a pair of valve cylinders each having a slide
valve member positioned therein, one of said slide valve
members being a pilot slide valve, the other of said
slide valve members being a directional control valve
for hydraulic fluid, each of said slide valve members
having a pair of passages formed therein for passing
fluid therethrough, four conduits positioned along a side
of each of said cylinders and in communication there-
with, a pair of each of said branch conduits adapted
to connect with two of each four of said conduits con-
nected to each cylinder and being adapted to register
with one of said passages in each of said slide valve
members when the respective valve members are in one
position, four other conduits positioned along another
side of each of said cylinders and in communication
therewith, a pair of conduits leading from said recipro-
cating motor and each conduit having three conduits
branching therefrom within the length of each of said
conduits leading from said reciprocating motor, a pair
of said branch conduits on each conduit connecting with
the four conduits on a side of the cylinder having the
directional slide valve positioned therein and in com-
munication therewith, the other of each of said branch
conduits leading from said motor connecting with the
respective fluid ends of the cylinder of said pilot valve,
a conduit leading from each of the respective fluid ends
of said directional slide valve control cylinder and con-
necting with the other of said four conduits connected
to a side of the pilot control valve cylinder and trans-
versely disposed with respect to said first four mentioned
conduits thereon, a discharge conduit leading from said
valve cylinders having two pairs of branch conduits
within ‘the length thereof which branch conduits con-
nect with two of each four of said first mentioned con-
duits on each of said cylinders, and pressure responsive
means for directing fluid pressure alternately to opposite
ends of the respective slide valve members.

13. In a mechanism for controiling a hydraulically
operated reciprocating motor and a reciprocating fluid
pump, conduits for hydraulically connecting said recipro-
cating motor-and said reciprocating fluid pump together in
a well, a reseivoir, a pressure supply pump, a conduit
connecting said reservoir with an inlet opening formed
in said pressure supply pump, a discharge opening formed
in said pressure supply pump, a conduit leading from said
discharge opening and having a pair of branch outlet con-
duits within the length thereof, a piston fitted in said re-
ciprocating motor, a plunger fitted in said reciprocating
fluid pump, a member interconnecting said piston and
said plunger in aligned relation for unitary movément, a
peir of valve cylinders each having a slide valve member
positioned therein, one of said slide valve members being
a pilot slide valve, the other of said slide valve members
being a directional control valve for hydraulic fluid, €ach
of said slide valve members having a pair of passages
formed therein for passing fluid therethrough, four con-
duits positioned along a side of each of said cylinders and
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in communicaticn therewith, a pair of each of said branch
conduits adapted to connect with two of each four of said
conduits connected to each cylinder and being adapted to
register with one of said passages in each of said slide
valve members when the respective valve members are in
one position, four other conduits positioned along another
side of each of said cylinders and in communication there-
with, a pair of conduits leading from said reciprocating
motor and each conduit having three conduits branching
therefrom within the length of each of said conduits lead-
ing from said reciprocating motor, a pair of said branch
conduits on each conduit connecting with the four con-
duits on a side of the cylinder having the directional slide
valve positioned therein and in communication therewith,
the other of each of said branch conduits leading from
said motor connecting with the respective fluid ends of the
cylinder of said pilot slide valve, a conduit leading from
each of the respective fluid ends of said directional slide
valve control cylinder and connecting with the other of
said four conduits connected to a side of the pilot contro!
valve cylinder and transversely disposed with respect to
said first four mentioned conduits thereon, a discharge con-
duit leading from said valve cylinders having two pair
of branch conduits within the length thereof which branch
conduits connect with two of each four of said first men-
tioned conduits on each of said cylinders, and spring
pressed, pressure responsive relief valve means for direct.
ing fluid pressure to opposite ends of the respective slide
valve members alternately.

14. In a mechanism for controlling a hydraulically op-
erated reciprocating motor and a reciprocating fluid pump,
conduits for hydraulically connecting said reciprocating
motor and said reciprocating fluid pump together in a well,
a reservoir, a pressure supply pump, a conduit connecting
said reservoir with an inlet opening formed in said pres-
sure supply pump, a discharge opening formed in said pres-
sure supply pump, a conduit leading from said discharge
opening and having a pair of branch outlet conduits with-
in the length thereof, a piston fitted in said reciprocating
motor, a plunger fitted in said reciprocating fluid pump, a
member interconnecting said piston and said plunger in
aligned relation for unitary movement, a pair of valve
cylinders each having a slide valve member positioned
therein, one of said slide valve members being a pilot
slide valve, the other of said slide valve members being a
directional control valve for hydraulic fluid, each of said
slide valve members having a pair of passages formed
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therein for passing fluid therethrough, four conduits po-
sitioned along a side of each of said cylinders and in com-
munication therewith, a pair of each of said branch con-
duits adapted to connect with two of each four of said
conduits connected to each cylinder and being adapted to
register with one of said passages in each of said slide
valve members when the respective valve members are in
one position, four other conduits positioned along another
side of each of said cylinders and in communication there-
with, a pair of conduits leading from said reciprocating mo-
tor and each conduit having three conduits branching there-
from within the length of each of said conduits leading
from said reciprocating motor, a pair of said branch con.
duits on each conduit connecting with the four conduits on
a side of the cylinder having the directional slide valve po-
sitioned therein and in communication therewith, the other
of each of said branch conduits leading from said motor
connecting with the respective fluid ends of the cylinder
of said pilot slide valve, a conduit leading from each of
the respective fluid ends of said directional slide valve
control cylinder and conmecting with the other of said
four conduits connected to a side of the pilot control
valve cylinder and transversely disposed with respect to
said first four mentioned conduits thereon, a discharge
conduit leading from said valve cylinders having two pairs
of branch conduits within the length thereof which branch
conduits connect with two of each four of said first men-
tioned conduits on each of said cylinders, and spring
pressed relief valve means and check valve means inter-
posed in said conduit leading from the fluid end of said
pilot slide valve to the conduits on a side of said direc-
tional control slide valve cylinder for directing fluid pres-
sure alternately to opposite ends of the respective slide
valve members.
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