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This invention relates to improvements in sub-surface
pumping umits, ‘and ‘more ‘particularly to an improved
pumping unit of the type in which a hydraulic engine
and a displacement pump ‘are combined to provide a self-
contained production unit capable of operating -either as
-an insert pump or as a free-type pump.

A principal object -of the invention is the provision
‘of a sub-surface pumping unit as aforesaid, which is
‘characterized by relatively inexpensive construction, low
cost of installation and operation, and which is thoroughly
dependable and -efficient in operation.

A forther aim of the ifivention is the provision of a
sub-surface ;pumping unit ‘capable of being built to re-
duced dimensions both axially and-diameter-wise, as com-
pared with prior pumping units of the same class.

Amnother object of the invention is the provision of
a sub-surface pumping uiiit as aforesaid, characterized
by a novel and simplified valving system.

Yet another object -of the invention +s the provision
of a sub-surface pumping unit combining a double-acting
‘hydraulic engine-‘and a reciprocatory-displacement pump,
characterized in that the engine and pump pistons are
directly connected and-operate within a common cylinder
‘member of simple construction, with all valves being car-
ried by the respective pistons and all working and pro-
duction fluid passages, with the exception of the pump
intake and common exhaust passages, being formed ‘in
the pistons and in the middle or connection rod joining
the same.

The above and other objects and advantages of a sub-
surface pumping unit according to the invention will be
seen from the following detailed description, taken with
the accompanying drawings illustrating a preferred form
of unit, in which:

Fig. 1 is a vertical section taken through a sub-surface
pumping unit according to the invention, with the engine
admission and exhaust valves in position as results in
actuation of both engine and pump pistons in upward
direction; and ] ] ] ]

Fig. 2 is a section taken through the engine admission
valve illustrating its detailed construction. _

Referring to the drawings, reference numeral 10 gen-
erally indicates the improved sub-surface pumping unit
of the invention, shown in its bottom hole position within
a well, with its bottom plug 11 resting on a seating
shoe 12 to which the production tubing 13, which may
also function as the well casing, is affixed, as is con-
ventional in insert pump installations. Such a pumping
unit comprises a cylinder member 15 whose outer diam-
eter is less than thdt of the production tubing so ‘as
to provide an annular Space between cylinder and tibing
for the upcoming production oil. The cylinder member
is closed at its ends by heads 16, 17 and ‘has a trans-
verse partition wall 18 which subdivides its interior space
into upper and lower ¢ylinders, of which ‘the upper cylin-
der provides an engine cylinder and the lower a pump
cylinder. ) _ o

Operating in the engine cylinder is a power piston 20
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-and operating in the pump ¢ylinder is a pump piston 21.
Said pistons are directly connected by a middle rod 22
which extends through the partition wall 18 and has slid-
ing bearing therein. The power or engine piston 20 is
formed with an upwardly extending, axial stem 24 having
bearing in a tubular head plug 25 formed on the ‘upper
cylinder head 16, into which is threaded a pipe 26 for
supplying ‘a working fluid, to be hereinafter referred to
as power oil, to the engine. The pump piston 21 is
formed with a downward axial stem 28 having sliding
bearing in the aforesaid bottom plug 11, which may be
formed as an integral tubular extension of the lower
cylinder head 17.

The axial stem 24 of the engine piston is formed with
an axial power-oil passage 30 -extending into the body
of the piston and terminating in a radial passage 30a
which opens to an annular passage 31 formed in the Ppis-
ton body to encircle an open-ended cylindrical valve
‘body 32 affixed in the piston so as to extend between
the opposite faces thereof. The passage 30a communi-
«cates to interior of the valve body through the annu-
lar passage 31 and an inlet passage 33 formed in the
valve body. Arranged within the valve body is an ad-
‘mission valve preferably of the automatic reversing type

5 disclosed ‘and -claimed in my application Serial .Nao.

215,950, filed March 16, 1951, now Patent No. 2,699,152,
and which is shown in a jposition in which it is effecting
admission -of the power oil to the cylinder space below
the under face of the engine piston 29, with the result
that the piston is moving on its upward ‘stroke.

As explained in my aforesaid application, such a valve
employs -a sleeve-form valve element 34 having sliding
clearance within the valve body 32, and which is sub-
.divided -interiorly by a transverse wall 33 whereby it
-provides two oppositely disposed cups or cylinders for
timing plungers 37, 38 whose function and operation will
be later explained. Power oil is supplied to one of the
-other of the plunger cylinders through the one of the two
«circular series of ports 39, 40 then in registry with valve
body inlet passage 33, the ports of the series converging
towards one amother so that they open into said cylin-
ders adjacent their relatively inner or closed ends. How-
ever, the outer ends of the ports 39, 40 are spaced from
one another a distance which is less than the width of
the valve body inlet passage 33, with the result that even
though the sleeve element 34 is in its dead center posi-
tion, one or the other series of ports 39, 40 is in register
with said inlet passage, and hence power oil will always
pass to one or the other of the plunger cylinders.

The timing plungers 37, 38 are oppositely arranged

as shown and ‘their skirt ends may be supported for re-
ciprocatory travel within the valve body by spiders 42,
43, respectively. ‘Said plungers are provided with axial
stems 44, 45 of length such that they protrude a calcn-
lated distance outwardly from the faces of the engine
piston 20 when they are actuated to their outermost
positions. "The under faces of the plungers may be pro-
vided with circular sealing ribs 46, 47 which are adapted
to seal against the inner faces of radial end flanges 324,
32 formed en ‘the valve body 32, when the ‘plungers are
in ‘their aforesaid outermost position.
_ In its inner circumferential wall, the valve body 32
is provided with two circularly arranged exhaust chan-
nels 50, 51 which open into the bore of the valve body
and are spaced -axially from the valve body inlet pas-
sage 33 by a predetéermined small distance. Engage-
ment of the sleeve element on one or the other of the
inner surfaces of the valve body intervening between
the exhaust channels 50, 51 and the valve body inlet
‘passage preveénts the incoming power oil from being dis-
tributed in the wrong direction.

‘Briefly detailing the operation of the aforesaid ‘ad-
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mission valve, it is to be understood that the sleeve ele-
ment 34 and the timing plungers 37, 38 are shown in
their relative positions (Fig. 2) to which they were ac-
tuated upon the engine piston 20 having earlier reached
the lowermost limit of its travel. . Upon the parts assum-
ing such position, power oil from supply pipe 26 is ad-
mitted to the lower power space of the engine cylinder
through the valve body 32 and underface of the engine
piston 20, resulting in actuation of the latter in upward
direction:

As the engine piston approaches the uppermost limit
of its stroke, the stem 45 of timing plunger 38 engages
against cylinder head 16 and forces the plunger down-
wardly into its cylinder within the sleeve element 34.
Accordingly, the sleeve element is actuated downwardly
by the fluid locked in the plunger cylinder by said
plunger 38, until its upper series of ports 40 registers
with exhaust channel 51, whereupon the plunger 38 col-
lapses, i. e. moves freely into the sleeve element in re-
sponse to final upward movement of the piston 20, and
engages against the transverse dividing wall 335 of the
sleeve element. When such engagement occurs, the
plunger 38 positively pushes the sleeve element 34 in
downward direction the small amount required to regis-
ter ports 40 with the inlet passage 33, whereupon the
power oil enters the space between the face of piston
38 and the sleeve partition 35, and the piston now having
fixed position, and forces the sleeve element downwardly
to a position in which it permits free flow of power oil
to the upper end of the valve body and thence to the
upper power space of the engine cylinder. In addition,
this final downward movement of the sleeve element re-
sults in timing plunger 37 being actuated to its outermost
position in which its axial stem 44 projects from the
under face of the piston.

Power ocil is accordingly now distributed to the upper
power space of the engine, namely, that above the upper
face of the piston, whereupon the piston begins its down-
ward travel which it continues until plunger stem 44 en-
gages on the upper surface of the partition 18 which
forms the lower head of the engine cylinder. Such
initiates valve reversal and distribution through the lower
face of the piston 20, this cycle being repeated so long
as the supply of power oil continues, which makes for
simplified engine control through a valve located at the
surface.

Also mounted in the piston 20 is an exhaust valve 54,
preferably of the spool type having a cylindrical body
and enlarged diameter end flanges 55, 56. The exhaust
valve slides in a cylindrical bore formed in the body of
the piston and opening through both faces thereof, which
is counterbored at both ends to provide seats for the
large diameter end flanges 55, 56 of the valve. The axial
length of the exhaust valve is somewhat greater than the
axial dimension of the piston so that it is actuated in
one or the other direction upon the piston approaching
the end of its stroke and its cylindrical body portion
is provided on its surface with a plurality of “flats” 57
extending between the valve ends. Said flats provide
communication between one or the other of the counter-
bores and an annular passage 58 formed in the piston
body to encircle and communicate with the bore in which
the valve operates. Said annular passage 58 communi-
cates with the offset end 69a of an axial exhaust passage
69 extending downwardly through the piston body and
in the middle rod 22 and opening to a radial exhaust
port 61 in communication with an exhaust passage 62
provided in the partition wall 18. As seen in Fig. 1,
the inner end of the exhaust passage 62 is elongated verti-
cally to provide for change in elevation of the port 61
due to the reciprocatory travel of the middle rod, and
its outer end communicates directly with the annular
space between cylinder member 15 and the production
tubing 13.

As the pump piston 21 is directly connected to the
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“engine piston 20 by the middle rod 22, the pump piston

is driven so as to reciprocate in unison with the engine
piston. Production oil is drawn into the pump cylinder
through axial intake passages 64, 65 formed in the bot-
tom shoe 12 and cylinder bottom plug 11 respectively,
and from thence through an axial passage 66 formed in
the axial stem 28 of the pump piston and which extends
into the body of the latter. At its upper end, the passage
66 connects with upper and lower intake branches 67,
68, the upper branch passage 67 opening through the
upper face and the lower branch passage 68 opening
through the lower face of the pump piston. Flow
through the upper intake branch 67 is controlled by a
valve 70 arranged on a seat which is upwardly disposed,

and flow through the lower intake branch 68 is controlled

by a valve 71 whose seat is also upwardly disposed.

The aforesaid passage 60 for the exhaust power oil
from the engine is extended downwardly into the body
of the pump piston 21, being offset so as to have non-
communicating relation with the aforesaid pump intake
passage 66. At its lower end, the exhaust passage 60
terminates in upper and lower exhaust branches 73, 74,
of ‘which the upper exhaust branch 73 opens' through
the upper face of the pump piston, and the lower ex-
haust branch 74 through the lower face thereof. Flow
of oil through the upper exhaust branch is controlled
by a valve 75 seating on an upwardly disposed seat, and
flow through the lower exhaust branch 74 is controlled
by a valve 76 whose seat is similarly upwardly disposed.

The operation of a sub-surface pumping unit as afore-
said is briefly as follows: Power oil is supplied to the
engine through the pipe 26, it being understood that
such power oil may be crude oil drawn from a surface
tank by a surface pump and delivered under pressure to
the pipe 26. The power oil operates the engine ad-
missioil valve which in turn alternately distributes the
power oil through the opposite faces of the engine piston
20, resulting in reciprocation thereof. The exhaust from
the engine passes through exhaust valve 54 and axial
passage 60 to the annular space between cylindrical
member 15 and the production tubing 13.

Assuming the engine piston to be traveling in upward
direction, pump piston 21 is also actuated in upward
direction due to its direct connection with the engine
piston. - In.the upward travel of the pump piston, iis
exhaust valve 75 and its intake valve 71 both are open
and its intake valve 7@ and its exhaust valve 76 are both
closed, due to the difference in pressure effective on the
opposite faces of the pump piston. Accordingly, pro-

‘duction il is drawn into the lower end and forced from

the upper end of the pump cylinder, the latter oil ex-
hausting through the upper tranch passage 73 and thence
to axial passage 60 wherein it combines with the power
oil exhausting from the engine through the cylinder ex-
haust passage 62. Upon reversal of reciprocatory travel
of the engine piston 20, pump piston 21 is now actuated
in downward direction, with the result that pump intake
and exhaust valves 70, 76 open and the previously open
intake and exhaust valves 71, 75 close. Accordingly, oil
is drawn inio the upper end of the pump cylinder and
forced from the lower end therecf, combining with the
power oil from the engine and discharging through cyl-
inder exhaust passage 62 as aforesaid.

Upon the production oil discharging to the annular
space between cylindrical member and production taving,
it rises in said tubing, since the static head in the power
oil column balances the head in the production column.
Tt reaches the settling tank as crude cil and may be re-
employed as power oil to diive the engine or to effect
displacement of the production oil within the production
tubing. ,

Without further analysis, it will be appreciated that
a sub-surface production unit as aforesaid may be built
to small dimensions both axially and diamster-wise in
view of the fact that both the power oil admission and
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exhaust valves of the engine and the intake and exhaust
valves of the pump are built into their respective pistons,
and this is true also for 21l power oil and production oil
passages, with the exception of the common exhaust
passage 62 which is provided in the cylinder partition 182.
Hence, a power unit according to the invention may be
inexpensively constructed to small diameter and axial
length. TIts simplified construction lends itself to being
run as an insert pump or as a free pump since its oper-
ation does not depend on whether it is attached to a
bottom shoe, or whether it is hung free in the production
tubing or well casing.

1t will be understood that although packing and lubri-
cation features have not been shown in the interest of
simplified disclosure, such will be included in commercial
pumping units built according to the inventicn. It is also
to be understood that terms such as “npper,” “lower,”
“upward direction,” “downward direction,” etc. are em-
ployed without limiting effect, since a pumping unit of
the invention may be disposed on cther than a vertical
axis.

As many changes could be made in carrying out the
above constructions without departing from the scope of
the invention, it is intended that all matter contained in
the above description or shown in the accompanying
drawings shall be interpreted as illustrative and not in a
limiting sense.

I claim:

1. In a sub-surface pumping unit, the combination of
a cylinder member having an interior partition sub-
dividing it into an upper engine cylinder and a lower
pump cylinder, interconnected engine and pump pistons
mounted for reciprocatory travel in said engine and pump
cylinders respectively, means for supplying a working
finid axially through the engine pision and thence alter-
nately through the opposite faces thereof to the ends of
the engine cylinder, means for exhausting the ends of
the engine cylinder through the opposite faces and thence
through the interior of the engine pision and thence
through an exhaust passage extending to the imterior of
the pump piston, thereby to impart reciprocatory travel
to both engine and pump pistons, an intake to the lower
pump cylinder, the pump piston having valved intake
passages opemning through the opposite faces thereof and
communicating with said intake and alternately with the
ends of the pump cylinder, and valved exhaust passages
similarly opening through its said opposite faces and
communicating alternately with the opposite ends of the
pump cylinder and with said exhaust passage, said ex-
haust passage being conmected to a main exhaust pas-
sage extending to the exterior of the cylinder member.

2. A sub-surface pumping unit as set forth in claim 1,
wherein the engine and pump pistons are interconnected
by a rod having sliding bearing in the partition, said
engine exhaust passage to the interior of the pump pistcn
extends axially through the rod, and said majn exhaust
passage extends radially outward through said red and
partition.

3. In a sub-surface pumping unit, the combination of
a cylinder member having an interior partition subdivid-
ing it into an upper engine cyliader and a lower pump
cylinder, interconnected engine and pump pistons mount-
ed for reciprocatory travel in said engine and pump cyl-
inders respectively, means for supplying a working fluid
axially to the interior cf the engine piston, an admissic.:
valve mounted in and substantially contained within the
axial dimension of said engine piston for effecting dis-
tribution of the working fluid alternately through the
opposite faces of said piston to the cylinder ends, means
for exhausting the one or the other engine cylinder ends
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not being supplied with working fluid through the engine
piston and thence through an axial exhaust passage ex-
tending towards said pump cylinder, thereby to effect re-
ciprocatory travel of both engine and pump pistons, an
intake to the lower end of the pump cylinder, the pump
piston having an axial intake passage communicating with
said cylinder intake and with branch intake passages open-
ing through its opposite faces respectively, intake valves
contained within the pump piston for controlling flow
from said intake through said branch passages alternately
depending on the direction of travel of the pump piston,
said pump piston also having branch exhaust passages
opening through opposite faces thereof and communicat-
ing with an axial pump-exhaust passage extending toward
said engine cylinder, exhaust valves alsc contained within
the pump piston for controlling flow through said branch
exhaust passages alternately and oppositely with reference
to dow through the branch intake passages, said engine
and pump exhaust passages connecting with one another
and with a common exhaust passage in the cylinder.

4. A sub-surface pumping unit as set forth in claim 3,
wherein the engine and pump pistons are interconnected
by a rod, and said axial exhaust passages extend through
said rod.

5. A sub-surface pumping unit as set forth in claim 3,
wherein the engine admission valve includes a sleeve-
form valve element mounted for limited axial movement
within the piston and is actuable in part by the pressure
of the working fluid.

6. A sub-surface pumping unit as set forth in claim 3,
wherein the engine admission valve includes a sleeve-
form valve element mounted for limited axial reversing
movement within the piston, and means for initiating
reversal of the valve element upen the engine piston ap-
proaching the limit of its stroke in either direction.

7. In a sub-surface pumping unit, the combination of
a cylinder member having a partition subdividing it into
an upper engine cylinder and a lower pump cylinder, in-
terconnected engine and pump pistons mounted for re-
ciprocatory travel in said engine and pump cylinders re-

- spectively, means providing working-fluid supply and ex-

haust passages which extend to the interior of and thence
axially through the engine piston and which open to the
opposite ends of the engine cylinder through the opposite
faces of said engine piston, valving means mounted in said
piston and being contained substantially within the axial
dimension thereof and operative to supply working fluid
through said passages to and exhausting it from said op-
posite ends of the engine cylinder alternately, means pro-
viding production-fivid inlet and exhaust passages which
extend through the pump piston and open to the oppo-
site ends of the pump cylinder through the opposite faces
of said pump piston and valving means contained wholly
within the pump piston for drawing production-fluid into
and exhausting it from the opposite ends of the pump
cylinder alternately.

8. A sub-surface pumping unit as set forth in claim 7,
wherein the engine and pump exhaust passages are in
communication with one another and wherein said cyl-
inder partition is provided with means forming an ex-
haust passage to cylinder exterior into which said inter-
communicating engine and pump exhaust passages open.
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